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Hi George:

Here's the final rule listing the lynx in NM.

Eric

-- 
Eric W. Hein
U.S. Fish and Wildlife Service
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DEPARTMENT OF THE INTERIOR 

Fish and Wildlife Service 

50 CFR Part 17 

[Docket No. FWS–R6–ES–2013–0101; 
4500030114] 

RIN 1018–AZ77 

Endangered and Threatened Wildlife 
and Plants; Revised Designation of 
Critical Habitat for the Contiguous 
United States Distinct Population 
Segment of the Canada Lynx and 
Revised Distinct Population Segment 
Boundary 

AGENCY: Fish and Wildlife Service, 
Interior. 
ACTION: Final rule. 

SUMMARY: We, the U.S. Fish and 
Wildlife Service, are finalizing two 
actions with this rule: We are 
designating revised critical habitat for 
the contiguous United States distinct 
population segment of the Canada lynx 
(Lynx canadensis) under the 
Endangered Species Act of 1973, as 
amended, and we are revising the 
boundary of the Canada lynx distinct 
population segment. These revisions 
fulfill our obligations under two 
settlement agreements and address 
issues raised by two courts regarding 
our previous critical habitat designation. 
This rule revises critical habitat for the 
lynx and extends the Endangered 
Species Act’s protections to the species 
wherever it occurs in the contiguous 
United States, including New Mexico. 
The effect of this regulation is to 
conserve the Canada lynx and its 
habitats in the contiguous United States 
under the Endangered Species Act. 
DATES: This rule becomes effective on 
October 14, 2014. 
ADDRESSES: This final rule is available 
on the internet at http://
www.regulations.gov and http://
www.fws.gov/mountain-prairie/species/
mammals/lynx/index.htm. Comments 
and materials we received, as well as 
some supporting documentation we 
used in preparing this final rule, are 
available for public inspection at http:// 
www.regulations.gov. All of the 
comments, materials, and 
documentation that we considered in 
this rulemaking are available by 
appointment, during normal business 
hours at: U.S. Fish and Wildlife Service, 
Montana Ecological Services Field 
Office, 585 Shepard Way, Suite 1, 
Helena, MT 59601; telephone 406–449– 
5225. 

The coordinates or plot points or both 
from which the maps are generated are 

included in the administrative record 
for this critical habitat designation and 
are available at http://
www.regulations.gov at Docket No. 
FWS–R6–ES–2013–0101, and at the 
Montana Ecological Services Field 
Office (http://www.fws.gov/
montanafieldoffice/ (see FOR FURTHER 
INFORMATION CONTACT). Any additional 
tools or supporting information that we 
developed for this critical habitat 
designation will also be available at the 
Fish and Wildlife Service Web site and 
Field Office set out above, and may also 
be included in the preamble and at 
http://www.regulations.gov. 
FOR FURTHER INFORMATION CONTACT: Jodi 
Bush, Field Supervisor, U.S. Fish and 
Wildlife Service, Montana Ecological 
Services Field Office, 585 Shepard Way, 
Suite 1, Helena, MT 59601; telephone 
406–449–5225. If you use a 
telecommunications device for the deaf 
(TDD), call the Federal Information 
Relay Service (FIRS) at 800–877–8339. 
SUPPLEMENTARY INFORMATION: 

Executive Summary 

Why we need to publish a rule. This 
is a final rule to revise the designation 
of critical habitat for the contiguous 
United States distinct population 
segment (DPS) of the Canada lynx (Lynx 
canadensis). Under the Endangered 
Species Act of 1973, as amended (16 
U.S.C. 1531 et seq.) (ESA or Act), any 
species that is determined to be an 
endangered or threatened species 
requires critical habitat to be designated, 
to the maximum extent prudent and 
determinable. Designations and 
revisions of critical habitat can only be 
completed by issuing a rule. This rule 
also rescinds the existing State- 
boundary-based definition of the lynx 
DPS and replaces it with a definition 
that extends the Act’s protections to 
lynx ‘‘where found’’ in the contiguous 
United States. This change ensures that 
lynx, which are known for their long- 
distance dispersal capability and 
tendency to occur in places well outside 
of typical habitats, receive the Act’s 
protections wherever they occur in the 
contiguous United States, including (but 
not limited to) New Mexico. 

On March 24, 2000, we, the U.S. Fish 
and Wildlife Service (Service), listed the 
contiguous United States DPS of the 
Canada lynx as threatened in 14 States 
(65 FR 16052). On September 26, 2013, 
we published in the Federal Register a 
proposed rule to rescind the State- 
boundary-based definition of the lynx 
DPS and to revise the critical habitat 
designation for the lynx DPS (78 FR 
59430). Section 4(b)(2) of the Act states 
that the Secretary shall designate critical 

habitat on the basis of the best available 
scientific data after taking into 
consideration the economic impact, 
national security impact, and any other 
relevant impact of specifying any 
particular area as critical habitat. 

The critical habitat areas we are 
designating in this rule constitute our 
current best assessment of the areas that 
meet the definition of critical habitat for 
lynx in the contiguous United States. 
Here we are designating approximately 
38,954 square miles (mi2) (100,891 
square kilometers (km2)) of critical 
habitat in five units in the States of 
Idaho, Maine, Minnesota, Montana, 
Washington, and Wyoming. 

This rule consists of: (1) Replacement 
of the existing State-boundary-based 
definition of the range of the lynx DPS 
with a definition that extends the Act’s 
protections to lynx ‘‘where found’’ in 
the contiguous United States, and (2) a 
final designation of revised critical 
habitat for the contiguous United States 
DPS of the Canada lynx. 

We have prepared an economic 
analysis of the designation of critical 
habitat. To consider economic impacts, 
we have prepared an analysis of the 
economic impacts of the critical habitat 
designations and related factors. We 
announced the availability of the draft 
economic analysis (DEA) in the Federal 
Register on June 20, 2014 (79 FR 35303), 
allowing the public to provide 
comments on our analysis. In this rule, 
we have responded to comments we 
received on the economic analysis (see 
Summary of Comments and 
Recommendations section, below). 

We have prepared a National 
Environmental Policy Act analysis. 
Because this rule designates critical 
habitat in States within the jurisdiction 
of the U.S. Court of Appeals for the 
Tenth Circuit, we prepared an analysis 
in accordance with the National 
Environmental Policy Act (NEPA; 42 
U.S.C. 4321 et seq.). We announced the 
availability of the draft environmental 
assessment in the Federal Register on 
June 20, 2014 (79 FR 35303), allowing 
the public to provide comments on our 
assessment. We have incorporated the 
comments and have completed the final 
environmental assessment and finding 
of no significant impact (FONSI) 
concurrently with this final 
determination. 

Peer review and public comment. We 
sought comments from appropriate and 
independent specialists to ensure that 
our designation is based on 
scientifically sound data and analyses. 
We obtained opinions from four 
knowledgeable individuals with 
scientific expertise to review our 
technical assumptions, analysis, and 

VerDate Mar<15>2010 19:18 Sep 11, 2014 Jkt 232001 PO 00000 Frm 00002 Fmt 4701 Sfmt 4700 E:\FR\FM\12SER2.SGM 12SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

http://www.fws.gov/mountain-prairie/species/mammals/lynx/index.htm
http://www.fws.gov/mountain-prairie/species/mammals/lynx/index.htm
http://www.fws.gov/mountain-prairie/species/mammals/lynx/index.htm
http://www.fws.gov/montanafieldoffice/
http://www.fws.gov/montanafieldoffice/
http://www.regulations.gov
http://www.regulations.gov
http://www.regulations.gov
http://www.regulations.gov
http://www.regulations.gov
http://www.regulations.gov
http://www.regulations.gov


54783 Federal Register / Vol. 79, No. 177 / Friday, September 12, 2014 / Rules and Regulations 

whether or not we had used the best 
available information. These peer 
reviewers generally concurred with our 
methods and conclusions and provided 
additional information, clarifications, 
and suggestions to improve this final 
rule. Information we received from peer 
review is incorporated in this final 
revised designation. We also considered 
all comments and information received 
from States, Tribes, Federal agencies, 
and the public during the comment 
periods. 

Previous Federal Actions 
For more information on previous 

Federal actions concerning the lynx 
DPS, refer to the final listing rule 
published in the Federal Register on 
March 24, 2000 (65 FR 16052), the 
clarification of findings published in the 
Federal Register on July 3, 2003 (68 FR 
40076), the Recovery Outline for the 
Contiguous United States DPS of 
Canada Lynx (recovery outline; U.S. 
Fish and Wildlife Service 2005, entire), 
the final rule designating critical habitat 
for lynx published in the Federal 
Register on November 9, 2006 (71 FR 
66008), the final rule designating 
revised critical habitat published in the 
Federal Register on February 25, 2009 
(74 FR 8616), the 12-month finding on 
a petition to change the final listing of 
the DPS of the Canada lynx to include 
New Mexico published in the Federal 
Register on December 17, 2009 (74 FR 
66937), and the proposed rule to revise 
the designation of critical habitat and 
the boundary for the lynx DPS 
published in the Federal Register on 
September 26, 2013 (78 FR 59430). 
These documents and others addressing 
the status and conservation of lynx in 
the contiguous United States may be 
viewed and downloaded from the 
Service’s Web site: http://ecos.fws.gov/
speciesProfile/profile/
speciesProfile.action?spcode=A073. 

Summary of Comments and 
Recommendations 

We requested written comments from 
the public on the proposed designation 
of critical habitat for the lynx DPS 
during two comment periods. The first 
(90-day) comment period associated 
with the publication of the proposed 
rule (78 FR 59430) opened on 
September 26, 2013, and closed on 
December 26, 2013. We also requested 
comments on the proposed critical 
habitat designation and associated draft 
economic analysis and draft 
environmental assessment during a 30- 
day comment period that opened June 
20, 2014, and closed on July 21, 2014 
(79 FR 35303). We held a public hearing 
in Helena, Montana, on November 25, 

2013. We also contacted appropriate 
Federal, State, Tribal, and local 
agencies; scientific organizations; and 
other interested parties and invited 
them to comment on the proposed rule, 
the economic analysis, and the draft 
environmental assessment during these 
comment periods. 

During the first comment period, we 
received 169 comment letters directly 
addressing the proposed critical habitat 
designation (one of which also included 
approximately 600 identical or nearly 
identical one-page form letters). During 
the second comment period, we 
received 15 comment letters (one of 
which transmitted 1,999 identical or 
nearly-identical one-page form letters) 
addressing the proposed critical habitat 
designation, the draft economic 
analysis, and/or the draft environmental 
assessment. During the November 25, 
2013, public hearing, two individuals or 
organizations made comments on the 
proposed designation of critical habitat 
for the lynx DPS. All substantive 
information provided during comment 
periods has either been incorporated 
directly into this final determination or 
addressed below. Comments received 
were grouped into 49 general issues 
specifically relating to the proposed 
critical habitat designation for the lynx 
DPS, and are addressed in the following 
summary and incorporated into the final 
rule as appropriate. 

Peer Review 
In accordance with our peer review 

policy published on July 1, 1994 (59 FR 
34270), we solicited expert opinions 
from five appropriate and independent 
specialists with scientific expertise that 
included familiarity with the species, 
the geographic regions in which the 
species occurs, and conservation 
biology principles. We received 
responses from four peer reviewers. 

We reviewed all comments received 
from the peer reviewers for substantive 
issues and new information regarding 
critical habitat for the lynx DPS. The 
peer reviewers generally concurred with 
our methods, use of available scientific 
information, application of biological 
and ecological principles, and 
conclusions and provided additional 
information, clarifications, and 
suggestions to improve the final critical 
habitat rule. Several peer reviewers 
noted the challenges, given information 
gaps and the natural vagaries of lynx 
and snowshoe hare (Lepus americanus) 
population dynamics and habitats, in 
developing criteria to delineate critical 
habitat. Several also suggested that other 
areas should be considered or included 
in the designation. Peer reviewer 
comments are addressed in the 

following summary and incorporated 
into the final rule as appropriate. 

Peer Reviewer Comments 
(1) Comment: One peer reviewer 

suggested that the Primary Constituent 
Element (PCE) for lynx critical habitat 
should include a landscape- or home 
range-scale snowshoe hare density 
threshold rather than the ‘‘presence of 
snowshoe hares and their preferred 
habitat conditions’’ as defined in the 
proposed rule. The reviewer felt that the 
proposed rule lacked clarity regarding 
what constitutes ‘‘low’’ (or ‘‘high’’) hare 
densities and suggested that the Service 
develop working definitions of those 
terms to be applied at the scale of the 
landscape or home range. 

Our Response: We appreciate the 
potential advantages of using landscape- 
scale hare density as a component of the 
PCE. However, the available literature 
does not allow us to determine 
minimum snowshoe hare densities 
necessary to maintain lynx populations 
across the range of the DPS. 
Additionally, thresholds of hare density 
needed to support lynx populations 
likely differ between the western, Great 
Lakes, and northeastern parts of the DPS 
range, and the core range of Canada and 
Alaska, because of significant 
differences in habitat quality, quantity, 
and spatial arrangement; climate; 
magnitude and periodicity of hare 
cycles; presence, diversity, and density 
of competing hare predators; and 
relative connectivity of DPS populations 
with the core population in Canada. In 
the proposed rule (78 FR 59440) and in 
this final rule (Critical Habitat section, 
below), we present information, where 
available (Maine and Minnesota), 
regarding the differences in hare 
densities between areas that support 
lynx populations and areas that do not. 
However, we do not believe it would be 
appropriate to apply these densities as 
thresholds elsewhere within the range 
of the DPS, especially because it appears 
that lynx populations in some areas 
(e.g., the Greater Yellowstone Area and 
the Northern Cascades) persist despite 
relatively lower hare densities while 
other areas with higher densities of 
hares, at least in some places in some 
years, do not support lynx populations 
(e.g., the Kettle/Wedge area of 
northeastern Washington). Therefore, at 
this time, we do not believe that a 
scientifically defensible definition of a 
minimum hare density exists at any 
scale or that one should be applied as 
a component of the PCE for lynx critical 
habitat across the range of the DPS. 

(2) Comment: Two peer reviewers felt 
that our analysis of the potential effects 
of climate change on lynx emphasized 
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reductions in snowfall but said little 
about other potential effects. One 
reviewer suggested that we include 
more discussion of the potential effects 
of climate change on spruce-fir forest 
distribution and provided citations that 
suggest these forests, particularly in the 
Northeast, may be susceptible to climate 
change, and that spruce-fir forests could 
disappear from New England and much 
of the upper Great Lakes region due to 
drought, thermal stress, increased 
competition from other tree species, 
decreased regeneration success, and 
increased susceptibility to pathogens 
and other forest insects. Given the 
importance of regenerating spruce-fir 
forests to snowshoe hares and lynx, this 
reviewer believed that the climate- 
induced northward contraction of the 
range of spruce-fir forests is a threat to 
the conservation of the lynx DPS. The 
other peer reviewer felt the climate 
effects section was too narrow in scope 
because it did not address the effects of 
climate change on alternate prey and the 
behavioral flexibility of lynx to use 
alternate prey as climate change 
progresses. 

Our Response: We agree that climate 
change is projected to cause a 
northward contraction of spruce-fir 
forests within the range of the DPS with 
potential negative consequences for 
both lynx and snowshoe hares. We have 
evaluated the sources provided by the 
reviewer and added a discussion of 
potential impacts of climate change on 
spruce-fir forests to our Climate Change 
section, below (also see our response to 
comment (18), below). We also agree 
that climate change could exert pressure 
on lynx to rely to a greater extent on 
alternate prey if it reduces future 
landscape-scale snowshoe hare 
densities. However, although alternate 
prey may be relatively more or less 
important to lynx seasonally and 
geographically (Aubry et al. 2000, p. 
373), we are aware of no lynx 
populations that persist in areas where 
prey other than snowshoe hares 
contribute a majority of the biomass of 
the lynx diet. If climate change results 
in landscape-scale reductions in hare 
densities, some areas that currently 
support lynx populations may become 
less capable of doing so, and lynx could 
decline or disappear from these areas 
regardless of the diversity or abundance 
of alternate prey species. Such climate- 
induced impacts to hare habitats and 
populations could be accompanied by 
projected reductions in snow quantity, 
quality, and duration, thereby reducing 
the competitive advantage lynx have 
over other hare predators in the areas 
that currently support lynx populations. 

This would further diminish the 
likelihood that lynx could persist in 
areas of reduced hare density by 
switching to alternate prey, and lynx 
populations are unlikely to persist in 
areas where such a switch would be 
necessary over the long term. 

(3) Comment: One peer reviewer 
supported our proposed additions of the 
Van Buren and Herseytown-Staceyville 
areas to lynx critical habitat in Maine 
but disagreed with our determination 
that western Maine (south of the area 
designated in this final rule) does not 
contain the physical and biological 
features necessary to sustain lynx over 
time and is, therefore, not essential to 
lynx conservation. This reviewer (a) 
questioned our general characterization 
that spruce-fir forest is a lower 
percentage of the landscape in western 
than in northern Maine and noted that 
balsam fir (Abies balsamea) volumes are 
estimated to be higher in some parts of 
western Maine than in northern Maine 
areas designated as critical habitat; (b) 
contends that, although there currently 
is less high-quality hare habitat in 
western than in northern Maine, such 
habitats (and, therefore, hare densities) 
are expected to increase in western 
Maine over the next 25 years while 
concurrently decreasing in northern 
Maine; (c) believes that western Maine 
meets many if not all of the same 
criteria we used in determining that the 
Van Buren and Herseytown-Staceyville 
areas warrant designation as critical 
habitat; and (d) hypothesizes that 
western Maine may increase in 
importance to lynx conservation given 
the potential for higher elevations to 
moderate climate change effects on 
snow accumulation in the Northeast. 

Our Response: The latest modeling 
from University of Maine School of 
Forestry Resources indicates that the 
composition of Maine’s northern forest 
will be influenced by complicated 
interactions between spruce budworm 
outbreaks and their severity, salvage 
forestry related to budworm outbreaks, 
other trends in forest management and 
land ownership, and climate change 
(Legaard et al. 2013 Unpublished 
Report, entire). Some projections predict 
a transition to a forest of more mixed 
composition, and especially the 
expansion of balsam fir (a significant 
component of hare/lynx habitat) on 
about 18 percent of the northern Maine 
forest (Simons-Legaard et al. 2013a, p. 
12). This prediction is in contrast to 
broad predictions that spruce and fir 
will decline because of climate change 
(Iverson et al. 2008, pp. 400, 404). 
Although a trend toward expanding 
balsam fir (in area and timber volume) 
is evident in northern Maine, the 

modeling in the papers cited by the peer 
reviewer does not include western 
Maine. The same trends may occur 
there; however, this cannot be inferred 
from the cited studies. 

Although spruce and balsam fir occur 
in western Maine, the quality of habitat 
they provide for hare and lynx depends 
on the size and distribution of the 
patches and the age of the stands. The 
information the reviewer cites from 
McCaskill et al. (2011, p. 25) indicates 
that the average balsam fir volume/acre 
is greatest in Franklin County (a western 
Maine county), but much lower in 
Oxford County next to New Hampshire. 
However, McCaskill et al. (2011) 
provide information on only the 
volume/acre and not the age, 
patchiness, and aerial extent of spruce- 
fir-dominated stands. An alternative 
explanation for high fir volume in 
Franklin County is that forests are more 
mature in western Maine where forest 
management may be less intense than in 
northern Maine and a higher proportion 
of the land is in small woodlot 
ownership. 

Maps of the balsam fir volume in 
McCaskill et al. (2011, p. 25) show a 
particularly high volume in the 
Rangeley and Flagstaff Lakes region, 
where stands may be more mature 
because land parcels in these areas are 
typically small and privately owned, or 
because large areas are in State 
conservation ownership. Further north, 
especially along the Maine-Quebec 
border, stands may be more mature and 
have higher volume because of forest 
management practices of Maine Tribes. 
Balsam fir volume/acre for Somerset 
and Piscataquis Counties (about 40 
percent of the area designated as critical 
habitat) are third and fourth highest in 
the State, respectively. However, the 
only area of high balsam fir volume on 
the map for the core lynx critical habitat 
area is in Baxter State Park, where 
stands are mature due to protection. 

Balsam fir volume/acre for Aroostook 
County (about 50 percent of the area 
designated as critical habitat) is the 
second highest in the State, yet no 
single area stands out on the map as 
having a particularly high volume, 
except a thin strip along the Route 11 
corridor north of Ashland, where stands 
may be more mature because land 
parcels are small and privately owned. 
Thus, absent the context of areal extent, 
spatial arrangement, and stand age, and 
how they relate to hare and lynx habitat 
quality, we conclude balsam fir volume/ 
acre alone may not be a good surrogate 
for lynx habitat and does not justify the 
inclusion of western Maine within this 
final critical habitat designation. 
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In the proposed rule and this final 
rule, we acknowledge the expected 
decline in hare habitat in northern 
Maine resulting from the shift in timber 
harvest practices from clearcutting to 
partial harvesting and the seral 
succession of regenerating clearcuts, 
which currently produce high hare 
densities, to more mature stands that 
will support fewer hares. We agree that 
hare densities may increase in parts of 
western Maine over the next several 
decades while they are likely to 
decrease in parts of northern Maine. 
However, we are not convinced this 
change will result in increases in 
landscape-scale hare densities in 
western Maine or that western Maine 
will become essential to the persistence 
and conservation of lynx populations in 
Maine. First, if rates of harvest were the 
same in western as they were in 
northern Maine in the 1990s and 2000s, 
the amount of young forest created 
would be expected to be similar. 
Second, no information is provided on 
the extent, size, and type of cuts in 
western Maine, which are important 
factors for predicting the quality of 
future habitat. Third, because partial 
harvesting was the predominant form of 
forestry in the 1990s and 2000s, the 
regenerating young forest would be 
expected to support lower landscape- 
scale hare densities in both regions 
relative to the high hare densities that 
resulted from the extensive clearcutting 
of the 1970s and 1980s. And fourth, 
because the conifer-dominated habitats 
in western Maine are believed to be 
patchier and less contiguous than in 
northern Maine, landscape-scale hare 
densities in western Maine would be 
expected to be lower and less able to 
support lynx populations over time. 

Additionally, a study suggesting a 
possible southwesterly shift in lynx 
habitat (Simons 2009, pp. 153–163) was 
conducted in a 2,500-mi2 (6,475-km2) 
area that is in the southwest corner of 
the designated critical habitat and that 
extends only as far south as Moosehead 
Lake. The study did not include western 
Maine, and the analysis has not been 
extended to western Maine or to more 
northern portions of the critical habitat 
area. Consequently, the study does not 
address whether the habitat is more 
fragmented and patchy in western 
Maine. Simons (2009, pp. 162–163) 
acknowledges that, although snowshoe 
hare habitat may shift southward, the 
potential for lynx densities to increase 
in western Maine may be constrained by 
extrinsic factors including higher 
populations of bobcat (Lynx rufus; a 
competitor) and fisher (Martes pennanti; 

a competitor and predator), and less 
suitable snow conditions. 

We agree that, as with western Maine, 
survey information is inadequate to 
confirm lynx reproduction in the Van 
Buren and Herseytown-Staceyville areas 
where we have designated critical 
habitat. Although we are not using 
reproduction as a proxy for presence of 
the PCE, we believe that our analysis in 
the proposed rule supporting lynx 
occurrence in the Van Buren and 
Herseytown-Staceyville areas (78 FR 
59456) also supports the likelihood of 
lynx reproduction in these areas, which 
is indicative of the value of the area to 
the conservation of the species. We also 
acknowledge the low probabilities of 
lynx occurrence predicted for both the 
Van Buren unit (which we have 
designated) and western Maine (which 
we have not) by the Hoving et al. (2004) 
model, and the higher probabilities 
predicted for both areas by the Hoving 
et al. (2005) model. However, we do not 
find either of these models to be 
definitive in predicting lynx occurrence 
because they are derived from lynx 
survey and forest conditions from 1994– 
1999, and habitat conditions are 
constantly changing. Even the more 
sensitive model (Hoving et al. 2005) 
does not predict lynx occurrence in 
several areas currently known to 
support lynx. We also note that the 
Hoving et al. (2005) model predicts 
small, isolated pockets of fragmented, 
lower quality habitat in western Maine, 
unlike the more contiguous habitat in 
northwestern Maine, the Gaspe region of 
Quebec, and northern New Brunswick. 

We agree with the reviewer that lynx 
occurred in western Maine historically 
and that lynx have found their way to 
areas of suitable landscape-scale hare 
density in western Maine (as well as 
New Hampshire and Vermont). 
However, while we recognize that lynx 
currently occur in western Maine, we 
believe this area supports lynx only in 
low numbers because of the patchy 
distribution of suitable habitat. Lynx 
occupancy there appears to be in small, 
isolated pockets of habitat, and lynx do 
not seem to be occupying the high- 
elevation spruce-fir stands in western 
Maine, (although these areas have been 
poorly surveyed). We question whether 
the ‘‘habitat islands’’ of conifer habitat 
at high elevations that may remain in 
the future will be large enough and 
close enough to each other to maintain 
lynx home ranges. Additionally, as 
snow quantity, quality, and duration 
will likely decrease due to climate 
change, bobcats will occur at lower 
elevations and could shift their home 
ranges to higher elevations in summer, 
further reducing the probability that a 

lynx population could persist in 
western Maine. 

For the reasons above, we do not 
agree that western Maine has the 
physical and biological features 
essential to lynx in adequate quantity or 
spatial arrangement to support a lynx 
population over time or that western 
Maine is essential to the conservation of 
the DPS. Therefore, we have not 
designated critical habitat for lynx in 
western Maine. 

(4) Comment: One peer reviewer felt 
the Service used reasonable methods in 
developing the proposed critical habitat 
designation and that our approach was 
consistent with conservation biology 
theory addressing the dynamics of small 
populations supported by patchy and 
temporal habitats. The reviewer felt that 
all the information necessary to 
understand how we used the available 
data to inform our designation were 
contained in the proposed rule, but that 
it remained difficult to understand how 
all the information fit together in a 
larger way to define the distribution of 
the PCE and derive the proposal for 
critical habitat. The reviewer suggested 
that a challenge remains to explain the 
process more clearly to the public. 

Our Response: We agree that it is a 
challenge to clearly explain the unique 
and complex relationships between 
habitat characteristics and lynx and how 
they influence our efforts to designate 
critical habitat. Our goal is to 
distinguish between areas that contain 
the physical and biological features 
(PBFs) essential to the conservation of 
the DPS in adequate quantity and 
spatial arrangement from other areas 
that may appear to contain some or all 
of the PBFs and in which lynx may 
occur occasionally but which are 
incapable of supporting lynx 
populations over time. In this rule, we 
explain why evidence of a landscape’s 
ability to provide for the conservation of 
lynx over time is a valid and necessary 
biological consideration (though not the 
only criterion we evaluate) and why we 
believe it is absolutely imperative to 
rely on verified data and not anecdotal 
information when assessing the historic 
record of lynx occurrence and 
distribution (also see our response to 
comment (23), below). We also try to 
explain the limitations in our ability to 
accurately map lynx and hare habitats 
across the range of the DPS and to 
establish range-wide criteria for 
minimum hare densities; snow depth, 
quality, and duration; and other habitat 
variables, and how these limitations 
prevent a reasonable and accurate range- 
wide mapping of the individual PBFs 
essential to conservation of the DPS. 
Finally, we try to better explain how 
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designating areas that appear to have 
some or all of the PBFs in some measure 
would likely result in the designation of 
large areas that have never supported 
lynx other than occasional transient/
dispersing individuals and that are very 
unlikely to ever support lynx 
populations regardless of designation 
and management regime. 

(5) Comment: One peer reviewer 
commented that, although our methods 
for determining lynx habitat 
requirements and the distribution of 
habitats containing the PCE were 
reasonably well explained, we did not 
provide sufficient detail regarding how 
we used available and limited 
information including geographical 
information system (GIS) coverages of 
forest and habitat types, snow depth, 
and topographic information. Other 
commenters also requested clarification 
regarding how we used snowfall and 
topographic considerations when 
delineating proposed critical habitat. 

Our Response: To a great extent, the 
Service relied on lynx habitat data and 
information compiled by our partner 
Federal and State agencies, most of 
which mapped lynx habitats on their 
management units in accordance with 
information developed by the 
Interagency Lynx Biology Team and 
articulated in the Lynx Conservation 
Assessment and Strategy (LCAS; 
Ruediger et al. 2000, entire). This 
information generally consisted of maps 
depicting cool, moist boreal or 
subalpine forests that support snowshoe 
hares and receive deep, powdery and 
persistent snow across landscapes large 
enough to support multiple lynx home 
ranges. We overlaid these areas with the 
geographic area occupied by lynx 
populations at the time of listing based 
on verified occurrence data. Although 
snow depth is thought to influence lynx 
distribution, other factors including 
snow consistency and persistence are 
also likely important, and we do not 
have enough information to support 
using thresholds for annual snowfall to 
delineate lynx critical habitat. 
Therefore, although snow conditions 
were a consideration, we did not 
establish or alter critical habitat 
boundaries based on specific thresholds 
for average annual snowfall, duration, or 
consistency. In critical habitat units 3 
(Northern Rockies) and 4 (North 
Cascades), the majority of lynx records 
and the boreal forest types containing 
the features essential to lynx generally 
are found above 4,000 feet (1,219 
meters). Therefore we limited critical 
habitat in these units to areas above this 
elevation, except in unit 3: (a) East of 
the Continental Divide, where that 
elevation encompasses substantial areas 

of grasslands that do not contain the 
PBFs essential to lynx, and (b) in areas 
where site-specific information 
indicated that the PBFs occurred and 
other criteria were met at lower 
elevations. 

(6) Comment: One peer reviewer 
requested that the Service better 
articulate why denning and matrix 
habitats, which are not considered 
limiting for lynx within the DPS at large 
spatial scales, are considered essential 
and, therefore, defined as components 
of the PCE. 

Our Response: We agree that denning 
and matrix habitats are not limiting to 
lynx within the DPS; however, a feature 
or habitat variable need not be limiting 
to be considered an essential component 
of a species’ habitat. Both denning and 
matrix habitats are essential 
components of landscapes capable of 
supporting lynx populations in the DPS 
because without them lynx could not 
persist in those landscapes. Both 
habitats fulfill essential lynx natural- 
history requirements by providing 
‘‘space for individual and population 
growth and for normal behavior; sites 
for breeding, reproduction, and rearing 
(or development) of offspring; and 
habitats that are protected from 
disturbance or are representative of the 
historic, geographical, and ecological 
distribution . . .’’ of lynx in the 
contiguous United States. 

(7) Comment: One peer reviewer felt 
the Service should better clarify the use 
of jurisdictional (e.g., National Forest) 
boundaries and highways to delineate 
critical habitat given that such 
anthropogenic features seldom fall along 
natural vegetation (habitat) boundaries. 

Our Response: As described in our 
response to comment (6) above, we 
relied on habitat mapping and 
information from our partner agencies 
within the range of the DPS. In some 
cases, administrative boundaries were 
used because they encompassed habitats 
of similar type and extent within an area 
found to meet the criteria we developed 
for critical habitat. Roads and other 
human-made structures were used as 
boundaries for critical habitat where 
they clearly delineated areas with 
confirmed records of lynx and the 
presence of the PBFs essential to lynx. 

After the lynx DPS was listed as 
threatened under the Act in 2000, 
Federal land managers mapped 
potential lynx habitats on their units 
based on criteria and recommendations 
developed by the Interagency Lynx 
Biology Team and articulated in the 
LCAS (Ruediger et al. 2000, entire). As 
vegetation mapping and habitat 
modeling have improved, some 
managers have initiated re-mapping of 

lynx habitat to better reflect actual on- 
the-ground habitat conditions. 

In this rule, we have used the 
information from these habitat mapping 
refinements/improvements to adjust 
critical habitat boundaries to better 
reflect actual habitat conditions. This 
change has resulted in reduced reliance 
on administrative or other 
anthropogenic boundaries where better 
methods are available (revised mapping 
has not occurred on all land units 
within the range of the DPS). In 
particular, we used improved lynx 
habitat mapping to adjust critical habitat 
boundaries in the Idaho Panhandle 
National Forest and the Flathead 
National Forest in Unit 3 (U.S. Forest 
Service 2008a, entire; 2013a, entire); 
and in the Custer and Gallatin National 
Forests, Grand Teton National Park, and 
Bureau of Land Management (BLM) 
lands in the Pinedale and Kemmerer 
districts in Unit 5 (U.S. Fish and 
Wildlife Service 2013a, entire; 2013b, 
entire; U.S. Forest Service 2013b, 
entire). In both these units, some areas 
previously designated or proposed for 
designation as critical habitat were 
removed and other areas not previously 
designated or proposed were added to 
lynx critical habitat. The adjusted 
critical habitat boundaries now follow 
habitat features and not administrative 
or other anthropogenic features in all 
places where we had data that allowed 
such refinements. 

(8) Comment: One peer reviewer felt 
that the benefits of critical habitat were 
presented generally for listed species 
but not specifically stated for lynx. The 
reviewer requested clarity regarding (a) 
the benefit of critical habitat to lynx, 
especially in the context of 
consultations under section 7 of the Act; 
(b) the difference between designated 
critical habitat and lynx habitat mapped 
in accordance with guidance in the 
LCAS, and whether (and if so, why) 
both are needed to recover lynx in the 
DPS; and (c) why critical habitat and 
‘‘mapped’’ lynx habitat commonly 
depict different distributions of lynx 
habitat. 

Our Response: Compliance with 
section 4(a)(3) of the Act requires that 
critical habitat be designated for listed 
species, if prudent and determinable. 
Although listed species and the habitats 
upon which they depend are protected 
under provisions of the Act whether 
critical habitat is designated or not, a 
critical habitat designation identifies 
lands on which are found the physical 
and biological features essential to the 
conservation of the species that may 
require special management 
considerations. The identification of 
these essential areas is important to 
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guide management and provide for the 
recovery of the species. The general 
benefits of critical habitat for listed 
species also apply to lynx. In the 
Consideration of Impacts under Section 
4(b)(2) of the Act section below we 
define these benefits for lynx. 

The consultation provisions under 
section 7(a) of the Act constitute the 
regulatory benefits of critical habitat. 
Federal agencies must consult with the 
Service on discretionary actions that 
may affect a listed species, and in 
addition, analyze the effects of such 
actions on critical habitat. The analysis 
of the effects on critical habitat is a 
separate and different analysis from that 
of the effects to the species, and may 
provide greater regulatory benefits to the 
recovery of a species than listing alone. 
In terms of section 7 consultation, for 
activities with a Federal nexus in areas 
where lynx ‘‘may occur,’’ but which are 
not designated as critical habitat, the 
Service’s evaluation focuses on the 
jeopardy standard—i.e., whether a 
project is likely to jeopardize the 
continued existence of the DPS. In 
designated areas, we must additionally 
evaluate whether a project is likely to 
result in destruction or adverse 
modification of critical habitat. 

The difference between critical 
habitat and ‘‘mapped’’ lynx habitat is 
that critical habitat has been found to 
contain the physical and biological 
features essential to lynx in adequate 
quantity and spatial arrangement on the 
landscape to support a lynx population 
or subpopulation over time and, 
therefore, is essential to the 
conservation and recovery of the DPS. 
‘‘Mapped’’ (or potential) lynx habitat is 
a tool for determining habitats in which 
lynx ‘‘may be present’’ (and therefore 
which may require consultation under 
section 7), regardless of whether the 
area is occupied by lynx or has the 
physical and biological features 
essential to its conservation. The ‘‘may 
be present’’ standard for consultation 
under section 7 is a lower bar than that 
for critical habitat designation, but it is 
required to address the possibility of 
adverse effects or take of lynx in areas 
not occupied by lynx populations but in 
which individual lynx may occasionally 
or intermittently occur as transients or 
dispersers. 

Many areas of ‘‘mapped’’ or potential 
lynx habitat have no verified records of 
lynx occurrence, no evidence that they 
ever supported lynx over time, and are 
not essential to lynx conservation and 
recovery. The Service consults on 
Federal projects in these areas out of 
recognition that lynx are capable of 
dispersing long distances from areas 
that support populations and during 

such movements have historically 
occurred intermittently and temporarily 
in suboptimal, marginal, and unsuitable 
habitats that do not contain the physical 
and biological features essential to lynx 
and cannot, therefore, support lynx over 
time. Critical habitat is a subset of 
‘‘mapped’’ habitat that we have 
determined is essential to conservation 
and recovery of the DPS. The remainder 
of mapped habitat may have some or all 
of the features lynx need, but not in 
adequate quantity and/or spatial 
arrangement to support lynx over time— 
therefore such areas are not essential to 
conservation and recovery of the lynx 
DPS. 

(9) Comment: One peer reviewer 
found the structure of the proposed rule 
confusing because it proposed 
accomplishing two unrelated objectives: 
(a) Establishing that lynx will be 
protected where they occur and not 
based on State boundaries, and (b) 
revising the critical habitat designation 
for lynx in the contiguous United States. 

Our Response: We have provided 
clarifying language in the SUMMARY and 
Executive Summary sections above. 

(10) Comment: One peer reviewer 
noted that the term ‘‘persistent 
population’’ is difficult to define in the 
context of critical habitat and 
questioned whether the lynx population 
in Minnesota can be considered truly 
persistent given that lynx appeared to be 
absent from the State from about 1973 
to 2003. The reviewer noted that the 
lynx population introduced to Colorado 
from 1999 through 2006 has persisted 
until the present, though its long-term 
persistence remains truly unknown. The 
reviewer suggested that the long-term 
persistence of lynx in Minnesota is 
similarly unknown, and that ‘‘. . .the 
distinction of population persistence 
between Minnesota and Colorado as 
articulated in the proposed rule seems 
arbitrary, especially since there are 
probably many more lynx in Colorado 
than Minnesota.’’ 

Our Response: We agree that defining 
‘‘persistent’’ lynx populations in the 
contiguous United States is a challenge 
due to the imperfect historical record of 
lynx occurrence and the absence of 
reliable long-term monitoring data for 
most places. Another contributing factor 
is that most lynx habitat in the range of 
the DPS is suboptimal, patchy, and 
supports lower hare densities compared 
to the core of the lynx range in Canada 
and Alaska, thus creating the likelihood 
that there may be times, likely related to 
inadequate densities of snowshoe hares, 
when lynx may be absent or at very low 
numbers even in the best lynx habitat 
within the range of the DPS with the 

most compelling evidence of persistent 
lynx populations. 

When we listed the lynx DPS as 
threatened in 2000, we noted that there 
were 76 verified records of lynx in 
Minnesota and 17 in Colorado as of 
1999 (McKelvey et al. 1999a; 65 FR 
16056, 16059). We noted at that time 
that (a) reproduction and home range 
maintenance documented in Minnesota 
in 1972 (Mech 1973, p. 152; 1980, p. 
261), (b) consistent trapping records 
over 40 years (including during cyclic 
lows in lynx populations) in Minnesota 
and immediately adjacent habitat in 
Ontario that was similar and contiguous 
across the United States-Canada border, 
and (c) three verified lynx records in 
Minnesota in 1992–93, all provided 
some evidence of the existence of a 
resident population in Minnesota. 
However, we determined that the 
available data were insufficient to verify 
whether a resident lynx population 
existed in Minnesota historically or at 
the time of listing (65 FR 16056). In that 
rule, we also noted that ‘‘The montane 
and subalpine forest ecosystems in 
Colorado are naturally highly 
fragmented (Thompson 1994), which we 
believe limits the size of lynx 
populations,’’ and that the last verified 
lynx record was from 1974 (no verified 
records from 1975 to 1999) despite 
large-scale snow-tracking efforts (Carney 
1993, unpublished data, as cited by 
McKelvey et al. 2000a, p. 231). We 
concluded at that time that there were 
‘‘few if any’’ native lynx in Colorado at 
the time of listing (65 FR 16059). 

In our 2003 remanded determination 
of status for the lynx DPS (68 FR 40076), 
we noted that, in addition to the 
evidence (above) suggesting the 
potential existence of a resident lynx 
population in Minnesota historically 
and at the time of listing, there were 62 
additional verified lynx records from 
2000 to 2003, including 6 that provided 
evidence of reproduction (68 FR 40088). 
In that rule, we concluded that, 
although Minnesota may not always 
support lynx, ‘‘. . . northeastern 
Minnesota often supports a resident 
lynx population because there is ample 
boreal forest habitat directly connected 
with that in Ontario, there is a high 
number of historic lynx records, 
evidence of lynx reproduction and 
cyclically abundant snowshoe hares’’ 
(68 FR 40088). In the same rule, we 
reemphasized the lack of compelling 
evidence that Colorado ever naturally 
supported a persistent, resident lynx 
population, stating ‘‘. . .our original 
conclusion that the Southern Rocky 
Mountains supported an isolated 
resident lynx population may not be 
correct’’ (68 FR 40081). We also 
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suggested that the few verified historic 
records in Colorado/the Southern 
Rockies may represent dispersing 
individual lynx that arrived during 
extreme highs in lynx populations to the 
north (68 FR 40081, 40091). We 
concluded that, if there ever had been 
a resident population in Colorado, a 
viable resident population no longer 
existed there and the loss of a 
population (if one ever existed) would 
most likely have been the result of 
natural processes because the distance 
and isolation of Colorado and the 
Southern Rockies from source 
populations severely reduced, if not 
entirely precluded the immigration that 
was likely necessary for a lynx 
population of this region to sustain itself 
(68 FR 40091). 

We do not find support for the 
statement that lynx were absent from 
Minnesota from 1973 through 2003. 
Mech (1980, entire) reported trapping 37 
lynx between 1972 and 1978, including 
one female that showed evidence of 
reproduction and nursing, and he also 
examined the carcasses of 32 other lynx 
trapped in Minnesota during that time. 
The continued occurrence of lynx in 
Minnesota in the late 1970s and early 
1980s was supported by State records of 
161 lynx harvested in the period 1977– 
1983 (McKelvey et al. 2000a, p. 223). 
There were only three verified lynx 
records in Minnesota from 1984 to 1999, 
but lynx harvest was closed in 1984 and 
no surveys or research to document lynx 
presence, absence, or population trend 
occurred during this time period (65 FR 
16056). 

In contrast, there are no verified 
records of lynx in Colorado between 
1937 and 1968; single records in 1969 
and 1972; and two records in 1974 
(McKelvey et al. 2000a, p. 231), despite 
the unprecedented ‘‘explosions’’ 
(irruptions) of lynx into the northern 
contiguous United States in the early 
1960s and again in the early 1970s 
(McKelvey et al. 2000a, pp. 219, 242). 
Trapping of lynx was permitted in 
Colorado until 1970 and would likely 
have reflected the presence of lynx in 
the State if they had been there. After 
1974, and despite large-scale snow- 
tracking efforts (Carney 1993, 
unpublished data, as cited by McKelvey 
et al. 2000a, p. 231), there are no 
verified lynx records in Colorado until 
1999 (McKelvey et al. 2000a, p. 231), 
when the State initiated its lynx 
translocation effort. The 2000 LCAS 
concurred with McKelvey et al. (2000a, 
p. 231) that no lynx specimens exist for 
Colorado from 1974 to 1999 (Ruediger et 
al. 2000, p. 4–14), but suggested that 
other records indicate a small number of 
lynx may have been present during that 

time (Ruediger et al. 2000, p. 4–14—4– 
15). However, the reports upon which 
Ruediger et al. based their assessment 
(Halfpenny and Miller 1981; Halfpenny 
et al. 1982; Thompson and Halfpenny 
1989, 1991; Andrews 1992; Carney 
1993) were also available to and 
considered by McKelvey et al. (2000a, 
pp. 230–231), and the reported lynx 
occurrences were found to be unverified 
and, therefore, anecdotal. We consider 
McKelvey et al. (2000a, entire) the best 
available information regarding the 
historical distribution of lynx based on 
verified occurrence data. We also 
concur with McKelvey et al. (2008, 
entire) regarding the imperative need to 
rely only on verified data when 
evaluating historical and current ranges 
of rare and elusive species like lynx. In 
that peer-reviewed paper, the authors 
provide case studies of the kinds of 
errors and conservation consequences 
that can occur if anecdotal (unverified) 
data are relied upon for such species. In 
fact, they provide as an example the 
potential errors that could occur if 
bobcats were mistakenly identified 
anecdotally as lynx only 1 percent of the 
time (McKelvey et al. 2008, pp. 553– 
554). Therefore, based on our 
assessment of the information above, we 
conclude that there is no reliable 
evidence that lynx were able to establish 
and maintain populations in Colorado 
or elsewhere in the Southern Rockies for 
much of the past century. 

The best available information 
suggests that northeastern Minnesota 
has historically supported and currently 
supports a naturally resident and 
persistent lynx population, indicating 
that this area contains the physical and 
biological features essential to lynx in 
adequate quantity and spatial 
arrangement to support a lynx 
population over time. Therefore, it 
meets our definition of critical habitat. 
Conversely, verified evidence suggests 
that Colorado (as well as southern 
Wyoming, northeastern Utah, and 
northern New Mexico) did not 
historically support a naturally resident 
lynx population over time. Although 
this does not prove the absence (or 
disprove the potential presence) of the 
PCE from all parts of the Southern 
Rockies, it is one piece of evidence 
which suggests that these areas may not 
contain the physical and biological 
features essential to the conservation of 
lynx in adequate quantity and spatial 
arrangement to support a lynx 
population over time. As explained in 
more detail below, as well as in our 
response to comments (11) and (23), and 
in the ‘‘Application of the Criteria to the 
Southern Rocky Mountains and Certain 

National Forests in Idaho and 
Montana’’ section of this final rule, we 
have determined that the historic record 
of lynx occurrence and the available 
information on the quantity and 
distribution of lynx habitat and hare 
densities all combine to suggest that the 
Southern Rockies do not contain the 
PCE. Therefore, these areas do not meet 
our definition of critical habitat. 

We agree with the reviewer that the 
future persistence of lynx populations 
in Minnesota and Colorado is uncertain. 
However, the extensive boreal forest 
habitat in northeastern Minnesota, 
which is directly connected to similar 
and very extensive habitat and a 
persistent lynx population in 
immediately adjacent Ontario, supports 
our conclusion that future lynx 
persistence is more likely in Minnesota 
than in the patchy, marginal, and 
disjunct habitats in Colorado, which are 
isolated from other lynx habitats by 
more than 90 mi (150 km) of unsuitable 
lower-elevation habitats (McKelvey et 
al. 2000a, p. 230). We acknowledge that 
the Colorado population has persisted 
from its 1999–2006 introduction until 
the present. We believe that this short- 
term persistence is not surprising given 
that the translocation of a large number 
of healthy lynx from Alaska and Canada 
over several consecutive years, which 
were held in captivity and brought into 
prime health through supplemental 
feeding prior to their release into 
Colorado, is much different than the 
likely intermittent historical arrival of a 
much smaller number of potentially 
less-fit lynx in the Southern Rockies 
that were likely dispersing away from 
food shortages associated with cyclic 
hare population crashes to the north. 
We also concur with the conclusions of 
Colorado Parks and Wildlife (CPW), 
which acknowledged that the future 
persistence of the introduced 
population is uncertain and hinges on 
the assumption that patterns of annual 
reproduction and survival observed as 
of 2010 repeat themselves during the 
next 20 or more years (Shenk 2008, p. 
16; Shenk 2010, pp. 2, 5–6, 11). 

Despite the persistence of the 
introduced population thus far, we 
anticipate, based on the historical 
record and the patchiness and marginal 
quality of lynx habitat and hare 
densities, that Colorado and the 
Southern Rockies, in the absence of 
additional translocations of lynx from 
elsewhere, are unlikely to support lynx 
over the long term. The area’s distance 
from source populations of lynx reduces 
the likelihood that this area will receive 
the demographic support, via dispersal 
and immigration from other 
populations, thought to be important to 
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the maintenance of lynx populations in 
the DPS. Further, climate projections 
suggest lynx habitat will decline here as 
elsewhere (Gonzalez et al. 2007, pp. 4, 
8), making habitats in these areas even 
more marginal, patchy, and isolated 
and, therefore, even less capable of 
supporting lynx populations over time. 

Regardless, unlike the long-term 
presence of naturally resident and 
persistent populations in northeastern 
Minnesota and elsewhere within the 
range of the DPS (despite times when 
lynx numbers were likely very low in 
those places), the current presence of 
the introduced population in the 
Southern Rockies does not connote that 
habitats there contain the physical and 
biological features essential to lynx in 
quantities and spatial arrangements 
adequate to support lynx populations 
over time. It is possible that similar 
introductions in other places with few 
historical records and which also have 
likely not supported naturally resident 
lynx populations (e.g., northern 
Vermont, northern Michigan, northern 
Wisconsin, western and central 
Minnesota, southwestern Montana, 
central and southern Idaho, southern 
Washington and Oregon) would achieve 
results similar to those observed in 
Colorado. However, that finding also 
would not confirm the presence in those 
places of the essential physical and 
biological features in adequate quantity 
and spatial arrangement to support lynx 
populations over time. We believe it 
would be inappropriate and speculative 
to designate critical habitat in such 
areas that, based on the historical record 
of verified occurrence and assessment of 
the available information on habitat 
quantity and spatial configuration, 
appear historically and currently 
incapable of supporting viable lynx 
populations over time. We find no 
evidence that such areas can contribute 
meaningfully (let alone be essential) to 
the conservation and recovery of the 
lynx DPS. Therefore, we have not 
designated critical habitat in Colorado 
or the Southern Rockies despite the 
benchmarks achieved by the 
introduction program there. 

(11) Comment: One peer reviewer 
noted that there is scientific evidence 
that lynx populations in the contiguous 
United States are connected with those 
in Canada but that it is unclear (a) if the 
persistence of southern populations 
depends on their own productivity or if 
augmentation from Canada is truly 
needed, and (b) what role connectivity 
among southern populations plays in 
maintaining the overall metapopulation 
structure. The reviewer felt the 
proposed rule implied a higher degree 
of certainty regarding population 

connectivity than may be the case and 
contended that we stated, despite the 
absence of scientific evidence, that lynx 
use habitat ‘‘stepping stones’’ to connect 
Montana to the Greater Yellowstone 
Area (GYA). The reviewer suggested 
that lynx in the GYA may be maintained 
by pulses of lynx from populations in 
Canada rather than movements of 
animals from Montana populations, and 
that recognizing this uncertainty is 
important as it relates to lynx in 
Colorado. The reviewer felt the 
proposed rule downplayed the 
persistence of the Colorado population 
because it lacked habitat ‘‘stepping 
stones’’ from northern populations, and 
that the absence of habitat ‘‘stepping 
stones’’ did not prevent several lynx 
from the population introduced into 
Colorado from dispersing (northward) to 
the GYA. 

Our Response: The best available 
information indicates that lynx 
populations in the DPS rely on 
augmentation from populations in 
Canada. Based on genetic analyses, 
Schwartz et al. (2002, entire) concluded 
that the persistence of lynx populations 
in the contiguous United States depends 
on dispersal from larger populations 
(also see response to comment (23), 
below). As we stated in the proposed 
rule (78 FR 59434), connectivity and 
interchange with lynx populations in 
Canada is thought to be essential to the 
maintenance and persistence of lynx 
populations in the contiguous United 
States (McKelvey et al. 2000b, p. 33; 
U.S. Fish and Wildlife Service 2005, p. 
2; Interagency Lynx Biology Team 2013, 
pp. 34, 42, 47, 54, 60, 65; Squires et al. 
2013, p. 187). Additionally, we are 
aware of no persistent resident lynx 
populations in the DPS that are not 
directly (Maine, Minnesota, northern 
Montana and northern Idaho, and 
northern Washington) or indirectly 
(GYA) connected to lynx populations in 
Canada via suitable or potentially 
suitable boreal or subalpine forest 
habitat. 

We used the term ‘‘habitat ‘stepping 
stones’ ’’ in the Background section of 
the proposed rule (78 FR 59434) to 
describe the relative connectivity of 
populations in the Rockies to larger 
populations in Canada. We did not state 
that we are certain lynx use these 
habitat patches, but rather that patches 
of habitat potentially conducive to 
dispersal exist between the GYA and 
lynx populations to the north and, as 
noted previously by others (e.g., 
McKelvey et al. 2000a, p. 230; 
Interagency Lynx biology Team 2013, p. 
50), that this is not the case in Colorado, 
where potential lynx habitat is separate 
and isolated from other potential lynx 

habitats and, thus, from northern lynx 
populations by more than 90 miles (150 
km) of unsuitable lower-elevation desert 
and sagebrush habitats. We do not know 
to what extent this isolation contributed 
to the historical inability of lynx to 
naturally establish and maintain viable 
resident breeding populations in 
Colorado and elsewhere in the Southern 
Rockies, but we believe that it is 
reasonable to conclude that it is a factor. 
We also did not state or imply that the 
GYA lynx population is maintained by 
movements of animals from Montana 
populations; rather, we meant that the 
habitats that support lynx in northwest 
Montana are part of a potential dispersal 
corridor that may provide connectivity 
between lynx in the GYA and 
populations in Canada (78 FR 59434). 
We agree that the extent to which lynx 
use any potential dispersal corridors is 
uncertain. 

Finally, our intent is not to downplay 
the achievements of the introduction 
effort in Colorado, but rather to explain 
what we think the presence of the 
introduced lynx population does and 
does not tell us about whether the 
habitat contains the PCE and is essential 
to the conservation of the DPS (also see 
our response to comment (10), above). 
We acknowledged in the proposed rule 
that lynx are highly mobile and 
regularly move long distances (78 FR 
59435) and that some lynx from the 
population introduced into Colorado 
dispersed widely, including north 
across the expanse of unsuitable habitat 
that separates potential lynx habitat in 
the Southern Rockies from lynx habitats 
to the north (78 FR 59434, 59448– 
59449). Clearly lynx from the north also 
occasionally reached the Southern 
Rockies historically, as evidenced by the 
few verified records for Colorado and 
southern Wyoming. However, we find 
that the best available information 
suggests that Colorado and the Southern 
Rockies do not contain the physical and 
biological features essential to lynx in 
adequate quantity and spatial 
arrangement to support lynx 
populations over time, and we have not 
designated critical habitat in these areas. 

(12) Comment: One peer reviewer felt 
that our use of the term ‘‘transitional’’ 
when describing boreal forests in the 
range of the DPS implied that lynx 
habitat used by southern populations is 
almost ‘‘ephemeral,’’ and that our 
characterization that lynx habitat in the 
contiguous United States is transitional 
lacks support and is misleading. 

Our Response: We use the term 
‘‘transitional’’ (78 FR 59433, 59434, 
59438) to describe the southern margin 
of the boreal forest that extends into the 
northern contiguous United States, 
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where it ‘‘transitions’’ to other more 
temperate forest types, which is 
consistent with its use in Mech (1980, 
p. 271), Agee (2000, pp. 40, 41, 44), the 
2000 listing rule for the lynx DPS (65 FR 
16052, 16056, 16081–16082), the 2003 
clarification of findings (68 FR 40077), 
the 2007 ‘‘Significant Portion of the 
Range’’ clarification (72 FR 1188), the 
2009 revised critical habitat rule (74 FR 
8616, 8635), the 2009 12-month finding 
on a petition to include New Mexico in 
the lynx DPS (74 FR 66939), and the 
revised Lynx Conservation Assessment 
and Strategy (LCAS; Interagency Lynx 
Biology Team 2013, pp. 39, 44, 52). It 
is important that readers understand 
that both lynx and snowshoe hares are 
true boreal forest species, and that most 
boreal forest habitats in the northern 
contiguous United States become patchy 
and marginal for both species as these 
forests transition to other forest types. 
The transitional nature of the boreal 
forest at its southern extent is believed 
(along with competition from other hare 
predators) to limit the numbers of both 
hares and lynx, preventing either from 
regularly achieving densities in the 
contiguous United States comparable to 
those regularly achieved in the classic 
boreal forests at the centers of their 
ranges in north-central Canada. 

Although some mature multistory 
forest stands may provide stable lynx 
and hare habitat over time (Interagency 
Lynx Biology Team 2013, p. 29), in 
many parts of the DPS range lynx and 
hares fare best in areas with large 
proportions of young regenerating early- 
successional stands that exist 
temporarily following disturbance 
(Aubry et al. 2000, p. 374; Interagency 
Lynx Biology Team 2013, pp. 28–29). In 
the absence of additional disturbance, 
many of these stands will, through 
natural forest succession, mature into 
stands with less dense vegetative cover 
at ground or snow level, providing less 
food and cover for hares and reducing 
the quality of foraging habitat for lynx. 
For example, much of the current higher 
quality hare and lynx foraging habitat in 
northern Maine occurs in 15- to 35-year- 
old dense, regenerating spruce-fir stands 
that were previously clearcut (78 FR 
59456). As these stands continue to 
mature, and with timber harvest 
practices and regulations that have 
shifted away from clear-cut harvest and 
use of herbicides to promote conifer 
regeneration, hare and lynx habitats are 
expected to decline broadly across the 
area, with the lynx population projected 
to decline by 55 to 65 percent in the 
next 20 years (Simons 2009, p. 217). In 
a sense, then, some lynx habitats truly 
are ‘‘temporary’’ (Interagency Lynx 

Biology Team 2013, p. 29) and 
ephemeral. 

(13) Comment: One peer reviewer felt 
we inappropriately cited a non-peer- 
reviewed publication (Berg and Inman 
2010) to support the statement that 
‘‘. . . important foraging habitat for lynx 
is often more limited and fragmented in 
the contiguous United States than it is 
in the northern boreal forests of Canada 
and Alaska’’ (78 FR 59434). 

Our Response: We believe that our 
use of this citation is appropriate given 
the authors’ histories of research and 
monitoring with regard to lynx, 
snowshoe hares, and other carnivores 
and their respective habitats. We also 
cited in the proposed rule (78 FR 59433) 
many other published references 
describing the marked differences 
between snowshoe hare (i.e., lynx 
foraging) habitats in the contiguous 
United States and those in the boreal 
forest of Canada and Alaska: Wolff 1980, 
pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry 
et al. 2000, pp. 373–375, 382, 394; 
Interagency Lynx Biology Team 2013, p. 
77). 

(14) Comment: One peer reviewer felt 
that seasonal and geographic differences 
in lynx habitat were poorly described in 
the proposed rule and that clear 
articulation of how lynx habitat differs 
across the southern population would 
be helpful. As an example, the reviewer 
noted that the habitat used in winter by 
lynx in the Northern Rockies (mature 
multistoried forests with dense 
horizontal cover at ground/snow level; 
Squires et al. 2010, pp. 1648, 1653, 
1656) is almost opposite the habitat 
used by lynx in Maine year-round 
(young, regenerating spruce-fir; Vashon 
et al. 2012, pp. 15–16). The reviewer felt 
that (a) readers should understand that 
management actions in Maine may have 
actually created lynx habitat, (b) it is 
unclear whether Maine could support 
lynx without extensive forest 
management with herbicide treatment, 
and (c) the role that herbicide treatment 
of forests in Maine played to create/
promote the conifer infill that lynx 
depend on should be discussed. 

Our Response: Although our 
introductory discussion of lynx habitat 
in the Background section of the 
proposed rule (78 FR 59434–59435) was 
general in nature, we provided much 
more detail on geographic and seasonal 
differences in lynx habitat in the Critical 
Habitat, Physical or Biological Features 
section, where we described differences 
in boreal forests and lynx habitat 
characteristics for each of the regions 
within the range of the DPS (78 FR 
59437–59442). In that section, we 

specifically noted differences in lynx 
habitat use in winter versus summer (78 
FR 59439). Similarly, we discussed in 
some detail in the Special Management 
Considerations or Protection section (78 
FR 59445) and the Proposed Revised 
Critical Habitat Designation section (78 
FR 59456) the influence of industrial 
timber management and large-scale 
clearcutting on lynx habitat in Maine. 
However, we did not discuss the role of 
herbicides there, so we have added that 
information to the Critical Habitat, 
Boreal Forest Landscapes section of this 
final rule, and in our response to 
comment (19), below, where we provide 
additional detail regarding historic, 
recent, and projected future densities of 
lynx in Maine. 

(15) Comment: One peer reviewer felt 
that den habitat in the Northern Rockies 
was poorly defined and that the 
proposed rule did not clearly describe 
how lynx respond to environmental 
characteristics at dens at various spatial 
scales. 

Our Response: Although our 
discussion of denning habitat in the 
Background section (78 FR 59435) was 
general in nature, we included a more 
detailed and region-specific discussion 
in the Critical Habitat, Sites for 
Breeding, Reproduction, or Rearing (or 
Development) of Offspring section (78 
FR 59441–59442), where we 
summarized the available pertinent 
information regarding lynx den-site 
selection for each region in the range of 
the DPS. However, we did not go into 
detail concerning lynx den selection in 
response to environmental cues at 
various spatial scales because we did 
not think it is germane to the discussion 
of critical habitat given that denning 
habitat is not thought to be a limiting 
factor for lynx anywhere within the 
range of the DPS. 

(16) Comment: One peer reviewer 
suggested that the designation of critical 
habitat apparently does little to alter 
Federal responsibilities for the species’ 
management but that it is unclear how 
designation may affect lynx 
management and conservation on State 
and Tribal lands. The reviewer felt 
readers need to fully understand what 
the inclusion in or exclusion from a 
critical habitat designation means to 
lynx conservation and management on 
all lands, but especially for State and 
Tribal lands in Montana that were 
considered for exclusion in the 
proposed rule and which we have 
excluded from designation in this final 
rule. The reviewer also felt that our 
rationale and justification for excluding 
Tribal lands and lands managed in 
accordance with the Montana 
Department of Natural Resources and 
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Conservation (MDNRC) Forested State 
Trust Lands Habitat Conservation Plan 
(HCP) should be better articulated and 
fully explained in the final rule. 

Our Response: We described the 
general and specific regulatory benefits 
of critical habitat to lynx conservation 
in our response to comment (8), above, 
and in the Consideration of Impacts 
under Section 4(b)(2) of the Act section, 
below. Because a Federal action or 
‘‘nexus’’ exists for all activities that may 
affect lynx on Federally managed lands, 
the regulatory benefits of consultation in 
accordance with section 7 of the Act are 
more likely to occur. Federal agencies 
must consult with the Service to ensure 
that no activity they carry out, permit, 
authorize, or fund will result in the 
destruction or adverse modification of 
designated critical habitat. 

Activities on State, Tribal, or private 
lands that involve a Federal nexus must 
similarly undergo section 7 
consultation, though it is the Federal 
‘‘action agency’’ that consults with the 
Service. However, there is no 
consultation requirement for activities 
on State, Tribal, or private lands for 
which a Federal nexus does not exist. 
With regard to lynx, the activities most 
likely to impact the species or its 
habitats involve timber harvest, fire/
fuels management, or other vegetation 
or silvicultural treatments—activities 
that most often lack a Federal nexus on 
State, Tribal, or private lands. When 
evaluating whether to designate critical 
habitat in such places, we assess the 
benefits of inclusion versus the benefits 
of exclusion, and we only exclude areas 
for which the benefits of exclusion 
outweigh those of inclusion. In the case 
of Tribal lands and State or private 
lands with finalized lynx management 
plans or habitat conservation plans 
(HCPs), we have determined that Tribal 
management, and State and private 
management in accordance with 
finalized plans or HCPs, is more 
beneficial to lynx than a critical habitat 
designation would be. One component 
of this analysis is the recognition that 
many activities that could affect lynx on 
these lands lack a Federal nexus, 
thereby precluding opportunity to 
achieve conservation via section 7 
consultation resulting from designation. 
Therefore, management in accordance 
with Tribal forest and/or wildlife 
management plans and HCPs or other 
formal management plans on State or 
private lands is more likely to result in 
conservation of the lynx and its habitats 
than would be achieved via designation 
as critical habitat. 

With specific regard to lands managed 
in accordance with the MDNRC HCP (as 
well as those for other exclusions), we 

have in this final rule presented our 
detailed evaluation of the benefits of 
including these lands compared to the 
benefits of excluding them (see 
Consideration of Impacts under Section 
4(b)(2) of the Act, below). We have 
determined that the benefits of 
excluding MDNRC lands outweigh the 
benefits of including them in the lynx 
critical habitat designation and that 
doing so will not result in the extinction 
of the lynx DPS. 

With specific regard to Tribal lands, 
in accordance with Secretarial Order 
3206, ‘‘American Indian Tribal Rights, 
Federal-Tribal Trust Responsibilities, 
and the Endangered Species Act’’ (June 
5, 1997); the President’s memorandum 
of April 29, 1994, ‘‘Government-to- 
Government Relations with Native 
American Tribal Governments’’ (59 FR 
22951); Executive Order 13175 
‘‘Consultation and Coordination with 
Indian Tribal Governments;’’ and the 
relevant provision of the Departmental 
Manual of the Department of the Interior 
(512 DM 2), we believe that fish, 
wildlife, and other natural resources on 
Tribal lands are better managed under 
Tribal authorities, policies, and 
programs than through Federal 
regulation wherever possible and 
practicable. Such designation is often 
viewed by Tribes as an unwanted 
intrusion into Tribal self-governance, 
thus compromising the government-to- 
government relationship essential to 
achieving our mutual goals of managing 
for healthy ecosystems upon which the 
viability of threatened and endangered 
species populations depend. We have 
added details on Tribal management 
goals and plans, land status, and lynx 
conservation efforts to our consideration 
of and rationale for these Tribal lands 
exclusions. See Exclusions Under 
Section 4(b)(2) of the Act, below, for a 
detailed discussion of why these lands 
have been excluded. 

(17) Comment: One peer reviewer 
suggested there is limited anecdotal 
evidence that lynx in the Greater 
Yellowstone Area (GYA) are declining, 
based on the failure to trap any ‘‘native’’ 
lynx there in 2005–2006 (the only lynx 
encountered were thought to have been 
associated with the introduced 
population in Colorado). 

Our Response: We do not have 
evidence of a decline in the GYA lynx 
population. Although the GYA has a 
long history of lynx presence and recent 
evidence of reproduction (Squires and 
Laurion 2000, entire; Squires et al. 2001, 
entire; Murphy et al. 2006, entire), there 
are relatively few verified records of 
lynx from Yellowstone National Park 
and surrounding areas (65 FR 16058, 68 
FR 40090). Additionally, lynx habitat in 

the GYA is naturally marginal (patchier 
and composed in many places of drier 
forest types), less capable of supporting 
snowshoe hares (Hodges et al. 2009, 
entire), and farther from source 
populations than most other parts of the 
DPS range (68 FR 40090). Given the 
naturally marginal habitat in this largely 
protected area, we believe it is unlikely 
that the GYA ever supported more than 
a handful of lynx home ranges in any 
given year. We find no evidence that the 
GYA once supported a larger or more 
robust lynx population than the small 
one suggested by verified historic and 
recent records and survey efforts. 

(18) Comment: One peer reviewer 
suggested that lynx habitat in the 
western United States has contracted 
significantly in the last decade from fire 
and insect outbreak, although these 
changes are fairly recent and thus not 
addressed in the scientific literature. 
The reviewer cited the almost complete 
die-off of Engelmann spruce (Pica 
engelmanii) from 400,000 acres (161,874 
hectares) of spruce–fir forests in the San 
Juan Mountains in Colorado because of 
spruce budworm infestation, and an 
increase in fire activity in the Northern 
Rockies since the mid-1980s at 
elevations that largely overlap lynx 
critical habitat. 

Our Response: Climate change has 
resulted in warmer and drier conditions 
that have increased the number and 
extent of wildfires in the western United 
States and in boreal forests in Canada, 
and projected climate changes suggest 
this trend will continue, with increases 
likely in the frequency of large, intense 
forest fires (IPCC 2014a, p. 31; IPCC 
2014b, p. 4; Joyce et al. 2014, p. 178; 
Mote et al. 2014, p. 495). Climate change 
is also increasing the vulnerability of 
western forests to insect and tree- 
disease outbreaks; large-scale tree die- 
offs have already occurred and are likely 
to increase in the future, and the 
subalpine forests on which lynx in the 
western contiguous United States 
depend may be particularly at risk 
(Joyce et al. 2014, p. 177; Mote et al. 
2014, pp. 495–496). However, the 
potential consequences of climate 
change for lynx populations and their 
habitats remain unquantified. Fire and 
insects have been important elements of 
these forests historically, helping to 
maintain the mosaic of forest 
successional stages thought to be 
important to lynx and snowshoe hares. 
We have no evidence that these factors 
(fires and insect outbreaks) have thus far 
altered lynx habitats to the extent that 
landscapes historically or recently 
capable of naturally supporting lynx 
populations can no longer do so, 
although climate projections suggest 
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such changes are possible in the future. 
If lynx habitat has indeed contracted, it 
may be a temporary effect, and as 
regeneration and regrowth of these areas 
progresses, they should return to lynx 
habitat so long as fire, insect outbreaks, 
and climate warming and drying have 
not permanently altered the vegetative 
capacity and climax forest potential of 
these sites. 

(19) Comment: One peer reviewer felt 
the proposed rule was unclear whether 
the projected reduction in lynx habitat 
in Maine was due primarily to a shift in 
timber harvest away from clearcutting to 
partial harvest, or if the herbicide use 
that had helped create conifer- 
dominated stands of value to lynx and 
hares has also been greatly curtailed. 
The reviewer also wondered if the 
decline would be a return to historical 
levels of lynx habitat in Maine prior to 
the extensive habitat fragmentation from 
earlier clearcutting and herbicide 
treatment and suggested we clarify this 
relationship in the final rule. 

Our Response: The current abundance 
of snowshoe hare habitat (and, 
therefore, lynx foraging habitat) in 
northern Maine was created by large- 
scale clear-cut timber harvest of about 
55 percent of the forestlands in northern 
Maine in response to a 1973–1985 
spruce budworm (Choristoneura 
fumiferana) outbreak (Simons 2009, pp. 
64, 218). Some of these clearcuts were 
treated with herbicide to promote 
conifer regeneration by reducing 
competition from deciduous species 
(Scott 2009, p. 7). From about 15 years 
to 35 years post-harvest, these 
regenerating stands provide excellent 
cover and forage for snowshoe hares 
(Simons 2009, pp. 217–218), and the 
prevalence of such stands is credited 
with the rapid increase in lynx numbers 
in Maine in the mid-1990s and early 
2000s (Simons 2009, pp. 64, 122; 
Vashon et al. 2012, pp. 56–57). As these 
stands mature beyond about 35 years 
post-harvest, hare densities begin to 
decline as cover and forage are reduced 
due to forest succession (Simons 2009, 
p. 217). The areal extent of these high- 
quality hare habitats is believed to have 
peaked between 2007 and 2010, and 
lynx numbers in Maine also likely 
peaked at about that time (Simons 2009, 
p. 142; Vashon et al. 2012, pp. 50, 57). 
With the reductions in both clearcutting 
and herbicide application following 
enactment of the Maine Forest Practices 
Act of 1989, it is projected that lynx 
densities will decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217). 
By then, the lynx population, which is 
thought to have peaked at between 750 
and 1,000 adults in 2006, may decline 
by more than half to perhaps 300 adults, 

which is still three times as many lynx 
as are thought to have inhabited Maine 
during a population low in the 1970s 
(Vashon et al. 2012, pp. 57–60). 

How these numbers compare to 
historic lynx numbers in Maine is 
uncertain. Lynx have had a relatively 
constant presence in Maine since they 
were first documented in the State in 
1833 (Hoving 2001, pp. 6–38). In 
general, lynx likely occurred at low 
densities prior to European settlement, 
when relatively small amounts of the 
spruce-fir forests in the State are 
thought to have been composed of 
young stands (Lorimer 1977, entire; 
Vashon et al. 2012, pp. 45, 56), but they 
likely responded positively to stand- 
replacing fires, wind events, and insect 
outbreaks (Hoving 2001, p. 25). 
Audubon and Bachman (1852) 
described lynx as occurring in 
regenerating forest following fire in 
Maine, and H.D. Thoreau (1893) noted 
that lynx were common in the ‘‘burnt 
lands.’’ Lynx may have also responded 
to timber harvest, which by 1900 had 
expanded to smaller diameter spruce for 
a growing paper industry. It is likely, 
then, that lynx numbers in Maine have 
fluctuated since European settlement, 
depending on the size and distribution 
of natural and human disturbances and 
the resultant young regenerating forest 
stands. At times, lynx were considered 
very common, and in some years in the 
1800s, 200–300 lynx were harvested in 
Maine (Hoving et al. 2003, p. 363). 

Finally, the extent to which herbicide 
treatment to favor conifer regeneration 
contributed to the development of 
optimal hare habitats in regenerating 
clearcuts (versus regeneration in 
untreated stands) is unclear. Herbicide 
treatment is expensive, and even in the 
1980s, when herbicide application was 
highest, less than 20 percent of clear-cut 
stands were treated. The areal extent of 
herbicide application decreased by 
about 78 percent in 2000–2007 
compared to peak application in the late 
1980s, which may reduce the amount of 
conifer-dominated regenerating hare 
and lynx habitats in the future (Scott 
2009, pp. 122–123). 

(20) Comment: One peer reviewer 
commented that there was an 
assumption in the proposed rule that 
lynx populations within the DPS require 
demographic rescue periodically from 
populations in Canada. The reviewer 
suggested that it is unknown if 
augmentation from northern 
populations is sufficient for 
demographic rescue and that this 
uncertainty was poorly articulated in 
the proposed rule. The reviewer also 
suggested that it is unknown if the 
lagged synchrony observed in southern 

lynx populations resulted from the 
physical movement of lynx from the 
north or if southern populations 
increased due to a related 
environmental factor (e.g., increased 
hare abundance), and that this 
uncertainty also was not communicated 
in the proposed rule. 

Our Response: We agree that it is 
uncertain whether the demographic 
health of lynx populations in the DPS is 
reliant on augmentation from Canadian 
populations and, if so, to what extent, 
and whether current rates of 
interchange/immigration are sufficient 
to provide demographic rescue (also see 
response to comment (22), below). We 
recognized and articulated some of 
these uncertainties at several places in 
the proposed rule. For example, we 
stated that lynx in the contiguous 
United States appear to function as 
discrete subpopulations connected via 
dispersal to the larger Canadian 
metapopulation, that lynx disperse in 
both directions across the United States- 
Canada border, and that this interchange 
is thought to be essential to the 
maintenance and persistence of lynx 
populations in the DPS (78 FR 59434). 
We similarly stated that the degree to 
which regional lynx populations in the 
DPS are influenced by local hare 
population dynamics is unclear, and 
that lynx presence and population 
dynamics in the DPS appear to be more 
influenced by the occurrence of 
irruptions from Canada than by 
intrinsically generated hare population 
cycles within the DPS range (78 FR 
59436). 

(21) Comment: One peer reviewer 
suggested that the proposed rule 
assumes that peripheral southern lynx 
populations (outside proposed critical 
habitat) failed to persist due to 
unsuitable habitat conditions but did 
not mention that no large incursion of 
lynx has happened in the western 
United States in the absence of active 
persecution (i.e., trapping). 

Our Response: We believe the best 
available information indicates that we 
have included within the final critical 
habitat designation all places in the 
contiguous United States historically 
and currently capable of naturally 
supporting lynx populations and which 
will provide for the conservation of 
lynx. We are aware that no large 
irruptions of lynx from Canada into the 
contiguous United States have been 
documented since the DPS was listed 
and harvest was prohibited throughout 
its range. However, in the absence of 
trapping, which provided most of the 
data upon which the history of past 
irruptions was constructed, and with 
limited monitoring of lynx populations 
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on both sides of the border, there is 
uncertainty about the number of lynx 
that may be moving between 
populations in Canada and those in the 
contiguous United States. 

We have no evidence that lynx were 
disproportionately persecuted in areas 
outside those we have designated 
(secondary or peripheral areas), and 
lynx populations in designated areas 
have persisted despite being similarly 
exposed to hunting and trapping prior 
to listing. Additionally, other than 
relatively low levels of reported 
incidental trapping (with very few 
resulting in lynx mortality), lynx have 
not been persecuted in the past 14 years 
since listing. In that time, populations 
have persisted in the areas designated as 
critical habitat, while other areas (with 
the possible exception of small areas of 
northern New Hampshire, northern 
Vermont, and Maine outside the 
designated area) have failed to attract 
lynx and support establishment of 
populations. We interpret this as a 
strong indication that these secondary 
and peripheral areas lack one or more of 
the essential physical or biological 
features in adequate quantity and/or 
spatial arrangement, and that it is less 
likely, given the previously noted 
dispersal capabilities of lynx, that these 
areas represent good lynx habitat which 
lynx have been unable to locate and 
colonize (but see response to comment 
(22), below). 

(22) Comment: One peer reviewer 
noted that maintaining connectivity for 
lynx populations in the contiguous 
United States may become increasingly 
difficult in the future due to climate and 
anthropogenic change, that this added 
risk was not discussed in the proposed 
rule, and that a potentially dampened 
hare/lynx cycle in Canada (e.g., Ims et 
al. 2008, pp. 81, 85) may cause 
demographic and genetic impacts to 
southern lynx populations over time. 
However, the reviewer noted that lynx 
from the population introduced to 
Colorado made documented south-to- 
north movements, demonstrating that 
connectivity with the native population 
in the GYA is possible. 

Our Response: Climate change and 
other anthropogenic change (human- 
caused habitat degradation/loss/
fragmentation) could result in smaller 
and more isolated lynx populations in 
the contiguous United States, with 
reduced connectivity to lynx 
populations in Canada. We noted in the 
Future of Lynx Habitat sections of the 
proposed rule (78 FR 59443) and this 
final rule (below) that climate change 
could reduce the amount and quality of 
lynx habitat in the DPS range, with 
habitat patches becoming smaller, more 

fragmented, and more isolated (Carroll 
2007, pp. 1099–1100; Johnston et al. 
2012, p. 11), and that lynx populations 
could become more vulnerable to 
stochastic environmental and 
demographic events because of smaller 
population sizes and increased isolation 
(Carroll 2007, pp. 1100–1103). However, 
the level at which reduced connectivity 
might affect the demographic or genetic 
health of populations in the DPS is 
unknown. 

Schwartz et al. (2003, entire) 
documented reduced genetic variation 
(lower mean number of alleles per 
population and lower expected 
heterozygosity) among peripheral lynx 
populations compared to populations in 
the core of the lynx geographical range. 
While recognizing that small changes in 
genetic variation can lead to large 
changes in population fitness, the 
authors noted that the differences 
between core and peripheral 
populations in their study were small 
enough to suggest a lack of significant 
population subdivision (i.e., no 
indication of genetic isolation, 
substantial genetic drift, or potential 
genetic ‘‘bottlenecks’’ among DPS 
populations; Schwartz et al. 2003, p. 
1814). This finding is consistent with 
their earlier work, which documented 
high levels of gene flow (the highest yet 
documented for any carnivore) between 
core and peripheral lynx populations 
despite large separation distances 
(Schwartz et al. 2002, pp. 520–522). 
Their results did not suggest that 
reduced genetic variation among 
peripheral populations was due to 
human disturbance (i.e., habitat loss/
fragmentation on the southern periphery 
of the geographic range; Schwartz et al. 
2003, p. 1814), but they did imply that 
the persistence of lynx populations in 
the contiguous United States depends 
on dispersal from larger (core) 
populations (Schwartz et al. 2002, p. 
522). 

Currently, there is no indication that 
the levels of connectivity and gene flow 
between lynx populations in the DPS 
and those in the core of the lynx’s range 
are inadequate to maintain the genetic 
health of DPS populations. Given the 
noted dispersal capabilities of lynx, it 
appears unlikely that levels of 
connectivity and gene flow will become 
inadequate in the foreseeable future. 
However, because demographic rescue 
(demographic stability of peripheral 
populations achieved via immigration 
from other populations sufficient to 
offset mortality and emigration in the 
peripheral population) requires much 
higher immigration rates than does 
genetic rescue (McKelvey et al. 2000b, 
pp. 23–24), reduced connectivity due to 

climate change, habitat loss/
fragmentation, or a combination of these 
factors, is more likely to result in 
demographic rather than genetic 
impacts to lynx populations in the DPS. 
But, as with gene flow, the level of 
diminished connectivity at which DPS 
populations could suffer demographic 
impacts is unknown. Finally, how hare 
and lynx population cycles may be 
affected by climate change remains 
unclear (Yan et al. 2013, p. 3264); 
therefore, estimating the magnitude of 
potential future demographic and 
genetic impacts to southern lynx 
populations remains elusive. If climate 
change does dampen hare (e.g., Ims et 
al. 2008, pp. 81, 85) and lynx 
population cycles, and that dampening 
alters the periodicity and/or reduces the 
magnitude of immigration from 
Canadian to DPS lynx populations 
(which is poorly understood to begin 
with), then demographic and genetic 
impacts are possible. 

(23) Comment: Peer reviewers and 
other commenters presented conflicting 
views on whether Colorado and other 
parts of the Southern Rockies (southern 
Wyoming, northeastern Utah, and 
northern New Mexico) should be 
included in the designation. Two peer 
reviewers agreed with our 
determination that Colorado and the 
Southern Rockies do not contain the 
PCE and are not essential to 
conservation of the lynx DPS. One peer 
reviewer questioned the consistency of 
our logic in not designating critical 
habitat in Colorado and the Southern 
Rockies relative to its application to 
native lynx populations. The reviewer 
thought we should consider designating 
critical habitat in Colorado and the 
Southern Rockies because (a) the 
introduced population may currently 
include more lynx than native lynx 
populations in northwest Wyoming or 
Minnesota, and (b) the area used by the 
introduced population in the San Juan 
Range of Colorado is larger than the area 
of montane forest that supports lynx in 
Wyoming. One peer reviewer disagreed 
with our decision not to designate 
critical habitat in Colorado or elsewhere 
in the Southern Rockies and with our 
determination that evidence is lacking 
to indicate that these areas historically 
supported resident lynx populations. 
The reviewer cited Cary (1911) and 
Meaney (2002) as evidence that 
Colorado historically supported a 
resident lynx population. The reviewer 
suggested that parts of western 
Colorado, southern Wyoming, and 
northern New Mexico contain the 
physical and biological features 
essential to lynx in adequate quantity 
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and spatial arrangement and that high 
elevations in these areas may become 
important to lynx conservation if 
climate change results in upslope 
movement of lynx and hare habitats, as 
some models suggest. Many other 
commenters urged us to designate 
critical habitat for lynx in Colorado and 
the Southern Rockies, while others 
supported our proposal not to designate 
critical habitat in these areas. 

Our Response: Neither the presence of 
the introduced lynx population or the 
large area it has used demonstrate that 
habitats in Colorado and other parts of 
the Southern Rockies contain the 
physical and biological features 
essential to lynx in adequate quantity 
and spatial arrangement to support lynx 
populations over time or that this area 
is essential to the conservation of the 
lynx DPS. We do not conclude that Cary 
(1911, pp. 44, 48, 165–167) and Meaney 
(2002, entire) provide reliable evidence 
based on verified lynx occurrence data 
that Colorado historically supported a 
resident lynx population. 

As described above in our responses 
to comments (10) and (11), the verified 
evidence suggests that habitats in 
Colorado and the Southern Rockies have 
not historically supported viable lynx 
populations or subpopulations. The 
importance of using only verified 
evidence and the need to avoid using 
anecdotal occurrence data to assess the 
ranges of rare and elusive species has 
been amply demonstrated by McKelvey 
et al. (2008, entire; see also our response 
to comment (10), above). The authors 
cautioned that this is particularly 
important when target species may be 
easily confused with other similar but 
more common species; using as an 
example the potential biological and 
conservation consequences of 
misidentifying even a small number of 
bobcats as Canada lynx (McKelvey et al. 
2008, pp. 553–554). Halfpenny and 
Miller (1980, p. 8) indicated that Cary’s 
(1911) summary was based largely on 
(unverified, anecdotal) observations by 
trappers, and the authors cited 
Armstrong (1972) who said these 
‘‘. . . ought to be regarded with a degree 
of caution.’’ Similarly, Meaney’s (2002, 
entire) unpublished review for the 
Colorado Department of Transportation 
of mostly anecdotal lynx records in the 
State points out many of the vagaries 
and inconsistencies of the anecdotal 
data, very unlikely high numbers of 
lynx reported as trapped in some 
counties in some years, and 
misidentification of large, pale bobcats 
as lynx, but then concludes, 
questionably in our opinion, that ‘‘There 
is no doubt that established populations 
of lynx occurred in the northern 

mountains of Colorado’’ (Meaney 2002, 
p. 5). 

Based on our evaluation of the 
historic record of verified lynx 
occurrence, we find that, although lynx 
clearly occurred occasionally in the 
Southern Rockies, there is no evidence 
that the Southern Rockies, including 
southern Wyoming, western Colorado, 
northeastern Utah, and northern New 
Mexico, historically supported lynx 
populations. We conclude that the few 
verified records from these areas were 
most likely transient animals dispersing 
during ‘‘irruptions’’ from northern lynx 
populations after cyclic hare population 
declines. As we discuss below, habitat 
in Colorado and the Southern Rockies is 
marginal, naturally fragmented, and 
disjunct, with poor to marginal hare 
densities. This, combined with its 
apparent historical inability to naturally 
supporting lynx populations, suggests 
that this area does not contain the PCE 
(see also the ‘‘Application of the Criteria 
to the Southern Rocky Mountains and 
Certain National Forests in Idaho and 
Montana’’ section, below). 

Also as we described above in our 
response to comment (10), the 
persistence, thus far, of the introduced 
lynx population in Colorado does not 
demonstrate that habitats there contain 
the essential physical and biological 
features in adequate quantity and spatial 
arrangement to support a lynx 
population over the long term. Like 
Colorado and the Southern Rockies, 
many areas across the northern border 
of the United States contain some 
amounts of the essential physical and 
biological features and have verified 
records of lynx (in fact, New York, 
Michigan, Wisconsin, and Idaho all 
have more verified historic lynx records 
than Colorado/Southern Rockies; 
McKelvey et al. 2000a, p. 210), but no 
evidence they have ever supported more 
than occasional dispersing lynx. The 
historic inability of these areas to 
naturally support resident lynx 
populations indicates either (a) that the 
quantity and/or spatial arrangement of 
one or more physical or biological 
features is inadequate, (b) the area’s 
distance and relative isolation from 
other lynx habitats and populations 
prevents the consistent immigration 
needed to provide the demographic 
stability that may be necessary to 
maintain a viable lynx population, or (c) 
that a combination of these factors has 
prevented these areas from historically 
supporting lynx populations over time. 

The best available information does 
not allow us to simply measure and map 
each of the physical and biological 
features essential to lynx and thus 
distinguish areas that contain each in 

adequate quantity and spatial 
arrangement from other areas that do 
not (see also Criteria Used to Identify 
Critical Habitat, below). Nor does it 
allow us to determine at what specific 
distance and relative level of isolation 
from other lynx habitats and 
populations a particular area becomes 
unlikely to receive adequate 
demographic input (via immigration 
from other populations) thought to be 
necessary for population viability and 
persistence. Regardless, it is informative 
that Colorado and the Southern Rockies 
failed to attract lynx and support 
establishment and maintenance of lynx 
populations in the wake of two 
unprecedentedly large irruptions of lynx 
from Canada into the western United 
States in the early 1960s and again in 
the early 1970s (McKelvey et al. 2000a, 
pp. 219, 242). To what degree this 
failure resulted from the marginal 
quality of the habitat versus the area’s 
distance and relative isolation is 
unclear. However, it is clear that, while 
lynx were unable to establish and 
maintain populations in Colorado or 
elsewhere in the Southern Rockies, 
other lynx populations in the DPS, 
where we have designated critical 
habitat, did persist, despite being 
exposed to similar habitat threats and 
harvest pressures. That is, we have no 
indication that habitat loss, degradation, 
or fragmentation or trapping pressures 
were greater in the Southern Rockies 
than in places where lynx populations 
persisted despite them. In fact, trapping 
lynx was prohibited in Colorado (1970) 
and Wyoming (1973) long before it was 
prohibited in most other States within 
the range of the DPS (Maine–1967, 
Minnesota–1984, Washington–1990, 
Idaho–1996, Montana–2000). 

Finally, although recent climate 
projections suggest that snow water 
equivalent (the amount of water held in 
a given amount of snow) may decline 
less in Colorado than in other areas of 
the Southwest, it is nonetheless 
projected to decline by 26 percent by 
the end of this century (Garfin et al. 
2014, p. 466). This will likely translate 
to a reduction in the areas that will 
continue to have snow conditions that 
provide a competitive advantage to lynx 
over bobcats and other hare predators. 
Additionally, when specifically 
modeling potential impacts of climate 
change on lynx, researchers concluded 
that potential snow and boreal forest 
habitat refugia were most likely to occur 
in the Bridger-Teton National Forest in 
northwestern Wyoming, the Superior 
National Forest in northeastern 
Minnesota, and across western Canada, 
while high-elevation parts of Colorado 
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are among the areas vulnerable to the 
loss of potential lynx habitat in the long 
term (Gonzalez et al. 2007, pp. 4, 8). 
Even if suitable snow conditions persist 
in Colorado and boreal and subalpine 
forests move upslope with continued 
climate warming, the amount of 
potential lynx habitat, already 
considered patchy and relatively 
isolated, will likely decrease, becoming 
even more patchy and isolated and less 
capable of supporting lynx populations 
over time. 

For these reasons, we conclude that 
habitat in Colorado and other parts of 
the Southern Rockies is marginal, 
naturally fragmented, and disjunct; that 
it has not been historically capable of 
supporting natural resident lynx 
populations; that it has not been 
demonstrated to contain all of the 
physical and biological features 
essential to lynx in adequate quantity 
and spatial arrangement to support lynx 
populations over the long term (i.e., it 
does not contain the PCE); and that it is 
not essential to the conservation of the 
DPS. Therefore, we have not designated 
critical habitat for lynx in Colorado or 
elsewhere in the Southern Rocky 
Mountains. 

(24) Comment: One peer reviewer, 
one Federal agency commenter, and 
several other commenters took 
exception to our description of the 
translocation of lynx from Alaska and 
Canada to Colorado as an 
‘‘introduction’’ rather than a 
‘‘reintroduction.’’ 

Our Response: As described above in 
our responses to comments (10), (11), 
and (23), we believe the weight of 
verified evidence suggests that Colorado 
did not historically support a resident 
native lynx population, and that the few 
verified records of lynx prior to the 
introduction of the current population 
were likely transient, dispersing 
animals. Although the translocation of 
lynx from Alaska and Canada to 
Colorado has often been referred to as a 
reintroduction, including in some 
documents by the Service, we believe it 
represents the establishment of a lynx 
population in a place that, based on our 
evaluation of the best available 
information, apparently did not support 
one previously and, therefore, is more 
accurately described as an introduced 
population. We have clarified the text 
throughout this rule to indicate that our 
use of the term ‘‘introduction’’ refers to 
the establishment of a lynx population 
in Colorado, as opposed to the 
reintroduction of individual lynx into 
an area where individual lynx rarely 
occurred historically. 

Comments From States 

Section 4(i) of the Act states, ‘‘the 
Secretary shall submit to the State 
agency a written justification for his 
failure to adopt regulations consistent 
with the agency’s comments or 
petition.’’ Comments received from 
States regarding the proposal to 
designate critical habitat for the lynx 
DPS are addressed below. Other 
comments from States pertaining to 
other issues that may be beyond the 
scope of this final revised critical 
habitat designation (e.g., the lynx DPS’s 
listing status under the Act, etc.) will be 
addressed in separate letters to the 
States. 

(25) Comment: The Maine Department 
of Inland Fisheries and Wildlife 
supported our determination that the 
Van Buren and Herseytown-Staceyville 
areas of Maine, which we proposed to 
designate and which we have 
designated as lynx critical habitat in this 
final rule, contain the PCE and may be 
essential to lynx conservation. However, 
the agency provided its opinion that 
these areas were likely not occupied by 
lynx at the time of listing and included 
documentation of standardized lynx 
surveys conducted in northwestern 
Maine in 1995–1999 and 2003–2008, 
and other confirmed lynx occurrences 
from 1995–2000. 

Our Response: We reviewed the 
survey information provided by the 
agency and determined that the 1995– 
1999 and 2003–2008 surveys did not 
adequately cover the Herseytown- 
Staceyville or Van Buren areas and, 
therefore, do not sufficiently 
demonstrate that lynx were absent from 
these areas at the time of listing. We 
have reviewed additional lynx record 
data that indicate lynx have occupied 
the Herseytown-Staceyville and Van 
Buren areas historically and since the 
lynx DPS was listed under the Act, and 
which demonstrate occupancy at the 
time of listing in adjacent towns 
(Hoving 2001, pp. 16, 170–179; Hoving 
et al. 2003, entire; U.S. Fish and 
Wildlife Service 2013c, entire). For 
these reasons, we find that the best 
available information indicates that the 
newly designated Van Buren and 
Herseytown-Staceyville areas were 
likely occupied by lynx at the time of 
listing and that these areas contain the 
PCE. Also see our response to comment 
(3), above, and Recent Lynx Occurrence 
and Reproduction in Northern New 
Hampshire, Northern Vermont, and 
Eastern and Western Maine, below). 

(26) Comment: The Idaho Department 
of Lands noted that the proposed rule 
included 26 acres (0.04 mi2 (0.1 km2)) 
of State Endowment Trust lands in 

northern Idaho. The agency provided 
forest inventory data suggesting that 
most of the area consists of forest types 
not considered suitable for lynx and 
requested that these lands not be 
designated as critical habitat. 

Our Response: Although these State 
Endowment Trust lands do not consist 
entirely of forest types considered hare 
and lynx foraging habitat, more than a 
third of the area is subalpine fir, which 
is considered foraging habitat. The other 
portion of this land is consistent with 
the definition of matrix habitat in the 
PCE, which is considered an essential 
feature of lynx critical habitat and is a 
component of the PCE. Further, while 
this parcel is at the edge of the 
designated area, it is surrounded by and 
contiguous with other similar forest 
types that also meet the criteria for 
critical habitat despite being composed 
of both foraging and non-foraging (i.e., 
matrix) habitats. We have determined 
that these State lands contain the 
physical and biological features (PBFs) 
essential to the conservation of the lynx 
DPS and that they are part of the 
landscape that has supported a resident 
lynx population over time. Therefore, 
we have determined that these State 
Endowment Trust lands contain the 
PCE, and we have included this area 
within the final critical habitat 
designation. 

(27) Comment: The New Mexico 
Department of Agriculture requested 
that the State-boundary-based DPS 
range remain in place and that New 
Mexico be specifically excluded from it. 
The agency believes that a geographical 
DPS boundary based on the habitat 
requirements of lynx is more 
appropriate than the proposed revised 
‘‘verbal definition’’ of the DPS that 
would extend the Act’s protections to 
lynx wherever they may occur in the 
contiguous United States. The agency 
feels that the proposed change could 
increase section 7 consultation 
requirements for actions on Federal 
lands in northern New Mexico, 
negatively affecting ranching operations 
that hold Federal grazing permits on 
Forest Service or BLM lands, and 
perhaps precluding or delaying range 
improvement and watershed restoration 
projects on these lands. 

Our Response: Our 2000 listing rule 
(65 FR 16052) and our 2003 clarification 
of findings (68 FR 40076) used State 
boundaries within what we understood 
to be the range of lynx in the contiguous 
United States at that time. 
Subsequently, lynx associated with the 
introduced population in Colorado were 
confirmed in northern New Mexico. 
Revising the existing range of the DPS 
with this rule addresses that 
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inconsistency between the current range 
of lynx and how the lynx DPS was 
delineated so that the lynx DPS is now 
consistent with our DPS policy. Because 
lynx may be present in northern New 
Mexico, Federal land managers and 
agencies that may authorize, fund, or 
permit activities where lynx may be 
present should review their actions to 
determine whether consultation with 
the Service is necessary to ensure that 
such activities do not jeopardize the 
lynx DPS. However, we do not foresee 
a dramatic increase in section 7 
consultations because most of the 
potential lynx habitat in New Mexico 
occurs on the Carson and Santa Fe 
National Forests, and these Federal 
lands managers already coordinate with 
the Service to avoid potential impacts to 
lynx and their habitats. Further, because 
grazing by domestic livestock is not 
likely to adversely affect hare or lynx 
habitats (Interagency Lynx Biology 
Team 2013, p. 85), we do not anticipate 
additional regulatory burdens to Federal 
grazing permit holders. Finally, range 
improvement and watershed restoration 
projects can include measures to 
conserve lynx and hare habitats, and 
these considerations are unlikely to 
preclude or substantially delay such 
projects. 

(28) Comment: The New Mexico 
Department of Game and Fish 
commented that the likelihood of lynx 
entering and establishing a population 
in New Mexico remains remote, and the 
agency is extremely concerned that the 
extension of ESA protections to 
individual animals that may enter the 
State will have significant economic, 
cultural, and management impacts to 
currently lawful activities such as 
hunting, trapping, agency-approved 
wildlife management activities, and 
various other activities on public and 
private lands in northern New Mexico. 
The agency expressed concern that the 
level of these impacts may require the 
Service to conduct at least an 
environmental assessment and 
potentially an environmental impact 
statement to address them. 

Our Response: We agree that it is 
unlikely that lynx entering New Mexico 
from the introduced population in 
Colorado will establish a self-sustaining 
population in New Mexico. However, 
because at least 60 lynx are documented 
to have traveled into New Mexico after 
their release in Colorado (Shenk 2007, 
p. 10; U.S. Forest Service 2009, pp. 9– 
10), the ‘‘may be present’’ standard for 
initiating section 7 consultation 
between the Service and Federal land 
managers and permitting agencies in 
northern New Mexico may be met for 
actions in these areas. Therefore, 

Federal land managers and agencies that 
carry out, fund, or permit activities that 
may affect lynx or lynx habitats should 
review their actions to determine 
whether consultation with the Service is 
necessary to ensure that these activities 
do not jeopardize the lynx DPS. We do 
not anticipate significant restrictions on 
otherwise lawful activities as a result of 
these consultations, and we expect little 
if any impacts to private landowners 
because activities on private lands 
would only undergo section 7 
consultation if they had a Federal nexus 
(also see our responses to comments (8) 
and (16), above). Because the Act does 
not allow us to consider economic or 
social impacts when making listing 
determinations (such as redefining the 
range or boundaries of a listed species), 
it is not necessary, and would be 
inappropriate, to conduct NEPA 
analysis on the revision to the lynx DPS 
range. 

(29) Comment: The Wyoming Game 
and Fish Department, the county 
commissions of Lincoln, Park, Sublette, 
and Teton Counties, the Coalition of 
Local Governments representing the 
county commissions and conservation 
districts for Lincoln, Sweetwater, Uinta, 
and Sublette Counties, the State of 
Wyoming Select Committee on Federal 
Natural Resource Management, and the 
Wyoming Governor’s Office all oppose 
the designation of lynx critical habitat 
in Wyoming, and in particular the 
proposed additions of lands in Grand 
Teton National Park in Teton County 
and on BLM, State, and private lands in 
Sublette and Lincoln Counties. Most of 
these commenters contend that habitats 
in Wyoming, including the proposed 
additions, do not contain the features 
essential to lynx and that evidence is 
lacking that they are occupied by lynx 
or that they currently support or 
historically supported a resident lynx 
population. They believe critical habitat 
designation in Wyoming, including in 
the additional areas, will have 
substantial impacts on economic 
development and management of other 
resources. Several of these commenters 
requested that the Service (a) designate 
lynx in Wyoming as an experimental, 
nonessential population in accordance 
with section 10(j) of the Act, and (b) 
collaborate with State agencies within 
the range of the DPS to complete a 
recovery plan for lynx prior to 
designating critical habitat so that the 
recovery plan can inform the eventual 
designation. Several other commenters 
similarly oppose designation in 
Wyoming, including the proposed 
additions, and one specifically opposes 
designation of any lands within the 

Shoshone National Forest. Many other 
commenters support the proposed 
additions to critical habitat in the GYA. 

Our Response: In our previous 
evaluations of critical habitat for lynx, 
we determined that habitats in the GYA, 
including portions of northwest 
Wyoming in Yellowstone National Park 
and the Bridger-Teton and Shoshone 
National Forests, contain the physical 
and biological features essential to the 
conservation of lynx, and that the area 
has a long history of lynx presence (70 
FR 68294; 74 FR 8619, 8643–8644). As 
described in our response to comment 
(17), above, habitats in the GYA have 
been demonstrated to contain the 
essential features in sufficient quantity 
and spatial arrangement because they (a) 
have supported a small but persistent 
lynx population over time, and (b) were 
occupied by lynx at the time of listing 
(Squires and Laurion 2000, entire; 
Squires et al. 2001, entire; Murphy et al. 
2006, entire). Therefore, the GYA meets 
our criteria for designation as critical 
habitat. 

In northwestern Wyoming and the 
GYA, lynx are generally associated with 
the Rocky Mountain Conifer Forest 
vegetation class, which is dominated by 
subalpine fir, Engelmann spruce, and 
lodgepole pine, and which often occurs 
in a patchy distribution within a mosaic 
of other vegetation types that do not 
support snowshoe hares at densities 
adequate to provide lynx foraging 
habitat (73 FR 10866). In areas with 
patchily distributed foraging habitats, 
like those typical of the GYA, lynx 
home ranges incorporate extensive areas 
of non-foraging ‘‘matrix’’ habitats that 
are used primarily for travel between 
patches of foraging habitat (74 FR 8644). 
Therefore, lynx home ranges and 
designated critical habitat in the GYA 
may contain substantial areas that do 
not contain all of the physical and 
biological features essential to lynx. 
However, such areas are a necessary 
component of the landscape that does 
contain the features. The areas of Grand 
Teton National Park and the 
predominantly BLM-managed lands east 
and south of the Bridger Teton National 
Forest that we have added to this final 
critical habitat designation also include 
matrix habitats, but they are part of the 
larger landscape that has supported a 
resident lynx population and, therefore, 
contains the PCE. 

Although habitat information and 
mapping for the areas we have added to 
the critical habitat designation in 
Wyoming were not received in time to 
evaluate them during the preparation of 
our previous designation in 2009, it was 
clear that lynx habitat did not stop at 
the boundary of the Bridger-Teton 
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National Forest. However, we 
designated critical habitat based on the 
best information available at the time. 
Since then, additional and refined 
habitat mapping has become available 
for these areas, along with recent 
verified use by lynx and/or information 
on hare habitats and abundance (U.S. 
Fish and Wildlife Service 2013a, entire; 
2013b, entire). The areas we have added 
to the designation in Wyoming are 
natural extensions of adjacent 
designated lynx habitats and are part of 
the landscape that supports the GYA’s 
small but persistent lynx population. 
We have worked closely with both the 
National Park Service and the BLM in 
Wyoming to ensure that our designation 
reflects the most appropriate 
interpretation of the best available 
information on lynx occurrence and 
habitat distribution so that our 
designation most accurately 
encompasses the areas that contain the 
features essential to the conservation of 
the lynx DPS. 

Finally, the Act does not allow us to 
designate an existing population as a 
10(j) experimental, nonessential 
population. The section 10(j) provision 
of the Act can be applied only in cases 
where no population currently exists 
and is effective only upon release of 
animals brought from other populations. 
The best available information indicates 
that northwestern Wyoming had a small 
lynx population historically and at the 
time of listing, and that a small number 
of lynx currently persist and reproduce 
in the State. Thus, we cannot designate 
the Wyoming lynx population as a 10(j) 
nonessential experimental population 
because doing so would not conform to 
the Act. 

(30) Comment: The Montana 
Department of Natural Resources and 
Conservation (MDNRC) requested that 
we exclude lands covered by the 
MDNRC Forested State Trust Lands HCP 
from critical habitat designation in 
accordance with section 4(b)(2) of the 
Act, and the Washington State 
Department of Natural Resources 
(WDNR) requested that we similarly 
exclude lands covered by the WDNR 
Lynx Habitat Management Plan. Several 
other commenters requested that 
MDNRC lands not be excluded from 
designation, either because they felt 
these lands are essential to the 
conservation of the lynx DPS or because 
the MDNRC HCP is the subject of an 
ongoing court case. 

Our Response: We have weighed the 
benefits of designating the lands 
covered by these plans against the 
benefits of excluding them, and we have 
determined that the benefits of 
excluding them outweigh the benefits of 

including them in the final designation. 
Therefore, we have excluded the lands 
covered by both these conservation 
plans from lynx critical habitat. More 
details regarding our analyses of the 
benefits to lynx of these plans are 
presented in the Consideration of 
Impacts under section 4(b)(2) of the Act 
section, below (and see our response to 
comment (16), above). The Service and 
the MDNRC are currently defending the 
HCP in a lawsuit that challenges the 
HCP’s adequacy with regard to the 
conservation of grizzly bears and bull 
trout. The HCP’s adequacy with regard 
to lynx conservation was not challenged 
in the lawsuit. 

(31) Comment: The Washington 
Department of Fish and Wildlife 
(WDFW) agreed that the Kettle Range of 
northeastern Washington did not 
support a lynx population at the time of 
listing. Despite this, WDWF suggested 
that we consider designating the area 
because it may support lynx movement 
between larger areas of habitat in the 
Selkirk and Cascade Mountains, and 
because a lynx population could 
become re-established in the future 
because lynx harvest no longer occurs 
there and habitat conditions may 
improve as parts of the area continue to 
recover from large fires in the 1980s. 
Conversely, the Board of County 
Commissioners for Stevens County, 
Washington, supported our decision not 
to designate critical habitat in 
northeastern Washington. 

Our Response: The Kettle Range in 
northeastern Washington historically 
supported a lynx population (Stinson 
2001, pp. 13–14), and boreal forest 
habitat within the Kettle Range appears 
to contain habitat for lynx; however, 
there is no evidence that the area was 
occupied by lynx at the time of listing. 
The Kettle/Wedge area was included as 
a core area in the recovery outline 
despite lacking recent evidence of 
reproduction and, therefore, did not 
completely meet the core area criteria in 
the outline (U.S. Fish and Wildlife 
Service 2005, pp. 3–5, 21). Moreover, 
while the Kettle Range contains 
physical and biological features 
important to lynx, its spatial 
configuration and quantity of habitat do 
not appear to be sufficient to provide for 
the conservation of lynx. Additionally, 
we are aware of no evidence that lynx 
travel between the Northern Rockies 
and the North Cascades via northeastern 
Washington. As with other areas that 
were not occupied at the time of listing 
(and described in more detail in our 
response to comment (32), below), we 
could not designate the Kettle/Wedge 
area as critical habitat unless we 
determine that the DPS could only be 

conserved and recovered if we were to 
do so (i.e., that the area is essential to 
the conservation of the DPS). We have 
not determined that this area is essential 
to the conservation and recovery of the 
DPS and we have not designated critical 
habitat in the Kettle/Wedge area in this 
final rule. 

Public Comments 
(32) Comment: We received many 

public comments requesting that we 
designate additional areas as critical 
habitat, including the Southern Rocky 
Mountains (parts of western Colorado, 
northern New Mexico, northeastern 
Utah, and south-central Wyoming), the 
Kettle/Wedge and other areas of 
northeastern Washington, Oregon, 
additional areas of northern Idaho and 
western Montana, parts of central and 
southeastern Idaho, additional areas in 
northern Minnesota, and parts of 
northern New Hampshire and northern 
Vermont. Some commenters felt we 
should designate critical habitat in all 
areas identified as ‘‘core areas’’ in the 
recovery outline (U.S. Fish and Wildlife 
Service 2005, entire), while other 
commenters felt that ‘‘secondary’’ and 
‘‘peripheral’’ areas identified in the 
outline also should be designated. 

Our Response: Critical habitat is 
defined in section 3 of the Act as: (1) 
The specific areas within the 
geographical area occupied by a species, 
at the time it is listed in accordance 
with the Act, on which are found those 
physical or biological features (a) 
essential to the conservation of the 
species and (b) which may require 
special management considerations or 
protection; and (2) specific areas outside 
the geographical area occupied by a 
species at the time it is listed, upon a 
determination that such areas are 
essential for the conservation of the 
species. Section 3(5)(C) also states that 
critical habitat ‘‘shall not include the 
entire geographical area which can be 
occupied by the threatened or 
endangered species’’ except when the 
Secretary determines that the areas are 
essential for the conservation of the 
species. The term ‘‘conservation’’ as 
defined in section 3(3) of the Act means 
‘‘to use and the use of all methods and 
procedures which are necessary to bring 
an endangered species or threatened 
species to the point at which the 
measures provided pursuant to the Act 
are no longer necessary.’’ 

With the exception of parts of western 
Colorado, where a lynx population was 
introduced just prior to our listing the 
DPS as threatened, there is no evidence 
that the places mentioned above were 
occupied by resident lynx populations 
at the time of listing and, for most, no 
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evidence that they are currently 
occupied by lynx or that they contain 
the PCE. In order to designate critical 
habitat in areas not occupied at the time 
of listing, we must determine that those 
areas are essential to the conservation 
and recovery of the DPS (i.e., that the 
DPS could only be conserved and 
recovered if we were to designate those 
areas). To determine what is essential to 
conservation and recovery, we must 
look at the threat for which the DPS was 
listed and determine whether 
designating unoccupied areas would 
contribute meaningfully to addressing 
and ameliorating that threat. The lynx 
DPS was listed as threatened due to the 
inadequacy, at the time of listing, of 
existing regulatory mechanisms and, 
unlike many species listed under the 
Act, not to any substantial documented 
population decline or significant range 
contraction (65 FR 16071–16082; 68 FR 
40084–40101). We have determined that 
designating areas not occupied by lynx 
at the time of listing would not 
meaningfully address or ameliorate the 
threat for which the DPS was listed and 
that doing so would not improve the 
likelihood of recovery (the point at 
which the protections of the Act are no 
longer necessary and delisting the DPS 
would be appropriate). We do not find 
that the DPS can only be conserved and 
recovered if we were to designate areas 
not occupied at the time of listing. 
Because these areas are not essential to 
the conservation and recovery of the 
DPS, designating them would not 
comply with the Act. Therefore, we 
have not designated critical habitat in 
areas that were not occupied by lynx at 
the time of listing. 

Parts of Colorado were occupied by an 
introduced population of by lynx at the 
time of listing. However, habitats there 
apparently did not historically support 
a resident lynx population, and we have 
determined that these areas likely do 
not contain the physical and biological 
features essential to lynx in adequate 
quantity and/or spatial arrangement to 
support a lynx population over time. 
For additional details regarding our 
evaluation of the historic record of 
verified lynx occurrence in Colorado 
and the Southern Rockies and of the 
quality of potential lynx habitats there, 
see our responses to comments (10), 
(11), and (23), above, and Application of 
the Criteria to the Southern Rocky 
Mountains and Certain National Forests 
in Idaho and Montana under the 
Criteria Used to Identify Critical Habitat 
section, below. 

In the recovery outline, we defined 
six core areas for lynx as those having 
both persistent verified records of lynx 
occurrence over time and recent 

evidence of reproduction (U.S. Fish and 
Wildlife Service 2005, pp. 3–5, 20–21). 
However, as discussed above in our 
response to comment (31), the Kettle/
Wedge area of northeastern Washington 
was included as a core area despite 
lacking recent evidence of reproduction 
and, therefore, it did not completely 
meet the core area criteria in the outline. 
We also defined the Southern Rocky 
Mountains of Colorado and southern 
Wyoming as a ‘‘provisional’’ core area 
because it contained an introduced lynx 
population that had demonstrated 
reproduction (U.S. Fish and Wildlife 
Service 2005, p. 4). Colorado otherwise 
does not meet the outline’s criteria for 
core areas because prior to the 
introduced population it lacked 
persistent verified records of lynx 
occurrence over time. Southern 
Wyoming also lacked such records and 
also had no evidence of recent 
reproduction. Aside from these two 
areas (Kettle/Wedge and Southern 
Rockies), we have designated critical 
habitat that includes the vast majority of 
the other areas identified as core areas 
in the recovery outline. 

Regardless, the methodology we used 
in defining areas for lynx critical habitat 
did not mirror that used for the lynx 
recovery outline, although it did reflect 
the biological concepts considered in 
the recovery outline. We used the best 
scientific information available in 
determining which areas contained the 
features essential to the conservation of 
lynx. The areas we determined to be 
essential for the conservation of lynx do 
not include all the areas identified in 
the recovery outline. The criteria we 
used for determining areas essential to 
the conservation of lynx for the revised 
critical habitat designation are based on 
the critical habitat requirements of the 
Act, which are more selective than those 
used for delineating the recovery areas 
in the outline. The recovery outline 
more broadly encompasses older 
records of lynx, and the areas in the 
recovery outline were mapped 
conceptually, include substantial areas 
that do not contain the physical and 
biological features essential for lynx, or 
are both unoccupied and not essential 
for lynx conservation, and, therefore, do 
not meet the definition of critical 
habitat. We refined our mapping for the 
purposes of designating critical habitat 
in order to meet the statutory 
requirements associated with critical 
habitat. As a result, areas determined to 
be essential to the conservation of lynx 
for the purposes of critical habitat did 
not include all the areas delineated in 
the recovery outline. 

(33) Comment: One commenter 
contends that, because we acknowledge 

that the best available information does 
not allow us to simply measure and map 
all the physical and biological features 
essential to lynx across the range of the 
DPS, we have failed to demonstrate that 
designated areas actually contain all the 
essential features and, therefore, we 
should withdraw the designation until 
we have information adequate to map 
only those areas that contain all of the 
essential features. Another commenter 
argued that, because we concede that 
the best available information does not 
allow specific quantification of the 
essential physical and biological 
features, it is inappropriate to use 
‘‘adequate quantity and spatial 
arrangement’’ of these features as a 
prerequisite for critical habitat and we 
should designate all areas that 
demonstrate they contain some quantity 
of the features. 

Our Response: The Act does not 
require that we have perfect information 
before designating critical habitat, only 
that we make our designations 
appropriately based on the best 
available information. Because we lack 
perfect information and tools adequate 
for measuring the precise distribution of 
all the essential features across the 
broad range of the DPS we must look at 
the history of verified lynx records, the 
results of lynx and hare surveys and 
habitat assessments, and evidence of an 
area’s ability to support lynx over time 
to evaluate the historic and current 
distributions of habitats that contain the 
essential features. We have evaluated 
the available scientific and commercial 
information and believe that this critical 
habitat designation appropriately relies 
on that information to distinguish 
between areas that demonstrably 
contain the essential features in 
adequate quantity and spatial 
arrangement to support lynx 
populations and which, therefore, are 
essential to the conservation and 
recovery of the DPS from other areas for 
which such evidence is lacking. 

(34) Comment: Several commenters 
stated that we failed to identify and 
designate critical habitat in important 
linkage corridors they believe are 
essential to the conservation of the DPS. 
Other commenters believe that we 
should designate critical habitat in 
northeastern Washington because it 
serves as an important linkage between 
lynx populations in the Northern 
Rockies of Montana and Idaho and those 
in the North Cascades of north-central 
Washington. 

Our Response: We agree that 
providing protection for travel and 
dispersal are important for maintaining 
lynx populations over time. Critical 
habitat is designated for the 
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conservation of the PCE essential to the 
conservation of the lynx and necessary 
to support lynx life-history functions. 
The PCE comprises the essential 
features of the boreal forest types that 
provide, for example, prey, 
reproduction and denning habitat, and 
snow conditions that give lynx a 
competitive advantage over other hare 
predators. Critical habitat for lynx does 
provide habitat connectivity for travel 
within home ranges, and exploratory 
movements and dispersal within critical 
habitat units. Critical habitat in the final 
rule was delineated to encompass 
occupied areas containing features 
essential to the conservation of the lynx 
to provide connectivity within the 
particular regional unit and to maintain 
direct connectivity with lynx 
populations in Canada. 

Lynx populations in the contiguous 
United States are believed to be 
influenced by lynx population 
dynamics in Canada, and many of these 
populations in Canada are directly 
interconnected with U.S. populations. 
Therefore, retaining connectivity with 
the larger lynx population in Canada is 
thought to be important to ensuring 
long-term persistence of lynx 
populations in the United States. 
However, lynx are wide-ranging animals 
with a well-documented ability to make 
long journeys across both suitable and 
unsuitable habitats (68 FR 40079), and 
there is no evidence that human-caused 
factors have significantly reduced the 
ability of lynx to disperse or resulted in 
the loss of genetic or demographic 
interchange (65 FR 16079). As we 
highlighted in our response to comment 
(22), above, although the level of 
diminished connectivity at which DPS 
populations could be affected is 
unknown, we have no evidence that 
current levels of connectivity between 
lynx populations in the DPS and those 
in the core of the lynx’s range are 
inadequate to maintain the genetic and 
demographic health of DPS populations 
or that this situation is likely to change 
in the foreseeable future. Finally, as 
stated above in our response to 
comment (31), we are aware of no 
evidence that lynx travel between the 
Northern Rockies and the North 
Cascades via northeastern Washington. 

(35) Comment: Some commenters 
questioned the adequacy of the 
environmental assessment and other 
aspects of our compliance with NEPA. 
They felt that the draft environmental 
assessment lacked information, did not 
address recovery, and did not address 
the full range of alternatives. Some 
recommended an alternative that 
includes all core areas identified in the 
recovery outline. Some felt that we 

should prepare an environmental 
impact statement (EIS) on this action. 

Our Response: We have complied 
with the requirements of NEPA for this 
critical habitat designation for lynx. An 
EIS is required only in instances where 
a proposed Federal action is expected to 
have a significant impact on the human 
environment. We prepared a draft 
environmental assessment and a draft 
economic analysis of the effects of the 
proposed designation to determine 
whether designation of critical habitat 
would have significant impacts. A 
notice of availability for public review 
of these documents was published in 
the Federal Register on June 20, 2014 
(79 FR 35303). The draft documents 
have been available since that date on 
our Web site (http://www.fws.gov/
mountain-prairie/species/mammals/
lynx/index.htm), at 
www.regulations.gov, and by request 
from the Service’s Montana Field Office. 
We accepted public comment for 30 
days after the posting. Following 
consideration of public comments, we 
prepared a final environmental 
assessment and determination that 
critical habitat designation does not 
constitute a major Federal action having 
a significant impact on the human 
environment. That determination is 
documented in our Finding of No 
Significant Impact (FONSI). Both the 
final environmental assessment and 
FONSI are available on our Web site and 
at www.regulations.gov (also see 
ADDRESSES section of this rule). 

The environmental assessment was 
prepared for this rule to identify 
alternatives, identify and analyze 
significant issues, and determine 
whether additional analysis was 
required in an EIS. Two alternatives 
were considered in the EA: The No 
Action (Baseline) Alternative and the 
Proposed Action. Two other alternatives 
were considered but not brought 
forward for analysis. The two 
alternatives not considered further were: 
(1) Critical habitat designation of all 
areas within the geographic range of the 
lynx in the contiguous United States, 
and (2) designation of all recovery areas 
(including core areas) as described in 
the lynx recovery outline. These 
alternatives were not carried forward 
because the Act specifies that, except in 
circumstances determined by the 
Secretary, critical habitat shall not 
include the entire geographic area that 
can be occupied by the species, and the 
recovery outline was not analyzed as an 
alternative because it did not meet the 
criteria for critical habitat defined in the 
proposed rule. 

The designation of critical habitat 
itself is not a recovery action, but 

identifies geographic areas that have the 
primary biological and physical 
elements necessary for conservation of 
lynx and that may require special 
management. We recognize that 
designation of critical habitat may not 
include all of the habitat area that may 
eventually be determined to be 
necessary for the recovery of a species. 
Critical habitat designations made on 
the basis of the best available 
information will not control the 
direction and substance of future 
recovery plans or planning efforts. 

Comments on the Economic Analysis 
(36) Comment: The Small Business 

Association Office of Advocacy 
(Advocacy) expressed concern that we 
improperly certified that the proposed 
rule would not have a significant impact 
on a substantial number of small 
businesses based on the mistaken belief 
that critical habitat designations only 
impact Federal agencies. Advocacy 
asserts that small businesses, especially 
in the forestry industry, are concerned 
that we are not considering the impact 
this designation will have on the 
industry, and that we should publish an 
Initial Regulatory Flexibility Analysis 
(IRFA). 

Our Response: Our assessment of our 
responsibilities under the Regulatory 
Flexibility Act (5 U.S.C. 601 et seq.), 
including the need for an IRFA, was 
provided in the Required 
Determinations—Amended section of 
the Notice of Availability published in 
the Federal Register on June 20, 2014 
(79 FR 35308) and is reaffirmed in the 
Required Determinations section of this 
final rule (below). We evaluated the 
potential timber-related effects of the 
critical habitat designation in our 
environmental assessment (U.S. Fish 
and Wildlife Service 2014, pp. 35–44, 
81–82) and both our 2008 and 2014 
economic analyses (IEc, Inc. 2008, 4–1— 
4–39; U.S. Fish and Wildlife Service 
and IEc, Inc. 2014, pp. 6–15). We 
concluded that critical habitat 
designation was unlikely to result in 
significant impacts to timber-related 
activities because these activities on 
Federal lands or for which a Federal 
nexus exists already must undergo 
consultation, because the additional 
prohibition on the destruction or 
adverse modification of designated 
critical habitat is unlikely to result in 
additional conservation measures or 
restrictions, and because these activities 
on private lands for which there is no 
Federal nexus typically will not require 
consultation under section 7 of the Act. 

(37) Comment: Multiple commenters 
stated that the economic screening 
analysis did not comply with ESA 
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Section 4(b)(2) or the 2010 Wyoming 
District Court decision, which enjoined 
the critical habitat designation in 
Washington State due to inadequacies 
that the court identified in the Service’s 
2009 critical habitat rulemaking. The 
commenter states that based on the 
Tenth Circuit’s decision in New Mexico 
Cattle Growers Association v. U.S. Fish 
& Wildlife Service, 248 F. 3d 1277, 1285 
(10th Cir. 2001), the District Court 
concluded that the Service cannot focus 
solely on the ‘‘quantifiable discounted 
future incremental costs.’’ One 
commenter noted that the screening 
analysis used the baseline model and 
considered only the incremental effects 
of the designation of critical habitat. The 
commenter stated that new Service 
guidance endorsing the baseline 
approach does not relieve the Service 
from the order issued by the District 
Court in this case. The commenter goes 
on to state that the approach used in the 
screening analysis forecloses any 
possibility that the Service would give 
meaningful consideration to 
Washington State Snowmobile 
Association’s (WASSA’s) Section 4(b)(2) 
exclusion request. 

Our Response: The Service relied on 
both the economic screening analysis 
prepared for this revised designation 
(U.S. Fish and Wildlife Service and IEc, 
Inc. 2014, entire) and the Economic 
Analysis it prepared for the 2009 
designation (IEc, Inc. 2008, entire) to 
evaluate the potential economic impacts 
from the critical habitat designation and 
to give meaningful consideration to the 
WASSA’s exclusion request. The 
WASSA provided detailed comments 
about potential economic impacts, 
which were also considered by the 
Secretary when she determined whether 
or not to exclude any areas as a result 
of economics under section 4(b)(2) of 
the ESA. 

(38) Comment: Multiple commenters 
stated that the economic analysis should 
consider impacts to all 41,547 square 
miles proposed for designation. One 
commenter stated that the Federal 
Register notice accompanying the DEA 
attempts to limit the analysis to 
consider just the incremental 
‘‘administrative costs of the 11 percent 
of the proposed critical habitat that is 
not already designated.’’ The 
commenter stated that the screening 
analysis must include an analysis of the 
economic impacts of the entire 
designation that is being proposed. 

Our Response: Section 3 of the 
screening analysis does consider the 
incremental costs of the proposed rule 
across all 41,547 square miles proposed 
as critical habitat for the Canada lynx. 
In that section, we concluded that 

section 7-related costs of designating 
revised critical habitat for the lynx are 
likely to be limited to the additional 
administrative effort required to 
consider adverse modification based in 
part on the fact that all areas proposed 
as critical habitat lands are considered 
to be currently occupied by the species, 
which provides the species significant 
baseline protection under the Act. We 
then estimated the administrative cost 
of addressing adverse modification 
during the section 7 consultation at 
approximately $320,000 per year based 
on a future consultation rate of 12 
formal consultations, 101 informal 
consultations, and 48 technical 
assistances per year. Because this 
estimate may overstate the consultation 
rate for some field offices that were 
unable to limit the consultation history 
to only those areas proposed as critical 
habitat, it is likely conservative (i.e., it 
is more likely to overestimate these 
costs than it is to underestimate them). 
Section 4 of the screening analysis 
discusses other, non-section-7 effects of 
the proposed designation. These effects 
are only considered in newly added 
critical habitat, which consisted of 888 
mi2 or two percent of the proposed 
critical habitat. The analysis of other, 
non-section-7 costs was limited to 
newly added areas because these are 
areas where the revised designation may 
increase awareness among project 
proponents of the presence of the lynx 
and/or the need for lynx conservation. 
We also note that we carefully 
considered the Final Economic Analysis 
prepared for the 2009 designation (IEc, 
Inc. 2008, entire) when considering 
areas for exclusion in this final rule 
under section 4(b)(2) of the ESA. 

(39) Comment: One commenter stated 
that the screening analysis 
fundamentally fails to account for 
proposed changes to the definition of 
‘‘destruction or adverse modification’’ 
currently under consideration at 79 FR 
27060. The commenter stated that the 
Service’s conclusion that there will be 
no meaningful economic impacts is 
premised on the overlap between 
restrictions imposed under the jeopardy 
standard and the destruction or adverse 
modification standard. The commenter 
contended that the Service must analyze 
whether those assumptions hold true in 
light of proposed regulatory changes to 
the Service’s definition at 50 CFR 
402.02. According to the commenter, 
these concerns are particularly relevant 
with respect to fire ecology management 
on dry forest lands in Washington and 
Wyoming, as the proposed rule for 
revising the definition of adverse 
modification indicates that an activity 

could adversely modify critical habitat 
by preventing successional changes 
such as stand-replacing fires. 

Our Response: On May 12, 2014, we 
and the National Marine Fisheries 
Service published in the Federal 
Register and invited public comment on 
a proposed rule to revise the definition 
of ‘‘destruction or adverse modification’’ 
of critical habitat (79 FR 27060–27066). 
In the proposed rule we stated: ‘‘In 
proposing a new definition for 
‘destruction or adverse modification,’ 
and setting out the accompanying 
clarifying discussion in this Preamble, 
the Services are establishing prospective 
standards only. Nothing in these 
proposed revised regulations is 
intended to require (now or at such time 
as these regulations may become final) 
that any previously completed 
biological opinions must be reevaluated 
on this basis’’ (79 FR 27062). Similarly, 
we do not intend to evaluate the 
proposed revised definition’s potential 
implications for this or other critical 
habitat designations, or to retroactively 
apply the eventual final definition to 
previously completed designations. 

Regardless, because section 7 
consultations addressing the jeopardy 
standard for lynx already do, and likely 
will continue to, focus largely on 
potential impacts to snowshoe hare (i.e., 
lynx foraging) habitats, we do not expect 
the revised definition to appreciably 
diminish the overlap between 
restrictions imposed under the jeopardy 
standard and the destruction or adverse 
modification standard. Additionally, 
fire ecology management activities 
discussed by the commenter are 
unlikely to be undertaken solely to 
avoid adverse modification to lynx 
critical habitat resulting from wildfires, 
but also to protect other uses of forests 
in which these activities would be 
undertaken. Therefore, even without the 
critical habitat designation, fire ecology 
management activities are likely to 
occur in these areas. 

(40) Comment: Multiple commenters 
expressed concern about increased 
litigation-related costs associated with 
the final critical habitat rule. One 
commenter states that future claims may 
be brought against Federal agencies and 
developers alleging that a given project 
causes ‘‘adverse modification’’ of 
critical habitat or asserting a higher 
analytical burden under the NEPA as a 
result of a project’s location in critical 
habitat. 

Our Response: The Service does not 
consider the costs of litigation 
surrounding the critical habitat rule 
when considering the economic impacts 
of the rule itself. The extent to which 
litigation specifically regarding critical 
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habitat may add to the costs of the 
critical habitat designation is uncertain. 
While designation of critical habitat 
may stimulate additional legal actions, 
data do not exist to reliably estimate 
such impacts. That is, estimating the 
number, scope, timing, and costs of 
potential future legal challenges would 
require significant speculation. 

(41) Comment: One commenter stated 
that the screening analysis fails to 
account for the economic impact 
associated with unintentional impacts 
on forest management practices. The 
commenter stated that critical habitat 
designations negatively impact forest 
management practices by either creating 
too much ‘‘red tape’’ or by providing 
litigation angles to stop forest 
management projects, resulting in a 
decrease in forest health, an increase in 
catastrophic wildfires, and an increase 
in response to those wildfires. 

Our Response: The only forest 
management practices that may be 
impacted by the designation of critical 
habitat are those that occur on Federal 
lands or which require Federal funding, 
authorization, or permits. The Federal 
agency that manages the land or which 
funds, authorizes, or permits these 
activities must consult with the Service 
to ensure that their actions are not likely 
to jeopardize the continued existence of 
listed species or result in the 
destruction or adverse modification of 
their designated critical habitats. This 
final rule designates critical habitat for 
lynx only in areas that are currently 
occupied by lynx and which, therefore, 
already undergo section 7 consultations 
for projects that could affect lynx. 
Because these consultations already 
focus on impacts to lynx habitats, the 
additional effort and cost to formally 
evaluate whether they will destroy or 
adversely modify designated critical 
habitat are expected to be minor and 
thus unlikely to result in unintentional 
impacts or additional economic or 
regulatory burdens. 

We are aware of no evidence 
suggesting that the designation of 
critical habitat will cause a decrease in 
forest health or an increase in 
catastrophic wildfires and associated 
responses, and none was provided by 
the commenters. Additionally, 
ecosystem restoration activities 
intended to reduce the risk of large, 
stand-replacing fires generally occur 
outside of lynx habitat in dry and mesic 
forest types at lower elevations 
(Interagency Lynx Biology Team 2013, 
p. 76). Because fire management 
activities are generally concentrated 
outside of lynx habitat, we do not 
expect the critical habitat designation to 
negatively affect forest management 

practices intended to decrease the risk 
of catastrophic wildfires. Finally, as 
described in our response to comment 
(40) above, the extent to which critical 
habitat designation may result in 
increased litigation is uncertain and 
speculative. 

(42) Comment: One commenter stated 
that the economic screening analysis 
should include costs of increased 
wetland mitigation required by the U.S. 
Army Corps of Engineers or by the U.S. 
Environmental Protection Agency in 
critical habitat areas. 

Our Response: As stated in Section 2 
of the screening analysis, we base our 
forecast of future consultations on the 
robust consultation history available for 
the species as well as supplemental 
information provided by various Service 
field offices that consult on lynx. The 
consultation record does include several 
consultations for wetland mitigation 
projects; therefore, the administrative 
costs related to wetland mitigation 
activities are included in the estimates 
of incremental impacts included in the 
screening analysis. As discussed in 
Section 3, based on the substantial 
baseline protections afforded the lynx 
and the close relationship between 
adverse modification and jeopardy in 
occupied habitat, the incremental costs 
of the critical habitat designation are 
unlikely to result in any project 
modifications incremental to (i.e., above 
and beyond) the baseline. 

(43) Comment: One commenter stated 
that economic impacts in Wyoming will 
be greater than those described in the 
screening analysis. The commenter 
stated that, both in perception and 
reality, the threats of critical habitat 
designation on multiple-use lands in the 
expansion area chills activity and will 
have substantial impacts on economic 
development and management of other 
resources. According to the commenter, 
resource managers in the affected area 
note that critical habitat creates 
significant roadblocks for the 
development of projects that can benefit 
other wildlife species, recreational 
opportunities, and local and State 
economies. The commenter requests 
that the Service conduct a new 
economic analysis that considers the 
real costs of expanding critical habitat 
in Wyoming. 

Our Response: As stated in Section 3 
of the screening analysis, we expect 
incremental costs to be limited to 
administrative costs based in part on the 
fact that all areas proposed as critical 
habitat lands are considered to be 
currently occupied by the species, 
which provides the species significant 
baseline protection under the Act. To 
estimate the magnitude of incremental 

costs, we rely on the robust consultation 
history as well as outreach to relevant 
Service field offices and other Federal 
stakeholders. In addition, the screening 
analysis considers information from 
publically available sources and public 
comments submitted in response to the 
proposed critical habitat rulemaking. 
Other, non-section-7 incremental costs 
are considered in Section 4 of the 
screening analysis. The commenter did 
not provide additional, actionable data 
or evidence of the categories of impacts 
raised in the public comment that could 
be used to revise the screening analysis. 

(44) Comment: One commenter stated 
that the fact that the screening analysis 
projects only 1 informal consultation 
per year in Washington and that the 
Service’s Incremental Effects 
Memorandum (IEM) indicates that there 
were 195 informal lynx consultations in 
the State between 2008 and 2014 cannot 
be reconciled. 

Our Response: As discussed in 
Section 3 of the screening analysis, 
geographic locations of the consultation 
history presented in the IEM were not 
readily available. Therefore, we 
contacted each field office to determine 
the subset of the consultations 
presented in the IEM that occur within 
the proposed critical habitat 
designation. As discussed in footnote 20 
of the screening analysis, based on this 
follow-up, the Washington field office 
revised its consultation history to reflect 
only the subset of consultations for 
projects that occurred in areas proposed 
as critical habitat. Specifically, the 
Washington field office indicated that 
only 4 of the 195 informal consultations 
occurred within proposed critical 
habitat. This level of activity 
corresponds to approximately one 
informal consultation per year. 
According to the Washington field 
office, the relatively low consultation 
rate in the State of Washington is a 
reflection of existing conservation 
agreements and management plans, 
which minimize the administrative 
burden of section 7 consultation by 
precluding the need for action agencies 
to consult with the Service on each 
project individually. 

(45) Comment: One commenter stated 
that the total cost column in Exhibit 4 
of the screening analysis does not reflect 
the sum of the previous cost columns, 
and that these errors artificially deflate 
the related administrative costs. 

Our Response: This comment reflects 
a transcription error. In Exhibit 4 of the 
screening analysis, the column titled 
‘‘Biological Assessment’’ actually refers 
to the total cost of consultation without 
undertaking a biological assessment. 
Total costs in the columns titled 
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‘‘Service’’, ‘‘Federal Agency’’, and 
‘‘Third Party’’ sum to the number in 
‘‘Biological Assessment.’’ The column 
titled ‘‘Total Costs’’ refers to the total 
cost of consultation including a 
biological assessment. Therefore, the 
total cost of a biological assessment is 
the difference between the dollar 
amounts in ‘‘Total Costs’’ and 
‘‘Biological Assessment.’’ When 
calculating total impacts, we use the 
amounts reported in the ‘‘Total Costs’’ 
column. The error in the table actually 
overestimated the costs in the 
‘‘Biological Assessment’’ column but 
did not affect the values in the ‘‘Total 
Costs’’ column. Because we relied on 
the ‘‘Total Costs’’ column when 
calculating total economic impacts, 
there was no artificial deflation of 
related administrative costs. 

(46) Comment: Several commenters 
stated that the screening analysis should 
have used administrative cost 
information from the ‘‘robust 
consultation history’’ rather than a 
review of consultation records from 
2002 adjusted to current dollar values. 
Another commenter stated that an 
applicant’s participation in a single 
formal consultation under Section 7 of 
the Act for an oil and gas project 
typically costs between $75,000 and 
$150,000. The commenter stated that, if 
the cost of addressing critical habitat is 
approximately 20 to 25 percent of the 
total cost of consultation, the total 
incremental administrative costs of 
consultation would be $18,750 to 
$37,500, as compared to the per 
consultation cost of $5,000 used in our 
analysis. The commenter also stated that 
the total cost of considering critical 
habitat in a biological assessment ranges 
between $10,000 and $50,000. 

Our Response: The consultation 
history for the Canada lynx is limited to 
information on the number of 
consultations per year, by field office. 
The Service does not collect or track 
information on the costs incurred by 
each party participating in section 7 
consultations. Accordingly, the Canada 
lynx consultation history does not 
provide any additional insights on the 
administrative cost of section 7 
consultation. 

To estimate the administrative costs 
associated with section 7 consultation, 
the screening analysis relied on the best 
information available. As described in 
Exhibit 4 of the screening analysis, the 
consultation cost model is based on (a) 
data gathered from three Service field 
offices (including a review of 
consultation records and interviews 
with field office staff); (b) telephone 
interviews with action agency staff (e.g., 
BLM, Forest Service, U.S. Army Corps 

of Engineers); and (c) telephone 
interviews with private consultants who 
perform section 7 work in support of 
permittees. In the case of Service and 
Federal agency contacts, we determined 
the typical level of effort required to 
complete several different types of 
consultations (i.e., hours or days of 
time), as well as the typical Government 
Service (GS) level of the staff member 
performing this work. In the case of 
private consultants, we interviewed 
representatives of firms in California 
and New England to determine the 
typical cost charged to clients for these 
efforts (e.g., biological survey, 
preparation of materials to support a 
Biological Assessment). The model is 
periodically updated with new 
information received in the course of 
data collection efforts supporting 
economic analyses and public comment 
on more recent critical habitat rules. In 
addition, the GS rates have been 
updated annually. 

Finally, even if the estimated 
administrative cost of section 7 
consultation were adjusted upwards to 
$87,500 per consultation, the sum of the 
upper bounds estimates for incremental 
administrative costs of consultation and 
biological assessment provided by the 
commenter, the total incremental 
impacts ($14 million) still do not 
approach total costs in excess of $100 
million in a given year; therefore it is 
not considered a ‘‘significant regulatory 
action’’ under the Unfunded Mandates 
Reform Act (see Unfunded Mandates 
Reform Act, below). 

(47) Comment: One commenter stated 
that the designation of critical habitat 
creates a regulatory assumption that 
snowmobiling activity will be further 
curtailed, thereby discouraging future 
investment that is needed to support 
continued viability and further growth 
of the industry. The commenter cited 
sworn testimony from two members of 
the Washington State Snowmobile 
Association (WASSA), which indicates 
that, during the brief period that the 
critical habitat designation was in place 
in Washington, the snowmobiling 
industry in Washington experienced 
measurable economic impacts. The 
commenter states that the screening 
analysis notes these concerns but fails to 
meaningfully address this potential 
impact. 

Our Response: Section 4 of the 
screening analysis discusses potential 
impacts on snowmobiling in 
Washington. In this section, we note 
that in 2001, Washington State 
University and WASSA conducted a 
study estimating the annual economic 
contribution of the entire snowmobiling 
industry in Washington at 

approximately $92.7 million (2001 
dollars). In response to the 2009 critical 
habitat designation, WASSA estimated 
that snowmobiling accounted for nearly 
$8.5 million in direct expenditures and 
$4.1 million in indirect spending in the 
Methow Valley, an area adjacent to 
designated critical habitat. As discussed 
in Section 4, annual data on 
snowmobiling participation in 
Washington since 2009 are not readily 
available. As such, existing data are 
insufficient to quantify the proportion of 
the annual economic contribution of the 
snowmobiling industry that may be 
affected by the final rule. In addition, 
stakeholders contacted for the 2014 
economic analysis do not anticipate the 
proposed rule to result in any 
significant changes to the management 
of snowmobiling activities in 
Washington State. We also contacted the 
Maine and Minnesota Service field 
offices to determine whether or how 
snowmobiling activities may have been 
affected as a result of snowmobiling 
trails proposed in critical habitat 
designated there since 2009. According 
to these discussions, no significant 
changes in snowmobiling activities have 
been observed since the 2009 
designation of critical habitat in Maine 
and Minnesota or since the preparation 
of the Final Economic Analysis of the 
2009 designation (IEc, Inc. 2008, entire). 

(48) Comment: One commenter stated 
that the screening analysis should 
include costs resulting from the 
uncertainty and risk imposed on 
developers of projects located in 
proposed critical habitat. 

Our Response: Section 4 of the 
screening analysis discusses the 
possible perceptional effects of the 
proposed rule on private property 
values. Specifically, this section 
discusses comments and concerns 
submitted in response to previous 
critical habitat rulemakings that the 
designation of critical habitat may affect 
the value of a private property due to 
the public perception that the Act may 
preclude, limit, or slow development, or 
somehow alter the highest and best use 
of the property. To assess the likelihood 
of such an outcome, the screening 
analysis examined data on development 
activities in areas proposed as critical 
habitat where the designation of critical 
habitat increases awareness of the 
presence of the species or the need for 
protection of its habitat. Based on the 
available data, we concluded that, due 
to low population densities, existing 
zoning laws, and the distance of 
proposed critical habitat areas from 
existing development or public 
infrastructure (e.g., public roads), the 
proposed critical habitat designation is 
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unlikely to result in measurable 
perceptional effects. The commenter did 
not provide data or information that 
could be used to revise the screening 
analysis to consider the potential for 
project developers to face greater 
uncertainty or risk due to the proposed 
rule. 

(49) Comment: Multiple commenters 
stated that the screening analysis omits 
the economic benefits of critical habitat 
designation. One commenter cited 
increased recreational use of forests as 
a result of decreased forest degradation 
as an example of these benefits. Another 
commenter states that this one-sided 
analysis has a distorting effect as readers 
of the analysis may interpret the results 
as indicating that lynx protection is 
‘‘costly’’ in a net sense. The commenter 
stated that the screening analysis 
provides no discussion as to whether 
any efforts were expended to review the 
literature regarding the availability of 
estimates of the benefit of lynx habitat 
conservation. 

Our Response: As stated in Section 5 
of the screening analysis, the primary 
intended benefit of critical habitat 
designation for the Canada lynx is to 
support the species’ long-term 
conservation. Critical habitat 
designation may also generate ancillary 
benefits, which are defined as favorable 
impacts of a rulemaking that are 
typically unrelated, or secondary, to the 
statutory purpose of the rulemaking 
(U.S. Office of Management and Budget 
2003, entire). Critical habitat aids in the 
conservation of species specifically by 
protecting the PCEs on which the 
species depends. To this end, 
management actions undertaken to 
conserve a species or habitat may have 
coincident, positive social welfare 
implications, such as increased 
recreational opportunities in a region or 
improved property values on nearby 
parcels. 

As described in Section 2 of the 
screening analysis, incremental changes 
in land management as a result of the 
designation of critical habitat are 
unlikely. This finding is based primarily 
on the fact that all areas proposed as 
critical habitat are considered occupied 
by the species and, therefore, receive 
baseline protection from the listing of 
the species under the Act. Thus, in this 
instance, critical habitat designation 
will likely add minimal conservation 
benefits to those already provided by 
baseline conservation efforts (e.g., 
efforts resulting from the listing of the 
species under the Act). For the same 
reason, it follows that the designation 
will likely add minimal ancillary 
benefits above those provided in the 
baseline. 

Summary of Changes From Proposed 
Rule 

In our proposed rule, published 
September 26, 2013 (78 FR 59430), we 
proposed to designate 41,547 mi2 
(107,607 km2) of critical habitat for the 
Canada lynx DPS in five units in six 
States. The proposed critical habitat 
represented 23,811 mi2 (61,669 km2; 57 
percent) on Federal lands, 4,129 mi2 
(10,695 km2; 10 percent) on State lands, 
13,050 mi2 (33,800 km2; 31 percent) on 
private lands, 535 mi2 (1,385 km2; 1 
percent) on Tribal lands, and 23 mi2 (58 
km2; 0.1 percent) on lands owned by 
local municipalities or in ‘‘other’’ 
ownership. 

We received a number of site-specific 
comments related to critical habitat for 
the Canada lynx; completed our analysis 
of areas considered for exemption under 
section 4(a)(3)(B)(i) of the Act and for 
exclusion under section 4(b)(2) of the 
Act; reviewed the application of our 
criteria for identifying critical habitat 
across the range of the lynx DPS to 
refine our designation; and completed 
and carefully considered the final 
economic analysis of the designation as 
proposed. We fully considered all 
substantive comments from peer 
reviewers, States, Tribes, and the public 
on the proposed critical habitat rule and 
the associated economic and 
environmental analyses to develop this 
final critical habitat designation for the 
lynx DPS. This final rule incorporates 
changes to our proposed critical habitat 
based on the comments we received and 
to which we have responded in this 
document; reflects refined lynx habitat 
mapping provided by Federal and State 
partners in Idaho, Montana, and 
Wyoming; and considers completed 
final management and habitat 
conservation plans for lynx in Maine, 
Montana, and Washington. 

With this final rule, we designate 
38,954 mi2 (100,891 km2) of critical 
habitat for the Canada lynx DPS in five 
units in six States. This final 
designation represents 23,402 mi2 
(60,612 km2; 60 percent) on Federal 
lands, 3,945 mi2 (10,217 km2; 10 
percent) on State lands, 11,584 mi2 
(30,003 km2; 30 percent) on private 
lands, and 23 mi2 (59 km2; 0.1 percent) 
on lands owned by local municipalities 
or in ‘‘other’’ ownership. Changes from 
the proposed rule are described below 
for each critical habitat unit. 

Unit 1—We have excluded all Tribal 
lands, about 96 mi2 (248 km2), from 
critical habitat in this unit; this area is 
slightly larger than the area identified in 
the proposed rule (87 mi2 (225 km2)) 
due to improved mapping data provided 
by the Tribes. We have corrected the list 

of Tribes whose lands occur within the 
final critical habitat boundary—only 
Passamaquoddy Tribe and Penobscot 
Indian Nation lands are within the 
boundary, and these lands are excluded 
from this final designation. We have 
also excluded about 943 mi2 (2,443 km2) 
of private lands enrolled in the Natural 
Resources Conservation Service’s 
Healthy Forest Reserve Program (HFRP). 
With this final rule, we designate 10,123 
mi2 (26,218 km2) of critical habitat in 
this unit, which represents a 1,039-mi2 
(2,691-km2; 9.3-percent) reduction from 
the proposed designation. See 
Consideration of Impacts under Section 
4(b)(2) of the Act, below, for details 
regarding lands excluded from 
designation in this unit. 

Unit 2—We have excluded about 78 
mi2 (202 km2) of Tribal lands from 
critical habitat in this unit. With this 
final rule, we designate 8,069 mi2 
(20,899 km2) of critical habitat in this 
unit, which represents a 78-mi2 (202- 
km2, 1.0-percent) reduction from the 
proposed designation. See 
Consideration of Impacts under Section 
4(b)(2) of the Act, below, for details 
regarding lands excluded from 
designation in this unit. 

Unit 3—We have excluded from 
critical habitat in this unit about 370 
mi2 (958 km2) of Tribal lands as well as 
271 mi2 (702 km2) of State lands 
managed in accordance with the 
MDNRC Forested State Trust Lands 
HCP. See Consideration of Impacts 
under Section 4(b)(2) of the Act, below, 
for details regarding lands excluded 
from designation in this unit. We have 
added about 61 mi2 (158 km2) of Federal 
land and 39 mi2 (101 km2) of private 
lands; and we have removed about 73 
mi2 (189 km2) of Federal land, 77 mi2 
(189 km2) of private land, and 28 mi2 
(73 km2) of State Trust land in the 
vicinity of Flathead National Forest in 
Montana due to improved lynx habitat 
mapping on this National Forest (U.S. 
Forest Service 2013a, entire)—a net 
reduction of 78 mi2 (202 km2) in this 
area. However, due to improved 
ownership data, the final designation 
represents a net increase of about 136 
mi2 (352 km2) of Federal lands in this 
unit. With this final rule, we designate 
9,783 mi2 (25,337 km2) of critical habitat 
in this unit, which represents a 691-mi2 
(1,790-km2; 6.6-percent) reduction from 
the proposed designation. 

Unit 4—We have excluded about 164 
mi2 (425 km2) of State lands managed in 
accordance with the WDNR Lynx 
Habitat Management Plan. With this 
final rule, we designate 1,834 mi2 (4,751 
km2) of critical habitat in this unit, 
which represents a 164-mi2 (425-km2, 
8.2-percent) reduction from the 
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proposed designation. See 
Consideration of Impacts under Section 
4(b)(2) of the Act, below, for details 
regarding lands excluded from 
designation in this unit. 

Unit 5—We have excluded 1.3 mi2 
(3.4 km2) of State land managed in 
accordance with the MDNRC HCP. See 
Consideration of Impacts under Section 
4(b)(2) of the Act, below, for details 
regarding lands excluded from 
designation in this unit. We have also 
removed about 543 mi2 (1,406 km2) of 
Federal lands, 6 mi2 (16 km2) of State 
lands, and 71 mi2 (184 km2) of private 
lands on and adjacent to the Gallatin 
and Custer National Forests in Montana 
and BLM lands in Wyoming due to 
improved lynx habitat mapping and 
information from those agencies (U.S. 
Fish and Wildlife Service 2013a, entire; 
2013b, entire; U.S. Forest Service 2013b, 
entire). With this final rule, we 
designate 9,146 mi2 (23,687 km2) of 
critical habitat in this unit, which 
represents a 620-mi2 (1,606-km2; 6.4- 
percent) reduction from the proposed 
designation in this unit. 

Overall, this final designation 
represents a reduction on (1) Federal 
lands of 409 mi2 (1,059 km2; 1.7 
percent); (2) State lands of 184 mi2 (477 
km2; 4.5 percent); (3) private lands of 
1,466 mi2 (3,797 km2; 11.2 percent), and 
(4) Tribal lands of 535 mi2 (1,386 km2; 
100 percent) from the area proposed for 
designation. With this final rule, we 
designate 38,954 mi2 (100,891 km2) of 
critical habitat for the Canada lynx DPS. 
This represents a 2,593-mi2 (6,716-km2; 
6.2-percent) reduction from the area 
identified in the September 26, 2013, 
proposed rule (78 FR 59430). 

Revised Definition of the Contiguous 
United States Distinct Population 
Segment of the Canada Lynx 

In the final listing rule for the Canada 
lynx, dated March 24, 2000, the Service 
defined the contiguous United States 
DPS of lynx based on the international 
boundary with Canada and State 
boundaries of all 14 States in the 
historic and current range of lynx (65 FR 
16052; 74 FR 66937). With that 
definition, New Mexico was not 
included in the listed area because no 
lynx occurred there, historic records did 
not show lynx in the State, and it lacked 
lynx habitat. 

On December 17, 2009, the Service 
published a 12-month ‘‘warranted but 
precluded’’ finding in the Federal 
Register on a petition to expand the 
listing of the Canada lynx to include the 
State of New Mexico (74 FR 66937). 
That finding was made in response to an 
August 8, 2007, petition from a coalition 
of environmental groups and a 2008 

settlement agreement. In the finding, the 
Service acknowledged that lynx 
associated with a lynx population 
introduced into Colorado were 
‘‘regularly and frequently’’ crossing the 
State boundary between Colorado and 
New Mexico and that, when they did, 
they were no longer protected by the 
Act because New Mexico was not 
included in the listed DPS area. In 2011, 
as part of a settlement agreement 
reached in Multi-District litigation, the 
Service agreed to amend the listing rule 
to include New Mexico so that lynx 
entering New Mexico from Colorado 
would no longer lose Federal protection 
under the Act upon crossing the State 
boundary. 

We have determined that lynx 
entering New Mexico, or any other 
States not currently included in the DPS 
as described in the 2000 final listing 
rule, should not lose their protection 
under the Act upon doing so. Therefore, 
with this final rule, we have rescinded 
the State-boundary-based definition of 
the range of the contiguous United 
States lynx DPS and replace it in 
regulation with a definition of the DPS 
range that extends the Act’s protections 
to lynx ‘‘where found within the 
contiguous United States.’’ This change 
ensures that all lynx in the contiguous 
United States receive protection under 
the Act regardless of where they occur, 
including (but not limited to) New 
Mexico. 

Critical Habitat 

Background 

Critical habitat is defined in section 3 
of the Act as: 

(1) The specific areas within the 
geographical area occupied by the 
species, at the time it is listed in 
accordance with the Act, on which are 
found those physical or biological 
features 

(a) Essential to the conservation of the 
species, and 

(b) Which may require special 
management considerations or 
protection; and 

(2) Specific areas outside the 
geographical area occupied by the 
species at the time it is listed, upon a 
determination that such areas are 
essential for the conservation of the 
species. 

Conservation, as defined under 
section 3 of the Act, means to use and 
the use of all methods and procedures 
that are necessary to bring an 
endangered or threatened species to the 
point at which the measures provided 
pursuant to the Act are no longer 
necessary. Such methods and 
procedures include, but are not limited 

to, all activities associated with 
scientific resources management such as 
research, census, law enforcement, 
habitat acquisition and maintenance, 
propagation, live trapping, and 
transplantation, and, in the 
extraordinary case where population 
pressures within a given ecosystem 
cannot be otherwise relieved, may 
include regulated taking. 

Critical habitat receives protection 
under section 7 of the Act through the 
requirement that Federal agencies 
ensure, in consultation with the Service, 
that any action they authorize, fund, or 
carry out is not likely to result in the 
destruction or adverse modification of 
critical habitat. The designation of 
critical habitat does not affect land 
ownership or establish a refuge, 
wilderness, reserve, preserve, or other 
conservation area. Such designation 
does not allow the government or public 
to access private lands. Such 
designation does not require 
implementation of restoration, recovery, 
or enhancement measures by non- 
Federal landowners. Where a landowner 
requests Federal agency funding or 
authorization for an action that may 
affect a listed species or critical habitat, 
the consultation requirements of section 
7(a)(2) of the Act would apply, but even 
in the event of a destruction or adverse 
modification finding, the obligation of 
the Federal action agency and the 
landowner is not to restore or recover 
the species, but to implement 
reasonable and prudent alternatives to 
avoid destruction or adverse 
modification of critical habitat. 

Under the first prong of the Act’s 
definition of critical habitat, areas 
within the geographical area occupied 
by the species at the time it was listed 
are included in a critical habitat 
designation if they contain physical or 
biological features (1) which are 
essential to the conservation of the 
species and (2) which may require 
special management considerations or 
protection. For these areas, critical 
habitat designations identify, to the 
extent known using the best scientific 
and commercial data available, those 
physical or biological features that are 
essential to the conservation of the 
species (such as space, food, cover, and 
protected habitat). In identifying those 
physical or biological features within an 
area, we focus on the principal 
biological or physical constituent 
elements (primary constituent elements 
such as roost sites, nesting grounds, 
seasonal wetlands, water quality, tide, 
soil type) that are essential to the 
conservation of the species. Primary 
constituent elements are those specific 
elements of the physical or biological 
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features that provide for a species’ life- 
history processes and are essential to 
the conservation of the species. 

Under the second prong of the Act’s 
definition of critical habitat, we can 
designate critical habitat in areas 
outside the geographical area occupied 
by the species at the time it is listed, 
upon a determination that such areas 
are essential for the conservation of the 
species. For example, an area currently 
occupied by the species but that was not 
occupied at the time of listing may be 
essential to the conservation of the 
species and may be included in the 
critical habitat designation. We 
designate critical habitat in areas 
outside the geographical area occupied 
by a species only when a designation 
limited to its range would be inadequate 
to ensure the conservation of the 
species. 

Section 4 of the Act requires that we 
designate critical habitat on the basis of 
the best scientific and commercial data 
available. Further, our Policy on 
Information Standards Under the 
Endangered Species Act (published in 
the Federal Register on July 1, 1994 (59 
FR 34271)), the Information Quality Act 
(section 515 of the Treasury and General 
Government Appropriations Act for 
Fiscal Year 2001 (Pub. L. 106–554; H.R. 
5658)), and our associated Information 
Quality Guidelines provide criteria, 
establish procedures, and provide 
guidance to ensure that our decisions 
are based on the best scientific data 
available. They require our biologists, to 
the extent consistent with the Act and 
with the use of the best scientific data 
available, to use primary and original 
sources of information as the basis for 
recommendations to designate critical 
habitat. 

When we are determining which areas 
should be designated as critical habitat, 
our primary source of information is 
generally the information developed 
during the listing process for the 
species. Additional information sources 
may include the recovery plan or 
recovery outline for the species (if one 
has been completed), articles in peer- 
reviewed journals, conservation plans 
developed by States and counties, 
scientific status surveys and studies, 
biological assessments, other 
unpublished materials, or experts’ 
opinions or personal knowledge. 

Habitat is dynamic, and species may 
move from one area to another over 
time. We recognize that critical habitat 
designated at a particular point in time 
may not include all of the habitat areas 
that we may later determine are 
necessary for the recovery of the 
species. For these reasons, a critical 
habitat designation does not signal that 

habitat outside the designated area is 
unimportant or may not be needed for 
recovery of the species. Areas that are 
important to the conservation of the 
species, both inside and outside the 
critical habitat designation, will 
continue to be subject to: (1) 
Conservation actions implemented 
under section 7(a)(1) of the Act, (2) 
regulatory protections afforded by the 
requirement in section 7(a)(2) of the Act 
for Federal agencies to insure their 
actions are not likely to jeopardize the 
continued existence of any endangered 
or threatened species, and (3) section 9 
of the Act’s prohibitions on taking any 
individual of the species, including 
taking caused by actions that affect 
habitat. Federally funded or permitted 
projects affecting listed species outside 
their designated critical habitat areas 
may still result in jeopardy findings in 
some cases. These protections and 
conservation tools will continue to 
contribute to recovery of this species. 
Similarly, critical habitat designations 
made on the basis of the best available 
information at the time of designation 
will not control the direction and 
substance of future recovery plans, 
habitat conservation plans (HCPs), or 
other species conservation planning 
efforts if new information available at 
the time of these planning efforts calls 
for a different outcome. 

Physical or Biological Features 
In accordance with section 3(5)(A)(i) 

and 4(b)(1)(A) of the Act and regulations 
at 50 CFR 424.12, in determining which 
areas within the geographical area 
occupied by the species at the time of 
listing to designate as critical habitat, 
we consider the physical or biological 
features essential to the conservation of 
the species and which may require 
special management considerations or 
protection. These include, but are not 
limited to: 

(1) Space for individual and 
population growth and for normal 
behavior; 

(2) Food, water, air, light, minerals, or 
other nutritional or physiological 
requirements; 

(3) Cover or shelter; 
(4) Sites for breeding, reproduction, or 

rearing (or development) of offspring; 
and 

(5) Habitats that are protected from 
disturbance or are representative of the 
historical, geographical, and ecological 
distributions of a species. 

We derive the specific physical or 
biological features essential for the lynx 
DPS from studies of this species’ 
habitat, ecology, and life history as 
described in the Background and 
Critical Habitat sections of the proposed 

rule to designate critical habitat 
published in the Federal Register on 
September 26, 2013 (78 FR 59430), and 
in the information presented below. 
Additional information on the habitat, 
ecology, and life history of the lynx DPS 
can be found in the documents listed 
above under Previous Federal Actions. 
We have determined that lynx require 
the following physical or biological 
features: 

Space for Individual and Population 
Growth and for Normal Behavior 

Boreal Forest Landscapes 
Lynx populations respond to biotic 

and abiotic factors at different scales. At 
the regional scale, boreal forests, snow 
conditions, and competitors (especially 
bobcat) influence the species’ range 
(Aubry et al. 2000, pp. 378–380; 
McKelvey et al. 2000a, pp. 242–253; 
Hoving et al., 2005 p. 749). At the 
landscape scale within each region, 
natural and human-caused disturbance 
processes (e.g., fire, wind, insect 
infestations, forest management, and 
development) may influence the spatial 
and temporal distribution of lynx 
populations by affecting the distribution 
of high-quality habitat for snowshoe 
hares (Agee 2000, pp. 47–73; Ruediger 
et al. 2000, pp. 1–3, 2–2—2–6, 7–3). At 
the stand-level (vegetation community) 
scale, the quality, quantity, and 
juxtaposition of habitats influence home 
range location and size, productivity, 
and survival (Aubry et al. 2000, pp. 
380–390; Vashon et al. 2005a, pp. 9–11). 
At the smaller substand (within-stand) 
scale, the spatial distribution and 
abundance of prey and microclimate 
likely influence lynx movements, 
hunting behavior, and den and resting 
site locations (Organ et al. 2008, entire; 
Squires et al. 2008, entire; Moen and 
Burdett 2009, p. 16; Squires et al. 2010, 
pp. 1648, 1654–1657). 

Generally, the physical and biological 
features of critical habitat for lynx are 
found within relatively large landscapes 
(large enough to support multiple lynx 
home ranges) in what is broadly 
described as the boreal forest or cold 
temperate forest (Frelich and Reich 
1995, p. 325; Agee 2000, pp. 43–46). 
That is, no individual small-scale area 
or site is likely to have all of the 
physical and biological features lynx 
need to survive. However, small lynx 
populations can persist in areas with 
relatively small areas of boreal forest 
habitat, as they do in the Garnet 
Mountains in western Montana and in 
the Wyoming Range in northwestern 
Wyoming (Squires 2014, pers. comm.). 
Lynx in the DPS use very large areas as 
home ranges that incorporate landscape 
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features that may be widely separated 
from one another to satisfy all of their 
life-history needs. In contrast to the 
extensive homogenous boreal forest 
found in the core of lynx range in 
northern Canada and Alaska, the 
southern terminus of the boreal forest 
type that extends into parts of the 
northern contiguous United States 
becomes transitional with other forest 
types—the Acadian forest in the 
Northeast (Seymour and Hunter 1992, 
pp. 1, 3), deciduous temperate forest in 
the Great Lakes, and subalpine forest in 
the west (Agee 2000, pp. 43–46). In this 
rule, we use the term ‘‘boreal forest’’ 
because it generally encompasses most 
of the vegetative descriptions of the 
transitional forest types that comprise 
lynx habitat in the contiguous United 
States (Agee 2000, pp. 40–41). 

Because of the transitional nature and 
patchy distribution of boreal forest in 
the contiguous United States, species 
that are specifically adapted to the 
classic boreal forest farther north, like 
the lynx, must contend with aspects of 
their habitat at the southern extent of 
the boreal forest for which they are not 
as well-adapted. For example, southern 
transitional boreal forests often have 
lower landscape snowshoe hare 
densities than boreal forests further 
north (Wolff 1980, pp. 123–128; Buehler 
and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, 
p. 84). This difference requires lynx in 
the contiguous United States to 
incorporate more land area into their 
home ranges than lynx do in the north 
to acquire adequate food (Mowat et al. 
2000, pp. 265, 277–278). At some point, 
landscape hare densities become too 
low, making some areas incapable of 
supporting lynx. Larger home ranges 
likely require more energy output 
associated with greater foraging effort 
(Apps 2000, p. 364) and possibly 
increased exposure to predation and 
other mortality factors than lynx face in 
the core of their range. All of these 
factors likely lead to lower reproductive 
output and more tenuous conservation 
status in many parts of the DPS relative 
to those in Canada and Alaska (Buskirk 
et al. 2000a, p. 95). 

Throughout the range of the DPS, lynx 
habitat occurs within boreal forest 
vegetation types that support relatively 
high landscape densities of snowshoe 
hares and have deep snow for extended 
periods. In eastern North America, lynx 
are strongly associated with areas of 
deep snowfall and large (40-mi2 (100- 
km2)) landscapes that have been heavily 
cut and treated with herbicides and 
have a high proportion of young 
regenerating forest (Hoving 2001, pp. 75, 
143). Hoving et al. (2004, p. 291) 

concluded that the broad geographic 
distribution of lynx in eastern North 
America is most influenced by snowfall, 
but within areas of similarly deep 
snowfall, measures of forest succession 
become more important factors in 
determining lynx distribution. Second- 
order habitat selection in the Acadian 
forest region is influenced by hare 
density (a surrogate for early 
successional forest) and by mature 
conifer forest, despite its association 
with lower hare densities (Simons- 
Legaard et al. 2013b, pp. 573–574). In 
the Northern Rocky Mountains, lynx 
appear to be less tied to early 
successional forest stages; high lynx use 
and hare densities, especially in the 
critical winter season, occur in mature 
multistoried forest stands where conifer 
branches reach the snow surface and 
thereby provide hare forage (Squires et 
al. 2006a, p. 15; Squires et al. 2010, pp. 
1653–1657; Berg et al. 2012, entire). 

Boreal forests used by lynx are 
generally cool, moist, and dominated by 
conifer tree species, primarily spruce 
and fir (Agee 2000, pp. 40–46; Aubry et 
al. 2000, pp. 378–382; Ruediger et al. 
2000, pp. 4–3, 4–8—4–11, 4–25—4–26, 
4–29—4–30). Boreal forest landscapes 
used by lynx are heterogeneous mosaics 
of vegetative cover types and 
successional forest stages created by 
natural and human-caused disturbances 
(McKelvey et al. 2000c, pp. 426–434). In 
many places, periodic vegetation 
disturbances stimulate development of 
dense understory or early successional 
habitat for snowshoe hares (Ruediger et 
al. 2000, pp. 1–3—1–4, 7–4—7–5). In 
Maine, lynx are positively associated 
with landscapes that were clearcut 15 to 
35 years previously (Hoving et al. 2004, 
p. 291; Simons-Legaard et al. 2013b, pp. 
573–574), some of which were also 
treated with herbicides to promote 
conifer regeneration (Scott 2009, p. 7). 
In other places, such as the Northern 
Rocky Mountains and Greater 
Yellowstone Area, mature multistoried 
conifer forests as well as dense 
regenerating conifer stands provide 
foraging habitat for lynx (Squires et al. 
2010, pp. 1648, 1653–1657; Berg et al. 
2012, entire). 

The overall quality of the boreal forest 
landscape and the juxtaposition of 
stands of high-quality habitat within the 
landscape are important for both lynx 
and snowshoe hares in that both can 
influence connectivity or movements 
between habitat patches, availability of 
food and cover, and spatial structuring 
of populations or subpopulations 
(Hodges 2000, pp. 184–195; McKelvey 
et al. 2000c, pp. 431–432; Walker 2005, 
p. 79). For example, lynx foraging 
habitat must be near denning habitat to 

allow females to adequately provision 
dependent kittens, especially when the 
kittens are relatively immobile (Moen et 
al. 2008a, p. 1507; Vashon et al. 2012, 
p. 16). In north-central Washington, 
hare densities are higher in landscapes 
with an abundance of dense boreal 
forest interspersed with small patches of 
open habitat, in contrast to landscapes 
composed primarily of open forest 
interspersed with few patches 
containing dense vegetation (Walker 
2005, p. 79; Lewis et al. 2011, p. 565). 
Similarly, in northwest Montana, 
connectivity of dense patches within the 
forest matrix benefits snowshoe hares 
(Ausband and Baty 2005, p. 209). In 
mountainous areas, lynx appear to 
prefer relatively gentle slopes (Apps 
2000, p. 361; McKelvey et al. 2000d, p. 
333; von Kienast 2003, p. 21, Table 2; 
Maletzke 2004, pp. 17–18). 

Individual lynx require large areas of 
boreal forest landscapes to support their 
home ranges and to facilitate dispersal 
and exploratory travel. The size of lynx 
home ranges is strongly influenced by 
the quality of the habitat, particularly 
the abundance of snowshoe hares, in 
addition to other factors such as gender, 
age, season, and density of the lynx 
population (Aubry et al. 2000, pp. 382– 
385; Mowat et al. 2000, pp. 276–280). 
Generally, females with kittens have the 
smallest home ranges while males have 
the largest home ranges (Moen et al. 
2005, p. 11; Burdett et al. 2007, p. 463). 
Reported average home range sizes vary 
greatly from 12 mi2 (31 km2) for females 
and 26 mi2 (68 km2) for males in Maine 
(Vashon et al. 2005a, p. 7), 8 mi2 (21 
km2) for females and 119 mi2 (307 km2) 
for males in Minnesota (Moen et al. 
2005, p. 12), and 34 mi2 (88 km2) for 
females and 83 mi2 (216 km2) for males 
in northwest Montana (Squires et al. 
2004a, p. 13). Home range sizes of lynx 
in the population introduced into 
Colorado averaged 29 mi2 (75 km2) 
among reproductive females, 40 mi2 
(103 km2) among attending 
(reproductive) males, and 252 mi2 (654 
km2) among all non-reproductive lynx 
(Shenk 2008, pp. 1, 10). Based on data 
presented in Shenk (2008, p. 10) and 
combining reproductive and non- 
reproductive lynx, home range estimates 
for lynx in Colorado averaged 181 mi2 
(470 km2) for females and 106 mi2 (273 
km2) for males. 

Forest Type Associations in the 
Contiguous United States 

Maine 

Stands of regenerating sapling (15–35 
years old) spruce-fir forest that provide 
dense cover are preferred by both 
snowshoe hares and lynx in Maine 
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(Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to 
occur in large (40 mi2 (100 km2)) 
landscapes with regenerating forest, and 
less likely to occur in landscapes with 
very recent clear-cut or partial harvest 
(Hoving et al. 2004, pp. 291–292). 
Regenerating stands used by lynx 
generally develop after forest 
disturbance and are characterized by 
dense horizontal structure and high 
stem density within a meter of the 
ground. These habitats support high 
snowshoe hare densities (Homyack 
2003, p. 63; Fuller and Harrison 2005, 
pp. 716, 719; Vashon et al. 2005a, pp. 
10–11). At the stand scale, lynx in 
northwestern Maine select older (11- to 
26-year-old), tall (15 to 24 feet (ft) (4.6 
to 7.3 meters (m)) regenerating clear-cut 
stands and older (11- to 21-year-old) 
partially harvested stands (Fuller et al. 
2007, pp. 1980, 1983–1985). At the 
home range scale, lynx also select 
mature conifer forest (Simons-Legaard et 
al. 2013b, pp. 572–573). Lynx may use 
partial harvested and mature conifer 
stands associated with low hare 
densities because of increased ease of 
travel and prey access along the 
extensive edges with high-quality 
(regenerating clear-cut) habitats 
(Simons-Legaard et al. 2013b, p. 574). 
Most of the high-quality hare and lynx 
habitat in northern Maine is the result 
of landscape-scale clear-cut timber 
harvesting in response to a spruce 
budworm outbreak in the 1970s–1980s 
(Simons 2009, pp. 64, 218). Some of 
these clearcuts were also treated with 
herbicides to promote conifer 
regeneration by suppressing deciduous 
tree species. Both the current amount of 
high-quality habitat and the lynx 
population in Maine are likely larger 
than occurred prior to European 
settlement, when a relatively smaller 
proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; 
Vashon et al. 2012, pp. 45, 56), likely 
because the natural disturbance regime 
resulted in smaller frequent 
disturbances and long intervals between 
larger disturbances. 

Minnesota 
In Minnesota, lynx primarily occur in 

the Northern Superior Uplands 
Ecological Section of the Laurentian 
Mixed Forest Province. Historically, this 
area was dominated by red pine (Pinus 
resinosa) and white pine (P. strobus) 
mixed with aspen (Populus spp.), paper 
birch (Betula papyrifera), spruce, 
balsam fir (A. balsamifera) and jack pine 
(P. banksiana) (Minnesota Department 
of Natural Resources [Minnesota DNR] 
2003, p. 2). Lynx habitats in Minnesota 
are associated with Lowland Conifer, 

Upland Conifer, Mixed Conifer, and 
Regenerating Forest cover types, with 
lynx selecting the latter because it 
provides snowshoe hare habitat (Moen 
et al. 2008a, p. 1511; Moen et al. 2008b, 
pp. 18–29). Moen et al. (2008b, pp. 23– 
25) reported that lynx also select for the 
edges between different cover types, 
presumably because they can more 
efficiently capture hares along the edges 
between stands than in the dense 
interior understory of regenerating 
stands. 

Northern Rocky Mountains (Idaho, 
Montana, and Northwestern Wyoming) 

In the Northern Rocky Mountains, 
most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest 
or Western Spruce-Fir Forest vegetative 
class (Küchler 1964, p. 4; McKelvey et 
al. 2000a, p. 246) and most occur above 
4,101 ft (1,250 m) elevation (Aubry et al. 
2000, pp. 378–380; McKelvey et al. 
2000a, pp. 243–245). The dominant 
vegetation that constitutes lynx habitat 
in these areas is subalpine fir (A. 
lasiocarpa), Engelmann spruce, and 
lodgepole pine (Aubry et al. 2000, p. 
379; Ruediger et al. 2000, pp. 4–8—4– 
10). Within the boreal forest landscape, 
lodgepole pine is seral to (i.e., is an 
earlier successional stage) subalpine fir 
and Engelmann spruce, which are 
climax forest habitat types. In winter, 
lynx preferentially use mature 
multistoried stands, predominantly 
spruce-fir, with dense horizontal cover 
and avoid clearcuts and large forest 
openings (Squires et al. 2010, pp. 1648, 
1653–1656). In summer, lynx also select 
young stands with dense spruce-fir 
saplings and do not appear to avoid 
openings (Squires et al. 2010, pp. 1648, 
1654–1655). Dry forest types (e.g., 
ponderosa pine (Pinus ponderosa), dry 
Douglas-fir (Pseudotsuga menziesii)) do 
not provide lynx habitat (Berg 2009, p. 
20; Squires et al. 2010, p. 1655). 

Washington 
In the North Cascades in Washington, 

most lynx occur above 4,101 ft (1,250 m) 
(McKelvey et al. 2000a, p. 243, 2000d, 
p. 321; von Kienast 2003, p. 28, Table 
2; Maletzke 2004, p. 17). In this area, 
lynx select Engelmann spruce— 
subalpine fir forest cover types in winter 
(von Kienast 2003, p. 28; Maletzke 2004, 
pp. 16–17; Koehler et al. 2008, p. 1518). 
As in the Northern Rockies, lodgepole 
pine is a dominant tree species in the 
earlier successional stages of these 
climax cover types. Seral (intermediate 
stage of ecological succession) lodgepole 
stands contain dense understories and, 
therefore, receive high use by snowshoe 
hares and lynx (Koehler 1990, pp. 847– 
848; McKelvey et al. 2000d, pp. 332– 

335). Lynx in this area avoid Douglas- 
fir and ponderosa pine forests, 
openings, recent burns, open canopy 
and understory cover, and steep slopes 
(Koehler et al. 2008, p. 1518). 

Southern Rocky Mountains (Western 
Colorado, Northern New Mexico, 
Southern Wyoming) 

Lynx in the population introduced 
into Colorado use high-elevation 
(generally above 9,500 ft (2,900 m)) 
mature Engelmann spruce/subalpine fir, 
mixed spruce/fir/aspen, and riparian/
mixed riparian habitats in Subalpine 
and Upper Montane forest zones, and 
avoid lower elevation Montane forests 
of Douglas fir and ponderosa pine 
(Shenk 2006, p. 10; Shenk 2008, pp. 1– 
2, 12, 15; Devineau et al. 2010, p. 525; 
Ivan 2011a, pp. 21, 27). However, it 
remains uncertain whether these 
habitats can sustain a viable lynx 
population over time (Shenk 2008, p. 
16; Shenk 2010, pp. 2, 5–6, 11). Lynx 
from the population introduced into 
Colorado also have wandered into 
mountainous areas of northern New 
Mexico that contain relatively small and 
fragmented areas of similar high- 
elevation spruce/fir and cold mixed- 
conifer habitats (U.S. Forest Service 
2009, pp. 5–10). There is no evidence 
that lynx occupied these areas 
historically, no reproduction has been 
documented among lynx from the 
population introduced into Colorado 
that have traveled into northern New 
Mexico, and habitats in New Mexico are 
thought to be incapable of supporting a 
self-sustaining lynx population (U.S. 
Forest Service 2009, pp. 2, 10, 16–17). 

Based on the information above, we 
identify boreal forest landscapes that 
support relatively high densities of 
snowshoe hares, have deep snow for 
extended periods, and are large enough 
to support multiple lynx home ranges 
over time to contain the physical and 
biological features needed to support 
and maintain lynx populations over 
time and which, therefore, are essential 
for the conservation of the lynx DPS. 

Food, Water, Air, Light, Minerals, or 
Other Nutritional or Physiological 
Requirements 

Food (Snowshoe Hares) 

Snowshoe hare density is the most 
important factor explaining the 
persistence of lynx populations (Steury 
and Murray 2004, p. 136). Snowshoe 
hare density differences among areas of 
boreal forest in the contiguous United 
States are also thought to explain many 
lynx distribution patterns historically 
and at present. While seemingly all of 
the physical aspects usually associated 
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with lynx habitat may be present in a 
landscape, if snowshoe hare densities 
are inadequate to support reproduction, 
recruitment, and survival over time, 
lynx populations will not persist. 
Minimum snowshoe hare densities 
necessary to maintain lynx populations 
across the range of the DPS have not 
been determined, although Ruggiero et 
al. (2000, pp. 446–447) suggested that at 
least 0.2 hares per ac (0.5 hares per ha) 
may be necessary. Hare densities in 
areas known to support lynx home 
ranges in the contiguous United States 
are 0.26 hares per ac (0.64 hares per ha) 
in northeast Minnesota (Moen et al. 
2012, p. 352) and 0.30 hares per ac (0.74 
hares per ha) in northern Maine 
(Simons-Legaard et al. 2013b, p. 574). 
Hare density in Voyageurs National Park 
in northern Minnesota was estimated at 
0.14 hares per ac (0.35 hares per ha) and 
does not support resident breeding lynx 
(Moen et al. 2012, pp. 352–354). In 
northern Maine, landscapes with hare 
densities less than 0.2 hares per ac (0.5 
hares per ha) are not occupied by lynx 
(Simons-Legaard et al. 2013b, pp. 567, 
575). 

Steury and Murray (2004, entire) 
modeled lynx and snowshoe hare 
populations and predicted that a 
minimum of 0.4 to 0.7 hares per ac (1.1 
to 1.8 hares per ha) would be required 
for persistence of a reintroduced lynx 
population in the portion of the lynx 
range in the contiguous United States. 
In areas used by the introduced lynx 
population in west-central Colorado, 
Zahratka and Shenk (2008, pp. 906, 910) 
reported hare densities ranging from 
0.03 to 0.5 hares per ac (0.08 to 1.32 
hares per ha) in mature Engelmann 
spruce-subalpine fir stands and from 
0.02 to 0.14 hares per ac (0.06 to 0.34 
hares per ha) in mature lodgepole pine 
stands. In ‘‘purportedly good’’ hare 
habitat also in west-central Colorado in 
the area used by the introduced 
population, Ivan (2011b, pp. iv–v, 71, 
92) estimated summer hare densities of 
0.08 to 0.27 hares per ac (0.2 to 0.66 
hares per ha) in stands of ‘‘small’’ 
lodgepole, 0.004 to 0.01 hares per ac 
(0.01 to 0.03 hares per ha) in ‘‘medium’’ 
lodgepole, and 0.004 to 0.1 hares per ac 
(0.01 to 0.26 hares per ha) in spruce-fir 
stands. 

The boreal forest landscape is 
naturally dynamic and usually contains 
a mosaic of forest stand successional 
stages. In some areas, particularly in the 
eastern portion of the DPS, stands that 
support high densities of snowshoe 
hares are of a young successional stage 
and are in a constant state of transition 
to other more mature stages. Conversely, 
if the vegetation potential (or climax 
forest type) of a particular forest stand 

is conducive to supporting abundant 
snowshoe hares, it likely will also go 
through successional stages that are of 
lesser value as lynx foraging habitat (i.e., 
times when snowshoe hare abundance 
is low) or lynx denning habitat (Agee 
2000, pp. 62–72; Buskirk et al. 2000b, 
pp. 403–408) as part of a natural forest 
succession process. For example, a 
boreal forest stand where there has been 
recent disturbance, such as fire or 
timber harvest, resulting in little or no 
understory structure will support fewer 
snowshoe hares and, therefore, lower 
quality lynx foraging habitat. However, 
that temporarily low-quality stand 
would regenerate into higher quality 
snowshoe hare (lynx foraging) habitat 
within 10 to 25 years, depending on 
local conditions (Ruediger et al. 2000, 
pp. 1–3—1–4, 2–2—2–5). The 
continuation of this naturally dynamic 
pattern of succession exhibited in boreal 
forests is crucial for lynx survival due 
to their dependence on intermediate 
successional stages in many areas. In 
places where lynx are dependent on 
mature forest stages, forest stand 
turnover still occurs, but on a longer 
time scale requiring the ability to recruit 
new mature forest stands as others are 
lost to fire, insect infestation, or human 
activities. 

Forest management techniques that 
thin the understory may reduce habitat 
quality for hares and, thus, for lynx 
(Ruediger et al. 2000, pp. 2–4—3–2; 
Hoving et al. 2004, pp. 291–292; 
Homyack et al. 2007, entire), at least 
temporarily (Griffin and Mills 2007, 
entire). Stands may continue to provide 
good snowshoe hare habitat for many 
years until woody stems in the 
understory become too sparse, as a 
result of undisturbed forest succession 
or management (e.g., clearcutting or 
thinning) (Griffin and Mills 2007, 
entire). Thus, if the vegetation potential 
of the stand is appropriate, a stand that 
is not currently in a condition that 
supports abundant snowshoe hares for 
lynx foraging or coarse woody debris for 
den sites would improve as habitat for 
snowshoe hares (and thus lynx foraging) 
with time. Therefore, we consider lynx 
habitat to include forested areas with 
the potential, through natural 
succession, to produce high-quality 
snowshoe hare habitat, regardless of 
their current stage of forest succession. 

Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 
2000, pp. 181–183), and they prefer 
boreal forest stands that have a dense 
horizontal understory to provide food, 
as well as cover and security from 
predators. Snowshoe hare density is 
correlated to understory cover between 
about 3 and 10 ft (1 to 3 m) above the 

ground or snow level (Hodges 2000, p. 
184). Snowshoe hares most heavily use 
stands with shrubs, stands that are 
densely stocked, and stands at ages 
where branches provide more lateral 
cover (Hodges 2000, p. 184; Lewis et al. 
2011, pp. 561, 564–565). Generally, 
earlier successional forest stages provide 
a greater density of horizontal 
understory and support more snowshoe 
hares (Buehler and Keith 1982, p. 24; 
Wolfe et al. 1982, pp. 668–669; Koehler 
1990, pp. 847–848; Hodges 2000, pp. 
184–191; Griffin 2004, pp. 84–88). 
However, snowshoe hares can be 
abundant in mature forests with dense 
understories, particularly in the western 
part of the DPS range (Griffin 2004, pp. 
53–54, 88; Hodges et al. 2009, p. 876; 
Squires et al. 2010, pp. 1648, 1653– 
1657; Berg et al. 2012, pp. 1484–1488), 
and such mature forests may be a source 
of hares for other adjacent forest types 
(Griffin and Mills 2009, pp. 1492, 1495– 
1496). 

In Maine, snowshoe hare densities are 
highest in regenerating softwood (spruce 
and fir) and mixed-wood stands with 
high conifer stem densities (Homyack 
2003, p. 195; Fuller and Harrison 2005, 
pp. 716, 719; Robinson 2006, p. 69). 
However, when exploiting high-density 
hare habitats, lynx focus foraging efforts 
in stands with intermediate hare 
densities and structural complexity that 
occurred at the edges of the highest 
density habitat, suggesting that lynx 
balance between hare abundance and 
accessibility (Fuller and Harrison 2010, 
pp. 1276–1277; Simons-Legaard et al. 
2013b, p. 574). In northeastern 
Minnesota, lynx use areas with 
relatively higher proportions of 
coniferous forest, young (10- to 30-year- 
old) regenerating forest, and shrubby 
grassland, and these habitats support 
the highest hare densities (McCann and 
Moen 2011, pp. 509, 515). 

In montane and subalpine forests in 
northwest Montana, the highest 
snowshoe hare densities in summer are 
generally in younger stands with dense 
forest structure, but winter hare 
densities are as high or higher in mature 
stands with dense understory forest 
structure (Griffin 2004, p. 53). In 
Montana in winter, hare and lynx use 
multistoried stands, often in older-age 
classes, where the tree boughs touch the 
snow surface but where the stem 
density is low (Squires et al. 2006a, p. 
15; Griffin and Mills 2009, pp. 1492, 
1495–1496; Squires et al. 2010, pp. 
1648, 1653–1656). In the North 
Cascades of north-central Washington, 
snowshoe hare density was highest in 
20-year-old lodgepole pine stands where 
the average density of trees and shrubs 
was 15,840 stems per ha (6,415 stems 
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per ac) (Koehler 1990, pp. 847–848), and 
hare density was associated with large 
shrubs and saplings within a stand 
(Lewis et al. 2011, pp. 561, 564–565). In 
western Wyoming, late-seral 
multistoried forests support a greater 
abundance of snowshoe hares than 
regenerating even-aged forests (Berg et 
al. 2012, p. 1). Similarly, in Yellowstone 
National Park, where hares were rare 
and patchily distributed, hare presence 
and relative abundance are linked to 
mature forest stands (Hodges et al. 2009, 
p. 876). In western Colorado areas used 
by the introduced lynx population, 
Zahratka and Shenk (2008, pp. 906, 910) 
estimated higher hare densities in 
spruce-fir stands than in lodgepole pine, 
but Ivan (2011b, pp. iv, 71, 92) 
estimated hare densities as highest in 
stands of small lodgepole pine, 
intermediate in spruce-fir stands, and 
lowest in stands of medium lodgepole 
pine. 

Habitats supporting abundant 
snowshoe hares must be present in a 
sufficient proportion (though not 
necessarily the majority) of the 
landscape to support a viable lynx 
population. Landscapes with more 
contiguous hare habitat, or where 
patches of high-quality habitat occur in 
a matrix with patches of similar quality, 
support more hares than fragmented 
habitats or those in which patches of 
hare habitat occur within a matrix of 
poor-quality habitat (Lewis et al. 2011, 
p. 565). Broad-scale snowshoe hare 
density estimates are not available for 
all of the areas being designated as lynx 
critical habitat. Available snowshoe 
hare density estimates are helpful in 
determining where snowshoe hares 
exist, but each estimate is specific to 
both a location and a point in time. Due 
to intrinsic, rapid fluctuations often 
seen in snowshoe hare populations, 
density estimates cannot be considered 
definitive for any particular area. If 
enough data were gathered for a specific 
area over several years, these data could 
be used to calculate an average density 
(with margins of error included). Lynx 
do not occur everywhere within the 
range of snowshoe hares in the 
contiguous United States (Bittner and 
Rongstad 1982, p. 146; McCord and 
Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or 
spatial distribution of hares in some 
places, to the absence of snow 
conditions that would allow lynx to 
express a competitive advantage over 
other hare predators, or to a 
combination of these factors. 

Based on the information above, we 
identify relatively high densities of 
snowshoe hares broadly and 
consistently distributed across boreal 

forest landscapes to be a physical or 
biological feature needed to support and 
maintain lynx populations over time 
and which, therefore, is essential to the 
conservation of the lynx DPS. 

Snow Conditions (Other Physiological 
Requirements) 

Snow conditions also determine the 
distribution of lynx and snowshoe 
hares. Deep, fluffy snow conditions 
likely restrict potential lynx competitors 
such as bobcat or coyote from effectively 
encroaching on or hunting hares in 
winter lynx habitat. In addition to snow 
depth, other snow properties, including 
surface hardness or sinking depth, also 
influence lynx foraging success and, 
ultimately may be important factors in 
the spatial, ecological, and genetic 
structuring of the species (Stenseth et al. 
2004, entire). Gonzalez et al. (2007, pp. 
4, 7) compared 496 lynx locations with 
snow cover over the period 1966–2005 
and concluded that lynx require 4 
months (December through March) of 
continuous winter snow coverage. 

In eastern North America, snowfall is 
the strongest predictor of lynx 
occurrence at a regional scale (Hoving et 
al. 2005, p. 746, Table 5), and lynx in 
the northeastern United States are most 
likely to occur in areas with a 10-year 
mean annual snowfall greater than 105 
in (268 cm) (Hoving 2001, p. 75; Hoving 
et al. 2005, p. 749). The Northern 
Superior Uplands section of northeast 
Minnesota, which supports a resident 
lynx population, receives more of its 
precipitation as snow than any other 
part of the State, and has the longest 
period of snow cover (Minnesota DNR 
2003, p. 2). Average annual snowfall 
from 1971 to 2000 in this area was 
generally greater than 55 in (149 cm) 
(University of Minnesota 2013). 

Information on average snowfall or 
snow depths in mountainous areas such 
as the Cascade and Northern Rocky 
Mountains is limited because few 
weather stations in these regions have 
measured snow fall or snow depth over 
time. An important consideration in 
mountainous areas is that topography 
strongly influences local snow 
conditions. For example, in the 
Cascades, annual snowfall averaged 121 
in (307 cm) at Mazama, WA (elevation 
2,106 ft (642 m)), and 15 in (38 cm) at 
Omak, WA (elevation 1,299 ft (396 m)) 
(Western Regional Climate Center 2013). 
In areas of western Montana that 
support lynx populations, annual 
snowfall averaged 90 in (229 cm) in 
Troy (elevation 1,950 ft (594 m)) and 
120 in (305 cm) at Seeley Lake 
(elevation 4,200 ft (1,280 m)) (Western 
Regional Climate Center 2013). 

Based on the information above, we 
identify winter conditions that provide 
and maintain deep, fluffy snow for 
extended periods in boreal forest 
landscapes to be a physical or biological 
feature needed to support and maintain 
lynx populations over time and which, 
therefore, are essential to the 
conservation of the lynx DPS. 

Sites for Breeding, Reproduction, or 
Rearing (or Development) of Offspring 

Denning Habitat 

Lynx den sites are found in mature 
and younger boreal forest stands that 
have a large amount of cover and 
downed, large woody debris. The 
structural components of lynx den sites 
are common features in managed 
(logged) and unmanaged (e.g., insect- 
damaged, wind-throw) stands. Downed 
trees provide excellent cover for den 
sites and kittens and often are 
associated with dense woody stem 
growth. 

In northern Maine, 12 of 26 natal dens 
occurred in conifer-dominated sapling 
stands, and 5 dens were found in 
mature or mixed multistoried forest 
stands dominated by conifers (Organ et 
al. 2008, p. 1515). Modeling sub-stand 
characteristics of these 26 dens, the 
authors determined that 2 variables, tip- 
up mounds of blown-down trees and 
visual obscurity at 16 ft (5 m) from the 
den, were most useful for predicting 
lynx den-site selection in managed 
forests (Organ et al. 2008, p. 1514). Lynx 
essentially select dense cover in a cover- 
rich area for denning, with blowdown, 
deadfalls, and root wads providing 
denning habitat. Coarse woody debris 
alone is not a useful predictor of lynx 
den-site selection, despite its 
abundance, and denning habitat is not 
considered limiting in northern Maine 
(Organ et al. 2008, p. 1516). Den sites in 
Maine often occur at the interface of two 
stands of different ages or in dense 
regenerating conifer stands, suggesting 
that females select den sites near prey 
sources to minimize time spent away 
from kittens while foraging (Vashon et 
al. 2012, p. 16). 

In northern Minnesota, structural 
components of forests such as 
blowdown and deadfalls appear to be 
more important than forest cover type in 
determining lynx denning habitat 
(Interagency Lynx Biology Team 2013, 
p. 46). Most den sites in Minnesota are 
found in blowdown and are associated 
with small patches of uplands 
surrounded by low-lying wetland areas 
(Moen and Burdett 2009, pp. 5, 11). 
Although lowland conifer cover types 
appear to provide the forest structure 
used most often for denning in northern 
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Minnesota (Moen et al. 2008a, p. 1510), 
other forest cover types are used if they 
contained recent blowdowns (Moen and 
Burdett 2009, p. 16). Very dense 
horizontal cover in the immediate 
vicinity of the den site also appears to 
be a determinant (Moen and Burdett 
2009, p. 16). Female lynx forage within 
approximately 1.2–1.8 mi (2–3 km) of 
den sites when kittens are at the den, 
and the landscape composition within 
the foraging radius around a den site 
contains more lowland conifer, upland 
conifer, and regenerating forest than do 
home ranges (Moen et al. 2008a, p. 
1507). Denning habitat does not appear 
to be limiting in northern Minnesota 
(Moen and Burdett 2009, p. 16). 

In northwestern Montana, lynx 
generally den in mature spruce-fir 
forests among downed logs or root wads 
of wind-thrown trees in areas with 
abundant coarse woody debris and 
dense understories with high horizontal 
cover in the immediate areas around 
dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501– 
1505). Few dens are located in young 
regenerating or thinned stands with 
discontinuous canopies (Squires et al. 
2008, p. 1497). Many dens have 
northeasterly aspects and are farther 
from forest edges than random 
expectation (Squires et al. 2008, p. 
1497). 

In the North Cascades, Washington, 
lynx den in mature (older than 250 
years) stands with an overstory of 
Engelmann spruce, subalpine fir, and 
lodgepole pine with an abundance of 
downed woody debris (Koehler 1990, p. 
847). In that study, all detected den sites 
occurred on north-northeast aspects 
(Koehler 1990, p. 847). 

Lynx in the population introduced 
into Colorado den at higher elevations 
and on steeper slopes compared to 
general use areas, with den sites tending 
to have northerly aspects and dense 
understories of coarse woody debris 
(Shenk 2008, p. 2). 

Den site availability, although not 
thought to be limiting for lynx 
populations in the DPS (Moen et al. 
2008a, p. 1512; Organ et al. 2008, pp. 
1514, 1516–1517; Squires et al. 2008, p. 
1505), is an essential component of the 
boreal forest landscapes that lynx need 
to satisfy a key life-history process 
(reproduction). Therefore, based on the 
information above, we identify denning 
habitat to be a physical or biological 
feature needed to support and maintain 
lynx populations over time and which, 
therefore, is essential to the 
conservation of the lynx DPS. 

Habitats Protected From Disturbance or 
Representative of the Historic 
Geographical and Ecological 
Distributions of the Species 

Climate Change 
Our analyses under the Act include 

consideration of ongoing and projected 
changes in climate. The terms ‘‘climate’’ 
and ‘‘climate change’’ are defined by the 
Intergovernmental Panel on Climate 
Change (IPCC). In 2014, the IPCC 
released its Fifth Assessment Report, 
which represents the current scientific 
consensus on global and regional 
climate change and the best scientific 
data available in this rapidly changing 
field. The Fifth Assessment Report 
largely reaffirms the conclusions of 
previous reports that the global climate 
is warming at an accelerating rate and 
that this warming is largely the result of 
human activities and the associated 
release of carbon dioxide and other 
greenhouse gases into the atmosphere 
(IPCC 2014a, entire). 

‘‘Climate’’ refers to the mean and 
variability of different types of weather 
conditions over time, with 30 years 
being a typical period for such 
measurements, although shorter or 
longer periods also may be used (IPCC 
2007a, p. 78). The term ‘‘climate 
change’’ thus refers to a change in the 
mean or variability of one or more 
measures of climate (e.g., temperature or 
precipitation) that persists for an 
extended period, typically decades or 
longer, whether the change is due to 
natural variability, human activity, or 
both (IPCC 2007a, p. 78). Various types 
of changes in climate can have direct or 
indirect effects on species. These effects 
may be positive, neutral, or negative and 
they may change over time, depending 
on the species and other relevant 
considerations, such as the effects of 
interactions of climate with other 
variables (e.g., habitat fragmentation) 
(IPCC 2007a, pp. 8–14, 18–19). In our 
analyses, we weigh relevant 
information, including uncertainty, in 
our consideration of various aspects of 
climate change. 

The IPCC’s Fifth Assessment Report 
concludes that the strongest and most 
comprehensive evidence of the impacts 
of climate change is in natural systems, 
where many species have responded by 
shifting their geographic ranges, 
seasonal activities, migration patterns, 
abundances, and species interactions 
(IPCC 2014a, p. 4). The report also 
concludes that projected climate change 
during and beyond the 21st Century will 
increase extinction risk for many 
terrestrial and freshwater species (IPCC 
2014a, pp. 14–15). In North America, 
observed impacts attributable to climate 

change that may affect lynx habitats and 
distribution include upslope and 
northward shifts in species distributions 
across multiple taxa, and increased 
wildfire activity, fire frequency and 
duration in boreal and subarctic conifer 
forests of Canada and the western 
United States (IPCC 2014a, p. 31). 

Previous IPCC assessments concluded 
that temperatures across the globe have 
increased by about 1.8 °Fahrenheit (F) 
(1 °Celsius (C)) over the last century 
(IPCC 2001, p. 7). The IPCC projection 
for eastern and western North America 
within the range of the lynx DPS is 
climate warming of 1.8 °F (1 °C) to 5.4 
°F (3 °C) by the year 2050 (IPCC 2007b, 
p. 889). The range of warming projected 
over the next century runs from 3.6 °F 
(2 °C) to 10.8 °F (6 °C) for North 
America, with warming higher than this 
average in areas that are inland, 
northerly, or mountainous. The IPCC 
concludes that continued warming in 
North America, with lower snow 
accumulation and earlier spring 
snowmelt, is very likely (IPCC 2007b, p. 
887). Climate history and projections 
from regional climate models for regions 
within the lynx DPS corroborate global 
models indicating that both eastern and 
western North America, including all 
portions of the lynx DPS, have warmed 
in the last century and are likely to 
warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by 
the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky 
Mountains at Glacier National Park, 
mean summer temperatures have 
increased 3.0 °F (1.66 °C) between 1910 
and 1980 (Hall and Fagre 2003, pp. 134– 
137) resulting in lower snowpack, 
earlier spring melt, and distributional 
shifts in vegetation (Hall and Fagre 
2003, pp. 138–139; Fagre 2005, pp. 4– 
9). These changes are predicted to 
continue and accelerate under future 
climate scenarios (Hall and Fagre 2003, 
Fig. 7). An analysis of potential snow 
cover under a range of IPCC future 
climate scenarios and modeling of 
vegetation using a dynamic vegetation 
model indicates that potential lynx 
habitat could decrease by as much as 
two-thirds in the contiguous United 
States by the end of this century 
(Gonzalez et al. 2007, pp. 4, 7–8, 10, 13– 
14). 

Across their worldwide distribution, 
lynx are dependent on deep snow that 
persists for long periods of time. 
Warmer winter temperatures are 
reducing snow pack in all portions of 
the lynx DPS through a combination of 
a higher proportion of precipitation 
falling as rain and higher rates of 
snowmelt during winter (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, 
p. 2347; Hoving 2001, pp. 73–75; Mote 
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2003, p. 3–1; Christensen et al. 2004, p. 
347; Knowles et al. 2006, pp. 4548– 
4549). This trend is expected to 
continue with future warming (Hamlet 
and Lettenmaier 1999, p. 1611; 
Christensen et al. 2004, p. 347; Mote et 
al. 2005, p. 48; IPCC 2007b, p. 850). The 
IPCC (2007b, p. 850) concludes that 
‘‘snow season length and snow depth 
are very likely to decrease in most of 
North America except in the 
northernmost part of Canada where 
maximum snow depth is likely to 
increase.’’ Shifts in the timing of the 
initiation of spring runoff toward earlier 
dates in western North America are also 
well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, 
p. 2347; Cayan et al. 2001, pp. 409–410; 
Christensen et al. 2004, p. 347; Mote et 
al. 2005, p. 41; Knowles et al. 2006, p. 
4554). In addition, a feedback effect 
causes the loss of snow cover due to the 
reflective nature of snow and the 
relative heat-absorbing properties of 
non-snow-covered ground. This 
feedback effect leads to the highest 
magnitude of warming occurring at the 
interface of snow-covered and exposed 
areas, increasing the rate at which 
melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et 
al. 1994b, pp. 198–200). This effect has 
led to the average date of peak snowmelt 
to shift 3 weeks earlier in spring in the 
Intermountain West (Fagre 2005, p. 4). 

Snow accumulation and duration are 
expected to decline generally in the 
geographic areas that contain the central 
and eastern portion of the lynx DPS 
(IPCC 2007c, p. 891; Burns et al. 2009, 
p. 31). Due to the importance to lynx of 
prolonged periods of deep fluffy snow, 
current habitats that lose this feature 
would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; 
Gonzalez et al. 2007, entire). Reduced 
snow depth and duration may reduce 
lynx’s competitive advantage over 
bobcats, which have similar ecology to 
lynx but are not as well-adapted to 
hunting hares in deep fluffy snow 
(Hoving 2001, pp. 23–24; Carroll 2007, 
p. 1102; Interagency Lynx Biology Team 
2013, pp. 69, 71). 

Changes in temperature and rainfall 
patterns are expected to shift the 
distribution of ecosystems northward 
and up mountain slopes (McDonald and 
Brown 1992, pp. 411–412; Danby and 
Hik 2007, pp. 358–359; IPCC 2007c, pp. 
230, 232). As climate changes over a 
landscape, the ecosystems that support 
lynx are likely to shift, tracking the 
change of temperature, but with a time 
lag depending on the ability of 
individual plant and animal species to 
migrate (McDonald and Brown 1992, 
pp. 413–414; Hall and Fagre 2003, p. 

138; Peterson 2003, p. 652). In the 
contiguous United States, researchers 
expect that lynx in mountainous habitat 
will, to some extent, track climate 
changes by using higher elevations on 
mountain slopes, assuming that 
vegetation communities supportive of 
lynx and hare habitats also move 
upslope (Gonzalez et al. 2007, p. 7). 

Future of Lynx Habitat 
In 2003, we determined that climate 

change was not a threat to lynx within 
the contiguous United States DPS 
because the best available science we 
had at that time (Hoving 2001) was too 
uncertain in nature (68 FR 40083). Since 
that time, new information on regional 
climate changes and potential effects to 
lynx habitat has been developed (e.g., 
Knowles et al. 2006, pp. 4545–4559; 
Carroll 2007, pp. 1098–1102; Danby and 
Hik 2007, pp. 358–359; Gonzalez et al. 
2007, entire; Iverson et al. 2008, pp. 
390–400; Beckage et al. 2008, entire; 
Burns et al. 2009, p. 31; Johnston et al. 
2012, pp. 6–13), and much of this new 
information suggests that climate 
change is likely to be a significant issue 
of concern for the future conservation of 
the lynx DPS. These studies predict 
lynx and hare habitats—boreal spruce- 
fir and subalpine forests—and, 
therefore, lynx distribution, are likely to 
shift upward in elevation within its 
currently occupied range and recede 
northward as temperatures increase 
(Gonzalez et al. 2007, pp. 7, 13–14, 19; 
Beckage et al. 2008, entire; Jacobson et 
al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; Interagency Lynx 
Biology Team 2013, p. 69). The boreal 
spruce-fir forests that provide habitat for 
lynx and snowshoe hares is thought to 
be limited by summer temperatures and 
drought (Iverson and Prasad 2001, pp. 
192–196) and, under a suite of 
emissions and climate change scenarios, 
is projected to diminish dramatically or 
disappear from much of the eastern 
United States (Iverson and Prasad 2001, 
p. 196; Iverson et al. 2008, pp. 390–400). 

Climate modeling suggests that lynx 
habitat and populations are anticipated 
to decline accordingly (Carroll 2007, pp. 
1098–1102) and may disappear 
completely from parts of the range of the 
DPS by the end of this century (Johnston 
et al. 2012, pp. 6–13). Climate change is 
expected to substantially reduce the 
amount and quality of lynx habitat in 
the contiguous United States, with 
patches of high-quality boreal and 
subalpine forest habitat becoming 
smaller, more fragmented, and more 
isolated (Carroll 2007, pp. 1099–1100; 
Johnston et al. 2012, p. 11). Remaining 
lynx populations would likely be 
smaller than at present and, because of 

small population size and increased 
isolation, populations would likely be 
more vulnerable to stochastic 
environmental and demographic events 
(Carroll 2007, pp. 1100–1103). 

Aside from predicted elevational and 
latitudinal shifts in areas currently 
occupied by lynx, we are aware of no 
models that predict specific areas not 
currently of value for lynx that will 
become so as a result of climate-induced 
changes (e.g., Johnston et al. 2012, p. 
11). Therefore, at this time, we find it 
appropriate to designate critical habitat 
for the lynx only in areas occupied by 
the DPS that currently contain the 
physical and biological features 
essential to the conservation of the lynx. 
Although it is not within our authority 
to designate critical habitat in Canada 
(in the event that the range of lynx 
recedes northward out of the contiguous 
United States), the revised critical 
habitat units in this final rule include, 
to the extent practicable and reasonable 
based on habitat potential, higher 
elevation habitats within the range of 
the DPS that would facilitate long-term 
lynx adaptation to an elevational shift in 
habitat should one occur. As climate 
change scenarios and ecosystem 
responses become more regionally 
certain, revisions to critical habitat may 
be necessary to accommodate shifts in 
the range of the essential physical and 
biological features and any 
corresponding shift in the range of lynx 
in the contiguous United States. 

Primary Constituent Elements for 
Canada Lynx 

Under the Act and its implementing 
regulations, we are required to identify 
the physical or biological features 
essential to the conservation of lynx in 
areas occupied at the time of listing, 
focusing on the features’ primary 
constituent elements (PCEs). Primary 
constituent elements are those specific 
elements of the physical or biological 
features that provide for a species’ life- 
history processes and are essential to 
the conservation of the species. 

Based on our current knowledge of 
the physical or biological features and 
habitat characteristics required to 
sustain the species’ life-history 
processes, we determine, as we did in 
the 2009 final critical habitat rule and 
in the 2013 proposed rule, that the PCE 
specific to lynx in the contiguous 
United States is: 

(1) Boreal forest landscapes 
supporting a mosaic of differing 
successional forest stages and 
containing: 

(a) Presence of snowshoe hares and 
their preferred habitat conditions, 
which include dense understories of 
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young trees, shrubs or overhanging 
boughs that protrude above the snow, 
and mature multistoried stands with 
conifer boughs touching the snow 
surface; 

(b) Winter conditions that provide 
and maintain deep fluffy snow for 
extended periods of time; 

(c) Sites for denning that have 
abundant coarse woody debris, such as 
downed trees and root wads; and 

(d) Matrix habitat (e.g., hardwood 
forest, dry forest, non-forest, or other 
habitat types that do not support 
snowshoe hares) that occurs between 
patches of boreal forest in close 
juxtaposition (at the scale of a lynx 
home range) such that lynx are likely to 
travel through such habitat while 
accessing patches of boreal forest within 
a home range. 

With this final designation of critical 
habitat, we have identified the physical 
or biological features essential to the 
conservation of the species, through the 
identification of the appropriate 
quantity and spatial arrangement of the 
features’ PCE sufficient to conserve the 
species. For lynx, the distinction 
between areas that may contain some of 
each of the physical and biological 
features described above and areas that 
have all of the physical and biological 
features, each in adequate quantities 
and spatial arrangements to support 
populations (i.e., contains the PCE), is 
very important for the reasons discussed 
below. 

Many places in the contiguous United 
States have (1) some amount of boreal 
forest supporting a mosaic of 
successional stages, (a) snowshoe hares 
and their habitats, (b) deep, fluffy snow 
for extended periods, (c) denning 
habitat, and (d) other habitat types 
interspersed among boreal forest 
patches, but which do not and cannot 
support lynx populations. That is, not 
all boreal forest landscapes supporting a 
mosaic of differing successional forest 
stages contain the physical and 
biological features essential to lynx in 
adequate quantities and spatial 
arrangements on the landscape to 
support lynx populations over time. 
Lynx may occasionally (even regularly, 
if intermittently) occur temporarily in 
places that do not contain all of the 
elements of the PCE, especially during 
‘‘irruptions’’ of lynx into the northern 
contiguous United States following hare 
population crashes in Canada (as 
described in the proposed rule (78 FR 
59433–59436) and below under Criteria 
Used To Identify Critical Habitat). Other 
areas may contain all the essential 
physical and biological features but in 
quantities and spatial arrangements that 
are inadequate to support lynx over 

time. For example, although evidence of 
lynx reproduction confirms the 
presence of the essential physical and 
biological features, short-term, sporadic, 
or inconsistent reproduction that is 
inadequate to maintain a population 
over time (i.e., where reproduction and 
recruitment are too low to consistently 
offset mortality and emigration over the 
long term) suggests that the quantity or 
spatial arrangement (or both) of one or 
more of the essential features is 
inadequate. These areas do not contain 
the PCE, are likely population ‘‘sinks,’’ 
and as such do not contribute to lynx 
conservation or recovery. 

Special Management Considerations or 
Protection 

When designating critical habitat, we 
assess whether the specific areas within 
the geographical area occupied by the 
species at the time of listing contain 
features that are essential to the 
conservation of the species and which 
may require special management 
considerations or protection. 

In listing the lynx as threatened under 
the Act due to the inadequacy of 
existing regulatory mechanisms to 
ensure the conservation of the DPS, the 
Service recognized the need for special 
management considerations or 
protection for lynx in the contiguous 
United States. The need for specific 
management direction and conservation 
measures for lynx was likewise 
recognized during development of the 
interagency Lynx Conservation 
Assessment and Strategy (LCAS; 
Ruediger et al. 2000, entire). The U.S. 
Forest Service (USFS), Bureau of Land 
Management (BLM), National Park 
Service, and the Service developed the 
LCAS using the best available science at 
the time specifically to provide a 
consistent and effective approach to 
conserve lynx and lynx habitat on 
Federal lands. The overall goals of the 
2000 LCAS were to recommend lynx 
conservation measures, to provide a 
basis for reviewing the adequacy of 
USFS and BLM land and resource 
management plans with regard to lynx 
conservation, and to facilitate 
conferencing and consultation under 
section 7 of the Act. The LCAS 
identified an inclusive list of 17 
potential risk factors for lynx or lynx 
habitat that could be addressed under 
programs, practices, and activities 
within the authority and jurisdiction of 
Federal land management agencies. The 
risks identified in the LCAS were based 
on effects to individual lynx, lynx 
populations, or to lynx habitat. 

With the listing of the lynx DPS in 
2000, Federal agencies across the 
contiguous United States range of the 

lynx consulted with the Service on 
actions that may affect lynx. The LCAS 
assisted Federal agencies in planning 
activities and projects in ways that 
benefit lynx or avoid adverse impacts to 
lynx or lynx habitat. In most cases, if 
projects were designed that failed to 
meet the standards in the LCAS, the 
biologists using the LCAS would arrive 
at an adverse effect determination for 
lynx. The 2000 LCAS used the best 
information available at the time to 
ensure that the appropriate mosaic of 
habitat would be provided for lynx 
conservation on Federal lands. 
Although the LCAS was written 
specifically for Federal lands, many of 
the conservation measures were 
considered equally applicable to non- 
Federal lands. 

Lynx conservation depends on 
management that supports boreal forest 
landscapes of sufficient size to 
encompass the temporal and spatial 
changes in habitat and snowshoe hare 
populations to support interbreeding 
lynx populations over time. At the time 
it was written, the LCAS recommended 
the most appropriate level of 
management or protection for lynx. The 
LCAS conservation measures addressed 
risk factors affecting lynx habitat and 
lynx productivity and were designed to 
be implemented at the scale necessary 
to conserve lynx. This level of 
management is appropriate for Federal 
lands because they account for the 
majority of lynx habitat in the 
contiguous United States (except in 
Maine), and also because the 
inadequacy of regulatory mechanisms to 
conserve lynx on these lands was the 
primary reason we listed the lynx as 
threatened under the Act in 2000. 

After the LCAS was written, research 
on lynx, hares, and their habitats and 
distributions continued throughout the 
range of the DPS. The Service and land 
management agencies recognized that, 
as new scientific information became 
available, it should supplement the 
LCAS and be taken into account by land 
managers. The USFS considered such 
new information when it proposed to 
revise Forest Plans under the Northern 
(U.S. Forest Service 2007, entire) and 
Southern (U.S. Forest Service 2008b, 
entire) Rocky Mountains Lynx 
Amendments. Some of the LCAS 
standards were changed to guidelines 
because the Service determined that 
some risk factors were not negatively 
affecting the lynx DPS as a whole. For 
example, after publication of the LCAS, 
lynx in the contiguous United States 
were shown to use a variety of sites and 
conditions for denning, and den site 
availability is not believed to be a 
limiting factor for lynx in the DPS (U.S. 
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Fish and Wildlife Service 2007, pp. 48– 
49; Interagency Lynx Biology Team 
2013, p. 30). Similarly, after evaluating 
Bunnell et al. (2006, entire) and Kolbe 
et al. (2007, entire), the Service 
determined that the best information 
available did not indicate that 
compacted snow routes increased 
competition from other species to levels 
that adversely impact lynx populations 
in the Northern Rocky Mountain Lynx 
Amendment (NRLA) area (U.S. Fish and 
Wildlife Service 2007, pp. 53–55). Also 
since the LCAS was written, new 
information revealed the importance of 
multistoried stands for lynx in western 
areas (Squires et al. 2006a, p. 15); based 
on this, the USFS adopted a standard in 
the NRLA not identified in the LCAS for 
conserving such stands. 

Federal agencies across most of the 
range of the DPS have amended or 
revised land management plans to 
include specific management direction 
to conserve lynx and lynx habitat 
(Interagency Lynx Biology Team 2013, 
p. 88). This direction was developed in 
accordance with the National Forest 
Management Act of 1976 and the 
regulations that implement the statute 
(36 CFR 219.22), which requires public 
review and comment as part of the 
decisionmaking process. The USFS has 
completed such amendments or 
revisions to Land and Resource 
Management Plans in its Eastern, 
Northern, Rocky Mountain, and 
Intermountain regions. In the Pacific 
Northwest Region, forest plans for 
national forests with lynx habitat are 
currently being revised (Interagency 
Lynx Biology Team 2013, p. 4). 

To address the substantial volume of 
new information on lynx, hares, and 
their habitats and distributions that has 
accumulated from more than a decade 
of continuing research throughout the 
range of the DPS, the LCAS was revised 
in 2013 (Interagency Lynx Biology Team 
2013, entire). The current revision 
synthesizes all the available research 
relevant to lynx, their primary prey, and 
anthropogenic influences on the 
conservation of lynx in the contiguous 
United States. Most USFS Land and 
Resource Management Plans within the 
current range of lynx have been formally 
amended or revised to incorporate lynx 
and hare conservation standards and 
guidelines. Standards and guidelines 
were primarily based on those in the 
2000 LCAS, but many Forests used the 
LCAS to develop goals, objectives, and 
standards and guidelines formulated or 
adapted for specific geographic areas or 
Forest units. Therefore, the Lynx 
Biology Team deemed it appropriate to 
abandon the use of prescriptive 
measures such as those in the 2000 

LCAS because they are no longer 
necessary. Thus, the 2013 revision 
provides recommended conservation 
measures to be considered in project 
planning and implementation and 
which may help inform future 
amendments or revisions of USFS forest 
plans. 

The 2013 LCAS revision presents the 
most current source of such information 
and will continue to inform the special 
management considerations necessary 
for conserving lynx on Federal lands. 
Notably, the 2013 revision concludes 
that recent studies in the contiguous 
United States generally suggest that lynx 
are rarer and more patchily distributed 
in the west and in the Great Lakes 
region, and more abundant in Maine, 
than previously thought (Interagency 
Lynx Biology Team 2013, p. 23). It 
recommends focusing limited 
conservation resources on those ‘‘. . . 
relatively limited areas that support 
persistent lynx populations and have 
evidence of recent reproduction, with 
less stringent protection and greater 
flexibility given in areas that only 
support lynx intermittently’’ 
(Interagency Lynx Biology Team 2013, 
p. 2). 

The LCAS was developed to provide 
a consistent and effective approach to 
conserve lynx on Federal lands in the 
conterminous United States. In northern 
New England, the only place the LCAS 
would apply is on Federal land in the 
White Mountain National Forest. 
However, in northern New England, 
most lynx habitat is on private 
commercial timber lands, and lynx 
populations there occur in extensive 
boreal forest landscapes where large, 
contiguous stands of young, 
regenerating spruce-fir habitat are 
prevalent (due to past clear-cut timber 
harvest) and support high densities of 
snowshoe hares. Although lynx and 
hare habitats were likely created 
historically by natural forest 
disturbances (e.g., fire, insects and 
disease, and windthrow), the current 
extensive habitats in northern Maine are 
the result of large-scale industrial forest 
management. Maintaining lynx 
populations there will require forest 
management practices that produce 
extensive stands supporting high hare 
densities into the future. The Service 
developed Canada Lynx Habitat 
Management Guidelines for Maine 
(McCollough 2007, entire), which 
specify the special management— 
recommendations on land use, forest 
conditions, landscape conditions, and 
silviculture requirements—needed to 
support lynx populations based on the 
best available science (see discussion of 

Healthy Forest Reserve Program under 
Exclusions, below, for further details). 

Four northern Maine landowners with 
collective ownership of approximately 
8.5 percent of occupied lynx habitat 
have developed lynx forest management 
plans through the Natural Resource 
Conservation Service’s Healthy Forest 
Reserve Program. These landowners 
commit to employ the Service’s lynx 
habitat management guidelines 
(McCollough 2007, entire), which 
include greater use of even-aged 
silviculture that creates large patches of 
high-quality hare habitat and landscape 
hare densities that will continue to 
support lynx. All other private lands 
occupied by lynx in Maine currently 
lack specific forest management plans 
for lynx, indicating a continuing need 
for special management considerations 
there. 

Criteria Used To Identify Critical 
Habitat 

As required by section 4(b)(2) of the 
Act, we use the best scientific data 
available to designate critical habitat. In 
accordance with the Act and our 
implementing regulations at 50 CFR 
424.12(b), we review available 
information pertaining to the habitat 
requirements of the species and identify 
occupied areas at the time of listing that 
contain the features essential to the 
conservation of the species. If, after 
identifying currently occupied areas, we 
determine that those areas are 
inadequate to ensure conservation of the 
species, in accordance with the Act and 
our implementing regulations at 50 CFR 
424.12(e), we then consider whether 
additional areas—outside those 
occupied at the time of listing—are 
essential for the conservation of the 
species (i.e., whether the species can 
only be conserved and recovered via the 
designation of additional areas). In this 
final rule, we are designating critical 
habitat only in areas within the 
geographical area occupied by the 
species at the time of listing in 2000 
because we have determined that these 
areas are sufficient for the conservation 
of the lynx DPS and that designating 
areas that were not occupied at the time 
of listing would not address or 
ameliorate the threat for which the DPS 
was listed (the inadequacy, at the time 
of listing, of existing regulatory 
mechanisms). Because designating areas 
not occupied at the time of listing 
would not address the threat for which 
the lynx DPS was listed, doing so would 
not improve the likelihood of recovery 
(the point at which the protections of 
the Act are no longer necessary and 
delisting the DPS would be 
appropriate). Therefore, we have 
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determined that areas outside those 
occupied at the time of listing are not 
essential to the conservation and 
recovery of the lynx DPS (i.e., we do not 
find that the DPS could only be 
conserved and recovered if we were to 
designate areas not occupied at the time 
of listing). 

To determine those specific areas 
occupied by the species at the time it 
was listed on which are found those 
physical or biological features essential 
to the conservation of the species, as 
required by section 3(5)(a)(i) of the Act, 
we reviewed the approach to the 
conservation of the lynx provided in the 
LCAS (Ruediger et al. 2000, entire; 
Interagency Lynx Biology Team 2013, 
entire); the recovery outline (U.S. Fish 
and Wildlife Service 2005, entire); 
information from State, Federal and 
Tribal agencies; and information from 
academia and private organizations that 
have collected scientific data on lynx. 
We reviewed available information that 
pertains to the habitat requirements of 
lynx and its principal prey, the 
snowshoe hare. This information 
included data in reports submitted by 
researchers holding recovery permits 
under section 10(a)(1)(A) of the Act; 
research published in peer-reviewed 
articles or presented in academic theses; 
agency reports and unpublished data; 
and various Geographic Information 
System (GIS) coverages (e.g., land-cover 
type information, land ownership 
information, snow depth information, 
topographic information, locations of 
lynx obtained from radio- or GPS-collars 
and locations of lynx confirmed via 
DNA analysis or other verified records). 

In designating critical habitat for the 
lynx, we used the best scientific data 
available to identify areas that possess 
appropriate quantities and spatial 
arrangements of the physical and 
biological features essential to the 
conservation of the DPS and that may 
require special management 
considerations or protection. In 
identifying areas as critical habitat, we 
first conducted a two-part analysis: (1) 
We relied on information used during 
listing of the species, and any available 
newer information, to delineate the 
geographic area occupied by the species 
at the time of listing, and (2) we used 
the best available scientific information 
to determine which occupied areas 
contain the physical and biological 
features in adequate quantities and 
spatial arrangements to support lynx 
populations over time, thus 
demonstrating that they are essential to 
the conservation of the lynx. 

To delineate critical habitat for lynx, 
we must be able to distinguish across 
the extensive range of the species in the 

contiguous United States, areas that 
contain all essential physical and 
biological features in adequate quantity 
and spatial arrangement to support lynx 
populations over time (areas with the 
PCE, as described above under ‘‘Primary 
Constituent Element for Canada Lynx’’) 
from other areas that may contain some 
or all of the features but in inadequate 
quantities and/or spatial arrangements 
of one or more feature (and which, 
therefore, by definition do not contain 
the PCE). However, the scientific 
literature does not confer precisely what 
quantities and spatial arrangements of 
the physical and biological features are 
needed to support lynx populations 
throughout the range of the DPS. We 
lack range-wide site-specific 
information or tools that would allow us 
to analyze boreal forests across much of 
the range of the DPS and determine 
which specific areas contain the spatial 
and temporal mosaic of habitats and 
hare densities that lynx populations 
need to persist. 

Delineating critical habitat for lynx is 
complicated by a number of factors 
related to (1) the animals’ biology and 
population dynamics; (2) the biology 
and population dynamics of its primary 
prey, the snowshoe hare; (3) the 
patchily distributed, temporally and 
spatially dynamic successional habitat 
features that shift continually across 
landscapes, and which drive 
populations of both lynx and hares at 
the southern peripheries of both species’ 
ranges; (4) our imperfect understanding 
of the above factors; and (5) the 
resulting difficulty in determining with 
certainty and quantifying which specific 
habitat features, in what specific 
amounts and spatial and temporal 
arrangements, are necessary to provide 
the boreal forest mosaic essential to lynx 
conservation. The task is further 
complicated by an imperfect historical 
record of lynx occurrence in the 
contiguous United States. Finally (but 
importantly), the differences between 
areas capable of supporting lynx 
populations over time and other areas 
that look like they should, but do not, 
are often subtle and cannot be 
distinguished over broad areas using 
traditional vegetation/habitat mapping, 
remote sensing (aerial photos, satellite 
data), or available habitat modeling 
techniques (e.g., see Ivan 2011a, p. 27). 

As described in the Distribution and 
Biology sections of the proposed rule (78 
FR 59433–59436), lynx populations 
throughout most of their range are 
irruptive. In central Canada where they 
inhabit a large, relatively homogenous 
boreal forest landscape, lynx respond 
quickly to cyclic fluctuations in hare 
populations. When hares are abundant, 

lynx respond with increased 
productivity and survival and, therefore, 
increased population sizes (Slough and 
Mowat 1996, pp. 955–956; Mowat et al. 
2000, pp. 266, 272). Typically, after hare 
numbers peak, they begin to decline 
rapidly and dramatically, forcing large 
numbers of lynx to disperse—to 
abandon home ranges in areas with 
dwindling prey bases no longer capable 
of supporting the large number of lynx 
that resulted from the earlier prey 
abundance (Slough and Mowat 1996, 
pp. 956–957; Mowat et al. 2000, pp. 
291–294). These periodic mass dispersal 
events (irruptions) appear to start at the 
core of the species’ range in Canada and 
radiate outward (McKelvey et al. 2000a, 
p. 239). At the southern periphery of the 
lynx’s range, these events sometimes 
result in large numbers of lynx 
dispersing into a variety of habitats in 
some areas of the northern contiguous 
United States in search of adequate food 
resources (Thiel 1987, entire; McKelvey 
et al. 2000a, pp. 239–242). Some of 
these dispersing lynx survive and 
reestablish home ranges elsewhere, but 
many die en route, often soon after 
initiating dispersal (Mowat et al. 2000, 
p. 293), and some appear to remain 
temporarily in areas not capable of 
supporting all of their life-history needs 
over time (Thiel 1987, entire). 

Canadian populations of lynx have 
historically been the most reliable 
source for lynx populations in many 
areas of the contiguous United States, 
tending to replenish them within the 
DPS about every 10 years as the lynx/ 
hare cycle ebbs and flows (McKelvey et 
al. 2000a, entire). These events can be 
pictured as a ‘‘wave’’ of lynx that 
occasionally washes over many of the 
northern tier of States. Over time the 
wave recedes, leaving remnant lynx 
populations or ‘‘puddles’’ of lynx in a 
variety of habitats. These puddles of 
lynx shrink over time as many lynx 
perish in inhospitable habitats or 
disperse elsewhere in search of 
adequate hare densities. When these 
waves recede, lynx may disappear 
abruptly from areas of unsuitable habitat 
or more gradually from suboptimal or 
marginal habitats. 

In both cases, lynx perish in or leave 
many of the places where they occurred 
temporarily because the habitats in such 
places, due to insufficient prey densities 
or inadequacy of one or more other 
physical or biological features, are 
incapable of supporting them over time. 
In a few places in the northern 
contiguous United States, in landscapes 
with relatively high snowshoe hare 
densities and adequate quantities and 
spatial arrangements of other essential 
physical and biological features, the 
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puddles tend to persist. It is these 
remnant ‘‘puddle’’ areas that 
demonstrate the capacity to support 
lynx population resiliency—the ability 
of lynx to persist through lows in their 
own populations and those of their 
primary prey—that we have determined 
are essential to conservation of the 
contiguous United States lynx DPS. 

In terms of lynx conservation, it is 
important to distinguish between areas 
that support lynx populations over time 
(the lasting ‘‘puddles’’) and areas in 
which lynx may occasionally and 
temporarily (even if somewhat 
regularly) occur during and for some 
time after population irruptions (the 
temporary or shrinking ‘‘puddles’’). The 
former are likely ‘‘source’’ 
subpopulations within the lynx 
metapopulation. In addition to their 
ability to persist through lows in hare 
and lynx numbers, those areas, during 
times of hare abundance, produce 
excess lynx that may either 
subsequently bolster the local 
population or disperse into adjacent 
areas, should habitats and hare numbers 
in those areas become favorable. The 
latter areas are likely ‘‘sinks’’—places 
where lynx may occasionally occur 
temporarily but where reproduction and 
recruitment, if any occur at all, are 
unlikely to offset mortality. Such areas 
do not support lynx over time or 
produce excess lynx and, therefore, do 
not contribute to the health and stability 
of the metapopulation. 

Lynx are wide-ranging animals that 
regularly make long-distance 
movements through both suitable and 
unsuitable habitats. They also are 
habitat and prey specialists, inferring 
natural selection pressures favoring the 
ability to identify, locate, and occupy 
habitats conducive to survival and 
reproduction. The historic record shows 
that lynx occurred only occasionally in 
some parts of the southern periphery of 
its range in the contiguous United States 
during and for variable lag times after 
the wave-like population irruptions 
described above, with long periods of 
apparently complete absence between 
irruptions (McKelvey et al. 2000a, 
entire). This finding suggests that lynx 
dispersing from areas where hare 
numbers were declining arrived at many 
such places looking for but not finding 
the physical and biological features they 
needed to survive over the long term 
(Mowat et al. 2000, p. 293). 
Additionally, lynx were listed under the 
Act because regulatory mechanisms at 
the time were deemed inadequate to 
conserve lynx habitats in the places they 
did occur, not because of any 
documented population decline, range 
contraction, or large-scale habitat loss in 

the contiguous United States (65 FR 
16052, 68 FR 40076). For the reasons 
given above, we conclude it is unlikely 
that there are areas within the DPS 
range that contain the PCE (i.e., 
adequate quantity and spatial 
arrangement of all essential physical 
and biological features) that lynx have 
been unable to locate and occupy. Based 
on surveys both within and outside of 
designated critical habitat and in many 
of the secondary areas defined in the 
recovery outline, and on responses from 
peer reviewers and discussions with 
other lynx researchers, we also conclude 
that it is very unlikely that there are 
other resident lynx populations within 
the range of the DPS that have remained 
undetected. 

Finally, the Act indicates that the 
function of critical habitat is to provide 
for the recovery of the species. We 
designate critical habitat in areas that 
contain, based on our assessment of the 
best data available to us, the physical 
and biological features in the 
appropriate quantities and spatial 
arrangements (the PCE), to provide for 
the conservation of the species. For 
some species, critical habitat may 
include unoccupied areas if the 
currently occupied areas are not 
sufficient to recover the species. For 
other species, critical habitat may be a 
subset of the occupied areas, if the 
occupied areas have differences in 
quality that relate to their ability to 
contribute meaningfully to recovery of 
the species. The Act does not require 
that we designate critical habitat in 
every area that has some components or 
some amount of the PCE, nor does it 
require that we demonstrate that all 
other areas lack the PCE. We make these 
determinations on a case-by-case basis 
based upon the best information 
available as to what the species needs 
for recovery. 

By specifically allowing revisions to 
critical habitat designations if and when 
new information becomes available, the 
Act recognizes the potential limitations 
of the best available information at any 
point in time. For lynx, we have 
determined that not all areas where lynx 
occasionally occur are necessary for 
recovery. We believe that lynx recovery 
in the contiguous United States can be 
accomplished by conserving high- 
quality habitat occupied by naturally 
resident lynx populations across the 
range of the DPS, and addressing the 
threats to lynx in those areas. 

In summary, lynx have a 
demonstrated ability to disperse large 
distances in search of favorable habitats. 
Further, natural selection theory implies 
the ability of lynx to locate and occupy 
areas conducive to their survival and 

population viability. Nonetheless, due 
to inherent swings in densities of their 
primary prey, lynx regularly occur 
temporarily in habitats that are not 
capable of supporting populations over 
time, usually during irruptions after 
cyclic hare population crashes in 
Canada. In designating critical habitat 
for lynx, it is essential to distinguish 
between areas capable of supporting 
populations over time (areas with all 
essential physical and biological 
features in adequate quantities and 
spatial arrangements and which, 
therefore, demonstrably contain the 
PCE) and areas that may have some or 
all of the features but with inadequate 
quantities and/or spatial arrangements 
of one or more of them (and which, 
therefore, do not contain the PCE). 
Exactly how much of each of the 
physical and biological features must be 
present and specifically how each must 
be spatially arranged within boreal 
forest landscapes to support lynx 
populations over time is unknown. 

In the absence of site-specific 
information, we do not have tools or 
techniques (e.g., remote sensing or 
vegetation mapping technologies of 
adequate resolution) that would allow 
us to distinguish across broad 
landscapes throughout all of the range 
of the DPS between those areas that 
contain the PCE and other areas that 
contain the physical and biological 
features but in inadequate quantity and/ 
or spatial arrangement. Nonetheless, we 
use the best available information to 
identify where the physical and 
biological features occur in adequate 
quantity and spatial arrangement to 
provide for the conservation of the 
species. Within this context, we 
developed the strategy described below 
for identifying, delineating, and 
designating critical habitat for the 
contiguous United States DPS of the 
Canada lynx. 

The focus of our strategy in 
considering lands for designation as 
critical habitat is on boreal forest 
landscapes of sufficient size to 
encompass the temporal and spatial 
changes in habitat and snowshoe hare 
populations to support interbreeding 
lynx populations over time. These 
factors are included in the PCE for lynx. 
As defined in the recovery outline, areas 
that meet these criteria and have recent 
evidence of reproduction are considered 
‘‘core areas’’ for lynx (U.S. Fish and 
Wildlife Service 2005, pp. 3–4). 
However, we do not consider 
reproduction as a proxy for the PCE in 
this final rule. 

In determining the geographic area 
occupied by the species at the time of 
listing, we used data providing verified 
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evidence of lynx occurrence. We 
eliminated areas from consideration in 
two ways: (1) areas outside the known 
historical range and (2) data older than 
1995 were not considered valid to our 
assessment of areas occupied by lynx 
populations at the time of listing. We 
used data on the known historical range 
of the lynx (e.g., McKelvey et al. 2000a, 
pp. 207–232; Hoving et al. 2003, entire) 
to eliminate areas outside the historical 
range of the species. 

We then focused on records since 
1995 to ensure that this critical habitat 
designation is based on the data that 
most closely represent the current status 
of lynx in the contiguous United States 
and the geographical area known to be 
occupied by the species at the time of 
listing. Although the average lifespan of 
a wild lynx is not known, we assumed 
that a lynx born in 1995 could have 
been alive in 2000 or 2003, when the 
final listing rule and the clarification of 
findings were published. Data after 1995 
were considered a valid indicator of 
occupancy at the time of listing. Recent 
verified lynx occurrence records were 
provided by Federal research entities, 
State wildlife agencies, academic 
researchers, Tribes, and private 
individuals or organizations. 

We used only verified lynx records, 
because we wanted to rely on the best 
available data to evaluate specific areas 
and their features for critical habitat 
designation. The reliability of lynx 
occurrence reports can be questionable 
because the bobcat, a common species 
in much of the range of the lynx DPS, 
can easily be confused with the lynx. 
Additionally, many surveys are 
conducted by snow tracking in which 
correct identification of tracks can be 
difficult because of variable conditions 
affecting the quality of the track and 
variable expertise of the tracker. Our 
definition of a verified lynx record is 
based on McKelvey et al. (2000a, p. 
209): (1) an animal (live or dead) in 
hand or observed closely by a person 
knowledgeable in lynx identification, 
(2) genetic (DNA) confirmation, (3) 
snow tracks only when confirmed by 
genetic analysis (e.g., McKelvey et al. 
2006, entire), or (4) location data from 
radio or GPS-collared lynx. 
Documentation of lynx reproduction 
consists of lynx kittens in hand, or 
observed with the mother by someone 
knowledgeable in lynx identification, or 
snow tracks demonstrating family 
groups traveling together, as identified 
by a person highly knowledgeable in 
identification of carnivore tracks. 
However, we made an exception and 
accepted snow track data from Maine, 
New Hampshire, and Vermont because 
of the stringent protocols, the 

confirmation of lynx tracks by trained, 
highly qualified biologists, and the 
absence of species in the area with 
tracks that could be easily misidentified 
as lynx (Maine Dept. of Inland Fisheries 
and Wildlife 2003, entire). 

To define critical habitat according to 
section 3(5)(A) of the Act, we then 
delineated, within the geographical area 
occupied by the species at the time of 
listing, areas containing physical and 
biological features essential to the 
conservation of the lynx. The adequacy 
of the quantities and spatial 
arrangements of the physical and 
biological features (as defined above) 
essential to the conservation of the DPS 
is informed by the recovery outline for 
the species (as discussed below), the 
nature of the threats in a particular 
geographic area, and the conservation 
needs for the species in a particular 
geographic area. 

In the North Cascades and Northern 
Rockies, the features essential to the 
conservation of lynx, the majority of 
lynx records, and the boreal forest types 
are typically, though not always, found 
above 4,000 ft (1,219 m) in elevation 
(McKelvey et al. 2000b, pp. 243–245; 
McAllister et al. 2000, entire). Thus, we 
limited the delineation of critical habitat 
to lands above this elevation unless we 
had habitat data indicating that high- 
quality habitat exists below this 
elevation. Additionally, in the North 
Cascades, features essential to the 
conservation of the lynx and the 
majority of the lynx records occur east 
of the crest of the Cascade Mountains. 

Application of the Criteria to the 
Southern Rocky Mountains and Certain 
National Forests in Idaho and Montana 

As described above under Previous 
Federal Actions, the District Court for 
the District of Montana found several 
flaws with our 2009 critical habitat 
designation for lynx. The following 
section discusses the issues raised by 
the court. 

Colorado and the Southern Rocky 
Mountains 

The Montana District Court found, 
among other things, that we failed in 
our 2009 designation to determine 
whether ‘‘areas occupied by lynx in 
Colorado possess the physical and 
biological features essential to the 
conservation of the species.’’ 

In the recovery outline, we defined 
six core areas for lynx as those having 
both persistent verified records of lynx 
occurrence over time and recent 
evidence of reproduction (U.S. Fish and 
Wildlife Service 2005, pp. 3–5, 20–21). 
We also defined the Southern Rocky 
Mountains of Colorado and southern 

Wyoming (which both lack persistent 
verified records of lynx occurrence over 
time) as a ‘‘provisional’’ core area 
because it contained an introduced lynx 
population that had demonstrated 
reproduction (U.S. Fish and Wildlife 
Service 2005, p. 4). ‘‘Provisional’’ 
means: ‘‘accepted or adopted 
tentatively; conditional; or temporary.’’ 
In our 2009 critical habitat designation, 
after careful evaluation of the historic 
record of verified lynx occurrence in 
Colorado and the Southern Rockies, we 
determined that there was no 
compelling evidence that the area had 
ever supported lynx populations over 
time and that, therefore, it did not likely 
contain the PCE and did not meet our 
criteria for designating critical habitat 
(74 FR 8641). 

For reasons that are described in more 
detail below (also see our responses to 
comments (10), (11), and (23), above), 
the available data do not support that 
Colorado and the Southern Rockies 
contain the physical and biological 
features essential to lynx in adequate 
quantity and spatial arrangement to 
support lynx populations over time, and 
we provide what evidence is available 
to determine whether the area, or any 
parts of it, contain the PCE. 

In 1999, just prior to lynx being listed 
under the Act, the Colorado Division of 
Wildlife (now Colorado Parks and 
Wildlife (CPW)) began an intensive 
effort to establish a lynx population in 
Colorado, eventually releasing 218 wild- 
caught Alaskan and Canadian lynx from 
1999 to 2006 (Devineau et al. 2010, p. 
524). At least 122 (56 percent) of the 
introduced lynx died by June of 2010 
(Shenk 2010, pp. 1, 5), but others 
survived and established home ranges 
in Colorado, produced kittens in some 
years, and now are distributed 
throughout forested areas of western 
Colorado. Some lynx from this 
introduced population have also 
traveled into northern New Mexico, 
eastern Utah, and southern and western 
Wyoming, though no reproduction 
outside of Colorado has been 
documented by these dispersers. 

The CPW has determined the lynx 
introduction effort to be a success based 
on attainment of several benchmarks 
(e.g., high post-release survival, low 
adult mortality rates, successful 
reproduction, recruitment equal to or 
greater than mortality over time; Ivan 
2011a, p. 21 and 2011b, p. 11), but 
acknowledges that the future 
persistence of the population is 
uncertain and hinges on the assumption 
that patterns of annual reproduction and 
survival observed as of 2010 repeat 
themselves during the next 20 or more 
years (Shenk 2008, p. 16; Shenk 2010, 
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pp. 2, 5–6, 11). However, CPW has 
discontinued the intensive monitoring 
necessary to determine if these patterns 
of reproduction and survival will persist 
over that time (Colorado Parks and 
Wildlife 2012, p. 1), instead embarking 
on a passive monitoring program to 
detect lynx presence (Ivan 2011c, 
entire). 

Although parts of Colorado and the 
Southern Rocky Mountains clearly 
contain some (perhaps all) of the 
physical and biological features lynx 
need, available evidence does not 
indicate that the area, or any parts of it, 
contain the features in the quantity and 
spatial arrangement necessary to 
provide for the conservation of the 
species. That is, the PCE is the elements 
of the PBFs in adequate quantity and 
spatial arrangement on a landscape 
scale. Some areas may contain some 
amounts of all the PBFs, but with one 
or more in inadequate quantity and/or 
spatial arrangement and, therefore, does 
not contain the PCE. The Southern 
Rocky Mountains (western Colorado, 
northern New Mexico, and southern 
Wyoming) are on the southern limit of 
the species’ range and contain marginal 
lynx habitat (74 FR 8619), are disjunct 
from lynx habitats in the United States 
and Canada (McKelvey et al. 2000a, p. 
230; 68 FR 40090; Devineau et al. 2010, 
p. 525; Interagency Lynx Biology Team 
2013, pp. 50, 54), and have patchily 
distributed habitat that limits snowshoe 
hare abundance (Interagency Lynx 
Biology team 2013, p. 54). Snowshoe 
hares and their preferred habitats are 
described above as part of the PCE. The 
nearest lynx population occurs in the 
Greater Yellowstone Area, which 
supports a small, low-density 
population also disjunct from other lynx 
populations and which is unlikely to 
regularly supply dispersing lynx to the 
Southern Rockies. We previously 
determined that the Southern Rockies’ 
distance and isolation from other lynx 
populations and habitats substantially 
reduce the potential for lynx from 
northern populations to naturally 
augment or colonize the area, that the 
immigration necessary to maintain a 
local lynx population is, therefore, 
naturally precluded, and that the 
contribution of the Southern Rockies to 
the persistence of lynx in the contiguous 
United States is presumably minimal 
(68 FR 40100–40101). 

Dolbeer and Clark (1975, p. 539) 
estimated 0.30 hares per ac (0.73 hares 
per ha) on their study area in Summit 
County in central Colorado. Reed et al. 
(1999, unpublished, as cited by Hodges 
(2000, p. 185)) reported hare densities in 
Colorado ranging from 0.02 to 0.19 hares 
per ac (0.05 to 0.46 hares per ha). In 

areas used by introduced lynx in west- 
central Colorado, Zahratka and Shenk 
(2008, pp. 906, 910) reported hare 
densities that ranged from 0.03 to 0.5 
hares per ac (0.08 to 1.32 hares per ha) 
in mature Engelmann spruce-subalpine 
fir stands and from 0.02 to 0.14 hares 
per ac (0.06 to 0.34 hares per ha) in 
mature lodgepole pine stands. The 
authors cautioned against comparing 
their results to other hare density 
estimates, as their use of the ‘‘mean 
maximum distance moved’’ method 
may have underestimated effective area 
trapped (Zahratka and Shenk 2008, p. 
911), potentially resulting in 
overestimates of hare density. 

In ‘‘purportedly good’’ hare habitat 
also in west-central Colorado in the area 
used by introduced lynx, Ivan (2011b, 
pp. iv–v, 71, 92) estimated summer hare 
densities of 0.08 to 0.27 hares per ac (0.2 
to 0.66 hares per ha) in stands of 
‘‘small’’ lodgepole pine, 0.004 to 0.01 
hares per ac (0.01 to 0.03 hares per ha) 
in ‘‘medium’’ lodgepole pine, and 0.004 
to 0.1 hares per ac (0.01 to 0.26 hares 
per ha) in spruce-fir stands. The author 
reported that hare densities were less 
than 0.4 hares per ac (<1.0 hare per ha) 
in all stand types and all seasons and, 
in most cases, were less than 0.12 hares 
per ac (0.3 hares per ha), and no 
combination of survival and recruitment 
estimates from any stand type in any 
year would result in a self-sustaining 
hare population, though hare 
recruitment may have been 
underestimated (Ivan 2011b, pp. 95, 99). 

Ruggiero et al. (2000, pp. 446–447) 
concluded that a snowshoe hare density 
greater than 0.2 hares per ac (0.5 hares 
per ha) may be necessary for lynx 
persistence. Steury and Murray (2004, 
pp. 127, 137) modeled lynx and hare 
populations and determined that a hare 
density of 0.4–0.7 hares per ac (1.1–1.8 
hares per ha) would be needed for 
persistence of lynx translocated (i.e., 
introduced or reintroduced) to the 
southern portion of the species’ range. 
Most hare density estimates for 
Colorado are well below those thought 
necessary to support an introduced lynx 
population over time (Steury and 
Murray 2004, entire), and many, even 
from areas considered ‘‘good’’ hare 
habitat, are lower than the density 
Ruggiero et al. (2000, pp. 446–447) 
considered necessary for lynx 
persistence. The generally low hare 
densities reported in most cases in what 
is considered good hare habitat in 
western Colorado and the very large 
home ranges (181 mi2 (470 km2) for 
females and 106 mi2 (273 km2) for 
males) reported by Shenk (2008, pp. 1, 
10) suggest that even the best potential 
lynx habitat in the Southern Rocky 

Mountains is marginal and unlikely to 
support lynx populations over time. 

Some of the lynx introduced into 
Colorado have dispersed into 
mountainous areas of northern New 
Mexico, which contain relatively small 
and fragmented areas of similar high- 
elevation spruce/fir and cold mixed- 
conifer habitats (U.S. Forest Service 
2009, pp. 5–10). No evidence exists that 
lynx occupied these or any other areas 
of New Mexico historically, and habitats 
in New Mexico are thought to be 
incapable of supporting a self-sustaining 
lynx population (U.S. Forest Service 
2009, pp. 2, 10, 16–17). In addition, the 
lack of connectivity with northern lynx 
populations (McKelvey et al. 2000a, p. 
230; Devineau et al. 2010, p. 525; 
Interagency Lynx Biology Team 2013, 
pp. 50, 54), which is considered 
necessary for the maintenance and 
conservation of lynx populations in the 
contiguous United States (Interagency 
Lynx Biology Team 2013, pp. 42, 47, 54, 
60, 65), further suggests that lynx in the 
Southern Rockies, in the absence of 
continued translocations or 
introductions of lynx, are unlikely to 
receive the demographic and genetic 
exchange needed to maintain lynx 
populations over time. 

For these reasons, the Service has 
determined that the Southern Rocky 
Mountains likely do not possess the 
physical and biological features 
essential to lynx in sufficient quantity 
and spatial arrangement to sustain lynx 
populations over time. Therefore, we 
find that the habitat in Colorado and 
elsewhere in the Southern Rocky 
Mountains does not contain the PCE, is 
not essential for the conservation of the 
lynx DPS, and we are not designating 
critical habitat for the lynx DPS in the 
Southern Rockies. 

We acknowledge the efforts by the 
CPW and recognize that wildlife 
introductions are, by their nature, 
experiments whose fates are uncertain. 
However, it is always our goal for such 
efforts to be successful and, where 
possible, contribute to recovery of listed 
species. If Colorado’s introduction effort 
is successful (i.e., if recruitment equals 
or exceeds combined mortality and 
emigration over the next 20 years 
(Shenk 2010, pp. 2, 5–6, 11)), it could 
contribute to recovery by providing an 
additional buffer against threats to the 
DPS. The potential contribution of 
Colorado to lynx recovery does not 
mean, however, that the habitat there is 
essential for the conservation of the 
DPS. In other words, the lynx 
population in Colorado is beneficial, but 
not essential, for recovery. 
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National Forests in Idaho and Montana 

The Montana District Court ordered 
the Service to determine specifically 
whether lands in the Clearwater and 
Nez Perce National Forests in Idaho, the 
Bitterroot National Forest in Idaho and 
Montana, the Beaverhead-Deerlodge 
National Forest in Montana, and 
additional parts of the Helena and Lolo 
National Forests (outside the areas 
currently designated) in Montana 
contain the physical and biological 
features essential for the conservation of 
the DPS. Although each of these areas 
clearly contain some (and perhaps all) 
of the physical and biological features 
lynx need, for the reasons discussed 
below, we find no evidence that any of 
the areas contain the elements in 
adequate quantity and spatial 
arrangement to provide for the 
conservation of lynx. We provide 
evidence, where available, that these 
areas were likely not occupied by lynx 
at the time of listing and are not 
currently occupied by lynx populations, 
and we summarize relevant survey 
results, all of which indicate that lynx 
do not occupy these areas or that the 
areas are lacking in either quantity or 
spatial arrangement (or both) of one or 
more of the essential features. We have 
determined that these areas do not 
contain the PCE, are not essential to the 
conservation of the lynx, and do not 
meet the definition of critical habitat. 
Therefore, based on the information 
summarized below, we have not 
included these National Forest lands in 
this final critical habitat designation. 

In the recovery outline, the Service 
classified these areas (outside the 
portions of the Helena and Lolo 
National Forests designated as critical 
habitat) as ‘‘secondary areas’’ because 
they lack evidence of lynx reproduction 
(U.S. Fish and Wildlife Service 2005, 
pp. 4, 21). As described in detail below, 
recent surveys for lynx conducted in 
accordance with established and 
accepted protocols in many of these 
areas have failed to detect lynx 
presence, and the available evidence 
suggests these areas occasionally may 
provide temporary habitat for transient 
lynx dispersing from established lynx 
populations in the Northern Rocky 
Mountains of Canada, Idaho, and 
Montana, but that they likely do not 
contain all essential physical and 
biological features in adequate quantity 
or spatial arrangement to support lynx 
populations over time. 

There is no evidence that the 
Beaverhead-Deerlodge, Bitterroot, and 
Nez Perce National Forests were 
occupied by lynx at the time of listing, 
or that they are currently occupied by 

lynx populations. To date, surveys on 
these National Forests, which have been 
conducted according to established 
protocols, have failed to detect presence 
of any individual lynx, and they provide 
no indication of the presence of lynx 
populations. Surveys described below 
were conducted according to National 
Lynx Survey (McKelvey et al. 1999b, 
entire), and winter snow-tracking survey 
(Squires et al. 2004b, entire) protocols. 
Snow-tracking surveys in particular, 
when conducted strictly according to 
appropriate protocols by experienced 
surveyors, which often results in 
collection of DNA and genetic 
verification of species identity, are 
highly effective at detecting lynx, even 
when only a few animals inhabit the 
survey area (Ulizio et al. 2007, p. 5; 
Squires et al. 2012, pp. 215, 219–222). 

On the Beaverhead-Deerlodge 
National Forest, National Lynx Survey 
efforts in 1999–2001 detected no lynx 
(U.S. Forest Service 2002a, entire and 
2002b, entire). During 2001–2005, in 
surveys designed to detect presence of 
lynx and wolverines, 11,220 mi (17,950 
km) of winter snow-tracking surveys 
and trap route checks in the Anaconda- 
Pintler, Beaverhead, Flint Creek and 
Pioneer mountain ranges on the 
Beaverhead-Deerlodge National Forest 
detected only a single ‘‘putative’’ lynx 
track, and no verified tracks (Squires et 
al. 2003, p. 4; Squires et al. 2006b, p. 
15). Additional recent snow tracking 
surveys (Berg 2009, entire) also failed to 
detect any lynx, and the author 
concluded that, although some pockets 
of habitat appeared to support high 
densities of snowshoe hares, ‘‘[m]ost of 
the [Beaverhead-Deerlodge National 
Forest] was and appeared to be dry 
lodgepole pine, which likely is not good 
lynx habitat . . .’’ (Berg 2009, p. 20). 

During May and June of 2009, hair 
snares (642 snare-nights) and remote 
cameras (319 camera-nights) deployed 
in the Boulder, Flint Creek, and Pioneer 
mountain ranges also failed to detect 
any lynx (Porco 2009, entire). 
Additional hair snare surveys in 
summer 2012 similarly failed to detect 
lynx (Pilgrim and Schwartz 2013, entire; 
U.S. Forest Service 2013c, entire). 
Snow-tracking surveys designed to 
detect presence of multiple forest 
carnivores, including lynx, conducted 
by the Idaho Department of Fish and 
Game from 2004 to 2006 detected no 
lynx in the Beaverhead Mountains 
Section, just west of the Beaverhead- 
Deerlodge National Forest (Patton 2006, 
pp. 20–21, Table 11). We conclude that 
the rigorous efforts described above 
collectively provide strong indication 
that lynx do not occupy the Beaverhead- 
Deerlodge National Forest, and that the 

habitat quality and hare densities 
appear, based on the best available 
information, to be inadequate to support 
lynx. We find no scientific evidence that 
this area contains the physical and 
biological features essential to lynx in 
adequate quantity and spatial 
arrangement. Therefore, it does not 
contain the PCE and is not essential for 
the conservation of the lynx DPS. 

On the Bitterroot National Forest, 
National Lynx Survey efforts in 2000– 
2002 and 2010–2011 detected no lynx 
(U.S. Forest Service 2000, entire, 2002c, 
entire, 2003a, entire, 2003b, entire; 
Pilgrim 2010, entire; Shortsleeve 2013, 
pers. comm.). Snow-tracking surveys 
designed to detect presence of multiple 
forest carnivores, including lynx, 
conducted by the Idaho Department of 
Fish and Game from 2004 to 2006 
detected no lynx in the Bitterroot 
Mountains Section (Patton 2006, pp. 
20–21, Table 11). Additionally, among 
223 vegetation plots sampled in 2010– 
2012 on the Forest, only 30 (16.1%) met 
minimum horizontal cover standards for 
snowshoe hare/lynx habitat (U.S. Forest 
Service 2012, unpublished data). Based 
on the information above, we conclude 
that lynx do not occupy the Bitterroot 
National Forest, and that the habitat 
quality and hare densities appear, based 
on the best available information, to be 
inadequate to support lynx. We find no 
scientific evidence that this area 
contains the physical and biological 
features essential to lynx in adequate 
quantity and spatial arrangement. 
Therefore, it does not contain the PCE 
and is not essential for the conservation 
of the lynx DPS. 

On the Nez Perce National Forest, 
winter snow-tracking surveys covering 
448 mi (721 km) in 2007 did not detect 
any lynx (Ulizio et al. 2007, entire). The 
authors concluded that (1) these surveys 
very likely would have detected the 
presence of a lynx population if one 
occurred on the Forest, (2) that the 
failure to detect lynx suggests that a 
lynx population does not inhabit the 
surveyed portion of the Forest, and (3) 
‘‘[h]istorical sightings . . . may be the 
result of transient lynx moving through 
the forest, but the infrequency of such 
reports suggests lynx are incidental to 
the area’’ (Ulizio et al. 2007, p. 5). 
Neither a partial hare-snare survey 
conducted in 2008 (though at fewer 
stations than recommended by the 
protocol) nor a partial snow-tracking 
survey conducted in 2009 (also less 
extensive than protocol) detected 
presence of lynx on the Forest. Snow- 
tracking surveys conducted according to 
established protocols and covering 553 
mi (890 km) of forest roads were 
completed in 2013; these surveys also 
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failed to detect presence of any lynx on 
the Nez Perce National Forest (U.S. 
Forest Service 2013d, pp. 3–7). Snow- 
tracking surveys designed to detect 
presence of multiple forest carnivores, 
including lynx, conducted by the Idaho 
Department of Fish and Game from 2004 
to 2006 detected no lynx in the 
Clearwater Region, including parts of 
the Nez Perce National Forest (Patton 
2006, p. 9, Table 2). Based on the 
information above, we conclude that 
lynx do not occupy the Nez Perce 
National Forest, and that the habitat 
quality and hare densities appear, based 
on the best available information, to be 
inadequate to support lynx. We find no 
scientific evidence that this area 
contains the physical and biological 
features essential to lynx in adequate 
quantity and spatial arrangement. 
Therefore, it does not contain the PCE 
and is not essential for the conservation 
of the lynx DPS. 

The paucity of verified historical 
records of lynx occurrence in these 
three National Forests, and the absence 
of recent verified records, despite 
numerous surveys designed to detect 
lynx presence and described in the 
preceding paragraphs, suggest these 
areas may rarely and temporarily 
support transient dispersing lynx 
(McKelvey et al. 2000a, pp. 224–227; 
Ulizio et al. 2007, p. 5). Based on these 
surveys, historical records of lynx 
occurrence, the vegetation sampling 
data described above (U.S. Forest 
Service 2012, unpublished data), and 
expert opinion on habitat quality 
described above (Ulizio et al. 2007, p. 
5), the Service has determined that 
habitats on these three National Forests 
are not occupied by lynx populations 
and do not contain the essential 
physical and biological features in 
appropriate quantity and spatial 
arrangement to support lynx over time. 
We have determined that these areas do 
not contain the PCE, do not meet the 
definition of critical habitat, and are not 
essential to the conservation of the lynx 
DPS. Therefore, we have not included 
the Bitterroot, Beaverhead-Deerlodge, 
and Nez Perce National Forests within 
this final critical habitat designation. 

We recognize that all of the 
Clearwater and Lolo National Forests, 
and parts of the Helena National Forest 
(except for the disjunct Big Belt and 
Elkhorn mountain ranges) are 
considered ‘‘occupied’’ by lynx for 
purposes of consultations under section 
7 of the Act. Occupancy in the context 
of section 7 consultation is intended to 
inform the ‘‘may be present’’ standard 
under section 7 and does not imply the 
presence of lynx populations or that the 
habitats in these areas contain the 

physical and biological features 
necessary to support a lynx population 
over time. For section 7 purposes, 
occupancy is determined on a Forest- 
wide basis, so that two observations 
anywhere on a Forest confer permanent 
‘‘occupied’’ status to the entire Forest, 
even in places where lynx have not been 
documented and where no lynx 
populations occur. 

The Clearwater National Forest is in 
an area classified in the recovery outline 
as a secondary area for lynx recovery 
(U.S. Fish and Wildlife Service 2005, p. 
21) because there is no record of 
consistent lynx presence on the Forest. 
Snow-tracking surveys designed to 
detect presence of multiple forest 
carnivores, including lynx, conducted 
by the Idaho Department of Fish and 
Game from 2004 to 2006 detected no 
lynx in the Clearwater Region, including 
parts of the Clearwater National Forest 
(Patton 2006, p. 9, Table 2). Wirsing et 
al. (2002, entire) studied snowshoe hare 
demographics on study areas within the 
Clearwater National Forest. They 
concluded that hare habitat was 
fragmented; good hare habitat was rare 
and occurred as small isolated patches; 
and hares occurred at extremely low 
densities (0.04 hares per ac (0.09 per 
ha)), well below the range of densities 
typical of other southern hare 
populations, had low survival rates, and 
had poor juvenile recruitment (Wirsing 
et al. 2002, pp. 169–175). The authors 
identified hare predators including 
coyotes, raptors, mustelids, and bobcats 
(Wirsing et al. 2002, p. 172), but 
identified no predation attributable to 
lynx. Based on the best available 
information, summarized above, the 
habitat quality and hare densities in this 
area appear to be inadequate to support 
lynx. We find no scientific evidence that 
this area contains the physical and 
biological features essential to lynx in 
adequate quantity and spatial 
arrangement. We determine that habitats 
on the Clearwater National Forest do not 
contain the PCE, are not essential for the 
conservation of the lynx DPS, and do 
not meet the definition of critical 
habitat. As a result we have not 
designated critical habitat on this 
national forest. 

Portions of the Helena and Lolo 
National Forests are classified as ‘‘core 
areas’’ for lynx recovery because they 
have evidence of consistent lynx 
occupancy and recent records of 
reproduction (U.S. Fish and Wildlife 
Service 2005, pp. 4, 21); these areas are 
designated as critical habitat. Because of 
this lynx occupancy, both Forests are 
designated as ‘‘occupied’’ in their 
entirety for section 7 purposes, even 
though the remainders of these two 

Forests are considered secondary areas 
in the recovery outline (U.S. Fish and 
Wildlife Service 2005, pp. 6, 21) 
because they lack records of consistent 
lynx presence. The parts of these two 
forests that we have not designated 
continue to lack evidence of lynx 
occupancy, and surveys (described 
below) have failed to detect the 
presence of lynx populations. 

On the Helena National Forest, the 
Big Belt (in 2002, 2003, and 2004) and 
Elkhorn (in 2003) mountain ranges were 
surveyed according to the National Lynx 
Survey protocol (McKelvey et al. 1999b, 
entire); no lynx were detected in any of 
these surveys (Pengeroth 2013, pers. 
comm.). On the Lolo National Forest, no 
lynx were detected during 941 mi (1,514 
km) of snow-tracking surveys targeting 
lynx in the vicinity of Lolo Pass in 
January–March 2001 (Squires et al. 
2004c, p. 3). More recently, over 2,600 
mi (4,184 km) of forest carnivore snow- 
tracking surveys were conducted 
according to accepted protocols (Squires 
et al. 2004b, entire) by highly trained 
technicians from 2010 to 2013 across 
much of the Lolo National Forest and on 
some adjacent lands. These surveys 
resulted in 199 lynx detections over 4 
years, only 1 of which occurred outside 
the portion of the forest designated as 
critical habitat in this rule (U.S. Forest 
Service 2013e, pp. 2–3). The single 
detection outside the critical habitat 
boundary was in an area surrounded by 
critical habitat but at a slightly lower 
elevation (U.S. Forest Service 2013e, pp. 
2, 4). Based on the information 
summarized above, we conclude that 
lynx do not occupy the Helena and Lolo 
National Forests outside the areas we 
have designated, and that the habitat 
quality in these areas appears, based on 
the best available information, to be 
inadequate to support lynx. We find no 
scientific evidence that these areas 
contain the physical and biological 
features essential to lynx in adequate 
quantity and spatial arrangement. 
Therefore, it does not contain the PCE 
and is not essential for the conservation 
of the lynx DPS. As a result, we have 
determined that these areas do not meet 
the definition of critical habitat, and we 
have not included these areas in this 
final critical habitat designation. 

Based on historical records and 
available survey data summarized above 
(McKelvey et al. 2000a, pp. 224–227; 
U.S. Forest Service 2000, entire; U.S. 
Forest Service 2002a, 2002b, and 2002c, 
entire; Wirsing et al. 2002, entire; 
Squires et al. 2003, p. 4; U.S. Forest 
Service 2003a and 2003b, entire; Patton 
2006, entire; Squires et al. 2006b, p. 15; 
Ulizio et al. 2007, entire; Berg 2009, 
entire; Porco 2009, entire; Pilgrim 2010, 
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entire; U.S. Forest Service 2012, 
unpublished data; Pengeroth 2013, pers. 
comm.; Pilgrim and Schwartz 2013, 
entire; Shortsleeve 2013, pers. comm.; 
U.S. Forest Service 2013c, 2013d, 2013e, 
entire), the Service has determined that 
habitats on the Beaverhead-Deerlodge, 
Bitterroot, Clearwater, and Nez Perce 
National Forests, and on the Helena and 
Lolo National Forests outside those 
areas designated as critical habitat, are 
not occupied by lynx populations and 
were likely not occupied at the time of 
listing. These areas may occasionally 
host transient dispersing lynx, but the 
best available information indicates that 
they do not contain the physical and 
biological features essential to lynx in 
adequate quantity and/or spatial 
arrangement to demonstrate that they 
contain the PCE, and, as a result, do not 
meet the definition of critical habitat. 
We have determined these areas are not 
essential to the conservation of the lynx 
DPS, and we have not included these 
areas in this final designation of critical 
habitat for the lynx DPS. 

Recent Lynx Occurrence in Northern 
New Hampshire, Northern Vermont, 
and Eastern and Western Maine 

Northern New Hampshire and Northern 
Vermont 

The historic status of lynx in New 
Hampshire and Vermont is poorly 
understood. Lynx occurred historically 
in central and northern New Hampshire, 
but there is no evidence that a resident 
breeding population existed there 
historically or recently (McKelvey et al. 
2000a, pp. 212–214). In 2003, the 
Service determined that, despite a lack 
of breeding records, a small resident 
lynx population likely occurred 
historically in New Hampshire but no 
longer existed at the time of listing (68 
FR 40087). A bounty program for lynx 
that persisted in New Hampshire until 
1965, along with a lack of dispersing 
lynx from Quebec, and habitat loss 
associated with forest management 
practices may have contributed to the 
extirpation of lynx from New 
Hampshire (Litvaitis et al. 1991, pp. 70, 
73–74). 

Brocke et al. (1993, p. 14) similarly 
speculated that trapping mortality and 
the concurrent reduction in habitat 
resulting from large-scale timber harvest 
led to the extirpation of lynx from New 
Hampshire. Surveys conducted in 1986 
in high-elevation habitats in the White 
Mountain region of New Hampshire 
detected no lynx (Litvaitis et al. 1991, 
pp. 70, 73). In 1992, an adult lynx killed 
by a vehicle collision in southern New 
Hampshire (McKelvey et al. 2000a, p. 
213) was classified as a ‘‘transient’’ that 

did not belong to a resident population 
because hare densities where this lynx 
died are low and habitat conditions are 
considered unsuitable for home range 
establishment (Tur 2013, pers. comm.). 

The historic record for Vermont is 
scant, with only five records of lynx 
occurring from the period 1797 to 1968 
and no evidence that a population of 
lynx ever occurred there (Kart et al. 
2005, pp. 101–104). Prior to the listing 
of the DPS in 2000, the last lynx 
documented in Vermont was trapped at 
St. Albans in 1968 (Kart et al. 2005, p. 
A4–101). Based on the best available 
data, summarized above, we conclude 
that New Hampshire and Vermont were 
not occupied by lynx at the time of 
listing. 

Although results of surveys to assess 
the current distribution and status of 
lynx in New Hampshire and Vermont 
are not yet complete, surveys to date in 
New Hampshire suggest that a small 
number of lynx are sparsely distributed 
through the northern half of the State, 
mostly likely as scattered transient 
animals, and breeding has only recently 
been documented by a few lynx in very 
small areas in the northeastern part of 
the State. Likewise, in Vermont, several 
lynx have been documented as breeding 
within a very small area in the northeast 
corner of the State. Lynx occurrence in 
northern New Hampshire and Vermont 
was documented beginning in 2006, and 
breeding was first documented in 2009. 
To date, evidence of lynx reproduction 
in northern New Hampshire was 
documented in 2010 and 2011, all in the 
area encompassing the town of Pittsburg 
(Staats 2013a, pers. comm.). In Vermont, 
breeding was documented in 2009, 
2011, and 2012, all at the Nulhegan 
National Wildlife Refuge (NWR) (Cliché 
2013, pers. comm.). 

Historic records suggest that high- 
elevation habitats in New Hampshire’s 
White Mountains contained lynx (Silver 
1957, pp. 302–311; McKelvey et al. 
2000a, p. 212); however, surveys 
conducted during the early 1990s in the 
White Mountain National Forest did not 
detect the species (Litvaitis et al. 1991, 
p. 15; Brocke et al. 1993, p. 14). No lynx 
have been detected by White Mountain 
National Forest staff during winter track 
surveys conducted since 2003 (Prout 
2013, pers. comm.). However, in March 
2013, New Hampshire Fish and Game 
Department staff confirmed the presence 
of lynx tracks in high-elevation habitat 
located in the area near Franconia 
Notch. In addition, snow track surveys 
conducted by the New Hampshire Fish 
and Game Department in 2012 and 2013 
detected lynx near Cambridge and 
Success, south of the Lake Umbagog 
NWR (which has lynx in its Maine 

portion). Additional records (2006– 
2013, n=6) occur as far south as 
Jefferson, NH, at the southern border of 
the Kilkenny Unit of the White 
Mountain National Forest. Lynx tracks 
have also been detected on the 
Pondicherry NWR, located in 
Whitefield, NH. Since 2006, New 
Hampshire has 18 confirmed records, 
totaling 28 individual animals. 

Habitat patches that support lynx in 
New Hampshire are much smaller than 
those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; 
Robinson 2006, Fig. 3.3, p. 99). Hoving 
estimated roughly 386 mi2 (1,000 km2) 
of lynx habitat in New Hampshire (68 
FR 40086–40087). Litvaitis and Tash 
(2005, p. A–298), analyzing potential 
lynx habitat in New Hampshire based 
on the Hoving lynx model, reported an 
area of 2,000 mi2 (5,180 km2) with a 
greater than 50 percent probability of 
lynx occurrence. Within this area, 
‘‘enriched hare habitats’’ (including 
high-elevation spruce-fir, clearcuts, and 
shrub-dominated wetlands) consisted of 
342 mi2 (886 km2), 17 percent of the 
total predicted lynx habitat area. The 
authors concluded that ‘‘the modest 
abundance of high-density hare habitat 
supports the notion that New 
Hampshire does not contain sufficient 
habitat to support a viable, stand-alone 
population of lynx. Long-term 
persistence of lynx in New Hampshire 
is probably dependent on immigrants, 
and the State likely represents the 
southern limit of lynx in eastern North 
America’’ (Litvaitis and Tash 2005, p. 
A–298). Similarly, Brocke et al. (1993, 
pp. 1–14) suggested that the persistence 
of New Hampshire’s lynx population 
was dependent on receiving dispersing 
animals. Therefore, persistence of lynx 
in New Hampshire relies on continuity 
of habitat through western Maine to the 
core area of lynx habitat in northern 
Maine. 

Recent modeling to determine lynx 
habitat connectivity in the Northeast 
suggests that the Nulhegan River Basin 
contains Vermont’s best lynx habitat 
(Farrell 2013, pers. comm.). The 205-mi2 
(530-km2) basin includes 41 mi2 (106 
km2) managed by the Service, 34 mi2 (89 
km2) managed by the Vermont 
Department of Natural Resources, and 
131 mi2 (340 km2) of private commercial 
timber lands (with easement). Bobcats 
occur in the area at moderate densities 
(Hoving 2001, Fig. 2.5 p. 55). Snow 
track surveys conducted by State and 
Service personnel during the winters of 
2011 and 2012 (Nulhegan NWR only) 
and 2012 and 2013 (Nulhegan NWR and 
Victory Bog State Wildlife Management 
Area) indicate a small resident lynx 
population has become established on 
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the NWR. In areas outside of Nulhegan 
NWR, the presence of sporadic records 
indicates lynx have not established 
home ranges and are considered 
transient or absent. 

Portions of northern New Hampshire 
and northeastern Vermont contain 
boreal forest landscapes with a mosaic 
of habitats of various ages. Although 
stand-level hare densities in spruce-fir 
forest in these areas should be similar to 
densities documented in northern 
Maine (Litvaitis and Tash 2005, p. A– 
297), landscape-level hare densities are 
likely lower because spruce-fir habitat is 
a lower percentage of the landscape and 
more fragmented than in core lynx 
habitat in northern Maine (Hoving 2001, 
Fig. 2.6, p. 56). The snow regime in 
northern New Hampshire and northern 
Vermont also appears adequate for lynx, 
especially in higher elevation areas, 
which experience deep, fluffy snow 
conditions that provide a competitive 
advantage for lynx, whereas shallower 
snow in lower elevations may provide 
competitive advantage to bobcats 
(Hoving 2001, Fig. 2.2 p. 51). Litvaitis 
and Tash (2005, p. A–263) modeled 
bobcat habitat in New Hampshire and 
concluded that most low-elevation areas 
that were predicted to have a higher 
probability of lynx occurrence were also 
predicted to have moderate-to-high 
bobcat populations. Conversely, most 
high-elevation areas that were predicted 
to have a high probability of lynx 
occurrence were expected to be avoided 
by bobcats (at least in the winter). The 
elevation at which snow benefits lynx 
versus bobcats in the Northeast is 
unknown and likely variable. 

While historic records indicate that 
lynx use high-elevation areas in the 
Northeast, it is unknown if high 
elevations support high-quality foraging 
habitat in areas sufficiently large to 
support breeding individuals. The 
White Mountain National Forest has the 
most extensive high-elevation habitat in 
the Northeast, but only one recent 
record of lynx occurrence (Staats 2013b, 
pers. comm.). 

Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains 
342 mi2 (888 km2) of potential Canada 
lynx habitat. There are no comparable 
lynx habitat estimates for Vermont. 
Because these areas occur at the 
southern extreme of the lynx’s current 
distribution, where habitat is 
interspersed with northern hardwood 
forests, as well as human-dominated 
land cover types (e.g., developed areas, 
roads, agricultural fields, etc.), habitat 
quality (percent of conifer forest, 
landscape-level hare density, intensity 
of forest management) is likely to be 
lower in New Hampshire and Vermont 

than in designated critical habitat in 
northern Maine. Although potential 
lynx habitat in New Hampshire and 
Vermont is fragmented, a recently 
completed habitat connectivity model 
demonstrated 100 percent connectivity 
for lynx movement/dispersal between 
these areas and the core area of northern 
Maine (Farrell 2013, pers. comm.). 
Breeding lynx in New Hampshire and 
Vermont are not directly connected to 
Canadian populations, but they are 
connected to the large population in 
northern Maine via western Maine. 

Due to the uncertainty regarding the 
long-term persistence of the lynx that 
now occur in these areas, the relative 
importance of these areas for 
conservation of the DPS is unclear. 
These are peripheral boreal forest areas 
with higher northern hardwood 
composition and patchier habitat 
(Hoving 2001, Fig. 2.6, p. 56), and they 
represent the southern extent of the lynx 
range (Litvaitis and Tash 2005, p. A– 
298). Northern Vermont and New 
Hampshire do not appear to contain 
adequate lynx habitat to support lynx 
populations; nor do lynx in these areas 
appear to be considered potential source 
populations (Litvaitis and Tash 2005, p. 
A–298). Although Brocke et al. (1993, 
pp. 1–14) predicted that, in the absence 
of trapping, New Hampshire’s lynx 
population would be expected to 
increase at the very modest rate of 1.65 
percent per year, this estimate did not 
account for other sources of lynx 
mortality (i.e., interspecific interactions 
with bobcat or vehicle mortality). 

As in Colorado, northern New 
Hampshire and northern Vermont 
clearly contain habitats that include 
some or all of the physical and 
biological features lynx require (some of 
the components of the PCE). However, 
it remains uncertain whether they 
consistently contain the features (e.g., 
snow conditions that allow lynx to 
outcompete bobcats, or landscape-level 
hare densities) in adequate quantity and 
spatial arrangement to support lynx over 
time. Moreover, because neither area 
was occupied by lynx at the time they 
were listed, to designate them as critical 
habitat we would have to determine that 
they are essential for the conservation of 
the DPS (i.e., that the DPS could not be 
recovered unless these areas were 
designated as critical habitat). We do 
not believe that is the case, and we do 
not expect that the current small 
numbers of breeding lynx in these areas 
will result in the establishment of 
permanent lynx populations. 

In summary, although lynx were 
known to occur historically in New 
Hampshire and Vermont, reliable 
evidence of the ability of these areas to 

support lynx populations over time is 
lacking. The best available data indicate 
that New Hampshire and Vermont were 
not occupied by lynx at the time of 
listing. If resident lynx occurred in these 
areas, they may have been extirpated 
when habitat was modified through 
forestry practices, a bounty program was 
in place that increased mortality, and 
the ability of animals to recolonize the 
area was compromised by regional-scale 
influences that suppressed lynx 
numbers in adjacent populations. 

Recently, habitats in these areas have 
regenerated and source populations of 
lynx in northern Maine have increased, 
likely resulting in dispersal of lynx to 
New Hampshire and Vermont, where 
small numbers of breeding lynx have 
been documented in small areas of 
northern New Hampshire and northern 
Vermont only over the past few years 
(since 2009–2010). Their recent arrival 
and the complex ecological interactions 
functioning at landscape scales make it 
difficult to assess the long-term status of 
lynx in these areas, as well as their 
potential contribution to the 
conservation of the DPS. In addition, 
potential lynx habitat in these areas is 
fragmented, landscape-level hare 
densities are low, and bobcat densities 
are relatively high. Consequently, these 
areas are unlikely to support robust lynx 
populations capable of generating 
dispersing animals that could occupy 
other portions of the species’ range. The 
persistence of lynx in New Hampshire 
is likely reliant upon frequent dispersers 
from other populations. Because 
habitats in Vermont are even more 
localized and fragmented, the same 
situation most likely exists there. 
Within these areas, the status of lynx 
and their habitats may deteriorate 
further as a result of climate change. 

Considering all of the factors above, 
we believe that northern New 
Hampshire and northern Vermont do 
not contain the physical and biological 
features essential to lynx in adequate 
quantity and spatial arrangement to 
support lynx over time. As a result, we 
have determined these areas do not 
contain the PCE and do not meet the 
definition of critical habitat. Further, 
because neither area was occupied by 
lynx at the time of listing, to designate 
these areas as critical habitat we would 
have to determine they are essential to 
the conservation of the DPS (i.e., that 
the DPS could not be recovered unless 
we designate these areas). We have 
determined that the small areas in New 
Hampshire and Vermont recently 
occupied by a small number of breeding 
lynx are not essential for the 
conservation of the lynx DPS, and we 
have not designated any areas in New 
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Hampshire or Vermont as critical 
habitat in this final rule. 

Eastern and Western Maine 
Historically, lynx are believed to have 

occurred throughout Maine. Hoving et 
al. (2003, entire) assembled historical 
records dating to 1833 to reconstruct the 
past distribution of lynx in the State. 
Prior to 1913, lynx were found 
throughout the State, with the exception 
of coastal areas. From 1913 to 1972, 
records occurred in western and 
northern Maine. In 1936 and 1939, game 
wardens described lynx as rare, but 
present, in most districts except along 
the coast (Aldous and Medall 1941, as 
cited in Vashon et al. 2012, pp. 28, 33). 
From 1973 to 1999, most records 
occurred in western and northern 
Maine, although lynx also occurred in 
the central and eastern portions of the 
State. Between 1995 and 1999, the 
Maine Department of Inland Fisheries 
and Wildlife conducted snow track 
surveys for lynx in western and 
northern Maine (Vashon et al. 2012 pp. 
34–35) and documented lynx only in 
northern Maine. Surveys conducted 
from 2003 to 2008 documented lynx in 
both western and northern Maine 
(Vashon et al. 2012, pp. 34–35). Snow 
surveys for lynx have not been 
conducted in high-elevation habitats in 
western Maine. Surveys were not 
conducted in eastern Maine because 
there was no evidence that lynx 
occurred there. 

Hoving et al. (2003, p. 371) 
documented 39 historic records 
spanning 135 years of lynx kittens 
representing a minimum of 21 litters. 
Most breeding was documented in 
northern Maine. Prior to listing, the last 
documented breeding in western Maine 
was observed in 1995 and in eastern 
Maine in 1896 (Hoving 2001, p. 173). 
Since listing, lynx have been 
documented consistently in western and 
northern Maine and occasionally in 
central and eastern parts of the State 
(Vashon et al. 2012, pp. 12, 59). Lynx 
breeding has been documented in 
western, northern, and eastern Maine 
(the latter at a single location in 2010) 
(Vashon et al. 2012, p. 64). Lynx travel 
widely during dispersal and occasional 
forays outside of their home ranges 
(Vashon et al. 2012, pp. 22, 59; Maine 
Department of Inland Fisheries and 
Wildlife, unpublished data), which may 
explain occasional occurrences outside 
of western and northern Maine. 

Portions of eastern and western Maine 
contain boreal forest landscapes with a 
mosaic of habitats of various ages, but 
it is uncertain whether these areas 
contain the PCE (i.e., the physical and 
biological features essential to lynx in 

adequate quantity and spatial 
arrangement to support lynx 
populations over time) for the following 
reasons. Like New Hampshire and 
Vermont, these areas occur at the 
southern extreme of the species’ current 
distribution, where habitat is 
interspersed with northern hardwood 
forests, as well as human-dominated 
land cover types (e.g., developed areas, 
roads, agricultural fields, etc.). 
Therefore, habitat quality (percent of 
conifer forest, landscape-level hare 
density, intensity of forest management) 
is likely to be lower in eastern and 
western Maine than in northern Maine. 
Hoving et al. (2004, Fig. 1, p. 290) 
predicted a low probability of lynx 
occurrence in western Maine and no 
lynx occurrence in eastern Maine. 
Although potential lynx habitat in 
western Maine is fragmented, it is 
directly connected to the core area in 
northern Maine (Farrell 2013, pers. 
comm.), which we have designated as 
critical habitat in this rule. 

Snowshoe hares were at relatively 
high densities in northern Maine from 
2001 to 2006, but declined by about 50 
percent afterward (Scott 2009, pp. 1–44; 
Vashon et al. 2012, p. 14). Lynx 
populations were believed to have 
reached the carrying capacity of the 
habitat in about 2006 (Vashon et al. 
2012, p. 58). At that time, lynx were 
likely dispersing at greater rates into 
western, central, and eastern parts of the 
State (Vashon et al. 2012, Fig. 4.2, p. 59) 
and were likely the source of lynx in 
New Hampshire and Vermont. 

The snow regime is adequate for lynx 
in western Maine, especially in higher 
elevations (Hoving 2001, Fig. 2.2 p. 51), 
but snow conditions are likely 
unsuitable for lynx in eastern Maine. 
Stand-level hare densities also should 
be similar to those in northern Maine 
(Litvaitis and Tash 2005, p. A–297), 
although landscape-level hare densities 
in western Maine are likely lower 
because spruce-fir habitat is a lower 
percentage of the landscape and more 
fragmented than in core lynx habitat in 
northern Maine (Hoving 2001, Fig. 2.6, 
p. 56; Robinson 2006 pp. 81–146). Hare 
habitat modeling in western Maine 
indicated patchier and more widely 
distributed hare habitats compared to 
northern Maine due to differences in the 
size and distribution of regenerating 
clearcuts (Robinson 2006, Fig. 3.3, pp. 
99, 181). These areas of western Maine 
have a higher prevalence of northern 
hardwoods, which support much lower 
hare densities. 

Carroll (2007, entire) used the Hoving 
lynx model as a basis to predict lynx 
distribution in the Northeast under 
several scenarios affecting forestry, 

trapping in Canada, and climate change. 
A reduced snow model predicted lynx 
would disappear in all of Maine and 
persist only in the higher elevation areas 
of the Adirondacks and White Mountain 
National Forest. However, Hoving 
(2001, p. 76) used different snowfall 
projections and models that predict lynx 
would continue to occur in northern 
Maine with reduced snow. Carroll’s 
(2007) climate change model was based 
on predicted annual snowfall for 2055. 
Predictions were derived from the 
output of the Parallel Climate Model, a 
general circulation model developed by 
a consortium of researchers in support 
of the IPCC (Kiehl and Gent 2004, 
entire). The IPCC climate scenario that 
was used is in the intermediate to high 
ranges among the 35 scenarios evaluated 
by the IPCC. Because these predictions 
provided only coarse resolutions (∼200 
km), Carroll interpolated the percent 
change in annual snowfall predicted 
and multiplied by finer-scale data for 
current annual snowfall to produce a 
‘‘sharpened’’ estimate of future snowfall 
patterns. Carroll’s modelling included a 
lake effect and thus differed slightly in 
output from that used by Hoving et al. 
(2005). 

Although climate change models are 
being refined for the Northeast, 
additional information is needed to 
understand what areas may support 
lynx in the future under a variety of 
climate change projections and to 
resolve high levels of uncertainty. In 
addition to the potentially conflicting 
climate models that make projecting 
lynx conservation into the future 
challenging, the biological response of 
lynx to climate change at the regional 
and stand scales is complex and poorly 
understood at this time. Thus, we 
believe it is premature at this time to 
draw any conclusions regarding how 
much of Maine is likely to remain 
suitable for lynx in the future as a result 
of climate change. 

Western and eastern Maine have the 
highest densities of bobcats in the State 
(Hoving 2001, pp. 54–55). Maine is at 
the northern edge of the bobcat range, 
and their populations decline during 
severe winters (Morris 1986, entire; 
Parker et al. 1983, entire). In 2008 and 
2009, Maine experienced two severe 
winters with deep snow that may have 
depressed bobcat populations in 
western and eastern parts of the State at 
the same time that larger numbers of 
lynx were dispersing from northern 
Maine. These conditions may have 
allowed lynx to establish home ranges 
in areas formerly inhabited by bobcats. 
However, whether lynx will persist in 
these areas as bobcat populations 
recover is uncertain. 
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As in New Hampshire and northern 
Vermont, some habitats in eastern and 
western Maine clearly contain some or 
all of the physical and biological 
features lynx require. However, it 
remains uncertain whether they contain 
the PCE. Because neither area was 
occupied by lynx at the time they were 
listed, to designate them as critical 
habitat we would have to determine that 
they are essential for the conservation of 
the DPS (i.e., that the DPS could not be 
recovered unless these areas were 
designated as critical habitat). We do 
not believe that is the case, and we do 
not expect that the area is needed for the 
conservation of the species. 

In summary, although lynx were 
known to occur historically in eastern 
and western Maine, reliable evidence of 
the ability of these areas to support lynx 
populations over time is lacking. The 
best available data, summarized above, 
suggest that eastern Maine was not 
occupied by lynx at the time of listing. 
Within these areas, the status of lynx 
and their habitats may deteriorate 
further as a result of climate change. 
Considering all of these factors, we 
believe that although eastern and 
western Maine contain physical and 
biological features important to lynx, we 
do not find evidence that these areas 
contain the features in adequate 
quantity and spatial arrangement to 
support lynx populations over time. As 
a result, we have determined these areas 
do not contain the PCE and do not meet 
the definition of critical habitat. We 
have determined that these areas are not 
essential to the conservation of the lynx 
DPS, and we have not designated 
critical habitat in eastern and western 
Maine in this final rule. 

When determining critical habitat 
boundaries, we made every effort to 
avoid including developed areas such as 
lands covered by buildings, pavement, 
and other structures because such lands 
lack physical or biological features 
necessary for lynx. The scale of the 
maps we prepared under the parameters 

for publication within the Code of 
Federal Regulations may not reflect the 
exclusion of such developed lands. 
Given the scale of the lynx critical 
habitat units, it was not feasible to 
completely avoid inclusion of water 
bodies, including lakes, reservoirs, and 
rivers; grasslands; or human-made 
structures such as buildings, paved and 
gravel roadbeds, parking lots, and other 
structures that lack the PCE for the lynx. 
These areas, including any developed 
areas and the land on which such 
structures are located, that exist inside 
critical habitat boundaries are not 
intended to be designated as critical 
habitat. Any such lands inadvertently 
left inside critical habitat boundaries 
shown on the maps of this final rule 
have been excluded by text in this rule. 
Therefore, a Federal action involving 
these lands would not trigger section 7 
consultation with respect to critical 
habitat and the requirement of no 
adverse modification unless the specific 
action would affect the physical or 
biological features in the adjacent 
critical habitat. 

The critical habitat designation is 
defined by the map or maps, as 
modified by any accompanying 
regulatory text, presented at the end of 
this document in the rule portion. We 
include more detailed information on 
the boundaries of the critical habitat 
designation in the preamble of this 
document. We have made the 
coordinates or plot points or both on 
which each map is based available to 
the public on http:// 
www.regulations.gov at Docket No. 
FWS–R6–ES–2013–0101, on our 
Internet sites http://www.fws.gov/
montanafieldoffice/, and at the field 
office responsible for the designation 
(see FOR FURTHER INFORMATION CONTACT, 
above). 

We are designating as critical habitat 
areas that we have determined were 
occupied by lynx populations at the 
time of listing and which contain the 
physical and biological features 

essential to the conservation of the lynx 
DPS in sufficient quantity and spatial 
arrangement to support life-history 
processes essential to the conservation 
of lynx populations within the DPS. 
Units were selected for designation 
because they contain sufficient elements 
of the physical and biological features 
essential for supporting lynx life 
processes and lynx populations over 
time. All units contain all of the 
identified elements of physical or 
biological features in adequate quantity 
and spatial arrangements on the 
landscape and support multiple life 
processes that allow lynx populations to 
persist over time. 

Final Critical Habitat Designation 

We are designating five units as 
critical habitat for the Canada lynx DPS. 
The critical habitat areas described 
below constitute our best assessment at 
this time of areas that meet the 
definition of critical habitat. The 
designated units are: Unit 1 in northern 
Maine (Aroostook, Franklin, Penobscot, 
Piscataquis, and Somerset Counties); 
Unit 2 in northeastern Minnesota (Cook, 
Koochiching, Lake, and St. Louis 
Counties); Unit 3 in the Northern Rocky 
Mountains of northwest Montana 
(Flathead, Glacier, Granite, Lake, Lewis 
and Clark, Lincoln, Missoula, Pondera, 
Powell and Teton Counties) and 
northeast Idaho (Boundary County); 
Unit 4 in the North Cascade Mountains 
of north-central Washington (Chelan 
and Okanogan Counties); and Unit 5 in 
the Greater Yellowstone Area of 
southwest Montana (Carbon, Gallatin, 
Park, Stillwater, and Sweetgrass 
Counties) and northwest Wyoming 
(Fremont, Lincoln, Park, Sublette, and 
Teton Counties). All units were 
occupied by lynx populations at the 
time of listing and are currently 
occupied by lynx populations. The 
approximate area and ownership within 
each critical habitat unit is shown in 
Table 1, and the area and ownership by 
State is shown in Table 2. 

TABLE 1—DESIGNATED CRITICAL HABITAT UNITS FOR CANADA LYNX BY OWNERSHIP (MI2 (KM2)) 
[Area estimates reflect all land within designated critical habitat unit boundaries] 

Unit Federal State Private Other Total 

1 ....................................................................... 0 (0) 819 (2,122) 9,281 (24,039) 22 (57) 10,123 (26,218) 
2 ....................................................................... 3,863 (10,005) 2,947 (7,633 ) 1,259 (3,260) 0 (0) 8,069 (20,899) 
3 ....................................................................... 8,788 (22,761) 156 (404) 839 (2,172) 0 (0) 9,783 (25,337) 
4 ....................................................................... 1,829 (4,737) 0 (0) 5 (14) 0 (0) 1,834 (4,751) 
5 ....................................................................... 8,922 (23,109) 23 (60) 200 (518) 0.5 (1.3) 9,146 (23,687) 

Total .......................................................... 23,402 (60,612) 3,945 (10,217) 11,584 (30,003) 23 (59) 38,954 (100,891) 

Note: Area sizes may not sum due to rounding. 
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TABLE 2—DESIGNATED CRITICAL HABITAT FOR CANADA LYNX BY STATE AND OWNERSHIP (MI2/KM2) 
[Area estimates reflect all land within designated critical habitat unit boundaries] 

Federal State Private Other Total 

Idaho ................................................................ 45 (117) 0.04 (0.1) 0 (0) 0 (0) 45 (117) 
Maine ............................................................... 0 (0) 819 (2,122) 9,281 (24,039) 22 (57) 10,123 (26,218) 
Minnesota ......................................................... 3,863 (10,005) 2,947 (7,633) 1,259 (3,206) 0 (0) 8,069 (20,899) 
Montana ........................................................... 10,978 (28,433) 168 (437) 979 (2,535) 0.5 (1.3) 12,126 (31,405) 
Washington ...................................................... 1,829 (4,737) 0 (0) 5 (14) 0 (0) 1,834 (4,751) 
Wyoming .......................................................... 6,688 (17,321) 10 (26) 60 (155) 0 (0) 6,758 (17,502) 

Total .......................................................... 23,402 (60,612) 3,945 (10,217) 11,584 (30,003) 23 (59) 38,954 (100,891) 

Note: Area sizes may not sum due to rounding. 

We present brief descriptions of all 
units, and reasons why they meet the 
definition of critical habitat for the lynx 
DPS, below. 

Unit 1: Northern Maine 

Unit 1 consists of 10,123 mi2 (26,218 
km2) located in northern Maine in 
portions of Aroostook, Franklin, 
Penobscot, Piscataquis, and Somerset 
Counties. This area was occupied by the 
lynx at the time of listing and is 
currently occupied by the species 
(Hoving et al. 2003, entire; Vashon et al. 
2012, pp. 12–14, 58–60; Interagency 
Lynx Biology Team 2013, pp. 39–42). 
This area contains the physical and 
biological features essential to the 
conservation of the lynx DPS as it 
comprises the PCE and its components 
laid out in the appropriate quantity and 
spatial arrangement. Lynx in northern 
Maine have high productivity: 91 
percent of available adult females 
(greater than 2 years) produced litters, 
and litters averaged 2.83 kittens (Vashon 
et al. 2005b, pp. 4–6; Vashon et al. 2012, 
p. 18). This area is also important for 
lynx conservation because it is the only 
area in the northeastern region of the 
lynx’s range within the contiguous 
United States that currently supports a 
resident breeding lynx population and 
likely acts as a source or provides 
connectivity with Canada for more 
peripheral portions of the lynx’s range 
in the Northeast. 

Timber harvest and management are 
the dominant land uses within the unit; 
therefore, special management may be 
required depending on the silvicultural 
practices implemented (68 FR 40075). 
Timber management practices that 
provide for a dense understory are 
beneficial for lynx and snowshoe hares. 
In this area, climate change is predicted 
to significantly reduce lynx habitat and 
population size. Carroll (2007, pp. 
1100–1103) modeled a 59 percent 
decline in lynx numbers in the 
northeastern United States and eastern 
Canada by 2055 due to climate change, 
with greater vulnerability among small, 

peripheral, low-elevation populations 
like that in Maine. Under this modeled 
scenario, populations would have 
difficulty sustaining themselves, and the 
lynx distribution would likely contract 
to the core of the population on the 
Gaspe Peninsula in Quebec, Canada 
(Carroll 2007, p. 1102). Gonzalez et al. 
(2007, p. 14) modeled potential climate- 
induced loss of snow and concluded 
that snow suitable for lynx may 
disappear from Maine entirely by the 
end of this century. Therefore, climate 
change represents a potential habitat- 
related threat to lynx in this unit. 

Changing forest management practices 
are also likely to result in reduced hare 
and lynx habitat in this unit. Much of 
the lynx and hare habitat in this unit is 
the result of broad-scale clear-cut timber 
harvest in the 1970s and 1980s in 
response to a spruce budworm outbreak 
and the subsequent treatment of some 
clearcuts with herbicide to promote 
conifer regeneration. These clear-cut 
stands are now at a successional 
(regrowth) stage (about 35 years 
postharvest) that features very dense 
conifer cover and provides optimal hare 
and lynx habitats, likely supporting 
many more hares and lynx than 
occurred historically. The Maine Forest 
Practices Act (1989) limited the size of 
clearcuts, resulting in a near complete 
shift away from clearcuts to partial 
harvesting. This transition to partial 
harvest timber management is unlikely 
to create or maintain the extensive tracts 
of hare and lynx habitats that currently 
exist as a result of previous clearcutting. 
As the clear-cut stands continue to age, 
their habitat value to hares and lynx is 
expected to decline. Even in the absence 
of climate change considerations, forest 
succession and reduced clearcutting are 
expected to result in a substantially 
smaller lynx population in this unit by 
2035 (Simons 2009, pp. 153–154, 162– 
165, 206, 216–220; Vashon et al. 2012, 
pp. 58–60). Therefore, the potential for 
forest management practices to result in 
reduced quantity and quality of lynx 
and hare habitats represents a habitat- 

related threat to lynx in this unit. Other 
potential habitat-related threats to lynx 
in this unit are habitat loss and 
fragmentation due to road and highway 
construction (along with associated 
increases in traffic volumes and/or 
speeds) and commercial, recreational, 
and wind-energy development. 

In this final rule, we have not 
designated critical habitat on Tribal 
lands in this unit nor on lands managed 
in accordance with the Natural 
Resources Conservation Service’s 
Healthy Forest Reserve Program (see 
Consideration of Impacts under section 
4(b)(2) of the Act, below). 

Unit 2: Northeastern Minnesota 

Unit 2 consists of 8,069 mi2 (20,899 
km2) located in northeastern Minnesota 
in portions of Cook, Koochiching, Lake, 
and St. Louis Counties, and Superior 
National Forest. In 2003, when we 
formally reviewed the status of the lynx, 
numerous verified records of lynx 
existed from northeastern Minnesota (68 
FR 40076). The area was occupied at the 
time of listing and is currently occupied 
by the species (Moen et al. 2008b, pp. 
29–32; Moen et al. 2010, entire; Catton 
and Loch 2010, entire; 2011, entire; 
2012, entire; Interagency Lynx Biology 
Team 2013, pp. 44–47). Lynx are 
currently known to be distributed 
throughout northeastern Minnesota, as 
has been confirmed through DNA 
analysis, radio- and GPS-collared 
animals, and documentation of 
reproduction (Moen et al. 2008b, entire; 
Moen et al. 2010, entire). This area 
contains the physical and biological 
features essential to the conservation of 
the lynx DPS as it comprises the PCE 
and its components laid out in the 
appropriate quantity and spatial 
arrangement. This area is essential to 
the conservation of lynx because it is 
the only area in the Great Lakes Region 
for which there is evidence of recent 
lynx reproduction. It likely acts as a 
source or provides connectivity for more 
peripheral portions of the lynx’s range 
in the region. 
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Timber harvest and management are 
dominant land uses (68 FR 40075). 
Therefore, special management may be 
required depending on the silvicultural 
practices implemented. Timber 
management practices that provide for a 
dense understory are beneficial for lynx 
and snowshoe hares. In this area, 
climate change may affect lynx and their 
habitats; however, Gonzalez et al. (2007, 
p. 14) suggested that snow conditions in 
northern Minnesota should continue to 
be suitable for lynx through the end of 
this century. Nonetheless, because 
climate change may alter vegetation 
communities and, hence, hare densities, 
it still represents a potential habitat- 
related threat to lynx in this unit. Fire 
suppression or fuels treatment, habitat 
fragmentation associated with road- 
building (and associated increases in 
traffic volumes and/or speeds), and 
commercial, recreational, and energy/
mineral development pose other 
potential habitat-related threats to lynx 
in this unit. Incidental capture of lynx 
in traps set for other species has been 
documented recently in Minnesota, as 
have lynx mortalities from vehicle 
collisions (U.S. Fish and Wildlife 
Service 2013d, unpubl. database). 

In this final rule, we have not 
designated critical habitat on Tribal 
lands in this unit (see Consideration of 
Impacts under section 4(b)(2) of the Act, 
below). 

Unit 3: Northern Rocky Mountains 
Unit 3 consists of 9,783 mi2 (25,337 

km2) located in northwestern Montana 
and a small portion of northeastern 
Idaho in portions of Boundary County 
in Idaho and Flathead, Glacier, Granite, 
Lake, Lewis and Clark, Lincoln, 
Missoula, Pondera, Powell, and Teton 
Counties in Montana. It includes 
National Forest lands and BLM lands in 
the Garnet Resource Area. This area was 
occupied by lynx at the time of listing 
and is currently occupied by the species 
(Squires et al. 2010, entire; Squires et al. 
2012, entire; Squires et al. 2013, entire; 
Interagency Lynx Biology Team 2013, 
pp. 57–61). Lynx are known to be 
widely distributed throughout this unit, 
and breeding has been documented in 
multiple locations (Gehman et al. 2004, 
pp. 24–29; Squires et al. 2004a, pp. 8– 
10, 2004b, entire, and 2004c, pp. 7–10). 
This area contains the physical and 
biological features essential to the 
conservation of the lynx DPS as it 
comprises the PCE and its components 
laid out in the appropriate quantity and 
spatial arrangement. This area is 
essential to the conservation of lynx 
because it appears to support the 
highest density lynx populations in the 
Northern Rocky Mountain region of the 

lynx’s range. It likely acts as a source for 
lynx and provides connectivity to other 
portions of the lynx’s range in the Rocky 
Mountains, particularly the Greater 
Yellowstone Area. 

Timber harvest and management are 
dominant land uses (68 FR 40075); 
therefore, special management may be 
required depending on the silvicultural 
practices implemented. Timber 
management practices that provide for a 
dense understory are beneficial for lynx 
and snowshoe hares. In this area, 
climate change is expected to result in 
the potential loss of snow conditions 
suitable for lynx by the end of this 
century (Gonzalez et al. 2007, p. 14). 
Therefore, climate change represents a 
potential habitat-related threat to lynx 
in this unit. Fire suppression or fuels 
treatment, habitat fragmentation 
associated with road-building (and 
associated increases in traffic volumes 
and/or speeds), and commercial, 
recreational, and energy/mineral 
development pose other potential 
habitat-related threats to lynx in this 
unit. 

In this final rule, we have not 
designated critical habitat on Tribal 
lands in this unit nor on lands managed 
in accordance with the MDNRC HCP 
(see Consideration of Impacts under 
section 4(b)(2) of the Act, below). 

Unit 4: North Cascades 
Unit 4 consists of 1,834 mi2 (4,751 

km2) located in north-central 
Washington in portions of Chelan and 
Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest 
lands as well as BLM lands in the 
Spokane District and Loomis State 
Forest lands. This area was occupied at 
the time lynx was listed and is currently 
occupied by the species (Interagency 
Lynx Biology Team 2013, pp. 64–65). 
This area contains the physical and 
biological features essential to the 
conservation of the lynx DPS as it 
comprises the PCE and its components 
laid out in the appropriate quantity and 
spatial arrangement. This unit supports 
the highest densities of lynx in 
Washington (Stinson 2001, p. 2). 
Evidence from recent research and DNA 
analysis shows lynx distributed within 
this unit, with breeding being 
documented (von Kienast 2003, p. 36; 
Koehler et al. 2008, entire; Maletzke et 
al. 2008, entire). Although researchers 
have fewer records in the portion of the 
unit south of Highway 20, few surveys 
have been conducted there. This area 
contains boreal forest habitat and the 
components essential to lynx 
conservation. Further, it is contiguous 
with the portion of the unit north of 
Highway 20, particularly in winter 

when deep snows close Highway 20. 
The northern portion of the unit 
adjacent to the Canada border also 
appears to support few recent lynx 
records; however, it is designated 
wilderness, so access to survey this area 
is difficult. This northern portion also 
contains extensive boreal forest 
vegetation types and the components 
essential to lynx conservation. 
Additionally, lynx populations exist in 
British Columbia directly north of this 
unit (Interagency Lynx Biology Team 
2013, p. 65). This area is essential to the 
conservation of the lynx DPS because it 
is the only area in the Cascades region 
of the lynx’s range that is known to 
support breeding lynx populations. 

Timber harvest and management are 
dominant land uses; therefore, special 
management may be required 
depending on the silvicultural practices 
implemented. Timber management 
practices that provide for a dense 
understory are beneficial for lynx and 
snowshoe hares. In this area, Federal 
land management plans are being 
amended to incorporate lynx 
conservation. Climate change is 
expected to reduce lynx habitat and 
numbers in this unit, with potential loss 
of snow suitable for lynx (Gonzalez et 
al. 2007, p. 14) and the potential 
complete disappearance of lynx from 
the area by the end of this century 
(Johnston et al. 2012, pp. 7–11). 
Therefore, climate change represents a 
potential habitat-related threat to lynx 
in this unit. Fire suppression or fuels 
treatment, habitat fragmentation 
associated with road-building (and 
associated increases in traffic volumes 
and/or speeds), and recreational and 
energy/mineral development pose other 
potential habitat-related threats to lynx 
in this unit. 

In this final rule, we have not 
designated critical habitat in this unit 
on lands managed in accordance with 
the WDNR Lynx Habitat Management 
Plan (see Consideration of Impacts 
under section 4(b)(2) of the Act, below). 

Unit 5: Greater Yellowstone Area 
Unit 5 consists of 9,146 mi2 (23,687 

km2) located in Yellowstone National 
Park and surrounding lands of the 
Greater Yellowstone Area in 
southwestern Montana and 
northwestern Wyoming. Lands in this 
unit are found in Carbon, Gallatin, Park, 
Stillwater, and Sweetgrass Counties in 
Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in 
Wyoming. This area was occupied by 
lynx at the time of listing and is thought 
to be currently occupied by a small but 
persistent lynx population (Squires and 
Laurion 2000, entire; Squires et al. 2001, 
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entire; Murphy et al. 2006, entire; 
Interagency Lynx Biology Team 2013, 
pp. 57–61). This area contains the 
physical and biological features 
essential to the conservation of the lynx 
DPS as it comprises the PCE and its 
components laid out in the appropriate 
quantity and spatial arrangement. The 
Greater Yellowstone Area is naturally 
marginal lynx habitat with highly 
fragmented foraging habitat (68 FR 
40090; 71 FR 66010, 66029; 74 FR 8624, 
8643–8644; Hodges et al. 2009, entire). 
For this reason lynx home ranges in this 
unit are likely to be larger and 
incorporate large areas of non-foraging 
matrix habitat. 

Timber harvest and management are 
dominant land uses on National Forest 
System lands in this unit; therefore, 
special management may be required 
depending on the silvicultural practices 
implemented. Timber management 
practices that provide for a dense 
understory are beneficial for lynx and 
snowshoe hares. Climate change is 
expected to reduce lynx habitat and 
numbers in this unit, with potential loss 
of snow suitable for lynx over most of 
the area by the end of this century, 
though with potential snow refugia in 
the Wyoming Range Mountains 
(Gonzalez et al. 2007, p. 14). Therefore, 
climate change represents a potential 
habitat-related threat to lynx in this 
unit. Fire suppression or fuels 
treatment, habitat fragmentation 
associated with road-building (and 
associated increases in traffic volumes 
and/or speeds), and recreational and 
energy/mineral development pose other 
potential habitat-related threats to lynx 
in this unit. Therefore, special 
management is required depending on 
the fire suppression and fuels treatment 
practices conducted and the design of 
highway and energy development 
projects. 

In this final rule, we have not 
designated critical habitat in this unit 
on lands managed in accordance with 
the MDNRC HCP (see Consideration of 
Impacts under section 4(b)(2) of the Act, 
below). 

Effects of Critical Habitat Designation 

Section 7 Consultation 

Section 7(a)(2) of the Act requires 
Federal agencies, including the Service, 
to ensure that any action they fund, 
authorize, or carry out is not likely to 
jeopardize the continued existence of 
any endangered species or threatened 
species or result in the destruction or 
adverse modification of designated 
critical habitat of such species. In 
addition, section 7(a)(4) of the Act 
requires Federal agencies to confer with 

the Service on any agency action which 
is likely to jeopardize the continued 
existence of any species proposed to be 
listed under the Act or result in the 
destruction or adverse modification of 
designated critical habitat. 

Decisions by the Fifth and Ninth 
Circuit Courts of Appeals have 
invalidated our regulatory definition of 
‘‘destruction or adverse modification’’ 
(50 CFR 402.02) (see Gifford Pinchot 
Task Force v. U.S. Fish and Wildlife 
Service, 378 F. 3d 1059 (9th Cir. 2004) 
and Sierra Club v. U.S. Fish and 
Wildlife Service et al., 245 F.3d 434, 434 
(5th Cir. 2001)), and we do not rely on 
this regulatory definition when 
analyzing whether an action is likely to 
destroy or adversely modify critical 
habitat. Under the provisions of the Act, 
we determine destruction or adverse 
modification on the basis of whether, 
with implementation of the proposed 
Federal action, the affected critical 
habitat would continue to serve its 
intended conservation role for the 
species. 

If a Federal action may affect a listed 
species or its critical habitat, the 
responsible Federal agency (action 
agency) must enter into consultation 
with us. Examples of actions that are 
subject to the section 7 consultation 
process are actions on State, Tribal, 
local, or private lands that require a 
Federal permit (such as a permit from 
the U.S. Army Corps of Engineers under 
section 404 of the Clean Water Act (33 
U.S.C. 1251 et seq.) or a permit from the 
Service under section 10 of the Act) or 
that involve some other Federal action 
(such as funding from the Federal 
Highway Administration, Federal 
Aviation Administration, or the Federal 
Emergency Management Agency). 
Federal actions not affecting listed 
species or critical habitat, and actions 
on State, Tribal, local, or private lands 
that are not federally funded or 
authorized, do not require section 7 
consultation. 

As a result of section 7 consultation, 
we document compliance with the 
requirements of section 7(a)(2) through 
our issuance of: 

(1) A concurrence letter for Federal 
actions that may affect, but are not 
likely to adversely affect, listed species 
or critical habitat; or 

(2) A biological opinion for Federal 
actions that may affect and are likely to 
adversely affect, listed species or critical 
habitat. 

When we issue a biological opinion 
concluding that a project is likely to 
jeopardize the continued existence of a 
listed species and/or destroy or 
adversely modify critical habitat, we 
provide reasonable and prudent 

alternatives to the project, if any are 
identifiable, that would avoid the 
likelihood of jeopardy and/or 
destruction or adverse modification of 
critical habitat. We define ‘‘reasonable 
and prudent alternatives’’ (at 50 CFR 
402.02) as alternative actions identified 
during consultation that: 

(1) Can be implemented in a manner 
consistent with the intended purpose of 
the action, 

(2) Can be implemented consistent 
with the scope of the Federal agency’s 
legal authority and jurisdiction, 

(3) Are economically and 
technologically feasible, and 

(4) Would, in the Director’s opinion, 
avoid the likelihood of jeopardizing the 
continued existence of the listed species 
and/or avoid the likelihood of 
destroying or adversely modifying 
critical habitat. 

Reasonable and prudent alternatives 
can vary from slight project 
modifications to extensive redesign or 
relocation of the project. Costs 
associated with implementing a 
reasonable and prudent alternative are 
similarly variable. 

Regulations at 50 CFR 402.16 require 
Federal agencies to reinitiate 
consultation on previously reviewed 
actions in instances where we have 
listed a new species or subsequently 
designated critical habitat that may be 
affected and the Federal agency has 
retained discretionary involvement or 
control over the action (or the agency’s 
discretionary involvement or control is 
authorized by law). Consequently, 
Federal agencies sometimes may need to 
request reinitiation of consultation with 
us on actions for which formal 
consultation has been completed, if 
those actions with discretionary 
involvement or control may affect 
subsequently listed species or 
designated critical habitat. 

Application of the ‘‘Adverse 
Modification’’ Standard 

The key factor related to the adverse 
modification determination is whether, 
with implementation of the proposed 
Federal action, the affected critical 
habitat would continue to serve its 
intended conservation role for the 
species. Activities that may destroy or 
adversely modify critical habitat are 
those that alter the physical or 
biological features to an extent that 
appreciably reduces the conservation 
value of critical habitat for the lynx 
DPS. As discussed above, the role of 
critical habitat is to support life-history 
needs of the species and provide for the 
conservation of the species. 

Section 4(b)(8) of the Act requires us 
to briefly evaluate and describe, in any 
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proposed or final regulation that 
designates critical habitat, activities 
involving a Federal action that may 
destroy or adversely modify such 
habitat, or that may be affected by such 
designation. Activities that may affect 
critical habitat, when carried out, 
funded, or authorized by a Federal 
agency, are required to undergo 
consultation in accordance with section 
7 of the Act to evaluate potential 
impacts to habitats essential to the 
conservation of the lynx DPS. These 
activities include, but are not limited to: 

(1) Actions that would reduce or 
remove understory vegetation within 
boreal forest stands on a scale 
proportionate to the large landscape 
used by lynx. Such activities could 
include, but are not limited to, forest 
stand thinning, timber harvest, and fuels 
treatment of forest stands. These 
activities could significantly reduce the 
quality of snowshoe hare habitat such 
that the landscape’s ability to produce 
adequate densities of snowshoe hares to 
support lynx populations is at least 
temporarily diminished. 

(2) Actions that would cause 
permanent loss or conversion of the 

boreal forest on a scale proportionate to 
the large landscape used by lynx. Such 
activities could include, but are not 
limited to, recreational area 
developments; certain types of mining 
activities and associated developments; 
and road building. Such activities could 
eliminate and fragment lynx and 
snowshoe hare habitat. 

(3) Actions that would increase traffic 
volume and speed on roads that divide 
lynx critical habitat. Such activities 
could include, but are not limited to, 
transportation projects to upgrade roads 
or development of a new tourist 
destination. These activities could 
reduce connectivity within the boreal 
forest landscape for lynx, and could 
result in increased mortality of lynx 
within the critical habitat units, because 
lynx are highly mobile and frequently 
cross roads during dispersal, 
exploratory movements, or travel within 
their home ranges. 

In matrix habitat, activities that 
change vegetation structure or condition 
would not be considered an adverse 
effect to lynx critical habitat unless 
those activities would create a barrier or 
impede lynx movement between 

patches of foraging habitat and between 
foraging and denning habitat within a 
potential home range, or if they would 
adversely affect adjacent foraging 
habitat or denning habitat. For example, 
a pre-commercial thinning or fuels 
reduction project in matrix habitat 
would not adversely affect lynx critical 
habitat, and would not require 
consultation. However, a new highway 
passing through matrix habitat that 
would impede lynx movement may be 
an adverse effect to lynx critical habitat, 
and would require consultation. The 
scale of any activity should be examined 
to determine whether direct or indirect 
alteration of habitat would occur to the 
extent that the value of critical habitat 
for the survival and recovery of lynx 
would be appreciably diminished. 

If you have questions regarding 
whether specific activities may 
constitute destruction or adverse 
modification of critical habitat, contact 
the Supervisor of the appropriate 
Ecological Services Field Office (see list 
below). 

State Address Phone No. 

Maine ....................................................... 17 Godfrey Drive, Suite 2, Orono, ME 04473 ......................................................... (207) 866–3344 
Minnesota ................................................ 4101 American Boulevard East, Bloomington, Minnesota 55425 ........................... (612) 725–3548 
Montana ................................................... 585 Shepard Way, Suite 1, Helena, Montana 59601 ............................................. (406) 449–5225 
Idaho and Washington ............................ 11103 E. Montgomery Drive, Spokane, Washington 99206 ................................... (509) 893–8015 
Wyoming .................................................. 5353 Yellowstone Road, Suite 308A, Cheyenne, Wyoming 82009 ........................ (307) 772–2374 

Exemptions 

Application of Section 4(a)(3) of the Act 

Section 4(a)(3)(B)(i) of the Act (16 
U.S.C. 1533(a)(3)(B)(i)) provides that: 
‘‘The Secretary shall not designate as 
critical habitat any lands or other 
geographic areas owned or controlled by 
the Department of Defense, or 
designated for its use, that are subject to 
an integrated natural resources 
management plan [INRMP] prepared 
under section 101 of the Sikes Act (16 
U.S.C. 670a), if the Secretary determines 
in writing that such plan provides a 
benefit to the species for which critical 
habitat is proposed for designation.’’ 
There are no Department of Defense 
lands with a completed INRMP within 
this final critical habitat designation. 

Consideration of Impacts Under Section 
4(b)(2) of the Act 

Section 4(b)(2) of the Act states that 
the Secretary shall designate and make 
revisions to critical habitat on the basis 
of the best available scientific data after 
taking into consideration the economic 
impact, national security impact, and 

any other relevant impact of specifying 
any particular area as critical habitat. 
The Secretary may exclude an area from 
critical habitat upon a determination 
that the benefits of such exclusion 
outweigh the benefits of specifying such 
area as part of the critical habitat, unless 
doing so would, based on the best 
scientific data available, result in the 
extinction of the species. In making that 
determination, the statute on its face, as 
well as the legislative history are clear 
that the Secretary has broad discretion 
regarding which factor(s) to use and 
how much weight to give to any factor. 

When identifying the benefits of 
inclusion for an area, we consider the 
additional regulatory benefits that area 
would receive from the protection from 
destruction or adverse modification of 
critical habitat as a result of actions with 
a Federal nexus; the educational 
benefits of mapping essential habitat for 
recovery of the listed species; and any 
benefits that may result from a 
designation due to State or Federal laws 
that may apply to critical habitat. 

When identifying the benefits of 
exclusion, we consider, among other 

things, whether exclusion of a specific 
area is likely to result in conservation; 
the continuation, strengthening, or 
encouragement of partnerships; or 
implementation of a management plan 
that provides conservation benefits 
equal to or greater than those provided 
by a critical habitat designation. 

In the case of the lynx DPS, the 
benefits of critical habitat include 
promotion of public awareness of the 
presence of the species and the 
importance of habitat protection, and in 
cases where a Federal nexus exists, 
potentially greater habitat protection for 
lynx due to the protection from 
destruction or adverse modification of 
critical habitat. 

When we evaluate the benefits of 
excluding particular areas for which 
conservation plans have been 
developed, we consider a variety of 
factors, including but not limited to, 
whether the plan is finalized; how it 
provides for the conservation of the 
essential physical or biological features; 
whether there is a reasonable 
expectation that the conservation 
management strategies and actions 
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contained in a management plan will be 
implemented into the future; whether 
the conservation strategies in the plan 
are likely to be effective; and whether 
the plan contains a monitoring program 
or adaptive management to ensure that 
the conservation measures are effective 
and can be adapted in the future in 
response to new information. 

After identifying the benefits of 
inclusion and the benefits of exclusion, 
we carefully weigh the two sides to 
evaluate whether the benefits of 
exclusion outweigh those of inclusion. 
If our analysis indicates that the benefits 
of exclusion outweigh the benefits of 
inclusion, we then determine whether 
exclusion would result in extinction. If 
exclusion of an area from critical habitat 
will result in extinction, we cannot 
exclude it from the designation. 

Based on the information provided by 
entities seeking exclusion, as well as 
any additional public comments 
received, we evaluated whether certain 
lands in the proposed critical habitat 
were appropriate for exclusion from this 
final designation pursuant to section 
4(b)(2) of the Act. We are excluding the 
following areas from critical habitat 
designation for the Canada lynx DPS: (1) 
Tribal lands, which occur in units 1, 2, 
and 3; (2) private lands in Maine 
managed in accordance with the Natural 
Resources Conservation Service’s 
(NRCS) Healthy Forest Reserve Program 
(75 FR 6539); (3) State lands in western 
Montana managed in accordance with 
the Montana Department of Natural 
Resources and Conservation (MDNRC) 
Forested State Trust Lands Habitat 

Conservation Plan (HCP) (Montana 
Department of Natural Resources and 
Conservation and U.S. Fish and Wildlife 
Service 2010a, entire; 2010b, entire; 
2010c, entire); and (4) State lands in 
northern Washington managed in 
accordance with the State of 
Washington Department of Natural 
Resources (DNR) Lynx Habitat 
Management Plan for DNR-managed 
Lands (Washington DNR 2006, entire). 
Table 3 below provides approximate 
areas of lands that meet the definition 
of critical habitat but which we have 
excluded from the final critical habitat 
rule under section 4(b)(2) of the Act. For 
additional details on these plans, see 
Exclusions Based on Other Relevant 
Impacts, below. 

TABLE 3—AREAS EXCLUDED FROM CRITICAL HABITAT DESIGNATION FOR CANADA LYNX BY CRITICAL HABITAT UNIT 

Unit Specific area 

Area in mi2 (km2) 
excluded from 

final critical 
habitat 

designation 

1. Maine ................................................... Tribal Lands: Passamaquoddy Tribe, Penobscot Indian Nation ............................... 95.7 (248) 
1. Maine ................................................... Maine Healthy Forest Reserve Program ................................................................... 943.2 (2,443) 
2. Minnesota ............................................ Tribal Lands: Grand Portage Reservation, Bois Forte Reservation—Vermillion 

Lake District.
77.9 ( 202) 

3. Northern Rocky Mountains .................. Tribal Lands: Confederated Salish and Kootenai Tribes, Flathead Reservation ..... 369.6 (957) 
3. Northern Rocky Mountains .................. Montana DNRC Multispecies Habitat Conservation Plan ......................................... 271.4 (703) 
4. North Cascade Mountains ................... Washington DNR Lynx Habitat Management Plan ................................................... 164.2 (425) 
5. Greater Yellowstone Area ................... Montana DNRC Multispecies Habitat Conservation Plan ......................................... 1.3 (3) 

Consideration of Economic Impacts 

Under section 4(b)(2) of the Act, we 
consider the economic impacts of 
specifying any particular area as critical 
habitat. To consider economic impacts, 
we prepared an incremental effects 
memorandum (IEM) and screening 
analysis which, together with our 
narrative and interpretation of effects, 
we consider our draft economic analysis 
(DEA) of the proposed critical habitat 
designation and related factors (U.S. 
Fish and Wildlife Service and IEc, Inc. 
2014, entire). The analysis, dated June 
11, 2014, was made available for public 
review from June 20, 2014, through July 
21, 2014 (79 FR 35303). The DEA 
addressed potential economic impacts 
of critical habitat designation for the 
lynx DPS. Following the close of the 
comment period, we reviewed and 
evaluated all information submitted 
during the comment period that may 
pertain to our consideration of the 
probable incremental economic impacts 
of this critical habitat designation. 
Based on that evaluation, the probable 
incremental economic impacts of 
critical habitat designation for the lynx 
DPS are summarized below. Additional 

information relevant to our evaluation 
of incremental economic impacts is 
available in the final economic analysis 
for the designation of critical habitat for 
the lynx DPS (U.S. Fish and Wildlife 
Service and IEc, Inc. 2014, entire), 
available at http://www.regulations.gov, 
and at our Web site: http://
www.fws.gov/mountain-prairie/species/
mammals/lynx/index.htm. 

Revised critical habitat for the lynx 
DPS is very unlikely to generate 
incremental economic costs exceeding 
$100 million in a single year (see 
additional discussion of this threshold 
in the Unfunded Mandates Reform Act 
section, below). Data limitations prevent 
the quantification of benefits. The 
economic costs of implementing the 
rule through section 7 of the Act will 
most likely be limited to the additional 
administrative effort required to 
consider adverse modification during 
section 7 consultations for activities 
with a Federal nexus. This finding is 
based on the following factors: 

(1) All units are considered currently 
occupied, providing baseline protection 
via section 7 consultations addressing 
the jeopardy standard; 

(2) Activities occurring within 
designated critical habitat with a 
potential to affect critical habitat are 
also likely to jeopardize the species, 
either directly or indirectly; 

(3) Project modifications requested to 
avoid adverse modification are likely to 
be the same as those needed to avoid 
jeopardy; 

(4) On Federal lands, as well as some 
private and State lands, ongoing 
conservation efforts offer additional 
baseline protection; and 

(5) Critical habitat is unlikely to 
increase the annual consultation rate for 
two primary reasons: 

(a) The existing awareness of the need 
to consult due to the listing of the 
species; and 

(b) The fact that the 2009 critical 
habitat designation covered 89 percent 
of the areas designated as critical habitat 
in this final rule. 

According to a review of consultation 
records and discussions with multiple 
Service field offices, the additional 
administrative cost of addressing 
adverse modification during the section 
7 consultation process ranges from 
approximately $400 to $5,000 per 
consultation (2014 dollars). Based on 
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the historical consultation activity, we 
forecast an annual consultation rate of 
approximately 161 per year, resulting in 
costs ranging from $64,400 to $805,000 
annually (2014 dollars). Thus, the 
incremental administrative burden 
resulting from the rule is well below the 
threshold of $100 million in a given 
year. 

The revised designation of critical 
habitat for the lynx DPS is not expected 
to trigger additional requirements under 
State or local regulations. This 
assumption is based on the array of 
existing baseline protections for the 
lynx and the general awareness of State 
agencies of the presence of the species. 
The revised designation may cause land 
managers, landowners, or developers to 
perceive that private lands will be 
subject to use restrictions, resulting in 
costs. However, such impacts, if they 
occur, are very unlikely to reach $100 
million in a given year. 

No additional section 7 efforts to 
conserve the lynx DPS are predicted to 
result from the revised designation of 
critical habitat. If, however, public 
perception of the effect of critical 
habitat causes changes in future land 
use, benefits to the species and 
environmental quality may occur. Due 
to existing data limitations, we are 
unable to assess the likely magnitude of 
such benefits. 

The majority of anticipated future 
consultations are expected to occur in 
Unit 5 (Greater Yellowstone Area). Costs 
resulting from public perception of the 
impact of critical habitat, if they occur, 
are more likely to occur in Unit 4 (North 
Cascades) and private lands located in 
Unit 1 (Northern Maine). 

Exclusions Based on Economic Impacts 
Our 2014 and 2009 economic analyses 

did not identify any disproportionate 
costs that are likely to result from the 
designation. Consequently, the 
Secretary is not exercising her 
discretion to exclude any areas from this 
designation of critical habitat for the 
lynx DPS based on economic impacts. 

Both the current economic analysis 
(U.S. Fish and Wildlife Service and IEc, 
Inc. 2014, entire) and the final economic 
analysis completed for the 2009 critical 
habitat designation for the lynx DPS 
(IEc, Inc. 2008, entire) specifically 
addressed potential economic impacts 
to the Washington State Snowmobile 
Association (WASSA) and the groups it 
represents. Both analyses, incorporated 
here by reference in their entireties, 
considered the comments and regional 
economic assessments provided by the 
WASSA in response to the 2008 and 
2013 proposed designations. In our 
analyses, we have carefully evaluated 

potential impacts to snowmobiling 
interests throughout the critical habitat 
designation, and specifically with 
regard to the concerns of the WASSA 
and the Wyoming State Snowmobile 
Association. 

Snowmobiling occurs throughout the 
areas designated as lynx critical habitat, 
and understanding of the potential 
effects of snowmobiling on lynx 
continues to evolve. Concerns about 
potential negative impacts of 
snowmobiling are based primarily on 
the hypothesis that compacted over-the- 
snow trails could result in increased 
competition between lynx and other 
snowshoe hare predators, such as 
coyotes, in areas where deep snow 
would otherwise preclude or minimize 
such competition (Buskirk et al. 2000a, 
pp. 86–95). Research on the relationship 
between coyotes, lynx, and lynx habitat 
has provided mixed results regarding 
this hypothesis, with several studies 
showing that coyotes use compacted 
snow trails, but none indicating 
increased competition or substantial 
dietary overlap between lynx and 
coyotes (Interagency Lynx Biology Team 
2013, pp. 80–82). In response to this 
uncertainty, the 2013 revisions to the 
LCAS provided more flexibility with 
respect to the management of 
recreational activities in lynx habitat, 
and snowmobiling stakeholders have 
largely expressed approval of the 2013 
LCAS revisions (U.S. Fish and Wildlife 
Service and IEc, Inc. 2014, pp. 11–12). 

Between 3,000 and 5,000 miles of 
trails are available for snowmobiling in 
Washington, of which about 200 miles 
(4.0–6.7 percent) occur within the 
revised critical habitat designation. A 
2003 study estimated that the number of 
people participating in snowmobiling 
would increase 43 percent by the year 
2013 (State of Washington 2003, pp. 4, 
41); however, it is not clear whether this 
level of increase has occurred. In 2001, 
Washington State University and the 
WASSA conducted a snowmobile usage 
study and concluded that the annual 
economic impact of snowmobiling in 
Washington was $92.7 million dollars. 
In response to the 2009 critical habitat 
designation, WASSA estimated that 
snowmobiling accounted for nearly $8.5 
million in direct expenditures and $4.1 
million in indirect spending in Methow 
Valley, an area adjacent to designated 
critical habitat. 

The WASSA, which represents about 
30,000 registered snowmobilers and 
nearly 100 snowmobile-related 
businesses, has again expressed concern 
that critical habitat designation may 
generate significant economic impacts 
to the snowmobiling industry. 
Specifically, the WASSA is concerned 

that people will perceive that the 
designation will limit snowmobiling 
and in turn will be less likely to invest 
in snowmobiling equipment, that the 
designation will prevent an increase in 
over-the-snow trails thus resulting in 
congestion, and that the designation 
will present an additional regulatory 
burden for future attempts to expand or 
increase the number of trails in the area 
(U.S. Fish and Wildlife Service and IEc, 
Inc. 2014, p. 13). 

Although annual data on 
snowmobiling participation in 
Washington since 2009 are not readily 
available, the critical habitat designation 
is not anticipated to adversely change 
snowmobiling in Washington (U.S. Fish 
and Wildlife Service and IEc, Inc. 2014, 
p. 13). We evaluated whether and how 
snowmobiling activities in Maine and 
Minnesota were affected as a result of 
the 2009 critical habitat designation, 
and we found no significant changes in 
snowmobiling activities have been 
observed there since the 2009 
designation (U.S. Fish and Wildlife 
Service and IEc, Inc. 2014, p. 13). We 
have had no reports of significant 
economic impacts to snowmobiling 
interests in the other areas designated as 
critical habitat in 2009 (western 
Montana, northern Idaho, and 
northwestern Wyoming). 

In response to our 2013 proposed 
critical habitat designation, the WASSA 
resubmitted the sector assessment study 
it previously commissioned on the 
regional economic impacts of the 2008 
proposed critical habitat rule. The 
WASSA study assumes that lynx 
conservation efforts will result in an 
overall loss of winter visitors and 
tourism spending within the region. The 
study employs a regional input/output 
model, estimating the potential cost of 
the critical habitat designation to be 
$262,000 to $1,645,000 (2013 dollars) 
through the year 2025, assuming a seven 
percent discount rate. This present- 
value sum translates to approximately 
$27,000 to $168,500 on an annualized 
basis, assuming a seven percent 
discount rate. 

Based on both the current economic 
analysis (U.S. Fish and Wildlife Service 
and IEc, Inc. 2014, entire) and the final 
economic analysis completed for the 
2009 critical habitat designation for the 
lynx DPS (IEc, Inc. 2008, entire), we 
have determined that the designation of 
critical habitat for the lynx DPS will not 
result in disproportionate economic 
impacts to snowmobiling interests 
anywhere within the designated areas, 
and specifically with regard to those 
interests represented by the WASSA 
and the Wyoming State Snowmobile 
Association. We have made this 
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evaluation available to the Secretary for 
her consideration when determining 
whether to exercise her discretion to 
exclude these or other areas based on 
baseline and incremental economic 
impacts. Based on her consideration of 
this evaluation, the Secretary is not 
exercising her discretion to exclude any 
areas from this designation of critical 
habitat for the lynx DPS based on 
economic impacts. 

Exclusions Based on National Security 
Impacts or Homeland Security Impacts 

Under section 4(b)(2) of the Act, we 
consider whether there are lands owned 
or managed by the Department of 
Defense where a national security 
impact might exist. In preparing this 
final rule, we have determined that no 
lands within the designation of critical 
habitat for the lynx DPS are owned or 
managed by the Department of Defense 
or Department of Homeland Security, 
and, therefore, we anticipate no impact 
on national security or homeland 
security. Consequently, the Secretary is 
not exercising her discretion to exclude 
any areas from this final designation 
based on impacts on national security or 
homeland security. 

Exclusions Based on Other Relevant 
Impacts 

Under section 4(b)(2) of the Act, we 
also consider any other relevant impacts 
resulting from the designation of critical 
habitat. We consider a number of 
factors, including whether the 
landowners have developed any HCPs 
or other management plans for the area, 
or whether there are conservation 
partnerships that would be encouraged 
by designation of, or exclusion from, 
critical habitat. In addition, we look at 
any Tribal issues and consider the 
government-to-government relationship 
of the United States with Tribal entities. 
We also consider any social impacts that 
might occur because of the designation. 

Consideration of Land and Resource 
Management Plans, Conservation Plans, 
or Agreements Based on Conservation 
Partnerships 

We consider a current land 
management or conservation plan (HCPs 
as well as other types) to provide 
adequate management or protection if it 
meets the following criteria: 

(1) The plan is complete and provides 
a conservation benefit for the species 
and its habitat; 

(2) There is a reasonable expectation 
that the conservation management 
strategies and actions will be 
implemented for the foreseeable future, 
based on past practices, written 
guidance, or regulations; and 

(3) The plan provides conservation 
strategies and measures consistent with 
currently accepted principles of 
conservation biology. 

We have determined that the 
following partnerships, program, and 
plans fulfill the above criteria, and we 
are, therefore, excluding from critical 
habitat the areas of non-Federal lands 
covered by them because they provide 
for the conservation of the lynx DPS. 

Tribal Lands Conservation Partnerships 
Tribal lands in Maine, Minnesota, and 

Montana fall within the boundaries of 
designated critical habitat in units 1 
(Maine), 2 (Minnesota), and 3 (Northern 
Rocky Mountains). Tribal lands include 
those of the Passamaquoddy Tribe and 
the Penobscot Indian Nation in Maine, 
the Grand Portage Indian Reservation 
and Bois Forte Indian Reservation— 
Vermillion Lake District in Minnesota, 
and the Confederated Salish and 
Kootenai Tribes of the Flathead Indian 
Reservation in Montana. The amount of 
Tribal lands that occur within the final 
designation is relatively small in size, 
totaling approximately 543.2 mi2 (1,407 
km2), which represents 1.4 percent of 
the total final designation. 

In the proposed rule, we requested 
comments on whether Tribal lands in 
Maine, Minnesota, and the Northern 
Rockies should be excluded pursuant to 
Executive Order 3206. We also 
contacted a number of Tribes to discuss 
the proposed designation and, as they 
had done previously during discussions 
regarding the 2009 designation, the 
Tribes again requested that their lands 
not be designated as critical habitat 
because of their sovereign rights, in 
addition to concerns about economic 
impacts and the effect on their ability to 
manage natural resources. 

Benefits of Inclusion 
The primary benefit of including 

Tribal lands in the lynx critical habitat 
designation would be education that 
could be exchanged on land 
management methods that would 
benefit the species. Potentially, some 
activities could be authorized, funded, 
or carried out by a Federal agency, 
which would require consultation and 
perhaps action modification to ensure 
that the physical and biological features 
essential to lynx are not destroyed or 
adversely modified. 

Benefits of Exclusion 
Tribal lands are small in size relative 

to the large landscape required to 
sustain the lynx populations in these 
areas. The larger landscape in Maine 
comprises lands managed for 
commercial forestry, and in Minnesota 

and Montana the larger landscape is 
managed by the USFS, which revised its 
forest plans to address the conservation 
needs of lynx. Therefore, although these 
Tribal lands support lynx habitat and 
the PCE, they have a minor role in lynx 
conservation compared to the extensive 
commercial forestlands in Maine and 
National Forest lands in Minnesota and 
Montana. Due to Tribal natural resource 
management philosophies, plans, and 
practices that are designed to avoid 
adverse effects to lynx and lynx habitat, 
and that are already in place on Tribal 
lands, it is highly unlikely that activities 
approaching the threshold of adverse 
modification of critical habitat would 
occur. 

Tribal lands of the Passamaquoddy 
Tribe and the Penobscot Indian Nation 
fall within lynx critical habitat in 
Maine. These lands represent only 0.9 
percent of the total critical habitat 
designation in Unit 1. The 
Environmental Mission of the 
Passamaquoddy Tribe is: ‘‘to protect the 
environment and conserve natural 
resources within all Passamaquoddy 
lands, waters, and the air we share’’ 
(Passamaquoddy Tribe 2014, entire). 
Through Federal grant programs, the 
Passamaquoddy Tribe is also 
conducting surveys and developing 
habitat models for lynx and snowshoe 
hare, which will likely lead to better 
understanding and management of lynx 
and hare habitats on Tribal lands. The 
mission of the Penobscot Indian 
Nation’s Department of Natural 
Resources is: ‘‘. . . to manage, develop 
and protect the Penobscot Nation’s 
natural resources in a sustainable 
manner that protects and enhances the 
cultural integrity of the Tribe’’ 
(Penobscot Indian Nation 2014, entire). 
Further, the Penobscot Indian Nation’s 
Inland Fish and Game Regulations 
prohibit the hunting, trapping, or 
possessing of Canada lynx (Penobscot 
Indian Nation 2012, p. 15). 

Tribal lands of the Grand Portage 
Indian Reservation and the Bois Forte 
Indian Reservation—Vermillion Lake 
District fall within lynx critical habitat 
in Minnesota. These lands represent 
only 1 percent of the total critical 
habitat designation in Unit 2. The Grand 
Portage Band of Chippewa has been 
actively working on lynx conservation 
since 2004. In October 2007, the Band 
hosted an international conference on 
lynx research and conservation where 
more than 50 researchers from the 
United States and Canada presented 
results of research on lynx diet, habitat, 
and management. Additionally, on- 
reservation timber sales and harvest 
practices follow an integrated 
management plan for priority wildlife 
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management, sustainable economic 
development, and recreational uses. The 
Band’s timber management practices 
benefit populations of snowshoe hares, 
the lynx’s primary prey (Deschampe 
2008, entire). 

Tribal lands of the Confederated 
Salish and Kootenai Tribes, Flathead 
Indian Reservation fall within lynx 
critical habitat in Montana. These lands 
represent only 3.8 percent of the total 
critical habitat designation in Unit 3. 
The mission statement of the Tribes’ 
Fish, Wildlife, Recreation and 
Conservation Division is: ‘‘to protect 
and enhance the fish, wildlife, and 
wildland resources of the Tribes for 
continued use by the generations of 
today and tomorrow’’ (Confederated 
Salish and Kootenai Tribes 2014a, 
entire). An objective of the Tribes’ 
Tribal Wildlife Management Program 
Plan is to ‘‘. . . develop and implement 
habitat management guidelines for 
Canadian lynx in coordination with the 
Forestry Department as specified in the 
Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). 
The Forest Management Plan states that 
‘‘Standards for lynx management and 
habitat protection are set forth in the 
Canada Lynx Conservation Assessment 
and Strategy. This strategy guides land 
management activity in lynx foraging 
and denning habitat. Lynx occurrence 
and populations will continue to be 
monitored on the Reservation’’ 
(Confederated Salish and Kootenai 
Tribes. 2000, p. 285). Additionally, most 
lynx and lynx habitat on the reservation 
occur in areas with formal protective 
status, including: (1) The long- 
designated Mission Mountains and 
Rattlesnake Tribal Wilderness Areas, 
which are largely roadless and managed 
for wilderness qualities; (2) the South 
Fork/Jocko Primitive Area, which is 
open to use only by Tribe members and 
in which commercial timber harvest is 
prohibited; and (3) the Nine-mile Divide 
country, which is marginal in terms of 
lynx habitat, but which is also partly 
roadless (Courville 2014, pers. comm.). 

Because of the protected status of 
these areas and the prohibition on 
activities that could impact lynx and 
their habitats, it is unlikely that 
additional special management 
considerations are necessary for these 
Tribal lands or that additional benefit to 
lynx would result from designating 
them as critical habitat. 

Secretarial Order 3206, ‘‘American 
Indian Tribal Rights, Federal-Tribal 
Trust Responsibilities, and the 
Endangered Species Act’’ (June 5, 1997) 
states that, ‘‘Critical habitat shall not be 
designated in such areas unless it is 
determined essential to conserve a listed 

species’’. The President’s memorandum 
of April 29, 1994, ‘‘Government-to- 
Government Relations with Native 
American Tribal Governments’’ (59 FR 
22951); Executive Order 13175 
‘‘Consultation and Coordination with 
Indian Tribal Governments;’’ and the 
relevant provision of the Departmental 
Manual of the Department of the Interior 
(512 DM 2) also emphasize that Tribal 
lands should be evaluated to determine 
whether their inclusion in a critical 
habitat designation is essential to the 
species. Therefore, we believe that fish, 
wildlife, and other natural resources on 
Tribal lands are better managed under 
Tribal authorities, policies, and 
programs than through Federal 
regulation wherever possible and 
practicable. Such designation is often 
viewed by Tribes as an unwanted 
intrusion into Tribal self-governance, 
thus compromising the government-to- 
government relationship essential to 
achieving our mutual goals of managing 
for healthy ecosystems upon which the 
viability of threatened and endangered 
species populations depend. 

Benefits of Exclusion Outweigh the 
Benefits of Inclusion 

Exclusion of Tribal lands is warranted 
because affected Tribes already take 
actions to avoid negative impacts to 
lynx and to conserve lynx and hare 
habitats. Through Federal grant 
programs, the Passamaquoddy Tribe is 
conducting surveys and habitat models 
for lynx and snowshoe hare, the Grand 
Portage Tribe is assessing lynx habitat 
on reservation lands, and lynx habitat is 
protected through a comprehensive 
conservation plan and non-development 
land designations on the Flathead 
Reservation in Montana. Information 
from these efforts will be used to inform 
management plans or strategies to 
promote the conservation of lynx on 
Tribal lands. Additionally, we received 
comments from Tribes voicing their 
commitment to ensuring that lynx 
remain a viable part of the ecosystem. 

We have determined that 
conservation of lynx can be achieved on 
Tribal lands within the critical habitat 
units through the continuation of the 
cooperative partnerships between the 
Service and the Tribes, and without 
designating them as critical habitat. The 
management plans, activities, and land- 
use designations being implemented on 
Tribal lands described above are likely 
to ensure continued conservation of 
lynx on Tribal lands. Given the 
importance of our government-to- 
government relationship with Tribes, 
the benefit of maintaining our 
commitment to the Executive Order by 
excluding these lands outweighs the 

benefit of including them in critical 
habitat. Therefore, pursuant to section 
4(b)(2) of the Act, we have not 
designated critical habitat for the lynx 
DPS on Tribal lands in Units 1, 2, and 
3 in this final rule. 

Exclusion Will Not Result in Extinction 
of the Species 

We have determined that exclusion of 
Tribal lands from the designation of 
critical habitat for the lynx will not 
result in the extinction of the species 
because the Passamaquoddy Tribe, 
Penobscot Indian Nation, Grand Portage 
Indians, Bois Forte Indians, and 
Confederated Salish and Kootenai 
Tribes of the Flathead Indian 
Reservation implement programs for the 
conservation of the species, and the 
physical and biological features 
essential to it, in occupied areas. The 
protections afforded to the lynx under 
the jeopardy standard will remain in 
place for the areas considered for 
exclusion from revised critical habitat. 
Therefore, and in light of Secretarial 
Order 3206 and Tribal management of 
lynx and their habitat, 95.7 mi2 (248 
km2) of Tribal lands in Maine, 77.9 mi2 
(202 km2) in Minnesota, and 369.6 mi2 
(957 km2) in Montana have been 
excluded from lynx critical habitat 
designation in this final rule. 

Maine Healthy Forest Reserve Program 
(HFRP) 

In 2003, Congress passed the Healthy 
Forest Restoration Act. Title V of this 
Act designates a Healthy Forest Reserve 
Program (HFRP) with objectives to: (1) 
promote the recovery of threatened and 
endangered species, (2) improve 
biodiversity, and (3) enhance carbon 
sequestration. In 2006, Congress 
provided the first funding for the HFRP, 
and Maine, Arkansas, and Mississippi 
were chosen as pilot States to receive 
funding through their respective Natural 
Resources Conservation Service (NRCS) 
State offices. Based on a successful pilot 
program, in 2008, the HFRP was 
reauthorized as part of the Farm Bill, 
and in 2010, NRCS published a final 
rule in the Federal Register (75 FR 
6539) amending regulations for the 
HFRP based on provisions amended by 
the bill. 

In 2006 and 2007, the NRCS offered 
the HFRP to landowners in the 
proposed Canada lynx critical habitat 
unit in Maine to promote development 
of Canada lynx forest management 
plans. At that time, five landowners 
enrolled in the Maine HFRP, and 
collectively signed contracts (with 
NRCS) committing to developing lynx 
forest management plans on 1,069.8 mi2 
(2,770.7 km2). However, one of the 
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landowners has since discontinued 
enrollment in the program. Because of 
that and other mapping refinements, the 
amount of land currently managed in 
accordance with Maine HFRP is 943.2 
mi2 (2,443 km2), or 9.3 percent of the 
total designated critical habitat in Unit 
1. Lynx maintain large home ranges; 
therefore, forest management plans at 
large landscape scales will provide 
substantive recovery benefits to lynx. 

The NRCS requires that lynx forest 
management plans must be based on the 
Service’s ‘‘Canada Lynx Habitat 
Management Guidelines for Maine’’ 
(McCollough 2007, entire). These 
guidelines were developed from the best 
available science on lynx management 
for Maine and have been revised as new 
research results became available. The 
guidelines require maintenance of 
prescribed hare densities that have 
resulted in reproducing lynx 
populations in Maine. The guidelines 
are: 

(1) Avoid upgrading or paving dirt or 
gravel roads traversing lynx habitat. 
Avoid construction of new high-speed/ 
high-traffic-volume roads in lynx 
habitat. Desired outcome: Avoid 
fragmenting potential lynx habitat with 
high-traffic/high-speed roads. 

(2) Maintain through time at least one 
lynx habitat unit of 35,000 ac (14,164 
ha) (∼1.5 townships) or more for every 
200,000 ac (80,937 ha) (∼9 townships) of 
ownership. At any time, about 20 
percent of the area in a lynx habitat unit 
should be in the optimal mid- 
regeneration conditions (see Guideline 
3). Desired outcome: Create a landscape 
that will maintain a continuous 
presence of a mosaic of successional 
stages, especially mid-regeneration 
patches that will support resident lynx. 

(3) Employ silvicultural methods that 
will create regenerating conifer- 
dominated stands 12–35 ft (3.7–10.7 m) 
in height with high stem density (7,000– 
15,000 stems/ac; 2,800–6,000 stems/ha) 
and horizontal cover above the average 
snow depth that will support greater 
than 2.7 hares/ac (1.1 hares/ha). Desired 
outcome: Employ silvicultural 
techniques that create, maintain, or 
prolong use of stands by high 
populations of snowshoe hares. 

(4) Maintain land in forest 
management. Development and 
associated activities should be 
consolidated to minimize direct and 
indirect impacts. Avoid development 
projects that occur across large areas, 
increase lynx mortality, fragment 
habitat, or result in barriers that affect 
lynx movements and dispersal. Desired 
outcome: Maintain the current amount 
and distribution of commercial forest 
land in northern Maine. Prevent forest 

fragmentation and barriers to 
movements. Avoid development that 
introduces new sources of lynx 
mortality. 

(5) Encourage coarse woody debris for 
den sites by maintaining standing dead 
trees after harvest and leaving patches 
(at least .75 ac; .30 ha) of windthrow or 
insect damage. Desired outcome: Retain 
coarse woody debris for denning sites. 

Notably, HFRP forest management 
plans must provide a net conservation 
benefit for lynx, which will be achieved 
by employing the lynx guidelines, 
identifying baseline habitat conditions, 
and meeting NRCS standards for forest 
plans. Plans must meet NRCS HFRP 
criteria and guidelines and comply with 
numerous environmental standards. 
NEPA compliance will be completed for 
each plan. The NRCS held public 
informational sessions about the HFRP 
and advertised the availability of funds. 
Plans must be reviewed and approved 
by the NRCS with assistance from the 
Service. The details of the plans are 
proprietary and will not be made public 
per NRCS policy. 

Plans must be developed for a forest 
rotation (70 years) and include a 
decade-by-decade assessment of the 
location and anticipated condition of 
lynx habitat on the ownership. Some 
landowners are developing plans 
exclusively for lynx, and others are 
combining lynx management (umbrella 
species for young forest) with pine 
marten (umbrella species for mature 
forest) and other biodiversity objectives. 
Broad public benefits will derive from 
these plans, including benefits to many 
species of wildlife that share habitat 
with the lynx. Landowners are writing 
their own plans. The Nature 
Conservancy contracted with the 
University of Maine, Department of 
Wildlife Ecology to develop a lynx–pine 
marten plan that serves as a model for 
lynx/biodiversity forest planning and 
will be shared with other northern 
Maine landowners. 

Landowners who are enrolled with 
the NRCS commit to a 10-year contract. 
Landowners must complete their lynx 
forest management plans within 2 years 
of enrollment. Currently, two plans are 
completed and two are in the final stage 
of editing. The majority (50 to 60 
percent) of HFRP funds are withheld 
until plans are completed. By year 7, 
landowners must demonstrate on-the- 
ground implementation of their plan. 
The NRCS will monitor and enforce 
compliance with the 10-year contracts. 
At the conclusion of the 10-year cost- 
share contract, we anticipate that Safe 
Harbor Agreements or other agreements 
to provide regulatory assurances will be 
developed by all landowners as an 

incentive to continue implementing the 
plans. 

We completed a programmatic 
biological opinion for the HFRP in 2006 
that assesses the overall effects of the 
program on lynx habitat and on 
individual lynx and provides the 
required incidental take coverage. 
Separate biological opinions will be 
developed under this programmatic 
opinion for each of the four enrollees. 
These tiered opinions will document 
environmental baseline, net 
conservation benefits, and incidental 
take for each landowner. If additional 
HFRP funding is made available to 
Maine in the future, new enrollees will 
be tiered under this programmatic 
opinion. This programmatic opinion 
will be revised as new information is 
obtained, or if new rare, threatened, or 
endangered species are considered for 
HFRP funding. 

Commitments to the HFRP are 
strengthened by several other 
conservation efforts. The Nature 
Conservancy land enrolled in the HFRP 
is also enrolled in the Forest 
Stewardship Council (FSC) forest 
certification program, which requires 
safeguards for threatened and 
endangered species. The Forest Society 
of Maine is under contract to manage a 
conservation easement held by the State 
of Maine on the Katahdin Forest 
Management lands, which is also 
enrolled in the HFRP. This easement 
requires that threatened and endangered 
species be protected and managed. The 
Forest Society of Maine also holds a 
conservation easement on the 
Merriweather LLC–West Branch 
property, which contains requirements 
that threatened and endangered species 
be protected and managed. These lands 
are also certified under the Sustainable 
Forestry Initiative and FSC, which 
require the inclusion of programs for 
threatened and endangered species. The 
Passamaquoddy enrolled lands are 
managed as trust lands by the Bureau of 
Indian Affairs, and projects occurring on 
those lands are subject to NEPA review 
and section 7 consultation. 

In the final revised critical habitat 
designation, published in the Federal 
Register on February 25, 2009 (74 FR 
8649–8652), we determined that the 
benefits of excluding lands managed in 
accordance with the Maine HFRP 
outweighed the benefits of including 
them in the designation, and that doing 
so would not result in extinction of the 
species. We affirm that determination 
based on the analysis below. 

Benefits of Inclusion 
The primary benefit of including an 

area within a critical habitat designation 
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is the protection provided by section 
7(a)(2) of the Act, which directs Federal 
agencies to ensure that actions they 
authorize, fund, or carry out are not 
likely to jeopardize the continued 
existence of a threatened or endangered 
species and do not result in the 
destruction or adverse modification of 
critical habitat. Consultation has already 
occurred on these lands, and it included 
consideration of lynx habitat. The 
regulatory benefit of designating critical 
habitat on the HFRP lands would be 
minimal because few Federal actions 
would trigger the consultation 
provisions under section 7(a)(2) of the 
Act. Forestry activities are exempt from 
the Clean Water Act, and few 
landowners in Maine obtain Federal 
funding for projects on their lands. 
Since the lynx was listed in 2000, few 
formal consultations on lynx have 
occurred in Maine; however, no 
consultations have taken place 
regarding Federal actions on lands 
owned by The Nature Conservancy, 
West Branch Project, Elliotsville 
Plantation, Inc., and Katahdin Forest 
Management lands. The Passamaquoddy 
Tribe, through the Bureau of Indian 
Affairs, has informally consulted with 
the Service on several timber sales 
during this time period, resulting in 
determinations that the projects were 
not likely to adversely affect lynx 
because the harvests would create early 
successional habitat beneficial to lynx. 
Consultations in northern Maine have 
been mostly on small Federal actions 
(less than 15 ac; 6 ha) that have few 
consequences to lynx, which require 
large landscapes of 35,000 ac (14,164 
ha) or more; therefore, the results of 
these informal consultations were that 
the projects would have no effect on 
lynx or would not likely adversely affect 
lynx. 

A potential benefit of critical habitat 
designation would be to signal the 
importance of these lands to Federal 
agencies, scientific organizations, State 
and local governments, and the public 
to encourage conservation efforts to 
benefit the lynx and its habitat. By 
publication of the proposed rule and 
this final rule, we are educating the 
public of the location of core lynx 
habitat and areas most important for the 
conservation and recovery of the lynx 
DPS. In addition, designation of critical 
habitat on HFRP enrollee lands could 
provide some educational benefit 
through the rulemaking process. 

Benefits of Exclusion 
A Federal nexus on HFRP lands is 

rare, and development is unlikely 
because conservation easements exist on 
many of these lands. Section 7(a)(2) 

review will not provide benefits to the 
physical and biological features 
essential to the conservation of lynx, 
because most Federal projects in 
northern Maine are small and will not 
benefit habitat at a geographic scale 
meaningful for lynx conservation. 
Therefore, the regulatory protection 
provided through the section 7(a)(2) 
process for critical habitat would likely 
be minimal. The HFRP goes beyond the 
standard of adverse modification to 
provide a net conservation benefit for 
lynx. The conservation measures for 
lynx included in the HFRP plans are 
affirmative obligations that address the 
physical and biological features, 
represent the best available science, and 
provide a net conservation benefit to the 
species by ensuring the quality and 
quantity of unfragmented lynx habitat 
on the landscape. 

Excluding HFRP lands from critical 
habitat designation would help 
strengthen partnerships and promote 
other aspects of recovery for the lynx. 
Since the lynx was listed in 2000, it has 
been difficult for us to effectively 
address lynx conservation across the 
forest landscape in northern Maine 
because of the numerous private 
industrial forest landowners with whom 
coordination is required. Participation 
in the HFRP will contribute to the 
conservation of the physical and 
biological features essential to lynx 
conservation in an area representing 
about 9.3 percent of the designated 
critical habitat unit. Proactively 
developing conservation programs for 
lynx across large ownerships can be a 
more effective recovery strategy than 
project-by-project planning in a 
landscape where consultation under 
section 7 is rarely applicable. Lynx 
require large home ranges, and lynx and 
snowshoe hare habitat occurs in a 
habitat mosaic across the landscape that 
changes with time and space as forests 
age or disturbances occur (e.g., insect 
outbreaks or timber management). The 
HFRP plans address landscape-level 
planning and actions for forestry-related 
activities within the context of lynx- 
specific guidelines, which can facilitate 
lynx recovery. The HFRP contracts 
operate under a programmatic biological 
opinion under section 7(a)(2), enabling 
a coordinated, multi-landowner 
approach to lynx conservation on 
private lands. 

Contracts committing enrollees to 
implement the HFRP build on the 
ongoing partnership between the 
Service, the NRCS, the Maine 
Department of Inland Fisheries and 
Wildlife, and the HFRP enrollees. The 
contracts provide assurances to the 
Service that individual landowners will 

address the habitat requirements of lynx 
and facilitate the consideration and 
implementation of lynx conservation 
needs at a broad landscape scale. 
Although the HFRP contracts are for 10 
years, lynx plans are required to address 
forest management for the next 70 years. 
Several incentives encourage enrollees 
to continue their plans after the 
conclusion of the 10-year contract: 

(1) Enrollees will be offered Safe 
Harbor Agreements or other 
mechanisms to extend incidental take 
coverage and regulatory assurances 
beyond the 10-year period. Most of the 
enrollees are in forest certification 
programs and have conservation 
easements. 

(2) HFRP plans meet the requirements 
of certification programs and easement 
requirements to document how they 
will manage for federally listed species. 

(3) Future HFRP funding may be 
available to promote continued 
management on these lands. 

(4) Landowners may be reimbursed at 
a graduated rate of up to 100 percent for 
land put under conservation easements 
of 30-year and 99-year duration. 

Most HFRP enrollees have a long 
track record of conservation in Maine. 
The Nature Conservancy has been 
working with the Service and other 
conservation partners since the 1970s. 
The Forest Society of Maine is a 
conservation easement holder in 
northern Maine, and has been working 
with the Service since the late 1990s. 
We have a long partnership with the 
Passamaquoddy Tribe that includes 
consulting on Tribal silvicultural 
projects, cooperative research, review of 
forest management plans, and 
implementation of Service conservation 
recommendations. Many of the HFRP 
enrollees contribute as members to the 
University of Maine Cooperative Forest 
Research Unit (CFRU). The CFRU has 
funded numerous lynx and snowshoe 
hare studies that have advanced our 
understanding of lynx population 
dynamics and habitat relationships. 
Landowners have facilitated research 
and surveys by allowing access to their 
lands and logistical support. The 
positive experiences from HFRP 
enrollment will promote continued 
support for funding and continued lynx 
research. 

Some of the enrolled lands could be 
sold, and it may be argued that new 
owners may not participate in long-term 
lynx management. However, new 
landowners could benefit from the 
incidental take coverage offered by 
HFRP or future Safe Harbor Agreements 
as a result of HFRP plans. Lands under 
conservation easements would require 
planning for Federally listed species, 
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and new landowners would have an 
incentive to continue to implement 
plans to meet their easement 
requirements. Many of the owners have 
SFI or FSC certifications, which have 
similar requirements for State and 
Federally listed species planning. 
Therefore, substantial incentives exist 
for a new landowner to honor existing 
lynx management plans. 

Some landowners do not trust that the 
regulatory effect of critical habitat 
designation is limited, and they do not 
want an additional layer of Federal 
regulation on their private property. 
They are concerned that additional State 
regulations or local restrictions may be 
imposed as a result of the designation of 
critical habitat. Enrollees in the HFRP 
are some of the largest landowners in 
Maine. The cooperation and partnership 
of these landowners is needed to 
achieve recovery of lynx in Maine. If 
designation causes their alienation, it 
would be counterproductive to 
designate on their lands. 

Benefits of Exclusion Outweigh the 
Benefits of Inclusion 

We have determined that there would 
be minimal benefit in designating lands 
enrolled in the HFRP as critical habitat 
for the lynx DPS within Unit 1. We 
evaluated the exclusion of 
approximately 943.2 mi2 (2,443 km2) of 
lands enrolled in the HFRP and 
determined that inclusion of these lands 
would result in few benefits; minimal 
consultation under section 7, and 
minimal education related to lynx 
conservation would be realized. 

The HFRP lynx management plans 
will be effective and directly address all 
of the physical and biological features 
essential to lynx by incorporating the 
Service’s lynx conservation guidelines. 
These conservation actions and 
management for the lynx and the 
physical and biological features 
essential to it within large landscapes 
exceed any conservation value provided 
as a result of regulatory protections that 
have been or may be afforded through 
critical habitat designation. The 
exclusion of these lands from critical 
habitat will help preserve partnerships 
developed with the landowners. Most of 
the HFRP enrollees have a demonstrated 
track record of working with the Service 
and helping to fund lynx research. The 
HFRP plans will have a high probability 
of implementation due to the 10-year 
contract with NRCS and significant 
incentives (e.g., Safe Harbor, 
requirements of forest certification and 
conservation easements, continued 
funding and possibly additional funds), 
and could continue for a 70-year period. 
Funding is assured because 

development of lynx forest management 
plans and initial implementation is 
being paid for by NRCS. The HFRP 
plans provide a high degree of public 
benefit for lynx and other wildlife that 
share their habitat. 

The benefits of excluding HFRP lands 
from critical habitat outweigh the 
benefits of retaining these lands as 
critical habitat. Educational benefits can 
be realized by critical habitat 
designation, which informs the public 
via the rulemaking process. However, 
education has already been realized 
through the HFRP. The best scientific 
information regarding the long-term 
conservation of lynx is being used and 
shared with landowners to assist in the 
development of their plans. We 
participate in the delivery of this 
information. We will continue to review 
Federal actions under Section 7(a)(2) of 
the Act, although the only likely Federal 
action we foresee on the lands enrolled 
in HFRP will be on the consultation 
required for development of the 
individual plans. A programmatic 
biological opinion has already been 
prepared, and it addresses lynx habitat 
in detail. 

The HFRP provides an opportunity 
for us to work in partnership with 
landowners across several landscape 
scales and ownerships. The HFRP 
demonstrates that our lynx management 
guidelines are a flexible, outcome-based 
approach to addressing lynx recovery in 
northern Maine that can be adapted to 
a variety of landowner types and 
landscapes. The HFRP lynx forest 
management plans will employ state-of- 
the-art habitat mapping, apply the best 
available science, and have a high 
likelihood of being carried out. We 
believe that the benefits of excluding 
lands managed in accordance with the 
HFRP outweigh the benefits of 
inclusion, particularly because these 
landowners have committed to 
developing long-term lynx habitat plans 
and on-the-ground management 
affecting large landscapes. Therefore, in 
this final rule, we have not designated 
critical habitat for the lynx DPS on 
HFRP-enrolled lands. 

Exclusion Will Not Result in Extinction 
of the Species 

Exclusion of 943.2 mi2 (2,443 km2) 
from Unit 1 of this final revised critical 
habitat designation will not result in the 
extinction of the species, because the 
HFRP plans provide for the 
conservation of the species and the 
physical and biological features 
essential to it. The jeopardy standard of 
section 7(a)(2) of the Act and routine 
implementation of conservation 
measures through the section 7 process 

also provide assurances that the species 
will not go extinct. The protections 
afforded the lynx under the jeopardy 
standard will remain in place for the 
areas excluded from revised critical 
habitat. We, therefore, exclude lands 
managed in accordance with the HFRP 
from Unit 1 of this final revised 
designation of critical habitat for the 
lynx DPS. 

State of Washington Department of 
Natural Resources Lynx Habitat 
Management Plan for DNR-Managed 
Lands (WDNR LHMP) 

The WDNR LHMP encompasses 197 
mi2 (510 km2) of WDNR-managed lands 
distributed throughout north-central 
and northeastern Washington in areas 
delineated as Lynx Management Zones 
in the Washington State Lynx Recovery 
Plan (Stinson 2001, p. 39; Washington 
DNR 2006, pp. 5–13). Of the area 
covered by the plan, 164.2 mi2 (425 
km2) overlaps the area designated as 
critical habitat. The WDNR LHMP was 
finalized in 2006, and is a revision of 
the lynx plan that WDNR had been 
implementing since 1996. The 1996 
plan was developed as a substitute for 
a species-specific critical habitat 
designation required by Washington 
Forest Practices rules in response to the 
lynx being State-listed as threatened 
(Washington DNR 2006, p. 5). The 2006 
WDNR LHMP provided further 
provisions to avoid the incidental take 
of lynx (Washington DNR 2006, p. 6). 
WDNR is committed to following the 
LHMP until 2076, or until the lynx is 
delisted (Washington DNR 2006, p. 6). 
WDNR requested that lands subject to 
the plan be excluded from critical 
habitat. 

The WDNR LHMP contains measures 
to guide WDNR in creating and 
preserving quality lynx habitat through 
its forest management activities. The 
objectives and strategies of the LHMP 
are developed for multiple planning 
scales (ecoprovince and ecodivision, 
Lynx Management Zone, Lynx Analysis 
Unit (LAU), and ecological community), 
and include: 

(1) Encouraging genetic integrity at 
the species level by preventing 
bottlenecks between British Columbia 
and Washington by limiting size and 
shape of temporary non-habitat along 
the border and maintaining major routes 
of dispersal between British Columbia 
and Washington; 

(2) Maintaining connectivity between 
subpopulations by maintaining 
dispersal routes between and within 
zones and arranging timber harvest 
activities that result in temporary non- 
habitat patches among watersheds so 
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that connectivity is maintained within 
each zone; 

(3) Maintaining the integrity of 
requisite habitat types within individual 
home ranges by maintaining 
connectivity between and integrity 
within home ranges used by individuals 
and/or family groups; and 

(4) Providing a diversity of 
successional stages within each LAU 
and connecting denning sites and 
foraging sites with forested cover 
without isolating them with open areas 
by prolonging the persistence of 
snowshoe hare habitat and retaining 
coarse woody debris for denning sites 
(Washington DNR 2006, p. 29). 

The LHMP identifies specific 
guidelines to achieve the objectives and 
strategies at each scale; it also describes 
how WDNR will monitor and evaluate 
the implementation and effectiveness of 
the LHMP (Washington DNR 2006, pp. 
29–63). WDNR has been managing for 
lynx for almost two decades, and the 
Service has concluded that the 
management strategies implemented are 
effective. 

In the final revised critical habitat 
designation, published in the Federal 
Register on February 25, 2009 (74 FR 
8657–8658), we determined that the 
benefits of excluding lands managed in 
accordance with the WDNR LHMP 
outweighed the benefits of including 
them in the designation, and that doing 
so would not result in extinction of the 
species. We reaffirm that determination 
based on the analysis below. 

Benefits of Inclusion 
On WDNR State lands, it is 

uncommon for an action with a Federal 
nexus that triggers consultation under 
section 7 of the Act to occur; therefore, 
little benefit would be realized through 
section 7 consultation if these lands 
were included in the designation. Some 
educational benefits to designating 
critical habitat for lynx on WDNR- 
managed lands may exist. However, we 
believe there is already substantial 
awareness of the lynx and conservation 
issues related to the lynx through the 
species being listed both under the Act 
and Washington State law; through the 
public review process for the WDNR 
LHMP, Washington’s Lynx Recovery 
Plan, and the revision of the Okanogan- 
Wenatchee National Forest Management 
Plan; lynx and snowshoe hare research 
being conducted by the USFS Pacific 
Northwest Research Station, 
Washington State University, University 
of Washington, and the University of 
Montana; surveys being conducted by 
Washington Department of Fish and 
Wildlife and the USFS; and State of 
Washington Web sites (e.g., http://

wdfw.wa.gov/wlm/diversty/soc/
recovery/lynx/lynx.htm, 
www.dnr.wa.gov/htdocs/amp/sepa/
lynx/1_toc.pdf). 

Benefits of Exclusion 
The WDNR LHMP has provided 

substantial protection of features 
essential to the conservation of lynx on 
WDNR lands, and has provided a greater 
level of management for the lynx on 
these State lands than would be 
achieved with the designation of critical 
habitat. Because the LHMP provides 
lynx-specific objectives and strategies 
for different planning scales, guidelines 
to meet the objectives, and monitoring 
to evaluate implementation and 
effectiveness, the measures contained in 
the WDNR LHMP exceed any measures 
that might result from critical habitat 
designation. As a result, we do not 
anticipate any actions on these lands 
that would destroy or adversely modify 
habitats essential to the conservation of 
the lynx DPS. The exclusion of WDNR 
lands from critical habitat would help 
preserve the partnerships that we have 
developed with the State of Washington 
through development and 
implementation of the 2006 LHMP and 
the original 1996 lynx plan, both of 
which provide for long-term lynx 
conservation. 

Benefits of Exclusion Outweigh the 
Benefits of Inclusion 

We evaluated the exclusion of 
approximately 164.2 mi2 (425 km2) of 
lands managed by the WDNR. Including 
WDNR lands managed in accordance 
with the LHMP in the final designation 
would likely not lead to any changes in 
WDNR management (to further avoid 
destroying or adversely modifying that 
habitat), and, therefore, the benefits of 
inclusion are low. We find that few 
additional conservation benefits would 
be realized through section 7 of the Act, 
because actions on these State lands 
rarely have a Federal nexus. The habitat 
conservation measures addressing the 
features essential to conservation of the 
lynx are already being implemented on 
WDNR lands under the WDNR LHMP, 
have a proven record of effectiveness, 
will be in place until at least 2076, and 
are providing for physical and biological 
features essential to the conservation of 
the species. 

Based on the above considerations, 
and consistent with the direction 
provided in section 4(b)(2) of the Act, 
we find that greater benefits to lynx will 
be achieved by excluding these WDNR 
lands from the final designation than 
would be achieved by including them. 
Therefore, in this final rule, we have not 
designated critical habitat for the lynx 

DPS on lands managed in accordance 
with the WDNR LHMP. 

Exclusion Will Not Result in Extinction 
of the Species 

We have determined that the 
exclusion of lands managed in 
accordance with the WDNR LHMP from 
Unit 4 of this final revised critical 
habitat designation for the lynx DPS 
will not result in the extinction of the 
species because the WDNR plan 
provides for the conservation of the 
species and the physical and biological 
features essential to it. The jeopardy 
standard of section 7(a)(2) of the Act 
and routine implementation of 
conservation measures through the 
section 7 process also provide 
assurances that the subspecies will not 
go extinct. The protections afforded to 
the lynx under the jeopardy standard 
will remain in place for the areas 
excluded from revised critical habitat. 
We, therefore, exclude 164.2 mi2 (425 
km2) of lands managed in accordance 
with the WDNR LHMP from Unit 4 of 
this final revised lynx critical habitat 
designation. 

Montana Department of Natural 
Resources and Conservation Forested 
Trust Lands Habitat Conservation Plan 
(MDNRC HCP) 

The Montana Department of Natural 
Resources and Conservation (MDNRC) 
Forested Trust Lands Habitat 
Conservation Plan (HCP; Montana 
Department of Natural Resources and 
Conservation and U.S. Fish and Wildlife 
Service 2010a, entire; 2010b, entire; 
2010c, entire) was permitted in 2011 
under section 10(a)(1)(B) of the Act for 
a period of 50 years (U.S. Fish and 
Wildlife Service 2011a, entire; 2011b, 
entire). The HCP covers about 857 mi2 
(2,220 km2) of forested State trust lands 
in western Montana. The HCP trust 
lands occur on both blocked and 
scattered parcels within three MDNRC 
land offices, the Northwestern, Central, 
and Southwestern Land Offices. 
Blocked lands are primarily three State 
Forests: Stillwater, Coal Creek, and 
Swan. Scattered parcels refer to all other 
HCP project lands outside of blocked 
lands. About 271.4 mi2 (703 km2) of 
lands managed in accordance with the 
HCP overlap the designated lynx critical 
habitat in Unit 3, and about 1.3 mi2 (3.3 
km2) of HCP-managed lands overlap 
critical habitat in Unit 5. Of this total, 
about 73 percent (200 mi2 (518 km2)) 
occurs in high-priority areas for lynx 
conservation known as Lynx 
Management Areas (LMAs), with the 
remainder in scattered blocks (Montana 
Department of Natural Resources and 
Conservation and U.S. Fish and Wildlife 
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Service 2010a, p. 4–365; 2010b, pp. 2- 
45–2-61; 2010c, p. D–67; U.S. Fish and 
Wildlife Service 2011a, pp. III-42–III- 
45). 

The HCP covers activities that are 
primarily associated with commercial 
forest management, but includes grazing 
on forested trust lands. In addition to 
lynx, the HCP also covers grizzly bears 
(Ursus arctos horribilis) and bull trout 
(Salvelinus confluentus), both listed as 
threatened under the Act, and two non- 
listed fish species, the westslope 
cutthroat trout (Oncorhynchus clarkii 
lewisi) and the Interior (Columbia River) 
redband trout (Oncorhynchus mykiss 
gairdneri). 

The HCP includes a Lynx 
Conservation Strategy (Montana 
Department of Natural Resources and 
Conservation and U.S. Fish and Wildlife 
Service 2010b, pp. 2-45–2-61) consisting 
of a suite of lynx habitat commitments 
that apply to all lands in the HCP 
project area supporting lynx habitat and 
additional commitments that apply to 
LMAs. The HCP was finalized in 2011, 
and MDNRC has been implementing the 
HCP Lynx Conservation Strategy since 
the first year of implementation in 2012 
(Montana Department of Natural 
Resources and Conservation 2013a, 
2013b, 2013c, entire; 2014a, 2014b, 
entire). The Lynx Conservation Strategy 
incorporates many of the existing 
Administration Rules of Montana 
(ARMs) for forest management 
activities, and it describes the additional 
HCP commitments based on recent 
information and research. The Lynx 
Conservation Strategy minimizes 
impacts of forest management activities 
on lynx and lynx critical habitat 
associated with the HCP, while allowing 
MDNRC to meet its fiduciary and 
stewardship trust responsibilities. 
MDNRC requested that lands subject to 
the HCP be excluded from critical 
habitat. 

The goal of the Lynx Conservation 
Strategy is to support Federal lynx 
conservation efforts by managing for 
habitat elements important to lynx and 
their prey that contribute to the 
landscape-scale occurrence of lynx. HCP 
commitments in the strategy are 
associated with two types of habitat 
areas: (1) lynx habitat on lands within 
the HCP, and (2) lynx habitat on specific 
LMA subunits of HCP lands where 
resident lynx are known to occur or 
likely to occupy the area periodically. 
The HCP includes specific objectives to 
achieve this goal: 

(1) Minimize potential for disturbance 
to known den sites; 

(2) Map potential lynx winter 
foraging, summer foraging, and 
temporarily non-suitable habitats; 

(3) Retain coarse woody debris and 
other denning attributes; 

(4) Limit conversion of suitable lynx 
habitat to temporarily nonsuitable 
habitat per decade in LMAs; 

(5) Ensure adequate amounts of 
foraging habitat are maintained in 
LMAs; 

(6) Provide for habitat connectivity 
where vegetation and ownership 
patterns allow; and 

(7) Maintain suitable lynx habitat on 
MDNRC scattered parcels outside LMAs 
(Montana Department of Natural 
Resources and Conservation and U.S. 
Fish and Wildlife Service 2010b, pp. 2- 
45–2-61). 

The Lynx Conservation Strategy 
through the HCP places additional 
conservation emphasis on geographic 
areas most likely to remain high-priority 
areas to promote lynx conservation into 
the future (Montana Department of 
Natural Resources and Conservation and 
U.S. Fish and Wildlife Service 2010b, p. 
2-53). These HCP lands occur in 
primary lynx habitat types, and are thus 
likely to provide snow depths and 
vegetation species compositions 
necessary to provide preferred winter 
foraging conditions, as well as ensure 
that the HCP helps support Federal 
efforts to provide adequate amounts of 
suitable lynx habitat. It also describes 
how MDNRC will monitor and evaluate 
the implementation and effectiveness of 
the HCP (Montana Department of 
Natural Resources and Conservation and 
U.S. Fish and Wildlife Service 2010b, 
pp. 4-27–4-37). Prior to the HCP, 
MDNRC had been managing diligently 
for lynx for over a decade under existing 
ARMs. The HCP and the ARMS 
combined will ensure that habitat 
features important for conservation of 
lynx will occur on MDNRC’s HCP- 
managed lands in the long term. 

Benefits of Inclusion 
On MDNRC HCP State lands, it is 

relatively infrequent for an action with 
a Federal nexus that triggers 
consultation under section 7 of the Act 
to occur; therefore, little benefit would 
be realized through section 7 
consultation if these lands were 
included in the critical habitat 
designation. Some educational benefits 
of designating critical habitat for lynx 
on MDNRC HCP managed lands may 
exist. However, we believe there is 
already substantial awareness of the 
lynx and conservation issues related to 
the lynx through the species being listed 
under the Act and addressed by 
Montana State law; through the public 
review process for the MDNRC HCP; 
MDNRC’s forest management 
consistency with the Lynx recovery 

outline (U.S. Fish and Wildlife Service 
2005, entire); the HCP support of 
Montana Department of Fish, Wildlife, 
and Parks’ (MFWP) lynx strategy set 
forth in its Comprehensive Fish and 
Wildlife Conservation Strategy 
(Montana Department of Fish, Wildlife, 
and Parks 2005, pp. 400–402); lynx and 
snowshoe hare research being 
conducted by the USFS Rocky 
Mountain Research Station and the 
University of Montana; surveys being 
conducted by MFWP and the USFS; and 
State of Montana Web sites (e.g., 
http://fwp.mt.gov/fishandwildlife/
species/threatened/canadaLynx/
default.html, http://dnrc.mt.gov/HCP/
Species.asp). 

Benefits of Exclusion 
The MDNRC HCP provides 

substantial protection of features 
essential to the conservation of lynx on 
HCP-managed lands and provides a 
greater level of management for the lynx 
on these State lands than would be 
achieved with designation of critical 
habitat. Because the HCP provides lynx- 
specific objectives and strategies for 
different geographic locations, 
guidelines to meet the objectives, and 
monitoring to evaluate implementation 
and effectiveness, the measures 
contained in the HCP exceed any 
measures that might result from critical 
habitat designation. As a result, we do 
not anticipate any actions on these 
lands that would reduce the landscape- 
scale availability of important lynx and 
hare habitats or otherwise diminish the 
conservation value of these lands to the 
lynx DPS. 

The exclusion of MDNRC HCP- 
managed lands from critical habitat 
would help preserve the partnerships 
that have developed between the 
Service and the State through 
development and implementation of the 
HCP, the existing ARMs, the 
Comprehensive Fish and Wildlife 
Conservation Strategy, and the intent of 
the State Forest Land Management Plan, 
all of which provide for long-term lynx 
conservation. Requiring additional 
redundant processes of permit 
applicants/holders who have already 
undergone an extensive Federal process 
to apply for a permit also appreciably 
undermines the benefit of HCPs for 
cooperators and reduces the certainty 
otherwise provided by a single clear 
plan. 

Benefits of Exclusion Outweigh the 
Benefits of Inclusion 

We have evaluated the exclusion of 
approximately 272.7 mi2 (706 km2) of 
lands managed by the MDNRC in 
accordance with the HCP. We have 
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determined that it is unlikely that 
including these HCP-managed areas in 
the final designation would lead to any 
changes in MDNRC management (i.e., 
no additional conservation measures 
would be recommended to further avoid 
impacts to lynx and hare habitats); 
therefore, the benefits of inclusion are 
low. 

We find that few (if any) additional 
conservation benefits would be realized 
through section 7 of the Act, because 
activities with a Federal nexus are 
infrequent on these State lands. 
Additionally, the habitat conservation 
measures addressing the features 
essential to conservation of the lynx are 
already being implemented on MDNRC 
lands under the MDNRC HCP, have 
been demonstrated to be effective, will 
be in place until at least 2061, and are 
providing for the maintenance and 
protection of the physical and biological 
features essential to the conservation of 
the lynx DPS. 

We have, therefore, determined that 
the benefits of excluding lands managed 
in accordance with the MDNRC HCP in 
Unit 3 and Unit 5 outweigh the benefits 
of including these lands as critical 
habitat. Based on the above 
considerations, and consistent with the 
direction provided in section 4(b)(2) of 
the Act, we find that greater benefits to 
lynx are likely to be achieved by 
excluding MDNRC HCP lands from the 
final designation than by including 
them. 

Exclusion Will Not Result in Extinction 
of the Species 

The MDNRC HCP (1) provides 
biologically meaningful and quantifiable 
measures for the long-term conservation 
of the lynx and the physical and 
biological features essential to it, (2) 
includes long-term certainty of 
implementation, (3) employs rigorous 
monitoring and reporting requirements, 
and (4) applies an adaptive management 
approach. Therefore, it is our 
determination that the exclusion of 
MDNRC HCP lands from critical habitat 
will not result in the extinction of the 
DPS. We, therefore, exclude 271.4 mi2 
(703 km2) of lands managed in 
accordance with the MDNRC HCP from 
Unit 3, and 1.3 mi2 (3.3 km2) from Unit 
5 of this final revised lynx critical 
habitat designation. 

Required Determinations 

Regulatory Planning and Review 
(Executive Orders 12866 and 13563) 

Executive Order 12866 provides that 
the Office of Information and Regulatory 
Affairs (OIRA) will review all significant 
rules. The Office of Information and 

Regulatory Affairs has determined that 
this rule is not significant. 

Executive Order 13563 reaffirms the 
principles of E.O. 12866 while calling 
for improvements in the nation’s 
regulatory system to promote 
predictability, to reduce uncertainty, 
and to use the best, most innovative, 
and least burdensome tools for 
achieving regulatory ends. The 
executive order directs agencies to 
consider regulatory approaches that 
reduce burdens and maintain flexibility 
and freedom of choice for the public 
where these approaches are relevant, 
feasible, and consistent with regulatory 
objectives. E.O. 13563 emphasizes 
further that regulations must be based 
on the best available science and that 
the rulemaking process must allow for 
public participation and an open 
exchange of ideas. We have developed 
this rule in a manner consistent with 
these requirements. 

Regulatory Flexibility Act (5 U.S.C. 601 
et seq.) 

Under the Regulatory Flexibility Act 
(RFA; 5 U.S.C. 601 et seq.), as amended 
by the Small Business Regulatory 
Enforcement Fairness Act of 1996 
(SBREFA; 5 U.S.C. 801 et seq.), 
whenever an agency is required to 
publish a notice of rulemaking for any 
proposed or final rule, it must prepare 
and make available for public comment 
a regulatory flexibility analysis that 
describes the effects of the rule on small 
entities (i.e., small businesses, small 
organizations, and small government 
jurisdictions). However, no regulatory 
flexibility analysis is required if the 
head of the agency certifies the rule will 
not have a significant economic impact 
on a substantial number of small 
entities. The SBREFA amended the RFA 
to require Federal agencies to provide a 
certification statement of the factual 
basis for certifying that the rule will not 
have a significant economic impact on 
a substantial number of small entities. 

According to the Small Business 
Administration, small entities include 
small organizations such as 
independent nonprofit organizations; 
small governmental jurisdictions, 
including school boards and city and 
town governments that serve fewer than 
50,000 residents; and small businesses 
(13 CFR 121.201). Small businesses 
include manufacturing and mining 
concerns with fewer than 500 
employees, wholesale trade entities 
with fewer than 100 employees, retail 
and service businesses with less than $5 
million in annual sales, general and 
heavy construction businesses with less 
than $27.5 million in annual business, 
special trade contractors doing less than 

$11.5 million in annual business, and 
agricultural businesses with annual 
sales less than $750,000. To determine 
if potential economic impacts to these 
small entities are significant, we 
considered the types of activities that 
might trigger regulatory impacts under 
this designation as well as types of 
project modifications that may result. In 
general, the term ‘‘significant economic 
impact’’ is meant to apply to a typical 
small business firm’s business 
operations. 

The Service’s current understanding 
of the requirements under the RFA, as 
amended, and following recent court 
decisions, is that Federal agencies are 
only required to evaluate the potential 
incremental impacts of rulemaking on 
those entities directly regulated by the 
rulemaking itself, and therefore, not 
required to evaluate the potential 
impacts to indirectly regulated entities. 
The regulatory mechanism through 
which critical habitat protections are 
realized is section 7 of the Act, which 
requires Federal agencies, in 
consultation with the Service, to ensure 
that any action authorized, funded, or 
carried out by the Agency is not likely 
to destroy or adversely modify critical 
habitat. Therefore, under section 7 only 
Federal action agencies are directly 
subject to the specific regulatory 
requirement (avoiding destruction and 
adverse modification) imposed by 
critical habitat designation. 
Consequently, it is our position that 
only Federal action agencies will be 
directly regulated by this designation. 
There is no requirement under RFA to 
evaluate the potential impacts to entities 
not directly regulated. Moreover, 
Federal agencies are not small entities. 
Therefore, because no small entities are 
directly regulated by this rulemaking, 
the Service certifies that, if 
promulgated, the final critical habitat 
designation will not have a significant 
economic impact on a substantial 
number of small entities. 

During the development of this final 
rule we reviewed and evaluated all 
information submitted during the 
comment period that may pertain to our 
consideration of the probable 
incremental economic impacts of this 
critical habitat designation. Based on 
this information, we affirm our 
certification that this final critical 
habitat designation will not have a 
significant economic impact on a 
substantial number of small entities, 
and a regulatory flexibility analysis is 
not required. 
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Energy Supply, Distribution, or Use— 
Executive Order 13211 

Executive Order 13211 (Actions 
Concerning Regulations That 
Significantly Affect Energy Supply, 
Distribution, or Use) requires agencies 
to prepare Statements of Energy Effects 
when undertaking certain actions. OMB 
has provided guidance for 
implementing this Executive Order that 
outlines nine outcomes that may 
constitute ‘‘a significant adverse effect’’ 
when compared to not taking the 
regulatory action under consideration. 
Our economic analyses of the proposed 
and final rules found that none of these 
criteria are relevant to this analysis, and 
it did not identify any potentially 
significant effects of lynx critical habitat 
designation on energy supply, 
distribution, or use. Thus, based on 
information in the economic analysis, 
significant energy-related impacts 
associated with lynx conservation 
activities within critical habitat are not 
expected. As such, the designation of 
critical habitat is not expected to 
significantly affect energy supplies, 
distribution, or use. Therefore, this 
action is not a significant energy action, 
and no Statement of Energy Effects is 
required. 

Unfunded Mandates Reform Act (2 
U.S.C. 1501 et seq.) 

In accordance with the Unfunded 
Mandates Reform Act (2 U.S.C. 1501 et 
seq.), we make the following findings: 

(1) This rule will not produce a 
Federal mandate. In general, a Federal 
mandate is a provision in legislation, 
statute, or regulation that would impose 
an enforceable duty upon State, local, or 
Tribal governments, or the private 
sector, and includes both ‘‘Federal 
intergovernmental mandates’’ and 
‘‘Federal private sector mandates.’’ 
These terms are defined in 2 U.S.C. 
658(5)–(7). ‘‘Federal intergovernmental 
mandate’’ includes a regulation that 
‘‘would impose an enforceable duty 
upon State, local, or Tribal 
governments’’ with two exceptions. It 
excludes ‘‘a condition of Federal 
assistance.’’ It also excludes ‘‘a duty 
arising from participation in a voluntary 
Federal program,’’ unless the regulation 
‘‘relates to a then-existing Federal 
program under which $500,000,000 or 
more is provided annually to State, 
local, and Tribal governments under 
entitlement authority,’’ if the provision 
would ‘‘increase the stringency of 
conditions of assistance’’ or ‘‘place caps 
upon, or otherwise decrease, the Federal 
Government’s responsibility to provide 
funding,’’ and the State, local, or Tribal 
governments ‘‘lack authority’’ to adjust 

accordingly. At the time of enactment, 
these entitlement programs were: 
Medicaid; Aid to Families with 
Dependent Children work programs; 
Child Nutrition; Food Stamps; Social 
Services Block Grants; Vocational 
Rehabilitation State Grants; Foster Care, 
Adoption Assistance, and Independent 
Living; Family Support Welfare 
Services; and Child Support 
Enforcement. ‘‘Federal private sector 
mandate’’ includes a regulation that 
‘‘would impose an enforceable duty 
upon the private sector, except (i) a 
condition of Federal assistance or (ii) a 
duty arising from participation in a 
voluntary Federal program.’’ 

The designation of critical habitat 
does not impose a legally binding duty 
on non-Federal Government entities or 
private parties. Under the Act, the only 
regulatory effect is that Federal agencies 
must ensure that their actions do not 
destroy or adversely modify critical 
habitat under section 7. While non- 
Federal entities that receive Federal 
funding, assistance, or permits, or that 
otherwise require approval or 
authorization from a Federal agency for 
an action, may be indirectly impacted 
by the designation of critical habitat, the 
legally binding duty to avoid 
destruction or adverse modification of 
critical habitat rests squarely on the 
Federal agency. Furthermore, to the 
extent that non-Federal entities are 
indirectly impacted because they 
receive Federal assistance or participate 
in a voluntary Federal aid program, the 
Unfunded Mandates Reform Act would 
not apply, nor would critical habitat 
shift the costs of the large entitlement 
programs listed above onto State 
governments. 

(2) We do not believe that this rule 
will significantly or uniquely affect 
small governments because it would not 
produce a Federal mandate of $100 
million or greater in any year; that is, it 
is not a ‘‘significant regulatory action’’ 
under the Unfunded Mandates Reform 
Act. The FEA concludes incremental 
impacts may occur due to 
administrative costs of section 7 
consultations; however, these are not 
expected to significantly affect small 
governments. Incremental impacts 
stemming from various species 
conservation and development control 
activities are expected to be borne 
largely by the Federal Government not 
by any other organizations that could be 
considered small governments. 
Consequently, we do not believe that 
the critical habitat designation would 
significantly or uniquely affect small 
government entities. As such, a Small 
Government Agency Plan is not 
required. 

Takings—Executive Order 12630 

In accordance with Executive Order 
12630 (‘‘Government Actions and 
Interference with Constitutionally 
Protected Private Property Rights’’), we 
have analyzed the potential takings 
implications of designating critical 
habitat for the lynx DPS in a takings 
implications assessment. We conducted 
an economic analysis which determined 
that (1) the designation of revised 
critical habitat for the lynx is unlikely 
to generate costs exceeding $100 million 
in a single year, (2) the economic costs 
of implementing the rule through 
section 7 of the Act will most likely be 
limited to the additional administrative 
effort required to consider adverse 
modification, and (3) the revised 
designation is not expected to trigger 
additional requirements under State or 
local regulations. We also completed a 
Takings Implication Assessment (TIA) 
in which we determined that revising 
the designation of critical habitat for the 
lynx would not deny anyone 
economically viable use of their 
property or result in a direct and 
immediate interference with property 
nor in physical occupation of anyone’s 
property. We have concluded, therefore, 
that this designation is not likely to 
result in either a regulatory or a physical 
taking in accordance with the Fifth 
Amendment of the Constitution. Based 
on the best available information, the 
TIA concludes that this designation of 
critical habitat for the lynx does not 
pose significant takings implications. 

Federalism—Executive Order 13132 

In accordance with E.O. 13132 
(Federalism), this final rule does not 
have significant Federalism effects. A 
Federalism assessment is not required. 
In keeping with Department of the 
Interior and Department of Commerce 
policy, we requested information from, 
and coordinated development of the 
proposed critical habitat designation 
with, appropriate State resource 
agencies in Idaho, Maine, Minnesota, 
Montana, Washington, and Wyoming. 
We received comments from Idaho 
(Office of Species Conservation, 
Department of Fish and Game, and 
Department of Lands); Maine 
(Department of Inland Fisheries and 
Wildlife); Montana (Department of 
Natural Resources and Conservation); 
New Mexico (Department of Agriculture 
and Department of Game and Fish); 
Washington (Department of Natural 
Resources); and Wyoming (Office of the 
Governor, Legislature’s Select 
Committee on Federal Natural Resource 
Management, and Game and Fish 
Department), Fremont, Lincoln, Park, 
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and Sublette Counties Boards of County 
Commissioners and Shoshone 
Cooperating Agency Coalition; and the 
Coalition of Local Governments 
representing the County Commissions 
and Conservation Districts for Lincoln, 
Sweetwater, Uinta, and Sublette 
Counties) and have addressed them in 
the Summary of Comments and 
Recommendations section of the rule. 
From a federalism perspective, the 
designation of critical habitat directly 
affects only the responsibilities of 
Federal agencies. The Act imposes no 
other duties with respect to critical 
habitat, either for States and local 
governments, or for anyone else. As a 
result, the rule does not have substantial 
direct effects either on the States, or on 
the relationship between the national 
government and the States, or on the 
distribution of powers and 
responsibilities among the various 
levels of government. The designation 
may have some benefit to these 
governments because the areas that 
contain the features essential to the 
conservation of the species are more 
clearly defined, and the physical and 
biological features of the habitat 
necessary to the conservation of the 
species are specifically identified. This 
information does not alter where and 
what federally sponsored activities may 
occur. However, it may assist these local 
governments in long-range planning 
(because these local governments no 
longer have to wait for case-by-case 
section 7 consultations to occur). 

Where State and local governments 
require approval or authorization from a 
Federal agency for actions that may 
affect critical habitat, consultation 
under section 7(a)(2) would be required. 
While non-Federal entities that receive 
Federal funding, assistance, or permits, 
or that otherwise require approval or 
authorization from a Federal agency for 
an action, may be indirectly impacted 
by the designation of critical habitat, the 
legally binding duty to avoid 
destruction or adverse modification of 
critical habitat rests squarely on the 
Federal agency. 

Civil Justice Reform—Executive Order 
12988 

In accordance with Executive Order 
12988 (Civil Justice Reform), the Office 
of the Solicitor has determined that the 
rule does not unduly burden the judicial 
system and that it meets the applicable 
standards set forth in sections 3(a) and 
3(b)(2) of the Order. We are designating 
critical habitat in accordance with the 
provisions of the Act. To assist the 
public in understanding the habitat 
needs of the species, the rule identifies 
the elements of physical or biological 

features essential to the conservation of 
the lynx DPS. The designated areas of 
critical habitat are presented on maps, 
and the rule provides several options for 
the interested public to obtain more 
detailed location information, if desired. 

Paperwork Reduction Act of 1995 (44 
U.S.C. 3501 et seq.) 

This rule does not contain any new 
collections of information that require 
approval by OMB under the Paperwork 
Reduction Act of 1995 (44 U.S.C. 3501 
et seq.). This rule will not impose 
recordkeeping or reporting requirements 
on State or local governments, 
individuals, businesses, or 
organizations. An agency may not 
conduct or sponsor, and a person is not 
required to respond to, a collection of 
information unless it displays a 
currently valid OMB control number. 

National Environmental Policy Act (42 
U.S.C. 4321 et seq.) 

It is our position that, outside the 
jurisdiction of the U.S. Court of Appeals 
for the Tenth Circuit, we do not need to 
prepare environmental analyses 
pursuant to the National Environmental 
Policy Act (NEPA; 42 U.S.C. 4321 et 
seq.) in connection with designating 
critical habitat under the Act. We 
published a notice outlining our reasons 
for this determination in the Federal 
Register on October 25, 1983 (48 FR 
49244). This position was upheld by the 
U.S. Court of Appeals for the Ninth 
Circuit (Douglas County v. Babbitt, 48 
F.3d 1495 (9th Cir. 1995), cert. denied 
516 U.S. 1042 (1996)). However, when 
the range of the species includes States 
within the Tenth Circuit, such as that of 
lynx, under the Tenth Circuit ruling in 
Catron County Board of Commissioners 
v. U.S. Fish and Wildlife Service, 75 
F.3d 1429 (10th Cir. 1996), we 
undertake a NEPA analysis for critical 
habitat designation and notify the 
public of the availability of the draft 
environmental assessment for a 
proposal when it is finished. 

We performed the NEPA analysis, and 
the draft environmental assessment was 
made available for public comment on 
June 20, 2014 (79 FR 35303). The final 
environmental assessment and FONSI 
has been completed and is available for 
review with the publication of this final 
rule. You may obtain a copy of the final 
environmental assessment and FONSI 
online at http://www.regulations.gov, by 
mail from the Montana Ecological 
Services Field Office (see ADDRESSES), 
or by visiting our Web site at http://
www.fws.gov/montanafieldoffice/. 

In our environmental assessment, we 
concluded that designation of critical 
habitat would not have any direct 

effects on the environment, except 
through the section 7 consultation 
process. This is because critical habitat 
designation does not impose broad rules 
or restrictions on land use, nor does it 
automatically prohibit any land use 
activity. We also concluded that, 
although designation could alter or 
result in restrictions on some activities, 
mostly on Federal lands, it is not likely 
to result in substantial impacts to the 
physical or human environment. Our 
analysis did not identify any adverse 
effects unique to minority or low- 
income human populations in the 
affected areas nor the potential to cause 
irreversible or irretrievable 
environmental impacts, directly, 
indirectly, or cumulatively. 

Government-to-Government 
Relationship With Tribes 

In accordance with the President’s 
memorandum of April 29, 1994 
(Government-to-Government Relations 
with Native American Tribal 
Governments; 59 FR 22951), Executive 
Order 13175 (Consultation and 
Coordination with Indian Tribal 
Governments), and the Department of 
the Interior’s manual at 512 DM 2, we 
readily acknowledge our responsibility 
to communicate meaningfully with 
recognized Federal Tribes on a 
government-to-government basis. In 
accordance with Secretarial Order 3206 
of June 5, 1997 (American Indian Tribal 
Rights, Federal-Tribal Trust 
Responsibilities, and the Endangered 
Species Act), we readily acknowledge 
our responsibilities to work directly 
with tribes in developing programs for 
healthy ecosystems, to acknowledge that 
Tribal lands are not subject to the same 
controls as Federal public lands, to 
remain sensitive to Indian culture, and 
to make information available to tribes. 

Tribal lands in Maine, Minnesota, and 
Montana fall within the boundaries of 
this final designation in the Maine (Unit 
1), Minnesota (Unit 2), and Northern 
Rocky Mountains (Unit 3) critical 
habitat units. Tribal lands that fall 
within the designation include those of 
the Passamaquoddy Tribe and the 
Penobscot Indian Nation in Maine, the 
Grand Portage Indian Reservation and 
Bois Forte Indian Reservation– 
Vermillion Lake District in Minnesota, 
and the Confederated Salish and 
Kootenai Tribes, Flathead Indian 
Reservation in Montana. 

During development of the 2009 final 
rule, we contacted and met with a 
number of Tribes to discuss the 
proposed designation, and we also 
received comments from numerous 
Tribes requesting that their lands not be 
designated as critical habitat because of 
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their sovereign rights, in addition to 
concerns about economic impacts and 
the effect on their ability to manage 
natural resources. During development 
of the 2013 proposed rule and this final 
rule, we also contacted the Tribes whose 
lands were within the proposed revised 
designation, and they confirmed their 
continued preference that Tribal lands 
not be designated as lynx critical 
habitat. As described above (see 
Application of Section 4(b)(2) of the 
Act—Exclusions Based on Other 
Relevant Impacts), we determined in the 
2009 final rule and reaffirm in this rule 
that the benefits of excluding these 
Tribal lands from the final lynx critical 
habitat designation outweigh the 
benefits of including them, and that 
doing so will not result in extinction of 
the lynx DPS. Therefore, we are not 
designating critical habitat for the lynx 
on Tribal lands. 
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List of Subjects in 50 CFR Part 17 

Endangered and threatened species, 
Exports, Imports, Reporting and 
recordkeeping requirements, 
Transportation. 

Regulation Promulgation 

Accordingly, we amend part 17, 
subchapter B of chapter I, title 50 of the 
Code of Federal Regulations, as set forth 
below: 

PART 17—[AMENDED] 

■ 1. The authority citation for part 17 
continues to read as follows: 

Authority: 16 U.S.C. 1361–1407; 1531– 
1544; and 4201–4245, unless otherwise 
noted. 

■ 2. Amend § 17.11(h) by revising the 
entry for ‘‘Lynx, Canada’’ under 
‘‘Mammals’’ in the List of Endangered 
and Threatened Wildlife to read as 
follows: 

§ 17.11 Endangered and threatened 
wildlife. 

* * * * * 
(h) * * * 

Species 
Historic range 

Vertebrate popu-
lation where endan-
gered or threatened 

Status When listed Critical 
habitat 

Special 
rules Common name Scientific name 

MAMMALS 

* * * * * * * 
Lynx, Canada ......... Lynx canadensis .... U.S.A. (AK, CO, ID, 

ME, MI, MN, MT, 
NH, NY, OR, UT, 
VT, WA, WI, 
WY), Canada, 
circumboreal.

Where found within 
contiguous 
U.S.A. 

T 692 17.95(a) 17.40(k) 

* * * * * * * 

■ 3. In § 17.95, amend paragraph (a) by 
revising the entry for ‘‘Canada Lynx 
(Lynx canadensis)’’ to read as follows: 

§ 17.95 Critical habitat—fish and wildlife. 

(a) Mammals. 
* * * * * 

Canada Lynx (Lynx canadensis) 

(1) Critical habitat units are depicted 
on the maps below for the following 
States and counties: 

(i) Idaho: Boundary County; 
(ii) Maine: Aroostook, Franklin, 

Penobscot, Piscataquis, and Somerset 
Counties; 

(iii) Minnesota: Cook, Koochiching, 
Lake, and St. Louis Counties; 

(iv) Montana: Carbon, Flathead, 
Gallatin, Glacier, Granite, Lake, Lewis 
and Clark, Lincoln, Missoula, Park, 
Pondera, Powell, Stillwater, Sweetgrass, 
and Teton Counties; 

(v) Washington: Chelan and Okanogan 
Counties; and 

(vi) Wyoming: Fremont, Lincoln, 
Park, Sublette, and Teton Counties. 

(2) Within these areas the primary 
constituent element for the Canada lynx 
is boreal forest landscapes supporting a 
mosaic of differing successional forest 
stages and containing: 

(i) Presence of snowshoe hares and 
their preferred habitat conditions, 
which include dense understories of 
young trees, shrubs or overhanging 
boughs that protrude above the snow, 
and mature multistoried stands with 
conifer boughs touching the snow 
surface; 

(ii) Winter conditions that provide 
and maintain deep fluffy snow for 
extended periods of time; 

(iii) Sites for denning that have 
abundant coarse woody debris, such as 
downed trees and root wads; and 

(iv) Matrix habitat (e.g., hardwood 
forest, dry forest, non-forest, or other 
habitat types that do not support 
snowshoe hares) that occurs between 
patches of boreal forest in close 
juxtaposition (at the scale of a lynx 
home range) such that lynx are likely to 
travel through such habitat while 

accessing patches of boreal forest within 
a home range. 

(3) Critical habitat does not include 
manmade structures (such as buildings, 
aqueducts, runways, roads, and other 
paved areas) and the land on which they 
are located existing within the legal 
boundaries on October 14, 2014. 

(4) Critical habitat map units. Data 
layers defining map units were created 
using a USA Contiguous Albers Equal 
Area Conic projection. The maps in this 
entry establish the boundaries of the 
critical habitat designation. The 
coordinates or plot points or both on 
which each map is based are available 
to the public at the Service’s internet 
site, http://www.fws.gov/
montanafieldoffice/, at http:// 
www.regulations.gov at Docket No. 
FWS–R6–ES–2013–0101, and at the 
field office responsible for this 
designation. You may obtain field office 
location information by contacting one 
of the Service regional offices, the 
addresses of which are listed at 50 CFR 
2.2. 
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(5) Note: Index map follows: 
BILLING CODE 4310–55–P 
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(6) Unit 1: Maine—Aroostook, 
Franklin, Penobscot, Piscataquis, and 

Somerset Counties, ME. Map of Unit 1, 
Maine, follows: 

VerDate Mar<15>2010 19:18 Sep 11, 2014 Jkt 232001 PO 00000 Frm 00062 Fmt 4701 Sfmt 4725 E:\FR\FM\12SER2.SGM 12SER2 E
R

12
S

E
14

.0
01

<
/G

P
H

>

m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

~ l 

' ij 

,, 
I 

Map Features 

Citie.s 

·:;,.,.: .. Major Roads 

County Boundaries 

c:J State Boundary 

- Canada Lynx Critical Habitat 

0 25 

N 

A 
, Critical Habitat for Lynx canadensis (Canada Lynx), Unit 1 -Maine 

Map Location 



54843 Federal Register / Vol. 79, No. 177 / Friday, September 12, 2014 / Rules and Regulations 

(7) Unit 2: Minnesota—Cook, 
Koochiching, Lake, and St. Louis 
Counties, MN. 

Map of Unit 2, Minnesota, follows: 
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(8) Unit 3: Northern Rockies— 
Boundary County, ID, and Flathead, 

Glacier, Granite, Lake, Lewis and Clark, 
Lincoln, Missoula, Pondera, Powell and 

Teton Counties, MT. Map of Unit 3, 
Northern Rockies, follows: 
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(9) Unit 4: North Cascades—Chelan 
and Okanogan Counties, WA. Map of 
Unit 4, North Cascades, follows: 
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(10) Unit 5: Greater Yellowstone 
Area—Carbon, Gallatin, Park, Stillwater, 

and Sweetgrass Counties, MT, and 
Fremont, Lincoln, Park, Sublette, and 

Teton Counties, WY. Map of Unit 5, 
Greater Yellowstone Area, follows: 

* * * * * Dated: August 27, 2014. 
Michael J. Bean, 
Principal Deputy Assistant Secretary for Fish 
and Wildlife and Parks. 
[FR Doc. 2014–21013 Filed 9–11–14; 8:45 am] 
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From: Michael, Alison
To: Hein, Eric
Cc: Terry Ireland; Kurt Broderdorp
Subject: Re: lynx biological opinion?
Date: Thursday, October 23, 2014 1:47:48 PM

Hi Eric,

I'm forwarding to Kurt, because he's likely your guy.

Alison

On Thu, Oct 23, 2014 at 2:45 PM, Hein, Eric <eric_hein@fws.gov> wrote:
Hey Terry/Alison:

Do you know who wrote the biological opinion for Wildlife Services activities for lynx in
your state?  We are looking for a Word copy of the opinion since we are likely to follow the
same approach here now that lynx is listed in New Mexico.

Thanks!

Eric

-- 
Eric W. Hein
U.S. Fish and Wildlife Service
2105 Osuna NE
Albuquerque, New Mexico 87113
505-761-4735, 346-2542 (fax)

-- 
Alison Deans Michael
CDOT/USFWS Liaison
Colorado Field Office
303 236-4758

mailto:alison_michael@fws.gov
mailto:eric_hein@fws.gov
mailto:terry_ireland@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:eric_hein@fws.gov


From: Hein, Eric
To: Dennis, George
Subject: Re: lynx final rule
Date: Thursday, October 23, 2014 1:55:45 PM

Sounds good.  Hopefully, I'll have the Word version of the BO shortly...

On Thu, Oct 23, 2014 at 2:54 PM, Dennis, George <george_dennis@fws.gov> wrote:
Eric,
I found the lynx reports so will use Colorado BO language and reports to fill in our BO for
the lynx.

Regards,
George Dennis

George D. Dennis III, Ph.D.
Branch Chief
New Mexico Ecological Services Field Office
U.S. Fish and Wildlife Service
2105 Osuna Rd NE
Albuquerque, NM  87113
505-761-4754
george_dennis@fws.gov

On Thu, Oct 23, 2014 at 2:46 PM, Hein, Eric <eric_hein@fws.gov> wrote:
Hi George:

Here's the final rule listing the lynx in NM.

Eric

-- 
Eric W. Hein
U.S. Fish and Wildlife Service
2105 Osuna NE
Albuquerque, New Mexico 87113
505-761-4735, 346-2542 (fax)

-- 
Eric W. Hein
U.S. Fish and Wildlife Service
2105 Osuna NE
Albuquerque, New Mexico 87113
505-761-4735, 346-2542 (fax)

mailto:eric_hein@fws.gov
mailto:george_dennis@fws.gov
mailto:george_dennis@fws.gov
mailto:george_dennis@fws.gov
mailto:eric_hein@fws.gov


 

When trapping for target species such as bobcat or fisher, trappers sometimes incidentally
catch Canada lynx, which are protected as threatened under the Endangered Species Act. The
Service has approved Maine Department of Inland Fisheries and Wildlife's plan to reduce and
mitigate for these incidents. Credit: USFWS
Higher Quality Version of Image

From: Catton, Susan J -FS
To: Tamara_Smith@fws.gov
Subject: RE: USFWS finalize plan for Canada lynx affected by Maine"s trapping programs
Date: Monday, November 10, 2014 10:14:32 AM

Thanks Tam
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Wednesday, November 05, 2014 8:45 AM
To: Ron Moen; steveloch07@gmail.com; richard.baker@state.mn.us; Catton, Susan J -FS; Tisler, Todd M
-FS
Cc: mark_mccollough@fws.gov
Subject: Fwd: USFWS finalize plan for Canada lynx affected by Maine's trapping programs
 
fyi - 
 
---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Tue, Nov 4, 2014 at 1:43 PM
Subject: USFWS finalize plan for Canada lynx affected by Maine's trapping programs
To: Laury Zicari <laury_zicari@fws.gov>, Meagan Racey <meagan_racey@fws.gov>

Agencies finalize plan for Canada lynx affected
by Maine’s trapping programs
Maine to provide habitat in 22,000-acre lynx management area

November 4, 2014
Contacts:

USFWS, Meagan Racey, 413-253-8558
MDIFW, Mark Latti, 207-287-5216

 

With measures in place to minimize and offset the effects to federally protected Canada lynx, the
U.S. Fish and Wildlife Service has permitted the Maine Department of Inland Fisheries and
Wildlife for incidental captures of the threatened species associated with state-regulated trapping
programs.

“People can continue to enjoy one of Maine’s long traditions, furbearer trapping, while taking steps
to avoid harming Canada lynx and supporting a larger effort to provide habitat that helps us

http://digitalmedia.fws.gov/cdm/singleitem/collection/natdiglib/id/10892/rec/18
mailto:scatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:mark_mccollough@fws.gov
mailto:laury_zicari@fws.gov
mailto:meagan_racey@fws.gov


recover the species,” said Assistant Regional Director Paul Phifer of the U.S Fish and Wildlife
Service Northeast Region. “This illustrates how the Endangered Species Act allows for some
flexibility when applicants have demonstrated that they have minimized and mitigated the effects
on protected wildlife.”

Maine is the first state to have an incidental take plan for Canada lynx. The MDIFW’s final
incidental take plan, required for the incidental take permit, outlines the minimization measures,
such as using certain trap sets and increasing trapper outreach, compliance monitoring by
wardens, and veterinary oversight. The take of lynx will be offset by providing lynx habitat in a
22,046-acre lynx management area on the state’s Bureau of Parks and Lands Seboomook Unit in
northern Maine.

“Working together, we have reached an agreement that continues to safeguard Maine’s lynx
population, while allowing the State of Maine to move forward with our wildlife management
programs,” said Director James Connolly of the Bureau of Resource Management, Maine
Department of Inland Fisheries and Wildlife. “This plan is an excellent example of how agencies
can work together to achieve shared goals.”

The Service previously released versions of the MDIFW’s incidental take plan and the Service’s
environmental assessments for public comment in November 2011 and August 2014. The Service
conducted three information sessions and received over 12,900 individual comments, which can
be viewed at regulations.gov (docket FWS-R5-ES-2014-0020). Responses to the many issues
raised in public comments are contained in an appendix to the final environmental assessment,
which is available at http://www.fws.gov/mainefieldoffice/.

“Our analysis through the permitting process confirmed that trapping does not pose a significant
threat to Maine’s lynx population,” Phifer said. “The most important factor to maintaining a healthy
population of lynx in Maine is having sufficient habitat, which is why the plan focuses on managing
habitat for mitigation.”

The Endangered Species Act makes it illegal to “take”—meaning trap, capture, collect, harass,
harm, wound or kill—federally threatened or endangered wildlife, such as the threatened Canada
lynx. Trapping for common species like coyote, fox, pine marten or fisher, have the risk of
incidentally taking Canada lynx. An incidental take permit allows trapping to continue in
compliance with the ESA as part of the recreational fur trapping program, predator management
program (coyote control) and animal damage control program, as the MDIFW undertakes
practicable measures to minimize and mitigate take of lynx.

Incidental take plans, known also as habitat conservation plans, identify the impacts to listed
species from a project or program; the steps the applicant will take to minimize and mitigate for
such impacts; what alternative actions were considered; and how conservation efforts will be
funded.

To learn more:

         Visit the Maine Field Office website, http://www.fws.gov/mainefieldoffice/, for final permitting
documents, questions and answers about the process, species information, and an archive of the
draft and revised documents. All documents are on the Canada lynx page.

         Visit www.regulations.gov and enter docket FWS-R5-ES-2014-0020 to review comments
submitted during the comment periods, the Service’s response to comments, and the revised
plan and assessment.

         Download PDF version of news release.
 
--

http://regulations.gov/
http://www.fws.gov/mainefieldoffice/
http://www.fws.gov/mainefieldoffice/
http://www.fws.gov/mainefieldoffice/canada_lynx.html
http://www.regulations.gov/
http://www.regulations.gov/#%21docketDetail;D=FWS-R5-ES-2014-0020
http://www.fws.gov/northeast/PDF/ITP%20final%2011-4-14.pdf


Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

mailto:mark_mccollough@fws.gov


From: Nathan Hostetter
To: Timothy Catton; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Catton, Susan J -FS
Cc: Tamara_Smith@fws.gov; Beth Gardner
Subject: Lynx Occupancy Surveys
Date: Monday, November 24, 2014 8:05:44 AM
Attachments: Lynx.Snow.Tracking.Datasheet.v1.docx

Hi everyone,

Attached is a DRAFT lynx occupancy datasheet for this winter. I need some feedback on this
datasheet. Is it field applicable, does it include the metrics you think are important, etc.? The
first page describes the general approach, the second page is the datasheet, and the third page
is an example survey. 

A couple specific questions:
1. Are there survey-specific factors that affect the probability of detecting lynx (e.g., weather
conditions)? We have included "Days since last snow", but let me know if  other factors
should be recorded during these surveys.

2. Are there area-specific factors that affect the probability of lynx presence? We can get land
cover type, forest cover, etc. from GIS, but are there on-the-ground factors we can and should
record during each survey (e.g., snowshoe hare detections)    

Looking forward to some feedback and discussion. Best,

-Nathan J. Hostetter

Ph.D. student

North Carolina State University

Department of Forestry and Environmental Resources

Box 8001

Raleigh, NC  27695

(p) 1-541-410-1453 

mailto:njhostet@ncsu.edu
mailto:tcatton@fs.fed.us
mailto:dcryan@fs.fed.us
mailto:dgrosshuesch@fs.fed.us
mailto:scatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:bagardne@ncsu.edu
tel:1-541-410-1453


2014-2015 Lynx Occupancy Surveys 
 
General approach (complete datasheet below): 

• Record GPS tracks during all Lynx surveys (start tracks when survey begins, stop tracks when 
survey ends). 
 

• Record locations of any lynx sign observed during the survey, even if it is the same Lynx. 
o e.g., driving down road, observe set of lynx tracks, then you see another set of tracks 

100 meters later… record location at both points. 
o If Lynx follows the road, note location of first and last observation (e.g., the lynx was 

continuously present during that section) 
 

• For occupancy surveys, it is better to survey additional areas than follow tracks to collect genetic 
material. 

o Time spent surveying different habitat types, LAU’s, and new areas contribute more 
than collection of genetic material (for occupancy approaches).  

o Time spent surveying areas where Lynx are likely absent or rarely detected is also 
helpful 

 
 
Datasheet specifics: 

• Each survey will have its own datasheet 
• General information – 

o Always enter “GPS track file name”. This will link the survey data to a .shp file 
o Enter “GPS waypoint  file name” if a waypoint file was created (e.g., lynx sign were 

observed during the survey) 
o Reason for survey – why was the area surveyed? 

 e.g., reported sighting, project area, explore new area, etc. 
• Lynx Detections –  

o Fill in this section when sign(s) of lynx were observed 
o Each line denotes the location where sign was observed 
o Record separate observations on different rows 

 e.g., lynx tracks observed while driving (record in row 1), keep driving and see 
another set of tracks 100 meters later (record in row 2), etc.   

o Take a waypoint and record the UTM’s whenever lynx sign are observed 
o An example of a completed datasheet is provided below 

 
 

 
 
 
 
 
 
 
 
 



Lynx Snow Tracking Datasheet 
General Information 

Date: Start time: 

Surveyor: End time: 

Days since last snow:  Why survey ended: 

GPS track file name: 
 

GPS waypoint  file name (if created):  

Reason for survey: 
  

Survey method 

 
Start time End time 

Vehicle 
  

Foot 
  

Other 
  

   
 
Lynx Detections (each row denotes the location where sign was observed)  
Num Lynx 
detected 

Detection 
typea 

Detection 
UTM E & N 

follow 
trackb 

genetic material 
collected (type)c 

Collection UTM 
E & N 

RMRS 
Sample # Notes  

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      
a Tracks, scat, etc. bYes/No;   c Hair, Scat, Other (note type) 



Lynx Snow Tracking Datasheet - EXAMPLE 
General Information 

Date:   22-Nov-2014 Start time: 10:10 AM 

Surveyor: N. Hostetter End time: 11:50 AM 

Days since last snow: 2 Why survey ended: out of time 

GPS track file name: 20141122_njh_trk.shp 

GPS waypoint  file name (if created): 20141122_njh_wpt.shp 

Reason for survey: Check new area 
 
Survey method 

 
Start time End time 

Vehicle 10:10 AM 11:50 AM 

Foot 
  

Other 
  

   
 
Lynx Detections (each row denotes the location where sign was observed)  
Num Lynx 
detected 

Detection 
typea 

Detection 
UTM E & N 

follow 
trackb 

genetic material 
collected (type)c 

Collection 
UTM E & N 

RMRS 
Sample # Notes  

1 tracks 630332 
5267333 N No - -  

3 tracks 630432 
5267363 N No - - Family group, 3 sets of tracks observed 

at single location 

        

        

        
a Tracks, scat, etc. bYes/No;   c Hair, Scat, Other (note type) 

Comment [NJH1]: In this example survey, 
lynx sign was observed at 2 locations 
 
First observation was 1 set of tracks crossing 
the road at UTM coordinates 630332 
5267333. Tracks were not followed, instead I 
kept driving. Second observation was 3 sets of 
lynx tracks crossing the road at 630432 
5267363 (even though it was just down the 
road). Again, tracks were not followed. Survey 
ended at 11:50 due to time 
 
 Survey tracks were named and saved. A 
waypoint file with the observation locations 
was also named and saved.  



From: Ryan, Daniel C -FS
To: Nathan Hostetter; Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS
Cc: Tamara_Smith@fws.gov; Beth Gardner
Subject: RE: Lynx Occupancy Surveys
Date: Monday, November 24, 2014 10:45:07 AM
Attachments: image001.png

image002.png
image003.png
image004.png
Lynx Snow Tracking Datasheet v1 (2)_dcr.docx

Nathan,
 
I gave a few edits in the document.  My other questions are:
 

1.       How many visits or miles are needed in an LAU (assuming that is are sampling area) to get a
decent estimate of occupancy?

2.       The number of LAUs we can get enough occupancy info on in a season will depend on
priorities.  Most years we would not get as many LAUs if we are doing the surveys as part of
the continued DNA collection (which I feel is still important).  If we wanted to focus a year on
the occupancy survey, I think we could probably cover most of the Forest with two seasonals
or technicians (depending on question #1 above).

3.       Maybe a hybrid of covering certain LAUs in core lynx range every year while collecting DNA
and a less often survey of large parts of the Forest (every other or every five years?) would
work?

4.       Also, a field on the datasheet for an abundance estimate of snowshoe hare sign would
probably be good.  I don’t think we would want an in-depth (gps-ing, etc.)  break down of
this except for maybe during a large scale survey?  Probably a 1,2,3 scale similar to the snow
conditions scale?

 
 

Daniel Ryan 
Wildlife Biologist

Forest Service
Superior National Forest, Laurentian Ranger District

p: 218-229-8809 
f: 218-229-8821 
dcryan@fs.fed.us

318 Forestry Rd 
Aurora, MN 55705
www.fs.fed.us 

Caring for the land and serving people

 
 
 
 
 

mailto:dcryan@fs.fed.us
mailto:njhostet@ncsu.edu
mailto:tcatton@fs.fed.us
mailto:dgrosshuesch@fs.fed.us
mailto:scatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:bagardne@ncsu.edu
mailto:dcryan@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA


 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Monday, November 24, 2014 8:05 AM
To: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Catton, Susan J -FS
Cc: Tamara_Smith@fws.gov; Beth Gardner
Subject: Lynx Occupancy Surveys
 
Hi everyone,
 
Attached is a DRAFT lynx occupancy datasheet for this winter. I need some feedback on this
datasheet. Is it field applicable, does it include the metrics you think are important, etc.? The
first page describes the general approach, the second page is the datasheet, and the third page
is an example survey. 
 
A couple specific questions:
1. Are there survey-specific factors that affect the probability of detecting lynx (e.g., weather
conditions)? We have included "Days since last snow", but let me know if  other factors
should be recorded during these surveys.
 
2. Are there area-specific factors that affect the probability of lynx presence? We can get land
cover type, forest cover, etc. from GIS, but are there on-the-ground factors we can and should
record during each survey (e.g., snowshoe hare detections)    
 
Looking forward to some feedback and discussion. Best,
-Nathan J. Hostetter
Ph.D. student
North Carolina State University
Department of Forestry and Environmental Resources
Box 8001
Raleigh, NC  27695
(p) 1-541-410-1453 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

tel:1-541-410-1453


2014-2015 Lynx Occupancy Surveys 
 
General approach (complete datasheet below): 

• Record GPS tracks (track log?) during all Lynx surveys (start tracks when survey begins, stop 
tracks when survey ends).  
 

• Record locations of any lynx sign observed during the survey, even if it is the same Lynx. 
o e.g., driving down road, observe set of lynx tracks, then you see another set of tracks 

100 meters later… record location at both points. 
o If Lynx follows the road, note location of first and last observation (e.g., the lynx was 

continuously present during that section) 
 

• For occupancy surveys, it is better to survey additional areas than follow tracks to collect genetic 
material. 

o Time spent surveying different habitat types, LAU’s, and new areas contribute more 
than collection of genetic material (for occupancy approaches).  

o Time spent surveying areas where Lynx are likely absent or rarely detected is also 
helpful 

 
 
Datasheet specifics: 

• Each survey will have its own datasheet 
• General information – 

o Always enter “GPS track file name see comment above”. This will link the survey data to 
a .shp file 

o Enter “GPS waypoint  file name” if a waypoint file was created (e.g., lynx sign were 
observed during the survey) 

o Reason for survey – why was the area surveyed? 
 e.g., reported sighting, project area, explore new area, etc. 

• Lynx Detections –  
o Fill in this section when sign(s) of lynx were observed 
o Each line denotes the location where sign was observed 
o Record separate observations on different rows 

 e.g., lynx tracks observed while driving (record in row 1), keep driving and see 
another set of tracks 100 meters later (record in row 2), etc.   

o Take a waypoint and record the UTM’s whenever lynx sign are observed 
o An example of a completed datasheet is provided below 

 
 

 
 
 
 
 
 
 
 

Comment [UFS1]: I would maybe just do 
one shapefile of all surveys – I could paste in 
the track log or just trace over the roads I 
surveyed that day.  The shapefile would have 
the date surveyed for each survey.  Would this 
work? 

Comment [UFS2]: I would probably put the 
pts in my single shapefile of waypoints – could 
you pull out survey points by date or do you 
want a separate waypt gps file for each 
survey? 



 



Lynx Snow Tracking Datasheet 
General Information 

Date: Start time: 

Surveyor: End time: 
Days since last snow:  
Blowing snow: 
Overall conditions: Why survey ended: 

GPS track file name: 
 

GPS waypoint  file name (if created):  

Reason for survey: 
  

Survey method 

 
Start time End time 

Vehicle 
  

Foot 
  

Other 
  

   
 
Lynx Detections (each row denotes the location where sign was observed)  
Num Lynx 
detected 

Detection 
typea 

Detection 
UTM E & N 

follow 
trackb 

genetic material 
collected (type)c 

Collection UTM 
E & N 

RMRS 
Sample # Notes  

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

Comment [UFS3]: Blowing snow can be as 
bad a new snowfall for tracking along 
roads/trails – maybe just a yes/no 

Comment [UFS4]: Maybe a 1- poor (<1 day 
post snow or blowing snow, 2- good (1-2 days 
post snow, no blowing), 3 – excellent (3 or 
more days post snow with no blowing or 
melting 



a Tracks, scat, etc. bYes/No;   c Hair, Scat, Other (note type) 
Lynx Snow Tracking Datasheet - EXAMPLE 

General Information 

Date:   22-Nov-2014 Start time: 10:10 AM 

Surveyor: N. Hostetter End time: 11:50 AM 

Days since last snow: 2 Why survey ended: out of time 

GPS track file name: 20141122_njh_trk.shp 

GPS waypoint  file name (if created): 20141122_njh_wpt.shp 

Reason for survey: Check new area 
 
Survey method 

 
Start time End time 

Vehicle 10:10 AM 11:50 AM 

Foot 
  

Other 
  

   
 
Lynx Detections (each row denotes the location where sign was observed)  
Num Lynx 
detected 

Detection 
typea 

Detection 
UTM E & N 

follow 
trackb 

genetic material 
collected (type)c 

Collection 
UTM E & N 

RMRS 
Sample # Notes  

1 tracks 630332 
5267333 N No - -  

3 tracks 630432 
5267363 N No - - Family group, 3 sets of tracks observed 

at single location 

        

        

        

Comment [NJH5]: In this example survey, 
lynx sign was observed at 2 locations 
 
First observation was 1 set of tracks crossing 
the road at UTM coordinates 630332 
5267333. Tracks were not followed, instead I 
kept driving. Second observation was 3 sets of 
lynx tracks crossing the road at 630432 
5267363 (even though it was just down the 
road). Again, tracks were not followed. Survey 
ended at 11:50 due to time 
 
 Survey tracks were named and saved. A 
waypoint file with the observation locations 
was also named and saved.  



a Tracks, scat, etc. bYes/No;   c Hair, Scat, Other (note type) 



From: Nathan Hostetter
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: Re: Lynx Occupancy Surveys
Date: Tuesday, November 25, 2014 10:11:25 AM
Attachments: image001.png

image004.png
image002.png
image003.png
Whittington et al. - 2014 - Estimating occupancy using spatially and temporall.pdf

Thanks Dan,

Regarding GPS-ing all lynx observations: One analysis option for these data is to break survey
routes in to segments (e.g., a 10-km survey may be broken into 10 1-km segments). Each
segment then receives a 1 or 0 depending on lynx detection in that segment. This allows for
spatial replication and an estimate of detection probability. Whittington et al. (2014) provide
an example of this approach using snow-tracking surveys for lynx (and other spp.) in Banff
NP (attached).  Notice in their Figure 1 that detection/non-detection is recorded for each 1-km
segment (wolverines in that example). 

So, a data collection question: Is it easier to 
1. During the survey, keep track of 1-km segments and note detection/non-detection for each
segment. OR
2. Record all lynx observations and post-hoc create 1-km segments using track files and
detection/no-detection waypoints?

I actually prefer option #1, but am not sure if it is logistically feasible this year. Thoughts?

-Nathan

On Tue, Nov 25, 2014 at 9:31 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:

LAUs are not classified.  It probably wouldn’t be hard to do by overlaying the DNA database and
classifying based on # of samples collected?  For the “core” areas we survey often we can tell
which LAUs they are.

 

Hare sign in good areas occurs constantly.  GPSing all hare tracks wouldn’t be feasible in good
areas but could be helpful in lower density areas.

 

Also, what is the reason for GPSing all lynx tracks even if we are sure it is the same cat walking
along or constantly crossing the road?

 

Dan

mailto:njhostet@ncsu.edu
mailto:dcryan@fs.fed.us
mailto:tcatton@fs.fed.us
mailto:dgrosshuesch@fs.fed.us
mailto:scatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:bagardne@ncsu.edu
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From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Tuesday, November 25, 2014 8:25 AM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys

 

Hi Dan et al.,

 

Those are great suggestions Dan. I will update the datasheet with those edits. Are LAU's (51
on the forest) classified as "core", "secondary", or "peripheral"? The LAU .shp file does not
classify them. If not LAU's, is there another way to spatially define the "core area"?

 

Below are preliminary responses to your comments (in red under your questions in your
email) and a few additional questions.

 

 - Saving track and waypoint files: Yes, it will be very helpful if track and waypoint data
were combined into a minimal number of files at the end of the season. A single file with all
surveys would be great.

 

 

On Mon, Nov 24, 2014 at 11:44 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:

Nathan,

 

I gave a few edits in the document.  My other questions are:

 

1.       How many visits or miles are needed in an LAU (assuming that is are sampling area) to get a
decent estimate of occupancy?

I will work on this and get back to you. 

2.       The number of LAUs we can get enough occupancy info on in a season will depend on
priorities.  Most years we would not get as many LAUs if we are doing the surveys as part of the

mailto:njhostet@ncsu.edu
mailto:Tamara_Smith@fws.gov
mailto:dcryan@fs.fed.us


continued DNA collection (which I feel is still important).  If we wanted to focus a year on the
occupancy survey, I think we could probably cover most of the Forest with two seasonals or
technicians (depending on question #1 above).

Occupancy modeling and DNA collection approaches address different objectives. Maybe we could
consider this year a pilot study to evaluate the use of occupancy approaches to meet presence
and distribution objectives. Genetic material collection remains important for your other
objectives (e.g., documenting reproduction or identifying individuals).  
 
Can your genetic material collection surveys use the same form? Standardizing collection methods
may be beneficial.
 

The idea that 2 techs could cover most of the Forest is very helpful information. 

3.       Maybe a hybrid of covering certain LAUs in core lynx range every year while collecting DNA
and a less often survey of large parts of the Forest (every other or every five years?) would
work?

I like the idea of a hybrid approach, but need to think about how it would
work.Understanding LAU categorization (core/secondary/peripheral) would be helpful? 

4.       Also, a field on the datasheet for an abundance estimate of snowshoe hare sign would
probably be good.  I don’t think we would want an in-depth (gps-ing, etc.)  break down of this
except for maybe during a large scale survey?  Probably a 1,2,3 scale similar to the snow
conditions scale?

How often do you see hare tracks/sign?  GPS-ing hare observation locations is the best
option from an analysis aspect. Is it logistically feasible though?  

 

 

Daniel Ryan 
Wildlife Biologist

Forest Service

Superior National Forest, Laurentian Ranger District

p: 218-229-8809 
f: 218-229-8821 
dcryan@fs.fed.us

318 Forestry Rd 
Aurora, MN 55705
www.fs.fed.us 

Caring for the land and serving people

tel:218-229-8809
tel:218-229-8821
mailto:dcryan@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA


 

 

 

 

 

 

From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Monday, November 24, 2014 8:05 AM
To: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Catton, Susan J -FS
Cc: Tamara_Smith@fws.gov; Beth Gardner
Subject: Lynx Occupancy Surveys

 

Hi everyone,

 

Attached is a DRAFT lynx occupancy datasheet for this winter. I need some feedback on
this datasheet. Is it field applicable, does it include the metrics you think are important,
etc.? The first page describes the general approach, the second page is the datasheet, and
the third page is an example survey. 

 

A couple specific questions:

1. Are there survey-specific factors that affect the probability of detecting lynx (e.g.,
weather conditions)? We have included "Days since last snow", but let me know if  other
factors should be recorded during these surveys.

 

2. Are there area-specific factors that affect the probability of lynx presence? We can get
land cover type, forest cover, etc. from GIS, but are there on-the-ground factors we can
and should record during each survey (e.g., snowshoe hare detections)    

 

Looking forward to some feedback and discussion. Best,

-Nathan J. Hostetter

Ph.D. student

North Carolina State University

Department of Forestry and Environmental Resources

mailto:njhostet@ncsu.edu
mailto:Tamara_Smith@fws.gov


Box 8001

Raleigh, NC  27695

(p) 1-541-410-1453 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify
the sender and delete the email immediately.
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Abstract
Occupancy modelling is increasingly used to monitor changes in the spatial dis-
tribution of rare and threatened species. Occupancy methods have traditionally
relied upon temporally replicated surveys to estimate detection probability.
Recently, occupancy models with spatial replication have been used to estimate
detection probabilities over large geographical areas that are difficult to survey
repeatedly. We developed occupancy models that combine spatially and tempo-
rally replicated data and applied them to snow-tracking surveys of six species,
including wolverine Gulo gulo and Canadian lynx Lynx canadensis. We surveyed
thirty-nine 100-km2 cells and used 1-km trail segments within cells as spatial
replicates. We surveyed 56% of the cells once and 44% of the cells between 2 and
14 times, resulting in a total of 872 km surveyed. We compared four occupancy
models that incorporated spatial correlation in detection probability and hierar-
chically estimated occupancy at two spatial scales: cell occupancy and segment
presence. We detected strong serial correlation in probability of detection for all
species. Our models with serial correlation had higher occupancy estimates with
larger confidence intervals than models assuming segments were independent and
exchangeable. Spatial and temporal replicates have identical power to detect
decreases in occupancy when survey segments are independent, but spatial corre-
lation in detection probability can reduce the power of spatial replicates. The
effects of spatial correlation are more pronounced when detection probability is
low. Application of temporal replicates to spatial replicated surveys increases the
precision of occupancy estimates, but sampling design trade-offs between number
of sites and spatial versus temporal replicates need to balance levels of spatial
correlation in detection probability with costs to visit sites.

Introduction

Occupancy modelling has increasingly been used through-
out the world to monitor changes in species distribution
(MacKenzie et al., 2002, 2006). Occupancy modelling
methods can account for imperfect detection, whereby the
species was present but not detected. These methods pro-
vide both estimates of occupancy and probability of detec-
tion. Detection probabilities are traditionally estimated
from temporally replicated surveys or multiple observers
(MacKenzie et al., 2006). Temporal survey replicates can
be expensive and logistically difficult to implement in some
study areas. An alternative method for estimating detection
probabilities is to use randomly selected spatial replicates
with replacement (MacKenzie et al., 2006). However,
random sampling with replacement can be inefficient, and
Guillera-Arroita (2011) found that sampling without

replacement does not induce bias in the occupancy
estimator as long as the probability of species presence on
one replicate is not influenced by species presence on other
replicates within the same cell. Hines et al. (2010) addressed
spatial correlation among adjacent segments on linear
transects by modelling serial correlation in detection prob-
ability or probability of presence as Markovian processes.
Spatially replicated occupancy surveys have primarily been
applied to track surveys covering large geographical areas
for wide-ranging species such as tigers Panthera tigris on
trails in India (Hines et al., 2010), tigers on transects in
Sumatra (Wibisono et al., 2011) and brown hyenas Hyaena
brunnea on roads in Africa (Thorn et al., 2011). For both
temporally and spatially replicated study designs, increasing
the number of replicates increases the cumulative probabil-
ity of detecting the species as least once and improves pre-
cision for estimates of detection probability and occupancy.

bs_bs_banner
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Thus, combining temporal and spatial replication could
improve occupancy estimates for rare species occurring in
expansive study areas that are difficult to survey. Hierarchi-
cal occupancy models combining spatial and temporal rep-
licates have received scant attention (Nichols et al., 2008;
Mordecai et al., 2011; Pavlacky et al., 2012; see review by
Bailey, MacKenzie & Nichols, 2013) and have not been
applied to long, linear track surveys.

Snow-tracking surveys have been used extensively to esti-
mate species distribution and relative abundance using both
ground (Thompson et al., 1989; Stanley & Bart, 1991;
Hayward et al., 2002; Stephens et al., 2006; Linnell et al.,
2007) and aerial-based surveys (Becker, Spindler &
Osborne, 1998; Golden et al., 2007; Magoun et al., 2007;
Gardner et al., 2010; Aing et al., 2011; Webb & Merrill,
2012). Aerial surveys usually focus upon single species
within open landscapes, whereas ground surveys detect mul-
tiple species within both open and forested landscapes.
Snow conditions and animal movement rates on these
surveys universally influence track detection. A variety of
approaches have been used to address the effects of move-
ment rates and snow conditions on survey results. These
approaches include simply selecting ideal survey conditions
to maximize detection probability (Thompson et al., 1989;
Becker et al., 1998), including sampling time and distance as
explanatory variables affecting track counts (Hayward
et al., 2002; Stephens et al., 2006), and estimating detection
rates through simulation of animal movements and survey
intensity (Stephens et al., 2006; Linnell et al., 2007; Webb
& Merrill, 2012). More recently, occupancy modelling
approaches have been used for aerial snow-tracking surveys
for wolverine (Magoun et al., 2007; Gardner et al., 2010)
and North American river otters Lontra canadensis (Aing
et al., 2011). These studies used temporal replication to
estimate detection probabilities and occupancy rates.

Wary and elusive carnivores such as wolverine and Cana-
dian lynx occur in rugged and remote landscapes and are
rarely observed and difficult to monitor. Little is known
about their population status and trends throughout much
of their range. Wolverine populations are thought to be
threatened by trapping (Krebs et al., 2004), declining snow
packs (Brodie & Post, 2010; Copeland et al., 2010;
McKelvey et al., 2011), back-country recreation (Krebs,
Lofroth & Parfitt, 2007), industrial development (Krebs
et al., 2007) and potentially competition with other large
carnivores (Inman et al., 2012). Consequently, they have
been designated as Warranted for Protection under the
US Endangered Species Act (Inman et al., 2012) and
Special Concern (Committee on the Status of Endangered
Wildlife in Canada (COSEWIC), 2003) in Canada. Cana-
dian lynx populations are strongly dependent upon snow-
shoe hare Lepus americanus densities (Boutin et al., 1995;
O’Donoghue et al., 1997; Krebs et al., 2001). Lynx densities
are lower along the southern portion of their range because
of lower snowshoe hare densities (Murray, Steury & Roth,
2008) and anthropogenic habitat fragmentation (Koehler
et al., 2008; Murray et al., 2008). Lynx are now listed as
Threatened in the US (US Fish and Wildlife Service 2000),

and while are classified as Not at Risk in Canada, there is
similar concern over viability of southern populations
(Committee on the Status of Endangered Wildlife in
Canada (COSEWIC), 2001). Development of inexpensive
and non-invasive techniques is required to better under-
stand the distribution and population trends of these
species.

Here, we combine both spatial and temporal replication
for snow surveys of large mammals throughout Banff
National Park, Canada. While wolverine and lynx were focal
species for this study, we simultaneously surveyed for cougar
Puma concolor, coyote Canis latrans, deer Odocoileus spp.
and moose Alces alces, all of which are difficult to census in
rugged and forested landscapes. Survey routes ranged from
1- to 9-day back-country ski surveys. We developed four
occupancy models that incorporated spatial correlation in
detection probability and hierarchically estimated occu-
pancy at two spatial scales: cell occupancy and segment
presence. We conducted inference with both maximum like-
lihood (ML) and Bayesian Markov chain Monte Carlo
(MCMC) methods for each model. We then assessed how
trade-offs between spatial and temporal replication affect
statistical power to detect changes in occupancy.

Study area
Our study area included 3900 km2 of Banff National Park,
Alberta, Canada (51.2 N, 115.5 W). The region contains
rugged mountain topography (elevations range: 1000–
3500 m) on the eastern side of the Continental Divide. The
area receives long cold winters and short summers (Holland
et al., 1983). Deep snow depths in alpine areas near the
Continental Divide taper to shallow snow depths in the
Montane valley bottoms along the eastern edge of the park.
Forests are dominated by Engelmann spruce Picea
engelmannii and subalpine fir Abies lasiocarpa in the subal-
pine and lodge-pole pine Pinus contorta in the Montane.
Carnivores in the region included wolverine, lynx, cougar,
red fox Vulpes vulpes, coyote, wolf Canis lupus, black bear
Ursus americanus and grizzly bear Ursus arctos. Ungulates
in the region included elk Cervus canadensis, moose, mule
deer Odocoileus hemionus, white-tailed deer Odocoileus
virginianus, bighorn sheep Ovis canadensis and mountain
goat Oreamnos americanus.

Methods

Snow-tracking occupancy surveys

We developed ski survey routes to sample thirty-nine 100-
km2 hexagons throughout Banff National Park during 2012
(Fig. 1). We divided each ski route into 1-km segments and
conducted surveys from February through early April when
snow consolidation provided easier and safer skiing condi-
tions through avalanche terrain. For each 1-km segment,
surveyors recorded the presence/absence of each species.

Snow occupancy surveys J. Whittington et al.
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Surveyors estimated the maximum number of days that
tracks could have persisted given previous snowfall, wind
and sun events on each segment (DaysSnow) because we
expected that this sampling window would influence detec-
tion rates. We recorded separate estimates of DaysSnow
for carnivores and ungulates because ungulates penetrate
deeper into the snow. We centred DaysSnow around the
mean (3.7 for carnivores; 6.6 for ungulates) and divided by
the standard deviation. We chose 100 km2 as our grid cell
size because it has been used to monitor wolverine in
Ontario (Magoun et al., 2007). Ellis, Ivan and Schwartz
(2014) found that cell sizes of 100 and 225 km2 had similar
power to detect changes in wolverine density but that
power decreased with larger cell sizes of 1000 km2. While
100 km2 might be the optimal cell size for wolverine, it may
not be best for other species in our study with smaller home
ranges.

Occupancy modelling

We developed four occupancy models that used both spatial
and temporal replication to estimate occupancy rates. Data

considered are detection events yijk on cell i, the 1-km
segment j and temporal replicate k. All models included
parameters for occupancy ψ and detection probability p.
Cell occupancy was a Bernoulli trial with a success param-
eter ψ, which can be interpreted as the proportion of study
area occupied. We assumed that cell occupancy was inde-
pendent of other cells and did not change during our
surveys. We estimated ψ using the logit-linear function
logit(ψ) = βψ to constrain parameter estimates between 0
and 1. Detection probability pi was the probability of
detecting a species in celli given that the cell was occupied.
All of our models build upon these parameters and the
general occupancy modelling approach of MacKenzie et al.
(2002) who used a zero-inflated binomial model with the
likelihood,

L y p y K p I di i
i

M

| , | ,ψ ψ ψ( ) = ( ) + =( ) −( ){ }
=

∏ Bin 0 1
1

Here, M is the number of cells surveyed, K is the number
of times each cell is surveyed, yi is the number of times the
species was detected out of K surveys and di is the total
number of detections in cell i. I(.) takes the value 1 when the
expression in the brackets is true and 0 otherwise. The first
term in the likelihood expression describes detection at the
occupied sites using a binomial model. The second term
describes sites where the species was never detected and the
species may be truly absent.

Our first model, which we term Independent Detection,
assumes the spatial and temporal replicates are independent
and exchangeable. The likelihood for this model can be
calculated as
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where logit (pijk) = αIntercept + αDaysSnowDaysSnowijk.
Our second model, which we term Markovian Detection,

follows the same structure as the Independent Detection
model, except that detection probabilities are autoregressive
in space. It is based upon the spatially replicated models of
Hines et al. (2010) where the probability of detection is
affected by detection on the previous segment during the
same sampling occasion. Thus,

logit p yijk Intercept ylag i j k DaysSnow ijk( ) = + +−α α α, , .1 DaysSnow

The first segment of a survey lacks a previous segment
and thus yj−1 could be either 0 or 1. Therefore, we used a
weighted mean detection probability pmean for the first
segment. We calculated both p and p′ for yj−1 equal to 0

and 1 respectively and then calculated p
p

p p
mean =

+ − ′( )1
(Hines et al., 2010).

Figure 1 Map showing the number of times each 1-km segment was
surveyed for wildlife tracks during 2012 in Banff National Park. Spatial
and temporal replicates within the 100-km2 hexagons were used to
estimate detection probabilities. Each dot represents a 1-km long
segment. The inset map shows a sequence of wolverine detections
for a portion of the study area.

J. Whittington et al. Snow occupancy surveys
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Our third and fourth models hierarchically modelled
occupancy at two spatial scales: cell occupancy and segment
presence (Nichols et al., 2008), and therefore, segment pres-
ence is conditional on the cell being occupied, and detection
at a segment conditional on presence at the segment. Our
third model, which we term Independent Segment, assumes
that if a cell is occupied, segments have a probability of
species presence θ. Probability of presence on one segment
does not influence probability of presence on other seg-
ments. Note that a species could be present but not detected
on a segment, and that if the cell is unoccupied, all segments
are also unoccupied. Moreover, the probability of species
presence on a segment is the product ψθ and detection prob-
ability p is probability of detection given the segment is
occupied. Multiple surveys of segments at different points in
time are used to estimate detection probability. We mod-
elled θ in a logit-linear form such that logit(θ) = βθ. We
nested temporal replicates within spatial replicates similar to
Mordecai et al. (2011). The likelihood for this model is

L y p p pijk
y
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Our fourth model, which we term Markovian Segment, is
similar to the Independent Segment model except that prob-
ability of species presence on a segment is autoregressive in
space. Species presence on one segment depends upon
species presence on the previous segment. We thus calcu-
lated θ as logit (θij) = βθ + βθlagΦij−1. Here, Φ is a latent vari-
able for whether or not the species was present on the
previous segment. This model is similar to the Hines et al.
(2010) first-order Markovian process model, except it con-
tains within segment temporal replication. For the first
segment of each cell where the state of the previous segment
is unknown, we used a weighted average of θ (as above) for
Φj − 1 = 0 and 1, respectively.

We estimated parameters for all models using both
MCMC and ML approaches. ML approaches were prefer-
able for model comparisons and power analyses (see below),
but we also provided MCMC methods because they can be
more easily extended into multi-season occupancy models.
For each ML model, we estimated all parameters on the
logit scale using the optim function in R and the quasi-
Newton algorithm for optimization. For each MCMC
model, we estimated ψ on the probability scale with a
Uniform(0, 1) prior distribution and all other parameters on
the logit scale using a Normal(0, 100) prior distribution. We
ran three chains with randomly generated starting values
and 60 000 iterations per chain. We removed the first 10 000
iterations (burn in) and then selected every fifth iteration for
analysis. We assessed MCMC convergence by examining
trace plots and the Gelman–Rubin statistic where values
<1.1 suggest no evidence for lack of convergence (Kéry &
Schaub, 2011).

Power analyses

We assessed the trade-offs between spatial and temporal
replication in occupancy surveys by conducting statistical
power analyses. We examined how the distribution of
spatial and temporal replicates, spatial correlation in detec-
tion probability and number of cells (50 and 100) affected
power to detect absolute decreases in occupancy ranging
from 0 to 0.5 over a single time interval. We used 16 total
replicates, which was lower than our mean number of rep-
licates per cell (22). We used three combinations of spatial
and temporal replicates: 1 spatial and 16 temporal; 4 spatial
and 4 temporal; and 16 spatial and 1 temporal. We used two
mean detection probabilities (0.15 and 0.30) and two levels
of serial correlation in detection probability. Those levels of
serial correlation were independence (p = p′ ) and strong
serial correlation (p′ − p = 0.6). We calculated power by data
simulation. For each simulation, we created two independ-
ent data sets, the first with ψ = 0.75 and the second with ψ
ranging between 0.25 and 0.75. For simulations with spatial
replication, we applied our Markovian Detection ML
model to the two data sets; otherwise, we applied our Inde-
pendent Detection model. We calculated occupancy and
standard errors for each data set on the probability scale
using the delta method. We then calculated a Wald statistic

as
ˆ ˆψ ψ

ψ ψ

1 2

1
2

2
2

−

+( )SE SE� �
(Guillera-Arroita & Lahoz-Monfort,

2012). We ran 1000 simulations per scenario and calculated
power as the percentage of simulations with a Wald statistic
greater than 1.96 (two-sided type I error = 0.05). For the
first segment of each survey, we used the weighted mean
detection probability in data simulation and analysis. We
compared our power estimates to baseline power with
p = p′ = 1. For these perfect detection probability scenarios,
we generated occupancy data with no replicates, estimated
parameters using standard logistic regression and calculated
a Wald statistic as above.

We performed our analyses using R 3.0.2 (R Development
Core Team, 2013), an R interface to JAGS 3.3 (http://
sourceforge.net/projects/mcmc-jags) and QGIS 1.8 (www
.qgis.org). All data and R-scripts for occupancy modelling
and power analysis can be found in Supporting Information
Appendix S1–S4. Data are also available from the Dryad
Digital Repository: http://doi.org/10.5061/dryad.v4p20.

Results
We accumulated 872 km of snow-tracking surveys across
39 cells. Each cell contains an average of 11.7 segments
(median = 11, range = 2–27). We conducted multiple
surveys on 44% of the cells and 40% of the 443 segments. We
detected each species on between 6 (cougar) and 23 (wolver-
ine) of the 39 cells.

Occupancy estimates from the MCMC Markovian
Detection model were highest for wolverine, lynx and moose
and lowest for cougar (Fig. 2). Within each species, occu-
pancy estimates for the Independent Detection and Inde-
pendent Segment models were similar. Occupancy estimates
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were slightly higher for the two Markovian models than the
two Independent models. The Markovian Segment models
had the highest occupancy estimates but also had the largest
confidence intervals.

The Markovian Detection model had the lowest Akaike
information criterion (AIC) for all species (Fig. 3). We
removed the cougar Independent and Markovian models
because of wide confidence intervals (CIs) and periodicity in
MCMC trace plots. The Markovian Detection lag term for
whether or not the species was detected on the previous
segment was significantly greater than zero for all species,
which suggests strong serial correlation in detection prob-
abilities at the 1-km segment scale (Fig. 4). Weighted mean
detection probabilities at the mean DaysSnow were as
follows: wolverine 0.12, lynx 0.16, cougar 0.14, coyote 0.31,
deer 0.45 and moose 0.15. Detection probability signifi-
cantly increased with DaysSnow for wolverine and moose
but not for other species. ML and MCMC methods pro-
duced similar parameter estimates.

Our power analysis found that temporal and spatial rep-
licates have the same power to detect decreases in occupancy
when segments are independent (Fig. 5). Temporal repli-
cates have higher power than spatial replicates when seg-
ments are spatially correlated. Increasing mean detection
probability and number of cells sampled reduced the differ-
ence in power between spatial and temporal replicates.
Given our choice of survey effort and detection probability,

power for temporal replicates and independent spatial rep-
licates was equal to or slightly below our baseline power of
perfect detection.

Discussion
Recent advances in occupancy modelling techniques have
made track surveys with spatial replication increasingly
promising approach for monitoring wide-ranging species
over large geographical areas (Hines et al., 2010;
Guillera-Arroita et al., 2011; Thorn et al., 2011). The addi-
tion of temporal replicates to spatial replicates increases the
cumulative probability of detection and thus improves pre-
cision of occupancy estimates. Like Hines et al. (2010), we
found that modelling spatial correlation between adjacent
trail segments increased occupancy estimates and failing to
account for the spatial correlation would result in negatively
biased occupancy estimates with increased type I error asso-
ciated with narrow CIs. Given the prevalence of winter
snow-based tracking studies in monitoring (Stephens et al.,
2006; Golden et al., 2007; Linnell et al., 2007; Magoun
et al., 2007; Gardner et al., 2010; Aing et al., 2011; Webb &
Merrill, 2012), spatially and temporally replicated occu-
pancy surveys are a promising monitoring technique.

We chose to split transects into 1-km segments and
model spatial correlation among segments using Markovian
processes as described by Hines et al. (2010). Other

Figure 2 Proportion of cells where each
species was detected (shaded bars) and
predicted occupancy rates (black points
with 95% confidence intervals) for each
maximum likelihood model. Thirty-nine
hexagons were sampled in 2012.
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approaches for dealing with spatial correlation include
increasing segment size until segments show no spatial cor-
relation (Thorn et al., 2011), using autoregressive models
(Aing et al., 2011; Burton et al., 2012), including transect

level random effects in state-space models (Mordecai et al.,
2011), and using Markov-modulated Poisson processes to
model clustered species detections (Guillera-Arroita, 2011;
Guillera-Arroita et al., 2012). The advantage of this later
approach is that transects do not need to be split into dis-
crete segments. We chose a Markovian approach with dis-
crete segments because it was intuitively simple and we
could model movement processes for species travelling long
distances on trails.

Our analysis did not include habitat- or human use-
related covariates that could affect probability of detection,
cell occupancy, or colonization and extinction rates (Kéry,
Guillera-Arroita & Lahoz-Monfort, 2013). Inclusion of
larger scale, cell-level explanatory variables such as spring
snow cover for wolverine (Copeland et al., 2010; McKelvey
et al., 2011) and indices of hare abundance for lynx (Boutin
et al., 1995; O’Donoghue et al., 1997; Krebs et al., 2001)
could be important for understanding the mechanisms
behind changes in species occupancy (Mattfeldt, Bailey &
Grant, 2009). Moreover, including covariates at both the
cell and the segment scales can be important for understand-
ing how processes operating at multiple spatial scales affect
species occurrence (Mordecai et al., 2011; DeCesare et al.,
2012).

We found that while spatial and temporal replicates have
identical statistical power to detect changes in occupancy
with independent segments, spatial correlation in detection
probability reduced power. The negative effects of spatial
correlation decreased with increased detection probability

Figure 3 Comparison of ΔAIC (Akaike infor-
mation criterion) values from maximum
likelihood models where ΔAIC equals AIC
minus the model with the minimum AIC.
The most parsimonious model for each
species has a ΔAIC value of 0.

Figure 4 Parameter estimates and 95% confidence intervals
[maximum likelihood ML)] and 95% credible intervals [Markov chain
Monte Carlo (MCMC)] for each species.
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and number of sites sampled. Power to detect small changes
in occupancy was constrained by the number of cells rather
than the number of replicates. Thus, approximately 100 cells
are required to achieve 80% power to detect a 0.2 decrease in
occupancy over a single time period. If managers were inter-
ested in the number of cells occupied rather than ψ, then
finite population corrections could potentially be applied to
reduce variance and increase power (Ellis et al., 2014). If
managers were interested in longer term trend estimates
rather than short-term changes in occupancy, increasing
the number of seasons sampled would reduce variance
around the trend estimate and would thus increase power
(MacKenzie, 2005). Decisions on how to allocate effort
towards number of sites and spatial versus temporal
replicates are an important component of robust study
design (MacKenzie & Royle, 2005; Bailey et al., 2007;
Guillera-Arroita, Ridout & Morgan, 2010; Guillera-Arroita
& Lahoz-Monfort, 2012) and will depend upon spatial cor-
relation in detection probability, mean detection probability
and costs required to access sites.

In our study, wolverine and lynx had the highest level of
spatial correlation and relatively low detection probabilities.
Thus, future surveys require more than 16 replicates per cell
and an expanded study area. Inclusion of habitat-related
covariates at the cell and segment spatial scales could
improve estimates of cell occupancy, segment presence and
detection probability which would increase power to detect
spatial variation in occupancy. Interestingly, Ellis et al.

(2014) found through simulation that most temporally rep-
licated occupancy sampling schemes for wolverine snow
surveys had low power to detect decreases in occupancy
associated with declines in density. Their low power was
likely driven by spatial overlap of wolverine home ranges
(Gaston et al., 2000; Stanley & Royle, 2005). Wolverine in
these simulations could travel large distances across cells
and thus the movements of a few individuals could mask
declines in density. We directly examined power to detect
changes in occupancy rather than density and our results are
especially applicable to situations where changes in occu-
pancy are driven by changing habitat quality, climatic
conditions and human activity.

Our estimates of occupancy can provide managers with
useful indices for estimating the abundance and distribution
of difficult to monitor threatened species. For example,
adult female wolverine home ranges along the Rocky
Mountains range from an average of 139 km2 in Glacier
National Park Ecosystem (Copeland et al., 2010) to 303 km2

in the Yellowstone Ecosystem (Inman et al., 2012). Wolver-
ine occupied approximately 3300 km2 of our study area.
Given these home-range sizes, <2% overlap between same
sex adults (Inman et al., 2012), and assuming females
occurred in all cells, between 10 and 23 adult female wol-
verines likely used our study area. Adult female lynx in the
Southern Canadian Rockies had average 100% minimum
convex polygon home ranges of 211 km2 (Apps, 2003) and
same sex overlap for lynx can be very high (Poole, 1995).

Figure 5 Statistical power to detect
decreases in occupancy. Simulations exam-
ined how mean detection probability, levels
of serial autocorrelation and number of cells
(50 and 100) affected power using spatial
and temporal replicates. Segments were
independent for simulations with p = p′,
where p and p′ indicate detection probabili-
ties for when the species was not and was
detected on the previous segment, respec-
tively. Segments had strong serial correla-
tion for simulations with p′ − p = 0.6.
Power analyses were conducted with a
starting occupancy probability of 0.75 and
absolute decreases in occupancy ranging
from 0 to 0.5. Simulations tested for signifi-
cant changes in occupancy using a Wald
test with a two-sided type I error of 0.05.
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Given that lynx occupied approximately 2100 km2 of our
study area, our study area likely contained a minimum of 10
adult females. These population estimates are approximate
and have inherent limitations. For example, if wolverine and
lynx use portions of the 100-km2 grid cells because their
home range straddles two cells, then we would overestimate
the area occupied and the minimum number of animals.
However, if that were the case, we would expect low values
of θ for our hierarchical segment models. Conversely, we
would underestimate the minimum number of individuals
for species whose home ranges overlap. The next step is to
understand how changes in population size affect the
amount of home-range overlap and occupancy–abundance
relationships (Gaston et al., 2000; Tempel & Gutiérrez,
2013).

We used a hierarchical approach to combine spatial rep-
lication across the study area with temporal replication for
portions of the study area to estimate detection probabilities
and occupancy. The advantage of applying temporal repli-
cation to spatial surveys is it increases precision in estimates
of occupancy and detection probability and it can reduce
biases in occupancy estimators. Ground snow-tracking
surveys are a potentially powerful tool because they simul-
taneously monitor multiple species over large spatial areas.
Our approach to analysing snow-tracking surveys could be
applied to other study areas looking to monitor species of
conservation concern such as wolverine and lynx across
remote and rugged landscapes.
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Hi Tam et al.,

Great suggestion, let me give it a shot.

Two helpful steps for Lynx surveys will be to (i) standardize data collection and (ii) identify
principal objectives. A standardized datasheet and basic protocol (e.g., record GPS tracks
during all surveys) will help with the first topic. The second topic (defining objectives) is still
a bit unclear. For instance, is the focus on (a) intensive surveys of core areas or (b) broad
surveys of presence across the forest? Intensive genetic collection in core areas may provide
information to estimate density in those areas. Structured wide-spread detection/non-detection
surveys provide data for occupancy and distribution, but require surveying larger areas (with
no need for genetic collection). Another option may be Dan’s suggestion of a hybrid approach
where different years may focus on different objectives. A single study design cannot
efficiently address all these objectives. This is where I could really use some help from the
group – is there an agreed objective (or objectives) that can be attained with current levels of
effort? 

Overall, decisions on obtainable objectives are needed to maximize effort and develop a sound
study design. The idea to collect effort data and expand detection/non-detection surveys this
winter is a compromise between competing objectives. Ultimately, it would be better to focus
on a specific, defined, and agreed upon objective, then design a study/monitoring program to
address that objective. I have attached a word document discussing these questions, possible
options, and a couple references of studies that addressed similar topic (1 page plus a few
figures and tables). 

Hope this helps. Thank you for the helpful feedback and questions … keep them coming!   
-Nathan

On Wed, Nov 26, 2014 at 12:03 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Thanks everyone for working on this!  Would it be possible, Nathan for you to write a brief
(~ 2 paragraph) summary of the objectives and justification for taking our 2 phased
approach - occupancy surveys and then more intense sampling in core areas?  

Happy Thanksgiving!
-Tam

On Tue, Nov 25, 2014 at 10:10 AM, Nathan Hostetter <njhostet@ncsu.edu> wrote:
Thanks Dan,

Regarding GPS-ing all lynx observations: One analysis option for these data is to break

mailto:njhostet@ncsu.edu
mailto:tamara_smith@fws.gov
mailto:dcryan@fs.fed.us
mailto:tcatton@fs.fed.us
mailto:dgrosshuesch@fs.fed.us
mailto:scatton@fs.fed.us
mailto:bagardne@ncsu.edu
mailto:tamara_smith@fws.gov
mailto:njhostet@ncsu.edu


survey routes in to segments (e.g., a 10-km survey may be broken into 10 1-km segments).
Each segment then receives a 1 or 0 depending on lynx detection in that segment. This
allows for spatial replication and an estimate of detection probability. Whittington et al.
(2014) provide an example of this approach using snow-tracking surveys for lynx (and
other spp.) in Banff NP (attached).  Notice in their Figure 1 that detection/non-detection is
recorded for each 1-km segment (wolverines in that example). 

So, a data collection question: Is it easier to 
1. During the survey, keep track of 1-km segments and note detection/non-detection for
each segment. OR
2. Record all lynx observations and post-hoc create 1-km segments using track files and
detection/no-detection waypoints?

I actually prefer option #1, but am not sure if it is logistically feasible this year. Thoughts?

-Nathan

On Tue, Nov 25, 2014 at 9:31 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:

LAUs are not classified.  It probably wouldn’t be hard to do by overlaying the DNA database
and classifying based on # of samples collected?  For the “core” areas we survey often we can
tell which LAUs they are.

 

Hare sign in good areas occurs constantly.  GPSing all hare tracks wouldn’t be feasible in good
areas but could be helpful in lower density areas.

 

Also, what is the reason for GPSing all lynx tracks even if we are sure it is the same cat walking
along or constantly crossing the road?

 

Dan

 

 

From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Tuesday, November 25, 2014 8:25 AM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS;
Tamara_Smith@fws.gov; Beth Gardner
Subject: Re: Lynx Occupancy Surveys

 

Hi Dan et al.,
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Those are great suggestions Dan. I will update the datasheet with those edits. Are LAU's
(51 on the forest) classified as "core", "secondary", or "peripheral"? The LAU .shp file
does not classify them. If not LAU's, is there another way to spatially define the "core
area"?

 

Below are preliminary responses to your comments (in red under your questions in your
email) and a few additional questions.

 

 - Saving track and waypoint files: Yes, it will be very helpful if track and waypoint data
were combined into a minimal number of files at the end of the season. A single file
with all surveys would be great.

 

 

On Mon, Nov 24, 2014 at 11:44 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:

Nathan,

 

I gave a few edits in the document.  My other questions are:

 

1.       How many visits or miles are needed in an LAU (assuming that is are sampling area) to get
a decent estimate of occupancy?

I will work on this and get back to you. 

2.       The number of LAUs we can get enough occupancy info on in a season will depend on
priorities.  Most years we would not get as many LAUs if we are doing the surveys as part of
the continued DNA collection (which I feel is still important).  If we wanted to focus a year
on the occupancy survey, I think we could probably cover most of the Forest with two
seasonals or technicians (depending on question #1 above).

Occupancy modeling and DNA collection approaches address different objectives. Maybe we
could consider this year a pilot study to evaluate the use of occupancy approaches to
meet presence and distribution objectives. Genetic material collection remains important for
your other objectives (e.g., documenting reproduction or identifying individuals).  
 
Can your genetic material collection surveys use the same form? Standardizing collection
methods may be beneficial.
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The idea that 2 techs could cover most of the Forest is very helpful information. 

3.       Maybe a hybrid of covering certain LAUs in core lynx range every year while collecting
DNA and a less often survey of large parts of the Forest (every other or every five years?)
would work?

I like the idea of a hybrid approach, but need to think about how it would
work.Understanding LAU categorization (core/secondary/peripheral) would be helpful? 

4.       Also, a field on the datasheet for an abundance estimate of snowshoe hare sign would
probably be good.  I don’t think we would want an in-depth (gps-ing, etc.)  break down of
this except for maybe during a large scale survey?  Probably a 1,2,3 scale similar to the
snow conditions scale?

How often do you see hare tracks/sign?  GPS-ing hare observation locations is the best
option from an analysis aspect. Is it logistically feasible though?  

 

 

Daniel Ryan 
Wildlife Biologist

Forest Service

Superior National Forest, Laurentian Ranger District

p: 218-229-8809 
f: 218-229-8821 
dcryan@fs.fed.us

318 Forestry Rd 
Aurora, MN 55705
www.fs.fed.us 

Caring for the land and serving people

 

 

 

 

 

 

tel:218-229-8809
tel:218-229-8821
mailto:dcryan@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA


From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Monday, November 24, 2014 8:05 AM
To: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Catton, Susan J -FS
Cc: Tamara_Smith@fws.gov; Beth Gardner
Subject: Lynx Occupancy Surveys

 

Hi everyone,

 

Attached is a DRAFT lynx occupancy datasheet for this winter. I need some feedback
on this datasheet. Is it field applicable, does it include the metrics you think are
important, etc.? The first page describes the general approach, the second page is the
datasheet, and the third page is an example survey. 

 

A couple specific questions:

1. Are there survey-specific factors that affect the probability of detecting lynx (e.g.,
weather conditions)? We have included "Days since last snow", but let me know if
 other factors should be recorded during these surveys.

 

2. Are there area-specific factors that affect the probability of lynx presence? We can
get land cover type, forest cover, etc. from GIS, but are there on-the-ground factors
we can and should record during each survey (e.g., snowshoe hare detections)    

 

Looking forward to some feedback and discussion. Best,

-Nathan J. Hostetter

Ph.D. student

North Carolina State University

Department of Forestry and Environmental Resources

Box 8001

Raleigh, NC  27695

(p) 1-541-410-1453 

This electronic message contains information generated by the USDA solely for the
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intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator
to civil or criminal penalties. If you believe you have received this message in error,
please notify the sender and delete the email immediately.

 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

tel:612-725-3548%20ext.%202219
tel:612-600-1599


Lynx surveys 
 
General overview of data presented.- For succinctness, data collected during the winter of 2012-2013 is 
used (most recent winter with all genetic material analyzed). Data were limited to winter (October – 
April) as (i) the vast majority of surveys and genetic material were collected during this time, and (ii) it 
allows us to define a “season”. In total, 120 genetic samples were identified as Lynx by the RMRS, with 
104 identified to the level of individual (for a total of 35 individuals; Figure 1; Table 1). Genetic material 
collection was focused on the southeastern part of the forest (Figure 1) with some individuals 
“captured” on multiple occasions (Table 1; this is important for capture=recapture studies). Track files 
generally started when back- or forward-tracking was initiated (i.e., after lynx sign was observed) thus 
the total area of the forest surveyed is unknown (Figure 1).  
 
The USFS puts a tremendous amount of effort into these studies (Figure 1). Concentrating this effort on 
a specific, obtainable objective(s) will help everyone set their priorities. For instance, if the focus is core 
areas, then agreement on core area definitions and focusing nearly all efforts on repeated genetic 
collection in those areas will be useful (e.g., figure b; Russell et al. 2012). However, objectives of 
distribution and occurrence were also raised during our last phone call. Addressing distribution and 
occurrence will require a transition from intensive genetic surveys in small areas to detection/non-
detection surveys across broader areas (Whittington et al. 2014). Finally, “persistence” was also an 
objective mentioned during our phone calls. Both detection/non-detection and genetic material 
collection can lead to estimates of “persistence”, but the definitions are different. For instance, 
persistence can be defined as the probability an occupied site remains occupied (detection/non-
detection data, no genetic material). Alternatively, persistence can be the probability an individual 
survives and remains in the study area (requires recaptures of genetically identified individuals).    
 
Table 2 presents some of the possible objectives identified during our previous phone calls. General 
approaches and data collection tradeoffs are summarized.     
 
A couple example applications of Occurrence and Density estimation in similar settings: 
Example of detection/non-detection study to estimate Lynx occupancy– Whittington et al. (2014) – 
notice they also applied a multi-species approach. 
Example of unstructured spatial-capture-recapture to estimate density (mountain lion) – Russell et al. 
(2012) 
 
Russell, R. E., J. A. Royle, R. Desimone, M. K. Schwartz, V. L. Edwards, K. P. Pilgrim, and K. S. Mckelvey. 

2012. Estimating abundance of mountain lions from unstructured spatial sampling. The Journal of 
Wildlife Management 76(8):1551–1561. 

 
Whittington, J., K. Heuer, B. Hunt, M. Hebblewhite, and P. M. Lukacs. 2014. Estimating occupancy using 

spatially and temporally replicated snow surveys. Animal Conservation. In-press 
 



 

 
Figure 1. Lynx genetic material collection during winter (October-April), 2012-2013. Superior National 
Forest (grey) and Lynx Analysis Unit borders (dark grey boundaries) are shown.  (a) Points represent 
locations were genetic material was identified as Lynx, but not to individual (black, n=16) or was 
identified to individual (blue dots, n=104 ‘captures’ of 35 different individuals). Track files are shown in 
red. (b) Inset box provides detailed example of genetic material collection. Black lines in inset are roads. 
(Note, these are the track files and genetic data I have received, please let me know if I am missing other 
files.)  
 
  



Table 1. Number of individuals ‘captured’ (individual identified by genetic material) and the number of 
occasions individuals were captured during the winter (October-April), 2012-2013. For instance, 2 
individuals were ‘captured’ 6 times and 1 individual was ‘captured’ 12 times during the winter of 2012-
2013. Overall, a total of 35 individuals were identified via genetic collection across a total of 104 
individual capture events.  

Captures Individuals 
1 15 
2 8 
3 4 
4 2 
5 1 
6 2 
7 0 
8 1 
9 0 
10 0 
11 0 
12 1 
… 0 
16 1 
Total 35 
 
 
 



Table 2. Trade-offs and data requirement for a few Lynx monitoring objectives discussed among the group. 
 Possible Objectives 

 Occupancy/distribution Density Persistence 
Metric Probability a site is occupied 

by lynx  
Lynx individuals/km2 Can be (i) probability that previously 

identified individuals survived and 
remained in the study area (genetic 
collection) or (ii) probability a previously 
occupied site remains occupied 
(detection/non-detection studies) 

 
General approach 

 
Survey and record detections 
of lynx sign across a broad 
area. Repeated surveys within 
a season are suggested, but 
may not be required. 

 
Intensively survey areas to 
collect genetic material. 
Repeated surveys of the same 
locations within a season are 
required to obtain “recaptures”. 

 
Depends on “persistence” definition – see 
Metric definitions above. 

 
RELATIVE effort 

 
Lower(?) – requires 
detection/non-detection (no 
genetic material) 

 
Higher(?) - requires repeated 
sampling within a season and 
genetic material collection 

 
Multiple years of data collection. Effort 
depends on definition of “persistence”  

Spatial inference larger area core area Depends on definition 

Effort trade-offs Cover more area by not 
collecting genetic material 

Cover less area to focus on 
genetic material collection and 
repeated sampling  

Requires multiple years of similar data 
collection 

 
EXAMPLE DATA    
Record effort (GPS tracks) Yes Yes Yes 
Individual (genetic) ID required No Yes Depends on definition 
Repeated sampling within season Optionala Yes Suggestedb 
Recapture individuals within season No Yes Depends on definition 
Recapture individuals across seasons No No Depends on definitionc 
a We can consider options for spatial rather than temporal replication  
b May improve estimates depending on definition 
c Yes if persistence is defined at the individual level. No if persistence is defined as the probability an occupied site remains occupied. 
 



From: Catton, Timothy J -FS
To: Ryan, Daniel C -FS; Nathan Hostetter
Cc: Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: RE: Lynx Occupancy Surveys
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Hey all,
 
Just trying to catch up here, thanks for all the work on this!  I’ve attached the data sheet, my
comments on top of Dan’s. 
 
I agree with Dan here that it would be way easier recording all lynx detections instead of keeping
track of 1k segments, you will definitely get a more consistent product.  I also agree that a relative
hare abundance indicator will be more realistic to do than GPS-ing.  Maybe tie it to the detection
location on the data sheet?
 
From your most recent email Nathan, Table 2, “Repeated sampling within season” is shown as
Optional for the Occupancy/distribution objective.  To me this makes it seem like the assumption is
that the probability of detection for lynx is pretty high for just a single look-see of an area.  My
thought is that it would take 2 or maybe even 3 visits to an area to make a not occupied
determination.  Could you (would you?) weight the occupancy based on number of
detections/survey?  May somehow account for an area a critter was passing through rather than an
occupied territory.  Of course tracking conditions (specifically days since last snow) would definitely
play in to the strength of that determination.
 
As far as shapefiles of tracks and waypoints.  Would it work best to have you Nathan specify what
attributes you need in a shapefile?  Each GPS unit will download a little bit differently but if you
specify field names, data type and length maybe we can make those fields consistent.  That way we
can keep doing what we’re doing, but insure you have something easy to work with at the end of the
season.  Do you think that’s workable, Dan?
 
I wonder if it would be best at this point to have Tam and Susan discuss the primary objective of this
effort from their perspectives to give this a more defined direction.  However, I do know that we will
continue to collect DNA to tell us about who we have where.
 

Timothy J. Catton 
Biological Technician

Forest Service
Superior National Forest, Kawishiwi Ranger District

p: 218-365-7637 
tcatton@fs.fed.us

1393 Highway 169 
Ely, MN 55731
www.fs.fed.us 
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Caring for the land and serving people

 
 

From: Ryan, Daniel C -FS 
Sent: Monday, December 01, 2014 10:57 AM
To: Nathan Hostetter
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: RE: Lynx Occupancy Surveys
 
It would be easier to record all detections instead of keeping track of 1-km segments.
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Tuesday, November 25, 2014 10:11 AM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys
 
Thanks Dan,
 
Regarding GPS-ing all lynx observations: One analysis option for these data is to break survey
routes in to segments (e.g., a 10-km survey may be broken into 10 1-km segments). Each
segment then receives a 1 or 0 depending on lynx detection in that segment. This allows for
spatial replication and an estimate of detection probability. Whittington et al. (2014) provide
an example of this approach using snow-tracking surveys for lynx (and other spp.) in Banff
NP (attached).  Notice in their Figure 1 that detection/non-detection is recorded for each 1-km
segment (wolverines in that example). 
 
So, a data collection question: Is it easier to 
1. During the survey, keep track of 1-km segments and note detection/non-detection for each
segment. OR
2. Record all lynx observations and post-hoc create 1-km segments using track files and
detection/no-detection waypoints?
 
I actually prefer option #1, but am not sure if it is logistically feasible this year. Thoughts?
 
-Nathan
 
 
On Tue, Nov 25, 2014 at 9:31 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:
LAUs are not classified.  It probably wouldn’t be hard to do by overlaying the DNA database and
classifying based on # of samples collected?  For the “core” areas we survey often we can tell which
LAUs they are.
 
Hare sign in good areas occurs constantly.  GPSing all hare tracks wouldn’t be feasible in good areas
but could be helpful in lower density areas.
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Also, what is the reason for GPSing all lynx tracks even if we are sure it is the same cat walking along
or constantly crossing the road?
 
Dan
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Tuesday, November 25, 2014 8:25 AM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys
 
Hi Dan et al.,
 
Those are great suggestions Dan. I will update the datasheet with those edits. Are LAU's (51
on the forest) classified as "core", "secondary", or "peripheral"? The LAU .shp file does not
classify them. If not LAU's, is there another way to spatially define the "core area"?
 
Below are preliminary responses to your comments (in red under your questions in your
email) and a few additional questions.
 
 - Saving track and waypoint files: Yes, it will be very helpful if track and waypoint data were
combined into a minimal number of files at the end of the season. A single file with all
surveys would be great.
 
 
On Mon, Nov 24, 2014 at 11:44 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:
Nathan,
 
I gave a few edits in the document.  My other questions are:
 

1.       How many visits or miles are needed in an LAU (assuming that is are sampling area) to get a
decent estimate of occupancy?

I will work on this and get back to you. 

2.       The number of LAUs we can get enough occupancy info on in a season will depend on
priorities.  Most years we would not get as many LAUs if we are doing the surveys as part of the
continued DNA collection (which I feel is still important).  If we wanted to focus a year on the
occupancy survey, I think we could probably cover most of the Forest with two seasonals or
technicians (depending on question #1 above).

Occupancy modeling and DNA collection approaches address different objectives. Maybe we could
consider this year a pilot study to evaluate the use of occupancy approaches to meet presence and
distribution objectives. Genetic material collection remains important for your other objectives (e.g.,
documenting reproduction or identifying individuals).  
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Can your genetic material collection surveys use the same form? Standardizing collection methods
may be beneficial.
 
The idea that 2 techs could cover most of the Forest is very helpful information. 

3.       Maybe a hybrid of covering certain LAUs in core lynx range every year while collecting DNA
and a less often survey of large parts of the Forest (every other or every five years?) would work?

I like the idea of a hybrid approach, but need to think about how it would
work.Understanding LAU categorization (core/secondary/peripheral) would be helpful? 

4.       Also, a field on the datasheet for an abundance estimate of snowshoe hare sign would
probably be good.  I don’t think we would want an in-depth (gps-ing, etc.)  break down of this
except for maybe during a large scale survey?  Probably a 1,2,3 scale similar to the snow
conditions scale?

How often do you see hare tracks/sign?  GPS-ing hare observation locations is the best option
from an analysis aspect. Is it logistically feasible though?  

 
 

Daniel Ryan 
Wildlife Biologist

Forest Service
Superior National Forest, Laurentian Ranger District

p: 218-229-8809 
f: 218-229-8821 
dcryan@fs.fed.us

318 Forestry Rd 
Aurora, MN 55705
www.fs.fed.us 
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From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Monday, November 24, 2014 8:05 AM
To: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Catton, Susan J -FS
Cc: Tamara_Smith@fws.gov; Beth Gardner
Subject: Lynx Occupancy Surveys
 
Hi everyone,
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Attached is a DRAFT lynx occupancy datasheet for this winter. I need some feedback on
this datasheet. Is it field applicable, does it include the metrics you think are important, etc.?
The first page describes the general approach, the second page is the datasheet, and the third
page is an example survey. 
 
A couple specific questions:
1. Are there survey-specific factors that affect the probability of detecting lynx (e.g.,
weather conditions)? We have included "Days since last snow", but let me know if  other
factors should be recorded during these surveys.
 
2. Are there area-specific factors that affect the probability of lynx presence? We can get
land cover type, forest cover, etc. from GIS, but are there on-the-ground factors we can and
should record during each survey (e.g., snowshoe hare detections)    
 
Looking forward to some feedback and discussion. Best,
-Nathan J. Hostetter
Ph.D. student
North Carolina State University
Department of Forestry and Environmental Resources
Box 8001
Raleigh, NC  27695
(p) 1-541-410-1453 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.
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2014-2015 Lynx Occupancy Surveys 
 
General approach (complete datasheet below): 

• Record GPS tracks (track log?) during all Lynx surveys (start tracks when survey begins, stop 
tracks when survey ends).  
 

• Record locations of any lynx sign observed during the survey, even if it is the same Lynx. 
o e.g., driving down road, observe set of lynx tracks, then you see another set of tracks 

100 meters later… record location at both points. 
o If Lynx follows the road, note location of first and last observation (e.g., the lynx was 

continuously present during that section) 
 

• For occupancy surveys, it is better to survey additional areas than follow tracks to collect genetic 
material. 

o Time spent surveying different habitat types, LAU’s, and new areas contribute more 
than collection of genetic material (for occupancy approaches).  

o Time spent surveying areas where Lynx are likely absent or rarely detected is also 
helpful 

 
 
Datasheet specifics: 

• Each survey will have its own datasheet 
• General information – 

o Always enter “GPS track file name see comment above”. This will link the survey data to 
a .shp file 

o Enter “GPS waypoint  file name” if a waypoint file was created (e.g., lynx sign were 
observed during the survey) 

o Reason for survey – why was the area surveyed? 
 e.g., reported sighting, project area, explore new area, etc. 

• Lynx Detections –  
o Fill in this section when sign(s) of lynx were observed 
o Each line denotes the location where sign was observed 
o Record separate observations on different rows 

 e.g., lynx tracks observed while driving (record in row 1), keep driving and see 
another set of tracks 100 meters later (record in row 2), etc.   

o Take a waypoint and record the UTM’s whenever lynx sign are observed 
o An example of a completed datasheet is provided below 

 
 

 
 
 
 
 
 
 
 

Comment [UFS1]: I would maybe just do 
one shapefile of all surveys – I could paste in 
the track log or just trace over the roads I 
surveyed that day.  The shapefile would have 
the date surveyed for each survey.  Would this 
work? 

Comment [tcatton2]: So, do not record 
tracks within 100m of each other? 

Comment [tcatton3]: How is survey 
defined?  Within a LAU? Within a given area?  
By the type? 

Comment [UFS4]: I would probably put the 
pts in my single shapefile of waypoints – could 
you pull out survey points by date or do you 
want a separate waypt gps file for each 
survey? 



 



Lynx Snow Tracking Datasheet 
General Information 

Date: Start time: 

Surveyor: End time: 
Days since last snow:  
Blowing snow: 
Overall conditions: Why survey ended: 

GPS track file name: 
 

GPS waypoint  file name (if created):  

Reason for survey: 
  

Survey method 

 
Start time End time 

Vehicle 
 
Snowmobile 

  
Foot 

  
Other 

  
   
 
Lynx Detections (each row denotes the location where sign was observed)  
Num Lynx 
detected 

Detection 
typea 

Detection 
UTM E & N 

follow 
trackb 

genetic material 
collected (type)c 

Collection UTM 
E & N 

RMRS 
Sample # Notes  

 
 

      

 
 

      

 
 

      

 
 

      

Comment [UFS5]: Blowing snow can be as 
bad a new snowfall for tracking along 
roads/trails – maybe just a yes/no 

Comment [UFS6]: Maybe a 1- poor (<1 day 
post snow or blowing snow, 2- good (1-2 days 
post snow, no blowing), 3 – excellent (3 or 
more days post snow with no blowing or 
melting 

Comment [tcatton7]: I think adding 
snowmobile will be useful.  Survey conditions 
are typically different, indicates a different 
level of effort, access 

Comment [tcatton8]: Is this column 
necessary?   



 
 

      
a Tracks, scat, etc. bYes/No;   c Hair, Scat, Other (note type) 

Lynx Snow Tracking Datasheet - EXAMPLE 
General Information 

Date:   22-Nov-2014 Start time: 10:10 AM 

Surveyor: N. Hostetter End time: 11:50 AM 

Days since last snow: 2 Why survey ended: out of time 

GPS track file name: 20141122_njh_trk.shp 

GPS waypoint  file name (if created): 20141122_njh_wpt.shp 

Reason for survey: Check new area 
 
Survey method 

 
Start time End time 

Vehicle 10:10 AM 11:50 AM 

Foot 
  

Other 
  

   
 
Lynx Detections (each row denotes the location where sign was observed)  
Num Lynx 
detected 

Detection 
typea 

Detection 
UTM E & N 

follow 
trackb 

genetic material 
collected (type)c 

Collection 
UTM E & N 

RMRS 
Sample # Notes  

1 tracks 630332 
5267333 N No - -  

3 tracks 630432 
5267363 N No - - Family group, 3 sets of tracks observed 

at single location 

        

        

Comment [NJH9]: In this example survey, 
lynx sign was observed at 2 locations 
 
First observation was 1 set of tracks crossing 
the road at UTM coordinates 630332 
5267333. Tracks were not followed, instead I 
kept driving. Second observation was 3 sets of 
lynx tracks crossing the road at 630432 
5267363 (even though it was just down the 
road). Again, tracks were not followed. Survey 
ended at 11:50 due to time 
 
 Survey tracks were named and saved. A 
waypoint file with the observation locations 
was also named and saved.  



        
a Tracks, scat, etc. bYes/No;   c Hair, Scat, Other (note type) 
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REPORT 

On September 26, 2014 we received 81 scats, 16 hair samples and 1 lynx tissue sample (MN-T-174).  
These samples were collected as part of ongoing survey efforts for lynx on the Superior National 
Forest.  
 
We analyzed 98 samples using mitochondrial DNA to test for felid and canid (Table 1).  We obtained 
DNA for species identification from 89 of the samples (3 hair and 6 scat samples failed).  Eighty 
samples (including tissue MN-T-174) have a mitochondrial DNA type from lynx, 1 is from bobcat 
(Lynx rufus) and 8 are from a canid.     
 
Table 1.  Mitochondrial DNA species results from MN hair, scat and tissue samples collected in 
2014—batch 3 
 

Sample # Date 
Collected 

Sample 
Type** UTMx UTMy Notes Mt DNA 

Species 

GLNR-H-105 4/3/2014 Hair 608208 5273716 

McDougal Lake Rd., single track, 3 beds 
most likely 1 cat 

Lynx 

GLNR-H-107 3/9/2014 Hair 544513 5293323 

West of 169 on Hwy 1, west of Tower 

Lynx 

GLNR-H-108 2/15/2014 Hair 578349 5303179 
Twin Lakes Rd, several beds potential family 
of 2 Lynx 

GLNR-H-109 2/15/2014 Hair 578349 5303179 
Twin Lakes Rd, several beds potential family 
of 2 Lynx 

GLNR-H-111 3/26/2014 Hair 604819 5279325 Hwy2/Hwy1 junction, single track Lynx 

GLNR-H-112 3/19/2014 Hair 609227 5257908 hair from bed of single Lynx 

GLNR-H-113 3/18/2014 Hair 629306 5255301 hair from same bed as hair6 Lynx 

GLNR-H-114 3/18/2014 Hair 629307 5255305 hair from same bed as hair5, prob fam5 Lynx 

GLNR-H-115 3/28/2014 Hair 605360 5256012   Lynx 

GLNR-H-116 3/28/2014 Hair 605329 5256168   Lynx 

GLNR-H-117 3/28/2014 Hair 605329 5256169   Lynx 

GLNR-H-119 2/20/2014 Hair 634936 5243312 
hair sample collected at gravel pit from 
suspected lynx in Silver Bay Lynx 

GLNR-H-120 3/28/2014 Hair 658224 5290615 
hair sample collected from bed; single cat; 
south of FR 170 in Sawbill area Lynx 

GLNR-S-624 3/26/2014 S 625383 5281117 

Trappers Lake Rd/367 Rd, single track 

Lynx 

GLNR-S-625 3/28/2014 S 569109 5328522 

Echo Trl/NW Big Lake, single track 

Lynx 

GLNR-S-626 4/3/2014 S 608248 5273707 

McDougal Lake Rd., single track 

Lynx 

GLNR-S-627 3/25/2014 S 608704 5313138 

Canadian Border Rd/Jasper Lake, single 
track 

Lynx 



REPORT 

GLNR-S-628 4/3/2014 S 608665 5273276 

McDougal Lake Rd, scat on lynx track but 
many wolf tracks, deer carcass 

canid 

GLNR-S-629 3/23/2014 S 570964 5327920 

Single track, Big Lake, Echo Trail 

Lynx 

GLNR-S-630 3/24/2014 S 586677 5297454 

Single track, Airport 

Lynx 

GLNR-S-631 3/24/2014 S 582438 5294432 

Single track, Hwy 21 

Lynx 

GLNR-S-632 3/25/2014 S 614381 5313186 

Snowbank Road, single track 

Lynx 

GLNR-S-633 3/25/2014 S 610764 5314451 

Moose Lake Road, single track 

Lynx 

GLNR-S-634 3/31/2014 S 588514 5278920 

FR112, single track 

Lynx 

GLNR-S-635 3/27/2014 S 578204 5313522 

West Twin Lake 

canid 

GLNR-S-636 3/8/2014 S 524414 5300470 

Cook 

Lynx 

GLNR-S-637 2/15/2014 S 578318 5303142 
Twin Lakes Rd, 2 sets of tracks potential 
family Lynx 

GLNR-S-638 2/15/2014 S 578264 5303308 
Twin Lakes Rd, 2 sets of tracks potential 
family Lynx 

GLNR-S-639 3/26/2014 S 625322 5282080 Trappers Lake Rd/367 Rd, single track Lynx 

GLNR-S-640 4/10/2014 S 619945 5266761 
Snake Trail, 3 scats close together, not tied to 
tracks Lynx 

GLNR-S-642 4/10/2014 S 619945 5266761 
Snake Trail, 3 scats close together, not tied to 
tracks Lynx 

GLNR-S-643 4/10/2014 S 632505 5270362 EGG, not tied to tracks Lynx 

GLNR-S-644 4/10/2014 S 632330 5270334 EGG, not tied to tracks Lynx 

GLNR-S-646 2/19/2014 S 610595 5259101 tied, prob family 4 at road inters Lynx 

GLNR-S-647 2/25/2014 S 629115 5255487 scat tied, prob fam 5 Lynx 

GLNR-S-648 2/26/2014 S 626815 5261652 scat tied, poss family 5 Lynx 

GLNR-S-649 3/5/2014 S 607592 5255637 snow covered scat on rd edge, fam present canid 

GLNR-S-650 3/5/2014 S 608323 5256355 scat tied, prob fam 4 Lynx 

GLNR-S-651 3/6/2014 S 602165 5267345 scat tied Lynx 

GLNR-S-652 3/6/2014 S 604330 5279103 scat tied Lynx 

GLNR-S-653 3/6/2014 S 609197 5274421 scat tied Lynx 

GLNR-S-655 3/6/2014 S 627192 5266077 frozen in road bank, fam4 passed by, UNK canid 
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GLNR-S-656 3/12/2014 S 610528 5258931 scat not tied but prob, poss family 4 nearby Lynx 

GLNR-S-657 3/12/2014 S 610830 5259848 scat not tied but prob, fam 4 present Lynx 

GLNR-S-658 3/12/2014 S 620875 5267847 not tied, trks melted but prob Lynx 

GLNR-S-659   S     Collected by?? Mud Lake area? Bobcat 

GLNR-S-660 3/14/2014 S 626697 5258030 scat not tied, on trail edge, prob fam5 present Lynx 

GLNR-S-661 3/18/2014 S 629202 5255229 tied, prob fam5 (only 4 together) Lynx 

GLNR-S-662 3/18/2014 S 629277 5256152 scat tied, prob fam5 Lynx 

GLNR-S-663 3/18/2014 S 629267 5256180 scat tied, runny, prob fam5, kitten? Lynx 

GLNR-S-664 3/24/2014 S 645078 5276528 unk, scat on road, looks lynx Lynx 

GLNR-S-665 3/25/2014 S 551416 5276217 scat tied to trks, single Lynx 

GLNR-S-666 3/25/2014 S 543673 5292392 

scat tied to trks, single 

Lynx 

GLNR-S-667 3/28/2014 S 604188 5248251 

scat tied, single 

Lynx 

GLNR-S-668 4/2/2014 S 608418 5257519 scat tied Lynx 

GLNR-S-669 4/2/2014 S 630311 5268284 scat tied, family 2? Lynx 

GLNR-S-670 4/7/2014 S 626941 5266546 tied, family 3 Lynx 

GLNR-S-671 4/30/2014 S 609914 5257807 unk scat on road, no snow Lynx 

GLNR-S-672 4/30/2014 S 609966 5257851 unk scat on road, no snow Lynx 

GLNR-S-673 4/30/2014 S 610897 5260028 unk scat on road, no snow Lynx 

GLNR-S-674 4/30/2014 S 610605 5259151 unk scat on road, no snow Lynx 

GLNR-S-675 4/30/2014 S 611117 5259377 unk scat on road, no snow Lynx 

GLNR-S-677 4/30/2014 S 603655 5247968 unk scat on road, no snow canid 

GLNR-S-678 5/6/2014 S 630134 5267838 unk scat on road, no snow canid 

GLNR-S-680 5/14/2014 S 611978 5259688 unk scat on road, no snow Lynx 

GLNR-S-681 5/14/2014 S 611971 5259728 unk scat on road, no snow canid 

GLNR-S-682 5/14/2014 S 619753 5265969 unk scat on road, no snow Lynx 
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GLNR-S-683 5/14/2014 S 623452 5267778 unk scat on road, no snow canid 

GLNR-S-684 5/19/2014 S 606311 5254419 unk scat on road, no snow Lynx 

GLNR-S-685 3/28/2014 S 608045 5257406 tied to trks, single Lynx 

GLNR-S-686 11/6/2013 S 612007 5259447 resubmittal of GLNR-S-547 Lynx 

GLNR-S-687 12/6/2013 S 624435 5270353 resubmittal of GLNR-S-555 Lynx 

GLNR-S-688 1/8/2014 S 626842 5260961 resubmittal of GLNR-S-566 Lynx 

GLNR-S-690 2/9/2014 S 635363 5249777 scat collected near Wolf Ridge; family of 5? Lynx 

GLNR-S-691 2/9/2014 S 635362 5249780 scat collected near Wolf Ridge; family of 5? Lynx 

GLNR-S-692 2/9/2014 S 635373 5249781 scat collected near Wolf Ridge; family of 5? Lynx 

GLNR-S-693 2/10/2014 S 635347 5249602 scat collected near Wolf Ridge; family of 5? Lynx 

GLNR-S-694 2/9/2014 S 635363 5249777 scat collected near Wolf Ridge; family of 5? Lynx 

GLNR-S-695 2/11/2014 S 644313 5290602 single cat off CR7/CR 3 Lynx 

GLNR-S-696 2/26/2014 S 657789 5293258 family of 3?; off Sawbill; possible kitten Lynx 

GLNR-S-697 2/26/2014 S 657819 5293221 family of 3?; off Sawbill; possible kitten Lynx 

GLNR-S-698 2/26/2014 S 657784 5293241 family of 3?; off Sawbill; possible kitten Lynx 

GLNR-S-699 2/26/2014 S 657790 5293228 family of 3?; off Sawbill; possible adult Lynx 

GLNR-S-700 3/10/2014 S 649252 5297335 sinlge cat off CR 3 near Hog Creek Lynx 

GLNR-S-701 3/10/2014 S 658668 5297034 single cat off Sawbill just n. of CR 3; male? Lynx 

GLNR-S-702 4/8/2014 S 606839 5256663 
single cat; found off snowmobile trail in 
Upland trail area; male? Lynx 

GLNR-S-703 4/26/2014 S 619606 5265483 single cat; found off snake trail Lynx 

GLNR-S-704 4/26/2014 S 619606 5265483 
single cat; found off snake trail; possibly 
same as GLNR-S-703 Lynx 

MN-T-174 2/18/2014 T 477522 5378093 Accidentally trapped male lynx Lynx 
 
 
We analyzed 80 lynx samples and 1 bobcat sample for individual and sex identification.   We 
obtained DNA for analysis from 60 of the lynx samples and the bobcat sample.    
 
Lynx Individuals 
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A total of 39 unique pure lynx (not F1 lynx-bobcat hybrids) were detected from the scat and tissue 
samples.  Seventeen of these individuals are re-captures of previously detected animals while 21 are 
new individuals to the database (Table 2).  From the scat and hair samples, 19 females and 19 males 
were identified.   
 
F1 Lynx-Bobcat Hybrids 
 
One scat sample (GLNR-S-643) is from a F1 lynx-bobcat hybrid (Table 2).  This individual is a 
recapture of male Hybrid-GLNR-S-322, previously detected from samples collected in 2011, 2012 
and 2014. 
 
Bobcat Individuals 
 
One bobcat was identified and represents a new individual to the database (Table 2). 
 
 
Table 2.  Individual results from MN hair, scat and tissue samples collected in 2014—batch 3 
 

Sample # Date 
Collected 

Sample 
Type** UTMx UTMy Notes Species Sex Individual # Recapture

? 

GLNR-H-105 4/3/2014 Hair 608208 5273716 

McDougal Lake Rd., 
single track, 3 beds 
most likely 1 cat Lynx F GLNR-H-105 no 

GLNR-H-107 3/9/2014 Hair 544513 5293323 

West of 169 on Hwy 1, 
west of Tower 

Lynx M GLNR-H-107 no 

GLNR-H-108 2/15/2014 Hair 578349 5303179 

Twin Lakes Rd, several 
beds potential family of 
2 Lynx F GLNR-H-108 no 

GLNR-H-109 2/15/2014 Hair 578349 5303179 

Twin Lakes Rd, several 
beds potential family of 
2 Lynx F GLNR-H-108 no 

GLNR-H-111 3/26/2014 Hair 604819 5279325 
Hwy2/Hwy1 junction, 
single track Lynx M GLNR-S-457 yes 

GLNR-H-112 3/19/2014 Hair 609227 5257908 hair from bed of single Lynx M LOCH-S-270 yes 

GLNR-H-113 3/18/2014 Hair 629306 5255301 
hair from same bed as 
hair6 Lynx F GLNR-S-569 yes 

GLNR-H-114 3/18/2014 Hair 629307 5255305 
hair from same bed as 
hair5, prob fam5 Lynx 

poor 
DNA poor DNA   

GLNR-H-115 3/28/2014 Hair 605360 5256012   Lynx M GLNR-S-454 yes 

GLNR-H-116 3/28/2014 Hair 605329 5256168   Lynx 
poor 
DNA poor DNA   

GLNR-H-117 3/28/2014 Hair 605329 5256169   Lynx 
poor 
DNA poor DNA   

GLNR-H-119 2/20/2014 Hair 634936 5243312 

hair sample collected at 
gravel pit from 
suspected lynx in Silver 
Bay Lynx M GLNR-H-119 no 
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GLNR-H-120 3/28/2014 Hair 658224 5290615 

hair sample collected 
from bed; single cat; 
south of FR 170 in 
Sawbill area Lynx M GLNR-S-616 yes 

GLNR-S-624 3/26/2014 S 625383 5281117 

Trappers Lake Rd/367 
Rd, single track 

Lynx F GLNR-S-624 no 

GLNR-S-625 3/28/2014 S 569109 5328522 

Echo Trl/NW Big Lake, 
single track 

Lynx F GLNR-S-625 no 

GLNR-S-626 4/3/2014 S 608248 5273707 

McDougal Lake Rd., 
single track 

Lynx F GLNR-H-105 no 

GLNR-S-627 3/25/2014 S 608704 5313138 

Canadian Border 
Rd/Jasper Lake, single 
track Lynx F GLNR-S-627 no 

GLNR-S-629 3/23/2014 S 570964 5327920 

Single track, Big Lake, 
Echo Trail 

Lynx F GLNR-S-543 yes 

GLNR-S-630 3/24/2014 S 586677 5297454 
Single track, Airport 

Lynx M GLNR-S-612 yes 

GLNR-S-631 3/24/2014 S 582438 5294432 
Single track, Hwy 21 

Lynx 
poor 
DNA poor DNA   

GLNR-S-632 3/25/2014 S 614381 5313186 
Snowbank Road, single 
track Lynx F GLNR-S-632 no 

GLNR-S-633 3/25/2014 S 610764 5314451 

Moose Lake Road, 
single track 

Lynx 
poor 
DNA poor DNA   

GLNR-S-634 3/31/2014 S 588514 5278920 
FR112, single track 

Lynx F GLNR-S-634 no 

GLNR-S-636 3/8/2014 S 524414 5300470 
Cook 

Lynx M GLNR-S-636 no 

GLNR-S-637 2/15/2014 S 578318 5303142 

Twin Lakes Rd, 2 sets 
of tracks potential 
family Lynx F GLNR-H-108 no 

GLNR-S-638 2/15/2014 S 578264 5303308 

Twin Lakes Rd, 2 sets 
of tracks potential 
family Lynx 

poor 
DNA poor DNA   

GLNR-S-639 3/26/2014 S 625322 5282080 
Trappers Lake Rd/367 
Rd, single track Lynx F GLNR-S-624 no 

GLNR-S-640 4/10/2014 S 619945 5266761 

Snake Trail, 3 scats 
close together, not tied 
to tracks Lynx M GLNR-S-316 yes 

GLNR-S-642 4/10/2014 S 619945 5266761 

Snake Trail, 3 scats 
close together, not tied 
to tracks Lynx F GLNR-S-296re yes 

GLNR-S-643 4/10/2014 S 632505 5270362 EGG, not tied to tracks Lynx M 
Hybrid_GLNR-

S-322 yes 

GLNR-S-644 4/10/2014 S 632330 5270334 EGG, not tied to tracks Lynx 
poor 
DNA poor DNA   

GLNR-S-646 2/19/2014 S 610595 5259101 
tied, prob family 4 at 
road inters Lynx 

poor 
DNA poor DNA   

GLNR-S-647 2/25/2014 S 629115 5255487 scat tied, prob fam 5 Lynx F GLNR-S-390 yes 

GLNR-S-648 2/26/2014 S 626815 5261652 scat tied, poss family 5 Lynx F GLNR-S-390 yes 

GLNR-S-650 3/5/2014 S 608323 5256355 scat tied, prob fam 4 Lynx F GLNR-S-551 yes 

GLNR-S-651 3/6/2014 S 602165 5267345 scat tied Lynx M GLNR-S-651 no 

GLNR-S-652 3/6/2014 S 604330 5279103 scat tied Lynx 
poor 
DNA poor DNA   

GLNR-S-653 3/6/2014 S 609197 5274421 scat tied Lynx F GLNR-S-653 no 
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GLNR-S-656 3/12/2014 S 610528 5258931 
scat not tied but prob, 
poss family 4 nearby Lynx F GLNR-S-551 yes 

GLNR-S-657 3/12/2014 S 610830 5259848 
scat not tied but prob, 
fam 4 present Lynx F GLNR-S-551 yes 

GLNR-S-658 3/12/2014 S 620875 5267847 
not tied, trks melted but 
prob Lynx 

poor 
DNA poor DNA   

GLNR-S-659   S     
Collected by?? Mud 
Lake area? Bobcat M 

Bobcat_GLNR-
S-659 

 

GLNR-S-660 3/14/2014 S 626697 5258030 

scat not tied, on trail 
edge, prob fam5 
present Lynx 

poor 
DNA poor DNA   

GLNR-S-661 3/18/2014 S 629202 5255229 
tied, prob fam5 (only 4 
together) Lynx 

poor 
DNA poor DNA   

GLNR-S-662 3/18/2014 S 629277 5256152 scat tied, prob fam5 Lynx M GLNR-S-662 no 

GLNR-S-663 3/18/2014 S 629267 5256180 
scat tied, runny, prob 
fam5, kitten? Lynx M GLNR-S-663 no 

GLNR-S-664 3/24/2014 S 645078 5276528 
unk, scat on road, 
looks lynx Lynx M GLNR-S-664 no 

GLNR-S-665 3/25/2014 S 551416 5276217 scat tied to trks, single Lynx 
poor 
DNA poor DNA   

GLNR-S-666 3/25/2014 S 543673 5292392 
scat tied to trks, single 

Lynx 
poor 
DNA poor DNA   

GLNR-S-667 3/28/2014 S 604188 5248251 
scat tied, single 

Lynx F GLNR-S-564 yes 

GLNR-S-668 4/2/2014 S 608418 5257519 scat tied Lynx M GLNR-S-668 no 

GLNR-S-669 4/2/2014 S 630311 5268284 scat tied, family 2? Lynx F GLNR-S-390 yes 

GLNR-S-670 4/7/2014 S 626941 5266546 tied, family 3 Lynx F GLNR-S-390 yes 

GLNR-S-671 4/30/2014 S 609914 5257807 
unk scat on road, no 
snow Lynx 

poor 
DNA poor DNA   

GLNR-S-672 4/30/2014 S 609966 5257851 
unk scat on road, no 
snow Lynx F LOCH-S-132 yes 

GLNR-S-673 4/30/2014 S 610897 5260028 
unk scat on road, no 
snow Lynx M LOCH-S-270 yes 

GLNR-S-674 4/30/2014 S 610605 5259151 
unk scat on road, no 
snow Lynx M LOCH-S-270 yes 

GLNR-S-675 4/30/2014 S 611117 5259377 
unk scat on road, no 
snow Lynx M LOCH-S-270 yes 

GLNR-S-680 5/14/2014 S 611978 5259688 
unk scat on road, no 
snow Lynx 

poor 
DNA poor DNA   

GLNR-S-682 5/14/2014 S 619753 5265969 
unk scat on road, no 
snow Lynx F GLNR-S-296re yes 

GLNR-S-684 5/19/2014 S 606311 5254419 
unk scat on road, no 
snow Lynx 

poor 
DNA poor DNA   

GLNR-S-685 3/28/2014 S 608045 5257406 tied to trks, single Lynx 
poor 
DNA poor DNA   

GLNR-S-686 11/6/2013 S 612007 5259447 
resubmittal of GLNR-S-
547 Lynx 

poor 
DNA poor DNA   

GLNR-S-687 12/6/2013 S 624435 5270353 
resubmittal of GLNR-S-
555 Lynx M GLNR-S-460 yes 

GLNR-S-688 1/8/2014 S 626842 5260961 
resubmittal of GLNR-S-
566 Lynx F GLNR-S-688 no 

GLNR-S-690 2/9/2014 S 635363 5249777 

scat collected near 
Wolf Ridge; family of 
5? Lynx F GLNR-S-564 yes 

GLNR-S-691 2/9/2014 S 635362 5249780 

scat collected near 
Wolf Ridge; family of 
5? Lynx 

poor 
DNA poor DNA   
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GLNR-S-692 2/9/2014 S 635373 5249781 

scat collected near 
Wolf Ridge; family of 
5? Lynx M GLNR-S-692 no 

GLNR-S-693 2/10/2014 S 635347 5249602 

scat collected near 
Wolf Ridge; family of 
5? Lynx F GLNR-S-390 yes 

GLNR-S-694 2/9/2014 S 635363 5249777 

scat collected near 
Wolf Ridge; family of 
5? Lynx M GLNR-S-694 no 

GLNR-S-695 2/11/2014 S 644313 5290602 single cat off CR7/CR 3 Lynx M GLNR-S-617 yes 

GLNR-S-696 2/26/2014 S 657789 5293258 
family of 3?; off Sawbill; 
possible kitten Lynx F GLNR-S-453 yes 

GLNR-S-697 2/26/2014 S 657819 5293221 
family of 3?; off Sawbill; 
possible kitten Lynx F GLNR-S-453 yes 

GLNR-S-698 2/26/2014 S 657784 5293241 
family of 3?; off Sawbill; 
possible kitten Lynx F GLNR-S-698 no 

GLNR-S-699 2/26/2014 S 657790 5293228 
family of 3?; off Sawbill; 
possible adult Lynx F GLNR-S-583 yes 

GLNR-S-700 3/10/2014 S 649252 5297335 
sinlge cat off CR 3 near 
Hog Creek Lynx M GLNR-S-617 yes 

GLNR-S-701 3/10/2014 S 658668 5297034 
single cat off Sawbill 
just n. of CR 3; male? Lynx M GLNR-S-701 no 

GLNR-S-702 4/8/2014 S 606839 5256663 

single cat; found off 
snowmobile trail in 
Upland trail area; 
male? Lynx M LOCH-S-270 yes 

GLNR-S-703 4/26/2014 S 619606 5265483 
single cat; found off 
snake trail Lynx F GLNR-S-296re yes 

GLNR-S-704 4/26/2014 S 619606 5265483 

single cat; found off 
snake trail; possibly 
same as GLNR-S-703 Lynx M GLNR-S-316 yes 

MN-T-174 2/18/2014 T 477522 5378093 
Accidentally trapped 
male lynx Lynx M MN-T-174 no 

 
 
Please contact us if you have any questions; we look forward to working with you in the future. 
 



From: Nathan Hostetter
To: Catton, Susan J -FS
Cc: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: Re: Lynx Occupancy Surveys
Date: Wednesday, December 03, 2014 4:35:25 PM
Attachments: image002.png
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Folks,

Thank you for the feedback, I feel we are making some progress. Attached is an updated
datasheet addressing some of Dan and Tim’s comments (thank you, they were great). Another
round of suggestions and edits is expected!

I am really excited to help design a sound monitoring plan with everyone. Clarifying what to
monitor (e.g., forest wide occupancy vs LAU occupancy vs focal area density), how often to
monitor (e.g., yearly with present resources, 2 or 5 yr cycles with dedicated technicians, etc.),
and how much time can be dedicated to surveys (e.g., 5 hrs/wk vs a dedicated technician) will
greatly help focus the study design. I don’t want to provide a product that is not useful due to
my misunderstanding of those objectives. Any clarification here would be appreciated.

In the meantime, recording survey effort in a standardized manner will be a major step. One
possible suggestion -  Record track logs from start to finish of all surveys. Summarize as a
single shapefile for the entire forest at the end of the season (e.g., Superior National Forest
Lynx survey effort during the winter of 2014-2015 as one shapefile). Having a single person
on the forest organize and summarize these files will be a major contribution. I am not saying
this will result in a world changing product, but it should help get us closer. Starting those
processes this winter can provide important information to future study designs. 

Again, these conversation and emails are tremendously helpful. Let’s keep this moving
forward.

Thanks again,
-Nathan

On Wed, Dec 3, 2014 at 2:45 PM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:

I agree with Tim, great discussion!

 

Tam, do you have some time to talk this week or next?

 

-Susan
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From: Catton, Timothy J -FS 
Sent: Monday, December 01, 2014 12:32 PM
To: Ryan, Daniel C -FS; Nathan Hostetter
Cc: Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: RE: Lynx Occupancy Surveys

 

Hey all,

 

Just trying to catch up here, thanks for all the work on this!  I’ve attached the data sheet, my
comments on top of Dan’s. 

 

I agree with Dan here that it would be way easier recording all lynx detections instead of keeping
track of 1k segments, you will definitely get a more consistent product.  I also agree that a relative
hare abundance indicator will be more realistic to do than GPS-ing.  Maybe tie it to the detection
location on the data sheet?

 

From your most recent email Nathan, Table 2, “Repeated sampling within season” is shown as
Optional for the Occupancy/distribution objective.  To me this makes it seem like the assumption
is that the probability of detection for lynx is pretty high for just a single look-see of an area.  My
thought is that it would take 2 or maybe even 3 visits to an area to make a not occupied
determination.  Could you (would you?) weight the occupancy based on number of
detections/survey?  May somehow account for an area a critter was passing through rather than
an occupied territory.  Of course tracking conditions (specifically days since last snow) would
definitely play in to the strength of that determination.

 

As far as shapefiles of tracks and waypoints.  Would it work best to have you Nathan specify what
attributes you need in a shapefile?  Each GPS unit will download a little bit differently but if you
specify field names, data type and length maybe we can make those fields consistent.  That way
we can keep doing what we’re doing, but insure you have something easy to work with at the end
of the season.  Do you think that’s workable, Dan?

 

I wonder if it would be best at this point to have Tam and Susan discuss the primary objective of
this effort from their perspectives to give this a more defined direction.  However, I do know that
we will continue to collect DNA to tell us about who we have where.
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Timothy J. Catton 
Biological Technician

Forest Service

Superior National Forest, Kawishiwi Ranger District

p: 218-365-7637 
tcatton@fs.fed.us

1393 Highway 169 
Ely, MN 55731
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Ryan, Daniel C -FS 
Sent: Monday, December 01, 2014 10:57 AM
To: Nathan Hostetter
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: RE: Lynx Occupancy Surveys

 

It would be easier to record all detections instead of keeping track of 1-km segments.

 

 

From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Tuesday, November 25, 2014 10:11 AM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys

 

Thanks Dan,

 

Regarding GPS-ing all lynx observations: One analysis option for these data is to break
survey routes in to segments (e.g., a 10-km survey may be broken into 10 1-km segments).
Each segment then receives a 1 or 0 depending on lynx detection in that segment. This
allows for spatial replication and an estimate of detection probability. Whittington et al.
(2014) provide an example of this approach using snow-tracking surveys for lynx (and other
spp.) in Banff NP (attached).  Notice in their Figure 1 that detection/non-detection is
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recorded for each 1-km segment (wolverines in that example). 

 

So, a data collection question: Is it easier to 

1. During the survey, keep track of 1-km segments and note detection/non-detection for each
segment. OR

2. Record all lynx observations and post-hoc create 1-km segments using track files and
detection/no-detection waypoints?

 

I actually prefer option #1, but am not sure if it is logistically feasible this year. Thoughts?

 

-Nathan

 

 

On Tue, Nov 25, 2014 at 9:31 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:

LAUs are not classified.  It probably wouldn’t be hard to do by overlaying the DNA database and
classifying based on # of samples collected?  For the “core” areas we survey often we can tell
which LAUs they are.

 

Hare sign in good areas occurs constantly.  GPSing all hare tracks wouldn’t be feasible in good
areas but could be helpful in lower density areas.

 

Also, what is the reason for GPSing all lynx tracks even if we are sure it is the same cat walking
along or constantly crossing the road?

 

Dan

 

 

From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Tuesday, November 25, 2014 8:25 AM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
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Beth Gardner
Subject: Re: Lynx Occupancy Surveys

 

Hi Dan et al.,

 

Those are great suggestions Dan. I will update the datasheet with those edits. Are LAU's (51
on the forest) classified as "core", "secondary", or "peripheral"? The LAU .shp file does not
classify them. If not LAU's, is there another way to spatially define the "core area"?

 

Below are preliminary responses to your comments (in red under your questions in your
email) and a few additional questions.

 

 - Saving track and waypoint files: Yes, it will be very helpful if track and waypoint data
were combined into a minimal number of files at the end of the season. A single file with all
surveys would be great.

 

 

On Mon, Nov 24, 2014 at 11:44 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:

Nathan,

 

I gave a few edits in the document.  My other questions are:

 

1.       How many visits or miles are needed in an LAU (assuming that is are sampling area) to get a
decent estimate of occupancy?

I will work on this and get back to you. 

2.       The number of LAUs we can get enough occupancy info on in a season will depend on
priorities.  Most years we would not get as many LAUs if we are doing the surveys as part of the
continued DNA collection (which I feel is still important).  If we wanted to focus a year on the
occupancy survey, I think we could probably cover most of the Forest with two seasonals or
technicians (depending on question #1 above).

Occupancy modeling and DNA collection approaches address different objectives. Maybe we could
consider this year a pilot study to evaluate the use of occupancy approaches to meet presence

mailto:dcryan@fs.fed.us


and distribution objectives. Genetic material collection remains important for your other
objectives (e.g., documenting reproduction or identifying individuals).  
 
Can your genetic material collection surveys use the same form? Standardizing collection methods
may be beneficial.
 

The idea that 2 techs could cover most of the Forest is very helpful information. 

3.       Maybe a hybrid of covering certain LAUs in core lynx range every year while collecting DNA
and a less often survey of large parts of the Forest (every other or every five years?) would
work?

I like the idea of a hybrid approach, but need to think about how it would
work.Understanding LAU categorization (core/secondary/peripheral) would be helpful? 

4.       Also, a field on the datasheet for an abundance estimate of snowshoe hare sign would
probably be good.  I don’t think we would want an in-depth (gps-ing, etc.)  break down of this
except for maybe during a large scale survey?  Probably a 1,2,3 scale similar to the snow
conditions scale?

How often do you see hare tracks/sign?  GPS-ing hare observation locations is the best
option from an analysis aspect. Is it logistically feasible though?  

 

 

Daniel Ryan 
Wildlife Biologist

Forest Service

Superior National Forest, Laurentian Ranger District

p: 218-229-8809 
f: 218-229-8821 
dcryan@fs.fed.us

318 Forestry Rd 
Aurora, MN 55705
www.fs.fed.us 

Caring for the land and serving people
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From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Monday, November 24, 2014 8:05 AM
To: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Catton, Susan J -FS
Cc: Tamara_Smith@fws.gov; Beth Gardner
Subject: Lynx Occupancy Surveys

 

Hi everyone,

 

Attached is a DRAFT lynx occupancy datasheet for this winter. I need some feedback on
this datasheet. Is it field applicable, does it include the metrics you think are important,
etc.? The first page describes the general approach, the second page is the datasheet, and
the third page is an example survey. 

 

A couple specific questions:

1. Are there survey-specific factors that affect the probability of detecting lynx (e.g.,
weather conditions)? We have included "Days since last snow", but let me know if  other
factors should be recorded during these surveys.

 

2. Are there area-specific factors that affect the probability of lynx presence? We can get
land cover type, forest cover, etc. from GIS, but are there on-the-ground factors we can
and should record during each survey (e.g., snowshoe hare detections)    

 

Looking forward to some feedback and discussion. Best,

-Nathan J. Hostetter

Ph.D. student

North Carolina State University

Department of Forestry and Environmental Resources

Box 8001

Raleigh, NC  27695

(p) 1-541-410-1453 
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This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify
the sender and delete the email immediately.

 

 



Lynx Snow Tracking Datasheet 

Survey Information 

Survey IDa:  Start time: 

Date: End time: 

Surveyor: Overall conditionsb: 

Days since last snow:  Hare index: 

Blowing snow (yes/no) :   

Why survey ended:   
Reason for survey:   
Survey method 

  Start time End time 

Truck 

 
  

Snowmobile   

Foot 

 
  

Other 

 
  

      

 
 

aIntials_MMDDYYY_LAU;  
b 1- poor (<1 day post snow or blowing snow), 2- good (1-2 days post snow, no blowing), 3 – excellent (3 or more days post snow with no blowing or melting) 
 
Lynx Detections (each row denotes the location where sign was observed)  
Num Lynx 
detected 

Detection 
typec 

Detection 
UTM E & Nd 

follow 
tracke 

genetic material 
collected (type)f 

Collection  
UTM E & Ng 

RMRS 
Sample # Notes  

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

Comment [NJH1]: Dan and Tim – great 
suggestions on file management.  At the end 
of the season, compile:  
 
(i)All Track files into a single shapefile (e.g., 
Superior National Forest Lynx Survey TRACKS 
Winter 2014-15). 
 
(ii) All Waypoints of detection locations into a 
single shapefile (e.g., Superior National Forest 
Lynx Survey DETECTIONS Winter 2014-15) 
 
We can hammer out all the attributes for 
these files after a few more iterations of this 
datasheet. One thought, track files should 
include attributes from “Survey Information” 
and “Survey method”.  
 
Final waypoint file may contain data from 
“lynx detections” (e.g., detection type, genetic 
material, and RMRS #) along with the Survey 
ID to link the point to a specific survey. 
Thoughts? You guys have way more 
experience with these surveys than me!  

Comment [NJH2]: Suggestions?  Some king 
of whole survey value? Example: no sign, 
moderate (defined as…) and high (defined 
as…) 

Comment [tcatton3]: Is this column 
necessary?   

Comment [NJH4]: It is important to know 
where the genetic material (e.g., scat, hair, 
etc.) was detected. 
 
Hand written UTMs may not be necessary, but 
knowing the UTMs of detection and genetic 
material collection is required. A waypoint ID 
of something similar could suffice. I added this 
column as a safety check. What are your 
thoughts? 



 
 

      
c Tracks, scat, etc. d First detection of lynx  e Yes/No;   f Hair, Scat, etc. (note type) g Location of genetic material collection  



EXAMPLE Lynx Snow Tracking Datasheet 

Survey Information 

Survey IDa: njh_12012014_EchoLake Start time: 09:15 

Date: 12/01/2014 End time: 9:50 

Surveyor: N. Hostetter Blowing snow (yes/no) : no 

LAU: Echo Lake  Overall conditionsb: 2 

Days since last snow: 2 Hare Index: High  

Why survey ended: Detected lynx and collected genetic material 
  
Reason for survey: Occupancy Survey 
  
Survey method 

  Start time End time 

Truck 9:15 9:50 

Snowmobile  
Foot   
Other   

   
 
 

aIntials_MMDDYYY_LAU;  
b 1- poor (<1 day post snow or blowing snow), 2- good (1-2 days post snow, no blowing), 3 – excellent (3 or more days post snow with no blowing or melting) 
 
Lynx Detections (each row denotes the location where sign was observed)  
Num Lynx 
detected 

Detection 
typec 

Detection 
UTM E & Nd 

follow 
tracke 

genetic material 
collected (type)f 

Collection  
UTM E & Ng 

RMRS 
Sample # Notes  

1 tracks 630332 
5267333 Y Scat 630342 

5267330 XXX-14  

 
 

      

 
 

      

 
 

      

 
 

      



c Tracks, scat, etc. d First detection of lynx  e Yes/No;   f Hair, Scat, etc. (note type) g Location of genetic material collection 
 



From: Ryan, Daniel C -FS
To: Catton, Timothy J -FS; Nathan Hostetter; Catton, Susan J -FS
Cc: Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: RE: Lynx Occupancy Surveys
Date: Friday, December 05, 2014 9:47:27 AM
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My comments in red below.
 
Dan
 
 

From: Catton, Timothy J -FS 
Sent: Thursday, December 04, 2014 1:00 PM
To: Nathan Hostetter; Catton, Susan J -FS
Cc: Ryan, Daniel C -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: RE: Lynx Occupancy Surveys
 
Thanks once again for you work on this Nathan.  Some of my thoughts.
 

1.       Let’s define survey as any time the surveyor is actively looking for tracks basically full time. 
This would not include the 55 mph surveys we do on the way to the survey area and we
happen to see a track along the way.  But once you slow down and make those concerted
efforts to find tracks, start your track log then.  Agreed

2.       What do folks think about changing Days since last snow and Blowing snow to Days since
last snow event effectively defining that as any snow event that would obliterate or make
undeterminable all previous tracks?  Agreed, maybe note if last event was snow or blowing
or melting

3.       Hare index.  This will be tough to consistently do over an entire survey area.  Can you
remind how this plays in to this effort?  Does it really need to collected?  If you cover 30
miles in a day the hare abundance will vary greatly.

4.       Overall conditions.  There is more that plays in to this than just days since snow event. 
Snow condition, coverage under veg, melting-freezing, etc.  How critical is this definition? 
Can we just allow the surveyor to make the poor-good-excellent call based on their
experience without a definition?  I think days since last snow event can be a guideline but I
agree with Tim to allow surveyor to make this call.

5.       If on a survey to just find lynx sign and not collect any genetic material, or I suppose if you
do track it and don’t pick up any, would it be of any benefit or use to have some type of
confidence call on the track identification?  Definite(?)-Likely-Probable-Unsure?  I’m thinking
of our less experienced trackers here. 

6.       My question on the collection UTM need stemmed from the columns you had for detection
type and detection UTM.  If the detection type is scat or hair, and you enter the UTMs for
that, is the collection UTM redundant?  Or was there some other thinking behind that that
I’m not getting?

7.       One shapefile each for tracks and waypoints for the Forest would be a major contribution,
could be a major undertaking.  At this point I’m not sure I am able to volunteer to do that. 
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Dan?  How does your schedule look?  Or how about 1 shapefile per surveyor?  I would
consolidate the ones from Norma, Scott, Helen, others in the KAW area.  I’m thinking Nathan
may get 3-4 sets of shapefiles then.  One shapefile per surveyor or District, they could be
consolidated at the end of the year.  I have started a survey route tracklog and a survey
points for tracks.  If each District started with this and pasted in tracklogs and points it would
be easy to consolidate.  I will send it out soon.

8.       Time to dedicate.  1 day every 2 weeks would be great for me, although that doesn’t always
happen.  Dan I think gets out more.  Snow conditions play a lot in to if we even think it is
worth going out or not.  You probably realize this, but this isn’t an activity that can just be
scheduled, lots of things need to align to make it worthwhile outing.

 
Just some additional thoughts for discussion.
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Wednesday, December 03, 2014 4:35 PM
To: Catton, Susan J -FS
Cc: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth
Gardner
Subject: Re: Lynx Occupancy Surveys
 
Folks,
 
Thank you for the feedback, I feel we are making some progress. Attached is an updated
datasheet addressing some of Dan and Tim’s comments (thank you, they were great). Another
round of suggestions and edits is expected!
 
I am really excited to help design a sound monitoring plan with everyone. Clarifying what to
monitor (e.g., forest wide occupancy vs LAU occupancy vs focal area density), how often to
monitor (e.g., yearly with present resources, 2 or 5 yr cycles with dedicated technicians, etc.),
and how much time can be dedicated to surveys (e.g., 5 hrs/wk vs a dedicated technician) will
greatly help focus the study design. I don’t want to provide a product that is not useful due to
my misunderstanding of those objectives. Any clarification here would be appreciated.
 
In the meantime, recording survey effort in a standardized manner will be a major step. One
possible suggestion -  Record track logs from start to finish of all surveys. Summarize as a
single shapefile for the entire forest at the end of the season (e.g., Superior National Forest
Lynx survey effort during the winter of 2014-2015 as one shapefile). Having a single person
on the forest organize and summarize these files will be a major contribution. I am not saying
this will result in a world changing product, but it should help get us closer. Starting those
processes this winter can provide important information to future study designs. 
 
Again, these conversation and emails are tremendously helpful. Let’s keep this moving
forward.
 
Thanks again,
-Nathan
 
 
On Wed, Dec 3, 2014 at 2:45 PM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:
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I agree with Tim, great discussion!
 
Tam, do you have some time to talk this week or next?
 
-Susan
 
From: Catton, Timothy J -FS 
Sent: Monday, December 01, 2014 12:32 PM
To: Ryan, Daniel C -FS; Nathan Hostetter
Cc: Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: RE: Lynx Occupancy Surveys
 
Hey all,
 
Just trying to catch up here, thanks for all the work on this!  I’ve attached the data sheet, my
comments on top of Dan’s. 
 
I agree with Dan here that it would be way easier recording all lynx detections instead of keeping
track of 1k segments, you will definitely get a more consistent product.  I also agree that a relative
hare abundance indicator will be more realistic to do than GPS-ing.  Maybe tie it to the detection
location on the data sheet?
 
From your most recent email Nathan, Table 2, “Repeated sampling within season” is shown as
Optional for the Occupancy/distribution objective.  To me this makes it seem like the assumption is
that the probability of detection for lynx is pretty high for just a single look-see of an area.  My
thought is that it would take 2 or maybe even 3 visits to an area to make a not occupied
determination.  Could you (would you?) weight the occupancy based on number of
detections/survey?  May somehow account for an area a critter was passing through rather than an
occupied territory.  Of course tracking conditions (specifically days since last snow) would definitely
play in to the strength of that determination.
 
As far as shapefiles of tracks and waypoints.  Would it work best to have you Nathan specify what
attributes you need in a shapefile?  Each GPS unit will download a little bit differently but if you
specify field names, data type and length maybe we can make those fields consistent.  That way we
can keep doing what we’re doing, but insure you have something easy to work with at the end of the
season.  Do you think that’s workable, Dan?
 
I wonder if it would be best at this point to have Tam and Susan discuss the primary objective of this
effort from their perspectives to give this a more defined direction.  However, I do know that we will
continue to collect DNA to tell us about who we have where.
 

Timothy J. Catton 
Biological Technician

Forest Service
Superior National Forest, Kawishiwi Ranger District

p: 218-365-7637 
tcatton@fs.fed.us
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1393 Highway 169 
Ely, MN 55731
www.fs.fed.us 

Caring for the land and serving people

 
 

From: Ryan, Daniel C -FS 
Sent: Monday, December 01, 2014 10:57 AM
To: Nathan Hostetter
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: RE: Lynx Occupancy Surveys
 
It would be easier to record all detections instead of keeping track of 1-km segments.
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Tuesday, November 25, 2014 10:11 AM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys
 
Thanks Dan,
 
Regarding GPS-ing all lynx observations: One analysis option for these data is to break survey
routes in to segments (e.g., a 10-km survey may be broken into 10 1-km segments). Each
segment then receives a 1 or 0 depending on lynx detection in that segment. This allows for
spatial replication and an estimate of detection probability. Whittington et al. (2014) provide
an example of this approach using snow-tracking surveys for lynx (and other spp.) in Banff
NP (attached).  Notice in their Figure 1 that detection/non-detection is recorded for each 1-km
segment (wolverines in that example). 
 
So, a data collection question: Is it easier to 
1. During the survey, keep track of 1-km segments and note detection/non-detection for each
segment. OR
2. Record all lynx observations and post-hoc create 1-km segments using track files and
detection/no-detection waypoints?
 
I actually prefer option #1, but am not sure if it is logistically feasible this year. Thoughts?
 
-Nathan
 
 
On Tue, Nov 25, 2014 at 9:31 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:
LAUs are not classified.  It probably wouldn’t be hard to do by overlaying the DNA database and
classifying based on # of samples collected?  For the “core” areas we survey often we can tell which
LAUs they are.
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Hare sign in good areas occurs constantly.  GPSing all hare tracks wouldn’t be feasible in good areas
but could be helpful in lower density areas.
 
Also, what is the reason for GPSing all lynx tracks even if we are sure it is the same cat walking along
or constantly crossing the road?
 
Dan
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Tuesday, November 25, 2014 8:25 AM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys
 
Hi Dan et al.,
 
Those are great suggestions Dan. I will update the datasheet with those edits. Are LAU's (51
on the forest) classified as "core", "secondary", or "peripheral"? The LAU .shp file does not
classify them. If not LAU's, is there another way to spatially define the "core area"?
 
Below are preliminary responses to your comments (in red under your questions in your
email) and a few additional questions.
 
 - Saving track and waypoint files: Yes, it will be very helpful if track and waypoint data were
combined into a minimal number of files at the end of the season. A single file with all
surveys would be great.
 
 
On Mon, Nov 24, 2014 at 11:44 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:
Nathan,
 
I gave a few edits in the document.  My other questions are:
 

1.       How many visits or miles are needed in an LAU (assuming that is are sampling area) to get a
decent estimate of occupancy?

I will work on this and get back to you. 

2.       The number of LAUs we can get enough occupancy info on in a season will depend on
priorities.  Most years we would not get as many LAUs if we are doing the surveys as part of the
continued DNA collection (which I feel is still important).  If we wanted to focus a year on the
occupancy survey, I think we could probably cover most of the Forest with two seasonals or
technicians (depending on question #1 above).

Occupancy modeling and DNA collection approaches address different objectives. Maybe we could
consider this year a pilot study to evaluate the use of occupancy approaches to meet presence and
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distribution objectives. Genetic material collection remains important for your other objectives (e.g.,
documenting reproduction or identifying individuals).  
 
Can your genetic material collection surveys use the same form? Standardizing collection methods
may be beneficial.
 
The idea that 2 techs could cover most of the Forest is very helpful information. 

3.       Maybe a hybrid of covering certain LAUs in core lynx range every year while collecting DNA
and a less often survey of large parts of the Forest (every other or every five years?) would work?

I like the idea of a hybrid approach, but need to think about how it would
work.Understanding LAU categorization (core/secondary/peripheral) would be helpful? 

4.       Also, a field on the datasheet for an abundance estimate of snowshoe hare sign would
probably be good.  I don’t think we would want an in-depth (gps-ing, etc.)  break down of this
except for maybe during a large scale survey?  Probably a 1,2,3 scale similar to the snow
conditions scale?

How often do you see hare tracks/sign?  GPS-ing hare observation locations is the best option
from an analysis aspect. Is it logistically feasible though?  

 
 

Daniel Ryan 
Wildlife Biologist

Forest Service
Superior National Forest, Laurentian Ranger District

p: 218-229-8809 
f: 218-229-8821 
dcryan@fs.fed.us

318 Forestry Rd 
Aurora, MN 55705
www.fs.fed.us 

Caring for the land and serving people

 
 
 
 
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Monday, November 24, 2014 8:05 AM
To: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Catton, Susan J -FS
Cc: Tamara_Smith@fws.gov; Beth Gardner
Subject: Lynx Occupancy Surveys
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Hi everyone,
 
Attached is a DRAFT lynx occupancy datasheet for this winter. I need some feedback on
this datasheet. Is it field applicable, does it include the metrics you think are important, etc.?
The first page describes the general approach, the second page is the datasheet, and the third
page is an example survey. 
 
A couple specific questions:
1. Are there survey-specific factors that affect the probability of detecting lynx (e.g.,
weather conditions)? We have included "Days since last snow", but let me know if  other
factors should be recorded during these surveys.
 
2. Are there area-specific factors that affect the probability of lynx presence? We can get
land cover type, forest cover, etc. from GIS, but are there on-the-ground factors we can and
should record during each survey (e.g., snowshoe hare detections)    
 
Looking forward to some feedback and discussion. Best,
-Nathan J. Hostetter
Ph.D. student
North Carolina State University
Department of Forestry and Environmental Resources
Box 8001
Raleigh, NC  27695
(p) 1-541-410-1453 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.
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From: Nathan Hostetter
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Catton, Susan J -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: Re: Lynx Occupancy Surveys
Date: Friday, December 05, 2014 1:31:27 PM
Attachments: image004.png

image002.png
image003.png
image001.png
Example.Dan.surveys2014.docx
lynx.surveys.v3.docx

Dan et al.,

These files are great. I have attached a few maps so everyone can visualize your surveys and
detections.  An updated datasheet is attached based on suggestions from Dan and Tim.

After a phone call with Dan, it was decided that he will share the example format he uses to
manage his shapefiles. Tim, please work with Dan to verify we all use the same format. Post
seasons data compiling will be much easier if we all use Dan’s format. 

We are making good progress; please call or email with questions and clarifications. Thanks
again everyone!

Best,

-Nathan J. Hostetter

Ph.D. student

North Carolina State University

Department of Forestry and Environmental Resources

Box 8001

Raleigh, NC  27695

(p) 1-541-410-1453

On Fri, Dec 5, 2014 at 11:04 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:

Here are the two shapefiles I created from my Garmin downloads of my survey attempts this year. 
If you download your waypoints and tracklogs from your Garmin you should be able to paste it
into a blank one of these and it should keep the Garmin attributes such as date and time.  I could
add more fields but didn’t want to put everything that is on the datasheet in the shapefile.

 

Thoughts?

 

Maybe Nathan can see how he will analyze this since it is real data?
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Dan

 

 

From: Catton, Timothy J -FS 
Sent: Thursday, December 04, 2014 1:00 PM
To: Nathan Hostetter; Catton, Susan J -FS
Cc: Ryan, Daniel C -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: RE: Lynx Occupancy Surveys

 

Thanks once again for you work on this Nathan.  Some of my thoughts.

 

1.       Let’s define survey as any time the surveyor is actively looking for tracks basically full time. 
This would not include the 55 mph surveys we do on the way to the survey area and we happen to
see a track along the way.  But once you slow down and make those concerted efforts to find
tracks, start your track log then.

2.       What do folks think about changing Days since last snow and Blowing snow to Days since
last snow event effectively defining that as any snow event that would obliterate or make
undeterminable all previous tracks?

3.       Hare index.  This will be tough to consistently do over an entire survey area.  Can you remind
how this plays in to this effort?  Does it really need to collected?

4.       Overall conditions.  There is more that plays in to this than just days since snow event.  Snow
condition, coverage under veg, melting-freezing, etc.  How critical is this definition?  Can we just
allow the surveyor to make the poor-good-excellent call based on their experience without a
definition?

5.       If on a survey to just find lynx sign and not collect any genetic material, or I suppose if you do
track it and don’t pick up any, would it be of any benefit or use to have some type of confidence
call on the track identification?  Definite(?)-Likely-Probable-Unsure?  I’m thinking of our less
experienced trackers here.

6.       My question on the collection UTM need stemmed from the columns you had for detection
type and detection UTM.  If the detection type is scat or hair, and you enter the UTMs for that, is
the collection UTM redundant?  Or was there some other thinking behind that that I’m not
getting?

7.       One shapefile each for tracks and waypoints for the Forest would be a major contribution,
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could be a major undertaking.  At this point I’m not sure I am able to volunteer to do that.  Dan? 
How does your schedule look?  Or how about 1 shapefile per surveyor?  I would consolidate the
ones from Norma, Scott, Helen, others in the KAW area.  I’m thinking Nathan may get 3-4 sets of
shapefiles then.

8.       Time to dedicate.  1 day every 2 weeks would be great for me, although that doesn’t always
happen.  Dan I think gets out more.  Snow conditions play a lot in to if we even think it is worth
going out or not.  You probably realize this, but this isn’t an activity that can just be scheduled, lots
of things need to align to make it worthwhile outing.

 

Just some additional thoughts for discussion.

 

 

From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Wednesday, December 03, 2014 4:35 PM
To: Catton, Susan J -FS
Cc: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys

 

Folks,

 

Thank you for the feedback, I feel we are making some progress. Attached is an updated
datasheet addressing some of Dan and Tim’s comments (thank you, they were great).
Another round of suggestions and edits is expected!

 

I am really excited to help design a sound monitoring plan with everyone. Clarifying what to
monitor (e.g., forest wide occupancy vs LAU occupancy vs focal area density), how often to
monitor (e.g., yearly with present resources, 2 or 5 yr cycles with dedicated technicians,
etc.), and how much time can be dedicated to surveys (e.g., 5 hrs/wk vs a dedicated
technician) will greatly help focus the study design. I don’t want to provide a product that is
not useful due to my misunderstanding of those objectives. Any clarification here would be
appreciated.

 

In the meantime, recording survey effort in a standardized manner will be a major step. One
possible suggestion -  Record track logs from start to finish of all surveys. Summarize as a
single shapefile for the entire forest at the end of the season (e.g., Superior National Forest
Lynx survey effort during the winter of 2014-2015 as one shapefile). Having a single person
on the forest organize and summarize these files will be a major contribution. I am not
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saying this will result in a world changing product, but it should help get us closer. Starting
those processes this winter can provide important information to future study designs. 

 

Again, these conversation and emails are tremendously helpful. Let’s keep this moving
forward.

 

Thanks again,

-Nathan

 

 

On Wed, Dec 3, 2014 at 2:45 PM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:

I agree with Tim, great discussion!

 

Tam, do you have some time to talk this week or next?

 

-Susan

 

From: Catton, Timothy J -FS 
Sent: Monday, December 01, 2014 12:32 PM
To: Ryan, Daniel C -FS; Nathan Hostetter
Cc: Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: RE: Lynx Occupancy Surveys

 

Hey all,

 

Just trying to catch up here, thanks for all the work on this!  I’ve attached the data sheet, my
comments on top of Dan’s. 

 

I agree with Dan here that it would be way easier recording all lynx detections instead of keeping
track of 1k segments, you will definitely get a more consistent product.  I also agree that a relative
hare abundance indicator will be more realistic to do than GPS-ing.  Maybe tie it to the detection
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location on the data sheet?

 

From your most recent email Nathan, Table 2, “Repeated sampling within season” is shown as
Optional for the Occupancy/distribution objective.  To me this makes it seem like the assumption
is that the probability of detection for lynx is pretty high for just a single look-see of an area.  My
thought is that it would take 2 or maybe even 3 visits to an area to make a not occupied
determination.  Could you (would you?) weight the occupancy based on number of
detections/survey?  May somehow account for an area a critter was passing through rather than
an occupied territory.  Of course tracking conditions (specifically days since last snow) would
definitely play in to the strength of that determination.

 

As far as shapefiles of tracks and waypoints.  Would it work best to have you Nathan specify what
attributes you need in a shapefile?  Each GPS unit will download a little bit differently but if you
specify field names, data type and length maybe we can make those fields consistent.  That way
we can keep doing what we’re doing, but insure you have something easy to work with at the end
of the season.  Do you think that’s workable, Dan?

 

I wonder if it would be best at this point to have Tam and Susan discuss the primary objective of
this effort from their perspectives to give this a more defined direction.  However, I do know that
we will continue to collect DNA to tell us about who we have where.

 

Timothy J. Catton 
Biological Technician

Forest Service

Superior National Forest, Kawishiwi Ranger District

p: 218-365-7637 
tcatton@fs.fed.us

1393 Highway 169 
Ely, MN 55731
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Ryan, Daniel C -FS 
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Sent: Monday, December 01, 2014 10:57 AM
To: Nathan Hostetter
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: RE: Lynx Occupancy Surveys

 

It would be easier to record all detections instead of keeping track of 1-km segments.

 

 

From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Tuesday, November 25, 2014 10:11 AM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys

 

Thanks Dan,

 

Regarding GPS-ing all lynx observations: One analysis option for these data is to break
survey routes in to segments (e.g., a 10-km survey may be broken into 10 1-km segments).
Each segment then receives a 1 or 0 depending on lynx detection in that segment. This
allows for spatial replication and an estimate of detection probability. Whittington et al.
(2014) provide an example of this approach using snow-tracking surveys for lynx (and other
spp.) in Banff NP (attached).  Notice in their Figure 1 that detection/non-detection is
recorded for each 1-km segment (wolverines in that example). 

 

So, a data collection question: Is it easier to 

1. During the survey, keep track of 1-km segments and note detection/non-detection for each
segment. OR

2. Record all lynx observations and post-hoc create 1-km segments using track files and
detection/no-detection waypoints?

 

I actually prefer option #1, but am not sure if it is logistically feasible this year. Thoughts?

 

-Nathan
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On Tue, Nov 25, 2014 at 9:31 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:

LAUs are not classified.  It probably wouldn’t be hard to do by overlaying the DNA database and
classifying based on # of samples collected?  For the “core” areas we survey often we can tell
which LAUs they are.

 

Hare sign in good areas occurs constantly.  GPSing all hare tracks wouldn’t be feasible in good
areas but could be helpful in lower density areas.

 

Also, what is the reason for GPSing all lynx tracks even if we are sure it is the same cat walking
along or constantly crossing the road?

 

Dan

 

 

From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Tuesday, November 25, 2014 8:25 AM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys

 

Hi Dan et al.,

 

Those are great suggestions Dan. I will update the datasheet with those edits. Are LAU's (51
on the forest) classified as "core", "secondary", or "peripheral"? The LAU .shp file does not
classify them. If not LAU's, is there another way to spatially define the "core area"?

 

Below are preliminary responses to your comments (in red under your questions in your
email) and a few additional questions.

 

 - Saving track and waypoint files: Yes, it will be very helpful if track and waypoint data
were combined into a minimal number of files at the end of the season. A single file with all
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surveys would be great.

 

 

On Mon, Nov 24, 2014 at 11:44 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:

Nathan,

 

I gave a few edits in the document.  My other questions are:

 

1.       How many visits or miles are needed in an LAU (assuming that is are sampling area) to get a
decent estimate of occupancy?

I will work on this and get back to you. 

2.       The number of LAUs we can get enough occupancy info on in a season will depend on
priorities.  Most years we would not get as many LAUs if we are doing the surveys as part of the
continued DNA collection (which I feel is still important).  If we wanted to focus a year on the
occupancy survey, I think we could probably cover most of the Forest with two seasonals or
technicians (depending on question #1 above).

Occupancy modeling and DNA collection approaches address different objectives. Maybe we could
consider this year a pilot study to evaluate the use of occupancy approaches to meet presence
and distribution objectives. Genetic material collection remains important for your other
objectives (e.g., documenting reproduction or identifying individuals).  
 
Can your genetic material collection surveys use the same form? Standardizing collection methods
may be beneficial.
 

The idea that 2 techs could cover most of the Forest is very helpful information. 

3.       Maybe a hybrid of covering certain LAUs in core lynx range every year while collecting DNA
and a less often survey of large parts of the Forest (every other or every five years?) would
work?

I like the idea of a hybrid approach, but need to think about how it would
work.Understanding LAU categorization (core/secondary/peripheral) would be helpful? 

4.       Also, a field on the datasheet for an abundance estimate of snowshoe hare sign would
probably be good.  I don’t think we would want an in-depth (gps-ing, etc.)  break down of this
except for maybe during a large scale survey?  Probably a 1,2,3 scale similar to the snow
conditions scale?

mailto:dcryan@fs.fed.us


How often do you see hare tracks/sign?  GPS-ing hare observation locations is the best
option from an analysis aspect. Is it logistically feasible though?  

 

 

Daniel Ryan 
Wildlife Biologist

Forest Service

Superior National Forest, Laurentian Ranger District

p: 218-229-8809 
f: 218-229-8821 
dcryan@fs.fed.us

318 Forestry Rd 
Aurora, MN 55705
www.fs.fed.us 

Caring for the land and serving people

 

 

 

 

 

 

From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Monday, November 24, 2014 8:05 AM
To: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Catton, Susan J -FS
Cc: Tamara_Smith@fws.gov; Beth Gardner
Subject: Lynx Occupancy Surveys

 

Hi everyone,

 

Attached is a DRAFT lynx occupancy datasheet for this winter. I need some feedback on
this datasheet. Is it field applicable, does it include the metrics you think are important,
etc.? The first page describes the general approach, the second page is the datasheet, and
the third page is an example survey. 
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A couple specific questions:

1. Are there survey-specific factors that affect the probability of detecting lynx (e.g.,
weather conditions)? We have included "Days since last snow", but let me know if  other
factors should be recorded during these surveys.

 

2. Are there area-specific factors that affect the probability of lynx presence? We can get
land cover type, forest cover, etc. from GIS, but are there on-the-ground factors we can
and should record during each survey (e.g., snowshoe hare detections)    

 

Looking forward to some feedback and discussion. Best,

-Nathan J. Hostetter

Ph.D. student

North Carolina State University

Department of Forestry and Environmental Resources

Box 8001

Raleigh, NC  27695

(p) 1-541-410-1453 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify
the sender and delete the email immediately.
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Lynx Snow Tracking Datasheet

Survey Information 

Survey IDa:  Start time: 

Date: End time: 

Surveyor: Overall conditionsb: 

Days since last snow eventc:   
Why survey ended:   
Reason for survey:   
Survey method 

  Start time End time 

Truck 

 
  

Snowmobile   

Foot 

 
  

Other 

 
  

      

aIntials_MMDDYYY;   b poor (<1 day post snow or blowing snow), good (1-2 days post snow, no blowing), excellent (3 or more days post snow with no 
blowing or melting);   c any snow event that would obliterate or make undeterminable all previous tracks. 
 
Lynx Detections (each row denotes the location where sign was observed)  

 

c Tracks, scat, hair, etc.  d First detection of lynx 

  

Survey IDa 
Num Lynx 
detected 

Detection 
typec 

Detection 
UTM E & N 

RMRS 
Sample # Notes  

 
 

 
   

 
 

 
   

 
 

 
   

 
 

 
   

 
 

 
   

Comment [NJH1]: survey : “any time the 
surveyor is actively looking for tracks basically 
full time.  This would not include the 55 mph 
surveys we do on the way to the survey area 
and we happen to see a track along the way.  
But once you slow down and make those 
concerted efforts to find tracks, start your 
track log” 

Comment [NJH2]: A basic definition is 
required for consistency. If the definition 
varies by observer than it is not useful to 
collect.    

Comment [NJH3]: See Dan’s file 
management strategy. All this information can 
be collected on your GPS unit (no need to 
write it out). Just make sure these points are 
recorded. 



EXAMPLE Lynx Snow Tracking Datasheet 

Survey Information 

Survey IDa: njh_12012014 Start time: 09:15 

Date: 12/01/2014 End time: 9:50 

Surveyor: N. Hostetter Overall conditionsb: good 

Days since last snow: 2 

Why survey ended: Detected lynx and collected genetic material 

Reason for survey: Follow up on reported lynx  

 
 
Survey method 

  Start time End time 

Truck 9:15 9:50 

Snowmobile   

Foot 

 
  

Other 

 
  

      

aIntials_MMDDYYY_#;   b poor (<1 day post snow or blowing snow), good (1-2 days post snow, no blowing), excellent (3 or more days post snow with no 
blowing or melting);  c any snow event that would obliterate or make undeterminable all previous tracks. 
 
Lynx Detections (each row denotes the location where sign was observed)  

Survey IDa 
Num Lynx 
detected 

Detection 
typec 

Detection 
UTM E & N 

RMRS 
Sample # Notes  

njh_12012014 1 Tracks 630332 
5267333   

njh_12012014 1 Tracks 630332 
5267333   

njh_12012014 1 Hair 630342 
5267330 XXX-14 Back-tracked from tracks in row above. 

Collected hair. 

      

      
c Tracks, scat, hair, etc.  d First detection of lynx 
 



Example of Dan’s surveys and detections thus far in 2014 
 
Figure 1. Lynx surveys (red), forest 
boundaries (black) and LAU 
boundaries (grey). 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Lynx surveys (red) and 
detections (green dots). Black lines 
are forest boundaries and grey lines 
are LAU boundaries 
 
 
 
 
 
 
 
 
 
 
 

 
** Recording effort provides data on how much area was surveyed. e.g., “100 Mile Swamp” LAU 
(western most surveyed LAU) was surveyed and no lynx were detected. Similarly, detections per km 
were quite high in some areas. All this information can be used to help design future studies (inform 
required effort, number of surveys, etc.)  
  



Covariate information can also be collected in the field or as a GIS exercise. For example, we may be 
able to consider questions like lynx occupancy as a function of forest cover (Figure 3). 
 

 
Figure 3. Lynx surveys (red) and detections (green dots). Black lines are forest boundaries grey lines are 
LAU boundaries, green shading denotes percent forest cover on a 2x2km grid.  
 
 
 
 
  



For reference, 2013 surveys generally did not record survey routes (Figure 4). 
 

 
Figure 4. Recorded 2013 surveys for lynx (red) and lynx detections (green dots). Black lines are forest 
boundaries and grey lines are LAU boundaries 
 
 
 
 
  
 



From: Holt, Bryon
To: Conard, Ben
Subject: Re: ACTION NEEDED: Next steps for lynx recovery
Date: Tuesday, December 09, 2014 4:18:47 PM

Right now I need Megan to focus on helping me with the amended caribou listing.  But,
Megan would be the logical person to work on this, when caribou is done.

On Mon, Dec 8, 2014 at 5:36 PM, Conard, Ben <ben_conard@fws.gov> wrote:
Thought we agreed to have Megan help on this, not to exceed 25% of her work. If so, I'll
leave to you to delegate and coordinate with Montana. -Ben

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Dec 8, 2014 at 10:30 AM
Subject: ACTION NEEDED: Next steps for lynx recovery
To: Beth Forbus <beth_forbus@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Bridget Fahey <bridget_fahey@fws.gov>, Sarah Fierce
<sarah_fierce@fws.gov>, Kit Hershey <kit_hershey@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, Michelle Eames
<michelle_eames@fws.gov>, Steve Duke <steve_duke@fws.gov>, Rebecca Toland
<rebecca_toland@fws.gov>, Sarah Quamme <sarah_quamme@fws.gov>, Eric Hein
<Eric_Hein@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Krishna Gifford <krishna_gifford@fws.gov>, Mark
McCollough <mark_mccollough@fws.gov>, Anthony Tur <Anthony_Tur@fws.gov>, Ann
Belleman <ann_belleman@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Ben Conard
<ben_conard@fws.gov>, Leslie Ellwood <leslie_ellwood@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Kate Novak <kate_novak@fws.gov>

ALL>  This email is specific to Lynx Recovery: the 5-year Review and Recovery
Planning.  If you are NOT the appropriate person for this email please forward this email
and reply to me so I may correct our mailing list for these topics.  
________________________________________________

The Service is moving forward on the court's order to complete Lynx Recovery by
January 2018. Prior to initiation of the recovery planning process, we will be
completing a Five-year Review. This Review will update the status and revise the
threat assessment and determine whether the status of the DPS has changed since
the time of its listing.  

Since a 5-year review begins with gathering the best available scientific and commercial
data regarding the species, we intend to disseminate interested party letters to our State,
Federal and Tribal partners.  An example is attached.  I am requesting that you send this
letter out to your Office's specific State, Tribal and Federal partners.  You may send out
the pdf version with my signature or edit the letterhead and signature for your area.  Please
leave the contact information the same.

In addition, in order to facilitate this process, we will post a NEWS RELEASE on our
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Regional Lynx page notifying the public that the Canada Lynx DPS is under review and we
are requesting any relevant information we should consider in that Review. 

After reviewing and considering the best available scientific and commercial data regarding
the species, the Service will recommend whether a change in the Federal classification of the
listed species is warranted.

Upon completion of a 5-year review, the Service could make four possible
recommendations:
• Reclassify the species from threatened to endangered (uplist);
• Remove the species from the List (delist); or
• Maintain the species’ current classification.

If the species is uplisted or maintained in its current classification, we will immediately
proceed with the recovery planning process.   

If delisting is found to be warranted and we determine such a plan will not promote the conservation of
the species, we may consider whether the species is exempt from the Act's recovery planning requirement.  Such
a determination would require a finding signed by the Director.

As we move forward in the process, we will engage you all (or other appropriate contacts
identified by your office) in monthly calls to keep you updated on our progress.  In addition,
we will provide an opportunity for each office to review the draft document and provide
clarifications and edits.  We have drafted a Project Plan which includes both the 5-year
Review process as well as the Recovery Planning.  We expect to finalize this by the end of
January 2015. 

We expect to wrap-up the 5-Year Review process by early June 2015.  Thank you for your
prompt action on these Interested party letters.  If you have questions or require
clarifications please give me a call.     Thanks again.  JB 

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

-- 
Ben Conard, Field Supervisor
U.S. Fish and Wildlife Service
Northern Idaho Field Office
11103 E. Montgomery Drive
Spokane Valley, WA 99206
Phone: (509) 893-8030
Fax: (509) 891-6748



-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Catton, Timothy J -FS
To: Nathan Hostetter
Cc: Ryan, Daniel C -FS; Catton, Susan J -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: RE: Lynx Occupancy Surveys
Date: Thursday, December 11, 2014 12:56:07 PM
Attachments: image001.png

image002.png
image003.png
image004.png

That was my assumption.  However, the situation I’ve run in to is a surveyor downloaded his GPS in
to ArcMAP using DNRGPS, then saved to a shapefile.  He sent me the shapefile which came with 1
line of data for the entire track (including the dreaded straight line connecting the turn off turn on
points) so that there is no “actual” survey time to be noted from the track log.  I have done some
trouble shooting with him over the phone but haven’t come up with anything obvious.  I will be
getting together with him on Tuesday so hopefully we’ll be able to figure this out.  Also, for some
reason the time attribute is not being downloaded in to DNRGPS along with several other fields, so
we’ll have to figure that one out, too.
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Thursday, December 11, 2014 12:44 PM
To: Catton, Timothy J -FS
Cc: Ryan, Daniel C -FS; Catton, Susan J -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth
Gardner
Subject: Re: Lynx Occupancy Surveys
 
Hi Tim,
 
Include start and stop time stamps associated with each track log when downloading your
data. That is by far the preferred alternative. The example Dan sent included these attributes. 
 
Record the total time required for a survey on the datasheet, as you stated - "time you get to an
area to survey and then the time you leave the survey area".  Due to the factors you mentioned,
the "actual time surveyed" will be derived from track logs. Thank you for the clarification.
 
Dan/Dave - chime in with any additional thoughts or suggestions.
 
Best,
-Nathan    
 
On Thu, Dec 11, 2014 at 1:23 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:
Thinking more on the recording of time on the datasheet.  Is it important to record only the time
actively looking for tracks?  Say you drive down a road slowly, looking for tracks.  You get to the end
of the road, turn the track log off, then turn around and drive back and then go to the next road,
turn the track log back on, and go to the end of that road.  Should you record a start and stop time
each time you turn the track log on and off?  Or the time you get to an area to survey and then the
time you leave the survey area?
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
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Sent: Friday, December 05, 2014 1:31 PM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Catton, Susan J -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys
 
Dan et al.,
 
These files are great. I have attached a few maps so everyone can visualize your surveys and
detections.  An updated datasheet is attached based on suggestions from Dan and Tim.
 
After a phone call with Dan, it was decided that he will share the example format he uses to
manage his shapefiles. Tim, please work with Dan to verify we all use the same format. Post
seasons data compiling will be much easier if we all use Dan’s format. 
 
We are making good progress; please call or email with questions and clarifications. Thanks
again everyone!
 
Best,
-Nathan J. Hostetter
Ph.D. student
North Carolina State University
Department of Forestry and Environmental Resources
Box 8001
Raleigh, NC  27695
(p) 1-541-410-1453
 
 
On Fri, Dec 5, 2014 at 11:04 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:
Here are the two shapefiles I created from my Garmin downloads of my survey attempts this year.  If
you download your waypoints and tracklogs from your Garmin you should be able to paste it into a
blank one of these and it should keep the Garmin attributes such as date and time.  I could add more
fields but didn’t want to put everything that is on the datasheet in the shapefile.
 
Thoughts?
 
Maybe Nathan can see how he will analyze this since it is real data?
 
Dan
 
 

From: Catton, Timothy J -FS 
Sent: Thursday, December 04, 2014 1:00 PM
To: Nathan Hostetter; Catton, Susan J -FS
Cc: Ryan, Daniel C -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: RE: Lynx Occupancy Surveys
 
Thanks once again for you work on this Nathan.  Some of my thoughts.
 

1.       Let’s define survey as any time the surveyor is actively looking for tracks basically full time.  This
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would not include the 55 mph surveys we do on the way to the survey area and we happen to see a
track along the way.  But once you slow down and make those concerted efforts to find tracks, start
your track log then.

2.       What do folks think about changing Days since last snow and Blowing snow to Days since last
snow event effectively defining that as any snow event that would obliterate or make
undeterminable all previous tracks?

3.       Hare index.  This will be tough to consistently do over an entire survey area.  Can you remind
how this plays in to this effort?  Does it really need to collected?

4.       Overall conditions.  There is more that plays in to this than just days since snow event.  Snow
condition, coverage under veg, melting-freezing, etc.  How critical is this definition?  Can we just
allow the surveyor to make the poor-good-excellent call based on their experience without a
definition?

5.       If on a survey to just find lynx sign and not collect any genetic material, or I suppose if you do
track it and don’t pick up any, would it be of any benefit or use to have some type of confidence call
on the track identification?  Definite(?)-Likely-Probable-Unsure?  I’m thinking of our less experienced
trackers here.

6.       My question on the collection UTM need stemmed from the columns you had for detection
type and detection UTM.  If the detection type is scat or hair, and you enter the UTMs for that, is the
collection UTM redundant?  Or was there some other thinking behind that that I’m not getting?

7.       One shapefile each for tracks and waypoints for the Forest would be a major contribution, could
be a major undertaking.  At this point I’m not sure I am able to volunteer to do that.  Dan?  How
does your schedule look?  Or how about 1 shapefile per surveyor?  I would consolidate the ones
from Norma, Scott, Helen, others in the KAW area.  I’m thinking Nathan may get 3-4 sets of
shapefiles then.

8.       Time to dedicate.  1 day every 2 weeks would be great for me, although that doesn’t always
happen.  Dan I think gets out more.  Snow conditions play a lot in to if we even think it is worth going
out or not.  You probably realize this, but this isn’t an activity that can just be scheduled, lots of
things need to align to make it worthwhile outing.

 
Just some additional thoughts for discussion.
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Wednesday, December 03, 2014 4:35 PM
To: Catton, Susan J -FS
Cc: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth
Gardner
Subject: Re: Lynx Occupancy Surveys
 
Folks,
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Thank you for the feedback, I feel we are making some progress. Attached is an updated
datasheet addressing some of Dan and Tim’s comments (thank you, they were great). Another
round of suggestions and edits is expected!
 
I am really excited to help design a sound monitoring plan with everyone. Clarifying what to
monitor (e.g., forest wide occupancy vs LAU occupancy vs focal area density), how often to
monitor (e.g., yearly with present resources, 2 or 5 yr cycles with dedicated technicians, etc.),
and how much time can be dedicated to surveys (e.g., 5 hrs/wk vs a dedicated technician) will
greatly help focus the study design. I don’t want to provide a product that is not useful due to
my misunderstanding of those objectives. Any clarification here would be appreciated.
 
In the meantime, recording survey effort in a standardized manner will be a major step. One
possible suggestion -  Record track logs from start to finish of all surveys. Summarize as a
single shapefile for the entire forest at the end of the season (e.g., Superior National Forest
Lynx survey effort during the winter of 2014-2015 as one shapefile). Having a single person
on the forest organize and summarize these files will be a major contribution. I am not saying
this will result in a world changing product, but it should help get us closer. Starting those
processes this winter can provide important information to future study designs. 
 
Again, these conversation and emails are tremendously helpful. Let’s keep this moving
forward.
 
Thanks again,
-Nathan
 
 
On Wed, Dec 3, 2014 at 2:45 PM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:
I agree with Tim, great discussion!
 
Tam, do you have some time to talk this week or next?
 
-Susan
 
From: Catton, Timothy J -FS 
Sent: Monday, December 01, 2014 12:32 PM
To: Ryan, Daniel C -FS; Nathan Hostetter
Cc: Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: RE: Lynx Occupancy Surveys
 
Hey all,
 
Just trying to catch up here, thanks for all the work on this!  I’ve attached the data sheet, my
comments on top of Dan’s. 
 
I agree with Dan here that it would be way easier recording all lynx detections instead of keeping
track of 1k segments, you will definitely get a more consistent product.  I also agree that a relative
hare abundance indicator will be more realistic to do than GPS-ing.  Maybe tie it to the detection
location on the data sheet?
 
From your most recent email Nathan, Table 2, “Repeated sampling within season” is shown as
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Optional for the Occupancy/distribution objective.  To me this makes it seem like the assumption is
that the probability of detection for lynx is pretty high for just a single look-see of an area.  My
thought is that it would take 2 or maybe even 3 visits to an area to make a not occupied
determination.  Could you (would you?) weight the occupancy based on number of
detections/survey?  May somehow account for an area a critter was passing through rather than an
occupied territory.  Of course tracking conditions (specifically days since last snow) would definitely
play in to the strength of that determination.
 
As far as shapefiles of tracks and waypoints.  Would it work best to have you Nathan specify what
attributes you need in a shapefile?  Each GPS unit will download a little bit differently but if you
specify field names, data type and length maybe we can make those fields consistent.  That way we
can keep doing what we’re doing, but insure you have something easy to work with at the end of the
season.  Do you think that’s workable, Dan?
 
I wonder if it would be best at this point to have Tam and Susan discuss the primary objective of this
effort from their perspectives to give this a more defined direction.  However, I do know that we will
continue to collect DNA to tell us about who we have where.
 

Timothy J. Catton 
Biological Technician

Forest Service
Superior National Forest, Kawishiwi Ranger District

p: 218-365-7637 
tcatton@fs.fed.us

1393 Highway 169 
Ely, MN 55731
www.fs.fed.us 

Caring for the land and serving people

 
 

From: Ryan, Daniel C -FS 
Sent: Monday, December 01, 2014 10:57 AM
To: Nathan Hostetter
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: RE: Lynx Occupancy Surveys
 
It would be easier to record all detections instead of keeping track of 1-km segments.
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Tuesday, November 25, 2014 10:11 AM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys
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Thanks Dan,
 
Regarding GPS-ing all lynx observations: One analysis option for these data is to break survey
routes in to segments (e.g., a 10-km survey may be broken into 10 1-km segments). Each
segment then receives a 1 or 0 depending on lynx detection in that segment. This allows for
spatial replication and an estimate of detection probability. Whittington et al. (2014) provide
an example of this approach using snow-tracking surveys for lynx (and other spp.) in Banff
NP (attached).  Notice in their Figure 1 that detection/non-detection is recorded for each 1-km
segment (wolverines in that example). 
 
So, a data collection question: Is it easier to 
1. During the survey, keep track of 1-km segments and note detection/non-detection for each
segment. OR
2. Record all lynx observations and post-hoc create 1-km segments using track files and
detection/no-detection waypoints?
 
I actually prefer option #1, but am not sure if it is logistically feasible this year. Thoughts?
 
-Nathan
 
 
On Tue, Nov 25, 2014 at 9:31 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:
LAUs are not classified.  It probably wouldn’t be hard to do by overlaying the DNA database and
classifying based on # of samples collected?  For the “core” areas we survey often we can tell which
LAUs they are.
 
Hare sign in good areas occurs constantly.  GPSing all hare tracks wouldn’t be feasible in good areas
but could be helpful in lower density areas.
 
Also, what is the reason for GPSing all lynx tracks even if we are sure it is the same cat walking along
or constantly crossing the road?
 
Dan
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Tuesday, November 25, 2014 8:25 AM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys
 
Hi Dan et al.,
 
Those are great suggestions Dan. I will update the datasheet with those edits. Are LAU's (51
on the forest) classified as "core", "secondary", or "peripheral"? The LAU .shp file does not
classify them. If not LAU's, is there another way to spatially define the "core area"?
 
Below are preliminary responses to your comments (in red under your questions in your
email) and a few additional questions.

mailto:dcryan@fs.fed.us
mailto:njhostet@ncsu.edu
mailto:Tamara_Smith@fws.gov


 
 - Saving track and waypoint files: Yes, it will be very helpful if track and waypoint data were
combined into a minimal number of files at the end of the season. A single file with all
surveys would be great.
 
 
On Mon, Nov 24, 2014 at 11:44 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:
Nathan,
 
I gave a few edits in the document.  My other questions are:
 

1.       How many visits or miles are needed in an LAU (assuming that is are sampling area) to get a
decent estimate of occupancy?

I will work on this and get back to you. 

2.       The number of LAUs we can get enough occupancy info on in a season will depend on
priorities.  Most years we would not get as many LAUs if we are doing the surveys as part of the
continued DNA collection (which I feel is still important).  If we wanted to focus a year on the
occupancy survey, I think we could probably cover most of the Forest with two seasonals or
technicians (depending on question #1 above).

Occupancy modeling and DNA collection approaches address different objectives. Maybe we could
consider this year a pilot study to evaluate the use of occupancy approaches to meet presence and
distribution objectives. Genetic material collection remains important for your other objectives (e.g.,
documenting reproduction or identifying individuals).  
 
Can your genetic material collection surveys use the same form? Standardizing collection methods
may be beneficial.
 
The idea that 2 techs could cover most of the Forest is very helpful information. 

3.       Maybe a hybrid of covering certain LAUs in core lynx range every year while collecting DNA
and a less often survey of large parts of the Forest (every other or every five years?) would work?

I like the idea of a hybrid approach, but need to think about how it would
work.Understanding LAU categorization (core/secondary/peripheral) would be helpful? 

4.       Also, a field on the datasheet for an abundance estimate of snowshoe hare sign would
probably be good.  I don’t think we would want an in-depth (gps-ing, etc.)  break down of this
except for maybe during a large scale survey?  Probably a 1,2,3 scale similar to the snow
conditions scale?

How often do you see hare tracks/sign?  GPS-ing hare observation locations is the best option
from an analysis aspect. Is it logistically feasible though?  
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Daniel Ryan 
Wildlife Biologist

Forest Service
Superior National Forest, Laurentian Ranger District

p: 218-229-8809 
f: 218-229-8821 
dcryan@fs.fed.us

318 Forestry Rd 
Aurora, MN 55705
www.fs.fed.us 

Caring for the land and serving people

 
 
 
 
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Monday, November 24, 2014 8:05 AM
To: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Catton, Susan J -FS
Cc: Tamara_Smith@fws.gov; Beth Gardner
Subject: Lynx Occupancy Surveys
 
Hi everyone,
 
Attached is a DRAFT lynx occupancy datasheet for this winter. I need some feedback on
this datasheet. Is it field applicable, does it include the metrics you think are important, etc.?
The first page describes the general approach, the second page is the datasheet, and the third
page is an example survey. 
 
A couple specific questions:
1. Are there survey-specific factors that affect the probability of detecting lynx (e.g.,
weather conditions)? We have included "Days since last snow", but let me know if  other
factors should be recorded during these surveys.
 
2. Are there area-specific factors that affect the probability of lynx presence? We can get
land cover type, forest cover, etc. from GIS, but are there on-the-ground factors we can and
should record during each survey (e.g., snowshoe hare detections)    
 
Looking forward to some feedback and discussion. Best,
-Nathan J. Hostetter
Ph.D. student
North Carolina State University
Department of Forestry and Environmental Resources
Box 8001
Raleigh, NC  27695
(p) 1-541-410-1453 
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This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
 
 
 
 



From: Ryan, Daniel C -FS
To: Catton, Timothy J -FS; Nathan Hostetter
Cc: Catton, Susan J -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: RE: Lynx Occupancy Surveys
Date: Thursday, December 11, 2014 2:34:34 PM
Attachments: image001.png
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image003.png
image004.png

I think miles surveyed will probably be more important than time.  There are times I can survey at 30
mph in a truck and other times I need to slow down to 10mph or so to do the same level of survey
based on snow conditions, etc.  So one day it can take 20 minutes to survey 10 miles while another it
can take an hour for the same stretch – with both time periods 10 miles were surveyed adequately.
 
 
 

From: Catton, Timothy J -FS 
Sent: Thursday, December 11, 2014 2:03 PM
To: Nathan Hostetter
Cc: Ryan, Daniel C -FS; Catton, Susan J -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth
Gardner
Subject: RE: Lynx Occupancy Surveys
 
When downloading and saving track logs through DNRGPS the only time that comes through in to
the attribute table is the first line of data for that tracking interval and therefore just the start time. 
If we were to save the track log as points we would have a time associated with each vertex, but
then have to do the extra steps to convert it to a line to get distance.  How critical is this time
component here?
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Thursday, December 11, 2014 12:44 PM
To: Catton, Timothy J -FS
Cc: Ryan, Daniel C -FS; Catton, Susan J -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth
Gardner
Subject: Re: Lynx Occupancy Surveys
 
Hi Tim,
 
Include start and stop time stamps associated with each track log when downloading your
data. That is by far the preferred alternative. The example Dan sent included these attributes. 
 
Record the total time required for a survey on the datasheet, as you stated - "time you get to an
area to survey and then the time you leave the survey area".  Due to the factors you mentioned,
the "actual time surveyed" will be derived from track logs. Thank you for the clarification.
 
Dan/Dave - chime in with any additional thoughts or suggestions.
 
Best,
-Nathan    
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On Thu, Dec 11, 2014 at 1:23 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:
Thinking more on the recording of time on the datasheet.  Is it important to record only the time
actively looking for tracks?  Say you drive down a road slowly, looking for tracks.  You get to the end
of the road, turn the track log off, then turn around and drive back and then go to the next road,
turn the track log back on, and go to the end of that road.  Should you record a start and stop time
each time you turn the track log on and off?  Or the time you get to an area to survey and then the
time you leave the survey area?
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Friday, December 05, 2014 1:31 PM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Catton, Susan J -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys
 
Dan et al.,
 
These files are great. I have attached a few maps so everyone can visualize your surveys and
detections.  An updated datasheet is attached based on suggestions from Dan and Tim.
 
After a phone call with Dan, it was decided that he will share the example format he uses to
manage his shapefiles. Tim, please work with Dan to verify we all use the same format. Post
seasons data compiling will be much easier if we all use Dan’s format. 
 
We are making good progress; please call or email with questions and clarifications. Thanks
again everyone!
 
Best,
-Nathan J. Hostetter
Ph.D. student
North Carolina State University
Department of Forestry and Environmental Resources
Box 8001
Raleigh, NC  27695
(p) 1-541-410-1453
 
 
On Fri, Dec 5, 2014 at 11:04 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:
Here are the two shapefiles I created from my Garmin downloads of my survey attempts this year.  If
you download your waypoints and tracklogs from your Garmin you should be able to paste it into a
blank one of these and it should keep the Garmin attributes such as date and time.  I could add more
fields but didn’t want to put everything that is on the datasheet in the shapefile.
 
Thoughts?
 
Maybe Nathan can see how he will analyze this since it is real data?
 
Dan
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From: Catton, Timothy J -FS 
Sent: Thursday, December 04, 2014 1:00 PM
To: Nathan Hostetter; Catton, Susan J -FS
Cc: Ryan, Daniel C -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: RE: Lynx Occupancy Surveys
 
Thanks once again for you work on this Nathan.  Some of my thoughts.
 

1.       Let’s define survey as any time the surveyor is actively looking for tracks basically full time.  This
would not include the 55 mph surveys we do on the way to the survey area and we happen to see a
track along the way.  But once you slow down and make those concerted efforts to find tracks, start
your track log then.

2.       What do folks think about changing Days since last snow and Blowing snow to Days since last
snow event effectively defining that as any snow event that would obliterate or make
undeterminable all previous tracks?

3.       Hare index.  This will be tough to consistently do over an entire survey area.  Can you remind
how this plays in to this effort?  Does it really need to collected?

4.       Overall conditions.  There is more that plays in to this than just days since snow event.  Snow
condition, coverage under veg, melting-freezing, etc.  How critical is this definition?  Can we just
allow the surveyor to make the poor-good-excellent call based on their experience without a
definition?

5.       If on a survey to just find lynx sign and not collect any genetic material, or I suppose if you do
track it and don’t pick up any, would it be of any benefit or use to have some type of confidence call
on the track identification?  Definite(?)-Likely-Probable-Unsure?  I’m thinking of our less experienced
trackers here.

6.       My question on the collection UTM need stemmed from the columns you had for detection
type and detection UTM.  If the detection type is scat or hair, and you enter the UTMs for that, is the
collection UTM redundant?  Or was there some other thinking behind that that I’m not getting?

7.       One shapefile each for tracks and waypoints for the Forest would be a major contribution, could
be a major undertaking.  At this point I’m not sure I am able to volunteer to do that.  Dan?  How
does your schedule look?  Or how about 1 shapefile per surveyor?  I would consolidate the ones
from Norma, Scott, Helen, others in the KAW area.  I’m thinking Nathan may get 3-4 sets of
shapefiles then.

8.       Time to dedicate.  1 day every 2 weeks would be great for me, although that doesn’t always
happen.  Dan I think gets out more.  Snow conditions play a lot in to if we even think it is worth going
out or not.  You probably realize this, but this isn’t an activity that can just be scheduled, lots of
things need to align to make it worthwhile outing.

 

mailto:Tamara_Smith@fws.gov


Just some additional thoughts for discussion.
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Wednesday, December 03, 2014 4:35 PM
To: Catton, Susan J -FS
Cc: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Tamara_Smith@fws.gov; Beth
Gardner
Subject: Re: Lynx Occupancy Surveys
 
Folks,
 
Thank you for the feedback, I feel we are making some progress. Attached is an updated
datasheet addressing some of Dan and Tim’s comments (thank you, they were great). Another
round of suggestions and edits is expected!
 
I am really excited to help design a sound monitoring plan with everyone. Clarifying what to
monitor (e.g., forest wide occupancy vs LAU occupancy vs focal area density), how often to
monitor (e.g., yearly with present resources, 2 or 5 yr cycles with dedicated technicians, etc.),
and how much time can be dedicated to surveys (e.g., 5 hrs/wk vs a dedicated technician) will
greatly help focus the study design. I don’t want to provide a product that is not useful due to
my misunderstanding of those objectives. Any clarification here would be appreciated.
 
In the meantime, recording survey effort in a standardized manner will be a major step. One
possible suggestion -  Record track logs from start to finish of all surveys. Summarize as a
single shapefile for the entire forest at the end of the season (e.g., Superior National Forest
Lynx survey effort during the winter of 2014-2015 as one shapefile). Having a single person
on the forest organize and summarize these files will be a major contribution. I am not saying
this will result in a world changing product, but it should help get us closer. Starting those
processes this winter can provide important information to future study designs. 
 
Again, these conversation and emails are tremendously helpful. Let’s keep this moving
forward.
 
Thanks again,
-Nathan
 
 
On Wed, Dec 3, 2014 at 2:45 PM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:
I agree with Tim, great discussion!
 
Tam, do you have some time to talk this week or next?
 
-Susan
 
From: Catton, Timothy J -FS 
Sent: Monday, December 01, 2014 12:32 PM
To: Ryan, Daniel C -FS; Nathan Hostetter
Cc: Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov; Beth Gardner
Subject: RE: Lynx Occupancy Surveys
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Hey all,
 
Just trying to catch up here, thanks for all the work on this!  I’ve attached the data sheet, my
comments on top of Dan’s. 
 
I agree with Dan here that it would be way easier recording all lynx detections instead of keeping
track of 1k segments, you will definitely get a more consistent product.  I also agree that a relative
hare abundance indicator will be more realistic to do than GPS-ing.  Maybe tie it to the detection
location on the data sheet?
 
From your most recent email Nathan, Table 2, “Repeated sampling within season” is shown as
Optional for the Occupancy/distribution objective.  To me this makes it seem like the assumption is
that the probability of detection for lynx is pretty high for just a single look-see of an area.  My
thought is that it would take 2 or maybe even 3 visits to an area to make a not occupied
determination.  Could you (would you?) weight the occupancy based on number of
detections/survey?  May somehow account for an area a critter was passing through rather than an
occupied territory.  Of course tracking conditions (specifically days since last snow) would definitely
play in to the strength of that determination.
 
As far as shapefiles of tracks and waypoints.  Would it work best to have you Nathan specify what
attributes you need in a shapefile?  Each GPS unit will download a little bit differently but if you
specify field names, data type and length maybe we can make those fields consistent.  That way we
can keep doing what we’re doing, but insure you have something easy to work with at the end of the
season.  Do you think that’s workable, Dan?
 
I wonder if it would be best at this point to have Tam and Susan discuss the primary objective of this
effort from their perspectives to give this a more defined direction.  However, I do know that we will
continue to collect DNA to tell us about who we have where.
 

Timothy J. Catton 
Biological Technician

Forest Service
Superior National Forest, Kawishiwi Ranger District

p: 218-365-7637 
tcatton@fs.fed.us

1393 Highway 169 
Ely, MN 55731
www.fs.fed.us 

Caring for the land and serving people

 
 

From: Ryan, Daniel C -FS 
Sent: Monday, December 01, 2014 10:57 AM
To: Nathan Hostetter

tel:218-365-7637
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http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA


Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: RE: Lynx Occupancy Surveys
 
It would be easier to record all detections instead of keeping track of 1-km segments.
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Tuesday, November 25, 2014 10:11 AM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys
 
Thanks Dan,
 
Regarding GPS-ing all lynx observations: One analysis option for these data is to break survey
routes in to segments (e.g., a 10-km survey may be broken into 10 1-km segments). Each
segment then receives a 1 or 0 depending on lynx detection in that segment. This allows for
spatial replication and an estimate of detection probability. Whittington et al. (2014) provide
an example of this approach using snow-tracking surveys for lynx (and other spp.) in Banff
NP (attached).  Notice in their Figure 1 that detection/non-detection is recorded for each 1-km
segment (wolverines in that example). 
 
So, a data collection question: Is it easier to 
1. During the survey, keep track of 1-km segments and note detection/non-detection for each
segment. OR
2. Record all lynx observations and post-hoc create 1-km segments using track files and
detection/no-detection waypoints?
 
I actually prefer option #1, but am not sure if it is logistically feasible this year. Thoughts?
 
-Nathan
 
 
On Tue, Nov 25, 2014 at 9:31 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:
LAUs are not classified.  It probably wouldn’t be hard to do by overlaying the DNA database and
classifying based on # of samples collected?  For the “core” areas we survey often we can tell which
LAUs they are.
 
Hare sign in good areas occurs constantly.  GPSing all hare tracks wouldn’t be feasible in good areas
but could be helpful in lower density areas.
 
Also, what is the reason for GPSing all lynx tracks even if we are sure it is the same cat walking along
or constantly crossing the road?
 
Dan
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
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Sent: Tuesday, November 25, 2014 8:25 AM
To: Ryan, Daniel C -FS
Cc: Catton, Timothy J -FS; Grosshuesch, David A -FS; Catton, Susan J -FS; Tamara_Smith@fws.gov;
Beth Gardner
Subject: Re: Lynx Occupancy Surveys
 
Hi Dan et al.,
 
Those are great suggestions Dan. I will update the datasheet with those edits. Are LAU's (51
on the forest) classified as "core", "secondary", or "peripheral"? The LAU .shp file does not
classify them. If not LAU's, is there another way to spatially define the "core area"?
 
Below are preliminary responses to your comments (in red under your questions in your
email) and a few additional questions.
 
 - Saving track and waypoint files: Yes, it will be very helpful if track and waypoint data were
combined into a minimal number of files at the end of the season. A single file with all
surveys would be great.
 
 
On Mon, Nov 24, 2014 at 11:44 AM, Ryan, Daniel C -FS <dcryan@fs.fed.us> wrote:
Nathan,
 
I gave a few edits in the document.  My other questions are:
 

1.       How many visits or miles are needed in an LAU (assuming that is are sampling area) to get a
decent estimate of occupancy?

I will work on this and get back to you. 

2.       The number of LAUs we can get enough occupancy info on in a season will depend on
priorities.  Most years we would not get as many LAUs if we are doing the surveys as part of the
continued DNA collection (which I feel is still important).  If we wanted to focus a year on the
occupancy survey, I think we could probably cover most of the Forest with two seasonals or
technicians (depending on question #1 above).

Occupancy modeling and DNA collection approaches address different objectives. Maybe we could
consider this year a pilot study to evaluate the use of occupancy approaches to meet presence and
distribution objectives. Genetic material collection remains important for your other objectives (e.g.,
documenting reproduction or identifying individuals).  
 
Can your genetic material collection surveys use the same form? Standardizing collection methods
may be beneficial.
 
The idea that 2 techs could cover most of the Forest is very helpful information. 

3.       Maybe a hybrid of covering certain LAUs in core lynx range every year while collecting DNA
and a less often survey of large parts of the Forest (every other or every five years?) would work?
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I like the idea of a hybrid approach, but need to think about how it would
work.Understanding LAU categorization (core/secondary/peripheral) would be helpful? 

4.       Also, a field on the datasheet for an abundance estimate of snowshoe hare sign would
probably be good.  I don’t think we would want an in-depth (gps-ing, etc.)  break down of this
except for maybe during a large scale survey?  Probably a 1,2,3 scale similar to the snow
conditions scale?

How often do you see hare tracks/sign?  GPS-ing hare observation locations is the best option
from an analysis aspect. Is it logistically feasible though?  

 
 

Daniel Ryan 
Wildlife Biologist

Forest Service
Superior National Forest, Laurentian Ranger District

p: 218-229-8809 
f: 218-229-8821 
dcryan@fs.fed.us

318 Forestry Rd 
Aurora, MN 55705
www.fs.fed.us 

Caring for the land and serving people

 
 
 
 
 
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Monday, November 24, 2014 8:05 AM
To: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Catton, Susan J -FS
Cc: Tamara_Smith@fws.gov; Beth Gardner
Subject: Lynx Occupancy Surveys
 
Hi everyone,
 
Attached is a DRAFT lynx occupancy datasheet for this winter. I need some feedback on
this datasheet. Is it field applicable, does it include the metrics you think are important, etc.?
The first page describes the general approach, the second page is the datasheet, and the third
page is an example survey. 
 
A couple specific questions:
1. Are there survey-specific factors that affect the probability of detecting lynx (e.g.,
weather conditions)? We have included "Days since last snow", but let me know if  other
factors should be recorded during these surveys.
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2. Are there area-specific factors that affect the probability of lynx presence? We can get
land cover type, forest cover, etc. from GIS, but are there on-the-ground factors we can and
should record during each survey (e.g., snowshoe hare detections)    
 
Looking forward to some feedback and discussion. Best,
-Nathan J. Hostetter
Ph.D. student
North Carolina State University
Department of Forestry and Environmental Resources
Box 8001
Raleigh, NC  27695
(p) 1-541-410-1453 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.
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From: Smith, Tamara
To: Laura Ragan
Cc: Jessica Hogrefe
Subject: Re: FW: ACTION NEEDED: Next steps for lynx recovery
Date: Monday, December 29, 2014 12:00:49 PM

Okay - I'll coordinate with Walt for the Tribal contacts. Thanks!

On Mon, Dec 29, 2014 at 11:43 AM, Laura Ragan <laura_ragan@fws.gov> wrote:

Tam -  Regarding Tribal contacts, I guess it is not necessarily standard practice to have the RD sign
those letters.  I talked with Chuck and he said it is more on a case-by-case basis, and that for this
situation, it is fine to just make the contacts yourself.  You may want to coordinate with Walt Ford,
who is the Tribal zone liaison for MN, however, as he has good contacts and can make sure the
appropriate people get the notifications.

 

-Laura

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 29, 2014 11:39 AM

To: Laura Ragan
Cc: Jessica Hogrefe
Subject: Re: FW: ACTION NEEDED: Next steps for lynx recovery

 

Okay sounds good. Thanks!

 

On Mon, Dec 29, 2014 at 11:38 AM, Laura Ragan <laura_ragan@fws.gov> wrote:

Tam -  For State and Federal folks, I think whatever contact method you normally use will be fine. 
For tribal stuff, EA may have a process they want to use - -I believe they have been having the
tribal letters go out under RD signature lately.  I’ll check with them and get back to you.

 

-Laura

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 29, 2014 11:26 AM
To: Laura Ragan
Cc: Jessica Hogrefe

mailto:tamara_smith@fws.gov
mailto:laura_ragan@fws.gov
mailto:jessica_hogrefe@fws.gov
mailto:laura_ragan@fws.gov
mailto:tamara_smith@fws.gov
mailto:laura_ragan@fws.gov
mailto:tamara_smith@fws.gov


Subject: Re: FW: ACTION NEEDED: Next steps for lynx recovery

 

Thanks for forwarding this, Laura. 

 

I'll plan to send the letters out to WI/MN partners asap. Do you think emails are okay or
should this be paper copies sent via snail mail?  

 

Thanks!

 

On Mon, Dec 29, 2014 at 10:36 AM, Laura Ragan <laura_ragan@fws.gov> wrote:

Tam -  I forwarded this to Jessica, but should have included you too.  I expect Jessica will be the RO
lead for R3.

 

-Laura

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Monday, December 08, 2014 12:30 PM
To: Beth Forbus; Justin Shoemaker; Bridget Fahey; Sarah Fierce; Kit Hershey; Bryon Holt; Jeff Krupka;
Michelle Eames; Steve Duke; Rebecca Toland; Sarah Quamme; Eric Hein; Laura Ragan; Tamara Smith;
Krishna Gifford; Mark McCollough; Anthony Tur; Ann Belleman; Tyler Abbott; Ben Conard; Leslie
Ellwood; Kurt Broderdorp; Kate Novak
Subject: ACTION NEEDED: Next steps for lynx recovery

 

ALL>  This email is specific to Lynx Recovery: the 5-year Review and Recovery
Planning.  If you are NOT the appropriate person for this email please forward this email
and reply to me so I may correct our mailing list for these topics.  

________________________________________________

 

The Service is moving forward on the court's order to complete Lynx Recovery by
January 2018. Prior to initiation of the recovery planning process, we will be
completing a Five-year Review. This Review will update the status and revise the
threat assessment and determine whether the status of the DPS has changed since
the time of its listing.  
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Since a 5-year review begins with gathering the best available scientific and commercial
data regarding the species, we intend to disseminate interested party letters to our State,
Federal and Tribal partners.  An example is attached.  I am requesting that you send this
letter out to your Office's specific State, Tribal and Federal partners.  You may send out
the pdf version with my signature or edit the letterhead and signature for your area.  Please
leave the contact information the same.

 

In addition, in order to facilitate this process, we will post a NEWS RELEASE on our
Regional Lynx page notifying the public that the Canada Lynx DPS is under review and we
are requesting any relevant information we should consider in that Review. 

 

After reviewing and considering the best available scientific and commercial data regarding
the species, the Service will recommend whether a change in the Federal classification of the
listed species is warranted.

 

Upon completion of a 5-year review, the Service could make four possible
recommendations:

• Reclassify the species from threatened to endangered (uplist);

• Remove the species from the List (delist); or

• Maintain the species’ current classification.

 

If the species is uplisted or maintained in its current classification, we will immediately
proceed with the recovery planning process.   

 

If delisting is found to be warranted and we determine such a plan will not promote the conservation of
the species, we may consider whether the species is exempt from the Act's recovery planning requirement.  Such
a determination would require a finding signed by the Director.

 

As we move forward in the process, we will engage you all (or other appropriate contacts
identified by your office) in monthly calls to keep you updated on our progress.  In addition,
we will provide an opportunity for each office to review the draft document and provide
clarifications and edits.  We have drafted a Project Plan which includes both the 5-year
Review process as well as the Recovery Planning.  We expect to finalize this by the end of
January 2015. 

 



We expect to wrap-up the 5-Year Review process by early June 2015.  Thank you for your
prompt action on these Interested party letters.  If you have questions or require
clarifications please give me a call.     Thanks again.  JB 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Boulevard East

Bloomington, MN 55425

612-725-3548 ext. 2219

612-600-1599 cell 

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office



4101 American Boulevard East

Bloomington, MN 55425

612-725-3548 ext. 2219

612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Walt Ford
Subject: Fwd: ACTION NEEDED: Next steps for lynx recovery
Date: Monday, December 29, 2014 1:02:22 PM
Attachments: Canada Lynx Interested party 12_2014_sf.pdf

Canada Lynx Interested party 12_2014_sf.docx

Hi Walt, 

I just received this from Laura Ragan in the RO and she suggested that I coordinate with you
regarding Tribal contacts in MN and WI. Will you please email or mail the attached pdf letter
about Canada lynx to your Tribal contacts or give me the appropriate contact information so I
may send the letter out to them?

Thank you, 
Tam 

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Dec 8, 2014 at 12:30 PM
Subject: ACTION NEEDED: Next steps for lynx recovery
To: Beth Forbus <beth_forbus@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>,
Bridget Fahey <bridget_fahey@fws.gov>, Sarah Fierce <sarah_fierce@fws.gov>, Kit
Hershey <kit_hershey@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Jeff Krupka
<jeff_krupka@fws.gov>, Michelle Eames <michelle_eames@fws.gov>, Steve Duke
<steve_duke@fws.gov>, Rebecca Toland <rebecca_toland@fws.gov>, Sarah Quamme
<sarah_quamme@fws.gov>, Eric Hein <Eric_Hein@fws.gov>, Laura Ragan
<Laura_Ragan@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Krishna Gifford
<krishna_gifford@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>, Anthony Tur
<Anthony_Tur@fws.gov>, Ann Belleman <ann_belleman@fws.gov>, Tyler Abbott
<Tyler_Abbott@fws.gov>, Ben Conard <ben_conard@fws.gov>, Leslie Ellwood
<leslie_ellwood@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Kate Novak
<kate_novak@fws.gov>

ALL>  This email is specific to Lynx Recovery: the 5-year Review and Recovery
Planning.  If you are NOT the appropriate person for this email please forward this email and
reply to me so I may correct our mailing list for these topics.  
________________________________________________

The Service is moving forward on the court's order to complete Lynx Recovery by
January 2018. Prior to initiation of the recovery planning process, we will be
completing a Five-year Review. This Review will update the status and revise the
threat assessment and determine whether the status of the DPS has changed since
the time of its listing.  

Since a 5-year review begins with gathering the best available scientific and commercial data
regarding the species, we intend to disseminate interested party letters to our State, Federal
and Tribal partners.  An example is attached.  I am requesting that you send this letter out
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to your Office's specific State, Tribal and Federal partners.  You may send out the pdf
version with my signature or edit the letterhead and signature for your area.  Please leave the
contact information the same.

In addition, in order to facilitate this process, we will post a NEWS RELEASE on our
Regional Lynx page notifying the public that the Canada Lynx DPS is under review and we
are requesting any relevant information we should consider in that Review. 

After reviewing and considering the best available scientific and commercial data regarding
the species, the Service will recommend whether a change in the Federal classification of the
listed species is warranted.

Upon completion of a 5-year review, the Service could make four possible recommendations:
• Reclassify the species from threatened to endangered (uplist);
• Remove the species from the List (delist); or
• Maintain the species’ current classification.

If the species is uplisted or maintained in its current classification, we will immediately
proceed with the recovery planning process.   

If delisting is found to be warranted and we determine such a plan will not promote the conservation of the
species, we may consider whether the species is exempt from the Act's recovery planning requirement.  Such a
determination would require a finding signed by the Director.

As we move forward in the process, we will engage you all (or other appropriate contacts
identified by your office) in monthly calls to keep you updated on our progress.  In addition,
we will provide an opportunity for each office to review the draft document and provide
clarifications and edits.  We have drafted a Project Plan which includes both the 5-year
Review process as well as the Recovery Planning.  We expect to finalize this by the end of
January 2015. 

We expect to wrap-up the 5-Year Review process by early June 2015.  Thank you for your
prompt action on these Interested party letters.  If you have questions or require clarifications
please give me a call.     Thanks again.  JB 

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

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East



Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 
Montana Field Office 

585 Shepard Way, Suite 1 
Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FWS/R6/MTESO/Canada Lynx Five-year Rvw 

December 8, 2014 
 
Dear Interested Party: 
 
The U.S. Fish and Wildlife Service (Service) will be conducting a Five-Year Status review under 
the Endangered Species Act of 1973, as amended (Act), for the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx Canadensis).  The Canada lynx DPS (lynx) 
was listed as threatened under the Act in 2000 (Federal Register, 65:16502; March 24, 2000).  
We published a Recovery outline for the species on September 14, 2005.   

 
Lynx are highly specialized predators of snowshoe hare.  The North American distribution of the 
lynx overlaps much of the range of the snowshoe hare and both are strongly associated with 
boreal forests.  Within the contiguous United States, the lynx occurs in the boreal forest of New 
England, the western Great Lakes, the Rocky Mountains and Cascade Mountains in the West.  
Detailed biological and threat assessment information for the Canada lynx can be found online 
at: http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073 
 
Over the next several months, we will be gathering and analyzing available information on the 
lynx as part of our process to conduct a Five-Year Review for the species.  We will use the best 
scientific and commercial data available in the development of our report, which ensures that our 
review will be as accurate and complete as possible.  We would like to complete the Five-Year 
Review by June of 2015.   

 
With this letter, we are providing notification to interested parties that we are initiating th Five-
Year Review process for the lynx and are seeking your input to ensure we have the best available 
information upon which to inform our review.  At this time, we are seeking information and data 
regarding the following items: 

 
• General information concerning the taxonomy, biology, ecology, genetics, and status of 

the lynx in the contiguous United States; 
 

• Specific information on the conservation status of lynx in the contiguous United States, 
including information on distribution, abundance, and population trends; 
 

• Specific information on threats to lynx in the continguous United States, including:  (i) 
the present or threatened destruction, modification, or curtailment of its habitat or range; 
(ii) overutilization for commercial, recreational, scientific, or educational purposes; (iii) 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073


Dear Interested Party 
 

2 

disease or predation; (iv) the inadequacy of existing regulatory mechanisms; and (v) other 
natural or manmade factors affecting its continued existence;  
 

• Specific information on conservation actions that have improved Canada lynx habitat or  
reduced threats to lynx in the contiguous United States; 
 

• Habitat selection, use, and any changes or trends in the amount and distribution of lynx 
habitat in the contiguous United States. 

We will accept new information throughout this process; however, we respectfully request that 
you provide any pertinent information as soon as possible and not later than February 1, 2015, to 
ensure we have adequate time to consider it during our review.  Please be aware that all data and 
information submitted to us including names and addresses will become part of the record for 
this review and may be made public.  Information should be submitted to Jim Zelenak of the 
Montana Ecological Services Field Office at: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601  

 
 
Thank you for your interest in the conservation of Canada lynx.  If you would like additional 
information or have questions about the species, please contact Jim Zelenak at (406) 449-5225 
extension. 220 (jim_zelenak@fws.gov). 

 
 

Sincerely, 
 

       
 

Jodi Bush 
Field Office Supervisor 



United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 

Montana Field Office 

585 Shepard Way, Suite 1 

Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FWS/R6/MTESO/Canada Lynx Five-year Rvw 

December 8, 2014 

 

Dear Interested Party: 

 

The U.S. Fish and Wildlife Service (Service) will be conducting a Five-Year Status review under 

the Endangered Species Act of 1973, as amended (Act), for the contiguous United States distinct 

population segment (DPS) of the Canada lynx (Lynx Canadensis).  The Canada lynx DPS (lynx) 

was listed as threatened under the Act in 2000 (Federal Register, 65:16502; March 24, 2000).  

We published a Recovery outline for the species on September 14, 2005.   

 

Lynx are highly specialized predators of snowshoe hare.  The North American distribution of the 

lynx overlaps much of the range of the snowshoe hare and both are strongly associated with 

boreal forests.  Within the contiguous United States, the lynx occurs in the boreal forest of New 

England, the western Great Lakes, the Rocky Mountains and Cascade Mountains in the West.  

Detailed biological and threat assessment information for the Canada lynx can be found online 

at: http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073 

 

Over the next several months, we will be gathering and analyzing available information on the 

lynx as part of our process to conduct a Five-Year Review for the species.  We will use the best 

scientific and commercial data available in the development of our report, which ensures that our 

review will be as accurate and complete as possible.  We would like to complete the Five-Year 

Review by June of 2015.   

 

With this letter, we are providing notification to interested parties that we are initiating th Five-

Year Review process for the lynx and are seeking your input to ensure we have the best available 

information upon which to inform our review.  At this time, we are seeking information and data 

regarding the following items: 

 

 General information concerning the taxonomy, biology, ecology, genetics, and status of 

the lynx in the contiguous United States; 

 

 Specific information on the conservation status of lynx in the contiguous United States, 

including information on distribution, abundance, and population trends; 

 

 Specific information on threats to lynx in the continguous United States, including:  (i) 

the present or threatened destruction, modification, or curtailment of its habitat or range; 

(ii) overutilization for commercial, recreational, scientific, or educational purposes; (iii) 
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disease or predation; (iv) the inadequacy of existing regulatory mechanisms; and (v) other 

natural or manmade factors affecting its continued existence;  

 

 Specific information on conservation actions that have improved Canada lynx habitat or  

reduced threats to lynx in the contiguous United States; 

 

 Habitat selection, use, and any changes or trends in the amount and distribution of lynx 

habitat in the contiguous United States. 

We will accept new information throughout this process; however, we respectfully request that 

you provide any pertinent information as soon as possible and not later than February 1, 2015, to 

ensure we have adequate time to consider it during our review.  Please be aware that all data and 

information submitted to us including names and addresses will become part of the record for 

this review and may be made public.  Information should be submitted to Jim Zelenak of the 

Montana Ecological Services Field Office at: 

 

U.S. Fish and Wildlife Service 

Montana Ecological Services Field Office 

Attn: Jim Zelenak 

585 Shepard Way, Suite 1 

Helena, MT 59601  

 

 

Thank you for your interest in the conservation of Canada lynx.  If you would like additional 

information or have questions about the species, please contact Jim Zelenak at (406) 449-5225 

extension. 220 (jim_zelenak@fws.gov). 

 

 

Sincerely, 

 

       
Jodi Bush 

Field Office Supervisor 



From: Smith, Tamara
Bcc: halter@fs.fed.us; Baker, Richard (DNR); Diane Rosen; phil.forst@dot.gov; Timothy Cochrane; dlenz@fs.fed.us;

Michael Ward; Tisler, Todd M -FS; Catton, Susan J -FS; Ron Moen; steveloch07@gmail.com;
info.dnr@state.mn.us; Lisa Mandell; Phil Delphey; Peter Fasbender; pstrong@fs.fed.us; Eklund, Daniel A -FS;
Owen Boyle; Erin.Crain@wisconsin.gov; rori.paloski@wisconsin.gov; bethaney.bacher-gresock@dot.gov;
George.poirier@dot.gov; Bertjens, Steve - NRCS, Madison, WI; Brad.Pfaff@wi.usda.gov;
Todd.M.Vesperman@usace.army.mil; jimmy.bramblett@wi.usda.gov; hedman.susan@epa.gov; Birkenstock,
Terry MVP; tamara.e.cameron@usace.army.mil; Jim Zelenak; weaver.kerryann@epa.gov;
laszewski.virginia@epa.gov

Subject: Canada lynx - seeking information for 5 year review
Date: Monday, December 29, 2014 2:01:00 PM
Attachments: Canada Lynx Interested party 12_2014_sf.pdf

Dear State, Federal, and Nongovernmental partners:

We are requesting any relevant information we should consider in our five-year review of the
distinct population segment of the Canada lynx (Lynx canadensis). The attached letter details
the type of information we are seeking. Please submit relevant information to Jim Zelenak of
the Montana Ecological Services Field Office (contact information is in the attached letter). 

Thank you, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 
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United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 

Montana Field Office 

585 Shepard Way, Suite 1 

Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FWS/R6/MTESO/Canada Lynx Five-year Rvw 

December 8, 2014 

 

Dear Interested Party: 

 

The U.S. Fish and Wildlife Service (Service) will be conducting a Five-Year Status review under 

the Endangered Species Act of 1973, as amended (Act), for the contiguous United States distinct 

population segment (DPS) of the Canada lynx (Lynx Canadensis).  The Canada lynx DPS (lynx) 

was listed as threatened under the Act in 2000 (Federal Register, 65:16502; March 24, 2000).  

We published a Recovery outline for the species on September 14, 2005.   

 

Lynx are highly specialized predators of snowshoe hare.  The North American distribution of the 

lynx overlaps much of the range of the snowshoe hare and both are strongly associated with 

boreal forests.  Within the contiguous United States, the lynx occurs in the boreal forest of New 

England, the western Great Lakes, the Rocky Mountains and Cascade Mountains in the West.  

Detailed biological and threat assessment information for the Canada lynx can be found online 

at: http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073 

 

Over the next several months, we will be gathering and analyzing available information on the 

lynx as part of our process to conduct a Five-Year Review for the species.  We will use the best 

scientific and commercial data available in the development of our report, which ensures that our 

review will be as accurate and complete as possible.  We would like to complete the Five-Year 

Review by June of 2015.   

 

With this letter, we are providing notification to interested parties that we are initiating th Five-

Year Review process for the lynx and are seeking your input to ensure we have the best available 

information upon which to inform our review.  At this time, we are seeking information and data 

regarding the following items: 

 

 General information concerning the taxonomy, biology, ecology, genetics, and status of 

the lynx in the contiguous United States; 

 

 Specific information on the conservation status of lynx in the contiguous United States, 

including information on distribution, abundance, and population trends; 

 

 Specific information on threats to lynx in the continguous United States, including:  (i) 

the present or threatened destruction, modification, or curtailment of its habitat or range; 

(ii) overutilization for commercial, recreational, scientific, or educational purposes; (iii) 
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disease or predation; (iv) the inadequacy of existing regulatory mechanisms; and (v) other 

natural or manmade factors affecting its continued existence;  

 

 Specific information on conservation actions that have improved Canada lynx habitat or  

reduced threats to lynx in the contiguous United States; 

 

 Habitat selection, use, and any changes or trends in the amount and distribution of lynx 

habitat in the contiguous United States. 

We will accept new information throughout this process; however, we respectfully request that 

you provide any pertinent information as soon as possible and not later than February 1, 2015, to 

ensure we have adequate time to consider it during our review.  Please be aware that all data and 

information submitted to us including names and addresses will become part of the record for 

this review and may be made public.  Information should be submitted to Jim Zelenak of the 

Montana Ecological Services Field Office at: 

 

U.S. Fish and Wildlife Service 

Montana Ecological Services Field Office 

Attn: Jim Zelenak 

585 Shepard Way, Suite 1 

Helena, MT 59601  

 

 

Thank you for your interest in the conservation of Canada lynx.  If you would like additional 

information or have questions about the species, please contact Jim Zelenak at (406) 449-5225 

extension. 220 (jim_zelenak@fws.gov). 

 

 

Sincerely, 

 

       
Jodi Bush 

Field Office Supervisor 



From: Weaver, Kerryann
To: Smith, Tamara
Subject: Automatic reply: Canada lynx - seeking information for 5 year review
Date: Monday, December 29, 2014 2:01:52 PM

I will be out of the office on maternity until January 5, 2015.
 
For matters needing immediate assistance, please contact the following individuals:
Enforcement - Andrea Schaller, 202-566-0629
Mitigation Banking - Sue Elston, 312-886-6115
Contract/Task Orders - Holly Arrigoni, 312-886-0995
 
All other matters, please contact my supervisor Wendy Melgin, 312-886-7745. 

mailto:weaver.kerryann@epa.gov
mailto:tamara_smith@fws.gov


From: postmaster@usda.gov
To: Tamara_Smith@fws.gov
Subject: Undeliverable: Canada lynx - seeking information for 5 year review
Date: Monday, December 29, 2014 2:02:45 PM
Attachments: details.txt

Canada lynx - seeking information for 5 year review (77.4 KB).msg

Delivery has failed to these recipients or groups:

halter@fs.fed.us
A problem occurred during the delivery of this message to this e-mail address. Try sending this message again. If the problem continues, please contact your helpdesk.

The following organization rejected your message: sxmcibtc004.mci.fs.fed.us.

Diagnostic information for administrators:

Generating server: usda.gov

halter@fs.fed.us
sxmcibtc004.mci.fs.fed.us #550 halter@fs.fed.us... No such user ##

Original message headers:

Received: from na01-bl2-obe.outbound.protection.outlook.com (207.46.163.206)
 by 001FSN2MMR1-015.001f.mgd2.msft.net (199.135.140.70) with Microsoft SMTP
 Server id 14.3.195.2; Mon, 29 Dec 2014 20:01:41 +0000
Received: from (unknown [207.46.163.206]) by
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 +0000
Received: from CO1PR06CA052.namprd06.prod.outlook.com (10.242.160.42) by
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 -0700
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        Xp/v77RawQNj1+dAoi1ej9/pmdsqlcrs3fgGdKiHCBU=;
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Message-ID: <CAHKAZAH9uZsLm1TP3acw4q_7-Q5Y2zZ-d8=yvanCDxqy+qQLZg@mail.gmail.com>
Subject: Canada lynx - seeking information for 5 year review
To: undisclosed-recipients:;
Content-Type: multipart/mixed; boundary="001a113d74eaa0c573050b6056db"
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X-Gm-Spam: 0
X-Gm-Phishy: 0
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United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 

Montana Field Office 

585 Shepard Way, Suite 1 

Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FWS/R6/MTESO/Canada Lynx Five-year Rvw 

December 8, 2014 

 

Dear Interested Party: 

 

The U.S. Fish and Wildlife Service (Service) will be conducting a Five-Year Status review under 

the Endangered Species Act of 1973, as amended (Act), for the contiguous United States distinct 

population segment (DPS) of the Canada lynx (Lynx Canadensis).  The Canada lynx DPS (lynx) 

was listed as threatened under the Act in 2000 (Federal Register, 65:16502; March 24, 2000).  

We published a Recovery outline for the species on September 14, 2005.   

 

Lynx are highly specialized predators of snowshoe hare.  The North American distribution of the 

lynx overlaps much of the range of the snowshoe hare and both are strongly associated with 

boreal forests.  Within the contiguous United States, the lynx occurs in the boreal forest of New 

England, the western Great Lakes, the Rocky Mountains and Cascade Mountains in the West.  

Detailed biological and threat assessment information for the Canada lynx can be found online 

at: http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073 

 

Over the next several months, we will be gathering and analyzing available information on the 

lynx as part of our process to conduct a Five-Year Review for the species.  We will use the best 

scientific and commercial data available in the development of our report, which ensures that our 

review will be as accurate and complete as possible.  We would like to complete the Five-Year 

Review by June of 2015.   

 

With this letter, we are providing notification to interested parties that we are initiating th Five-

Year Review process for the lynx and are seeking your input to ensure we have the best available 

information upon which to inform our review.  At this time, we are seeking information and data 

regarding the following items: 

 

 General information concerning the taxonomy, biology, ecology, genetics, and status of 

the lynx in the contiguous United States; 

 

 Specific information on the conservation status of lynx in the contiguous United States, 

including information on distribution, abundance, and population trends; 

 

 Specific information on threats to lynx in the continguous United States, including:  (i) 

the present or threatened destruction, modification, or curtailment of its habitat or range; 

(ii) overutilization for commercial, recreational, scientific, or educational purposes; (iii) 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073


Dear Interested Party 
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disease or predation; (iv) the inadequacy of existing regulatory mechanisms; and (v) other 

natural or manmade factors affecting its continued existence;  

 

 Specific information on conservation actions that have improved Canada lynx habitat or  

reduced threats to lynx in the contiguous United States; 

 

 Habitat selection, use, and any changes or trends in the amount and distribution of lynx 

habitat in the contiguous United States. 

We will accept new information throughout this process; however, we respectfully request that 

you provide any pertinent information as soon as possible and not later than February 1, 2015, to 

ensure we have adequate time to consider it during our review.  Please be aware that all data and 

information submitted to us including names and addresses will become part of the record for 

this review and may be made public.  Information should be submitted to Jim Zelenak of the 

Montana Ecological Services Field Office at: 

 

U.S. Fish and Wildlife Service 

Montana Ecological Services Field Office 

Attn: Jim Zelenak 

585 Shepard Way, Suite 1 

Helena, MT 59601  

 

 

Thank you for your interest in the conservation of Canada lynx.  If you would like additional 

information or have questions about the species, please contact Jim Zelenak at (406) 449-5225 

extension. 220 (jim_zelenak@fws.gov). 

 

 

Sincerely, 

 

       
Jodi Bush 

Field Office Supervisor 



From: Smith, Tamara
To: undisclosed-recipients:
Subject: Canada lynx - seeking information for 5 year review
Date: Monday, December 29, 2014 1:01:41 PM
Attachments: Canada Lynx Interested party 12_2014_sf.pdf

Dear State, Federal, and Nongovernmental partners:

We are requesting any relevant information we should consider in our five-year review of the
distinct population segment of the Canada lynx (Lynx canadensis). The attached letter details
the type of information we are seeking. Please submit relevant information to Jim Zelenak of
the Montana Ecological Services Field Office (contact information is in the attached letter). 

Thank you, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:undisclosed-recipients:


From: Strong, Paul -FS
To: Tamara_Smith@fws.gov
Subject: Automatic reply: Canada lynx - seeking information for 5 year review
Date: Monday, December 29, 2014 2:03:24 PM

Thank you for your message.  I am I am away from my office 
December 20 - January 6.  I will respond to your e-mail as soon
after that as possible.

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

mailto:pstrong@fs.fed.us
mailto:tamara_smith@fws.gov


From: Boyle, Owen D - DNR
To: Smith, Tamara
Subject: RE: Canada lynx - seeking information for 5 year review
Date: Monday, December 29, 2014 2:45:57 PM

Thanks Tam—you too!
 
Owen
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 29, 2014 2:45 PM
To: Boyle, Owen D - DNR
Subject: Re: Canada lynx - seeking information for 5 year review
 
Hi Owen - Yes. I sent this to Rori Paloski and Erin Crain. 
 
Happy New Year!
-Tam
 
On Mon, Dec 29, 2014 at 2:41 PM, Boyle, Owen D - DNR <Owen.Boyle@wisconsin.gov>
wrote:
Hi Tam,
 
Did you send this request to anyone else at Wisconsin DNR? Just trying to determine who to
coordinate with in my agency.
 
Thanks and I hope you’re having a great holiday season.
 
Owen
 
We are committed to service excellence.
Visit our survey at http://dnr.wi.gov/customersurvey to evaluate how I did.
 

Owen D. Boyle, PhD
Chief, Species Management Section
Bureau of Natural Heritage Conservation
Wisconsin Department of Natural Resources
101 S Webster St, Madison, WI 53703
Phone: (608) 266-5244
Cell Phone: (414) 750-3198
owen.boyle@wisconsin.gov

 dnr.wi.gov

    
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 29, 2014 2:01 PM
Subject: Canada lynx - seeking information for 5 year review
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mailto:tamara_smith@fws.gov


Dear State, Federal, and Nongovernmental partners:
 
We are requesting any relevant information we should consider in our five-year review of the
distinct population segment of the Canada lynx (Lynx canadensis). The attached letter details
the type of information we are seeking. Please submit relevant information to Jim Zelenak of
the Montana Ecological Services Field Office (contact information is in the attached letter). 
 
Thank you, 
Tam
 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Paloski, Rori A - DNR
To: Smith, Tamara
Subject: Automatic reply: Canada lynx - seeking information for 5 year review
Date: Monday, December 29, 2014 3:04:42 PM

I will be out of the office until Monday, January 5th and will respond to your email as soon as
possible when I return.
 
If you have immediate questions please contact the following:

·         General endangered resources review questions: Endangered Resources Review Program -
DNRERReview@wi.gov

·         General amphibian and reptile questions: DNRHerptiles@wi.gov
 

mailto:Rori.Paloski@wisconsin.gov
mailto:tamara_smith@fws.gov
mailto:DNRERReview@wi.gov
mailto:DNRHerptiles@wi.gov


From: Smith, Tamara
To: Ron Moen
Subject: Re: Canada lynx - seeking information for 5 year review
Date: Tuesday, December 30, 2014 4:17:20 PM

Hi Ron, 

Good to hear from you. Yes, we are working with Dr. Beth Gardner from NCSU and her
student Nathan Hostetter- to standardize the lynx data collection to (hopefully) get occupancy
and density estimates - kind of a hybrid of those two objectives. The Forest is trying out
tweaking their surveys/data collection a bit to get a better handle on effort - we'll see how it
goes this year.  The project was delayed a few times due to funding...but it is finally underway.

Hope all is well with you. Happy New Year.
-Tam

On Mon, Dec 29, 2014 at 3:59 PM, Ron Moen <rmoen@d.umn.edu> wrote:
Hi Tam,

   Your message reminded me that a couple years ago (I think) you
were contracting with someone from South Carolina? to do some
analysis of genetics of Minnesota lynx samples. Did anything ever
come of that effort? Not sure if I got the content right, but I just
remember an email, or a conversation with Tim Catton.

    In part out of curiousity, and also because we've got a paper on lynx
and Isle Royale that needs some revisions.

Thanks,
Ron

On 29 Dec 2014 at 14:01, Smith, Tamara wrote:

> Dear State, Federal, and Nongovernmental partners:
>
> We are requesting any relevant information we should consider in our
> five-year review of the distinct population segment of the Canada lynx
> (*Lynx canadensis*). The attached letter details the type of
> information we are seeking. Please submit relevant information to Jim
> Zelenak of the Montana Ecological Services Field Office (contact
> information is in the attached letter).
>
> Thank you,
> Tam
>
> --
> Tamara Smith
> U.S. Fish and Wildlife Service

mailto:tamara_smith@fws.gov
mailto:rmoen@d.umn.edu
mailto:rmoen@d.umn.edu


> Twin Cities Field Office
> 4101 American Boulevard East
> Bloomington, MN 55425
> 612-725-3548 ext. 2219
> 612-600-1599 cell
>

--
Ron Moen
Center for Water and Environment
Natural Resources Research Institute
University of Minnesota Duluth

www.d.umn.edu/~rmoen
www.nrri.umn.edu/lynx

Voice: 218-720-4372             Fax:   218-720-4328

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

http://www.d.umn.edu/~rmoen
http://www.nrri.umn.edu/lynx


From: Catton, Timothy J -FS
To: Tamara_Smith@fws.gov
Subject: RE: Lynx Take database
Date: Monday, January 05, 2015 3:07:31 PM
Attachments: image001.png

image002.png
image003.png
image004.png
LYCA Incidental Take 2001-present.accdb

Hiya Tam!  I hope your holidays were enjoyable.  I had a number of days off which was great.  Susan
still has a couple more use or lose so she’s not in until Wednesday!
 
Attached is an updated version of the database.  I filled in missing info where I could, corrected a
couple of locations, and changed the “DNA_Verif_to_Indiv?” column to reflect the identifier the
genetics lab uses when getting us the results back from our DNA samples.  When I had first set this
database up they were not consistent in how they referred to individuals so I had come up with a
new naming convention (a GLGA number).  We have all that worked out now and the old naming
convention is obsolete, so this should stay current.  I should be able to give you a couple of more
individual IDs (listed as “Pending”) in the not too distant future, we have the carcass from Incident
Number 108 that Dan Ryan is going to get mounted.  Once the carcass thaws out at the taxidermist
we’ll get a tissue sample and send it in with the rest of our DNA samples.  For Incident Number 98 I
contacted Ron Moen who said he does have the individual ID’d somewhere in his archives.  He said
he would get that to me after the Christmas break, I’ll send him a reminder if it gets to be too long. 
I’ll get you those IDs as soon as I get them.
 
Hope all is well, I’ll bet you’re glad you’re not on the wolf team!
 
Tim
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 22, 2014 2:52 PM
To: Catton, Timothy J -FS
Subject: Re: Lynx Take database
 
Hi Tim - If you could make the changes in the database, that would work best, I think.
Thanks!
 
On Mon, Dec 22, 2014 at 1:41 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:
Thanks, Tam, thanks for sending these.  I can see there are some updates in locations and a changing
individual ID from the GLGA number to the reference used by the genetics lab.  I can provide these if
you want, it would be just how you would like me to do it?  To the database?  Or the spreadsheet?
 
Just let me know.
 
Tim
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 22, 2014 10:02 AM
To: Catton, Timothy J -FS

mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov


Subject: Re: Lynx Take database
 
Hi Tim, 
 
I've attached the latest copy of the lynx take database and also an excel export.  I haven't heard
of any funds available lately, but I will ask if there is anything out there. 
 
Happy Holidays!
-Tam
 
On Thu, Dec 18, 2014 at 8:36 AM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:
Hi Tam,
 
When you get a chance could you send me the latest lynx take database?  I would like to make
a shapefile of it and provide it to the Forest Biologists for their internal use.  I know that you
are working on some other stuff, no hurry, just whenever is convenient. 
 
Hope you have a Happy Holidays!
 
Tim
 
P.S. I’m sure you still have it in the back of your mind, but if you are ever aware of any
monies available to help with our lynx DNA work please let me know.  Thanks!
 

Timothy J. Catton
Biological Science Technician 
Wildlife/Reforestation

Forest Service
Superior National Forest, Kawishiwi Ranger District

p: 218-365-7637 
tcatton@fs.fed.us

1393 Highway 169 
Ely, MN 55731
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

mailto:tcatton@fs.fed.us
mailto:tcatton@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA


 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Ford, Walt
Cc: Ted Koehler
Subject: Re: ACTION NEEDED: Next steps for lynx recovery
Date: Monday, January 05, 2015 4:15:45 PM

Hi Walt, 

I think this can go out to any of the tribes that may have an interest in Canada lynx, but
especially those that may have some information to provide for the five-year review. The
types of information that we are looking for are outlined in the "Dear Interested Party" letter. 

So, to answer your question, no -this is not specific to those with lands within lynx critical
habitat. 

Please provide me a list of folks that you send this to or copy me on the email(s) so that I can
tell R6 who we contacted. 

Thank you!
-Tam
 

On Mon, Jan 5, 2015 at 4:05 PM, Ford, Walt <walt_ford@fws.gov> wrote:
Hi Tam,

By way of this reply I'm also sending it to Ted Koehler, my WI Tribal Liaison counterpart
so he can send it out to any affected tribes there. Correct me if I'm wrong, this only goes out
to tribes that have lands in designated critical habitat areas of the state? 

For MN I'll be happy to send out to my tribes (only 2) and also to my contacts at GLIFWC. I
wont send anything out until I hear back from you. Thanks.

Walt Ford
Tribal Liaison to MN / IA &
Refuge Manager at Rice Lake & Mille Lacs NWR
36289 State Hwy. 65
McGregor, MN  55760
218-768-2402 office
218-821-6794 cell
walt_ford@fws.gov

On Mon, Dec 29, 2014 at 1:02 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Walt, 

I just received this from Laura Ragan in the RO and she suggested that I coordinate with
you regarding Tribal contacts in MN and WI. Will you please email or mail the attached
pdf letter about Canada lynx to your Tribal contacts or give me the appropriate contact
information so I may send the letter out to them?

Thank you, 
Tam 

mailto:tamara_smith@fws.gov
mailto:walt_ford@fws.gov
mailto:ted_koehler@fws.gov
mailto:walt_ford@fws.gov
mailto:walt_ford@fws.gov
mailto:tamara_smith@fws.gov


---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Dec 8, 2014 at 12:30 PM
Subject: ACTION NEEDED: Next steps for lynx recovery
To: Beth Forbus <beth_forbus@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Bridget Fahey <bridget_fahey@fws.gov>, Sarah Fierce
<sarah_fierce@fws.gov>, Kit Hershey <kit_hershey@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, Michelle Eames
<michelle_eames@fws.gov>, Steve Duke <steve_duke@fws.gov>, Rebecca Toland
<rebecca_toland@fws.gov>, Sarah Quamme <sarah_quamme@fws.gov>, Eric Hein
<Eric_Hein@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Krishna Gifford <krishna_gifford@fws.gov>, Mark
McCollough <mark_mccollough@fws.gov>, Anthony Tur <Anthony_Tur@fws.gov>,
Ann Belleman <ann_belleman@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Ben
Conard <ben_conard@fws.gov>, Leslie Ellwood <leslie_ellwood@fws.gov>, Kurt
Broderdorp <kurt_broderdorp@fws.gov>, Kate Novak <kate_novak@fws.gov>

ALL>  This email is specific to Lynx Recovery: the 5-year Review and Recovery
Planning.  If you are NOT the appropriate person for this email please forward this email
and reply to me so I may correct our mailing list for these topics.  
________________________________________________

The Service is moving forward on the court's order to complete Lynx Recovery by
January 2018. Prior to initiation of the recovery planning process, we will be
completing a Five-year Review. This Review will update the status and revise the
threat assessment and determine whether the status of the DPS has changed
since the time of its listing.  

Since a 5-year review begins with gathering the best available scientific and commercial
data regarding the species, we intend to disseminate interested party letters to our State,
Federal and Tribal partners.  An example is attached.  I am requesting that you send this
letter out to your Office's specific State, Tribal and Federal partners.  You may send
out the pdf version with my signature or edit the letterhead and signature for your area. 
Please leave the contact information the same.

In addition, in order to facilitate this process, we will post a NEWS RELEASE on our
Regional Lynx page notifying the public that the Canada Lynx DPS is under review and
we are requesting any relevant information we should consider in that Review. 

After reviewing and considering the best available scientific and commercial data
regarding the species, the Service will recommend whether a change in the Federal
classification of the listed species is warranted.

Upon completion of a 5-year review, the Service could make four possible
recommendations:
• Reclassify the species from threatened to endangered (uplist);
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• Remove the species from the List (delist); or
• Maintain the species’ current classification.

If the species is uplisted or maintained in its current classification, we will immediately
proceed with the recovery planning process.   

If delisting is found to be warranted and we determine such a plan will not promote the conservation of
the species, we may consider whether the species is exempt from the Act's recovery planning requirement. 
Such a determination would require a finding signed by the Director.

As we move forward in the process, we will engage you all (or other appropriate contacts
identified by your office) in monthly calls to keep you updated on our progress.  In
addition, we will provide an opportunity for each office to review the draft document and
provide clarifications and edits.  We have drafted a Project Plan which includes both the
5-year Review process as well as the Recovery Planning.  We expect to finalize this by the
end of January 2015. 

We expect to wrap-up the 5-Year Review process by early June 2015.  Thank you for your
prompt action on these Interested party letters.  If you have questions or require
clarifications please give me a call.     Thanks again.  JB 

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

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219



612-600-1599 cell 



From: Smith, Tamara
To: Barbara Hosler
Subject: Fwd: FW: ACTION NEEDED: Next steps for lynx recovery
Date: Monday, January 05, 2015 4:23:38 PM
Attachments: Canada Lynx Interested party 12_2014_sf.pdf

Canada Lynx Interested party 12_2014_sf.docx

Hi Barb - 

Please send this DIP letter to State, Federal and Tribal partners who may have some
interest/information to contribute to the lynx five year review. 

I sent the DIP (attached pdf as is) in emails to partners in WI and MN - I confirmed with Laura
that email notification is fine.  Our tribal zone liaisons will be notifying tribes in those two
states. Please do the same for MI and copy me or provide me a list of contacts that you send
this DIP to so I can relay it back to R6. 

Thanks!
-Tam

---------- Forwarded message ----------
From: Laura Ragan <laura_ragan@fws.gov>
Date: Mon, Dec 29, 2014 at 10:36 AM
Subject: FW: ACTION NEEDED: Next steps for lynx recovery
To: Tamara Smith <tamara_smith@fws.gov>
Cc: Jessica Hogrefe <jessica_hogrefe@fws.gov>

Tam -  I forwarded this to Jessica, but should have included you too.  I expect Jessica will be the RO
lead for R3.

 

-Laura

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Monday, December 08, 2014 12:30 PM
To: Beth Forbus; Justin Shoemaker; Bridget Fahey; Sarah Fierce; Kit Hershey; Bryon Holt; Jeff Krupka;
Michelle Eames; Steve Duke; Rebecca Toland; Sarah Quamme; Eric Hein; Laura Ragan; Tamara Smith;
Krishna Gifford; Mark McCollough; Anthony Tur; Ann Belleman; Tyler Abbott; Ben Conard; Leslie Ellwood;
Kurt Broderdorp; Kate Novak
Subject: ACTION NEEDED: Next steps for lynx recovery

 

ALL>  This email is specific to Lynx Recovery: the 5-year Review and Recovery
Planning.  If you are NOT the appropriate person for this email please forward this email and
reply to me so I may correct our mailing list for these topics.  
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________________________________________________

 

The Service is moving forward on the court's order to complete Lynx Recovery by
January 2018. Prior to initiation of the recovery planning process, we will be
completing a Five-year Review. This Review will update the status and revise the
threat assessment and determine whether the status of the DPS has changed since
the time of its listing.  

 

Since a 5-year review begins with gathering the best available scientific and commercial data
regarding the species, we intend to disseminate interested party letters to our State, Federal
and Tribal partners.  An example is attached.  I am requesting that you send this letter out
to your Office's specific State, Tribal and Federal partners.  You may send out the pdf
version with my signature or edit the letterhead and signature for your area.  Please leave the
contact information the same.

 

In addition, in order to facilitate this process, we will post a NEWS RELEASE on our
Regional Lynx page notifying the public that the Canada Lynx DPS is under review and we
are requesting any relevant information we should consider in that Review. 

 

After reviewing and considering the best available scientific and commercial data regarding
the species, the Service will recommend whether a change in the Federal classification of the
listed species is warranted.

 

Upon completion of a 5-year review, the Service could make four possible recommendations:

• Reclassify the species from threatened to endangered (uplist);

• Remove the species from the List (delist); or

• Maintain the species’ current classification.

 

If the species is uplisted or maintained in its current classification, we will immediately
proceed with the recovery planning process.   

 

If delisting is found to be warranted and we determine such a plan will not promote the conservation of the
species, we may consider whether the species is exempt from the Act's recovery planning requirement.  Such a
determination would require a finding signed by the Director.



 

As we move forward in the process, we will engage you all (or other appropriate contacts
identified by your office) in monthly calls to keep you updated on our progress.  In addition,
we will provide an opportunity for each office to review the draft document and provide
clarifications and edits.  We have drafted a Project Plan which includes both the 5-year
Review process as well as the Recovery Planning.  We expect to finalize this by the end of
January 2015. 

 

We expect to wrap-up the 5-Year Review process by early June 2015.  Thank you for your
prompt action on these Interested party letters.  If you have questions or require clarifications
please give me a call.     Thanks again.  JB 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 
Montana Field Office 

585 Shepard Way, Suite 1 
Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FWS/R6/MTESO/Canada Lynx Five-year Rvw 

December 8, 2014 
 
Dear Interested Party: 
 
The U.S. Fish and Wildlife Service (Service) will be conducting a Five-Year Status review under 
the Endangered Species Act of 1973, as amended (Act), for the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx Canadensis).  The Canada lynx DPS (lynx) 
was listed as threatened under the Act in 2000 (Federal Register, 65:16502; March 24, 2000).  
We published a Recovery outline for the species on September 14, 2005.   

 
Lynx are highly specialized predators of snowshoe hare.  The North American distribution of the 
lynx overlaps much of the range of the snowshoe hare and both are strongly associated with 
boreal forests.  Within the contiguous United States, the lynx occurs in the boreal forest of New 
England, the western Great Lakes, the Rocky Mountains and Cascade Mountains in the West.  
Detailed biological and threat assessment information for the Canada lynx can be found online 
at: http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073 
 
Over the next several months, we will be gathering and analyzing available information on the 
lynx as part of our process to conduct a Five-Year Review for the species.  We will use the best 
scientific and commercial data available in the development of our report, which ensures that our 
review will be as accurate and complete as possible.  We would like to complete the Five-Year 
Review by June of 2015.   

 
With this letter, we are providing notification to interested parties that we are initiating th Five-
Year Review process for the lynx and are seeking your input to ensure we have the best available 
information upon which to inform our review.  At this time, we are seeking information and data 
regarding the following items: 

 
• General information concerning the taxonomy, biology, ecology, genetics, and status of 

the lynx in the contiguous United States; 
 

• Specific information on the conservation status of lynx in the contiguous United States, 
including information on distribution, abundance, and population trends; 
 

• Specific information on threats to lynx in the continguous United States, including:  (i) 
the present or threatened destruction, modification, or curtailment of its habitat or range; 
(ii) overutilization for commercial, recreational, scientific, or educational purposes; (iii) 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073


Dear Interested Party 
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disease or predation; (iv) the inadequacy of existing regulatory mechanisms; and (v) other 
natural or manmade factors affecting its continued existence;  
 

• Specific information on conservation actions that have improved Canada lynx habitat or  
reduced threats to lynx in the contiguous United States; 
 

• Habitat selection, use, and any changes or trends in the amount and distribution of lynx 
habitat in the contiguous United States. 

We will accept new information throughout this process; however, we respectfully request that 
you provide any pertinent information as soon as possible and not later than February 1, 2015, to 
ensure we have adequate time to consider it during our review.  Please be aware that all data and 
information submitted to us including names and addresses will become part of the record for 
this review and may be made public.  Information should be submitted to Jim Zelenak of the 
Montana Ecological Services Field Office at: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601  

 
 
Thank you for your interest in the conservation of Canada lynx.  If you would like additional 
information or have questions about the species, please contact Jim Zelenak at (406) 449-5225 
extension. 220 (jim_zelenak@fws.gov). 

 
 

Sincerely, 
 

       
 

Jodi Bush 
Field Office Supervisor 



United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 

Montana Field Office 

585 Shepard Way, Suite 1 

Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FWS/R6/MTESO/Canada Lynx Five-year Rvw 

December 8, 2014 

 

Dear Interested Party: 

 

The U.S. Fish and Wildlife Service (Service) will be conducting a Five-Year Status review under 

the Endangered Species Act of 1973, as amended (Act), for the contiguous United States distinct 

population segment (DPS) of the Canada lynx (Lynx Canadensis).  The Canada lynx DPS (lynx) 

was listed as threatened under the Act in 2000 (Federal Register, 65:16502; March 24, 2000).  

We published a Recovery outline for the species on September 14, 2005.   

 

Lynx are highly specialized predators of snowshoe hare.  The North American distribution of the 

lynx overlaps much of the range of the snowshoe hare and both are strongly associated with 

boreal forests.  Within the contiguous United States, the lynx occurs in the boreal forest of New 

England, the western Great Lakes, the Rocky Mountains and Cascade Mountains in the West.  

Detailed biological and threat assessment information for the Canada lynx can be found online 

at: http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073 

 

Over the next several months, we will be gathering and analyzing available information on the 

lynx as part of our process to conduct a Five-Year Review for the species.  We will use the best 

scientific and commercial data available in the development of our report, which ensures that our 

review will be as accurate and complete as possible.  We would like to complete the Five-Year 

Review by June of 2015.   

 

With this letter, we are providing notification to interested parties that we are initiating th Five-

Year Review process for the lynx and are seeking your input to ensure we have the best available 

information upon which to inform our review.  At this time, we are seeking information and data 

regarding the following items: 

 

 General information concerning the taxonomy, biology, ecology, genetics, and status of 

the lynx in the contiguous United States; 

 

 Specific information on the conservation status of lynx in the contiguous United States, 

including information on distribution, abundance, and population trends; 

 

 Specific information on threats to lynx in the continguous United States, including:  (i) 

the present or threatened destruction, modification, or curtailment of its habitat or range; 

(ii) overutilization for commercial, recreational, scientific, or educational purposes; (iii) 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073
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disease or predation; (iv) the inadequacy of existing regulatory mechanisms; and (v) other 

natural or manmade factors affecting its continued existence;  

 

 Specific information on conservation actions that have improved Canada lynx habitat or  

reduced threats to lynx in the contiguous United States; 

 

 Habitat selection, use, and any changes or trends in the amount and distribution of lynx 

habitat in the contiguous United States. 

We will accept new information throughout this process; however, we respectfully request that 

you provide any pertinent information as soon as possible and not later than February 1, 2015, to 

ensure we have adequate time to consider it during our review.  Please be aware that all data and 

information submitted to us including names and addresses will become part of the record for 

this review and may be made public.  Information should be submitted to Jim Zelenak of the 

Montana Ecological Services Field Office at: 

 

U.S. Fish and Wildlife Service 

Montana Ecological Services Field Office 

Attn: Jim Zelenak 

585 Shepard Way, Suite 1 

Helena, MT 59601  

 

 

Thank you for your interest in the conservation of Canada lynx.  If you would like additional 

information or have questions about the species, please contact Jim Zelenak at (406) 449-5225 

extension. 220 (jim_zelenak@fws.gov). 

 

 

Sincerely, 

 

       
Jodi Bush 

Field Office Supervisor 



From: Jenkins, Debbie
To: Eric Hein
Subject: Fwd: [JIRA] (HD-10448) adding New Mexico to the current range of lynx
Date: Wednesday, January 07, 2015 12:20:01 PM
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Eric,
  You can add current or AOI range via TES/Species module.  

Search for the species population you want select Edit either Office current or AOI range if the
office does not have any range setup.   The page will give you the option to add the range. If
range already exists you should be able to make edits to  the range.

Let me know if you have any questions.

Deb

---------- Forwarded message ----------
From: ECOS Help Desk Drone (JIRA) <do_not_reply@fws.gov>
Date: Wed, Jan 7, 2015 at 1:09 PM
Subject: [JIRA] (HD-10448) adding New Mexico to the current range of lynx
To: debbie_jenkins@fws.gov

ECOS Help Desk Drone created an issue
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adding New Mexico to the current range of lynx

Issue Type:  Task

Assignee: ECOS Help Desk Drone

Created: 07/Jan/15 1:08 PM

Priority:  Unassigned

Reporter: ECOS Help Desk Drone

Issue Description

Can you please update the range for Canada lynx to add New Mexico?

User Attributes

Reported by: Eric Hein
Application: Species (PRODUCTION)

Username: canis57
Email: eric_hein@fws.gov
Phone: 5057614735

Cost Center Code: 02ENNM00
Orgcode: 22420 (Office id: 22420)
Orgname: New Mexico Ecological Services Field Office

Roles:

AES
CANDIDATE_FO
ECOS
EXPENDITURES_FO
FEDREG_RO
FWS
FWS_FO
PETITIONS_RO
PLANS_FO
TAILS_FO_WRITE

User-Agent: Mozilla/5.0 (Windows NT 6.1; WOW64) AppleWebKit/537.36 (KHTML,
like Gecko) Chrome/39.0.2171.71 Safari/537.36
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-- 
ECOS Helpdesk
Deb Jenkins
Helpdesk/QA
Cherokee Nation Technologies, LLC (CNT)
Contractor to DOI, U.S. Fish & Wildlife
ECOS Development Team
2150 Centre Ave., Bldg C
Fort Collins, CO 80526
970-226-9468 | debbie_jenkins@fws.gov
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From: Hein, Eric
To: Jenkins, Debbie
Subject: Re: [JIRA] (HD-10448) adding New Mexico to the current range of lynx
Date: Wednesday, January 07, 2015 12:27:22 PM
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I've done that already, but Canada lynx still doesn't show up in TAILs as an species option in
New Mexico.  Is this the correct place to update the TAILs section?  

Also, the listing status still shows as proposed threatened under the TES/Species Module.  

Thanks,

Eric

On Wed, Jan 7, 2015 at 1:20 PM, Jenkins, Debbie <debbie_jenkins@fws.gov> wrote:
Eric,
  You can add current or AOI range via TES/Species module.  

Search for the species population you want select Edit either Office current or AOI range if
the office does not have any range setup.   The page will give you the option to add the
range. If range already exists you should be able to make edits to  the range.

Let me know if you have any questions.

Deb

---------- Forwarded message ----------
From: ECOS Help Desk Drone (JIRA) <do_not_reply@fws.gov>
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adding New Mexico to the current range of lynx

Issue Type:  Task

Assignee: ECOS Help Desk Drone
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Priority:  Unassigned

Reporter: ECOS Help Desk Drone

Issue Description

Can you please update the range for Canada lynx to add New Mexico?
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-- 
ECOS Helpdesk
Deb Jenkins
Helpdesk/QA
Cherokee Nation Technologies, LLC (CNT)
Contractor to DOI, U.S. Fish & Wildlife
ECOS Development Team
2150 Centre Ave., Bldg C
Fort Collins, CO 80526
970-226-9468 | debbie_jenkins@fws.gov

-- 
Eric W. Hein
U.S. Fish and Wildlife Service
New Mexico Ecological Services Field Office
2105 Osuna NE
Albuquerque, New Mexico  87113
505-761-4735
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Subject: Re: [JIRA] (HD-10448) adding New Mexico to the current range of lynx
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TAILS superuser can add the species to the TAILS pick list if that is what you need or do you
need something else in TAILS?

Deb

On Wed, Jan 7, 2015 at 1:27 PM, Hein, Eric <eric_hein@fws.gov> wrote:
I've done that already, but Canada lynx still doesn't show up in TAILs as an species option
in New Mexico.  Is this the correct place to update the TAILs section?  

Also, the listing status still shows as proposed threatened under the TES/Species Module.  

Thanks,

Eric

On Wed, Jan 7, 2015 at 1:20 PM, Jenkins, Debbie <debbie_jenkins@fws.gov> wrote:
Eric,
  You can add current or AOI range via TES/Species module.  

Search for the species population you want select Edit either Office current or AOI range
if the office does not have any range setup.   The page will give you the option to add the
range. If range already exists you should be able to make edits to  the range.

Let me know if you have any questions.
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2150 Centre Ave., Bldg C
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-- 
Eric W. Hein
U.S. Fish and Wildlife Service
New Mexico Ecological Services Field Office
2105 Osuna NE
Albuquerque, New Mexico  87113
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Thanks Deb.  That's what I needed...

Eric

On Wed, Jan 7, 2015 at 1:29 PM, Jenkins, Debbie <debbie_jenkins@fws.gov> wrote:
TAILS superuser can add the species to the TAILS pick list if that is what you need or do
you need something else in TAILS?

Deb

On Wed, Jan 7, 2015 at 1:27 PM, Hein, Eric <eric_hein@fws.gov> wrote:
I've done that already, but Canada lynx still doesn't show up in TAILs as an species option
in New Mexico.  Is this the correct place to update the TAILs section?  

Also, the listing status still shows as proposed threatened under the TES/Species Module.  

Thanks,

Eric

On Wed, Jan 7, 2015 at 1:20 PM, Jenkins, Debbie <debbie_jenkins@fws.gov> wrote:
Eric,
  You can add current or AOI range via TES/Species module.  

Search for the species population you want select Edit either Office current or AOI
range if the office does not have any range setup.   The page will give you the option to
add the range. If range already exists you should be able to make edits to  the range.
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Eric W. Hein
U.S. Fish and Wildlife Service
New Mexico Ecological Services Field Office
2105 Osuna NE
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505-761-4735
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ECOS Helpdesk
Deb Jenkins
Helpdesk/QA
Cherokee Nation Technologies, LLC (CNT)
Contractor to DOI, U.S. Fish & Wildlife
ECOS Development Team
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Fort Collins, CO 80526
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-- 
Eric W. Hein
U.S. Fish and Wildlife Service
New Mexico Ecological Services Field Office
2105 Osuna NE
Albuquerque, New Mexico  87113
505-761-4735
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From: Patty Perry
To: Bob Blanford; Boundary Co. Commissioners; Brad Corkill; Chip Corsi; Dan Dinning; Dave Anderson; Dave Gray;

Dave Wattenbarger; Don Allenberg; Ed Atkins, Jr.; GaryJr Aitken; Jennifer Porter; Jim Cadnum, Forest Capital;
Kennon McClintock; Kevin S. Knauth; LeAlan Pinkerton; Mary Farnsworth, USFS; Patty Perry; Robyn Miller; Sandy
Ashworth; Shandee Alexander; Tim Dillin; Tom Mayo; A.J. Helgenberg; Aaron Calkins; Alan Flory; Amy Reese;
Andrew Price; Ann Brezina; Barry Dexter, Stimson Lumber Company; Barry Wynsma, Home; Bas Hargrove; Ben
Conard, USFWS; Bob Boeh; Bob Graham; Bob Hobbs; Bob Olson; Bob Steed; Bob Unnasch, TNC; Bob
Wynhausen; Brad Smith; Brandon Glaza; Brett Lyndaker; Bryon Holt; Cathi Gidley; City of Moyie Springs; Cleve
Shearer; Colet Allen; Colleen Trese; Connie Decoe-Munier; Dale Adickes; Dan Scaife, USFS; Dan Studer; Darcey
Smith; Dave Bonasera; Dave Cobb, FS; Dave Lefebvre; Dave Sims; David West ; Debbie Miley, NEFA; Deborah
Davis; Dennis E. Johnson; Dianna Ellis; Don Banning; Don Dinning; Don Dozier; Don Gay; Don Vickaryous; Doug
Evans, Mayor City of Moyie; Dustin Miller; Ed Robinson; Edna Runyan; Eric Anderson; Eric Sjoquist; Frank
McCormick; George Eskridge; Greg Hoffman; Jason Flory; Jenifer Jensen; Jerry Garten; Jessie Grossman; Jim
Greenslit; Jim Kibler; Jodi Hubbard; Joe Kenz; Joel Fenolio; John & Linda Alt; John Cranor; John Lefebvre; John
O"Connor; Jonathan Luhnow; Jonathan Oppenheimer; Judy Morbeck; Julie Everson, Back Country Horsemen ID;
Karen Roetter; Karen Sjoquist; Katherine Cousins; Kathy; Katie Brodie; Ken Homik; Kevin Greenleaf; Kevin Kimp;
Kim Annis; Kurt Pavlat; Laci Click, BF Chamber; Larry Davis; Larry Kaiser ; Laura Roady; Laura Roady; Lee
Colson; Leigh Woodruff; Liz Johnson-Gebhardt; Lon Postulka; Lynda Fioravanti; Mac Lefebvre; Mac McLaughlin;
Manuel Figueroa; Mark Reller; Mark Sprengel; Matt Roetter; Michael Lucid; Mike Faler, USFWS; Mike Gondek;
Mike Hartz; Mike Herrin; Mike Hubbard, KVFR; Mike Petersen; Mike Richardson; Mike Ripatti; Mike Roach ; Mike
Sudnikovich; Mike Tymrak, USFS; Mitch Silvers; Nancy Hadley; Nancy Russell; Nola Leyde; Norm Merz; Pam
Stout; Pat Behrens; Pat Hart; Pat Lambert; Patrick Seymour; Pete Rust; Phil Allegretti; Randy Beacham; Ray
Hinthorn; Ray Jones; Rebecca Lloyd, Y2Y; Ree Brannon, USDA-NRCS; Rene Riddle; Robert Manley; Robyn King;
Ron Smith; Russ Hegedus, IDFG; Ryan Hardy, IDFG; Ryan Lutey; Sara Hall; Sarah Canepa; Sarah Richardson;
Scott Bauer; Scott Bettin; Scott Carlton, Congressman Labrador; Scott Lawrence; Scott Soults; Scott Thompson;
Shaun Lacy, IDFG; Shawn Keough; Sheena Hunt; Sid Smith; Stacy Kassover; Stan Galloway, IDL; Stephanie
Mitchell; Stephen Boorman; Steve McNulty; Sue Ireland; Susan Drumheller; Susanna Danner, TNC; T.J. Ross,
IDFG; Tabitha Graves; Tania Ellersick; Terry Guthrie; Tim Dougherty; Tina Wilson; Tom Daniel; Tom Dinning;
Tom Iverson; Tony Berget; Tony McDermott; Vaughn Paragamian; Walt Kirby, Boundary County Commissioner;
Wayne Kasworm; Wayne Nishek ; Wayne Wakkinen; Wayne Wilkerson

Subject: FW: USFWS Conducting Five-Year Review for Canada Lynx in Preparation for Recovery Planning
Date: Thursday, January 15, 2015 3:11:48 PM

FYI - Patty
 
From: Conard, Ben [mailto:ben_conard@fws.gov] 
Sent: Thursday, January 15, 2015 9:58 AM
To: Patty Perry; Dan Dinning; Glen L. Bailey
Subject: Fwd: USFWS Conducting Five-Year Review for Canada Lynx in Preparation for Recovery
Planning
 
FYI. This is effectively a call for new information on Canada lynx. This process is being
managed out of the Montana Field Office but let me know if I can answer any questions or
help you track down what you need.  Thank you. - Ben
 
---------- Forwarded message ----------
From: Edgar, Leith <leith_edgar@fws.gov>
Date: Tue, Jan 13, 2015 at 9:03 PM
Subject: USFWS Conducting Five-Year Review for Canada Lynx in Preparation for Recovery
Planning
To: "Oneale,Evin" <evin.oneale@idfg.idaho.gov>
Cc: Dennis Mackey <dennis_mackey@fws.gov>, Michael Carrier
<michael_carrier@fws.gov>, Ben Conard <ben_conard@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>

Evin,

Please find an announcement on a five-year review of Canada lynx for which the Service is requesting
information to inform recovery planning. Should you have any questions, please feel free to contact me at
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your convenience.

My apologies that I did not provide this information to you earlier today,

Leith
 

NEWS RELEASE
 U.S. FISH AND WILDLIFE SERVICE

Mountain-Prairie Region

134 Union Boulevard

Lakewood, Colorado 80228

For Immediate Release

January 13, 2015

USFWS Conducting Five-Year Review for Canada Lynx in

Preparation for Recovery Planning

HELENA, Mont. – The U.S. Fish and Wildlife Service (Service) announced today that it will be conducting a Five-
Year Status Review under the Endangered Species Act (ESA) for the contiguous United States distinct population
segment (DPS) of the Canada lynx (Lynx canadensis). The Five-Year Status Review will clarify the extent,
magnitude, and nature of the threats to the lynx DPS so that recovery planning may target those specific threats.
 
Lynx are highly specialized predators that are dependent on snowshoe hares as a food source. The North American
distribution of the lynx overlaps much of the range of the snowshoe hare, and both are strongly associated with
boreal forests.
 
Over the next several months, the Service will gather and analyze available information on the lynx as part of its
Five-Year Status Review process for the species in the contiguous United States. The Service will use the best-
available scientific and commercial data in developing its report, which will ensure that its review will be as
accurate and complete as possible. We plan to complete the Five-Year Review by June of 2015.
 
At this time, the Service is seeking additional information and data from the scientific community and the public in
the following areas:

General information concerning the taxonomy, biology, ecology, genetics, and status of the lynx in the
contiguous United States;

Specific information on the conservation status of lynx, including information on distribution, abundance,
and population trends;

Specific information on threats to the lynx DPS, including: (1) the present or threatened destruction,
modification, or curtailment of its habitat or range; (2) overutilization for commercial, recreational,
scientific, or educational purposes; (3) disease or predation; (4) the inadequacy of existing regulatory
mechanisms; and (5) other natural or manmade factors affecting its continued existence;



Specific information on conservation actions that have improved lynx habitat or reduced threats to lynx in
the contiguous United States and in southern Canada;

Habitat selection, use, and any changes or trends in the amount and distribution of lynx and snowshoe hare
habitat in the contiguous United States and in southern Canada.

The Service requests that pertinent information be provided as soon as possible, and not later than February 1, 2015,
to ensure we have adequate time to consider it during the review.  All data and information submitted to the Service
— including names and addresses — will become part of the record for this review, and may be made public. 
Information should be submitted to Jim Zelenak of the Service’s Montana Ecological Services Field Office at:

U.S. Fish and Wildlife Service

Montana Ecological Services Field Office

Attn: Jim Zelenak

585 Shepard Way, Suite 1

Helena, MT 59601

Detailed information about the Canada lynx may be found here: http://bit.ly/CanadaLynxUSFWS
 
 
 

http://bit.ly/CanadaLynxUSFWS


From: Boyle, Owen D - DNR
To: Smith, Tamara; jim_zelenak@fws.gov
Cc: Crain, Erin E - DNR; Paloski, Rori A - DNR
Subject: RE: Canada lynx - seeking information for 5 year review
Date: Wednesday, January 21, 2015 12:25:15 PM

Hi Tam and Jim,
 
I’ve checked with our Wildlife Management and Science Services programs within Wisconsin DNR
and we have had no verified reports of Canada lynx in Wisconsin since 2005 and that was just a lone
individual. We have no breeding records for this species in the state.
 
Thanks,
Owen
 
We are committed to service excellence.
Visit our survey at http://dnr.wi.gov/customersurvey to evaluate how I did.
 

Owen D. Boyle, PhD
Chief, Species Management Section
Bureau of Natural Heritage Conservation
Wisconsin Department of Natural Resources
101 S Webster St, Madison, WI 53703
Phone: (608) 266-5244
Cell Phone: (414) 750-3198
owen.boyle@wisconsin.gov

 dnr.wi.gov

    
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 29, 2014 2:01 PM
Subject: Canada lynx - seeking information for 5 year review
 
Dear State, Federal, and Nongovernmental partners:
 
We are requesting any relevant information we should consider in our five-year review of the
distinct population segment of the Canada lynx (Lynx canadensis). The attached letter details
the type of information we are seeking. Please submit relevant information to Jim Zelenak of
the Montana Ecological Services Field Office (contact information is in the attached letter). 
 
Thank you, 
Tam
 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
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Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Erb, John D (DNR)
To: Williams, John F (DNR); Cornicelli, Lou (DNR); Baker, Richard (DNR); Abraham, Jason (DNR);

Tamara_smith@fws.gov
Cc: Iverson, Dave (DNR); Provost, Tom (DNR)
Subject: incidental lynx take
Date: Thursday, January 22, 2015 3:02:54 PM

Hi All:
 
Some of you already know the basics of this, but per our formal protocol I am notifying you of an
incidental lynx take.  The incident apparently occurred on 11/30/14 when a licensed wolf trapper
incidentally caught and released a lynx.  Trapper was using an LPC #4 offset jaw foothold trap set for
wolves.  Location is Roseau county, T163 R38 S19 (don’t have precise UTM).  I believe we first

became aware of the incident on January 13th when a video of the animal release was forwarded to
DNR staff.   DNR Enforcement has now followed up (ICR # N15000046) – any questions on that,
inquire with Captain Provost.   The animal was released with no apparent injury.
 
Dave/Tom:  I’ll assume you’ll finish any other required notifications.
 
John Erb
Furbearer/Wolf Research Scientist
Minnesota DNR
Forest Wildlife Populations and Research Group
1201 E. Hwy 2
Grand Rapids, MN 55744
218-999-7930
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From: Catton, Timothy J -FS
To: Tamara_Smith@fws.gov
Subject: RE: Lynx Take database
Date: Thursday, January 22, 2015 4:01:24 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Your timing is impeccable!  John Erb just forwarded the email from the trapping incident in Roseau
County that occurred last November about 15 minutes ago!  If you have any details other than what
was in the email I would interested.  Bummer about no DNA though.
 
Thanks for letting me know!
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, January 22, 2015 3:56 PM
To: Catton, Timothy J -FS
Subject: Re: Lynx Take database
 
Hi Tim - Thank you and sorry for the delayed response!  I just heard about another incident
(released alive) that occurred back at the end of November. If you haven't heard about that yet
and want more details, let me know!  
 
Hope all is well with you. 
-Tam
 
On Mon, Jan 5, 2015 at 3:06 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:
Hiya Tam!  I hope your holidays were enjoyable.  I had a number of days off which was great.  Susan
still has a couple more use or lose so she’s not in until Wednesday!
 
Attached is an updated version of the database.  I filled in missing info where I could, corrected a
couple of locations, and changed the “DNA_Verif_to_Indiv?” column to reflect the identifier the
genetics lab uses when getting us the results back from our DNA samples.  When I had first set this
database up they were not consistent in how they referred to individuals so I had come up with a
new naming convention (a GLGA number).  We have all that worked out now and the old naming
convention is obsolete, so this should stay current.  I should be able to give you a couple of more
individual IDs (listed as “Pending”) in the not too distant future, we have the carcass from Incident
Number 108 that Dan Ryan is going to get mounted.  Once the carcass thaws out at the taxidermist
we’ll get a tissue sample and send it in with the rest of our DNA samples.  For Incident Number 98 I
contacted Ron Moen who said he does have the individual ID’d somewhere in his archives.  He said
he would get that to me after the Christmas break, I’ll send him a reminder if it gets to be too long. 
I’ll get you those IDs as soon as I get them.
 
Hope all is well, I’ll bet you’re glad you’re not on the wolf team!
 
Tim
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 22, 2014 2:52 PM

mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov


To: Catton, Timothy J -FS
Subject: Re: Lynx Take database
 
Hi Tim - If you could make the changes in the database, that would work best, I think.
Thanks!
 
On Mon, Dec 22, 2014 at 1:41 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:
Thanks, Tam, thanks for sending these.  I can see there are some updates in locations and a changing
individual ID from the GLGA number to the reference used by the genetics lab.  I can provide these if
you want, it would be just how you would like me to do it?  To the database?  Or the spreadsheet?
 
Just let me know.
 
Tim
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 22, 2014 10:02 AM
To: Catton, Timothy J -FS
Subject: Re: Lynx Take database
 
Hi Tim, 
 
I've attached the latest copy of the lynx take database and also an excel export.  I haven't heard
of any funds available lately, but I will ask if there is anything out there. 
 
Happy Holidays!
-Tam
 
On Thu, Dec 18, 2014 at 8:36 AM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:
Hi Tam,
 
When you get a chance could you send me the latest lynx take database?  I would like to make
a shapefile of it and provide it to the Forest Biologists for their internal use.  I know that you
are working on some other stuff, no hurry, just whenever is convenient. 
 
Hope you have a Happy Holidays!
 
Tim
 
P.S. I’m sure you still have it in the back of your mind, but if you are ever aware of any
monies available to help with our lynx DNA work please let me know.  Thanks!
 

Timothy J. Catton
Biological Science Technician 
Wildlife/Reforestation

Forest Service
Superior National Forest, Kawishiwi Ranger District

p: 218-365-7637 
tcatton@fs.fed.us

mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:tcatton@fs.fed.us
mailto:tcatton@fs.fed.us


1393 Highway 169 
Ely, MN 55731
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA


From: Hein, Eric
To: Quamme, Sarah
Cc: Zelenak, Jim; Wally Murphy
Subject: Re: Lynx CH 4(i) Letter for NM?
Date: Monday, January 26, 2015 10:01:04 AM
Attachments: lynx 4(i).pdf

Here you go Jim.  

Thanks for your patience.  I thought they were scanned and forwarded to you, but also could
not find the email.  

Eric

On Fri, Jan 23, 2015 at 1:38 PM, Quamme, Sarah <sarah_quamme@fws.gov> wrote:
Hi Jim - I just dug up a 9/15/14 email from Eric where he confirmed that the letters were
sent, but I was not cc:ed on them.  It sounds like Eric will be back on Monday and I'm sure
he'll be able to provide them then.

On Fri, Jan 23, 2015 at 9:33 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Wally and Sarah,

Got an "out-of-office" message from Eric; wondering if either of you can help.

Thanks,

Jim
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Jan 23, 2015 at 9:28 AM
Subject: Lynx CH 4(i) Letter for NM?
To: Eric Hein <Eric_Hein@fws.gov>

Hi Eric,

I'm still working on FOIAs and lawsuits over lynx CH - can't seem to track down a 4(i) letter from either
NMFO or R2RO in response to the two NM State Agency (Dept. of Ag. and Dept. of Game and Fish) comment
letters we received on the proposed rule.

Can you remind me if those ever went out and, if so, could you resend.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Sarah Joan Quamme, Listing Coordinator
U.S. Fish & Wildlife Service
P.O. Box 1306, Albuquerque, NM 87103
505/248-6419; 505/379-5909 (cell)

-- 
Eric W. Hein
U.S. Fish and Wildlife Service
New Mexico Ecological Services Field Office
2105 Osuna NE
Albuquerque, New Mexico  87113
505-761-4735

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


United States Department of the Interior 

FISH AND WILDLIFE SERVICE 
New Mexico Ecological Services Field Office 

2105 OsunaNE 
Albuquerque, New Mexico 87113 

Phone: (505) 346-2525 Fax: (505) 346-2542 

September 15, 2014 

Honorable Susana Martinez 
Office of the Governor 
490 Old Santa Fe Trail 
Room 400 
Santa Fe, N M 87501 

Dear Governor Martinez: 

This letter provides responses to comments the U.S. Fish and Wildlife Service (Service) received 
from the State of New Mexico on the September 26, 2013, proposed revised designation of 
critical habitat for the contiguous U.S. distinct population segment (DPS) of the Canada lynx 
{Lynx canadensis). Section 4(i) of the Endangered Species Act of 1973, as amended, generally 
requires the Service to provide a written response to comments received from State agencies and 
to justify adopting any final regulations that are not consistent with the agency's comments. 

The Service received letters from the following State agencies: 

• New Mexico Department of Game and Fish, dated December 23,2013 
• State of New Mexico, Department of Agriculture, dated December 19, 2013 

On September 26, 2013, the Service published a proposed rule in the Federal Register to 
designate revised critical habitat for the Canada lynx DPS in accordance with the Endangered 
Species Act of 1973, as amended. We proposed to designate 41,547 square miles (mi 2; 107,607 
square kilometers (km2)) of critical habitat in five units in the States of Idaho, Maine, Minnesota, 
Montana, Washington, and Wyoming. On September 12, 2014, we published a final rule in the 
Federal Register designating 38,954 mi 2 (100,891 km 2) of critical habitat for the Canada lynx 
DPS. The final rule also rescinds the existing State boundary-based definition of the Canada 
lynx DPS and replaces it with a definition that extends the Act's protections to Canada lynx 
"where found" in the contiguous United States. This change ensures that Canada lynx, which are 
known for their long-distance dispersal capability and tendency to occur in places well outside of 
typical habitats, receive the Act's protections wherever they occur in the contiguous United 
States, including (but not limited to) New Mexico. 

The final rule responds to comments received from the State of New Mexico and other 
commenters. However, it is Service policy, in accordance with section 4(i) of the Act, to provide 
a more detailed response to the State, which is incorporated into the final rule. For your 
convenience, the responses specific to the State of New Mexico's comments are incorporated 
into the final rule (pages 54795-54796; Enclosure). 
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I f you have any additional concerns, please contact me at (505) 761 -4781. We appreciate your 
comments on the proposed rule and value our positive working relationship with all of the State 
agencies. We look forward to working with you to recover the Canada lynx. 

Sincerely, 

Wally Marphy 
Field Supervisor 

Enclosure 

cc: 
Director, New Mexico Department of Game and Fish, Santa Fe, New Mexico 
Director, New Mexico Department of Agriculture, Las Cruces, New Mexico 



From: Zelenak, Jim
To: Hein, Eric
Cc: Quamme, Sarah; Wally Murphy
Subject: Re: Lynx CH 4(i) Letter for NM?
Date: Monday, January 26, 2015 10:20:02 AM

Thanks very much Eric!

On Mon, Jan 26, 2015 at 11:01 AM, Hein, Eric <eric_hein@fws.gov> wrote:
Here you go Jim.  

Thanks for your patience.  I thought they were scanned and forwarded to you, but also could
not find the email.  

Eric

On Fri, Jan 23, 2015 at 1:38 PM, Quamme, Sarah <sarah_quamme@fws.gov> wrote:
Hi Jim - I just dug up a 9/15/14 email from Eric where he confirmed that the letters were
sent, but I was not cc:ed on them.  It sounds like Eric will be back on Monday and I'm sure
he'll be able to provide them then.

On Fri, Jan 23, 2015 at 9:33 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Wally and Sarah,

Got an "out-of-office" message from Eric; wondering if either of you can help.

Thanks,

Jim
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Jan 23, 2015 at 9:28 AM
Subject: Lynx CH 4(i) Letter for NM?
To: Eric Hein <Eric_Hein@fws.gov>

Hi Eric,

I'm still working on FOIAs and lawsuits over lynx CH - can't seem to track down a 4(i) letter from either
NMFO or R2RO in response to the two NM State Agency (Dept. of Ag. and Dept. of Game and Fish)
comment letters we received on the proposed rule.

Can you remind me if those ever went out and, if so, could you resend.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service

mailto:jim_zelenak@fws.gov
mailto:eric_hein@fws.gov
mailto:sarah_quamme@fws.gov
mailto:wally_murphy@fws.gov
mailto:eric_hein@fws.gov
mailto:sarah_quamme@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:Eric_Hein@fws.gov


Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Sarah Joan Quamme, Listing Coordinator
U.S. Fish & Wildlife Service
P.O. Box 1306, Albuquerque, NM 87103
505/248-6419; 505/379-5909 (cell)

-- 
Eric W. Hein
U.S. Fish and Wildlife Service
New Mexico Ecological Services Field Office
2105 Osuna NE
Albuquerque, New Mexico  87113
505-761-4735

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Beth Gardner
To: Smith, Tamara
Subject: Annual Report
Date: Monday, January 26, 2015 5:18:05 PM
Attachments: lynx.2014.season.summary_v1.docx

Hi Tam!

How are you?  I hope things are going well!   I was recently informed from our grants office
that they were informed by your office that I had not submitted an annual report.  I apologize -
I didn't realize we needed to submit an annual report...hopefully this isn't causing you any
headaches.

Nathan put together a report based on what we have done so far.  I think it's a little light on the
part we spent the most time on - helping design this year's surveys with the guys at USFS, but
overall, I think this summarizes where we stand.

Let me know what you think.  We are happy to revise or edit based on your suggestions, or if
there is a format to follow, we can change this!

Take care and hope to chat with you soon!  

Thanks,
Beth

-- 
Beth Gardner
NC State University
Department of Forestry and Environmental Resources
5217 Jordan Hall
Raleigh, NC 27695-7646
Tel: 919 513-7558
Fax: 919 515-5110

mailto:bagardne@ncsu.edu
mailto:tamara_smith@fws.gov
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SUMMARY 

We began preliminary investigations of Superior National Forest’s Lynx database in 2014. Data 

regarding lynx detections, locations, and individual identifications were summarized. Efforts were also 

made to document historical survey effort (i.e., when and where surveys were conducted). Files to 

summarize survey effort, however, were generally lacking. Survey effort is a required component to 

estimate density using spatial capture-recapture methods (Objective 1). Given the lack of recorded 

historical survey effort, our focus in 2014 was placed on developing survey recommendations for winter 

2014-2015 surveys (Objective 2). Lynx surveys are on-going and preliminary data indicate that survey 

effort can be recorded as part of lynx monitoring efforts.          

  



3 
 

INTRODUCTION 

Canada lynx (Lynx canadensis) were listed as threatened under the U.S. Endangered Species Act 

in 2000. Superior National Forest, Minnesota, USA has implemented a lynx monitoring program to track 

lynx populations and gauge the effects of management actions. Results of this monitoring plan have 

confirmed the persistence of lynx in northeastern Minnesota. While these data provide important 

baseline information, additional analysis are required to estimate population-level parameters such as 

density or abundance. The general purpose of this project is to (i) analyze lynx DNA capture-recapture 

data to quantify population demographics, and (ii) provide study design considerations to improve 

future data collection.  

 

OBJECTIVE 1. USE OF SPATIAL CAPTURE-RECAPTURE MODELING TO ESTIMATE DENSITY OF CANADA 

LYNX IN NORTHEASTERN MINNESOTA’S SUPERIOR NATIONAL FOREST 

  Acquiring data.- Lynx detection, location, and identification data were provided by U.S. Forest 

Service personnel. Available data included >10 years of genetic material collection with identification to 

the level of species (i.e., verified lynx) and often individual. The primary survey technique involved snow-

tracking surveys, but opportunistic collection of genetic material from trappers, road kills, or den sites 

were also included. Efforts to compile data on survey effort (i.e., when and where surveys were 

conducted) were also conducted. Survey effort data, however, were not consistently recorded and were 

generally sparse across all years. 

Preliminary findings.- A total of 764 confirmed Lynx detections occurred during 2000-2013 

(Table 1). Lynx were detected across Minnesota (and one detection in Ontario), but were most records 

were from Superior National Forest (Figure 1). The vast majority of detections occurred during 

November – April (n = 734 out of 764 total samples), generally overlapping months when snow-tracking 

surveys could be conducted (Table 1). Substantial inter-annual variation in Lynx detections was evident, 

with annual detections ranging from 1 detection in 2001 to 111 detections in 2012 (Table 1). Scat was 

the most common form of genetic material collected (n = 660 out of 764 total samples), followed by hair 

(n = 67), and tissue (n = 30; Table 2).  

 Genetic sampling identified 178 unique individuals during 2000-2013 (Table 3). The number of 

detections for each uniquely identified individual ranged from 1 detection (n = 83 individuals detected 

only once) to a single individual with 31 detections (Table 3). 

A principal component to understand variation in detections, and estimate density or 

abundance, is information on survey effort (Royle and Young 2008). To this extent, U.S. Forest Service 
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personnel went through historical files to compile information of survey locations and dates. 

Information on surveys, however, was sparse and irregularly recorded (Figure 2). Although a 

tremendous amount of effort was put into summarizing these files, there remain large uncertainties in 

when and where surveys were conducted (Figure 2).   Our intent was to apply spatial capture recapture 

models to these data; however, such models require information on what areas are surveyed, how 

much time is spent surveying or how much area is covered in survey, and how frequently areas are 

surveyed.  This information allows for proper estimation of detection and the effective sample area.  

Thus, without survey effort to relate to each detection (or some large portion of the detections), we are 

likely not able to use a spatial capture-recapture model.  We were not aware of this issue when we 

initially proposed this objective and thus we will likely not be able to carry out the objective as originally 

planned.  We will revisit this in the next year to see if there are any other options for using the genetic 

data that has been collected previously (there are a lot of detections and we hope to make some use of 

the spatial information in the detections).   

 

OBJECTIVE 2. SAMPLING DESIGN CONSIDERATIONS FOR THE MONITORING OF CANADA LYNX IN ORDER 

TO IMPROVE FUTURE DATA COLLECTION. 

Study design considerations.- Given the lack of historical survey effort data, our efforts in 2014 

focused on study design recommendations to record both detections and effort in future surveys 

(Objective 2). In collaboration with the USFS and USFWS, survey design recommendations - including 

datasheets and database structure - were developed for winter 2014-2015 surveys.   In order to 

maximize the time of the USFS researchers working on this project, we have suggested a tiered design 

that can help monitor the large scale patterns of lynx (occupancy of LAUs across the Superior National 

Forest, while accounting for detection) and density estimation in areas where lynx are regularly sampled 

(spatial capture recapture approach for smaller regions of the Superior National Forest).  Surveys are on-

going with preliminary data suggesting that standardized survey approaches documenting both 

detections and effort may be possible (Figure 2).   Depending on the data collection from this year, we 

hope to revisit the density estimation from objective 1 and if sampling occurs as recommended, we will 

also be able to provide insight into the habitat relationships of lynx occupancy across the forest. 

  

DISCUSSION 

A key requirement to estimate species occupancy, density, or abundance is not only detection 

data, but information on survey effort (i.e. when and where surveys were conducted; Royle and Young 
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2008). Estimation of lynx density from Superior National Forest’s historical lynx database (Objective 1) 

may not be possible given the lack of recorded survey effort. Our focus in 2014 was instead directed 

towards study design considerations, with an emphasis on recording both lynx detections and survey 

effort (Objective 2). Pilot studies conducted in 2014-2015 may provide important information to Lynx 

monitoring across Superior National Forest.   

 

LITERATURE CITED 

Royle, J. A., and K. V. Young. 2008. A hierarchical model for spatial capture–recapture data. Ecology 
89:2281–2289.
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Table 1. Confirmed Lynx detections (via genetic identification) by month and year.  

  Year 
Month 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total 
Jan. 0 0 1 9 7 12 4 3 12 14 5 4 15 22 108 
Feb. 0 0 0 9 7 4 14 0 3 1 6 30 21 12 107 
Mar. 0 0 29 24 9 2 13 0 19 14 5 52 50 53 270 
Apr. 0 0 6 8 0 2 0 12 8 5 0 0 1 11 53 
May 0 0 1 1 0 0 0 0 0 2 0 0 0 0 4 
June 0 0 0 0 0 0 1 0 1 1 0 0 0 0 3 
July 0 0 0 1 4 0 0 0 0 0 0 0 2 0 7 
Aug. 0 0 0 5 0 0 0 0 0 0 0 0 0 0 5 
Sep. 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 
Oct. 0 0 0 1 2 0 0 0 0 3 0 2 1 0 9 
Nov. 0 0 6 4 3 2 0 0 0 0 5 2 8 0 30 
Dec. 3 1 15 10 5 7 19 11 9 31 32 10 13 0 166 
Total 3 1 58 74 37 29 51 26 52 71 53 100 111 98 764 
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Table 2. Type of genetic sample collected to identify Lynx during 2000-2013. 

Sample type Number 
Scat 660 
Hair 67 
Tissue 30 
Blood 3 
Bone 1 
Unknown 3 
Total 764 
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Table 3. Number of uniquely identified Lynx individuals and the number of detections per individual 
during 2000-2013. For instance, 83 unique individuals were detected only once, while 5 individuals had 7 
detections each. In total, 178 individual lynx were identified during 2000-2013 (with a total of 611 
detections identified to the level of individual). 

 

Num. 
detections 

Num. 
individuals 

 
1 83 

 
2 28 

 
3 19 

 
4 9 

 
5 8 

 
6 8 

 
7 5 

 
8 2 

 
9 3 

 
10 3 

 
11 0 

 
12 2 

 
13 0 

 
14 1 

 
15 1 

 
16 0 

 
17 0 

 
18 2 

 
19 2 

 ----  

 
25 1 

 ----  
  31 1 

Total 611 178 
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Figure 1. Confirmed Lynx detections (dots, n = 764) in Minnesota during 2000-2013 (1 detection in 
Ontario in 2003). Light grey area denotes Superior National Forest and dark grey area denotes Lake 
Superior.  
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Figure 2. Confirmed Lynx detections (dots) and known survey locations (red lines) during the winter 
2012-2013 surveys (left) and the first several weeks of winter 2014-2015 surveys (right). Attempts were 
made to standardize data collection, including survey effort, beginning in winter 2014-2015 (right).   



STAY AHEAD OF THE HEADLINES

Spruce beetles expanding 'rapidly' in Colo.  USFS
Phil Taylor, E&E reporter
Published: Friday, February 6, 2015

The native spruce beetle accelerated its spread in Colorado in 2014, infesting 253,000 new acres of trees that face myriad threats including higher
temperatures that scientists say are a symptom of climate change.

The spruce beetle outbreak was detected on 485,000 acres last year, compared to 398,000 acres across the state in 2013, according to a newly released
aerial survey conducted by the U.S. Forest Service and Colorado State Forest Service (CSFS) that examined all 28 million forested acres in the
Centennial State.

The epidemic spread to 253,000 new acres in 2014, compared to 216,000 acres the previous year, the survey said. The beetles, whose native range
stretches from Alaska south to New Mexico, expanded their footprint by 22 percent in Colorado, mostly in the state's parched southwest.

The epidemic spread most remarkably in the San Juan, Rio Grande, Gunnison and San Isabel national forests.

"This epidemic continues to expand rapidly," the survey said. "In some areas, the outbreak has moved through entire drainages in the course of one year.
In the most heavily impacted drainages, nearly every mature spruce has been killed."

The spruce beetle's spread stands in contrast to that of the mountain pine beetle, another native pest that in recent decades has infected tens of millions of
acres across the West, including 3.4 million acres in Colorado, but whose infestation footprint in Colorado last year dropped to its lowest level in 17 years.

The mountain pine beetle was active on 15,000 acres in Colorado in 2014, compared to 98,000 acres the previous year. The beetle, which targets mostly
lodgepole and ponderosa pine trees, infested only 3,000 new acres in 2014, versus 9,000 acres of new infestation in 2013, the survey found.

But the spruce beetle, whose typical victims are the subalpine Engelmann spruce and the blue spruce, Colorado's state tree, has now infected nearly 1.4
million acres since 1996. Its recent spread has been aided by windthrow events  in which wind topples large areas of trees  drought, warmer
temperatures and older, denser spruce stands, the Forest Service said.

Infestations most commonly occur above 9,000 feet, according to a separate report by CSFS. The bugs prefer downed trees, but as populations escalate,
they move to nearby living trees.

The beetles emerge from dead or dying trees in late spring in search of new hosts. Females bore into the trees, creating tunnels in the sapwood, where
they lay pearly white eggs. Once hatched, the beetle larvae tunnel back outward, preventing the tree's flow of nutrients and ultimately killing it.

The infestations typically occur near Colorado's headwaters, which supply 18 states, CSFS said. Largescale dieoffs could influence water supply and
quality, particularly when large wildfires occur.

"The broad extent of insect and disease activity revealed by this survey demonstrates the critical need for partnerships to address forest health threats
across ownership boundaries," said Mike Lester, state forester and director of CSFS, in a statement.

"Just like wildfires, these threats don't stop at property lines."

The Forest Service said it is supporting dozens of stewardship contracts, including four with 10year contracts, to cull dead trees and boost forests'
resilience to pests.

In Wyoming, spruce beetles were active on 90,000 acres in 2014, expanding onto 61,000 previously uninfested acres, according to the Forest Service's
survey there. Infected acres more than doubled in 2014, but overall infestation rates have undulated wildly over the past decade.

About 638,000 acres of the Cowboy State have been infested by the spruce beetles since 1996.

A 2013 study by the University of Colorado, Boulder, found that the spruce beetle epidemic in northern Colorado was triggered primarily by drought and is
tied to longterm changes in seasurface temperature from the northern Atlantic Ocean that are expected to continue for decades. The study found that
drought, which weakens a tree's defenses, is a better predictor of spruce beetle epidemics than temperature alone.

The spruce beetle could be equally, or even more, devastating to Colorado's forests than the mountain pine beetle, study authors said. They said fire
suppression does not appear to trigger the beetle's advance.

Temperatures will continue to climb in Colorado in coming decades, compounding an already dry state that suffers from droughts, fires and sudden
weather shifts with increasingly crispy conditions, according to new report released this week by experts from the University of Colorado, Boulder;
Colorado State University; and CIRES  the Cooperative Institute for Research in Environmental Science, a partnership between CU and the National
Oceanic and Atmospheric Administration (ClimateWire, Feb. 5).

Colorado has seen average annual temperature increases of 2 degrees Fahrenheit during the past 30 years and 2.5 F in the past 50 years.

As the spruce beetle marched onward, the mountain pine beetle epidemic continued to die down in Colorado, Wyoming and western South Dakota,
according to the surveys in those states.

In large part, that's because the mountain pine beetle is running out of trees to eat.

The epidemic was active on about 113,000 acres in Wyoming in 2014 and expanded onto 48,000 previously unaffected acres, the state's survey said.

A survey in the Black Hills of South Dakota and northeastern Wyoming found signs that the mountain pine beetle epidemic is slowing. Roughly 16,500
acres were identified with new trees fading from mountain pine beetles' prioryear attacks, compared with 34,000 acres in 2013, the survey found.

"While we are still seeing mountain pine beetles throughout the forest, this year's analysis showed beetle populations are declining, but there are still
several areas of significant beetle activity," said Craig Bobzien, Black Hills National Forest supervisor. "We must continue working with our partners to put

the right resources in the right places at the right time, ahead of the beetles, to keep the forest green and resilient."

FORESTS:5.

http://csfs.colostate.edu/pdfs/Spruce-Beetle-QuickGuide-FM2014-1.pdf
http://www.eenews.net/climatewire/2015/02/05/stories/1060012905
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3828662.pdf
http://www.eenews.net/pm
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3827334.pdf
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From: Hein, Eric
To: Zelenak, Jim
Cc: Kurt Broderdorp
Subject: Re: Lynx 5-year reveiw
Date: Monday, February 09, 2015 5:43:29 AM

No idea on how many lynx might be in New Mexico.  We have no monitoring info since the
Colorado studies ceased...

Thanks,

Eric

On Fri, Feb 6, 2015 at 12:51 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
See below.  Anyone have any idea if there are any lynx in New Mexico at the moment and, if so, how many?

Kurt - what's your take on the 200-300 guesstimate for CO?

Thanks,

Jim
---------- Forwarded message ----------
From: Odell - DNR, Eric <eric.odell@state.co.us>
Date: Fri, Feb 6, 2015 at 12:37 PM
Subject: Re: Lynx 5-year reveiw
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Jake Ivan - DNR <Jake.ivan@state.co.us>

Hi Jim-
No way to know how many Lynx in the state and we will never have a good estimate. What
we say to media is somewhere between 200 and 300, although this is not a statistically
derived estimate. You'd have to ask NM - we have no guess there. Our cameras will be
retrieved this spring, when snow allows. We'll then go through the 1000's of photos (132
cameras deployed for 3+ months). Hope to have a chance to do some analyses before
cameras are deployed again next fall.  Have a good weekend.
Eric 

On Friday, February 6, 2015, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Eric and Jake,

I received the CPW's information for the 5-year review signed by Craig McLaughlin.  Thanks.

Can either of you provide and estimate/ballpark for how many lynx you think there currently are in Colorado? 
In New Mexico?

Any idea when the first results from the snow-tracking and trail camera work will be available?

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service

mailto:eric_hein@fws.gov
mailto:jim_zelenak@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:eric.odell@state.co.us
mailto:jim_zelenak@fws.gov
mailto:Jake.ivan@state.co.us
mailto:jim_zelenak@fws.gov


Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager ~ Carnivores
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric W. Hein
U.S. Fish and Wildlife Service
New Mexico Ecological Services Field Office
2105 Osuna NE
Albuquerque, New Mexico  87113
505-761-4735

mailto:eric.odell@state.co.us
http://www.cpw.state.co.us/
mailto:jim_zelenak@fws.gov


From: Hein, Eric
To: Zelenak, Jim
Subject: Re: Lynx in NM
Date: Monday, February 09, 2015 5:48:46 AM
Attachments: CDOW_Lynx_Report_12-17-09.pdf

Morning Jim:

Looks fine to me.  As further confirmation, you could even include that at least 14 were killed
in New Mexico by various sources (gunshot, vehicle, starvation).  See p. 23 in the attached.

Thanks,

Eric

On Fri, Feb 6, 2015 at 1:35 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi again Eric,

I'm replying to legal complaints regarding the final lynx CH designation, and I'd like you to take at look at this
text and tell me if you have any concerns or a difference of opinion.  Thanks.

"...prior to the introduction of lynx into Colorado, there was not a single verified record of
lynx ever in New Mexico.  At least 60 of the lynx released into Colorado, perhaps after
finding Colorado habitats where they were released unsuitable or suboptimal or supporting
inadequate hare densities, crossed the state border into northern New Mexico.  Many of
these dispersing lynx died soon after entering NM, though some eventually returned to CO
or dispersed elsewhere.  There is no evidence that any of the lynx that crossed into NM ever
established home ranges or that as a group these lynx established a resident population in
NM.  Nor is there any evidence that any of these lynx ever reproduced while in NM."

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric W. Hein
U.S. Fish and Wildlife Service
New Mexico Ecological Services Field Office
2105 Osuna NE
Albuquerque, New Mexico  87113
505-761-4735

mailto:eric_hein@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
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A BST R A C T 
 
 In an effort to establish a viable population of Canada lynx (Lynx canadensis) in Colorado, the 
Colorado Division of Wildlife (CDOW) initiated a reintroduction effort in 1997 with the first lynx 
released in February 1999.  From 1999-2006, 218 wild-caught lynx from Canada and Alaska were 
released in Colorado.  We documented survival, movement patterns, reproduction, and landscape habitat-
use through aerial (n = 11,580) and satellite (n = 29,258) tracking.  Most lynx remained near the core 
release area in southwestern Colorado.  From 1999-August 2009, there were 118 mortalities of released 
adult lynx.  Approximately 29.7% were either human-induced or likely human-induced through either 
collisions with vehicles or shot.  Starvation and disease/illness accounted for 18.6% of the deaths while 
37.3% of the deaths were from unknown causes.  Of these mortalities, 26.3% occurred outside of 
Colorado.  Monthly mortality rate was lower inside the study area than outside, and slightly higher for 
male than for female lynx, although 95% confidence intervals for sexes overlapped.  Mortality was higher 
immediately after release (first month = 0.0368 [SE = 0.0140] inside the study area, and 0.1012 [SE = 
0.0359] outside the study area), and then decreased according to a quadratic trend over time.  
Reproductive females had the smallest 90% utilization distribution home ranges ( x  = 75.2 km2, SE = 
15.9 km2), followed by attending males ( x  = 102.5 km2, SE = 39.7 km2) and non-reproductive animals (
x  = 653.8 km2, SE = 145.4 km2).  Reproduction was first documented in 2003 with subsequent 
successful reproduction in 2004, 2005, 2006 and 2009.  No dens were documented in 2007 or 2008.  
From snow-tracking, the primary winter prey species (n = 604 kills) were snowshoe hare (Lepus 
americanus, annual x  = 69.4%, SE = 5.6, n = 11) and red squirrel (Tamiasciurus hudsonicus, annual x  = 
22.6%, SE = 5.7, n = 11); other mammals and birds formed a minor part of the winter diet.  Lynx use-
density surfaces were generated to illustrate relative use of areas throughout Colorado.  Within the areas 
of high use in southwestern Colorado, site-scale habitat use, documented through snow-tracking, supports 
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mature Engelmann spruce (Picea engelmannii)-subalpine fir (Abies lasiocarpa) forest stands with 42-
65% canopy cover and 15-20% conifer understory cover as the most commonly used areas in 
southwestern Colorado.  Little difference in aspect (slight preference for north-facing slopes), slope ( x  = 
15.7°) or elevation ( x  = 3173 m) were detected for long beds, travel and kill sites (n = 1841).  Den sites 
(n = 37) however, were located at higher elevations ( x  = 3354 m, SE = 31 m) on steeper ( x  = 30°, SE = 
2°) and more commonly north-facing slopes with a dense understory of coarse woody debris.  Three years 
of a study to evaluate snowshoe hare densities, demography and seasonal movement patterns among 
small and medium tree-sized lodgepole pine stands and mature spruce/fir stands have been completed in 
2006-2009 (see Appendix I of this report).  A pilot study to evaluate the efficacy of using minimally-
invasive monitoring techniques was developed to estimate the extent, stability and potential distribution 
of lynx throughout Colorado.  Results to date have demonstrated that CDOW has developed lynx release 
protocols that ensure high initial post-release survival followed by high long-term survival, site fidelity, 
reproduction and recruitment of Colorado-born lynx into the Colorado breeding population.  What is yet 
to be demonstrated is whether Colorado can support sufficient recruitment to offset annual mortality for a 
viable lynx population over time.  Monitoring continues in an effort to document such viability.  
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W I L D L I F E R ESE A R C H R EPO R T 
 

POST R E L E ASE M O NI T O RIN G O F L Y N X (LYNX CANAD E NSIS) R E IN T R O DU C E D T O 
C O L O R A D O    

 
T A N Y A M . SH E N K 

 
P. N . O BJE C T I V E 

 
 The initial post-release monitoring of Canada lynx (Lynx canadensis) reintroduced into Colorado 
will emphasize 5 primary objectives: 

1.  Assess and modify release protocols to ensure the highest probability of survival for each lynx 
released. 

2.  Obtain regular locations of released lynx to describe general movement patterns and habitats 
used by lynx. 

3.  Determine causes of mortality in reintroduced lynx.  
4.  Estimate survival of lynx reintroduced to Colorado. 
5.  Estimate reproduction of lynx reintroduced to Colorado. 

 
Three additional objectives will be emphasized after lynx display site fidelity to an area: 

6.  Refine descriptions of habitats used by reintroduced lynx. 
7.  Refine descriptions of daily and overall movement patterns of reintroduced lynx. 
8.  Describe hunting habits and prey of reintroduced lynx. 

 
Information gained to achieve these objectives will form a basis for the development of lynx conservation 
strategies in the southern Rocky Mountains.  
 

SE G M E N T O BJE C T I V ES 
 

1.  Complete winter 2008-09 field data collection on lynx habitat use at the landscape scale, hunting 
behavior, diet, mortalities, and movement patterns. 
2.  Complete winter 2008-09 lynx trapping field season to collar Colorado born lynx and re-collar adult 
lynx.  
3.  Complete spring 2009 field data on lynx reproduction. 
4.  Summarize and analyze data and publish information as Progress Reports, peer-reviewed manuscripts 
for appropriate scientific journals, or CDOW technical publications. 
5.  Complete the third and final year of field work to evaluate snowshoe hare (Lepus americanus) 
densities, demography and seasonal movement patterns among small and medium tree-sized lodgepole 
pine stands and mature spruce/fir stands (see Appendix I). 
6.  Complete a pilot study to evaluate the efficacy of using minimally-invasive monitoring techniques to 
estimate the extent, stability and potential distribution of lynx throughout Colorado.   

 
IN T R O DU C T I O N 

 
 The Canada lynx occurs throughout the boreal forests of northern North America.  Colorado 
represents the southern-most historical distribution of lynx, where the species occupied the higher 
elevation, montane forests in the state.  Little was known about the population dynamics or habitat use of 
this species in their southern distribution.  Lynx were extirpated or reduced to a few animals in the state 
by the late 1970’s due, most likely, to predator control efforts such as poisoning and trapping.  Given the 
isolation of Colorado to the nearest northern populations, the CDOW considered reintroduction as the 
only option to attempt to reestablish the species in the state. 
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 A reintroduction effort was begun in 1997, with the first lynx released in Colorado in 1999.  To 
date, 218 wild-caught lynx from Alaska and Canada have been released in southwestern Colorado.  The 
goal of the Colorado lynx reintroduction program is to establish a self-sustaining, viable population of 
lynx in this state.  Evaluation of incremental achievements necessary for establishing viable populations is 
an interim method of assessing if the reintroduction effort is progressing towards success.  There are 7 
critical criteria for achieving a viable population: 1) development of release protocols that lead to a high 
initial post-release survival of reintroduced animals, 2) long-term survival of lynx in Colorado, 3) 
development of site fidelity by the lynx to areas supporting good habitat in densities sufficient to breed, 4) 
reintroduced lynx must breed, 5) breeding must lead to reproduction of surviving kittens 6) lynx born in 
Colorado must reach breeding age and reproduce successfully, and 7) recruitment must equal or be 
greater than mortality over an extended period of time.  
 
 The post-release monitoring program for the reintroduced lynx has 2 primary goals.  The first 
goal is to determine how many lynx remain in Colorado and their locations relative to each other.  Given 
this information and knowing the sex of each individual, we can assess whether these lynx can form a 
breeding core from which a viable population might be established.  From these data we can also describe 
general movement patterns and habitat use.  The second primary goal of the monitoring program is to 
estimate survival of the reintroduced lynx and, where possible, determine causes of mortality for 
reintroduced lynx.  Such information will help in assessing and modifying release protocols and 
management of lynx once they have been released to ensure their highest probability of survival.   
 
 Documenting reproduction is critical to the success of the program and lynx are monitored 
intensively to document breeding, births, survival and recruitment of lynx born in Colorado.  Site-scale 
habitat descriptions of den sites are also collected and compared to other sites used by lynx.   
 

Lynx populations in Canada and Alaska have long been known to cycle in response to the 10-year 
snowshoe hare (Lepus americana) cycle (Elton and Nicholson 1942).  Northern populations of lynx 
respond to snowshoe hare lows first through a decline in reproduction followed by an increase in adult 
mortality; when snowshoe hare populations increase, lynx respond with increased survival and 
reproduction (O’Donoghue et al. 2001).  Therefore, annual survival and reproduction are highly variable 
but must be sufficient, overall, to result in long-term persistence of the population.  It is not known if 
snowshoe hare populations in Colorado cycle and if so, where in the approximate 10-year cycle we are 
currently.  Given this uncertainty, documenting persistence of lynx in Colorado for a period of at least 10-
15 years would provide support that a viable population of lynx can be sustained in Colorado even in the 
event snowshoe hares do cycle in the state.  

 
 Therefore, to document the continued viability of lynx in Colorado beyond the initial reintroduction 
period, some form of long-term monitoring must be used to determine whether recruitment exceeds 
mortality for a period of time long enough to encompass possible snowshoe hare cycles.  In addition, a 
challenge facing CDOW is how efforts should be allocated between focusing on monitoring the 
persistence of those lynx that have established within the core release area (Shenk 2007, Shenk 2008) and 
those lynx that may be pioneering and expanding into other portions of the state.  Reproduction and 
known recruitment have been observed to be sporadic in the core area.  To continue to document lynx 
reproduction through den site visits and to document survival of those kittens through tracking the adult 
females in winter looking for accompanying kittens requires a continued trapping effort to capture and 
radio-collar adult females.  Lynx trapping is typically a time consuming and expensive operation as the 
lynx are territorial with large home ranges that may be entirely located within or largely comprised of 
inaccessible areas (e.g., wilderness areas).  Alternatively, occupancy modeling using minimally-invasive 
techniques could be a feasible alternative for ascertaining trends in population status.   
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 Additional goals of the post-release monitoring program for lynx reintroduced to the southern 
Rocky Mountains included refining descriptions of habitat use and movement patterns and describing 
successful hunting habitat once lynx established home ranges that encompassed their preferred habitat. 
Specific objectives for the site-scale habitat data collection include: 1) describe and quantify site-scale 
habitat use by lynx reintroduced to Colorado, 2) compare site-scale habitat use among types of sites (e.g., 
kills vs. long-duration beds), and 3) compare habitat features at successful and unsuccessful snowshoe 
hare chases. 
 

The program will also investigate the ecology of snowshoe hare in Colorado.  A study comparing 
snowshoe hare densities among mature stands of Engelmann spruce (Picea engelmannii)/subalpine fir 
(Abies lasiocarpa), lodgepole pine (Pinus contorta) and Ponderosa pine (Pinus ponderosa) was 
completed in 2004 with highest hare densities found in Engelmann spruce/subalpine fir stands and no 
hares found in Ponderosa pine stands.  A study to evaluate the importance of young, regenerating 
lodgepole pine and mature Engelmann spruce/subalpine fir stands in Colorado by examining density and 
demography of snowshoe hares that reside in each was initiated in 2005 and will continue through 2009 
(see Appendix I).  
 
 Lynx is listed as threatened under the Endangered Species Act (ESA) of 1973, as amended (16 U. 
S. C. 1531 et. seq.)(U. S. Fish and Wildlife Service 2000).  Colorado is included in the federal listing as 
lynx habitat.  Thus, an additional objective of the post-release monitoring program is to develop 
conservation strategies relevant to lynx in Colorado.  To develop these conservation strategies, 
information specific to the ecology of the lynx in its southern Rocky Mountain range, such as habitat use, 
movement patterns, mortality factors, survival, and reproduction in Colorado is needed.   
 

ST UD Y A R E A 
 

 Byrne (1998) evaluated five areas within Colorado as potential lynx habitat based on (1) relative 
snowshoe hare densities (Bartmann and Byrne 2001), (2) road density, (3) size of area, (4) juxtaposition 
of habitats within the area, (5) historical records of lynx observations, and (6) public issues. Based on 
results from this analysis, the San Juan Mountains of southwestern Colorado were selected as the core 
reintroduction area, and where all lynx were reintroduced. Wild Canada lynx captured in Alaska, British 
Columbia, Manitoba, Quebec and Yukon were transported to Colorado and held at The Frisco Creek 
Wildlife Rehabilitation Center located within the reintroduction area prior to release.  
 
 Post-release monitoring efforts were focused in a 20,684 km2 study area which included the core 
reintroduction area, release sites and surrounding high elevation sites (> 2,591 m). The area encompassed 
the southwest quadrant of Colorado and was bounded on the south by New Mexico, on the west by Utah, 
on the north by interstate highway 70, and on the east by the Sangre de Cristo Mountains (Figure 1). 
Southwestern Colorado is characterized by wide plateaus, river valleys, and rugged mountains that reach 
elevations over 4,200 m. Engelmann spruce/subalpine fir is the most widely distributed coniferous forest 
type within the study area. The lynx-established core area is roughly bounded by areas used by lynx in the 
Taylor Park/Collegiate Peak areas in central Colorado and includes areas of continuous use by lynx, 
including areas used during breeding and denning (Figure 1).   
 

M E T H O DS 
 

R E IN T R O DU C T I O N  
E ffort 
 Wild Canada lynx were captured in Alaska, British Columbia, Manitoba, Quebec and Yukon and 
transported to Colorado where they were held at the Frisco Creek Wildlife Rehabilitation Center prior to 
release.  All lynx releases were conducted under the protocols found to maximize survival (see Shenk 
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2001).  Estimated age, sex and body condition were ascertained and recorded for each lynx prior to 
release (see Wild 1999).  Lynx were transported from the rehabilitation facility to their release site in 
individual cages.  Specific release site locations were recorded in Universal Transverse Mercator (UTM) 
coordinates and identification of all lynx released at the same location, on the same day, was recorded.  
Behavior of the lynx on release and movement away from the release site were documented. 
 
Movement, Distr ibution and Relative Use of A reas by Lynx  
 To monitor lynx movements and thus determine distribution and relative use of areas all released 
lynx were fitted with radio collars.  All lynx released in 1999 were fitted with TelonicsTM radio-collars.  
All lynx released since 1999, with the exception of 5 males released in spring 2000, were fitted with 
SirtrackTM dual satellite/VHF radio-collars.  These collars have a mortality indicator switch that operated 
on both the satellite and VHF mode.  The satellite component of each collar was programmed to be active 
for 12 hours per week.  The 12-hour active periods for individual collars were staggered throughout the 
week.  Signals from the collars allowed for locations of the animals to be made via Argos, NASA, and 
NOAA satellites.  The location information was processed by ServiceArgos and distributed to the CDOW 
through e-mail messages.  
 
 Datasets.-- To determine recent (post-reintroduction) movement and distribution of lynx 
reintroduced, born or initially trapped in Colorado and relative use of areas by these lynx, regular 
locations of lynx were collected through a combination of aerial and satellite tracking.  Locations were 
recorded and general habitat descriptions for each aerial location was recorded.  The first dataset of lynx 
locations included all locations obtained from daytime flights conducted with a Cessna 185 or similar 
aircraft to locate lynx by their VHF collar transmitters (hereafter aerial locations).  VHF transmitters have 
been used on lynx since the first lynx were released in February 1999.  The second type of lynx location 
data was collected via satellite from the satellite collar transmitters placed on the lynx (hereafter satellite 
locations).  Satellite transmitter collars were first used for lynx in April 2000.  These satellite collars also 
contained a VHF transmitter which also allowed locating lynx from the air or ground.  All locations were 
recorded in Universal Transverse Mercator (UTM) coordinates using the CONUS NAD27 datum. 
 
 Flights to obtain lynx aerial locations were typically conducted on a weekly basis throughout 
most summer and winter months and twice a week during the den search field season (May 15 – June 30), 
depending on weather and availability of planes and pilots.  Flights were typically concentrated in the 
high elevation (> 2700 m) southwest quadrant of Colorado which encompasses the core lynx release and 
research area (Figure 1).  Flights during the den seasons were conducted to obtain locations on all female 
lynx within the state wearing an active VHF transmitter.  VHF transmitters were outfitted with sufficient 
batteries to last 60 months.  The satellite transmitters were designed to provide locations on a weekly 
basis with sufficient batteries to last for 18 months.   
 
 Lynx may not be exhibiting typical behavior or habitat use within the first few months after their 
release in Colorado.  Therefore, a subset of each of the aerial and satellite datasets was created that 
eliminated the first 180 days (approximately 6 months) of locations obtained for each lynx immediately 
after their initial release.  As a result, the truncated aerial location dataset contained lynx locations from 
September 1999 through March 2007 while the truncated satellite location dataset began October 2000 
and extended through March 2007.   
 
 Accuracy of both aerial and satellite locations varied with the environmental conditions at the 
time the location was obtained.  Accuracy of aerial locations was influenced by weather with accuracy 
ranging from 50 - 500 meters.  Satellite location accuracy was also influenced by atmospheric conditions 
and position of the satellites.  Satellite location accuracy ranged from 150 meters -10 km.   
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 Movement and Distribution.-- To document all known lynx locations maps were generated with 
all aerial and satellite locations displayed.  Due to lynx movements outside of Colorado, particularly into 
the states of New Mexico, Utah and Wyoming we further evaluated lynx use throughout those three 
states, as well as the data would allow.  All individual lynx located at least once in these 3 states (non-
truncated datasets) were identified and tallied for each year.  To document consistency and known use of 
these states after the initial effect of being reintroduced was minimized (i.e., 180 days post-release), each 
individual lynx located at least once in these states from the truncated datasets were identified and tallied.   
 
 Relative Use.-- To document relative use of areas by lynx, 90% kernel use-density surfaces were 
calculated for truncated satellite and aerial lynx locations using the ArcGIS Spatial Analyst Kernel 
Density Tool.  Due to differences in data collection frequency and accuracy between datasets, the 
truncated satellite and truncated aerial data were analyzed separately for generating the lynx use-density 
surfaces.   
 
 These use-density surfaces fit a smoothly curved surface over each lynx location.  The surface 
value was highest at the location of the point and diminished with increasing distance from the point.  A 
fixed kernel was used with a smoothing parameter of 5 km, reaching 0 at the search radius distance from 
the point.  Only a circular neighborhood was possible.  The volume under the surface equaled the total 
value for the point.  The use-density at each output GIS raster cell was calculated by adding the values of 
all the kernel surfaces from all the lynx point locations that overlaid each raster cell center.  The kernel 
function was based on the quadratic kernel function described in Silverman (1986, p. 76, equation 4.5).  
The use-density surfaces were calculated at 100 m resolution.  To enhance graphic displays of higher use-
density areas, density values representing single locations were not displayed. 
 
 
Home Range 
 Annual home ranges were calculated as a 95% utilization distribution using a kernel home-range 
estimator for each lynx we had at least 30 locations for within a year.  A year was defined as March 15 – 
March 14 of the following year.  Locations used in the analyses were collected from September 1999 – 
January 2006 and all locations obtained for an individual during the first six months after its release were 
eliminated from any home range analyses as it was assumed movements of lynx initially post-release may 
not be representative of normal habitat use.  Locations were obtained either through aerial VHF surveys 
or locations or the midpoint (ArcView Movement Extension) of all high quality (accuracy rating of 0-
1km) satellite locations obtained within a single 24-hour period.  All locations used within a single home 
range analysis were taken a minimum of 24 hours apart. 
 
 Home range estimates were classified as being for a reproductive or non-reproductive animal.  A 
reproductive female was defined as one that had kittens with her; a reproductive male was defined as a 
male whose movement patterns overlapped that of a reproductive female.  If a litter was lost within the 
defined year a home range described for a reproductive animal were estimated using only locations 
obtained while the kittens were still with the female.   
 
Survival 
 Multi-state mark-recapture models were used to estimate monthly mortality rates and described in 
detail in Devineau et al. 2009a (in review) for the first year post-release and for 10 years post-release 
Devineau et al. 2009b (in review).  This approach accommodated missing data and allowed exploration of 
factors possibly affecting lynx survival such as sex, time spent in pre-release captivity, movement 
patterns, and origin. 
 
Mortality Factors 
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 When a mortality signal (75 beats per minute [bpm] vs. 50 bpm for the Telonics™ VHF 
transmitters, 20 bpm vs. 40 bpm for the Sirtrack™ VHF transmitters, 0 activity for Sirtrack™ PTT) was 
heard during either satellite, aerial or ground surveys, the location (UTM coordinates) was recorded.  
Ground crews then located and retrieved the carcass as soon as possible.  The immediate area was 
searched for evidence of other predators and the carcass photographed in place before removal.  
Additionally, the mortality site was described and habitat associations and exact location were recorded.  
Any scat found near the dead lynx that appeared to be from the lynx was collected.  
 
 All carcasses were transported to the Colorado State University Veterinary Teaching Hospital 
(CSUVTH) for a post mortem exam to 1) determine the cause of death and document with evidence, 2) 
collect samples for a variety of research projects, and 3) archive samples for future reference (research or 
forensic).  The gross necropsy and histology were performed by, or under the lead and direct supervision 
of a board certified veterinary pathologist.  At least one research personnel from the CDOW involved 
with the lynx program was also present.  The protocol followed standard procedures used for thorough 
post-mortem examination and sample collection for histopathology and diagnostic testing (see Shenk 
1999 for details).  Some additional data/samples were routinely collected for research, forensics, and 
archiving.  Other data/samples were collected based on the circumstances of the death (e.g., photographs, 
video, radiographs, bullet recovery, samples for toxicology or other diagnostic tests, etc.). 
 
 From 1999–2004 the CDOW retained all samples and carcass remains with the exception of 
tissues in formalin for histopathology, brain for rabies exam, feces for parasitology, external parasites for 
ID, and other diagnostic samples.  Since 2005 carcasses are disposed of at the CSUVTH with the 
exception of the lower canine, fecal samples, stomach content samples and tissue or bone marrow 
samples to be delivered by CDOW to the Center for Disease control for plague testing.  The lower canine, 
from all carcasses, is sent to Matson Labs (Missoula, Montana) for aging and the fecal and stomach 
content samples are evaluated for diet.  
 
Reproduction 
 Females were monitored for proximity to males during each breeding season.  We defined a 
possible mating pair as any male and female documented within at least 1 km of each other in breeding 
season through either flight data or snow-tracking data.  Females were then monitored for site fidelity to a 
given area during each denning period of May and June.  Each female that exhibited stationary movement 
patterns in May or June were closely monitored to locate possible dens.  Dens were found when field 
crews walked in on females that exhibited virtually no movement for at least 10 days from both aerial and 
ground telemetry.  
 
 Kittens found at den sites were weighed, sexed and photographed.  Each kitten was uniquely 
marked by inserting a sterile passive integrated transponder (PIT, Biomark, Inc., Boise, Idaho, USA) tag 
subcutaneously between the shoulder blades.  Time spent at the den was minimized to ensure the least 
amount of disturbance to the female and the kittens. Weight, PIT-tag number, sex and any distinguishing 
characteristics of each kitten was also recorded.  Beginning in 2005, blood and saliva samples were 
collected and archived for genetic identification. 
 
 During the den site visits, den site location was recorded as UTM coordinates.  General 
vegetation characteristics, elevation, weather, field personnel, time at the den, and behavioral responses of 
the kittens and female were also recorded.  Once the females moved the kittens from the natal den area, 
den sites were visited again and site-specific habitat data were collected (see Habitat Use section below).   
 
Captures 
 Captures were attempted for either lynx that were in poor body condition or lynx that needed to 
have their radio-collars replaced due to failed or failing batteries or to radio-collar kittens born in 
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Colorado once they reached at least 10-months of age when they were nearly adult size.  Methods of 
recapture included 1) trapping using a Tomahawk™ live trap baited with a rabbit and visual and scent 
lures, 2) calling in and darting lynx using a Dan-Inject CO2 rifle, 3) custom box-traps modified from those 
designed by other lynx researchers (Kolbe et al. 2003) and 4) hounds trained to pursue felids were also 
used to tree lynx and then the lynx was darted while treed.  Lynx were immobilized either with Telazol (3 
mg/kg; modified from Poole et al. 1993 as recommended by M. Wild, DVM) or medetomidine 
(0.09mg/kg) and ketamine (3 mg/kg; as recommended by L. Wolfe, DVM)) administered intramuscularly 
(IM) with either an extendible pole-syringe or a pressurized syringe-dart fired from a Dan-Inject air rifle.   
 
 Immobilized lynx were monitored continuously for decreased respiration or hypothermia.  If a 
lynx exhibited decreased respiration 2mg/kg of Dopram was administered under the tongue; if respiration 
was severely decreased, the animal was ventilated with a resuscitation bag.  If medetomidine/ketamine 
were the immobilization drugs, the antagonist Atipamezole hydrochloride (Antisedan) was administered.  
Hypothermic (body temperature < 95o F) animals were warmed with hand warmers and blankets.   
 
 While immobilized, lynx were fitted with replacement SirtrackTM VHF/satellite collar and blood 
and hair samples were collected.  Once an animal was processed, recovery was expedited by injecting the 
equivalent amount of the antagonist Antisedan IM as the amount of medetomidine given, if 
medetomodine/ketemine was used for immobilization.  Lynx were then monitored while confined in the 
box-trap until they were sufficiently recovered to move safely on their own.  No antagonist is available 
for Telezol so lynx anesthetized with this drug were monitored until the animal recovered on its own in 
the box-trap and then released.  If captured and in poor body condition, lynx were anesthetized with either 
Telezol (2 mg/kg) or medetomodine/ketemine and returned to the Frisco Creek Wildlife Rehabilitation 
Center for treatment.   
 
H A BI T A T USE  
 Gross habitat use was documented by recording canopy vegetation at aerial locations.  More 
refined descriptions of habitat use by reintroduced lynx were obtained through following lynx tracks in 
the snow (i.e., snow-tracking) and site-scale habitat data collection conducted at sites found through this 
method to be used by lynx.  See Shenk (2006) for detailed methodologies. 
 
DI E T A ND H UN T IN G B E H A V I O R 
 Winter diet of reintroduced lynx was estimated by documenting successful kills through snow-
tracking.  Prey species from failed and successful hunting attempts were identified by either tracks or 
remains.  Scat analysis also provided information on foods consumed.  Scat samples were collected 
wherever found and labeled with location and individual lynx identification.  Only part of the scat was 
collected (approximately 75%); the remainder was left in place in the event that the scat was being used 
by the animal as a territory mark.  Site-scale habitat data collected for successful and unsuccessful 
snowshoe hare kills were compared. 
 
SN O WSH O E H A R E E C O L O G Y    
 To further our understanding of snowshoe hare ecology in Colorado, a study was conducted 
comparing snowshoe hare densities among mature stands of Engelmann spruce/subalpine fir, lodgepole 
pine (Pinus contorta) and Ponderosa pine (Pinus ponderosa).  The highest hare densities were found in 
Engelmann spruce/subalpine fir stands and no hares found in Ponderosa pine stands (Zahratka and Shenk 
2008).  A second study was initiated in 2005 to evaluate the importance of young, regenerating lodgepole 
pine and mature Engelmann spruce / subalpine fir stands in Colorado by examining density and 
demography of snowshoe hares that reside in each (Ivan 2005).   
 
 Specifically, this study was designed to evaluate small and medium lodgepole pine stands and 
large spruce/fir stands where the classes “small”, “medium”, and “large” refer to the diameter at breast 
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height (dbh) of overstory trees as defined in the United States Forest Service R2VEG Database (small = 
2.54 12.69 cm dbh, medium = 12.70 22.85 cm, and large = 22.86 40.64 cm dbh; J. Varner, United 
States Forest Service, personal communication).  The study design was also developed to identify which 
of the numerous hare density-estimation procedures available perform accurately and consistently using 
an innovative, telemetry augmentation approach as a baseline.  In addition, movement patterns and 
seasonal use of deciduous cover types such as riparian willow were assessed.  Finally, the study was 
designed to further expound on the relationship between density, demography, and stand-type by 
examining how snowshoe hare density and demographic rates vary with specific vegetation, physical, and 
landscape characteristics of a stand.   
 

R ESU L TS 
 
R E IN T R O DU C T I O N  
E ffort 
 From 1999 through 2006, 218 wild-caught lynx were reintroduced into southwestern Colorado 
(Table 1).  No lynx were released in 2007, 2008 or 2009.  All lynx were released with either VHF or dual 
VHF/satellite radio collars so they could be monitored for movement, reproduction and survival.  The 
CDOW does not plan to release any additional lynx in 2010. 
 
Movement Patterns and Distr ibution 
 Numerous travel corridors were used repeatedly by more than one lynx.  These travel corridors 
include the Cochetopa Hills area for northerly movements, the Rio Grande Reservoir-Silverton-
Lizardhead Pass for movements to the west, and southerly movements down the east side of Wolf Creek 
Pass to the southeast through the Conejos River Valley.  Lynx appear to remain faithful to an area during 
winter months, and exhibit more extensive movements away from these areas in the summer.   
 
 A total of 11,580 aerial and 29,258 satellite locations were obtained from the 218 reintroduced 
lynx, radio-collared Colorado kittens (n = 16) and unmarked lynx captured in Colorado (n = 3) as of 
August 31, 2009.  The majority of these locations were in Colorado (Figure 2).  Some reintroduced lynx 
dispersed outside of Colorado into Arizona, Idaho, Iowa, Kansas, Montana, Nebraska, Nevada, New 
Mexico, South Dakota, Utah and Wyoming (Figure 2).  The majority of surviving lynx from the 
reintroduction effort currently continue to use high elevation (> 2900 m), forested terrain in an area 
bounded on the south by New Mexico north to Independence Pass, west as far as Taylor Mesa and east to 
Monarch Pass.  Most movements away from the Core Release Area were to the north.   
 
Relative Use 
 The lynx use-density surfaces resulting from the fixed kernel analyses provided relative 
probabilities of finding lynx in areas throughout their distribution.  All 218 lynx released in Colorado, all 
radio-collared kittens and 3 captured unmarked adults were located at least once in Colorado.  The 
majority of these lynx remained in Colorado.  Single use density surfaces were calculated for both 
truncated aerial and truncated satellite datasets in Colorado up to March 2007 and presented in Shenk 
(2008).  Relative use-density surfaces were also generated for New Mexico, Wyoming and Utah and 
presented in detail in Shenk (2007).  Aerial and satellite use-density surfaces indicated similar high use-
density areas.  Satellite locations indicated broader spatial use by lynx because satellite collars provided 
more locations than flights. 
 
 A single use-density surface was calculated for the satellite non-truncated dataset from April 
2000-April 2009 (n = 18,240).  The use-density surface was displayed for the satellite non-truncated 
dataset in Colorado (Figure 3) and for all documented use (Figure 4).  The use-density surface for lynx 
use in Colorado indicates two primary areas of use.  The first is the Core Research Area (see Figure 1) 
and a secondary core centered in the Collegiate Peaks Wilderness (Figures 1, 3 and 4).  High use is also 
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documented for 1) the area east of Dillon, on both the north and south sides of I70 and 2) the area north of 
Hwy 50 centered around Gunnison and then north to Crested Butte.  These last 2 high use areas are 
smaller in extent than the 2 core areas.  
 
   
Home Range 
 Reproductive females had the smallest 90% utilization distribution annual home ranges ( x  = 75.2 
km2, SE = 15.9 km2, n = 19), followed by attending males ( x  = 102.5 km2, SE = 39.7 km2, n = 4).  Non-
reproductive females had the largest annual home ranges ( x  = 703.9 km2, SE = 29.8 km2, n = 32) 
followed by non-reproductive males ( x  = 387.0 km2, SE = 73.5 km2, n = 6).  Combining all non-
reproductive animals yielded a mean annual home range of 653.8 km2 (SE = 145.4 km2, n = 38).   
 
Survival  
 Detailed analysis of lynx mortality was completed and described in Devineau et al. 2009a (in 
review) to evaluate how the different release protocols used to reintroduce lynx in Colorado (Shenk 2001) 
affected mortality within the first year post-release.  Average monthly mortality in the study area during 
the first year decreased with time in captivity from 0.205 [95% CI 0.069, 0.475] for lynx having spent up 
to 7 days in captivity to 0.028 [95% CI 0.012, 0.064] for lynx spending > 45 days in captivity before 
release (Devineau et al. 2009).  The results also suggest that keeping lynx in captivity beyond 5 or 6 
weeks accrued little benefit in terms of monthly survival.  On a monthly average basis, lynx were as likely 
to move out (probability = 0.196, SE=0.032) as well as back on (probability = 0.143, SE=0.034) the 
reintroduction area during the first year after release.  Mortality was 1.6x greater outside of the study area.   
 
 Detailed analysis of lynx mortality over the first 10 years post-reintroduction was completed and 
described in Devineau et al. 2009b (in review).  In summary, monthly mortality rate was lower inside the 
study area than outside, and slightly higher for male than for female lynx, although 95% confidence 
intervals for sexes overlapped.  Mortality was higher immediately after release (first month = 0.0368 [SE 
= 0.0140]; inside the study area, and 0.1012 [SE = 0.0359] outside the study area), and then decreased 
according to a quadratic trend over time.   
 
 As of August 31, 2009, CDOW was actively monitoring/tracking 37 of the 100 lynx still possibly 
alive (Table 2).  There are 61 lynx that we have not heard signals on since at least August 31, 2008 and 
these animals are classified as ‘missing’ (Table 2).  One of these missing lynx is a mortality of unknown 
identity, thus only 60 are truly missing.  Possible reasons for not locating these missing lynx include 1) 
long distance dispersal, beyond the areas currently being searched, 2) radio failure, or 3) destruction of 
the radio (e.g., run over by car).  CDOW continues to search for all missing lynx during both aerial and 
ground searches.  Two of the missing lynx released in 2000 are thought to have slipped their collars. 
 
Mortality Factors 
 Of the total 218 adult lynx released, we have 118 known mortalities as of August 31, 2009 (Table 
2).  Starvation was a significant cause of mortality in the first year of releases only.  The primary known 
causes of death included 29.7% human-induced deaths which were confirmed or probably caused by 
collisions with vehicles or gunshot (Table 3).  Malnutrition and disease/illness accounted for 18.6% of the 
deaths.  An additional 37.3% of known mortalities were from unknown causes.   
 
 Mortalities occurred throughout the areas through which lynx moved, with 26.3% (n=31) 
occurring outside of Colorado.  The out of state mortalities included 14 in New Mexico, 5 in Utah, 4 in 
Wyoming and Nebraska, and 1 each in Arizona, Kansas, Iowa and Montana (Figure 2, Table 4).   
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Reproduction 
 Reproduction was first documented in 2003 when 6 dens and a total of 16 kittens were found in 
the lynx Core Release Area in southwestern Colorado.  Reproduction was also documented in 2004, 
2005, 2006  and 2009.  No dens were found in 2007 or 2008 (Table 5).   
 
 Field crews weighed, photographed, PIT-tagged the kittens and checked body condition.  
Beginning in 2005, we also collected blood samples from the kittens for genetic work in an attempt to 
confirm paternity Kittens were processed as quickly as possible (11-32 minutes) to minimize the time the 
kittens were without their mother.  While working with the kittens the females remained nearby, often 
making themselves visible to the field crews.  The females generally continued a low growling 
vocalization the entire time personnel were at the den.  In all cases, the female returned to the den site 
once field crews left the area.  At all dens the females appeared in excellent condition, as did the kittens.  
The kittens weighed from 270-500 grams.  Lynx kittens weigh approximately 200 grams at birth and do 
not open their eyes until they are 10-17 days old. 
 
 The percent of tracked females found with litters in 2006 was lower (0.095) than in the 3 previous 
years (0.413, SE = 0.032, Table 5).  However, all demographic and habitat characteristics measured at the 
4 dens that were found in 2006 were comparable to all other dens found.  Mean number of kittens per 
litter from 2003-2006 was 2.78 (SE = 0.05) and sex ratio of females to males was equal ( x  = 1.14, SE = 
0.14).  More details of reproduction in 2003-06 were presented in Shenk (2007).  No dens were found in 
either 2007 or 2008, even though up to 34 adult females were monitored intensively during the denning 
period (Table 5).  In 2009, 22.7% of females being monitored (n = 22) had dens.  Two kittens were found 
at each of these 5 dens, a decrease in the mean of 2.78 (SE= 0.05) kittens per litter found in other years.  
Sex ratio was also more biased towards female kittens in 2009 (0.4) than found in previous years. 
 
 Den Sites.-- A total of 42 dens were found from 2003-2009.  All of the dens except one have been 
scattered throughout the high elevation areas of Colorado, south of I-70.  In 2004, 1 den was found in 
southeastern Wyoming, near the Colorado border.  Habitat measurements conducted through 2006 (n=37) 
document that dens were located on steep ( x slope = 30o , SE=2o), north-facing, high elevation ( x  = 3354 
m, SE = 31 m) slopes.  The dens were typically in Engelmann spruce/subalpine fir forests in areas of 
extensive downfall of coarse woody debris (Shenk 2006).  All dens (n = 42) were located within the 
winter use areas used by the females.   
 
Captures 
 Two adult lynx were captured in 2001 for collar replacement.  One lynx was captured in a 
tomahawk live-trap, the other was treed by hounds and then anesthetized using a jab pole.  Five adult lynx 
were captured in 2002; 3 were treed by hounds and 2 were captured in padded leghold traps.  In 2004, 1 
lynx was captured with a Belisle snare and 6 adult lynx were captured in box-traps.  Trapping effort was 
substantially increased in winter and spring 2005 and 12 adult lynx were captured and re-collared.  Eight 
reintroduced lynx were captured in winter and spring 2006.  In 2007, 11 reintroduced adult lynx were 
captured and re-collared; 10 in 2008 and 11 in 2009.  All lynx captured in Colorado from 2005-
20089were caught in box-traps.   
 
 In addition, as part of the collaring trapping effort, 16 Colorado-born kittens were captured and 
collared at approximately 10-months of age.  Seven 2004-born kittens were collared in spring 2005; 7 
2005-born kittens were collared in spring 2006; and 1 2004- and 1 2005 born kitten were first captured 
and collared in 2009.  We also, captured 3 adults (approximate age 2 years old) in winters 2006-09 that 
had no PIT-tags or radio collars.  We assume these 3 lynx were from litters born in Colorado that were 
never found at dens (i.e., why there were no PIT-tags).  All lynx captured for collaring or re-collaring 
were fitted with new Sirtrack TM dual VHF/satellite collars and re-released at their capture locations. 
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 Seven adult lynx were captured from March 1999-August 31, 2009 because they were in poor 
body condition (Table 6).  Five of these lynx were successfully treated at the Frisco Creek Rehabilitation 
Center and re-released in the Core Release Area.  One lynx, BC00F07, died from starvation and 
hypothermia within 1 day of capture at the rehabilitation center.  Lynx QU04M07 died 3 days after 
capture at the rehabilitation center.  Necropsy results documented starvation as the cause of death for this 
lynx that was precipitated by hydrocephalus and bronchopneumonia (unpublished data T. Spraker, 
CSUVTH).   
 
 Seven lynx were captured (either by CDOW personnel or conservation personnel in other states) 
because they were in atypical habitat outside the state of Colorado (Table 6).  They were held at Frisco 
Creek Rehabilitation Center for a minimum of 3 weeks, fitted with new Sirtrack TM dual VHF/satellite 
collars and re-released in the Core Release Area in Colorado.  Five of these 7 lynx were still alive 6 
months post-re-release but 3 had already dispersed out of Colorado and 1 stayed in Colorado through 
August 31, 2009.  Two of these lynx died within 6 months of re-release: 1 died of starvation in Colorado 
and the other died of unknown causes in Nebraska.  One lynx captured out of state and re-released 
currently remains in Colorado.  
 
H A BI T A T USE  
 Landscape-scale daytime habitat use was documented from 9496 aerial locations of lynx 
collected from February 1999-June 30, 2007.  Throughout the year Engelmann spruce - subalpine fir was 
the dominant cover used by lynx.  A mix of Engelmann spruce, subalpine fir and aspen (Populus 
tremuloides) was the second most common cover type used throughout the year.  Various riparian and 
riparian-mix areas were the third most common cover type where lynx were found during the daytime 
flights.  Use of Engelmann spruce-subalpine fir forests and Engelmann spruce-subalpine fir-aspen forests 
was similar throughout the year.  There was a trend in increased use of riparian areas beginning in July, 
peaking in November, and dropping off December through June. 
 
 Site-scale habitat data collected from snow-tracking efforts indicate Engelmann spruce and 
subalpine fir were also the most common forest stands used by lynx for all activities during winter in 
southwestern Colorado.  Comparisons were made among sites used for long beds, dens, travel and where 
they made kills.  Little difference in aspect, mean slope and mean elevation were detected for 3 of the 4 
site types including long beds, travel and kills where lynx typically use gentler slopes  ( x  = 15.7o ) at an 
mean elevation of 3173 m, and varying aspects with a slight preference for north-facing slopes.  See 
Shenk (2006) for more detailed analyses of habitat use. 
 
DI E T A ND H UN T IN G B E H A V I O R 
 Winter diet of lynx was documented through detection of kills found through snow-tracking.  
Prey species from failed and successful hunting attempts were identified by either tracks or remains.  Scat 
analysis also provided information on foods consumed.  A total of 604 kills were located from February 
1999-April 2009.  We collected over 990 scat samples from February 1999-April 2009 that will be 
analyzed for content.  In each winter, the most common prey item was snowshoe hare, followed by red 
squirrel (Tamiusciurus hudsonicus; Table 7).  The percent of snowshoe hare kills found however, varied 
annually from a low of 30.4% in 2009 to a high of 90.77% in winter 2002-2003.  An annual mean of 
69.39% (SE = 5.6) snowshoe hare kills in the diet has been documented. 
 
 A comparison of percent overstory for successful and unsuccessful snowshoe hare chases 
indicated lynx were more successful at sites with slightly higher percent overstory, if the overstory 
species were Englemann spruce, subalpine fir or willow.  Lynx were slightly less successful in areas of 
greater aspen overstory.  This trend was repeated for percent understory at all 3 height categories except 
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that higher aspen understory improved hunting success.  Higher density of Engelmann spruce and 
subalpine fir increased hunting success while increased aspen density decreased hunting success. 
 
SN O WSH O E H A R E E C O L O G Y  
 Three years of a 3-year study to evaluate snowshoe hare densities, demography and seasonal 
movement patterns among small and medium tree-sized lodgepole pine stands and mature spruce/fir 
stands have been completed and preliminary results presented (see Appendix I). 

 
D ISC USSI O N 

 
 In an effort to establish a viable population of lynx in Colorado, CDOW initiated a reintroduction 
effort in 1997 with the first lynx released in winter 1999.  From 1999 through spring 2006, 218 lynx were 
released in the Core Release Area.   
 
 Locations of each lynx were collected through aerial- or satellite-tracking to document movement 
patterns and to detect mortalities.  Most lynx remain in the high elevation, forested areas in southwestern 
Colorado.  The use-density surfaces for lynx use in Colorado indicate two primary areas of use.  The first 
is the Core Research Area (see Figure 1) and a secondary core centered in the Collegiate Peaks 
Wilderness (Figures 1, 3, 4).  High use is also documented for 1) the area east of Dillon, on both the north 
and south sides of I70 and 2) the area north of Hwy 50 centered around Gunnison and then north to 
Crested Butte.  These last 2 high use areas are smaller in extent than the 2 core areas.  
 
 Dispersal movement patterns for lynx released in 2000 and subsequent years were similar to those 
of lynx released in 1999 (Shenk 2000).  However, more animals released in 2000 and subsequent years 
remained within the Core Release Area than those released in 1999.  This increased site fidelity may have 
been due to the presence of con-specifics in the area on release.  Numerous travel corridors within 
Colorado have been used repeatedly by more than 1 lynx. These travel corridors include the Cochetopa 
Hills area for northerly movements, the Rio Grande Reservoir-Silverton-Lizardhead Pass for movements 
to the west, and southerly movements down the east side of Wolf Creek Pass to the southeast to the 
Conejos River Valley.   
 
 Lynx appear to remain faithful to an area during winter months, and exhibit more extensive 
movements away from these areas in the summer.  Reproductive females had the smallest 90% utilization 
distribution home ranges ( x  = 75.2 km2, SE = 15.9 km2), followed by attending males ( x  = 102.5 km2, 
SE = 39.7 km2) and non-reproductive animals ( x  = 653.8 km2, SE = 145.4 km2).  Most lynx currently 
being tracked are within the Core Release Area.  During the summer months, lynx were documented to 
make extensive movements away from their winter use areas.  Extensive summer movements away from 
areas used throughout the rest of the year have been documented in native lynx in Wyoming and Montana 
(Squires and Laurion 1999).   
 
 Current data collection methods used for the Colorado lynx reintroduction program were not 
specifically designed to address the reintroduced lynx movements or use of areas in other states.  In 
particular, the core research and release area were in Colorado.  Therefore, the number of aerial locations 
obtained would be far fewer in other states than in Colorado which would bias low the number of lynx 
and intensity of lynx use documented outside the state.  In contrast, obtaining satellite locations is not 
biased by the location of the lynx.  Satellite locations are, however, biased by the shorter time the satellite 
transmitters function, approximately 18 months versus 60 months for the VHF transmitters used to obtain 
the aerial locations.  However, data collected to meet objectives of the lynx reintroduction program were 
used to provide information to help address the question of lynx use outside of Colorado.  Due to the 
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rarity of flights conducted outside Colorado, only use-density surfaces generated from satellite locations 
were used to document relative lynx use of areas in New Mexico, Utah and Wyoming.   
 
 New Mexico and Wyoming have been used continuously by lynx since the first year lynx were 
released in Colorado (1999) to the present.  Lynx reintroduced in Colorado were first documented in Utah 
in 2000 and are still being documented there to date.  In addition, all levels of lynx use-density 
documented throughout Colorado are also represented in New Mexico, Utah and Wyoming from none to 
the highest level of use (Shenk 2007).  One den was found in Wyoming.  Although no reproduction has 
been documented in New Mexico or Utah to date, documenting areas of the highest intensity of use and 
the continuous presence of lynx within these states for over six years does suggest the potential for year-
round residency of lynx and reproduction in those states.   
 
 From 1999-August 2009, there were 118 mortalities of released adult lynx.  Human-caused 
mortality factors are currently the highest causes of death with approximately 29.7% attributed to 
collisions with vehicles or gunshot.  Starvation and disease/illness accounted for 18.6% of the deaths 
while 37.3% of the deaths were from unknown causes.  Lynx mortalities were documented throughout all 
areas lynx used, including 31 (26.3%) occurring in other states (Figure 2, Table 3).  Nearly half (14 of 30) 
of the out-of-state mortalities were documented in New Mexico.   
 
 Detailed analysis of lynx mortality was completed and described in Devineau et al. 2009a to 
evaluate how the different release protocols used to reintroduce lynx in Colorado (Shenk 2002) affected 
mortality within the first year post-release.  Average monthly mortality in the study area during the first 
year decreased with time in captivity from 0.205 [95% CI 0.069, 0.475] for lynx having spent up to 7 
days in captivity to 0.028 [95% CI 0.012, 0.064] for lynx spending > 45 days in captivity before release 
(Devineau et al. 2009a).  The results also suggest that keeping lynx in captivity beyond 5 or 6 weeks 
accrued little benefit in terms of monthly survival.  On a monthly average basis, lynx were as likely to 
move out (probability = 0.196, SE=0.032) as well as back on (probability = 0.143, SE=0.034) the 
reintroduction area during the first year after release.  Mortality was 1.6x greater outside of the study area 
suggesting that permanent emigration and differential mortality rates on and off reintroduction areas 
should be factored into sample size calculations for an effective reintroduction effort.  A post-release 
monitoring plan is critical to providing information to assess aspects of release protocols in order to 
improve the survival of individuals.  Future lynx, as well as other carnivore reintroductions, may use our 
results to help design reintroduction programs including both their release and post-release monitoring 
protocols. 
 
 Over the 10 years of the reintroduction effort, monthly mortality rate was lower inside the study 
area than outside, and slightly higher for male than for female lynx, although 95% confidence intervals 
for sexes overlapped (Devineau et al. 2009b).  Mortality was higher immediately after release (first month 
= 0.0368 [SE = 0.0140] inside the study area, and 0.1012 [SE = 0.0359] outside the study area), and then 
decreased according to a quadratic trend over time (Devineau et al. 2009, in review).   
 
 Reproduction is critical to achieving a self-sustaining viable population of lynx in Colorado.  
Reproduction was first documented from the 2003 reproduction season and again in 2004, 2005 and 2006.  
Lower reproduction occurred in 2006 (Table 5) but did include a Colorado-born female giving birth to 2 
kittens, documenting the first recruitment of Colorado-born lynx into the Colorado breeding population.  
No reproduction was documented in 2007 or 2008.  The cause of the decreased reproduction from 2006 -
08 is unknown.  One possible explanation would be a decrease in prey abundance.  Reproduction was 
again observed in 2009 with 5 dens and 10 kittens found in Colorado.  Litter size was smaller than 
previously documented with only2 kittens found in each litter in comparison to a mean of 2.78 found in 
previous years.  In addition, a sex bias towards female kittens was evident in 2009 which was not evident 
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in prior years.  Two litters found in 2009 had both parents born in Colorado, resulting in the first 
documented third generation Colorado lynx from the reintroduction. 
 
 Additional reproduction is likely to have occurred in all years from females we were no longer 
tracking, and from Colorado-born lynx that have not been collared.  The dens we find are more 
representative of the minimum number of litters and kittens in a reproduction season.  To achieve a viable 
population of lynx, enough kittens need to be recruited into the population to offset the mortality that 
occurs in that year and hopefully even exceed the mortality rate to achieve an increasing population. 
 
 The use-density surfaces depict intensity of use by location.  Why certain areas would be used 
more intensively than others should be explained by the quality of the habitat in those areas.  
Characteristics of areas used by lynx, as documented through aerial locations and snow-tracking of lynx 
in the Colorado core research area, include mature Engelmann spruce-subalpine fir forest stands with 42-
65% canopy cover and 15-20% conifer understory cover (Shenk 2006).  Within these forest stand types, 
lynx appear to have a slight preference for north-facing, moderate slopes ( x  = 15.7°) at high elevations (
x  = 3173 m; Shenk 2006).   
 
 Snow-tracking of released lynx also provided information on hunting behavior and diet through 
documentation of kills, food caches, chases, and diet composition estimated through prey remains.  The 
primary winter prey species (n = 604) were snowshoe hare (Table 7) with an annual x  = 69.4% (SE = 
5.6, n = 11) and red squirrel (annual x  = 22.6.2%, SE = 5.7, n = 11).  Thus, areas of good habitat must 
also support populations of snowshoe hare and red squirrel.  In winter, lynx reintroduced to Colorado 
appear to be feeding on their preferred prey species, snowshoe hare and red squirrel in similar proportions 
as those reported for northern lynx during lows in the snowshoe hare cycle (Aubry et al. 1999).  
Environmental conditions in the springs and summers of 2003, 2006 and 2008 resulted in high cone crops 
during their following winters based on field observations, resulting in increased red squirrel abundance.  
This may partially explain the higher percent of red squirrel kills, and thus a lower percent of snowshoe 
hare kills, found in winters 2003-04, 2006-07 and 2008-09 (Table 7).  
 
 Caution must be used in interpreting the proportion of identified kills.  Such a proportion ignores 
other food items that are consumed in their entirety and thus are biased towards larger prey and may not 
accurately represent the proportion of smaller prey items, such as microtines, in lynx winter diet.  
Through snow-tracking we have evidence that lynx are mousing and several of the fresh carcasses have 
yielded small mammals in the gut on necropsy.  The summer diet of lynx has been documented to include 
less snowshoe hare and more alternative prey than in winter (Mowat et al., 1999).  All evidence suggests 
reintroduced lynx are finding adequate food resources to survive. 
 
 Mowat et al. (1999) suggest lynx and snowshoe hare select similar habitats except that hares 
select more dense stands than lynx.  Very dense understory limits hunting success of the lynx and 
provides refugia for hares.  Given the high proportion of snowshoe hare in the lynx diet in Colorado, we 
might then assume the habitats used by reintroduced lynx also depict areas where snowshoes hare are 
abundant and available for capture by lynx in Colorado.  From both aerial locations taken throughout the 
year and from the site-scale habitat data collected in winter, the most common areas used by lynx are in 
stands of Engelmann spruce and subalpine fir. This is in contrast to adjacent areas of Ponderosa pine, 
pinyon juniper, aspen and oakbrush.  The lack of lodgepole pine in the areas used by the lynx may be 
more reflective of the limited amount of lodgepole pine in southwestern Colorado, the Core Release Area, 
rather than avoidance of this tree species.   
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 Hodges (1999) summarized habitats used by snowshoe hare from 15 studies as areas of dense 
understory cover from shrubs, stands that are densely stocked, and stands at ages where branches have 
more lateral cover.  Species composition and stand age appears to be less correlated with hare habitat use 
than is understory structure (Hodges 1999).  The stands need to be old enough to provide dense cover and 
browse for the hares and cover for the lynx.  In winter, the cover/browse needs to be tall enough to still 
provide browse and cover in average snow depths. Hares also use riparian areas and mature forests with 
understory.  Site-scale habitat use documented for lynx in Colorado indicate lynx are most commonly 
using areas with Engelmann spruce understory present from the snow line to at least 1.5 m above the 
snow.  The mean percent understory cover within the habitat plots is typically less than 15% regardless of 
understory species.  However, if the understory species is willow, percent understory cover is typically 
double that, with mean number of shrubs per plot approximately 80, far greater than for any other 
understory species.   
 
 In winter, hares browse on small diameter woody stems (<0.25"), bark and needles.  In summer, 
hares shift their diet to include forbs, grasses, and other succulents as well as continuing to browse on 
woody stems.  This shift in diet may express itself in seasonal shifts in habitat use, using more or denser 
coniferous cover in winter than in summer.  The increased use of riparian areas by lynx in Colorado from 
July to November may reflect a seasonal shift in hare habitat use in Colorado.  Major (1989) suggested 
lynx hunted the edge of dense riparian willow stands.  The use of these edge habitats may allow lynx to 
hunt hares that live in habitats normally too dense to hunt effectively.  The use of riparian areas and 
riparian-Engelmann spruce-subalpine fir and riparian-aspen mixes documented in Colorado may stem 
from a similar hunting strategy.  However, too little is known about habitat use by hares in Colorado to 
test this hypothesis at this time.  
 
 Lynx also require sufficient denning habitat.  Denning habitat has been described by Koehler 
(1990) and Mowat et al. (1999) as areas having dense downed trees, roots, or dense live vegetation.  We 
found this to be in true in Colorado as well (Shenk 2006).  In addition, the dens used by reintroduced lynx 
were at high elevations and on steep north-facing slopes.  All females that were documented with kittens 
denned in areas within their winter-use area. 
 

F U T UR E ST UDI ES 
 

Monitoring of individuals through telemetry continues in an effort to document the viability of 
the reintroduced lynx population.  However, as time since release increases, battery failure of telemetry 
collars also increases resulting in fewer released animals having working collars.  In addition, few 
Colorado-born lynx have been captured and fitted with telemetry collars.  Although trapping efforts have 
been conducted in earnest since 2003 to capture and fit animals with working telemetry collars, we have 
not been able to collar a sufficient number of animals throughout the state to document the status and 
trends of lynx distribution and demography throughout Colorado from these collared animals.  The extent 
of lynx dispersal and current distribution beyond the Core Research Area and the difficulty of trapping 
lynx in all areas they inhabit, particularly large tracts of wilderness, requires redesigning our sampling 
and monitoring efforts to provide valid estimates of lynx distribution.  Exploring occupancy modeling 
using non-invasive techniques may be a feasible alternative for ascertaining trends in population status 
and forming a basis for a large scale area monitoring program 

 
Therefore, we propose that monitoring lynx distribution would consist of 3 potential primary 

objectives to document the extent, stability and potential distribution of lynx (at the species and individual 
level) in Colorado.  To estimate patterns in lynx distribution in Colorado a monitoring program could be 
developed that will: 1) annually estimate the spatial distribution of lynx in the core area and assess 
changes in lynx distribution over time; 2) detect colonization or expansion of lynx into other portions of 
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the state, and 3) determine whether distribution or persistence are associated with habitat features, 
measured at the landscape-scale (stand age or composition).   

 
In order to design the most efficient statewide monitoring program, however, we will first 

evaluate the detection probabilities and efficacy of 3 methods of detection.  These include snow-tracking, 
hair snares and camera surveillance.  All of these methods can be conducted with minimal (camera 
surveillance or collection of hair) or non-invasive approaches (collection of scat samples) to individual 
animals.  A pilot study will be conducted first to establish the most valid, efficient method to estimate the 
distribution and persistence of lynx. (see Appendix II for the detailed study plan).   

 
Information from the pilot study will then be used to design the most efficient strategy to meet the 

objectives of larger-scale monitoring programs to detect changes in lynx persistence and distribution as a 
foundation for assessing whether lynx have become established and will persist in Colorado.  First, a 
minimally invasive monitoring program will be designed and implemented within the Core Research 
Area to describe lynx distribution and distribution trends in this area.  A statewide plan could then be 
implemented to describe lynx distribution and distribution trends throughout Colorado.  This monitoring 
protocol could result in the development of a standardized methodology that might be used by multiple 
entities to monitor the status of lynx throughout their range in North America.   

 
 

SU M M A R Y  
 
 From results to date it can be concluded that CDOW developed release protocols that ensure high 
initial post-release survival of lynx, and on an individual level, lynx demonstrated they can survive long-
term in areas of Colorado.  We also documented that reintroduced lynx exhibited site fidelity, engaged in 
breeding behavior and produced kittens that were recruited into the Colorado breeding population.  What 
is yet to be demonstrated is whether current conditions in Colorado can support the recruitment necessary 
to offset annual mortality in order to sustain the population.  Monitoring of reintroduced lynx will 
continue in an effort to document such viability. 
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Table 1.  Number of wild-caught male (M) and female (F) Canada lynx (Lynx canadensis) from Alaska 
(AK) and Canada (BC = British Columbia, MB = Manitoba, QU = Quebec and YK = Yukon) released in 
southwestern Colorado per year from 1999–2006.  

Year %Released Sex 
State / Province of Origin  Total 

AK BC MB QU YK  

1999 19 
F 13 5   4 22 

M 7 6   6 19 

2000 25 
F 6 9   20 35 

M 4 9   7 20 

2003 15 
F  10  7  17 

M  10 1 5  16 

2004 17 
F  7  10  17 

M  13  7  20 

2005 17 
F  4 3 8 3 18 

M  9  8 3 20 

2006 6 
F  4   3 7 

M  5   2 7 

Total 30 91 4 45 48 218 
 
 
Table 2.  Status of adult Canada lynx (Lynx canadensis) reintroduced to Colorado as of August 31, 2009. 
Lynx Females 

 
 
 
 

Males Unknown TOTALS 
Released 
 
 
 
 
 
 

115 103  218 
Known Dead 65 52 1 118 
Possible Alive 50 51  100 
Missing 27 35  61a 
Monitoring/tracking 20 17  37 
a 1 is unknown mortality 
 
 
Table 3.  Causes of death for all Canada lynx (Lynx canadensis) released into southwestern Colorado 
1999-2006 as of August 31, 2009.  

Cause of Death Mortalities 
Total (%) In Colorado (%) Outside Colorado (%) 

Unknown  44 (37.3) 29 (24.6) 15 (12.7) 
Gunshot 16 (13.6) 10 (8.5) 6 (5.1) 
Hit by Vehicle 14 (11.9) 9 (7.6) 5 (4.2) 
Starvation 12 (10.2) 11 (9.3) 1 (0.8) 
Other Trauma 8 (6.8) 7 (5.9) 1 (0.8) 
Plague 7 (5.9) 7 (5.9) 0 (0) 
Predation 6 (5.1) 6 (5.1) 0 (0) 
Probable Gunshot 5 (4.2) 4 (3.4) 1 (0.8) 
Probable Predation 3 (2.5) 2 (1.7) 1 (0.8) 
Illness 3 (2.5) 2 (1.7) 1 (0.8) 
Total Mortalities 118 87 (73.7) 31 (26.3) 
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Table 4.  Known lynx mortalities (n = 31) and causes of death documented by state outside of Colorado 
from February 1999 – August 31, 2009.   

Lynx ID State Date Mortality Recorded Cause of Death 
AK99F8 New Mexico 7/30/1999 Starvation 
Unknown New Mexico 2000 Hit by Vehicle 
AK99M11 New Mexico 1/27/2000 Unknown 
YK99M06 New Mexico 6/19/2000 Probable Gunshot 
AK99F13 New Mexico 6/22/2000 Unknown 
YK00F04 New Mexico 4/20/2001 Gunshot 
BC99M04 New Mexico 6/7/2002 Gunshot 
QU05M01 New Mexico 8/22/2005 Unknown 
QU04F05 New Mexico 8/26/2005 Hit by Vehicle 
QU03F07 New Mexico 9/15/2005 Unknown 
BC00M04 New Mexico 7/19/2006 Unknown 
YK06F01 New Mexico 10/19/2006 Unknown 
BC03M08 New Mexico 10/19/2006 Unknown 
BC06F07 New Mexico 1/8/2007 Gunshot 
AK99M06 Nebraska 11/16/1999 Gunshot 
AK99M01 Nebraska 1/11/2005 Snared (Other Trauma) 
QU05M08 Nebraska 10/1/2006 Unknown 
MB05F02 Nebraska 2/13/2007 Gunshot 
BC00F14 Wyoming 7/28/2004 Unknown 
QU04F07 Wyoming 9/21/2004 Unknown 
BC06M10 Wyoming 8/15/2006 Vehicle Collision 
QU04F02 Wyoming 3/14/2007 Unknown 
AK00M03 Utah 7/2/2001 Unknown 
QU05M03 Utah 10/26/2005 Unknown 
YK06M01 Utah 12/4/2006 Unknown 
YK00F07 Utah 8/6/2007 Unknown 
BC06M13 Utah 12/11/08 Unknown 
YK99F01 Arizona 9/15/2005 Gunshot 
YK00M03 Kansas 9/30/2005 Vehicle Collision 
YK05M03 Montana 11/8/2005 Unknown 

 
 

YK05M02 Iowa 8/6/2007 Vehicle Collision 
 
 
Table 5.  Lynx reproduction summary statistics for 1999-2009. No reproduction was expected in 1999 
because it was the first year of lynx releases and most animals were released after breeding season.   

Year 
 

Females 
Tracked 

Dens Found 
in May/June 

Percent 
Tracked 
Females 

with Kittens 

Additional 
Litters 

Found in 
Winter 

Mean  
Kittens/Litter 

(SE) 

Total 
Kittens 
Found 

Sex Ratio 
M/F (SE) 

2000 9 0 0.0 0  0  
2001 25 0 0.0 0  0  
2002 21 0 0.0 0  0  
2003 17 6 35.3 0 2.67 (0.33) 16 1.0 
2004 26 11 46.2 2 2.83 (0.24) 39 1.5 
2005 40 17 42.5 1 2.88 (0.18) 50 0.8 
2006 42 4 9.5 0 2.75 (0.47) 11 1.2 
2007 34 0 0.0 0  0  
2008 28 0 0.0 0  0  
2009 22 5 22.7 - 2.00 (0.00) 10 0.4 

TOTAL
/MEAN     2.63(0.16) 126 0.98 (0.18) 
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Table 6.  Lynx captured because they were in poor body condition or were in atypical habitat and their 
fates 6 months post re-release and as of August 31, 2009. 

Lynx ID Date of Capture State Where Captured Reason For Capture Date of 
Re-release 

Status 6 Months Post 
Re-release 

BC99F6 3/25/1999 Colorado Poor body condition 5/28/1999 Dead 
AK99M9 3/24/2000 Colorado Poor body condition 5/3/2000 Missing 
AK99F2 4/18/2000 Colorado Poor body condition 5/22/2000 Alive in Colorado 
BC00F7 2/11/2001 Colorado Poor body condition N/A Dead 

BC00M13 3/21/2001 Wyoming Poor body condition 4/24/2001 Alive in Colorado 
BC03M08 9/5/2003 Colorado Poor body condition 1/1/2004 Alive in Colorado 
QU04M07 2/2/2006 Colorado Poor body condition N/A Dead 
BC04M01 11/5/2004 Utah Atypical habitat 12/5/2004 Alive in Colorado 
QU04F02 4/10/2005 Nebraska Atypical habitat 5/7/2005 Alive in Wyoming 
QU05M08 11/25/2005 Wyoming Atypical habitat 4/18/2006 Dead 
QU04M04 12/5/2006 Utah Atypical habitat 1/20/2007 Dead in Colorado 
YK00F07 12/12/2006 Utah Atypical habitat 1/20/2007 Alive in Utah 
YK05M02 1/1/2007 Kansas Atypical habitat 2/2/2007 Alive in Iowa 
BC04M08 1/22/2007 Wyoming Atypical habitat 2/15/2007 Alive in Colorado 

 
 
Table 7.  Number of kills found each winter field season through snow-tracking of lynx and percent 
composition of kills of the three primary prey species. 

 
Field Season 

 
n 

Prey (%) 
Snowshoe Hare Red Squirrel Cottontail Other 

1999 9 55.56 22.22 0 22.22 
1999-2000 83 67.47 19.28 1.20 12.05 
2000-2001 89 67.42 19.10 8.99 4.49 
2001-2002 54 90.74 5.56 0 3.70 
2002-2003 65 90.77 6.15 0 3.08 
2003-2004 37 67.57 27.03 2.70 2.70 
2004-2005 78 83.33 10.26 0 6.41 
2005-2006 50 90.00 0.08 0 0.02 
2006-2007 41 61.00 39.0 0 0 
2007-2008 42 59.00 33.3 0 7.4 
2008-2009 56 30.4 66.1 0 3.5 
Total/Mean 604 69.39 (SE=5.6) 22.55 (SE=5.7) 1.17 (SE=0.82) 5.96 (SE=1.92) 

((SE=1.(SE=1.922) 
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Figure 1.  Lynx are monitored throughout Colorado and by satellite throughout the western United States.  The lynx core release area, where all 
lynx were released, is located in southwestern Colorado (outlines in white).  A lynx-established core use area has developed in the Taylor Park and 
Collegiate Peak area in central Colorado. 
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Figure 2.  All documented lynx locations (non-truncated datasets) obtained from either aerial (red circles) or satellite (yellow circles) tracking from 
February 1999 through August 31, 2009  All known lynx mortality locations (n = 112) are displayed as black stars.   
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Figure 3.  Use-density surface for lynx satellite locations (non-truncated dataset) in Colorado from April 2000-April 2009. 
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Figure 4.  Use-density surface for lynx satellite locations (non- truncated dataset) in Colorado from April 2000-April 2009 
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All information in this report is preliminary and subject to further evaluation.  Information M A Y 
N O T B E PUB L ISH E D O R Q U O T E D without permission of the author .  Manipulation of these 

data beyond that contained in this report is discouraged. 
 
 A BST R A C T 
 
 A program to reintroduce the threatened Canada lynx (Lynx canadensis) into Colorado was 
initiated in 1997.  Analysis of scat collected from winter snow tracking indicates that snowshoe hares 
(Lepus americanus) comprise 65–90% of the winter diet of reintroduced lynx in most winters.  Thus, 
existence of lynx in Colorado and success of the reintroduction hinge at least partly on maintaining 
adequate and widespread hare populations.  Beginning in July 2006, I initiated a study to assess the 
relative value of 3 stand types for providing hare habitat in Colorado.  These types include mature, 
uneven-aged spruce/fir forests, sapling lodgepole pine forests (“small lodgepole”), and pole-sized 
lodgepole pine forests (“medium lodgepole”).  Estimates and comparisons of survival, recruitment, finite 
population growth rate, and maximum (late summer) and minimum (late winter) snowshoe hare densities 
for each stand will provide the metrics for assessing these stands.   
 
 Snowshoe hare densities on the study area are low compared to densities reported elsewhere.  
Within the study area, hare densities during summer were generally highest in small lodgepole stands, 
followed by mature spruce/fir and medium lodgepole, respectively.  Absolute hare densities declined 
considerably in summer 2007 and rebounded only slightly during summer 2008.  Hare density in small 
and medium lodgepole stands equalized during winters.  However, as with summer, overall density was 
much lower during the second winter compared to the first and rebounded somewhat during the last 
winter.   
 
 Hare survival from summer to winter was relatively high whereas winter to summer survival is 
quite low.  Survival does not appear to differ between stand types or years, although a much more 
thorough analysis that will include known-fate telemetry data is forthcoming.  This combined analysis 
will provide a final winter-summer estimate, will bring much more information to bear on the estimation 
process, and should increase precision of all estimates by a fair amount. 
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W I L DI F E R ESE A R C H R EPO R T 
 

D E NSI T Y A ND SUR V I V A L O F SN O WSH O E H A R ES IN T A Y L O R PA R K A ND PI T K IN 
 

JA C O B S. I V A N 
 

P. N . O BJE C T I V E 
 

 Assess the relative value of 3 stand types (mature spruce/fir, sapling lodgepole, pole-sized lodgepole) that 
purportedly provide high quality hare habitat by estimating survival, recruitment, finite population growth 
rate, and maximum (late summer) and minimum (late winter) snowshoe hare densities for each type.   
 

SE G M E N T O BJE C T I V ES 
 
1.  Complete mark-recapture work across all replicate stands during late summer (mid-July through mid-
September) and winter (mid-January through March).   

 
2.  Obtain daily telemetry locations on radio-tagged hares for 10 days immediately after capture periods, 
as well as monthly between primary trapping sessions.   
 
3.  Locate, retrieve, and refurbish radio tags as mortalities occur. 
 
 

IN T R O DU C T I O N 
 

N E E D 
 

A program to reintroduce the threatened Canada lynx (Lynx canadensis) into Colorado was 
initiated in 1997.  Since that time, 204 lynx have been released in the state, and an extensive effort to 
determine their movements, habitat use, reproductive success, and food habits has ensued (Shenk 2005).  
Analysis of scat collected from winter snow tracking indicates that snowshoe hares (Lepus americanus) 
comprise 65–90% of the winter diet of reintroduced lynx during most winters (T. Shenk, Colorado 
Division of Wildlife, unpublished data).  Thus, as in the far north where the relationship between lynx and 
snowshoe hares has captured the attention of ecologists for decades, it appears that the existence of lynx 
in Colorado and success of the reintroduction effort may hinge on maintaining adequate and widespread 
populations of hares.  

Colorado represents the extreme southern range limit for both lynx and snowshoe hares (Hodges 
2000).  At this latitude, habitat for each species is less widespread and more fragmented compared to the 
continuous expanse of boreal forest at the heart of lynx and hare ranges.  Neither exhibits dramatic cycles 
as occur farther north, and typical lynx ( 2 3 lynx/100km2; Aubry et al. 2000) and hare ( 1 2 hares/ha; 
Hodges 2000) densities in the southern part of their range correspond to cyclic lows form northern 
populations (2-30 lynx/100 km2, 1 16 hares/ha; Aubry et al. 2000, Hodges 2000, Hodges et al. 2001).   

Whereas extensive research on lynx-hare ecology has occurred in the boreal forests of Canada, 
literature regarding the ecology of these species in the southern portion of their range is relatively sparse.  
This scientific uncertainty is acknowledged in the “Canada Lynx Conservation Assessment and Strategy,” 
a formal agreement between federal agencies intended to provide a consistent approach to lynx 
conservation on public lands in the lower 48 states (Ruediger et al. 2000).  In fact, one of the explicit 
guiding principles of this document is to “retain future options…until more conclusive information 
concerning lynx management is developed.”  Thus, management recommendations in this agreement are 
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decidedly conservative, especially with respect to timber management, and are applied broadly to cover 
all habitats thought to be of possible value to lynx and hare.  Accurate identification and detailed 
description of lynx-hare habitat in the southern Rocky Mountains would permit more informed and 
refined management recommendations.        

A commonality throughout the snowshoe hare literature, regardless of geographic location, is that 
hares are associated with dense understory vegetation that provides both browse and cover (Wolfe et al. 
1982, Litvaitis et al. 1985, Hodges 2000, Homyack et al. 2003, Miller 2005).  In western mountains, this 
understory can be provided by relatively young conifer stands regenerating after stand-replacing fires or 
timber harvest (Sullivan and Sullivan 1988, Koehler 1990a, Koehler 1990b, Bull et al. 2005) as well as 
mature, uneven-aged stands (Beauvais 1997, Griffin 2004).  Hares may also take advantage of seasonally 
abundant browse and cover provided by deciduous shrubs (e.g., riparian willow [Salix spp.], aspen 
[Populus tremuloides]; Wolff 1980, Miller 2005).  In drier portions of hare range, such as Colorado, 
regenerating stands can be relatively sparse, and hares may be more associated with mesic, late-seral 
forest and/or riparian areas than with young stands (Ruggiero et al. 2000). 

 Numerous investigators have sought to determine the relative importance of these distinctly 
different habitat types with regards to snowshoe hare ecology.  Most previous evaluations were based on 
hare density or abundance (Bull et al. 2005), indices to hare density and abundance (Wolfe et al. 1982, 
Koehler 1990a, Beauvais 1997, Miller 2005), survival (Bull et al. 2005), and/or habitat use (Dolbeer and 
Clark 1975).  Each of these approaches provides insight into hare ecology, but taken singly, none provide 
a complete picture and may even be misleading.  For example, extensive use of a particular habitat type 
may not accurately reflect the fitness it imparts on individuals, and density can be high even in “sink” 
habitats (Van Horne 1983).  A more informative approach would be to measure density, survival, and 
habitat use simultaneously in addition to recruitment and population growth rate through time.  Griffin 
(2004) employed such an approach and found that summer hare densities were consistently highest in 
young, dense stands.  However, he also noted that only dense mature stands held as many hares in winter 
as in summer.  Furthermore hare survival seemed to be higher in dense mature stands, and only dense 
mature stands were predicted (by matrix projection) to impart a mean positive population growth rate on 
hares.  Griffin’s (2004) study occurred in the relatively moist forests of Montana, which share many 
similarities but also many notable differences with Colorado forests including levels of fragmentation, 
species composition, elevation, and annual precipitation.   

 The study outlined below is designed principally to evaluate the importance of young, 
regenerating lodgepole pine (Pinus contorta) and mature Engelmann spruce (Picea engelmannii)/ 
subalpine fir (Abies lasiocarpa) stands in Colorado by examining density and demography of snowshoe 
hares that reside in each.  I determined that 2 classes of regenerating lodgepole could provide adequate 
hare habitat.  Thus, I am sampled both “small” (2.54-12.69 cm dbh) and “medium” (12.70-22.85 cm dbh) 
stands regenerating from clearcutting 20 and 40 years ago, respectively (Figure 1).  Medium lodgepole 
stands were pre-commercially thinned 20 years ago; small lodgepole stands have not yet been thinned.  
Density and demography will be estimated primarily from mark-recapture techniques as data from such 
approaches can simultaneously provide information on both aspects of hare ecology.  However, I will 
augment both density and demographic analyses with telemetry data to improve the accuracy and 
precision of estimates.  The estimates reported here do not yet reflect addition of telemetry information.   

My hope is that information gathered from this research will be drawn upon as managers make 
routine decisions, leading to landscapes that include stands capable of supporting abundant populations of 
hares.  I assume that if management agencies focus on providing habitat, hares will persist.   

Hypotheses 
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1)   In general, snowshoe hare density in Colorado will be relatively low ( 0.5 hares/ha) compared to 
densities reported in northern boreal forests, even immediately post-breeding when an influx of 
juveniles will bolster hare numbers.   

2)   Snowshoe hare density will be consistently highest in small lodgepole pine stands, followed by large 
spruce/fir and medium lodgepole pine, respectively. 

3)   Survival will generally be highest in mature (large) spruce/fir stands followed by small and medium 
lodgepole pine, respectively. 

4)   Finite population growth rate will be consistently at or above 1.0 in mature spruce/fir stands with 
survival contributing most significantly to the growth rate.  Finite growth rates for the lodgepole pine 
stands will be more variable.   

5)   Snowshoe hares will significantly shift their home ranges to make use of abundant food and cover 
provided by riparian willow (and/or aspen) habitats in summer.   

6)   Snowshoe hare density, survival, and recruitment will be highly correlated with understory cover and 
stem density. 

ST UD Y A R E A 
 

The study area stretches from Taylor Park to Pitkin in central Colorado (Figure 2).  Elevation 
ranges from 2700 m to 4000 m.  Sagebrush (Artemisia spp.) dominates broad, low-lying valleys.  Most 
montane areas are covered by even-aged, large-diameter lodgepole pine forests with sparse understory.  
Moist, north-facing slopes and areas near tree line are dominated by large-diameter Engelmann 
spruce/subalpine fir.  Interspersed along streams and rivers are corridors of willow.  Patches of aspen 
occur sporadically on southern exposures.  This area was chosen over other potential study areas in the 
state because 1) it contained numerous examples of the 3 stand types of interest (more southern regions 
lack naturally occurring stands of lodgepole pine), 2) it was not subject to confounding effects of large-
scale mountain pine beetle outbreak as were more northern stands, and 3) an adequate number of radio 
frequencies were available to support a large study with hundreds of radio-tagged individuals.   

Within the study area I selected sample stands based on the following:  Potential replicate stands 
were required to be 1) close enough geographically to minimize differences due to climate, weather, and 
topography, but are far enough apart to be considered independent, 2) adjacent to one or more riparian 
willow corridors, 3) within 1 km of an access road for logistical purposes, 4) of suitable size and shape to 
admit a 16.5-ha trapping grid, and  5) consistent in their management history (i.e., replicate lodgepole 
pine stands were clear-cut and/or thinned within 1-2 years of each other).  

I queried the U.S. Forest Service R2VEG GIS database using the criteria listed above to initially 
develop a suite of potential sample stands.  I further narrowed this suite after obtaining updated stand-
level information from local USFS personnel (Art Haines, Silviculturalist, USFS Gunnison Ranger 
District, personal communication).   Finally, I ground-truthed potential stands and qualitatively assessed 
their representativeness and similarity to other potential replicates.  Given the numerous constraints 
imposed, very few stands met all criteria.  Thus, I was unable to randomly select sample stands from a 
population of suitable stands.  Rather, I subjectively chose the “best” stands from among the handful that 
met my criteria.  Small lodgepole stands rarely occur on the landscape in patches large enough to fit a full 
trapping grid.  To accommodate this, I sampled 6 replicate small lodgepole stands (rather than 3) using 
half-sized trapping grids.   
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M E T H O DS 
 

Exper imental Design/Procedures 

 Variables.--The response variables of interest for this project include stand-specific snowshoe 
hare density (D), apparent survival ( ), recruitment (f), finite population growth rate (λ), and a metric of 
seasonal movement.  Density is the number of hares per unit area and is estimated using conventional 
“boundary strip” techniques (Wilson and Anderson 1985) in this report.  Stand-specific demographic 
parameters were estimated primarily from capture-mark-recapture methods.  As such, apparent survival 
was defined as the probability that a marked animal alive and in the population at time i survived and was 
in the population at time i + 1.  Apparent survival encompassed losses due to both death and emigration.  
Estimates of recruitment, population growth, and seasonal movement are forthcoming and not provided in 
this report.    

Potential explanatory variables for snowshoe hare density, demographics, and movement include 
general species composition and structural stage of each stand in which response variables are measured.  
Additionally, stem density, horizontal cover, and canopy cover (to a lesser extent) are highly correlated 
with snowshoe hare abundance and habitat use (Wolfe et al. 1982, Litvaitis et al. 1985, Hodges 2000, 
Zahratka 2004, Miller 2005).  Thus, I further characterized vegetation in each stand by measuring stem 
density by size class (1-7 cm, 7.1-10 cm, and >10 cm), percent canopy cover, percent horizontal cover of 
understory and basal area.  Basal area is an easily obtainable metric that may be correlated with the other 
variables and is recorded routinely during timber cruises, whereas the others are not.  Thus, it might prove 
a useful link for biologists designing management strategies for snowshoe hare.  Additionally, I recorded 
physical covariates such as ambient temperature, precipitation, and snow depth at each stand during 
sampling.  These metrics were not included in the current preliminary analyses, but will be used as 
covariates in future models. 
 

Sampling.--All trapping and handling procedures have been approved by the Colorado State 
University Animal Care and Use Committee and filed with the Colorado Division of Wildlife.  Snowshoe 
hares breed synchronously and generally exhibit 2 birth pulses in Colorado (although in some years, some 
individuals may have 3 litters), with the first pulse terminating approximately June 5 20 and the second 
approximately July 15–25 (Dolbeer 1972).  To obtain a maximum density estimate, I began data 
collection on the first suite of sites immediately following the second birth pulse in late July.  Along with 
a crew of 5 technicians, I deployed one 7  12 trapping grid (50-m spacing between traps; grid covers 
16.5 ha) in the large spruce/fir and medium lodgepole stands within the first suite, along with 2 6  7 
grids in 2 small lodgepole stands.  Grid set up and trap deployment followed Griffin (2004) and Zahratka 
(2004).  Grid locations and orientation within each stand were chosen subjectively to accommodate 
logistical constraints and to ensure that hares using the grid had ample opportunity to use adjacent riparian 
willow zones.  As traps were deployed, they were locked open and “pre-baited” with apple slices, hay 
cubes, and commercial rabbit chow.  Traps were pre-baited in this manner for a total of 3 nights to 
maximize capture rates when trapping began.  This minimized the number of trap-nights needed to 
capture the desired number of animals which in turn minimized trap-related injuries and minimized 
problems with predators keying into trap lines.  During pilot work in winter 2005, I observed low but 
increasing capture rates (<0.20) during the first 3 nights of trapping, with higher, more stable capture 
probabilities after 3 days (approximately 0.35–0.45).  Thus 3 days of pre-baiting seemed reasonable.   

Traps were set on the afternoon of the 4th day and checked early each morning and re-set again in 
the evening on days 5–9.  By checking traps in both morning and evening I prevented hares from being 
entrapped >13 hours, which minimized capture stress.  A crew of 2 people worked together on each grid 
to check traps and process captures as quickly as possible.  All captured hares were coaxed out of the trap 



 

 

 

35 

and into a dark handling bag by blowing quick shots of air on them from behind.  Hares remained in the 
handling bag, physically restrained with their eyes covered, for the entire handling process.  Each 
individual was aged, sexed, marked with a passive integrated transponder (PIT) tag and temporary ear 
mark (to track PIT tag retention), then released.  Aging consisted of assigning each individual as either 
juvenile (<1 year old, <1000 g) or adult ( 1 year old, 1000 g) based on weight and development of 
genitalia.  This criterion is accurate through the end of September at which point juveniles are difficult to 
distinguish from adults (K. Hodges, University of British Columbia; P. Griffin, University of Montana, 
personal communication).  After the first day of trapping, all captured hares were scanned for a PIT tag 
prior to any handling and those already marked were recorded and immediately released.  Traps and bait 
were completely removed from the grid on day 10. 

In addition to PIT tags and ear marks, I radio collared up to 10 hares captured on each grid with a 
28-g mortality-sensing transmitter (BioTrack, LTD) to facilitate unbiased density estimation as well as 
assessment of seasonal movements.  I expected heterogeneity in snowshoe hare movements and use of the 
grid area, with potential bias surfacing due to location at which a hare is captured (e.g., hares captured on 
the edge of a grid may use the grid area differently than those captured at the center), and differential 
behavioral responses to trapping (e.g., young individuals may have lower capture probabilities and thus 
may be more likely to be captured on later occasions).  To guard against the first potential bias, I 
randomly selected a starting trap location each morning and ran the grid systematically from that point.  
Thus, the first several hares encountered (and collared) were as likely to be from the inner part of the grid 
as from the edge.  To protect against the second potential source of bias, I refrained from deploying the 
final 3 collars until days 4 and 5 of the trapping session.   

Immediately following the removal of traps, the field crew began work locating each radio-
collared hare 1–2 times per day for 10 days.  Most locations were obtained by triangulation from 
relatively close proximity, but some were obtained by “homing” on a signal (Samuel and Fuller 1996, 
Griffin 2004) taking care not to push hares while approaching them.  Because hares are largely nocturnal 
(Keith 1964, Mech et al. 1966, Foresman and Pearson 1999), I made an effort to conduct telemetry work 
at various times of the night (safety and logistics permitting) and day to gather a representative sample of 
locations for each hare.     

Crews gathered telemetry locations for radio-collared hares on the initial suite of sites for 10 
days.  Then the 10 day trapping procedure and 8 to 10 day telemetry work were repeated on the grids 
comprising suites 2 and 3(Figure 3).  The entire process was repeated during the winter when densities 
should have been at a minimum.   Thus, during the period covered by this report, sampling occurred 
between July 16 – September 22 and between January 20 March 26.  Telemetry work also occurred 
during “pre-baiting” days after the initial summer sampling session to determine which hares were still 
alive and immediately available to be sampled by the grid during the ensuing trapping period. 

Vegetation sampling was conducted in June and July 2008.  I followed protocols established 
through previous snowshoe hare and lynx work in Colorado (Zahratka 2004, T. Shenk, Colorado Division 
of Wildlife, personal communication).  Specifically, on each of the 12 live-trapping grids, I laid out 5  5 
grids (3-m spacing) of vegetation sampling points centered on 15 of the 84 trap locations (Figure 4; 9 
points were sampled on each of the ½-sized small lodgepole stands).  At each of the 25 vegetation 
sampling points, I recorded canopy cover (present or absent) using a densitometer.  I quantified downed 
coarse wood along the center transect of the 25-point grid following Brown (1974).  From the center point 
(i.e., trap location) I measured 1) distance to the nearest woody stem 1.0 7.0 cm, 7.1 10.0 cm, and >10.0 
cm in diameter at heights of 0.1 m and 1.0 m above the ground (to capture both summer  and winter stem 
density; Barbour et al. 1999),  2) horizontal cover in 0.5-m increments above the ground up to 2 m 
(Nudds 1977),  3) basal area, and 4) slope.   
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Data Analysis 

Density, Survival, and Population Growth.--I analyzed mark-recapture data in a robust design 
framework (Williams et al. 2002:523-554) treating summer and winter sampling occasions as primary 
periods, and the 5-day trapping sessions within each as secondary periods.    As such, I assumed hare 
populations were demographically and geographically closed during the short 5-day mark-recapture 
sampling periods, but were open to immigration, emigration, births, and deaths between these occasions.  
I specified the Robust Design data type in Program MARK (White and Burnham 1999) and used the 
Huggins closed capture model (Huggins 1989, 1991) for secondary periods.  I obtained estimates of 
apparent survival ( ˆ i )between each primary period.  I followed Wilson and Anderson (1985) to calculate 
the effective area trapped and obtain a density estimate for each grid from each secondary period.  Future 
density analyses will employ a new estimator that employs telemetry data to correct for bias (Ivan 2005).  
For this report, I used a relatively simple model where capture probability varied by stand type and season 
(i.e., winter and summer), while survival was allowed to vary by stand type, season, and time.  

R ESU L TS A ND DISC USSI O N 
 
 During summer, density estimates followed hypotheses 1) and 2) above (Figure 5).  Specifically, 
hare densities were clearly highest in small lodgepole stands and quite low in medium lodgepole stands.  
Spruce/fir was generally intermediate in density with the exception of the final summer.  Telemetry data 
collected during this last sampling period suggests that many hares were present on spruce/fir sites, but 
were never caught.  Therefore, I believe spruce/fir densities were much higher than actually measured 
during the final summer.  While the relationship in density between stand types remained fairly constant 
throughout the study, the absolute density of hares dropped considerably from summer 2006 to summer 
2007 and rebounded only slightly during summer 2008.  It is unclear why this sharp decline occurred, 
although disease outbreak, natural population cycles, and response to increased predation due to lynx 
reintroduction are possibilities.    Note that even the highest densities recorded here correspond to low 
estimates observed in other parts of hare range (Hodges 2000).   
 
 Hare densities tend to equalize in lodgepole stands during winter (Figure 5).  I submit that the 
interplay between food, cover, and snow depth provides a plausible explanation for this pattern.  Medium 
lodgepole stands apparently provide very little forage/cover for hares during summer as the canopy in 
these stands is generally ≥1 meter off the ground.  However, in winter, accumulated snow may make that 
canopy available again to hares.  Conversely, small lodgepole stands provide abundant food and cover 
during summer, but accumulated snow during winter brings hares closer to the crowns of the young trees, 
which then provide less cover.  Spruce/fir stands probably provide adequate access to both food and cover 
during both summer and winter due to their uneven-aged, multi-layered structure.  Like the summer 
estimates, density during the second winter was much lower than during the first winter.    

 Hare survival is quite high from summer to winter but very low from winter to summer (Figure 
6).   However, survival did not appear differ between stand types or among years of this study.  A deeper 
analysis of these data will occur over the next several months in which known-fate telemetry data will be 
combined with the current mark-recapture dataset.  This combined analysis will bring significantly more 
information to bear on the process which should improve precision of estimates and may elucidate 
differences between stands or years that not yet apparent.  A much larger suite of models will be 
considered in that analysis.  Model selection and model averaging (Burnham and Anderson 2002) will be 
used to more thoroughly assess survival of hares.  Additionally, combining telemetry data with the current 
dataset will allow for another estimate of survival from winter 2009 to summer 2009. 
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 Hare recruitment and finite population growth rate will be estimated as derived parameters 
following the combined survival analysis. 

SU M M A R Y 
 
 Snowshoe hare densities on my study sites appear to be relatively low compared to densities reported 

elsewhere.  Densities during summer were highest in small lodgepole stands, followed by spruce/fir 
and medium lodgepole.   
 

 During winter, densities equalize in lodgepole stands, possibly due to the interplay between snow 
depth and canopy height in small and medium lodgepole pine.   

 
 Hare density declined considerably from winter to summer 2007 but has recovered somewhat since 

then. 
 
 Summer to winter hare survival was consistently high but winter to summer survival is quite low.  A 

more thorough analysis including known-fate survival data is forthcoming.  This new analysis should 
improve precision of estimates and will add a sixth survival estimate to the current time series.   
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F igure 1.  Purported high quality snowshoe hare habitat in Colorado.  From left to right: small lodgepole 
pine, medium lodgepole pine, and large Engelmann spruce/subalpine fir. 
 
 
 
 
 

 
 
F igure 2.  Study area near Taylor Park and Pitkin, Colorado including medium lodgepole (squares), small 
lodgepole (circles), and spruce/fir (triangles) stands selected for mark-recapture sampling. 
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F igure 3.  Approximate annual data collection schedule for trapping () and telemetry ().  Dates and weeks 
changed depending on calendar year and pay schedule.  During telemetry work, the 6-person crew was divided into 
2 teams, only one of which worked at any given time.  Monthly locations on radio-collared hares were also collected 
in the interim between the intensive sampling periods indicated here. 
    

 

F igure 4.  15 trap locations ( ) on 7  12 trapping grid where vegetation was sampled by measuring stem 
density,  horizontal cover, downed woody material, and basal area.  Additionally, the 25-point grid 
superimposed on each of the 15 trap locations (inset) was used to quantify canopy cover).    

 

313030292827262524

2928272625242323222120191817

2221201918171616151413121110

15141312111099876543

8765432213130292827Sep

1282726252423Mar26252423222120

2221201918171619181716151413

15141312111091211109876

8765432543213130Aug

1313029282726Feb29282726252423

2524232221201922212019181716

181716151413121514131211109

1110987658765432

4321Jan1Jul

313030292827262524

2928272625242323222120191817

2221201918171616151413121110

15141312111099876543

8765432213130292827Sep

1282726252423Mar26252423222120

2221201918171619181716151413

15141312111091211109876

8765432543213130Aug

1313029282726Feb29282726252423

2524232221201922212019181716

181716151413121514131211109

1110987658765432

4321Jan1Jul



 

 

 

42 

 
 

F igure 5.  Snowshoe hare density and 95% confidence intervals in 3 types of stands in central Colorado 
as determined by ½ mean maximum distance moved, summer 2006 through winter 2009. 
 
 
 

 
 

F igure 6.  Snowshoe hare survival and 95% confidence intervals between summer and winter sampling 
seasons in 3 types of stands in central Colorado as determined by mark-recapture, 2006-2009. 
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A . UBackground: U  
 
 The Canada lynx (Lynx canadensis) occurs throughout the boreal forests of northern North 
America.  While Canada and Alaska support healthy populations of the species, the lynx is currently 
listed as threatened under the Endangered Species Act (ESA) of 1973, as amended (16 U. S. C. 1531 et. 
seq.; U. S. Fish and Wildlife Service 2000) in the coterminous United States.  Colorado represents the 
southern-most historical distribution of naturally occurring lynx, where the species occupied the higher 
elevation, montane forests in the state (U. S. Fish and Wildlife Service 2000).  Thus, Colorado is included 
in the federal listing as lynx habitat.  Lynx were extirpated or reduced to a few animals in Colorado, 
however, by the late 1970’s (U. S. Fish and Wildlife Service 2000), most likely due to multiple human-
associated factors, including predator control efforts such as poisoning and trapping (Meaney 2002).  
Given the isolation of and distance from Colorado to the nearest northern populations of lynx, the 
Colorado Division of Wildlife (CDOW) considered reintroduction as the only option to attempt to 
reestablish the species in the state. 

 
Therefore, a reintroduction effort was begun in 1997, with the first lynx released in Colorado in 

1999.  To date, 218 wild lynx were captured in Alaska or Canada and released in southwestern Colorado.  
The goal of the Colorado lynx reintroduction program is to establish a self-sustaining, viable population 
of lynx in this state.  Evaluation of incremental achievements necessary for establishing viable 
populations is an interim method of assessing the success of the reintroduction effort.  Seven critical 
criteria were identified that must be met before concluding a viable population had been established: 1) 
development of release protocols that lead to a high initial post-release survival of reintroduced animals, 
2) long-term survival of lynx in Colorado, 3) site fidelity by lynx to areas supporting good habitat and in 
densities sufficient to breed, 4) reintroduced lynx must breed, 5) breeding must lead to production of 
surviving kittens, 6) lynx born in Colorado must reach breeding age and reproduce successfully, and 7) 
recruitment must equal to or be greater than mortality over an extended (~10 year) period of time (Shenk 
2006).  The fundamental approach taken to evaluate the status of each of these criteria was to PIT-tag and 
place telemetry collars on every lynx released and as many Colorado-born kittens surviving to adulthood 
as possible, followed by intensive monitoring of these animals through satellite, aerial and ground-
tracking.  All establishment criteria, except (7) have been achieved.   

 
Lynx populations in Canada and Alaska have long been known to cycle in response to the 10-year 

snowshoe hare (Lepus americana) cycle (Elton and Nicholson 1942).  Northern populations of lynx 
respond to snowshoe hare lows first through a decline in reproduction followed by an increase in adult 
mortality; when snowshoe hare populations increase, lynx respond with increased survival and 
reproduction (O’Donoghue et al. 2001).  Therefore, annual survival and reproduction are highly variable 
but must be sufficient, overall, to result in long-term persistence of the population.  It is not known if 
snowshoe hare populations in Colorado cycle and if so, where in the approximate 10-year cycle we are 
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currently.  Given this uncertainty, documenting persistence of lynx in Colorado for a period of at least 10-
15 years would provide support that a viable population of lynx can be sustained in Colorado even in the 
event snowshoe hares do cycle in the state.  

 
 Therefore, to document viability of the lynx population in Colorado, some form of long-term 
monitoring must be used to determine whether recruitment exceeds mortality for a period of time long 
enough to encompass a possible snowshoe hare cycle, and thus, determine the reintroduction a success.  A 
challenge facing CDOW is how efforts should be allocated between focusing on monitoring the 
persistence of those lynx that have established within the core release area (Shenk 2007, Shenk 2008) and 
those lynx that may be pioneering and expanding into other portions of the state.  Reproduction and 
known recruitment have been observed to be sporadic in the core area.  To continue to document lynx 
reproduction through den site visits and to document survival of those kittens through tracking the adult 
females in winter looking for accompanying kittens requires a continued trapping effort to capture and 
radio-collar adult females.  Lynx trapping is typically a time consuming and expensive operation as the 
lynx are territorial with large home ranges that may be entirely located within or largely comprised of 
inaccessible areas (e.g., wilderness areas).  Alternatively, exploring occupancy modeling using non-
invasive techniques may be a feasible alternative for ascertaining trends in population status and forming 
a basis for a large scale area monitoring program. 
 

Monitoring of individuals through telemetry continues in an effort to document the viability of 
the reintroduced lynx population.  However, as time since release increases, battery failure of telemetry 
collars also increases resulting in fewer released animals having working collars.  In addition, few 
Colorado-born lynx have been captured and fitted with telemetry collars.  Although trapping efforts have 
been conducted in earnest since 2003 to capture and fit animals with working telemetry collars, we have 
not been able to collar a sufficient number of animals throughout the state to document the status and 
trends of lynx distribution and demography throughout Colorado from these collared animals.  The extent 
of lynx dispersal and current distribution beyond the Core Research Area and the difficulty of trapping 
lynx in all areas they inhabit, particularly large tracts of wilderness, requires redesigning our sampling 
and monitoring efforts to provide valid estimates of lynx distribution.   

 
We propose that monitoring lynx distribution would consist of 3 potential primary objectives to 

document the extent, stability and potential distribution of lynx (at the species and individual level) in 
Colorado.  To estimate patterns in lynx distribution in Colorado a monitoring program could be 
developed that will: 1) annually estimate the spatial distribution of lynx in the core area and assess 
changes in lynx distribution over time; 2) detect colonization or expansion of lynx into other portions of 
the state, and 3) determine whether distribution or persistence are associated with habitat features, 
measured at the landscape-scale (stand age or composition).  A pilot study will be conducted first to 
establish the most valid, efficient method to estimate the distribution and persistence of lynx.   

 
B .  UNeed U  

The primary goal of the Colorado lynx reintroduction program is to establish a self-sustaining, 
viable population of Canada lynx in Colorado.  The approach taken to reach this goal was to initially 
establish a lynx population within a core reintroduction area in southwestern Colorado.  From this core 
reintroduction area, lynx could disperse on their own throughout the suitable habitat in the state, or 
additional reintroductions north of the core area could be conducted.  The current lynx population in 
Colorado is comprised of surviving reintroduced adults, lynx born in Colorado from the reintroduced 
animals and possibly some naturally occurring lynx.   

 
Research and monitoring efforts over the last 9 years, since the first lynx were released, have 

focused primarily on monitoring reintroduced animals through VHF and satellite telemetry and estimating 
demographic parameters of these animals (e.g., Devineau et al. 2009).  However, as more of these animals 
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become unavailable for monitoring due to failed telemetry collars, death or movement out of the Core 
Research Area, it becomes more difficult to accurately evaluate the status of the entire lynx population in 
Colorado, including the Core Research Area.   

 
A dual monitoring approach will provide a comprehensive, feasible and valid estimation of the 

demography of the lynx population throughout the state.  The first approach would continue to estimate 
reproduction within the Core Research Area through the use of telemetry.  The second approach would 
obtain information on the status and trend of the distribution of lynx throughout the high elevation, 
montane areas of Colorado.  Below we first outline the objectives and approach for the statewide 
distribution study and then propose a pilot study to establish the most valid, efficient methods to estimate 
the statewide distribution and persistence of lynx. 

 
A minimally-invasive monitoring program can be developed to estimate the extent, stability and 

potential distribution of lynx throughout Colorado.  The primary objectives of the monitoring program 
will be to document the current distribution of lynx throughout Colorado, the stability, growth or 
shrinkage of this distribution over time, and to identify potential areas lynx may occupy in the future.  The 
proposed goal would be to annually monitor lynx into the long-term future, with regular analyses of 
change (e.g., every 5 years).  The fundamental structure of such a monitoring program will consist of: 

 
1. Creating a sampling frame of all potential lynx home range sized primary sampling units 

within Colorado. 
2. Annually estimating winter site occupancy and persistence within this sampling frame. 
3. Measuring key habitat features that have been documented to be important for both 

snowshoe hare and lynx at the landscape-scale within annually sampled sites. 
4. Predicting potential distribution of lynx throughout Colorado based on these habitat 

relationships. 
  
In the past, biologists referred to presence/absence as present/not detected, because absence 

cannot be absolutely determined.  This term, however, confuses the status of being present or not present 
with the activity of either detecting or not detecting an animal.  This monitoring program adopts the term 
presence/absence with the argument that although absence cannot be determined, it can be estimated 
statistically using a known or estimated detection probability.  The indicator used to determine the 
distribution of occurrence of lynx is P, the proportion of primary sampling units (PSU’s) (Levy and 
Lemeshow 1999) with lynx presence.  A PSU is a square sampling unit of 75km2, the approximate mean 
size of a lynx winter home range as estimated by a 90% kernel utilization distribution (Shenk 2007).  For 
the statewide monitoring program, the sampling frame would consist of a grid of PSU’s laid over all areas 
of Colorado above 2591 meters (8500 feet).  We would then estimate P from a random sample of PSU’s, 
using a sample size that is sufficient for attaining an estimate that is within 10% of the actual frequency 
90% of the time (see Table 6.1, pg. 168 in MacKenzie et al. 2006). 

 
In order to design the most efficient statewide monitoring program, however, we will first 

evaluate the detection probabilities and efficacy of 3 methods of detection.  These include snow-tracking, 
hair snares and camera surveillance.  All of these methods can be conducted with minimal (camera 
surveillance or collection of hair) or non-invasive approaches (collection of scat samples) to individual 
animals.  Identification of species will allow us to determine the presence of lynx in a PSU; identifying 
individual lynx within PSU’s will allow for monitoring individual movement patterns across PSU’s, 
reproduction, social structure and possibly apparent survival rates.  Such non-invasive techniques are 
widely desirable because they are considered to have a minimal impact on animals and are inexpensive 
relative to other methods.  Methodologies for identifying the species and individual lynx from blood and 
scat samples has been completed by the USFS Conservation Genetics Laboratory in Missoula Montana.  
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Thus, development costs have already been expended (by other agencies) and we need only cover the 
costs of genetic sample processing and interpretation of results.  In order to begin genetic tracking of 
individual lynx a genetic library should be created from all lynx released in Colorado as part of the 
Colorado lynx reintroduction program, all documented kittens and lynx of unknown origin captured in 
Colorado.  These samples have already been collected and are currently archived at the CDOW.  This 
genetic library would be used to help determine paternity of Colorado-born kittens for future, detailed 
reproduction studies, document the dispersal of individuals throughout Colorado and also be available for 
research conducted on continent-wide studies of Canada lynx (e.g., Schwartz et al. 2002, Schwartz et al. 
2003).  Collecting scat samples during the pilot study will allow a test of these methodologies for the 
larger study as well as providing an opportunity to establish the protocols with the conservation genetics 
lab for collection, transport and analysis of the samples. 

  
This pilot study will provide necessary information to (1) identify the most efficient method of 

detecting lynx in a PSU and (2) provide an estimate of detection probability within a PSU.  This detection 
probability will then be used to design the most efficient strategy to meet the objectives of larger-scale 
monitoring programs to detect changes in lynx persistence and distribution as a foundation for assessing 
whether lynx have become established and will persist in Colorado.  First, a minimally invasive 
monitoring program will be designed and implemented within the Core Research Area to describe lynx 
distribution and distribution trends in this area.  A statewide plan could then be implemented to describe 
lynx distribution and distribution trends throughout Colorado.  This monitoring protocol could result in 
the development of a standardized methodology that might be used by multiple entities to monitor the 
status of lynx throughout their range in North America.   

 
This monitoring design will not provide a means of estimating total population size in the state 

because detection of a lynx may represent a single territorial animal, a breeding pair or a family unit.  To 
obtain a statewide lynx abundance estimate, further efforts beyond this sampling design would be needed 
to establish the actual or estimated number of lynx in a PSU.  Furthermore, this monitoring program is not 
designed to provide information on reproductive success or estimate survival. 
 
C . U Objectives U:   
 

The primary objectives of this pilot study are to: 
1. Provide information needed to estimate the detection probability (p) of 3 different, 

minimally-invasive methods to detect lynx in a PSU in winter, where lynx are known to 
occur but in extremely low densities (approximately 1 per 75 km2).   

2. Evaluate and compare the efficacy of the 3 methods of lynx detection in winter within a 
PSU. 

3. Develop a standardized, valid methodology for describing various landscape-scale habitat 
features, including those important to snowshoe hare, within a PSU.  

 
D . U Expected Results or Benefits U:   

The methodologies developed during this pilot study will be used to develop a valid, non-invasive 
or minimally invasive inventory and monitoring program to estimate the distribution of Canada lynx in 
Colorado.  The monitoring program will provide information on the annual winter distribution, extent and 
habitat relationships of these parameters as well as their long-term trend which will be evaluated every 5 
years.  The protocols developed will be made available to any other agencies or entities that want to 
monitor lynx.  The proposed methodology to estimate and monitor trends in lynx distribution throughout 
Colorado is designed to make use of technologies (e.g., genetic identification) reliant only on non-
invasive or minimally invasive techniques.  Such non-invasive techniques are widely desirable because 
they require minimal impact to the animals and because of their cost efficiencies.  
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E . U Approach 
 The primary objective of the pilot study is to evaluate the efficacy of the proposed sampling 
techniques for detecting lynx presence.  However, the pilot study will also include qualitative evaluation 
of all design methods that will be employed in a future, larger research area and statewide monitoring 
efforts, (i.e., the complete sampling frame). 
   
USampling Frame and Primary Sampling Unit Selection 

The sampling frame will consist of all forested areas in Colorado >2591 m (8500 ft) in elevation.  
The sampling frame will be randomly overlayed with a contiguous grid of 75 km2 squares.  The size of 
the square reflects a mean annual home range size of a reproducing lynx in Colorado (Shenk 2007) and 
similar to home range estimates obtained for lynx in Montana (Squires and Laurion 1999).  If a grid 
square is >50% forested it will be identified as a PSU.   

 
We will assume the lowest detection probabilities for lynx would occur in a PSU occupied by 

only 1 lynx.  Given that we want to estimate lynx detection probabilities under the worst case scenario, 
we will eliminate all PSU’s where we know, through VHF or satellite-tracking, there is more than one 
lynx occupying the area.  We will then select 6 PSU’s where we know at least 1 but not likely more than 
1 lynx occupies the area.   

 
The assumptions that must be met in estimating occupancy are 1) surveyed sites can be occupied 

by the species of interest throughout the duration of the study, with no sites becoming occupied or 
unoccupied during the survey period (i.e., the system is closed), 2) species are not falsely detected, but 
can remain undetected if present, and 3) species detection at a site is assumed to be independent of 
species detection at other sites (MacKenzie et al. 2006).  For this pilot study, there will be 3 different 
methods of detection (snow-tracking, hair snares and camera surveillance).  Snow-tracking and camera 
surveillance will be evaluated at 2 different levels of effort; hair snares will be evaluated at 3 levels of 
effort resulting in 7 total detection approaches.  In order to meet the assumptions for estimating 
occupancy and assuming the different detection approaches don’t influence each other, each of the 6 
PSU’s will be assigned all detection approaches (except for the higher level of hair-snaring) for 3 weeks, 
allowing for completing surveys of 2 PSU’s per month.  The increased hair snare effort will be conducted 
on a PSU the month following the initial survey effort (see below).  Thus, by the end of four months each 
PSU will have had each detection approach applied to it.  This will result in 6 spatial replications of each 
of 3 detection approaches applied to a PSU for 3 weeks.  Maximum levels of effort will be applied to each 
PSU and then the data sub-sampled to evaluate lower levels of effort. 

 
UField Methods 
Temporal aspects of the sampling design 

In order to verify the detection methods being evaluated in this pilot study are effective at 
detecting lynx when they are present, we need to conduct the study while we have active radio collars on 
lynx.  Currently, we are continuing to monitor and re-collar lynx with the Core Research Area for data on 
the demography and movement patterns of the reintroduced lynx.  Thus, completing this pilot study at the 
same time that active monitoring is being conducted in the research area eliminates the need for future 
radio-collaring efforts to conduct this pilot study. 

 
All data collection will be conducted from January 1-March 31 (Table 1).  This is within the time 

period (October–April) when lynx typically maintain fidelity to a winter home range and when breeding 
occurs, the period of interest for document long-term persistence of lynx.   

 
Table 1.  Data collection and crew work schedule for the six PSU’s to be sampled. 

PSU Month Week Crew Activity 
1 January 1 I Set-up detection routes and 5 detection stations with hair snares and 
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cameras; Snow-track (2 10-hour days) 
  2 I Snow-track (4 10-hour days) 
  3 I Snow-track (4 10-hour days)- 
  4 I Snow-track (2 10-hour days); Retrieve cameras and hair snares at the 

5 detection stations, place 20 hair snares along the detection route; 
Travel to next PSU 

2 January 1 II Set-up detection routes and stations with hair snares and cameras; 
Snow-track (2 10-hour days) 

  2 II Snow-track (4 10-hour days) 
  3 II Snow-track (4 10-hour days)- 
  4 II Snow-track (2 10-hour days); Retrieve cameras and hair snares at the 

5 detection stations, place 20 hair snares along the detection route; 
Travel to next PSU 

3 February 1 I Set-up detection routes and stations with hair snares and cameras; 
Snow-track (2 10-hour days) 

  2 I Snow-track (4 10-hour days) 
  3 I Snow-track (4 10-hour days)- 
  4 I Snow-track (2 10-hour days); Retrieve cameras and hair snares at the 

5 detection stations, place 20 hair snares along the detection route; 
Travel to next PSU  

4 February 1 II Set-up detection routes and stations with hair snares and cameras; 
Snow-track (2 10-hour days) 

  2 II Snow-track (4 10-hour days) 
  3 II Snow-track (4 10-hour days)- 
  4 II Snow-track (2 10-hour days); Retrieve cameras and hair snares at the 

5 detection stations, place 20 hair snares along the detection route; 
Travel to next PSU  

5 March 1 I Set-up detection routes and stations with hair snares and cameras; 
Snow-track (2 10-hour days) 

  2 I Snow-track (4 10-hour days) 
  3 I Snow-track (4 10-hour days)- 
  4 I Snow-track (2 10-hour days); Retrieve cameras and hair snares at the 

5 detection stations, place 20 hair snares along the detection route; 
Travel to next PSU  

6 March 1 II Set-up detection routes and stations with hair snares and cameras; 
Snow-track (2 10-hour days) 

  2 II Snow-track (4 10-hour days) 
  3 II Snow-track (4 10-hour days)- 
  4 II Snow-track (2 10-hour days); Retrieve cameras and hair snares at the 

5 detection stations, place 20 hair snares along the detection route; 
Travel to next PSU  

 
 
 
Lynx Detection Data Collection 

Three methods will be evaluated to determine which is most efficient in detecting the presence of 
lynx.  These methods include 1) documenting the presence of lynx tracks in the snow coupled with a 
DNA sample collection (hair or scat found through snow-tracking), 2) a photograph of a lynx captured by 
a surveillance camera, or 3) documenting the presence of lynx from a hair DNA sample collected on a 
hair snag at a scent and visual lure station.  All methods will be applied to the same stations within a PSU 
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at the same time.  Each method will be implemented in the areas within the selected PSU that a lynx 
would most likely use.  Based on lynx habitat use in Colorado (Shenk 2005), this will include areas of 
mature Engelmann spruce-subalpine fir forest stands with 42-65% canopy cover and 15-20% conifer 
understory cover, mean slopes of 16° and elevations above 2591 m.  In addition, selection of specific 
detection stations will be based on natural travel routes or the presence of lynx sign (i.e., tracks or scat).  
Chances of detecting lynx at these locations will be further enhanced by placing scent and visual lures at 
these sites.  Other feline species may be attracted to these same lures, however, the probability will be low 
as the study will be conducted in winter and the deep snows at these elevations should preclude species 
such as mountain lion (Puma concolor) and bobcat (Lynx rufus) from using these areas.  Different levels 
of sampling intensity will be evaluated for each method to determine the most efficient sampling design.  

 
UEstablishing Detection Stations & Routes U. – To eliminate bias in site selection of detection 

stations and routes, any known lynx locations in the selected PSU’s will not be made available to the field 
technicians who will be establishing the detection routes, detection stations and collecting the detection 
data.  Field personnel will be provided information to select routes that are both the most feasible and 
likely areas to detect lynx within a PSU (see above).  Detection stations will be set up in areas along those 
selected routes in areas of good lynx habitat.  Commercial scent lures and visual lures (e.g., CD’s, 
waterfowl wings) will be used at each detection station to enhance the probability of drawing a lynx into 
the station.  To increase the probability of lynx using the hair snares, the hair snares will be placed on 
landscape features at the detection station known to be used as scent posts by lynx such as tree stumps, 
small trees and broken logs protruding from the snow at approximate head height of a lynx (Schmidt and 
Kowalczyk 2006).   

 
USnow-Tracking. U –Searches for tracks will be attempted by hiking, driving or snowmobiling 

detection station routes in the PSU once enough snow has accumulated.  Due to the inaccessibility of 
wilderness and roadless areas after significant snowfall, surveys will be conducted in these areas first, 
while snow accumulations are great enough to detect tracks but not so great as to preclude human access 
to the area.  Once tracks are observed, personnel will follow the tracks until either lynx hair or scat are 
found and collected or the distance tracks are followed exceeds 1 km.  All hair found in day beds or a 
single scat will constitute a sample.  Because  lynx are a federally listed species, which can result in 
regulatory protection, we will eliminate doubt about the presence of lynx by submitting hair or scat 
sampled to a conservation genetics lab to confirm species identification (see McKelvey et al. 2006).  All 
hair and fecal samples will be submitted to a conservation genetics lab for identification to species and 
individual, if possible.  The distance a track is followed will be limited to 1 km to increase efficiency in 
lynx detection within the PSU (i.e., it will be assumed it is quicker to find a new lynx track to follow to 
locate hair or scat than to pursue a single track for more than 1 km; see McKelvey et al. 2006). 

 
Two levels of search effort for lynx tracks will be implemented within a PSU.  The first tracking 

intensity will be 4 consecutive tracking days (although there may be days of no tracking within this period 
– e.g., days off, cancellation of tracking effort due to weather etc.), the second will be 8 consecutive days 
of tracking.  All PSU’s will be snow-tracked for 12 days (3 week field effort, see Table 1).  This will 
provide 3 replicates of a 4-day tracking session and 2 replicates of an 8-day tracking session (replicating 
one of the 4-day tracking sessions).   

 
          UCamera Traps U. – Digital infrared surveillance cameras (RECONYX RapidFireTM Professional 
PC85) will be placed at 5 randomly selected detection stations among those that appear the most likely 
places where lynx would encounter them within the PSU, as defined above.  Cameras will be encased in 
heavy duty 16 gauge steel security enclosure, attached to a tree with a Master Lock TM PythonTM cable 
lock and powered by 3-volt C-cell lithium batteries.   
 
             We will evaluate detection probabilities for 2 levels of camera surveillance, placing either 2 
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cameras within the grid or 5 cameras.  Five cameras will be placed in all PSU’s, a random subset of 2 
cameras from these 5 will be selected to evaluate the efficacy of the lesser effort.  Cameras will run 
continuously for the 3.5 week period.  We can evaluate the most efficient number of days required to 
detect a lynx and the interaction between number of cameras and length of time cameras are active. 

 
UHair-SnaresU. - Barbed wire and carpet hair traps, scented with commercial lynx lures as described 

by McDaniel et al. (2000) will be placed at each of the detection stations within the PSU in areas where 
lynx would most likely encounter them (see above).  A sample will be defined as all hairs from a single 
hair snare.  Each hair sample will be placed in a uniquely numbered paper envelop, and a flame passed 
under the barbs to remove any genetic material so that the hair snare can be used again without 
contaminating future samples.  All hair samples will be submitted to a conservation genetics lab for 
identification to species.  Hair snares have been shown to be highly reliable for lynx identification to 
species (Schwartz et al. 2002) but not for individual lynx identification (Lukacs 2005). 

 
We will evaluate detection probabilities of lynx for 3 sample intensity levels of hair snares.  First, 

hair snares will be set up within the PSU at each of the 5 detection stations.  A the end of the 3.5 week 
monitoring session of a PSU, 20 hair snares, at least 100 meters apart (McDaniel et al. 2000) will be 
placed along the detection route (assuming detection routes will be approximately 25 km long) and 
collected approximately 1 month later (by the crew leader).  Both the detection probability for the 20 hair 
snares and a random subset of 10 hair snares from these 20 will be selected to evaluate the efficacy of the 
lesser effort.  This larger effort of 20 hair snares will be completed in a PSU after the monitoring 
conducted by snow-tracking and camera traps as the presence of additional scent stations may affect the 
use of the 5 camera detection stations. 

 
UData Analysis 

We will estimate the probability of detecting a lynx (p) on each of the PSU’s for each of the 
detection methods and level of effort for each of those methods.  Aerial or satellite telemetry will be used 
to confirm the presence of at least one lynx in each of the six sampled PSU’s.  An evaluation of each of 
the detection methods will be completed to determine the most reliable, efficient (e.g., cost of equipment, 
labor) and feasible method of detecting a lynx on a PSU when at least one lynx is present. 

 
UProject Schedule 
Completed by Dec. 2009 

1. Complete sampling frame and selection of primary sampling units. 
2. Purchase and test equipment. 
 

Jan.–Mar. 2010 
1. Set up detection stations. 
2. Conduct lynx snow-tracking surveys. 
3. Conduct lynx hair snare sampling. 
4. Conduct camera surveillance surveys. 
5. Process and submit all genetic samples collected during surveys to a genetic conservation 

lab (e.g., USDAFS Conservation Genetics Lab in Missoula, Montana, USGS 
Conservation Genetics Lab in Denver, Colorado). 

 
Apr.–May 2010 
 1. Data entry, analyses and complete report. 

  
UPersonnel: 
Project Leader:  Tanya Shenk, Wildlife Researcher, CDOW 
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Responsibilities:  Design study, work with research associate to implement and complete field work and 
data entry, complete analysis, write report. 
  
Crew Leader:  
Responsibilities:  Assist is study design and selection of PSU’s, supervise field technician, complete all 
data entry, and perform other duties as needed associated with the post-release monitoring program and 
the reproduction study.   
 
Field Technicians 
Responsibilities.  To establish detection routes, detection stations, place hair snags, cameras and conduct 
all snow-tracking. 

 
Data Analysis:   
Tanya Shenk, Wildlife Researcher, CDOW 
Paul Lukacs, Biometrician CDOW 
Gary White, Professor Emeritus, CSU 
Paul Doherty, Associate Professor, CSU 

      
UEstimated Annual Budget: 
 

January 2009 – April 2010  
Salary (Tech III, Jan 2009 –Apr 2010) $ 15,000 
Salary (4 Field Technicians, Tech II Jan 2010 – Mar 2010) $ 36,100   
Travel, housing $   5,000 
Misc. Supplies/Operating $   4,000 
Equipment Repair, maintenance (snowmobiles) $   5000 
Detection cameras (11 @$1,000 each) $ 11,000 
Processing of genetic samples collected during monitoring $   4,000 
Vehicles (3) $   6,000 
  
T O T A L $86,100 

 
 
G . U Location U:   

Southwestern and central Colorado is characterized by wide plateaus, river valleys, and rugged 
mountains that reach elevations over 4200 m.  Engelmann spruce-subalpine fir is the most widely 
distributed coniferous forest type at elevations most typically used by lynx (2591-3353 m).  The Core 
Reintroduction Research Area is defined as areas >2591 m in elevation within the area bounded by the 
New Mexico state line to the south, Taylor Mesa to the west and Monarch Pass on the north and east 
(Figure 1).  Project headquarters will at the Fort Collins CDOW Research Center. 
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F igure 3.  Study area depicting the Core Research Area, Lynx-established Core Area and relative lynx 
use (red is high intensity use, yellow is low intensity use). 

 



From: Baker, Richard (DNR)
To: Smith, Tamara
Subject: RE: Lynx Data Management
Date: Wednesday, March 04, 2015 1:38:49 PM

Thanks Tam
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Wednesday, March 04, 2015 10:49 AM
To: Baker, Richard (DNR)
Cc: Cieminski, Karen L (DNR); Norris, Jane C (DNR); Nordquist, Gerda E (DNR); Joyal, Lisa (DNR)
Subject: Re: Lynx Data Management
 
Hi Rich, 
 
Sorry for the delayed response - I was out of town and am just catching up. I keep the
incidental take database and associated notes (emails, reports, etc.) here at TCFO. The
database includes details on several things including: the location of the incident, the cause
and outcome of the incident, and the individual animals including a cross reference to the SNF
DNA database.  I also keep copies of all of the lynx DNA reports from SNF/USDA laboratory.
 
Please let me know if you need more detailed information and keep me in the loop! 
 
Thanks!
-Tam
 
 
 
On Wed, Feb 25, 2015 at 3:10 PM, Baker, Richard (DNR) <richard.baker@state.mn.us>
wrote:
Hi Tam,
 
Our data manager has called a meeting for next month to decide how we will manage lynx
data in our rare features database (see below). To help us in that decision-making, could you
please update us briefly on if/how you are each handling lynx data management, so that we
can take that into account? Are there any lynx data that FWS has that we don’t have?
 
Please don’t  spend a lot of time responding to this; I just want to make sure we’re taking
everything into account…
 
Rich
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811

mailto:richard.baker@state.mn.us
mailto:tamara_smith@fws.gov
mailto:richard.baker@state.mn.us


E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><> 
 
-----Original Appointment-----
From: Cieminski, Karen L (DNR) 
Sent: Tuesday, February 24, 2015 3:18 PM
To: Cieminski, Karen L (DNR); Baker, Richard (DNR); Norris, Jane C (DNR); Nordquist, Gerda E (DNR);
Joyal, Lisa (DNR)
Subject: Lynx data management
When: Thursday, April 16, 2015 11:00 AM-12:00 PM (UTC-06:00) Central Time (US & Canada).
Where: *DNR_ROOM_FAW_CONSERVATION CORNER
 
 
This meeting is to make decisions on what to do with Lynx data. The species does not seem to
be a priority, but we do have several hundred Source Features in Biotics – these should either
be made into EOs, or we should remove the Source Features (put them in the Obs DB) and
add Lynx to our metadata as a species for which we don’t maintain EOs (like wolves).

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp


From: Pilgrim, Kristine L -FS
To: Catton, Timothy J -FS; Tamara_Smith@fws.gov
Cc: Schwartz, Michael K -FS; steveloch07@gmail.com
Subject: RE: Superior samples batch 1
Date: Tuesday, March 10, 2015 5:09:07 PM
Attachments: image001.png

image002.png
image003.png
image004.png
MN 2015 Samples Batch1 3_10_15.docx
MN 2014 Samples Batch3 reextractions 3_10_15.docx

Dear Tim,
 
Attached are the DNA results from the samples you sent in February, as well as the re-extractions we did from the
select scats from 2014.
 
Please let me know if you have any questions; we look forward to your next batch of samples.
 
Take care,
Kristy
 

Kristy Pilgrim, Laboratory Supervisor 
Wildlife Genetics Lab

Forest Service
RMRS/Wildlife & Terrestrial Ecosystems

p: 406-329-2134 
f: 406-329-4877 
kpilgrim@fs.fed.us

800 E. Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 
 

From: Catton, Timothy J -FS 
Sent: Friday, January 30, 2015 10:39 AM
To: Pilgrim, Kristine L -FS
Subject: Superior samples batch 1
 
Hi Kristy,
 

Fifty-seven scats and 5 hair samples headed your way, being shipped today UPS 2nd Day, I assume
Tuesday delivery.  Also, Dan was wondering if there was a possibility of making another attempt at
the following samples from last year batch 3.  We do not have any residual here as the whole sample
was shipped in the paper bag.
 
S631 – Hwy 21
S633 – Moose Lake Rd

mailto:kpilgrim@fs.fed.us
mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:michaelkschwartz@fs.fed.us
mailto:steveloch07@gmail.com
mailto:kpilgrim@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA


S644 - EGG
S646 – Stoney family 4
S658 – Snake
S660 – Family 5
S661 – Family 5
S665 – Giants Ridge
S666 - Pfeiffer
S685 - Stoney
S691 – Family 5
 
I was also wondering about a tissue sample that was submitted by Jeff Beringer with the Missouri
Dept of Conservation last year.  Curious if you were able to ID that cat and if it showed any
relatedness to the Minnesota population, or if you thought it may have come from Colorado.
 
As always, we appreciate your work and efforts in getting these done as soon as you can.
 
Thanks!
 
Tim
 

Timothy J. Catton
Biological Science Technician 
Wildlife/Reforestation

Forest Service
Superior National Forest, Kawishiwi Ranger District

p: 218-365-7637 
tcatton@fs.fed.us

1393 Highway 169 
Ely, MN 55731
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

mailto:tcatton@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA
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Project:   Minnesota lynx (Lynx canadensis) 2015 samples (1st batch) Species and Individual 

Results 
 
 
Date Issued:  March 10, 2015 
 
 
 
Recipients:  Timothy J. Catton 
  Superior National Forest 
  Kawishiwi Ranger District 
  Wildlife/Reforestation/TSI 
  1393 Highway 169 
  Ely, MN  55731 
  (218) 365-7637 (1437) 
 
   
 

Tam Smith 
Twin Cities Ecological Services Field Office 
U.S. Fish & Wildlife Service 
4101 American Blvd. E. 
Bloomington, MN 55425 

 
 
Cc:  Steve Loch 
   
 
 
 
Prepared By: 
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USFS Rocky Mountain Research Station 
Missoula, MT  59801, USA 
kpilgrim@fs.fed.us 
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USFS Rocky Mountain Research Station 
Missoula, MT  59801, USA 
mkschwartz@fs.fed.us 
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REPORT 

On February 3, 2015 we received 62 samples (57 scats and 5 hair samples).  These samples were 
collected as part of ongoing survey efforts for lynx on the Superior National Forest.  
 
We analyzed 62 samples using mitochondrial DNA to test for felid and canid (Table 1).  We obtained 
DNA for species identification from 60 of the samples; 57 samples have a mitochondrial DNA type 
from lynx, 1 is from bobcat (Lynx rufus) and 3 are from a canid.     
 
Table 1.  Mitochondrial DNA species results from MN hair, scat and tissue samples collected in 
2015—batch 1 
 

Sample # Date 
Collected 

Sample 
Type** UTMx UTMy Notes Mt DNA 

Species 

GLNR-H-121 1/9/2015 H 610588 5259740 

from lynx bed, possible both cats used bed 

Lynx 

GLNR-H-122 1/12/2015 H 624221 5275777 

from bed, family 3, >1 in bed 

Lynx 

GLNR-H-124 1/20/2015 H 624524 5255248 

tied, from bed, larger trks? 

Lynx 

GLNR-S-706 11/12/2014 S 605262 5253071 

tied, road edge 

Lynx 

GLNR-S-707 11/12/2014 S 609521 5257444 

not tied, road edge, single, small scat some 
blood 

Canid 

GLNR-S-708 11/12/2014 S 619637 5264483 

not tied but likely,fam 3,poss kitten 

Lynx 

GLNR-S-709 11/14/2014 S 620618 5267654 

tied, in road, single cat 

Lynx 

GLNR-S-710 11/14/2014 S 622503 5267893 

tied, poss mother family of 3 

Lynx 

GLNR-S-711 11/14/2014 S 622395 5267853 

tied, poss mother family 3, loc approx 

Lynx 

GLNR-S-712 11/21/2014 S 605295 5251495 

tied, large 

Lynx 

GLNR-S-713 11/21/2014 S 608630 5257025 

tied, prob male 270?, heavy scent marking 

Lynx 

GLNR-S-714 11/21/2014 S 592954 5247621 

tied, intermediate size tracks 

Lynx 

GLNR-S-715 11/25/2014 S 600237 5249252 

tied, poss family of 2 or single male? 

Lynx 

GLNR-S-716 12/2/2014 S 624584 5271109 

tied, single, some scent marking 

Lynx 

GLNR-S-717 12/4/2014 S 603163 5248963 

tied, family of 2, possible kitten 

Lynx 

GLNR-S-718 12/12/2014 S 610961 5259290 

tied, middle of road, single large trks, male? 

Lynx 

GLNR-S-719 12/12/2014 S 624691 5272663 

tied, smallish scat, family 3/4, kitten? 

Lynx 

GLNR-S-720 12/12/2014 S 624754 5272703 

tied, smallish, family 3/4, kitten? 

Lynx 

GLNR-S-721 12/12/2014 S 624757 5272701 

tied, larger trks, family 3/4, female104? 

Lynx 
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GLNR-S-722 12/12/2014 S 623288 5267827 

tied, middle of road, walking road, male? 

Lynx 

GLNR-S-723 12/12/2014 S 619657 5265162 

not tied, possible, canid also present 

Lynx 

GLNR-S-724 12/12/2014 S 613186 5260258 

tied, on road edge 

Lynx 

GLNR-S-725 12/18/2014 S 602195 5247834 

tied, large tracks/scat, maybe w/ls23 

Lynx 

GLNR-S-726 12/18/2014 S 602181 5246979 

tied, small tracks/scat, maybe w/ls22 

Lynx 

GLNR-S-727 12/19/2014 S 619337 5263715 

tied, family 2/3, poss kitten, small trk,scat 

Lynx 

GLNR-S-728 12/19/2014 S 619042 5263744 

tied, family 2/3 

Lynx 

GLNR-S-729 1/6/2015 S 601348 5253187 

tied, prob male, same as LS28? 

Lynx 

GLNR-S-730 1/6/2015 S 605511 5258209 

tied, on road, prob male? 

Lynx 

GLNR-S-731 1/6/2015 S 602474 5254275 

tied, prob male, same as LS26? 

Lynx 

GLNR-S-732 1/9/2015 S 610667 5259694 

tied, family 2, prob kitten, smaller trk/scat 

Lynx 

GLNR-S-733 1/9/2015 S 610683 5259663 tied, family 2, poss mother, larger trk/scat Lynx 

GLNR-S-734 1/12/2015 S 624223 5275786 tied, fam 3, prob kitten, smaller scat/trk Lynx 

GLNR-S-735 1/12/2015 S 624232 5275806 tied, family 3, larger, female or diff male Lynx 

GLNR-S-736 1/14/2015 S 577256 5260496 tied, prob male heading S Lynx 

GLNR-S-737 1/14/2015 S 602158 5274276 

tied, prob male heading SE 

Lynx 

GLNR-S-738 1/20/2015 S 610600 5259083 

tied, single along road edge 

Lynx 

GLNR-S-739 1/22/2015 S 617532 5261273 

tied, family 3, poss female? 

Lynx 

GLNR-S-740 1/22/2015 S 617528 5261274 

tied, family 3, poss kitten 

Lynx 

GLNR-S-741 1/22/2015 S 617580 5261230 

tied, family 3, kitten 

Lynx 

GLNR-S-742 1/22/15 S 617593 5261224 tied family 3, kitten, worms, diarrhea Lynx 

GLNR-S-743 1/22/15 S 627756 5256931 tied, large scat, Finland Fam 3 Lynx 

GLNR-S-744 1/22/15 S 627712 5256912 tied, slightly buried, Finland Fam 3 Lynx 

GLNR-S-745 1/22/15 S 627714 5256923 tied, Finland Fam 3 Lynx 

GLNR-S-746 1/22/15 S 627699 5256914 tied, very large scat, trks, mother? 390? Lynx 
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GLNR-S-747 1/22/15 S 627707 5256868 not tied, buried, prob, kitten? Lynx 

GLNR-S-748 1/14/15 S 617723 5278280 tied, prob single male Lynx 

GLNR-S-749 1/22/2015 S 616796 5260943 

family of 3, tied, weird scat 

Lynx 

GLNR-S-750 12/19/2014 S 645509 5294938 

tied to single cat off CR 7 east of Kawishiwi 
lake Rd. 

Lynx 

GLNR-S-751 12/29/2014 S 709812 5318215 

likely tied to lynx tracks - likely single cat.  Off 
of the Greenwood Lake rd. 

Lynx 

GLNR-S-752 1/14/2015 S 659542 5294760 

possible lynx scat - off Sawbill trail.  Maybe 
same scat as Scat 2. 

Canid 

GLNR-S-753 1/14/2015 S 659550 5294769 

possible lynx scat - off Sawbill trail.  Maybe 
same scat as Scat 1. 

Canid 

GLNR-S-754 1/22/2015 S 659533 5288486 

possible lynx scat - off Pancore lake rd. 

Lynx 

GLNR-S-755 12/18/2014 S 589244.96 5247445.3 not tied, on road but bobcat tracks nearby Bobcat 

GLNR-S-756 1/28/2015 S 649184.51 5297215.4 

tied, family 2, possibly mother 

Lynx 

GLNR-S-757 1/28/2015 S 650190 5297586 

tied, family 2 

Lynx 

GLNR-H-125 1/13/2015 H 578317 5325264 

Single track, from bed. Echo Trail 

Lynx 

GLNR-S-758 1/13/2015 S 610234 5313275 

Single track, from same area as GLNR-S-759 
but not tied to same track. Moose Lake Rd. 

Lynx 

GLNR-S-759 1/13/2015 S 610337 5313365 

Single track, from same area as GLNR-S-758 
but not tied to same track. Moose Lake Rd. 

Lynx 

GLNR-S-760 1/13/2015 S 613497 5312713 

Single track. Snowbank Lake Rd. 

Lynx 

GLNR-S-761 1/25/2015 S 586582 5297963 

Single track. Airport. 

Lynx 
 
We analyzed 56 lynx samples and 1 bobcat sample for individual and sex identification.   We 
obtained DNA for analysis from 50 of the lynx samples and the bobcat sample.  However, lynx hair 
samples GLNR-H-121 and GLNR-H-122 (collected from a family bed) produced multiple alleles at 
each locus and are from mixed individuals and were not identified to individual and were not tested 
for sex.    
 
Lynx Individuals 
 
We obtained DNA for individual identification from 48 lynx samples.  A total of 30 unique pure lynx 
(not F1 lynx-bobcat hybrids) were detected from these scat and hair samples.  Twelve of these 
individuals are re-captures of previously detected animals while 18 are new individuals to the 
database (Table 2).  From the scat and hair samples, 17 females and 13 males were identified.   
 
 
Bobcat Individuals 
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One bobcat was identified and represents a new individual to the database (Table 2). 
 
 
Table 2.  Individual results from MN hair, scat and tissue samples collected in 2015—batch 1.  
Individuals represented by more than one sample are color coded. 
 

Sample # Date 
Collected 

Sample 
Type** UTMx UTMy Notes Species Sex Individual # Recapture? 

GLNR-H-121 1/9/2015 H 610588 5259740 

from lynx bed, possible 
both cats used bed 

Lynx N/A 
mixed 

individuals   

GLNR-H-122 1/12/2015 H 624221 5275777 

from bed, family 3, >1 
in bed 

Lynx N/A 
mixed 

individuals   

GLNR-H-123 1/20/2015 H 624523 5255239 

tied from bed, prob 
kitten 

        

GLNR-H-124 1/20/2015 H 624524 5255248 

tied, from bed, larger 
trks? 

Lynx   poor DNA   

GLNR-S-705 11/6/2014 S 609533 5257442 

snow free, not tied, 
maybe too old? poor 

DNA       

GLNR-S-706 11/12/2014 S 605262 5253071 

tied, road edge 

Lynx F LOCH-S-132 yes 

GLNR-S-707 11/12/2014 S 609521 5257444 

not tied, road edge, 
single, small scat some 
blood Canid       

GLNR-S-708 11/12/2014 S 619637 5264483 

not tied but likely,fam 
3,poss kitten 

Lynx F GLNR-S-728 no 

GLNR-S-709 11/14/2014 S 620618 5267654 

tied, in road, single cat 

Lynx M GLNR-S-316 yes 

GLNR-S-710 11/14/2014 S 622503 5267893 

tied, poss mother family 
of 3 

Lynx F GLNR-S-710 no 

GLNR-S-711 11/14/2014 S 622395 5267853 

tied, poss mother family 
3, loc approx 

Lynx M GLNR-S-316 yes 

GLNR-S-712 11/21/2014 S 605295 5251495 

tied, large 

Lynx M GLNR-S-423 yes 

GLNR-S-713 11/21/2014 S 608630 5257025 

tied, prob male 270?, 
heavy scent marking 

Lynx M LOCH-S-270 yes 

GLNR-S-714 11/21/2014 S 592954 5247621 

tied, intermediate size 
tracks 

Lynx M GLNR-S-714 no 

GLNR-S-715 11/25/2014 S 600237 5249252 

tied, poss family of 2 or 
single male? 

Lynx F GLNR-S-462 yes 

GLNR-S-716 12/2/2014 S 624584 5271109 

tied, single, some scent 
marking 

Lynx F GLNR-S-716 no 

GLNR-S-717 12/4/2014 S 603163 5248963 

tied, family of 2, 
possible kitten 

Lynx F GLNR-S-717 no 

GLNR-S-718 12/12/2014 S 610961 5259290 

tied, middle of road, 
single large trks, male? 

Lynx F LOCH-S-132 yes 

GLNR-S-719 12/12/2014 S 624691 5272663 

tied, smallish scat, 
family 3/4, kitten? 

Lynx F LOCH-S-104 yes 

GLNR-S-720 12/12/2014 S 624754 5272703 

tied, smallish, family 
3/4, kitten? 

Lynx M GLNR-S-720 no 

GLNR-S-721 12/12/2014 S 624757 5272701 

tied, larger trks, family 
3/4, female104? 

Lynx F LOCH-S-104 yes 
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GLNR-S-722 12/12/2014 S 623288 5267827 

tied, middle of road, 
walking road, male? 

Lynx F GLNR-S-710 no 

GLNR-S-723 12/12/2014 S 619657 5265162 

not tied, possible, canid 
also present 

Lynx F GLNR-S-296re yes 

GLNR-S-724 12/12/2014 S 613186 5260258 

tied, on road edge 

Lynx F LOCH-S-132 yes 

GLNR-S-725 12/18/2014 S 602195 5247834 

tied, large tracks/scat, 
maybe w/ls23 

Lynx F GLNR-S-726 no 

GLNR-S-726 12/18/2014 S 602181 5246979 

tied, small tracks/scat, 
maybe w/ls22 

Lynx F GLNR-S-726 no 

GLNR-S-727 12/19/2014 S 619337 5263715 

tied, family 2/3, poss 
kitten, small trk,scat 

Lynx F GLNR-S-727 no 

GLNR-S-728 12/19/2014 S 619042 5263744 

tied, family 2/3 

Lynx F GLNR-S-728 no 

GLNR-S-729 1/6/2015 S 601348 5253187 

tied, prob male, same 
as LS28? 

Lynx M GLNR-S-729 no 

GLNR-S-730 1/6/2015 S 605511 5258209 

tied, on road, prob 
male? 

Lynx M GLNR-S-454 yes 

GLNR-S-731 1/6/2015 S 602474 5254275 

tied, prob male, same 
as LS26? 

Lynx M GLNR-S-729 no 

GLNR-S-732 1/9/2015 S 610667 5259694 

tied, family 2, prob 
kitten, smaller trk/scat 

Lynx F GLNR-S-732 no 

GLNR-S-733 1/9/2015 S 610683 5259663 
tied, family 2, poss 
mother, larger trk/scat Lynx F LOCH-S-132 yes 

GLNR-S-734 1/12/2015 S 624223 5275786 
tied, fam 3, prob kitten, 
smaller scat/trk Lynx M GLNR-S-720 no 

GLNR-S-735 1/12/2015 S 624232 5275806 
tied, family 3, larger, 
female or diff male Lynx 

poor 
DNA poor DNA   

GLNR-S-736 1/14/2015 S 577256 5260496 
tied, prob male heading 
S Lynx M GLNR-S-736 no 

GLNR-S-737 1/14/2015 S 602158 5274276 

tied, prob male heading 
SE 

Lynx M GLNR-S-737 no 

GLNR-S-738 1/20/2015 S 610600 5259083 

tied, single along road 
edge 

Lynx 
poor 
DNA poor DNA   

GLNR-S-739 1/22/2015 S 617532 5261273 

tied, family 3, poss 
female? 

Lynx F GLNR-S-728 no 

GLNR-S-740 1/22/2015 S 617528 5261274 

tied, family 3, poss 
kitten 

Lynx F GLNR-S-728 no 

GLNR-S-741 1/22/2015 S 617580 5261230 

tied, family 3, kitten 

Lynx 
poor 
DNA poor DNA   

GLNR-S-742 1/22/15 S 617593 5261224 
tied family 3, kitten, 
worms, diarrhea Lynx F GLNR-S-727 no 

GLNR-S-743 1/22/15 S 627756 5256931 
tied, large scat, Finland 
Fam 3 Lynx M GLNR-S-662 yes 

GLNR-S-744 1/22/15 S 627712 5256912 
tied, slightly buried, 
Finland Fam 3 Lynx M GLNR-S-662 yes 

GLNR-S-745 1/22/15 S 627714 5256923 tied, Finland Fam 3 Lynx F GLNR-S-745 no 

GLNR-S-746 1/22/15 S 627699 5256914 
tied, very large scat, 
trks, mother? 390? Lynx F GLNR-S-390 yes 
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GLNR-S-747 1/22/15 S 627707 5256868 
not tied, buried, prob, 
kitten? Lynx F GLNR-S-745 no 

GLNR-S-748 1/14/15 S 617723 5278280 tied, prob single male Lynx 
poor 
DNA poor DNA   

GLNR-S-749 1/22/2015 S 616796 5260943 

family of 3, tied, weird 
scat 

Lynx 
poor 
DNA poor DNA   

GLNR-S-750 12/19/2014 S 645509 5294938 

tied to single cat off CR 
7 east of Kawishiwi lake 
Rd. Lynx F GLNR-S-750 no 

GLNR-S-751 12/29/2014 S 709812 5318215 

likely tied to lynx tracks 
- likely single cat.  Off of 
the Greenwood Lake 
rd. Lynx M GLNR-S-751 no 

GLNR-S-752 1/14/2015 S 659542 5294760 

possible lynx scat - off 
Sawbill trail.  Maybe 
same scat as Scat 2. Canid       

GLNR-S-753 1/14/2015 S 659550 5294769 

possible lynx scat - off 
Sawbill trail.  Maybe 
same scat as Scat 1. Canid       

GLNR-S-754 1/22/2015 S 659533 5288486 

possible lynx scat - off 
Pancore lake rd. 

Lynx F GLNR-S-750 no 

GLNR-S-755 12/18/2014 S 589244.96 5247445.3 
not tied, on road but 
bobcat tracks nearby Bobcat F 

BobcatGLNR-
S-755   

GLNR-S-756 1/28/2015 S 649184.51 5297215.4 

tied, family 2, possibly 
mother 

Lynx F GLNR-S-756 no 

GLNR-S-757 1/28/2015 S 650190 5297586 

tied, family 2 

Lynx F GLNR-S-756 no 

GLNR-H-125 1/13/2015 H 578317 5325264 

Single track, from bed. 
Echo Trail 

Lynx M GLNR-H-125 no 

GLNR-S-758 1/13/2015 S 610234 5313275 

Single track, from same 
area as GLNR-S-759 
but not tied to same 
track. Moose Lake Rd. Lynx F GLNR-S-627 yes 

GLNR-S-759 1/13/2015 S 610337 5313365 

Single track, from same 
area as GLNR-S-758 
but not tied to same 
track. Moose Lake Rd. Lynx F GLNR-S-627 yes 

GLNR-S-760 1/13/2015 S 613497 5312713 

Single track. Snowbank 
Lake Rd. 

Lynx M GLNR-S-760 no 

GLNR-S-761 1/25/2015 S 586582 5297963 

Single track. Airport. 

Lynx F GLNR-H-108 yes 
 
 
Please contact us if you have any questions; we look forward to working with you in the future. 
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REPORT 

On February 4, 2015 we performed an additional DNA extraction for 11 scat samples collected in 
2014.  These samples were identified as being from lynx (see report dated December 2, 2014) but 
failed for individual and sex identification analysis.  We were able to obtain DNA from 6 of the scat 
samples (Table 1).  Six unique pure lynx (not F1 lynx-bobcat hybrids) were identified from these scat 
samples.  Three of these individuals are re-captures of previously detected animals; one individual 
was identified from samples GNR-H-105 and GLNR-S-626 also collected during the spring of 2014, 
and two individuals are new to the database.    
 
Table 1.  Reanalysis of additional DNA extractions of scat samples collected in 2014  
 

Sample # Date 
Collected 

Sample 
Type** UTMx UTMy Notes Species Sex Individual # Recapture

? 

GLNR-S-631 3/24/2014 S 582438 5294432 

Single track, Hwy 
21 

Lynx M GLNR-S-631RE no 

GLNR-S-633 3/25/2014 S 610764 5314451 

Moose Lake 
Road, single track Lynx M GLNR-S-633RE no 

GLNR-S-644 4/10/2014 S 632330 5270334 

EGG, not tied to 
tracks Lynx poor DNA poor DNA   

GLNR-S-646 2/19/2014 S 610595 5259101 
tied, prob family 4 
at road inters Lynx poor DNA poor DNA   

GLNR-S-658 3/12/2014 S 620875 5267847 

not tied, trks 
melted but prob 

Lynx M GLNR-S-316 yes 

GLNR-S-660 3/14/2014 S 626697 5258030 

scat not tied, on 
trail edge, prob 
fam5 present Lynx poor DNA poor DNA   

GLNR-S-661 3/18/2014 S 629202 5255229 

tied, prob fam5 
(only 4 together) 

Lynx F GLNR-S-569 yes 

GLNR-S-665 3/25/2014 S 551416 5276217 

scat tied to trks, 
single 

Lynx poor DNA poor DNA   

GLNR-S-666 3/25/2014 S 543673 5292392 

scat tied to trks, 
single 

Lynx F GLNR-H-105 no 

GLNR-S-685 3/28/2014 S 608045 5257406 
tied to trks, single 

Lynx poor DNA poor DNA   

GLNR-S-691 2/9/2014 S 635362 5249780 

scat collected 
near Wolf Ridge; 
family of 5? Lynx F GLNR-S-390 yes 

 
 
Please contact us if you have any questions; we look forward to working with you in the future. 
 



From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Lynx Question
Date: Friday, March 13, 2015 9:53:07 AM

Hi Jim,

I think it is a well reasoned and articulated response.

Bryon

On Thu, Mar 12, 2015 at 12:16 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I would appreciate any thoughts either of you care to share regarding Jake's (Colorado Parks and Wildlife)
questions (bottom) and my responses (below).

Shawn and I discussed it before I sent it, and I asked Kurt B. to take a look after I had sent it.

Let me know if you see weaknesses or vulnerabilities in my argument, or if you think I missed any important
point(s).

By "independent" I mean whether any of the subpopulations in the DPS would likely persist in the absence of
connectivity with the larger populations in southern Canada. 

Thanks,

Jim
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Feb 23, 2015 at 7:56 AM
Subject: Re: Lynx Question
To: "Ivan - DNR, Jake" <jake.ivan@state.co.us>

Hi Jake,

Sorry about the delay getting back to you.

All good questions and none that I can answer definitively or perhaps even compellingly. 
But I'll try.

I think there is doubt about hare cycles in most of the range of the DPS - that they may be
acyclic or exhibit only low-amplitude cycles in most of the Lower 48, not just in the
Southern Rockies.  Regardless, landscape-level hare densities in most of the DPS range are
much lower than those in boreal forests of Canada and Alaska, and lynx in the DPS have a
con-generic competitor to deal with.  Whether or not hare populations in Colorado/Southern
Rockies cycle does not drive the USFWS position on lynx there.    

I doubt there is consensus that even the Northern Rockies, North Cascades, Great Lakes and
Northeast lynx sub-populations are stable and independent.  For your alternative hypothesis
to be correct, it seems it would require that we think habitat in Colorado is BETTER than
habitat in the Northern Rockies, North Cascades, Great Lakes, and pre-settlement Northeast
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- that it could sustain a stable and independent sub-population even when we doubt the
ability of those other places to do so.  Habitat quality and hare densities in parts of
CO/Southern Rockies may be similar to some parts of the rest of the DPS range (though
patchier in distribution than most other parts of the DPS and, of course, more isolated), but I
think it would be a stretch to argue that it is generally better than those other places and
perhaps capable of supporting a stable, independent lynx population when the ability of
those other places to do so remains questionable.

Also, in the absence of genetic evidence indicating that lynx from the Southern Rockies
were any different than those from elsewhere in the Lower 48, and given the well-known
dispersal capabilities of lynx, it seems more likely that the Southern Rockies, like elsewhere
in the DPS range, were influenced by and perhaps dependent on (at least demographically if
not both demographically and genetically), cyclic flushes of lynx out of Canada.  The
greater distance and isolation of potential lynx habitats in the Southern Rockies from source
populations may have, despite the lynx's dispersal capabilities, reduced the likelihood of
demographic rescue of Southern Rockies lynx, resulting in the "blinked off more than
blinked on" status of lynx there suggested by the historical record.

It also seems possible, based on interpretation of the historic record of verified occurrences -
and McKelvey et al. 2008 make a compelling case for why it would be scientifically
inappropriate to use anything but verified data when assessing lynx distribution - that
Colorado and the Southern Rockies never had a persistent, resident lynx population at all. 
The very few verified records might just as easily have been occasional transients associated
with irruptions of lynx out of the north when hare populations crashed, and these individuals
were most likely going to be lost from the population whether they ended up in traps or not. 
I've looked again over Meaney's 2002 evaluation and do not conclude that it demonstrates a
persistent or even semi-persistent lynx sub-population occurred in the Southern Rockies at
the beginning of the last century (when McKelvey et al. 2000 show 4 verified records in the
late 1800s, 1 in 1904-05, 1 in 1925, 1 in 1929, 1 in 31, and 3 other "reliable" occurrences in
1930-1936).  I think it provides additional compelling reason to avoid reliance on anecdotal
or questionable occurrence data.  And, as I said in the critical habitat rule, I think it is
compelling that when lynx were occurring in unprecedentedly high numbers elsewhere in
the northern states in the early 1960s and again in the early 1970s, few or none appeared to
be showing up or taking up residence in the Southern Rockies.  

I also have trouble understanding how human-caused factors would have resulted in
decline/extirpation of lynx in Colorado/Southern Rockies while lynx persisted in other
places exposed to the same (or at least similar) anthropogenic factors.  If we assume for the
sake of argument that habitat quality is as good (maybe better?) in the Southern Rockies as
elsewhere within the DPS range, we would have to conclude that the area's apparent
inability to support a persistent lynx population must then be driven by its distance and
isolation from source populations.

Either way, it seems that the most plausible best case scenario is that the Southern Rockies
may have historically supported a small sub-population that was blinked off more than on,
and that the most likely scenario, absent additional translocations of lynx from elsewhere, is
that it will do the same or similar in the future.  As such, how can we conclude that it was or
is essential to the conservation of the DPS?

Like you said, we can never really know for sure, but for the purposes of designating critical



habitat (and recognizing the regulatory measures that flow from such a decision), USFWS
does not have the luxury of sitting on the fence.  We had to adopt a hypothesis based on our
evaluation of the best available information.  Many others (including Tanya, who peer-
reviewed the proposed critical habitat rule for us) surely disagree with our determination,
but in our view it would have been irresponsible to make a determination that would have
imposed regulations on those millions of acres you mentioned because of a plausible
alternative hypothesis that we feel is not as well supported by the evidence as the one we
chose. 

Like you, I imagine there are other reasons/lines of evidence that I may have failed to
consider.  If I had a bigger brain and all the time in the world (pesky court-driven
deadlines!), I may have come to different conclusions.  However, I do feel that the critical
habitat designation is as rational and defensible as it can be.  I'm not particularly confident
the courts will see it the same way, but I am confident we will find out before too long.

Cheers!

Jim

On Tue, Feb 17, 2015 at 10:04 PM, Ivan - DNR, Jake <jake.ivan@state.co.us> wrote:
Hi Jim,

Bob Lanka and I have exchanged emails recently regarding wolverine, lynx, lynx
in WY, etc.  One of them contained an email forwarded from you in which you
said:

"Unfortunate timing with the CO introduction, because it really is an experimental
population in a place that the historical record suggests most likely did not support
a persistent resident lynx population for much of the century prior to listing (and
probably for much longer than that)."

I've always been struck by the USFWS position that lynx were likely never
persistent in the Southern Rockies.  I think this line of thought stems from the idea
that lynx populations in the northern contiguous U.S. seem to ebb over time, then
get replenished by the wave of animals that emanates from Canada when the
cycle hits its high points.  Given that the Southern Rockies are far from the wave
of lynx emanating from the north, and the habitat is discontinuous between the
two, it seems unlikely that the wave would ever substantially contribute to lynx
populations in the Southern Rockies, so they probably blinked out more often than
they blinked on.

This hypothesis could well be correct.  However, that line of reasoning assumes
that lynx dynamics in the Southern Rockies are (and have been) dictated by cyclic
activity.  The current thinking in the literature is that snowshoe hares don't cycle in
the Southern Rockies, or if they do it is at a very low amplitude.  Caron Meaney's
papers certainly indicate that lynx were present in the Southern Rockies at the
turn of the 20th century.  Therefore, doesn't it also seem plausible that a relatively
stable post-glacial lynx population persisted in the Southern Rockies
(disconnected from northern populations, but also not reliant on them) until a
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variety of human-caused factors caused their decline in the mid-20th century? 
There are millions of acres of suitable habitat, and stable hare populations -
enough to support a few hundred lynx at least.  Why is the prevailing USFWS
hypothesis the one outlined above, when there are other hypotheses that seem
plausible and may line up better with contemporary evidence of lynx-hare-latitude
dynamics?   

I suppose the truth of the matter is we can never know for sure.  I don't bring
this up to cause trouble or instigate an argument.  I'm really simply interested in
a purely scientific discussion, trying to to understand the USFWS perspective on
the issue, and why it seems to have landed on one hypothesis over another.  I'm
guessing there are good reasons and/or lines of evidence that I am unaware of. 
I know you're busy and this isn't pressing at all.  I meant to inquire about this
several times in the past - this recent email string jarred my mind again.  

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
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**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Sheryn Olson Thesis
Date: Friday, March 20, 2015 7:39:41 AM
Attachments: R-1 Lynx CH cmmts_Kettle Rng.pdf

Good morning Jim,

Here is the Kettle Range memo I mentioned to you.

Bryon

On Fri, Mar 20, 2015 at 7:14 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Megan and Bryon,

It was very good meeting you both at the Litigation/FOIA training.  Wish we'd had/made a little more time to talk
about lynx.  I will be bugging you both soon to participate in the SSA (Species Status Assessment) process for
lynx, which is intended to inform and simplify/streamline the 5-year review required by the Act, as well as the
subsequent recovery plan, also required by the Act unless the 5-year review indicates that lynx warrant delisting.

I've attached a very recent M.S. thesis out of University of Maine that Mark McCollough sent me and which I
thought you both would find interesting/useful.  I will be sending this around to the larger "Lynx Working Group"
and other folks probably later today.  I haven't yet looked at it closely.

I look forward to seeing your thesis as well, Megan.

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:bryon_holt@fws.gov


United States Department of the Interior

FISH AÀID WILDUFE SERVICE
911 NE. llth Avenue

Portland, Oregon 97232-4f 81

FWS/Rl /AES/Classifi cation

Memorandum

To: Regional Director, Region 6
Lakewood, Colorado

From: Regional Director, Region 1
Portland Oregon

Attachment

cc:
Region 3
Region 5

Subject: Comments on the Revised Proposed Critical Habitat for the Contiguous United States
Distinct Population Segnrent of the Canada Lynx

On February 28, 2008, the Fish and Wildlife Service proposed revised critical habitat for the
Canada lynx. In that nrle, we stated that the Kettle Range in Washington State is not likely to be
occupied by lynx and therefore did not propose to designate the area as critical habitat. kr my
February 12,2008, concurrence memorandum on the proposed designation, I outlined several
concenx¡ we had with the conclusions regarding lynx presence in the Kettle Range. lVe
requested the opportunity to complete an assessment of lynx habitat in the Kettle Range prior to
finalizing the critical habitat designation,

The Upper ColumbiaFish and Wildlife Office in Spokane, Washington, has now completed its
assessment of the status of lynx in the Kettle Range. The field office concludes that the Kettle
Range is likely occupied by lynx, based on historical records and more recent snow tacking.
However, given the small amount of suitable habitat available in the Kettle Range and the
subsequent small population that this habitat is capable of supporting, we believe that the Kettle
Range is more likely a "sink" habitat rather than a "source" habitat for the species. We
recommend that the final critical habitat rule identiff the Kettle Range as likely occupied by
lynx, but we concur with Region 6 that it does not meet the criteria for designation as critical
habitat.

A copy of the assessment completed by the field office is attached for your consideration. If you
have any questions, please contact Patrick Sousa or Kristi Young at (503) 231-6131.

JUN 5 2008



United States Department of the Interior

FISH AND WILDLIFE SERVICE

Upper Columbia Fish and Wildlife Offlce
11103 East Montgomery Drive
Spokane, Washington 99206

ÏAKE PRIDE'r{AMERtCA

Apri l25,2008

Memorandum

To: Chief Endangered Species - Ecological Services
Portland, Oregon

From:Supervisor,UpperColumbiaFishandwildlifeoffice>Wß'VØ^
Spokane, Washington

Subject: Revised Critical Habitat foi the Contiguous United States Distinct Population Segment
of the Canada Lynx Relative to the Kettle Range in Washinglon State

On February 28,2008,we [U.S. Fish and Wildlife Sen¡ice (Service)] published aproposal in the
Federal Register (73 FR 10860) to revise the designation of critical habitat for.the Canada lynx
(Lyruc canadensl's; lynx). The Service believes that designating critical habitat in areas currently
occupied by the species will be sufficient to provide for the conservation of the species in the
United States - areas not currently occupied by the species are not considered essential to the
conservation of the species in the United States. Thus, the Service did not propose to designate
the Kettle Range in Washington State as critical habitat for lynx because the Service stated in the
proposed rule that the Kettle Range is likely not occupied by the species. However, as noted in
the proposed rule, the Service is seeking information on whether the Kettle Range is an a¡ea
essential to the conservation of the contiguous United States lynx distinct population segment
(DPS). ln the following discussion, we identifu why we believe the Service cannot state with
any degree of certainty that the Kettle Range is "not likely to be occupied" by lynx. We also
explain why, even though we believe the Kettle Range is likely occupied by lynx, designating
the Kettle Range as critical habitat is not essential to the conservation of the species in the
contiguous United States.

Status of Llmx in the Kettle Range

The proposal established criteria for determining occupancy of an area by lynx: 1) an animal
(livaor dead) in hand or observed closely by a person knowledgeable in lynx identification; 2)
genetic (DNA) confirmation; 3) snow tracks only when confirmed by genetic analysis; or 4)

location data from radio- or GPS-collared lynx. Due to the lack of "verifiable" (emphasis added)

reports of lynx from the Kettle Range since 1995, the Service noted in the proposed rule we



believe the Kettle Range is currently likely unoccupied by the species. However, for the
following reasons, we believe that potential occupation olthe Kettle Range by lpx is more
equivocal than stated in the proposed rule.

Historic Records

Lynx were historically present in the Kettle Range. Lynx were consistently tapped in the Kettle
Range inthe 1960s, 1970s, and 1980s (Iù¡DFW 2001). In the Kettle Range, a tõtal of 81 lpx
were trapped from 1961 through 1986. One lynx was harvested in 1963,-3 io tqOO, 7 in 1967, 2
in 1969, 26 in L970,14 1976, and 17 :rr,1977 (WDFW 2001). A single lynx was taken each year
in 1980, 1983, 1985, and 1986. Prior to 1961, lynx happing records were not maintained in
Washington. Begiruring in 1978, happing seasons in rWashington for lynx were reduced to one
month. In 1987 a restricted permit systern was implernente{ and in 1990 a statewide closure on
lynx happing was implemented, eliminating one of the potential means of detecting lynx in the
Kettle Range.

Snow Tracking

Winter snow üacking conducted by Washington Deparfinent of Fish and Wildlife (WDFW),
documented lynx hacks in the Kettle Range in 1989, 1990,199L,1994,lgg7, and 2000 (Stinson
2001). Also, according to Zcnder (WDFW biologis! pers, comm.'2008) other r¡nconfirmed, but
considered highly likely re,ports of lyn:r in tl¡e Kettle Range were obtained in 1996 (single
report), inl997 (three separate reports in th¡ee different tynx analysis r¡nits (LAUs), and in 2000
(two separate reports in ¡vo differeirt LAUs). One of the re,ports in1997 was of a set of lynx
tracks obserr¡ed by Zender and is considered "confimred". Thus, in 2001 the WDFIW considered
at least 1/3 of the delineated LAUs in the Kettle Range to be occupied by lynx (Stinson 2001).
Since the 2001 WDFW Lynx Recovery Plan was published, additional reports of lynx ûom the
Kettle Range have been obtained. Lynx tracks were observed in 2005, and in 2007 alynx and its
tracks were reportedly observed (Zender, pers. comm. 2003). The WDFW's 2006 annual report
regarding lynx presence in the Kettle Range states the following: "Unconfirrred detections
within the Kettle Range since 1998 indicate persistent lynx presence within thatINIZ'. LMZ is
short for lynx management zone, which in this case refers to the Kettle Range (five LMZs have
been delineated in Washington by the WDFW, the Kettle Range being one of them). The
Service, does not, however, consider these reports as "verifiabld', because they were not
confirmed by gelretic (DNA) analysis, The requirement to follow up snow-hack reports with
DNA analysis was instituted by the Service in May 2006. Prior to May 2006, snow-fack reports
of lynx without follow-up DNA analysis were commonly accepted as evidence of lynx
occupaney by federal and state agencies. Therefore, there is absolutely no possibility of
confirming whether snow-kack reports of lynx obtained prior to the implementation of the new
policy were actually lynx or not, Furthermore, due to workload and staffing constraints, the
WDFW routinely continues to conduct winter snow tracking surveys without attempting to back-
back to obtain hair or scat samples for further genetic analyses. Additionally, it must be noted
that the WDFW has not conducted winter snow üack surveys consistently every year in the
Kettle Range, and when snow hack surveys a¡e conducted, not every LAU within the Kettle
Range is surveyed during each survey.



Comprehens ive Survey s Lacking

Due to lack of funding and difficulty of access, the Kettle Range has not been compretrensively
or systematically surveyed for the presence of lynx. Only sporadic and intermittent srrrvey
efforts have been conducted in the Kettle Range by eitherthe WDFW orU.S. Forest Service.
Much of the Kettle Range is unroaded, and those roads that do exist are generally on the
periphery of the range at mid-elevation ranges, making snowmobile survey efforts throughout
much of the interior and higþer elevation habitats (i.e., thosehabitats more likely to support lpx
use and occupancy) impossible, Thorough srunmer hair snagging surveys would likewise be
equally difficult throughout much of the Kettle Range, and thus far, have not been conducted.

In summary, a fairly consistent and historical record of lynx happing exists for the Kettle Range.
More recent sporadic snow-tracking reports, as well as opportunistic sightings, have documerited
lynx and/or their hacks in the Kettle Range consistently throughout the 1990's and early 2000's.
The ÌWDFW considers the Kettle Range to be occupied bylynx. Wide-spread, systematic,
consistent, and thorough surveys for lynx throughout much of the Kettle Range are impossible or
extremely difficult to implement, and thus far, have not been conducted. For these reasons, and
until more thorough and compreheirsive lynx surveys are completed in the Kettle Range, we
believe a more appropriate conservative and defensible position is to assume that the Kettle
Range is likely to be occupied by lynx.

Critical Habiøt

Lynx habitat in the Kettle Range is limited in size and capable of supporting few lynx.
According to Koehler et al. Q007), the.Kettle Range ç6¡fains approximately 400 square
kilometers (km]of lynx habitat, which could support approximately 10lynx, based on a
predicted density of 2.3 lynx/l00 km2. The projeõte.d lyn* population estimate for the Kettle
Range may be overestimated because it is based upon a predicted dørsity estimate for lynx that is
derivd from a lynx study conducted by Koehler in the 1990s. That study was in the Casoade
Range of V/ashington in Okanogan County within a large area of contiguous, high quality lynx
habitat (Koehler 1990). Lynx habitat in the Kettle Range is much smaller and likely more
fragmented, and thus may not be capable of supporting a density of 2.3lynx/I00 km'.

As indicated above, manyhistorical happing records of lynx are recorded from the Kettle Range,
which may indicate that the a¡ea historically supported a small resident, breeding population.
Several periods of peak lynx harvest in the late I 960's and mid- I 970's a¡e highly correlated with
extreme lynx population imrptions in Canada (McKelvey et al. 2000). In the Kettle Range,26
lynxwereharvested in1970,14wereharvested in7976,and l7wereharvestedin 1977(WDFW
2001). The high number of lynx taken in the Kettle Range in these three years may be explained
by lynx dispersing from Canada during lynx population growth cycles in that region. As
indicated previously, Koehler (1990) estimates that the Kettle Range could support
approximately l0 lynx. Therefore, the unusually high numbers of lynx happed in the Kettle
Range in the late 1960's and 1970's are probably more indicative of lynx immigrating from
Canada into the United States, and less indicative of the potential size of the resident breeding
population capable of being supported in the Kettle Range. The¡e is speculation that the



unprec€derited harvest levels of þm:r in the Kettle Range in the 1960's and 1970's resulted in
their extþation (i.e., lynx were happed out) from the Kettle Range. However, while the
umegulated hanrest of lpx in the Kettle Range probably had dramatic impacts upon tbe reside,nt
breeding population in this area, and may have effectively eliminated it from the Kettle Rânge, a
few lynx continued to be bapped io the Kettle Range through themid 1980s, r¡ntil 1987 whe¡r a
restricted permit system was impleane,nted. A single lynx was take,n each year in 1980, 1983,
1985, and 1986. Thus, as discussed above, it is highly likely that the Kettle Range continues to
be occupied by a few lynx. rWhythe nr¡mber of lynx inhabiting the Kettle Range has apparently
not increased since the cessation of tapping is unknown and likewise opelt to speculation, as
there are resident lynx breeding populations to the west in the Cascade Range in lVashington and
to the north in Canada. The Kettle Range is somewhat isolated from these other areas of lpx
habitat, separated by intervening low elevation valleys of non-l1mx habitat, highwap, etc.
However, in other areas lynx are able to hav€rse large geographic expanses and manrnade
obstacles (e.g., low elevation valleys, deserts, highways) as evide,nced by the dispersal of lynx
from Colorado north into Wyoming, Montan4 and Idaho.

As a comparison, within the Cascade Range, which historically supported and continues to
support a breeding population of lynx, lynx habitat is estimated to comprise 2,411lo'n'(Koehler
et al. 2007), potentially capable of supporting approximately 55 l¡nx, ba.sed upon a predicted
density of 2.3 lynll0O knr' (Koehler 1990). Lynx populations in the Cascade Range were most
likely subjected to simila¡ happing pressures as the lynx populations in the Kettle RanEê, yet the
Cascade Range continues to zupport a lynx breeding population as evide¡rced by snow track
observations of multiple sets of lynx tracks indicating family groups consisting of a fe'rnale with
one or more kittens (Koehler, pefi¡. comm. 2008, Fisher, pers. comm. 2008).

The lynx population in the contiguors U.S. is most likelypart of ametapopulation with lpx
populations in Canada. To that extent, given the relatively small size of the Kettle Range and its
inherent capability to support few lyrx (10 or less), it is very likely that the Kettle ftange may

operate primarily as a *oink' where lynx immigrating from other source habitats (e.g', primarily

C-anada, but conceivably from the Ca.scade Range in Washington as well) during population

growth cycles may be able to persist for short periods of tim
6efore *winking out'. As stated previously, it is speculated in

the Kettle Range in the late 1960s and mid-1970s may have g

population that may have existed there. Likewi Kettle Range is

n"i.tr"tty capable of supporting, it is also not de e Range ever

supporte.d aïreeding populatiõn of lynx, or if it Range is capable

of Jupponing a persistent lynx breeding population over the long term.

In the proposed revised critical habitat rule (73 FR 10860), the Service stated that areas of

suitable näUitat within the contiguous United States Iynx DPS supporting long-term persistent

lynx breeding populations a¡e eisential to ensure coterminous

Útrit"¿ States. 
-We 

have, therefore, proposed tho habitat for the

lynx. Also as described abov vnx populations es are thougþt

to function as part of a larger core fange is in the northern boreal forest

(i.e., the Taiga) of central banada. Lynx disper from Canada during periods of population



highs will most likely augment lynx populations occupying suitable habitats inthe contiguous
United States. Some of these habitat patches (e.g., Cascade Range) are likely large enough to
maintain long-term resident breeding populations of l¡mx, which may be able to act as source
habitats from which lynx are able to disperse and potentially augment or colonize other suitable
habitat patches in the United States. We do have evidence of lynx dispersing from the United
Søtes inûo Canada. To what extent these lynx augment or contribute to the mainteffmce of lynx
populations in Canada is r¡nknown, but it is likely negligible. Other suitable habitats in the
United States (e.g., Kettle Range), are likely too small, fragmented, or isolated to maintain long-
term persistent lynx breeding populations (although some reproduction may occtu), and thus a¡e
unlikely to substantively contribute to the long-term persistence and conservation of the
contiguous United States lynx DPS. Therefore, we did not propose to designate critical habitat
for lynx within these a¡eas as we believe they are not essential to conserving the United States
lynx DPS.

Summarv

In summary, we believe that the Kettle Range is likely occupied by lyor. However, due to the
small quantity of lynx habitat available in the Kettle Range, which, in turn, is capable of
supporting relatively few lynx (10 or less), we also believe that the Kettle Range is more likely to
function as a "sink" habitat, and less likely as a "source" habitat for the species. As such, we
believe the Kettle Range is unlikely to meaningfully contribute to the persistence and
conservation of the contiguous United States lynx DPS. Therefore, as the Kettle Range most
likely does not support the physical and biological features in the spatial confïgruation or
quantity nÊcessary to support a breeding lynx population over the long-term, we agree that the
Kettle Range does not meet the atFibutes (i.e., is not essential) for designation as critical habiøt
for lvnx.
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From: Holt, Bryon
To: Conard, Ben
Subject: Re: FOR YOUR QUICK REVIEW: DRAFT Project Plan - Lynx SSA, 5-year review, recovery planning
Date: Thursday, April 16, 2015 7:58:10 AM

I have no comments.

Bryon

On Wed, Apr 15, 2015 at 3:16 PM, Conard, Ben <ben_conard@fws.gov> wrote:
here are my edits. you can add yours and save in one doc, or give to me seperate if you have
any comments.

---------- Forwarded message ----------
From: Carrier, Michael <michael_carrier@fws.gov>
Date: Wed, Apr 15, 2015 at 12:16 PM
Subject: Fwd: FOR YOUR QUICK REVIEW: DRAFT Project Plan - Lynx SSA, 5-year
review, recovery planning
To: Ben Conard <ben_conard@fws.gov>, Dennis Mackey <dennis_mackey@fws.gov>

Ben,
Can I count on Bryon to take the lead for IFWO?
Mike

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, Apr 15, 2015 at 12:58 PM
Subject: Fwd: FOR YOUR QUICK REVIEW: DRAFT Project Plan - Lynx SSA, 5-year
review, recovery planning
To: Mark Sattelberg <mark_sattelberg@fws.gov>, Tyler Abbott <tyler_abbott@fws.gov>,
Grant Canterbury <grant_canterbury@fws.gov>, Ben Conard <ben_conard@fws.gov>,
Michael Carrier <michael_carrier@fws.gov>, Sarah Hall <Sarah_Hall@fws.gov>, Dennis
Mackey <dennis_mackey@fws.gov>, Gary Miller <gary_miller@fws.gov>, Rollie White
<rollie_white@fws.gov>, Paul Henson <paul_henson@fws.gov>, Eric Hein
<Eric_Hein@fws.gov>, Brady McGee <Brady_McGee@fws.gov>, Jessica Hogrefe
<jessica_hogrefe@fws.gov>, Paul Casey <paul_casey@fws.gov>, Krishna Gifford
<krishna_gifford@fws.gov>, Martin Miller <martin_miller@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Laury Zicari <laury_zicari@fws.gov>
Cc: Bridget Fahey <bridget_fahey@fws.gov>, Tara Nicolaysen
<tara_nicolaysen@fws.gov>, Heather Bell <heather_bell@fws.gov>, Ann Belleman
<ann_belleman@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Leslie Ellwood <Leslie_Ellwood@fws.gov>, Kate Novak
<kate_novak@fws.gov>, Lisa Solberg Schwab <lisa_solbergschwab@fws.gov>, Michelle
Eames <Michelle_Eames@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Jeff Krupka
<Jeff_Krupka@fws.gov>, Karl Halupka <Karl_Halupka@fws.gov>, Tamara Smith
<Tamara_Smith@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>, Anthony
Tur <Anthony_Tur@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Seth Willey
<seth_willey@fws.gov>
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Hello.   

Attached please find our DRAFT project plan for Canada lynx.  We are requesting your
review of the draft document with any suggested revisions or comments by April 24 COB.  

The Project Plan discusses our intention to apply the Species Status Assessment (SSA)
framework and complete an SSA report to inform and streamline the five-year review for
the lynx DPS as well as subsequent recovery plan and future listing rules as needed based on
the SSA and five-year review.

The Project Plan also specifically identifies the level of involvement that we are requesting
from each involved office.  Committed participation and assistance from the other regions
and field offices within the DPS range will be essential to completing the tasks outlined in
the draft plan particularly given the broad geographic distribution of the DPS, the differing
management and conservation issues facing the various subpopulations, and the need to
coordinate with States, Tribes, other Federal agencies, and our counterparts in southern
Canada, 

Please review the attached draft and provide Jim Zelenak with your comments/concerns no
later than April 24.  If you require additional time for your review, please contact us to
discuss this.  

Thank you for your time.  JB

As an aside, if anyone is interested in attending the SSA workshop April 29-30 in Denver
please contact Jim Zelanak.  This is pretty short notice, but knowledgeable staff may find it
worthwhile.   

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

-- 

Michael Carrier, State Supervisor
Idaho Office, U.S. Fish and Wildlife Service
1387 S. Vinnell Way, Suite 368
Boise, Idaho 83709
(208) 685-6953
(503) 551-6340 (cell)



-- 
Ben Conard, Field Supervisor
U.S. Fish and Wildlife Service
Northern Idaho Field Office
11103 E. Montgomery Drive
Spokane Valley, WA 99206
Phone: (509) 893-8030
Fax: (509) 891-6748

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Smith, Tamara
To: Delphey, Phil
Subject: Re: FOR YOUR QUICK REVIEW: DRAFT Project Plan - Lynx SSA, 5-year review, recovery planning
Date: Thursday, April 16, 2015 8:15:43 AM

Hi Phil - Yes I am still lead for lynx. I was planning on reviewing this and sending comments
to Jim, but I will also cc Jessica and Ann.  Thanks, Tam

On Thu, Apr 16, 2015 at 7:23 AM, Delphey, Phil <phil_delphey@fws.gov> wrote:
Tam - Are you still lead for lynx?

Phil

---------- Forwarded message ----------
From: Hogrefe, Jessica <jessica_hogrefe@fws.gov>
Date: Wed, Apr 15, 2015 at 4:52 PM
Subject: Fwd: FOR YOUR QUICK REVIEW: DRAFT Project Plan - Lynx SSA, 5-year
review, recovery planning
To: Phil Delphey <phil_delphey@fws.gov>, Tamara Smith <tamara_smith@fws.gov>

Any comments?  Let me know.
..........................................
Jessica Hogrefe  
USFWS, Region 3
Division of Endangered Species
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
Phone: 612-713-5346

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, Apr 15, 2015 at 1:58 PM
Subject: Fwd: FOR YOUR QUICK REVIEW: DRAFT Project Plan - Lynx SSA, 5-year
review, recovery planning
To: Mark Sattelberg <mark_sattelberg@fws.gov>, Tyler Abbott <tyler_abbott@fws.gov>,
Grant Canterbury <grant_canterbury@fws.gov>, Ben Conard <ben_conard@fws.gov>,
Michael Carrier <michael_carrier@fws.gov>, Sarah Hall <Sarah_Hall@fws.gov>, Dennis
Mackey <dennis_mackey@fws.gov>, Gary Miller <gary_miller@fws.gov>, Rollie White
<rollie_white@fws.gov>, Paul Henson <paul_henson@fws.gov>, Eric Hein
<Eric_Hein@fws.gov>, Brady McGee <Brady_McGee@fws.gov>, Jessica Hogrefe
<jessica_hogrefe@fws.gov>, Paul Casey <paul_casey@fws.gov>, Krishna Gifford
<krishna_gifford@fws.gov>, Martin Miller <martin_miller@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Laury Zicari <laury_zicari@fws.gov>
Cc: Bridget Fahey <bridget_fahey@fws.gov>, Tara Nicolaysen
<tara_nicolaysen@fws.gov>, Heather Bell <heather_bell@fws.gov>, Ann Belleman
<ann_belleman@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Leslie Ellwood <Leslie_Ellwood@fws.gov>, Kate Novak
<kate_novak@fws.gov>, Lisa Solberg Schwab <lisa_solbergschwab@fws.gov>, Michelle
Eames <Michelle_Eames@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Jeff Krupka
<Jeff_Krupka@fws.gov>, Karl Halupka <Karl_Halupka@fws.gov>, Tamara Smith
<Tamara_Smith@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>, Anthony
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Tur <Anthony_Tur@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Seth Willey
<seth_willey@fws.gov>

Hello.   

Attached please find our DRAFT project plan for Canada lynx.  We are requesting your
review of the draft document with any suggested revisions or comments by April 24 COB.  

The Project Plan discusses our intention to apply the Species Status Assessment (SSA)
framework and complete an SSA report to inform and streamline the five-year review for
the lynx DPS as well as subsequent recovery plan and future listing rules as needed based on
the SSA and five-year review.

The Project Plan also specifically identifies the level of involvement that we are requesting
from each involved office.  Committed participation and assistance from the other regions
and field offices within the DPS range will be essential to completing the tasks outlined in
the draft plan particularly given the broad geographic distribution of the DPS, the differing
management and conservation issues facing the various subpopulations, and the need to
coordinate with States, Tribes, other Federal agencies, and our counterparts in southern
Canada, 

Please review the attached draft and provide Jim Zelenak with your comments/concerns no
later than April 24.  If you require additional time for your review, please contact us to
discuss this.  

Thank you for your time.  JB

As an aside, if anyone is interested in attending the SSA workshop April 29-30 in Denver
please contact Jim Zelanak.  This is pretty short notice, but knowledgeable staff may find it
worthwhile.   

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

-- 
Phil Delphey
Twin Cities Ecological Services Field Office
U.S. Fish and Wildlife Service
4101 American Blvd. E.
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Bloomington, MN 55425
612.725-3548 ext. 2206

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: FOR YOUR QUICK REVIEW: DRAFT Project Plan - Lynx SSA, 5-year review, recovery planning
Date: Friday, April 24, 2015 10:27:30 AM

Hi Jim - I'm glad spring has sprung in MT and especially glad that you have been able to get
out and enjoy it! Great photos - thanks for sharing!  Spring is finally emerging here too - it is
so nice to see hints of green again!  Cheers, -Tam

On Fri, Apr 24, 2015 at 10:22 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks, Tam - appreciate you taking a look and providing feedback.  I hope it is a solid plan and, more
importantly, that all the tasks are doable given court and self-imposed deadlines.....

It is springtime here - my favorite time of year, and my appreciation seems amplified with every passing year. 
Leaves are unfurling; mountain bluebirds have been back a few weeks, first swallows showed up a couple days
ago, waterfowl are moving; pasque flowers, Wyoming kitten tails, yellow bells, phlox (?), shooting stars are
blooming on Mount Helena; I've even been able to sneak out fishing a few times already ....life is good!

Hope all is well there, too.

Cheers!

Jim

On Fri, Apr 24, 2015 at 9:04 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim - 

I reviewed this document an had only a few suggested minor changes - I think it is a solid
plan.  I also included a comment regarding the Wisconsin Field Office, which was merged
with the Twin Cities Field Office a while back, so I am not sure if they should be
separated as they are in this document.  I'm not certain that issue deserves to be corrected
in your document, but thought I should mention it since it will likely be one person who is
fulfilling both the WI and MN duties (me, for now). I think Ann Belleman is still fulfilling
the lynx duties for WYFO for now, although that may change, since she is now part-time
for our office - so we may split the duties for TCFO. Clear as mud? 

Hope all is well with you! 

Have a good weekend,
-Tam

On Wed, Apr 15, 2015 at 1:58 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello.   

Attached please find our DRAFT project plan for Canada lynx.  We are requesting your
review of the draft document with any suggested revisions or comments by April 24
COB.  

The Project Plan discusses our intention to apply the Species Status Assessment (SSA)
framework and complete an SSA report to inform and streamline the five-year review
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for the lynx DPS as well as subsequent recovery plan and future listing rules as needed
based on the SSA and five-year review.

The Project Plan also specifically identifies the level of involvement that we are
requesting from each involved office.  Committed participation and assistance from the
other regions and field offices within the DPS range will be essential to completing the
tasks outlined in the draft plan particularly given the broad geographic distribution of
the DPS, the differing management and conservation issues facing the various
subpopulations, and the need to coordinate with States, Tribes, other Federal agencies,
and our counterparts in southern Canada, 

Please review the attached draft and provide Jim Zelenak with your comments/concerns
no later than April 24.  If you require additional time for your review, please contact us
to discuss this.  

Thank you for your time.  JB

As an aside, if anyone is interested in attending the SSA workshop April 29-30 in
Denver please contact Jim Zelanak.  This is pretty short notice, but knowledgeable staff
may find it worthwhile.   

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

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601



(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 
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From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Lynx SSA, 5-YR & Recovery Plan Contacts
Date: Tuesday, May 19, 2015 7:07:00 AM

Oops, missed that part of it.  Will do.

On Tue, May 19, 2015 at 6:40 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Bryon - I need you to fill out the rest of the columns for ID: State/Fed/Canadian and Academic contacts most
familiar with status and distribution of lynx in Idaho, threats to them, effectiveness of regulatory mechanisms
since lisitng, etc.

On Mon, May 18, 2015 at 8:22 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Jim,

Looks OK to me for ID.

Bryon

On Fri, May 15, 2015 at 2:41 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Please add or correct (in Track Changes) the entries in the attached table for your area and send back to me.

Trying to identify folks who will need to be involved in the lynx DPS status assessment and who can best
help us understand current and future status/trends of lynx and habitats within each of the DPS
subpopulations, the adequacy of current regulatory mechanisms, current/future threats and their potential
magnitudes, lynx status/trends/management on the Canadian side of the border, etc.

Let me know if you have questions.

thanks,

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
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Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Smith, Tamara
To: Baker, Richard (DNR)
Subject: Lynx SSA and Recovery Planning contacts for MNDNR
Date: Tuesday, May 19, 2015 1:55:20 PM

Hi Rich,

Who from the MNDNR should I add to Jim Zelenak's (USFWS MT FO)  list of contacts
regarding MNDNR for lynx recovery planning?  He has two empty spaces for MNDNR -
 Would your name be appropriate for  "manager" and John Erb as the "biologist" contact (each
slot could be one or two people)?  This isn't an official "recovery team" but would be people
who would be involved in in the lynx DPS status assessment and who can best help us
understand current and future status/trends of lynx and habitats within each of the DPS
subpopulations, the adequacy of current regulatory mechanisms, current/future threats and
their potential magnitudes, etc.

Do you know of a good contact for population trends etc. in Canada?

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:tamara_smith@fws.gov
mailto:Richard.Baker@state.mn.us


From: Baker, Richard (DNR)
To: Smith, Tamara
Subject: Automatic reply: Lynx SSA and Recovery Planning contacts for MNDNR
Date: Tuesday, May 19, 2015 1:56:25 PM

Thank you for your email.  I will be on leave until Wednesday, May 20th, and will reply as
soon as possible after I return.
 
If you are in need of urgent assistance, please contact Jane Norris at
jane.norris@state.mn.us or 651-259-5228.
 
<><><><><><><><><><><><><><><><><>
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><>

mailto:richard.baker@state.mn.us
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From: Eklund, Daniel A -FS
To: Tamara_Smith@fws.gov
Cc: StPierre, Matthew -FS
Subject: RE: Lynx SSA and Recovery Planning contacts for CNNF
Date: Tuesday, May 19, 2015 2:22:23 PM
Attachments: image001.png
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Tamara:  You can put Matt St.Pierre in for the Manager and Myself in as the Biologist.
 

Daniel Eklund, Biologist 
Forest Biologist

Forest Service
Chequamegon Nicolet National Forest

p: 715-762-5194 
f: 715-762-5179 
deklund@fs.fed.us

1170 4th Avenue South 
Park Falls, WI 54552
www.fs.fed.us 

Caring for the land and serving people

 
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Tuesday, May 19, 2015 2:18 PM
To: Eklund, Daniel A -FS
Subject: Lynx SSA and Recovery Planning contacts for CNNF
 
Hi Dan,
 
Who from the CNNF should I add to Jim Zelenak's (USFWS MT FO)  list of contacts for
CNNF regarding lynx recovery planning?  He has two empty spaces for CNNF -one
"manager" and the other a "biologist". Who from CNNF would appropriate for  "manager" and
as the "biologist" contact (each slot could be one or two people)?  
 
This isn't an official "recovery team" but would be people who would be involved in in the
lynx DPS status assessment and who can best help us understand current and future
status/trends of lynx and habitats within each of the DPS subpopulations, the adequacy of
current regulatory mechanisms, current/future threats and their potential magnitudes, etc. 
Given the situation with lynx in WI, I doubt there will be much work associated with this on
your end.
 
Do you know who would be the appropriate contacts for WI DNR?
 
Thanks, 
Tam
 
--

mailto:deklund@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:mstpierre@fs.fed.us
mailto:deklund@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA


Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Eklund, Daniel A -FS
Cc: StPierre, Matthew -FS
Subject: Re: Lynx SSA and Recovery Planning contacts for CNNF
Date: Tuesday, May 19, 2015 2:25:18 PM
Attachments: image004.png
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Thanks for the quick response! 

On Tue, May 19, 2015 at 2:21 PM, Eklund, Daniel A -FS <deklund@fs.fed.us> wrote:

Tamara:  You can put Matt St.Pierre in for the Manager and Myself in as the Biologist.

 

Daniel Eklund, Biologist 
Forest Biologist

Forest Service

Chequamegon Nicolet National Forest

p: 715-762-5194 
f: 715-762-5179 
deklund@fs.fed.us

1170 4th Avenue South 
Park Falls, WI 54552
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Tuesday, May 19, 2015 2:18 PM
To: Eklund, Daniel A -FS
Subject: Lynx SSA and Recovery Planning contacts for CNNF

 

Hi Dan,

 

Who from the CNNF should I add to Jim Zelenak's (USFWS MT FO)  list of contacts for
CNNF regarding lynx recovery planning?  He has two empty spaces for CNNF -one
"manager" and the other a "biologist". Who from CNNF would appropriate for  "manager"
and as the "biologist" contact (each slot could be one or two people)?  

 

mailto:tamara_smith@fws.gov
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mailto:mstpierre@fs.fed.us
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mailto:deklund@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA
mailto:tamara_smith@fws.gov


This isn't an official "recovery team" but would be people who would be involved in in the
lynx DPS status assessment and who can best help us understand current and future
status/trends of lynx and habitats within each of the DPS subpopulations, the adequacy of
current regulatory mechanisms, current/future threats and their potential magnitudes, etc. 
Given the situation with lynx in WI, I doubt there will be much work associated with this on
your end.

 

Do you know who would be the appropriate contacts for WI DNR?

 

Thanks, 

Tam

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Boulevard East

Bloomington, MN 55425

612-725-3548 ext. 2219

612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Strohl, Derek
Cc: Kyle Schumacher
Subject: Re: Lynx SSA and Recovery Planning contacts for BLM
Date: Tuesday, May 19, 2015 4:15:02 PM

Thanks, Derek!

On Tue, May 19, 2015 at 4:11 PM, Strohl, Derek <dstrohl@blm.gov> wrote:
Tamara, I'd add Kyle Schumacher as our biologist, since he is our lead person regarding
most of our northern Minnesota activities, and Randall Anderson (r35ander@blm.gov), as
the manager.

Regards,

Derek

On Tue, May 19, 2015 at 2:58 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Derek, 

Who from the BLM should I add to Jim Zelenak's (USFWS MT FO)  list of contacts for
BLM (WI and MN) regarding lynx recovery planning?  He has two empty spaces for
BLM --one "manager" and the other a "biologist". Who from BLM would appropriate for
 "manager" and as the "biologist" contact (each slot could be one or two people)?  

This isn't an official "recovery team" but would be people who would be involved in in the
lynx DPS status assessment and who can best help us understand current and future
status/trends of lynx and habitats within each of the DPS subpopulations, the adequacy of
current regulatory mechanisms, current/future threats and their potential magnitudes, etc.

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Derek Strohl, Natural Resources Specialist
Bureau of Land Management, Northeastern States District
Milwaukee, WI 53202
414-297-4416 (office)
414-217-8718 (cell)

mailto:tamara_smith@fws.gov
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-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Microsoft Outlook
To: Tamara_Smith@fws.gov
Subject: Undeliverable: Lynx SSA and Recovery Planning contacts for NPS in WI
Date: Tuesday, May 19, 2015 4:35:36 PM
Attachments: details.txt

Lynx SSA and Recovery Planning contacts for NPS in WI (4.12 KB).msg

Delivery has failed to these recipients or groups:

robin_maercklein@nps.gov
The e-mail address you entered couldn't be found. Please check the recipient's e-mail address and try to resend the message. If the problem continues, please contact your helpdesk.

Diagnostic information for administrators:

Generating server: IINRESEX01.doi.net

robin_maercklein@nps.gov
#550 5.1.1 RESOLVER.ADR.RecipNotFound; not found ##

Original message headers:

Received: from gsmtp5.doi.gov (10.10.28.15) by iinresex01.doi.net
 (10.85.57.134) with Microsoft SMTP Server (TLS) id 14.2.347.0; Tue, 19 May
 2015 17:35:21 -0400
Received: from mail-pa0-f54.google.com (209.85.220.54) by gsmtp5.doi.gov
 (137.227.28.15) with Microsoft SMTP Server (TLS) id 14.2.347.0; Tue, 19 May
 2015 17:35:21 -0400
Received: by mail-pa0-f54.google.com with SMTP id wv17so40492068pac.2
        for <robin_maercklein@nps.gov>; Tue, 19 May 2015 14:35:21 -0700 (PDT)
X-Gm-Message-State: 


X-Received: by 10.70.43.176 with SMTP id x16mr57304349pdl.83.1432071315936;
        Tue, 19 May 2015 14:35:15 -0700 (PDT)
X-Received: by 10.70.43.176 with SMTP id x16mr57304309pdl.83.1432071315539;
        Tue, 19 May 2015 14:35:15 -0700 (PDT)
Return-Path: <tamara_smith@fws.gov>
Received: from mail-pd0-f176.google.com (mail-pd0-f176.google.com.
 [209.85.192.176])        by mx.google.com with ESMTPS id
 je6si23124151pbd.73.2015.05.19.14.35.15        for <robin_maercklein@nps.gov>
        (version=TLSv1.2 cipher=ECDHE-RSA-AES128-GCM-SHA256 bits=128/128);
        Tue, 19 May 2015 14:35:15 -0700 (PDT)
Received-SPF: Pass (gSMTP5.doi.gov: domain of tamara_smith@fws.gov
 designates 209.85.220.54 as permitted sender) receiver=gSMTP5.doi.gov;
 client-ip=209.85.220.54; helo=mail-pa0-f54.google.com;
Received-SPF: pass (google.com: domain of tamara_smith@fws.gov designates 209.85.192.176 as permitted sender) client-ip=209.85.192.176;
Authentication-Results: mx.google.com;
       spf=pass (google.com: domain of tamara_smith@fws.gov designates 209.85.192.176 as permitted sender) smtp.mail=tamara_smith@fws.gov
Received: by mail-pd0-f176.google.com with SMTP id a3so41246250pde.2
        for <robin_maercklein@nps.gov>; Tue, 19 May 2015 14:35:15 -0700 (PDT)
X-Received: by 10.70.49.168 with SMTP id v8mr58481444pdn.24.1432071315036;
        Tue, 19 May 2015 14:35:15 -0700 (PDT)
X-Received: by 10.70.49.168 with SMTP id v8mr58481341pdn.24.1432071314124;
 Tue, 19 May 2015 14:35:14 -0700 (PDT)
MIME-Version: 1.0
Received: by 10.68.53.69 with HTTP; Tue, 19 May 2015 14:34:53 -0700 (PDT)
From: "Smith, Tamara" <tamara_smith@fws.gov>
Date: Tue, 19 May 2015 16:34:53 -0500
Message-ID: <CAHKAZAEw=2GAJnf+Te_6wM2DFmfR-gjhybbUVvwc7U9_AABwyQ@mail.gmail.com>
Subject: Lynx SSA and Recovery Planning contacts for NPS in WI
To: <robin_maercklein@nps.gov>, <julie_van_stappen@nps.gov>
Content-Type: multipart/alternative; boundary="089e0160cc92f9a3b7051676156d"
X-FailoverRoute: 1
X-Gm-Spam: 0
X-Gm-Phishy: 0

mailto:MicrosoftExchange329e71ec88ae4615bbc36ab6ce41109e@doi.net
mailto:tamara_smith@fws.gov
mailto:robin_maercklein@nps.gov


From: Smith, Tamara
To: robin_maercklein@nps.gov; julie_van_stappen@nps.gov
Subject: Lynx SSA and Recovery Planning contacts for NPS in WI
Date: Tuesday, May 19, 2015 3:35:21 PM

Hi Robin and Julie, 

Jim Zelenak's (USFWS MT FO) is putting together a list of contacts for NPS (in WI)
regarding lynx recovery planning. He has two empty spaces for NPS (WI)--one "manager" and
the other a "biologist". Who from NPS would appropriate for  "manager" and as the
"biologist" contact (each slot could be one or two people)?  

This isn't an official "recovery team" but would be people who would be involved in in the
lynx DPS status assessment and who can best help us understand current and future
status/trends of lynx and habitats within each of the DPS subpopulations, the adequacy of
current regulatory mechanisms, current/future threats and their potential magnitudes, etc.

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:robin_maercklein@nps.gov
mailto:julie_van_stappen@nps.gov


From: Windels, Steven
To: Smith, Tamara
Cc: Licht, Daniel
Subject: Re: Lynx SSA and Recovery Planning contacts for NPS
Date: Wednesday, May 20, 2015 11:19:43 AM

OK, that sounds good.

Thanks,
Steve

On Wed, May 20, 2015 at 11:18 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Okay, thank you.  I'll put you and Steve down as NPS contact people for WI/MN. It sounds
like you both are the right fit for this group - I'm sure you can opt out later if you decide
otherwise.  Thank you!

On Wed, May 20, 2015 at 11:06 AM, Licht, Daniel <dan_licht@nps.gov> wrote:
Tamara - I'll continue the 3-way conversation.  As Steve mentioned, I'm the Regional
Biologist for the Midwest Region (which includes MN-WI-MI).  Here's my 2-cents worth:

* I have over the past couple years been doing some "paper" projects with lynx,
specifically, a feasibility study of reintroducing lynx to Isle Royale NP, which technically
is in the jurisdiction of Michigan.  (We have one paper due to be published next month.)
 So while I'm not an expert, I'm not a complete idiot either when it comes to that species.

* But if you want someone from the NPS who works on the ground at the state level in the
Midwest then Steve is the only person I would recommend.  (We do have other parks in
the MN-WI-MI area, but they don't have lynx nor people knowledgeable of the species.)

* We do of course have biologists in our national office who would be eager to help, but I
sense that's not what you're looking for.

Cheers.

Dan Licht
Midwest Regional Wildlife Biologist
National Park Service
231 East. St. Joseph St.
Rapid City SD 57701
605 341-2802

On Wed, May 20, 2015 at 9:30 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Thanks, Steve.  

Jim Zelenak (FWS MTFO) is trying to convene agency contacts in all states within the
range of Canada lynx, so I'm hoping to provide him with one or two "biologists" and
"managers" for NPS in Wisconsin and Minnesota. The purpose of the agency
participation is to help inform recovery planning, but not necessarily to form an official
recovery team.

Thanks, 

mailto:steve_windels@nps.gov
mailto:tamara_smith@fws.gov
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mailto:tamara_smith@fws.gov
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Tam

On Wed, May 20, 2015 at 8:18 AM, Windels, Steven <steve_windels@nps.gov> wrote:
Hi, Tamara:

I've cc'd Dan Licht here, who is the Midwest Regional Wildlife Biologist for the NPS.  He is your best
starting point for your question, esp. since I am not sure if you are asking about it from a regional or
national standpoint.

Contact info for Dan Licht:
Midwest Regional Wildlife Biologist
National Park Service
231 East. St. Joseph St.
Rapid City SD 57701
605 341-2802
dan_licht@nps.gov

Cheers,
Steve

On Tue, May 19, 2015 at 1:58 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Steve, 

Who from the NPS should I add to Jim Zelenak's (USFWS MT FO)  list of contacts
for NPS regarding lynx recovery planning?  He has two empty spaces for NPS --one
"manager" and the other a "biologist". Who from NPS would appropriate for
 "manager" and as the "biologist" contact (each slot could be one or two people)? 
This isn't an official "recovery team" but would be people who would be involved
in in the lynx DPS status assessment and who can best help us understand current
and future status/trends of lynx and habitats within each of the DPS subpopulations,
the adequacy of current regulatory mechanisms, current/future threats and their
potential magnitudes, etc.

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 

mailto:steve_windels@nps.gov
mailto:dan_licht@nps.gov
mailto:tamara_smith@fws.gov


Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Route, William
To: Van Stappen, Julie; Daniel Licht
Cc: Smith, Tamara; Jill Medland
Subject: Re: Lynx SSA and Recovery Planning contacts for NPS in WI
Date: Friday, May 22, 2015 4:35:09 PM

Tamara,

I think Dan Licht, the NPS Midwest Regional Wildlife Biologist (cc'd) would be the best
choice for this.  Its been a few years since I've dealt with the lynx issue.

Bill Route
Program Manager/Ecologist
National Park Service
Great Lakes Inventory & Monitoring Network
2800 Lake Shore Drive East
Ashland, WI  54806
715-682-0631 ext. 221
cell 715-209-1844
bill_route@nps.gov

On Fri, May 22, 2015 at 3:09 PM, Van Stappen, Julie <julie_van_stappen@nps.gov> wrote:
Tamara,

Robin has retired.  You can add me to the list - the other recommendation for Wisconsin
would be Bill Route, from the Inventory and Monitoring Network (cc'd).  

Jill Medlund from St. Croix may have recommendations as well - I'll cc her.

Julie

Chief, Planning and Resource Management
Apostle Islands National Lakeshore
(715) 779-3398, ext. 102

On Tue, May 19, 2015 at 4:34 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Robin and Julie, 

Jim Zelenak's (USFWS MT FO) is putting together a list of contacts for NPS (in WI)
regarding lynx recovery planning. He has two empty spaces for NPS (WI)--one "manager"
and the other a "biologist". Who from NPS would appropriate for  "manager" and as the
"biologist" contact (each slot could be one or two people)?  

This isn't an official "recovery team" but would be people who would be involved in in the
lynx DPS status assessment and who can best help us understand current and future
status/trends of lynx and habitats within each of the DPS subpopulations, the adequacy of
current regulatory mechanisms, current/future threats and their potential magnitudes, etc.

Thanks, 
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Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Holt, Bryon
To: Ben Conard
Subject: Fwd: Lynx SSA kick-off call and webinar
Date: Tuesday, May 26, 2015 9:31:26 AM

FYI

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, May 26, 2015 at 9:25 AM
Subject: Re: Lynx SSA kick-off call and webinar
To: "Holt, Bryon" <bryon_holt@fws.gov>

I'll see how many other key folks may not be able to make it this week.  If only a handful, I will contact you and
others (maybe doodle poll) to find the date/time that works best for most.

Sorry about the short notice on this one.

On Tue, May 26, 2015 at 9:07 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Jim,

I have a previously scheduled meeting that I cannot get out of on that day.  Do you have
some idea when will you might schedule a separate call or another webinar?  Will there be
advance notice so I can plan my schedule accordingly?

Thanks,

Bryon

On Fri, May 22, 2015 at 1:08 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

We will be having a lynx SSA kick-off call and webinar next week, Thursday, May 28, from 10 - 11 AM
Mountain Time.  Most of you have seen and/or commented on the draft project plan.  I will send out the latest
(and hopefully final) version of the plan before Thursday, along with the call-in number, pass code, and
webinar information.

This is intended to be an overview of the process as we currently see it, and to provide some details on time
line and the help we anticipate needing from other regions and field offices.

I hope you will be able to attend.  If there are folks who have previous commitments, we will schedule another
call/webinar so everyone is on the same page.

Hope you all have a great holiday weekend.

Jim 
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Smith, Tamara
To: Boyle, Owen D - DNR
Cc: Woodford, James E - DNR
Subject: Re: Lynx SSA and Recovery Planning contacts for WI DNR
Date: Tuesday, May 26, 2015 12:45:47 PM

Thank you!

-Tam

On Tue, May 26, 2015 at 12:13 PM, Boyle, Owen D - DNR <Owen.Boyle@wisconsin.gov>
wrote:

Hi Tam,

 

Jim Woodford will be the WDNR contact. Here’s his info:

 

Jim Woodford

Section Leader – Natural Heritage Conservation

Wisconsin Department of Natural Resources

Phone: (715) 365-8856

James.Woodford@wisconsin.gov

 

Thanks,
Owen

 

We are committed to service excellence.

Visit our survey at http://dnr.wi.gov/customersurvey to evaluate how I did.

 

Owen Boyle, PhD
Species Management Section Chief

Bureau of Natural Heritage Conservation
Wisconsin Department of Natural Resources
101 S. Webster St., Madison, WI 53703
Phone: 608-266-5244

mailto:tamara_smith@fws.gov
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Cell Phone: 414-750-3198
owen.boyle@wisconsin.gov

 dnr.wi.gov

    

 

 

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Tuesday, May 19, 2015 3:05 PM
To: Boyle, Owen D - DNR
Subject: Lynx SSA and Recovery Planning contacts for WI DNR

 

Hi Owen, 

 

Who from the WI DNR should I add to Jim Zelenak's (USFWS MT FO)  list of contacts for
WI DNR regarding lynx recovery planning?  He has two empty spaces for WI DNR --one
"manager" and the other a "biologist". Who from WI DNR would appropriate for
 "manager" and as the "biologist" contact (each slot could be one or two people)?  

 

This isn't an official "recovery team" but would be people who would be involved in in the
lynx DPS status assessment and who can best help us understand current and future
status/trends of lynx and habitats within each of the DPS subpopulations, the adequacy of
current regulatory mechanisms, current/future threats and their potential magnitudes, etc.

 

I don't imagine that this will amount to much work for Wisconsin...

 

Thanks, 

Tam

 

 

--

Tamara Smith
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U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Boulevard East

Bloomington, MN 55425

612-725-3548 ext. 2219

612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: Lynx SSA, 5-YR & Recovery Plan Contacts
Date: Thursday, May 28, 2015 8:15:44 AM
Attachments: 2015 05 15 DRAFT Canada lynx SSA and Recovery Planning Contacts_TS.docx

Hi Jim - I've attached the spreadsheet with updates for MN/WI. I think I had a few people with
a question marks - I'll let you know if/when those get confirmed. I'm not sure of the
appropriate contacts for Ontario/Manitoba would be. 

Thanks! -Tam

On Tue, May 19, 2015 at 8:59 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
To clarify, I need each of you to fill in as many of the columns as you can for your state/area.

Also, the draft project plan indicated a call/webinar for May 20 - tomorrow.  That is not happening, but I will let
you all know as soon as it is scheduled, hopefully soon.

Thanks,

Jim

On Fri, May 15, 2015 at 3:41 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Please add or correct (in Track Changes) the entries in the attached table for your area and send back to me.

Trying to identify folks who will need to be involved in the lynx DPS status assessment and who can best help
us understand current and future status/trends of lynx and habitats within each of the DPS subpopulations, the
adequacy of current regulatory mechanisms, current/future threats and their potential magnitudes, lynx
status/trends/management on the Canadian side of the border, etc.

Let me know if you have questions.

thanks,

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 
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DRAFT - Canada lynx SSA and Recovery Planning Contacts/Participants  

Stat
e 

USFWS State USFS BLM NPS Canada 
Academi

a Biologist Manager Biologis
t Manager Biologist Manage

r Biologist Manager Biologist Manag
er 

Biologis
t 

Manage
r 

CO 

K. 
Broderdorp
/ Leslie 
Ellwood 

 E. 
Odell/ 
J. Ivan 

     T. Shenk  NA NA  

ID B. Holt B. Conard            

ME 

M. 
McCollough 

L. Zicari J. 
Vashon 

 NA NA NA NA NA NA   D. 
Harrison/ 
E. 
Simons-
Legaard 

MN 
T. Smith/A. 
Belleman 

P. 
Fasbender 

J. Erb? R. Baker D. 
Ryan?/T. 
Catton? 

S. 
Catton 

K. 
Schumacher 

R. 
Anderso
n 

D. 
Licht/S.Windels 

   R. Moen 

MT 

J. Zelenak J. Bush J. Kolbe K. 
McDonal
d 

J. Squires/ 
K. 
McKelvey
/ 
M. 
Schwartz 

S. 
Jackson 

J. Sparks  Glacier N.P. 
Biologist 

Glacier 
N.P. 
Manag
er 

B.C.: 
 
Alb.: 

B.C.: 
 
Alb.: 

 

NH A. Tur T. 
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J. Krupka/ 
M. Eames 

J. 
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R. MacRea 
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B. 
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     YNP and/ or 
GTNP Biologist 
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NA NA  

              
MI              
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E. Hein W. Murphy    S. 
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s? 

    NA NA  

NY              
OR           NA NA  



UT K. Novak L. Crist         NA NA  

WI 
T. Smith/A. 
Belleman 

P. 
Fasbender 

 J. 
Woodfor
d 

D. Eklund M. 
St.Pierr
e 

K. 
Schumacher 

R. 
Anderso
n 

D. Licht J. Van 
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n 

NA NA  

              
 



From: Catton, Susan J -FS
To: Lisa Mandell (lisa_mandell@fws.gov)
Cc: Tisler, Todd M -FS; Eklund, Daniel A -FS; Tamara_Smith@fws.gov; Andrew Horton (andrew_horton@fws.gov);

Ann Belleman (ann_belleman@fws.gov)
Subject: updated FS consultations list
Date: Friday, May 29, 2015 11:30:53 AM
Attachments: image010.png

image011.png
image012.png
image013.png
USFS Consultation 2015update29May15.xlsx

This version contains the updates from our call.
 
Have a wonderful weekend everyone.
 
-Susan
 

Susan Catton 
Forest Wildlife Biologist/Program Manager
Forest Service
Superior National Forest
p: 218-626-4304 
f: 218-626-4398 
scatton@fs.fed.us
8901 Grand Ave. Pl. 
Duluth, MN 55808
www.fs.fed.us 

Caring for the land and serving people
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From: Holt, Bryon
To: Jessica Gonzales
Cc: Ben Conard
Subject: Re: Lynx SSA Core Team
Date: Monday, June 01, 2015 11:54:11 AM

Jessica,

I just talked with Ben Conard.  Ben advised me that the expectation is that I would function as
R1's rep as a core member on the SSA team.  So, I will be coordinating with you and Jeff as
lynx things progress.  Does that work for you?

Bryon

On Mon, Jun 1, 2015 at 8:47 AM, Jessica Gonzales <Jessica_Gonzales@fws.gov> wrote:

Thanks Bryon.  Me and Jeff Krupka really appreciate your willingness to help.  Our capacity
is tapped out working on some consultations in the Yakima Basin. 

 

Jessica L. Gonzales

Assistant Project Leader

 

USFWS Central Washington Field Office

215 Melody Lane # 103

Wenatchee WA 98801-8122

Phone: 509-665-3508 ext 2000

Mobile: 509-760-6925

 

From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Monday, June 01, 2015 8:16 AM
To: Jessica Gonzales
Subject: Re: Lynx SSA Core Team

 

Hi Jessica,

 

Officially, I am covering Idaho.  However, in the past I was (still am?) the lynx coordinator
for R1 and in that capacity I was heavily involved in lynx listing and CH decisions involving

mailto:bryon_holt@fws.gov
mailto:jessica_gonzales@fws.gov
mailto:ben_conard@fws.gov
mailto:Jessica_Gonzales@fws.gov
mailto:bryon_holt@fws.gov


WA.  And, you probably remember I participated extensively with WDFW and WDNR on
lynx trapping efforts in the Cascades prior to our office's split. So, I am pretty familiar with
WA lynx issues. If you would like for me to cover lynx issues for WA, I could do that.  But,
you would need to officially ask my direct Supervisor Ben Conard, and then he most likely
would clear it with Mike Carrier (Idaho State Supervisor) and WA's State Supervisor.

 

Bryon

 

 

On Thu, May 28, 2015 at 9:51 AM, Jessica Gonzales <Jessica_Gonzales@fws.gov> wrote:

Are you covering WA?

 

Jessica L. Gonzales

Assistant Project Leader

 

USFWS Central Washington Field Office

215 Melody Lane # 103

Wenatchee WA 98801-8122

Phone: 509-665-3508 ext 2000

Mobile: 509-760-6925

 

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

mailto:Jessica_Gonzales@fws.gov


Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Welcome to Lynx SSA "Core" Team
Date: Wednesday, June 03, 2015 8:28:01 AM

Hi Jim,

Any of the three days work for me, except I will be on A/L 6/23 to 6/26.  Also, I prefer 11-12
or 12-1 Mountain Time.

Bryon

On Tue, Jun 2, 2015 at 2:21 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

I'm guessing most of you have by now learned the troubling news that you've been nominated for and designated
to the lynx SSA Project Team.  Congratulations!

This is going to be fun, right?

I anticipate that we will generally divide duties geographically like this:

Jim Z - MT and WY
Kurt B - CO (and UT and NM)
Bryon H - ID and WA (and OR)
Tam S - MN (and MI and WI)
Mark M - ME (and NH and VT)

For starters, we need to schedule biweekly calls, starting next week, and the 2nd and 4th week of each month
thereafter.  So we avoid holidays and long weekends, I would prefer either the 2nd AND 4th Tues. or Wed. or
Thurs. of each month.  Once we settle on a day, we need to schedule the calls between 10 AM and 1 PM
Mountain Time to comfortably accommodate all four time zones.

Please let me know your preference for day (TU, W, or TH) and 1-hour (they won't always take that long) time
slot (10-11, 11-12, 12-1, or 1-2 Mountain Time).  Once I have your preferences, I will pick a day and time that
works best for most.  Please let me know if you have any "absolutely not" days/times, too.  I will separately
schedule the monthly general coordination calls that will include the larger group of Service lynx biologists and
managers.

I'd also like you to familiarize yourselves with the SSA framework if you haven't done so already. I've attached
the most recent (Jan. 2015) framework document, and here is the Service's Google site:

https://sites.google.com/a/fws.gov/ssa/?pli=1

I've also attached the "SSA Cardinal Questions" table and ask that each of you spend some time with those
questions and jot down info specific to the DPS subpopulation in your neck of the woods to the extent that you
can before our first call next week.  Don't worry about answering every item or providing all the sources, but the
more complete the better, with a focus on the major drivers of DPS persistence/viability.  I hurriedly filled out
most of the table as a short-notice assignment before the SSA workshop in Denver last month and will share that
with you-all, but I'd first like to get your thoughts free of my biases.

I've also attached the current (hopefully final, though not yet signed) version of the project plan, and the current
list of contacts - could those of you who have not yet filled in contacts for your states do so?  Thanks.

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
https://sites.google.com/a/fws.gov/ssa/?pli=1


Also, if you haven't done so recently, please re-familiarize yourself with the pertinent Federal Register listing and
critical habitat documents, found here:

http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073

Our task is to use the SSA framework to complete a structured and transparent threats assessment for the DPS that
can be used for all ESA-related decisions/documents.  In this case we are trying to determine: (1) the extent to
which the threat for which the DPS was listed (inadequacy of regulatory mechanisms, Factor D) has or has not
been addressed; (2) whether there are new threats (e.g., climate change) that indicate the DPS continues to
warrant protection under the Act; (3) the future viability of the DPS; and (4) what a recovered DPS would look
like.

On a final note, you'll notice that the belated management decision that we need to complete an SSA report prior
to a 5-year review and/or recovery plan means that our previous news release and interested party letter indicating
that we would complete a 5-year review by this month is moot.  We are now shooting for completing the SSA by
the end of this calendar year, and there are still ongoing discussions about whether we will do a 5-year review or
just move right into recovery planning (we have a court order for the latter but not for the former). Because of the
tight schedule for the SSA and court-ordered recovery plan, we will have to focus on those factors that we believe
are most likely to drive the status and viability of each of the DPS subpopulations (i.e., we won't have time to
sweat the small stuff).

I suppose that's enough to think about for one email, but I look forward to talking with all of you and hope doing
so will help clear some of this up in my head.  Sorry that you've gotten roped into this with me, but I'm very glad
to have your knowledge, expertise,and good cheer along for the ride.  Thank you.

Cheers,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Smith, Tamara
To: Delphey, Phil
Cc: Hogrefe, Jessica
Subject: Re: Lynx SSA kick-off call and webinar
Date: Monday, June 08, 2015 10:06:32 AM

Yes - I have been asked to be on the Core Team. 

On Wed, Jun 3, 2015 at 12:53 PM, Delphey, Phil <phil_delphey@fws.gov> wrote:
Tam's at NCTC this week, so I'll wait for her to respond.  I assume that she is keyed into
this.

On Wed, Jun 3, 2015 at 11:35 AM, Hogrefe, Jessica <jessica_hogrefe@fws.gov> wrote:
Are you guys going to be involved in this? 
..........................................
Jessica Hogrefe  
USFWS, Region 3
Division of Endangered Species
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
Phone: 612-713-5346

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Thu, May 28, 2015 at 10:37 AM
Subject: Re: Lynx SSA kick-off call and webinar
To: Mark Sattelberg <mark_sattelberg@fws.gov>, Tyler Abbott <tyler_abbott@fws.gov>,
Grant Canterbury <grant_canterbury@fws.gov>, Ben Conard <ben_conard@fws.gov>,
Michael Carrier <michael_carrier@fws.gov>, Sarah Hall <Sarah_Hall@fws.gov>, Dennis
Mackey <dennis_mackey@fws.gov>, Gary Miller <gary_miller@fws.gov>, Rollie White
<rollie_white@fws.gov>, Paul Henson <paul_henson@fws.gov>, Brady McGee
<Brady_McGee@fws.gov>, Jessica Hogrefe <jessica_hogrefe@fws.gov>, Paul Casey
<paul_casey@fws.gov>, Krishna Gifford <krishna_gifford@fws.gov>, Martin Miller
<martin_miller@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Laury Zicari
<laury_zicari@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>
Cc: Bridget Fahey <bridget_fahey@fws.gov>, Tara Nicolaysen
<tara_nicolaysen@fws.gov>, Heather Bell <heather_bell@fws.gov>, Ann Belleman
<ann_belleman@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Leslie Ellwood <Leslie_Ellwood@fws.gov>, Kate Novak
<kate_novak@fws.gov>, Lisa Solberg Schwab <lisa_solbergschwab@fws.gov>, Michelle
Eames <Michelle_Eames@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Jeff Krupka
<Jeff_Krupka@fws.gov>, Karl Halupka <Karl_Halupka@fws.gov>, Tamara Smith
<Tamara_Smith@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>, Seth
Willey <seth_willey@fws.gov>, Eric Hein <Eric_Hein@fws.gov>, Jodi Bush
<jodi_bush@fws.gov>, Brent Esmoil <brent_esmoil@fws.gov>, Jennifer Szymanski
<jennifer_szymanski@fws.gov>, David Smith <drsmith@usgs.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Anthony Tur <Anthony_Tur@fws.gov>, Mark Maghini
<mark_maghini@fws.gov>, Megan Kosterman <megan_kosterman@fws.gov>

Hi All:
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I've attached a PDF of the presentation we will be using for the lynx SSA kick-off call this morning in case
folks have trouble accessing the webinar.

Jim

On Fri, May 22, 2015 at 2:08 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

We will be having a lynx SSA kick-off call and webinar next week, Thursday, May 28, from 10 - 11 AM
Mountain Time.  Most of you have seen and/or commented on the draft project plan.  I will send out the
latest (and hopefully final) version of the plan before Thursday, along with the call-in number, pass code,
and webinar information.

This is intended to be an overview of the process as we currently see it, and to provide some details on time
line and the help we anticipate needing from other regions and field offices.

I hope you will be able to attend.  If there are folks who have previous commitments, we will schedule
another call/webinar so everyone is on the same page.

Hope you all have a great holiday weekend.

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Phil Delphey
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Twin Cities Ecological Services Field Office
U.S. Fish and Wildlife Service
4101 American Blvd. E.
Bloomington, MN 55425
612.725-3548 ext. 2206

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Jim Zelenak
Cc: Mark McCollough; Bryon Holt; Kurt Broderdorp
Subject: Re: Welcome to Lynx SSA "Core" Team
Date: Monday, June 08, 2015 12:22:22 PM

Hi Jim - 

Sorry for the late response - I was out of town last week and am just catching up on emails.  

Tuesdays generally work the best for me - 10-11, 12-1, or 1-2 MT.

Wednesdays and Thursdays could also work, if those days are better for the group.

Thanks!
-Tam

On Wed, Jun 3, 2015 at 12:59 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Tuesdays are generally going to work better for me, and the 10-11 likely is better for me.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, June 02, 2015 3:29 PM
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Re: Welcome to Lynx SSA "Core" Team

 

Forgot to attach the project plan.  Here it is.

 

On Tue, Jun 2, 2015 at 3:21 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi All:

 

I'm guessing most of you have by now learned the troubling news that you've been
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nominated for and designated to the lynx SSA Project Team.  Congratulations!

 

This is going to be fun, right?

 

I anticipate that we will generally divide duties geographically like this:

 

Jim Z - MT and WY

Kurt B - CO (and UT and NM)

Bryon H - ID and WA (and OR)

Tam S - MN (and MI and WI)

Mark M - ME (and NH and VT)

 

For starters, we need to schedule biweekly calls, starting next week, and the 2nd and 4th
week of each month thereafter.  So we avoid holidays and long weekends, I would prefer
either the 2nd AND 4th Tues. or Wed. or Thurs. of each month.  Once we settle on a day, we
need to schedule the calls between 10 AM and 1 PM Mountain Time to comfortably
accommodate all four time zones.

 

Please let me know your preference for day (TU, W, or TH) and 1-hour (they won't always
take that long) time slot (10-11, 11-12, 12-1, or 1-2 Mountain Time).  Once I have your
preferences, I will pick a day and time that works best for most.  Please let me know if you
have any "absolutely not" days/times, too.  I will separately schedule the monthly general
coordination calls that will include the larger group of Service lynx biologists and managers.

 

I'd also like you to familiarize yourselves with the SSA framework if you haven't done so
already. I've attached the most recent (Jan. 2015) framework document, and here is the
Service's Google site:

 

https://sites.google.com/a/fws.gov/ssa/?pli=1

 

I've also attached the "SSA Cardinal Questions" table and ask that each of you spend some
time with those questions and jot down info specific to the DPS subpopulation in your neck

https://sites.google.com/a/fws.gov/ssa/?pli=1


of the woods to the extent that you can before our first call next week.  Don't worry about
answering every item or providing all the sources, but the more complete the better, with a
focus on the major drivers of DPS persistence/viability.  I hurriedly filled out most of the
table as a short-notice assignment before the SSA workshop in Denver last month and will
share that with you-all, but I'd first like to get your thoughts free of my biases.

 

I've also attached the current (hopefully final, though not yet signed) version of the project
plan, and the current list of contacts - could those of you who have not yet filled in contacts
for your states do so?  Thanks.

 

Also, if you haven't done so recently, please re-familiarize yourself with the pertinent
Federal Register listing and critical habitat documents, found here:

 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073

 

Our task is to use the SSA framework to complete a structured and transparent threats
assessment for the DPS that can be used for all ESA-related decisions/documents.  In this
case we are trying to determine: (1) the extent to which the threat for which the DPS was
listed (inadequacy of regulatory mechanisms, Factor D) has or has not been addressed; (2)
whether there are new threats (e.g., climate change) that indicate the DPS continues to
warrant protection under the Act; (3) the future viability of the DPS; and (4) what a
recovered DPS would look like.

 

On a final note, you'll notice that the belated management decision that we need to complete
an SSA report prior to a 5-year review and/or recovery plan means that our previous news
release and interested party letter indicating that we would complete a 5-year review by this
month is moot.  We are now shooting for completing the SSA by the end of this calendar
year, and there are still ongoing discussions about whether we will do a 5-year review or just
move right into recovery planning (we have a court order for the latter but not for the
former). Because of the tight schedule for the SSA and court-ordered recovery plan, we will
have to focus on those factors that we believe are most likely to drive the status and viability
of each of the DPS subpopulations (i.e., we won't have time to sweat the small stuff).

 

I suppose that's enough to think about for one email, but I look forward to talking with all of
you and hope doing so will help clear some of this up in my head.  Sorry that you've gotten
roped into this with me, but I'm very glad to have your knowledge, expertise,and good cheer
along for the ride.  Thank you.

 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073


Cheers,

 

Jim

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: Lynx SSA Core Team Biweekly Calls, etc.
Date: Monday, June 08, 2015 5:22:54 PM

I can make the call on Thursday.  Talk to you then! 

On Mon, Jun 8, 2015 at 4:48 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team,

I've heard back from all of you, and it looks like Tuesday mornings will work best for our calls.  So we will plan
on the 2nd and 4th Tuesdays of each month from 10-11 Mountain Time.

However, because of prior commitments, we will not have the first call tomorrow (Tues., June 9) but instead will
call this Thursday, June 11, 10-11 Mountain Time.  Please let me know if you can make the call then.  Between
now and then i will send out a few agenda bullets of topics we hope to cover.

Call-in No.: 866-857-8504
Passcode: 7620543

Our 2nd call will be June 23.  I will work on getting these out as Google invitations so they will show up on your
calendars.  Mark is on leave this week and so will miss the first call, and Bryon has leave scheduled for the 2nd
call - but we will get them caught up when they return!

We are also working on a Google Drive site that I will forward once we populate it a little.  This will be a place to
store, review, and edit important documents.

I've copied Mary Parkin and Heather Bell - they will be joining these calls as often as they are able, and they are
our two leads for assistance in implementing the SSA framework, conducting expert elicitation meetings, and
coordinating with State and other partners, among other assistance I'm sure they will offer.  We also may be
joined from time to time by one or more USGS folks who specialize in SSA implementation, viability modeling,
and structured decision making.

Look forward to talking with you on Thursday.

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425

mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


612-725-3548 ext. 2219
612-600-1599 cell 



From: Jim Zelenak (via Google Drive)
To: tamara_smith@fws.gov
Cc: mark_mccollough@fws.gov; bryon_holt@fws.gov; kurt_broderdorp@fws.gov
Subject: Lynx SSA - Invitation to collaborate
Date: Thursday, June 11, 2015 10:27:02 AM

jim_zelenak@fws.gov has invited you to contribute to the following shared
folder:

Lynx SSA

Google Drive Lynx SSA site for Core Team members.

Open

Google Drive: Have all your files within reach from any device.

mailto:drive-shares-noreply@google.com
mailto:tamara_smith@fws.gov
mailto:mark_mccollough@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
https://drive.google.com/a/fws.gov/folderview?id=0B3m9vwaW7DHjflNUTVliR1ZDTEt2Z0hlWFZ4WGZRQS1tTDhCNmhucWIxRUgyVTNwaU5PUTA&usp=sharing_eid
https://drive.google.com/a/fws.gov/folderview?id=0B3m9vwaW7DHjflNUTVliR1ZDTEt2Z0hlWFZ4WGZRQS1tTDhCNmhucWIxRUgyVTNwaU5PUTA&usp=sharing_eid
https://drive.google.com/a/fws.gov/folderview?id=0B3m9vwaW7DHjflNUTVliR1ZDTEt2Z0hlWFZ4WGZRQS1tTDhCNmhucWIxRUgyVTNwaU5PUTA&usp=sharing_eid
https://drive.google.com/


From: Ron Moen
To: Smith, Tamara
Subject: Re: Fwd: UMASS LiDAR Workshop in Lowell, MA
Date: Thursday, June 18, 2015 2:36:28 PM

Hi Tam,

   Thanks. We've been figuring out LiDAR up here and it might be good for one of my graduate students
in terms of contacts. Potentially lots to reanalyze in terms of lynx.

Ron

On 18 Jun 2015 at 14:21, Smith, Tamara wrote:

From:                        "Smith, Tamara" <tamara_smith@fws.gov>
Date sent:                  Thu, 18 Jun 2015 14:21:56 -0500
Subject:                     Fwd: UMASS LiDAR Workshop in Lowell, MA
To:                            "Catton, Susan J -FS" <scatton@fs.fed.us>,
                                 Timothy Catton <tcatton@fs.fed.us>,
                                 "Ryan, Daniel C -FS" <dcryan@fs.fed.us>,
                                 Ron Moen <rmoen@d.umn.edu>

fyi -

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Jun 17, 2015 at 3:23 PM
Subject: Fwd: UMASS LiDAR Workshop in Lowell, MA
To: "Squires, John -FS" <jsquires@fs.fed.us>, James Sparks
<jrsparks@blm.gov>, "Jackson, Scott -FS" <sjackson03@fs.fed.us>,
jashor@blm.gov, Katrina Dixon < katrina_dixon@fws.gov>,
seggeman@mt.gov, Jay Kolbe <jkolbe.fwp@gmail.com> Cc: Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith < tamara_smith@fws.gov>, Bryon
Holt <bryon_holt@fws.gov>, Kurt Broderdorp < kurt_broderdorp@fws.gov>,
Thomas Olenicki <thomas_olenicki@fws.gov>

Given the discussion about LIDAR and its potential application to
mapping lynx habitat during the recent Chamberlain Creek site visit, I
thought this might be of interest.

Please forward this to other folks in the lynx research community in
your necks of the woods who might be interested.

---------- Forwarded message ----------
From: Richardson, BJ <bj_richardson@fws.gov>
Date: Wed, Jun 17, 2015 at 2:09 PM
Subject: Fwd: UMASS LiDAR Workshop in Lowell, MA
To: FW5 GIS <fw5_gis@fws.gov>

mailto:rmoen@d.umn.edu
mailto:tamara_smith@fws.gov


---------- Forwarded message ----------
From: Pelch, Leslie <Leslie.Pelch@state.vt.us>
Date: Wed, Jun 17, 2015 at 8:24 AM
Subject: UMASS LiDAR Workshop in Lowell, MA
To: NEARC-L@listserv.uconn.edu

We are excited to be hosting a LIDAR workshop July 21-22nd 2015 in
Lowell
MA.

The workshop aims to provide a venue for LIDAR researchers to come
together to form new collaborations and research avenues, while also
providing an introductory short course/discussions that can engage and
educate potential users (faculty, students, industry and federal/state
agencies) interested in finding out more about LIDAR as well as LIDAR
based research.

The workshop announcement and call for abstracts is included below and
workshop website is:

http://www.uml.edu/Research/LIDAR-Workshop/default.aspx

If you have questions, please feel free to email me or call at
617-633-5118. Feel free to forward this message to others you might
identify as having an interest.

Cheers,

David J. Willis

Assistant Professor of Mechanical Engineering

University of Massachusetts Lowell

(978)934-3101

http://faculty.uml.edu/dwillis/

---------------------------------------------------------------------



----
This list (NEARC-L) is an unmoderated discussion list for all NEARC
Users.

If you no longer wish to receive e-mail from this list, you can remove
yourself by going to http://s.uconn.edu/nearcsubscribe.

--
________________________________
BJ Richardson <bj_richardson@fws.gov>
USFWS Northeast Region
Regional GIS Coordinator
Science Applications GIS Coordinator
413-253-8493
North Atlantic LCC <http://northatlanticlcc.org>       Appalachian LCC
<http://applcc.org> - NALCC DataBasin <http://nalcc.databasin.org>

--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell

--
Ron Moen                                                            
Center for Water and Environment, Natural Resources Research Institute
Biology Department, Swenson College of Science and Engineering
University of Minnesota Duluth
www.d.umn.edu/~rmoen,   www.nrri.umn.edu/lynx,   www.nrri.umn.edu/moose
Voice: 218-720-4372
Fax:   218-720-4328



From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: Lynx SSA and Google Drive
Date: Thursday, June 18, 2015 2:43:13 PM

Sounds good - Thanks!

On Thu, Jun 18, 2015 at 2:31 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Tam,

I think the only assignment was to try to fill in some of the "Cardinal SSA Questions" table, from the perspective
of your local lynx subpop. and habitat conditions.  If the lynx litigation emails slow, I hope tomorrow to send
around an "experts matrix" and have team try to fill that in, too, before next Tuesdays core team call. 

j

On Thu, Jun 18, 2015 at 1:20 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Thanks, Jim!  

Can you remind us of the "to do" items from last week's call?  I am working remotely
today and forgot to grab my notes.  

Thanks!
-Tam

On Wed, Jun 17, 2015 at 10:22 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team!

On Monday, Mary and I got a crash course in using google drive, editing docs, etc., from Tara Nicolaysen. 
We are going to see if we can line Tara up for a similar primer on our next Core Team call.  I understand
several of you have been on the site and encountered issues with saving/editing docs.  With a little guidance
and practice, I think (and hope) that working on google drive will increase both collaboration and efficiency.

I will soon be moving a few other things to the site and organizing/creating folders in a way that I hope
makes sense.  I'll also try to get a google invitation to the biweekly meetings out so that those will show up
automatically on your calendars. 

In the mean time, I'm working on a letter to our State partners that was spurred by a letter from AFWA to
Gary Frazer.  Gary and Noreen Walsh (R6 RD) are both interested in seeing that we coordinate well with our
State partners throughtout the SSA and recovery planning processes and that we document such coordination
for the AR.

I'm also working on a matrix that I hope will help us identify our most pressing information and modeling
needs and the experts who can most help in those areas.  Like the "contacts" matrix, i will be sending that
around to each of you to have your input on prioritizing info needs and experts from your part of the DPS.

Finally - I hope to get back to and complete a summary document of the most pertinent Federal Register
docs and others, e.g., settlement agreements, etc. so that we are all working from the same listing historical
perspective.

I will try to gin up a brief agenda for our next call prior to Tues.

mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov


Let me know if you have questions or concerns.

Cheers!

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Bell, Heather
To: Zelenak, Jim; Mary_Parkin
Subject: Re: Draft Letter to States - Lynx SSA
Date: Monday, June 22, 2015 7:52:45 AM
Attachments: 2015 06 19 Draft Lynx SSA Letter to States jz CLEAN _ hb comments.docx

Jim and Mary, I am just sending my comments to you two first because I hopped on my
soapbox and you can disregard my comments if you like!  
My two thoughts in general are
1) we need to make it abundantly clear, with no chance of misinterpretation, that we are
inviting the States into the Science realm
2) can we please please be more specific?  asking the states for info on the 5 factors may be
what we always did, but honestly that is not what you need from them now.  (with the caveat
that they can always send the rest of that stuff...).  We need the specifics that we have been
discussing.  

Mary, Dave would say we are not "separating" science and policy...but rather having clear and
distinct roles or opportunities...but taht gets really wordy.  what do you think?  

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/

On Fri, Jun 19, 2015 at 10:14 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Jodi,

As you requested, I've drafted a brief letter to Montana FWP to notify them of the change in process and schedule
for the lynx status assessment.  Once this is reviewed/finalized, we can share it with other state ES offices in the
DPS range so they can edit, along with notifying them that we expect each ES office to send it to their state
management agency.

I've also attached the 2-page SSA fact sheet that would be enclosed with the letter and has been cleared for
distribution outside the FWS (right Heather?). 

I've copied Seth, Mary, and Heather and request their review also with regard to SSA process and recovery
planning language.

Let me know if you think we also need to draft a letter in response to the AFWA letter to Gary F. and, if so, for
whose signature (Gary's?)?

Also let me know if you want the track changes version of the attached letter (based on our "Interested Party"
letter from Dec.).

Heather and Mary - you both provided excellent thoughts in your emails of June 15-16, but I think that level of

mailto:heather_bell@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mary_parkin@fws.gov
https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/rev/
mailto:jim_zelenak@fws.gov


detail might be too much for this introductory letter to the States.  Maybe we can include that discussion during
the first of the monthly coordination calls we will have with States? 

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 
Montana Field Office 

585 Shepard Way, Suite 1 
Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FWS/R6/MTESO/Canada Lynx Status Assessment 

June 19, 2015 
 
Dear Director Hagener: 
 
As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 
2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 
DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 
Register, 79:54782; September 12, 2014) . 
 
Although we originally intended to complete a five-year status review of the lynx DPS by this 
month, we received notice from our Regional and Headquarters offices that we would first need 
to implement a relatively new framework, a Species Status Assessment (SSA; see enclosed fact 
sheet).  The SSA is a structured, transparent, and scientifically-robust status, threat, and viability 
assessment that is intended to provide the scientific underpinnings for all determinations the 
Service is required to make in accordance with the Act (e.g., listing decisions, status reviews, 
critical habitat designations, and recovery plans).  By providing all the species-specific science in 
a single document that can be updated as new information becomes available, the SSA report is 
intended to streamline, expedite, and reduce the size and complexity of Federal Register notices 
associated with determinations required by the Act, while simultaneously separating the science 
from the policy and decision-making process. 
 
Over the next several months, we will be coordinating with States and other partners and seeking 
input from experts in lynx ecology, habitat, management, and climate modeling to assess the 
current status and likely future viability of lynx populations within the DPS.  We will soon 
schedule monthly coordination calls with your department and the wildlife management agencies 
from other states within the range of the DPS to provide updates on SSA progress and to seek 
imput from States at appropriate times during the process.  To ensure that our assessment will be 
as accurate and complete as possible, we will use the best scientific and commercial data 
available in the development of the SSA report.  We hope to complete the SSA report  by 
December of 2015 and then begin the recovery planning process so that we can meet the court-
ordered January 15, 2018, deadline to complete a recovery plan for the lynx DPS.   

 
With this letter, we are seeking your input to ensure we have the best available information upon 
which to inform our assessment.  We continue to welcome any information and data your 
department would like to submit for our consideration regarding the following items: 

Comment [HB1]: This sounds like it was a 
directive, and HQ I don’t believe sent a directive.  
Regional office may have….perhaps “recommended 
we implement….{I don’t want states to think we are 
doing all ESA decisions with SSA….yet…..)   

Comment [HB2]: Having a clear and distinct 
opportunity to address the science prior to the 
Service’s application of policy and its decision 
process (ok that was horrible, but you probably get 
my drift)  

Comment [HB3]: Clarify what kind of input 
(biological and threat based information)….make 
sure the states would in no way misinterpret this 
request. 

Comment [HB4]: Ok Jim, prepare yourself for 
my soapbox!   The below bullets send the states on a 
wild goose chase of “bring me the rock”.  Lets try 
and be more specific and then end with a general, 
additionally if you have ore information on any of 
the factors we welcome it….. 



Dear Director Hagener 
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• General information concerning the taxonomy, biology, ecology, genetics, and status of 

lynx in the contiguous United States; 
 

• Specific information on the conservation status current condition of lynx in the 
contiguous United States, including information on its current distribution, abundance, 
genetic or niche diversity???and population trends; 
 

• Specific information on known and potential future threats to lynx in the DPS, including:  
(i) the present or threatened destruction, modification, or curtailment of its habitat or 
range; (ii) overutilization for commercial, recreational, scientific, or educational 
purposes; (iii) disease or predation; (iv) the inadequacy of existing regulatory 
mechanisms; and (v) other natural or manmade factors affecting its continued existence;  
 

• Specific information on conservation actions that have improved lynx habitat or  reduced 
previsously identified ??threats to lynx in the DPS; 
 

• Habitat selection, use, and any changes or trends in the amount, quality, and distribution 
of lynx habitat in the contiguous United States. 

Please be aware that all data and information submitted to us including names and addresses will 
become part of the record for this status assessment and may be made public.  Information 
should be submitted to Jim Zelenak of the Montana Ecological Services Field Office at: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601 

 
Thank you for your continued interest in the conservation of Canada lynx.  We look forward to 
continued collaboration with your department throughout this process.  If you would like 
additional information or have questions about the lynx DPS or the SSA framework, please 
contact Jim Zelenak at (406) 449-5225 extension. 220 (jim_zelenak@fws.gov). 

 
 

Sincerely, 
 

       
 

Jodi Bush 
Field Office Supervisor 

Comment [HB5]: Isn’t this the relationship 
between snow levels, snowshoe hare and lynx 
survival?  What about bobcat/lynx interactions?   

Comment [HB6]: This is so general I don’t know 
what it means.   

Comment [HB7]: Are there any specifics here 
you really want to address?   

Comment [HB8]: And what about these are of 
interest?  the geographic scope of the issue? The 
effect on individuals, populations and the species…. 

Comment [HB9]: Again this is so general I don’t 
know what it means.  If we already have some idea 
of the drivers wouldn’t we want them to focus on 
that?  You could always have  this general thing at 
the bottom  or top cuz it is probably required, but 
then I suggest being as specific as you can even in 
this general letter….. 

Comment [HB10]: What about the increase in 
bobcat range?  That seems like an important one.   

Comment [HB11]: What kind of specific 
information?  Location and success of?  How will we 
measure that?  What qualifies as a conservation 
action? A forest plan?  Or will you be doing that 
request more specifically to the states later/   

Comment [HB12]: I like this one!  



From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: question about experts
Date: Wednesday, June 24, 2015 9:29:26 AM

Okay, thanks Jim.  I will keep any contact to a minimum, if anything at all.  Definitely won't
invite anyone to participate, etc. Thanks!

On Wed, Jun 24, 2015 at 9:18 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Heather and Mary expressed some concerns about reaching out too early (before the core team has landed on a
prioritized list of the most needed expertise and most likely candidates for providing it), but I think reaching out
informally is OK as long as you don't imply and invitation.  Hopefully we will very soon have our list of folks so
we can begin reaching out more formally.

On Wed, Jun 24, 2015 at 8:13 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim  - Is it okay to informally contact potential persons that we may potentially engage
in the expert elicitation for the SSA?  I am trying to narrow down the most appropriate
people but want to make sure they would be a good fit.  I was thinking of just asking  a
few people about their area of expertise generally and not mention the SSA.  If not, that's
okay, I'm looking at websites, literature, etc. also.

Thanks,
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East

mailto:tamara_smith@fws.gov
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Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Holt, Bryon
To: Megan Kosterman
Subject: Fwd: Updated State Coordination Letter
Date: Tuesday, July 07, 2015 9:36:11 AM
Attachments: 2015 06 25 LTR Bush_Hagener Lynx SSA Letter to States.pdf

SSA Fact Sheet.pdf
2015 0701 TEMPLATE Lynx SSA Letter to States.docx

FYI

---------- Forwarded message ----------
From: Carrier, Michael <michael_carrier@fws.gov>
Date: Mon, Jul 6, 2015 at 7:02 AM
Subject: Fwd: Updated State Coordination Letter
To: Kim Garner <kim_garner@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Ben Conard
<ben_conard@fws.gov>, Dennis Mackey <dennis_mackey@fws.gov>

Kim
Would you and Bryon coordinate on preparing these for my signature next week or
the following week.
Thanks
Mike
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, Jul 1, 2015 at 11:00 AM
Subject: Updated State Coordination Letter
To: Eric Rickerson <eric_rickerson@fws.gov>, Michael Carrier <michael_carrier@fws.gov>,
Mark Sattelberg <mark_sattelberg@fws.gov>, Ann Timberman <ann_timberman@fws.gov>,
Drue DeBerry <drue_deberry@fws.gov>, Laury Zicari <laury_zicari@fws.gov>, Tom
Chapman <Tom_Chapman@fws.gov>, Wally Murphy <wally_murphy@fws.gov>, Peter
Fasbender <peter_fasbender@fws.gov>
Cc: Jeff Krupka <Jeff_Krupka@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Kurt
Broderdorp <Kurt_Broderdorp@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>, Ann
Belleman <ann_belleman@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>,
Jim Zelenak <jim_zelenak@fws.gov>, Anthony Tur <Anthony_Tur@fws.gov>, Seth Willey
<seth_willey@fws.gov>, Sarah Quamme <Sarah_Quamme@fws.gov>, Laura Ragan
<Laura_Ragan@fws.gov>, Krishna Gifford <krishna_gifford@fws.gov>, Eric Hein
<Eric_Hein@fws.gov>, Sarah Hall <Sarah_Hall@fws.gov>, Michael Thabault
<michael_thabault@fws.gov>, Lisa Mandell <lisa_mandell@fws.gov>

Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the Project
Plan, we have updated the State coordination letter based on the addition of the SSA process
and the subsequent altered timeline.  

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process.  To that end,
the letter updates where we are now and identifies a monthly coordination call with our state partners to keep them appraised
of our progress.  

I am requesting that each state send out versions of this letter and attachment from their offices, preferably within the
next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 
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Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing coordination call with
our State partners.  It seemed appropriate to get this date identified upfront so could keep moving forward.  

As always -thanks for your help.  Please call if you have questions.  JB

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

-- 

Michael Carrier, State Supervisor
Idaho Office, U.S. Fish and Wildlife Service
1387 S. Vinnell Way, Suite 368
Boise, Idaho 83709
(208) 685-6953
(503) 551-6340 (cell)

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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In Reply Refer To: 
FILE CODE 

DATE, 2015 
 
Dear (Title): 
 
As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 
2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 
DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 
Register, 79:54782; September 12, 2014). 
 
Although we intended to complete a five-year status review of the lynx DPS by this month, the 
Service determined that we would first implement a relatively new framework, a Species Status 
Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 
scientifically-robust status, threat, and viability assessment that is intended to provide the 
scientific underpinnings for all determinations the Service is required to make in accordance with 
the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  
By providing all the species-specific science in a single document that can be updated as new 
information becomes available, the SSA report is intended to streamline, expedite, and reduce 
the size and complexity of Federal Register notices associated with determinations required by 
the Act.   
 
Over the next several months, we will be coordinating with States and other partners and seeking 
input from objective, independent experts in lynx ecology, habitat, management, and climate 
modeling to assess the current status and likely future viability of lynx populations within the 
DPS.  We are scheduling monthly calls with your department and the wildlife management 
agencies from other states within the range of the DPS to provide updates on SSA progress and 
to seek input at appropriate times during the process regarding the biological status of, and 
potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 
Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 
866.822.7385, passcode: 5396168.  
 
To ensure that our assessment will be as accurate and complete as possible, we will use the best 
scientific and commercial data available in the development of the SSA report.  We hope to 
complete the SSA report by December of 2015 and then begin the recovery planning process so 
that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 
the lynx DPS.   



Dear Director Hagener 
 

2 

 
We continue to welcome any scientific information (e.g., survey results, habitat assessments, 
modeling efforts, implementation and/or monitoring of conservation measures, verified 
observations) you wish to provide for our consideration regarding the status, distribution, and 
likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 
in Montana.  Please be aware that all data and information submitted to us including names and 
addresses will become part of the record for this status assessment and may be made public.  
Information should be submitted to: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601 

 
Thank you for your continued interest in Canada lynx conservation.  We look forward to 
continued collaboration with your department throughout this process.  If you would like 
additional information or have questions about the lynx DPS or the SSA framework, please 
contact LOCAL NAME at (NUMBER) (EMAIL). 

 
 

Sincerely, 
 
       
 

NAME 
TITLE 
 

 
Enclosure 
Cc: Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 

Jonathon Mawdsley, Fish and Wildlife Science Coordinator, AFWA 
Gary Fraser, HQ 



U.S. Fish & Wildlife Service

The Species Status 
Assessment Framework
An Integrated Framework for Conservation

“The greatest danger in times of turbulence 
is not the turbulence; it is to act with 
yesterday’s logic.”  
— Peter Drucker

Although significant progress has been made in safeguarding 
species and their habitats, limited resources and an ever-increasing 
workload jeopardize our long-term effectiveness at fulfilling our 
responsibilities.  In addition, novel and significant conservation 
challenges lie ahead, including a changing climate.  While we 
continue to build on our successes, ensuring successful conservation 
and recovery of the nation’s species requires an increasing 
commitment to new ways of thinking, working, and sharing.  
From a budgetary and conservation standpoint, we simply cannot 
afford business as usual.  The Species Status Assessment (SSA) 
Framework, in concert with other transformative efforts, better 
allows us to meet the complex challenges ahead and guide our 
efforts to continually enhance our conservation success.

The SSA Framework
The SSA Framework is an analytical framework for assessing 
a species’ biological condition and level of viability.  Building on 
the best of our current analytical processes and the latest in 
conservation biology, this framework integrates analyses that are 
common to all ESA functions, eliminates duplicative and costly 
processes, and allows us to strategically focus on our core mission 
of preventing extinction and achieving recovery.  In addition, the 
SSA Framework provides a structure for effectively engaging with 
our State partners and soliciting peer review.

Our Vision
Our vision is a common, consistent, repeatable, scientifically sound 
approach that will serve as the basis for future ESA decisions.  
Using the SSA Framework early provides the context for a decision 
on whether protections are warranted, then for decisions regarding 
what is needed for its conservation and recovery, what the greatest 
research needs are, and how public or private actions may affect 
the species.  Staff in each region are available to provide support 
and training to help ensure we continue to build on the successes 
the SSA Framework has already delivered.  

“The Species Status Assessment offers a 
unique opportunity to transform how the 
U.S. Fish and Wildlife Service delivers 
conservation.”   
–  Gary Frazer, Assistant Director  
    Ecological Services Program

     Realized Benefits  
By having the biological analyses in 
the SSA report, and referencing it in 
the proposed listing rule, we saved an 
estimated 65 pages of Federal Register 
printing – a $30,000 cost saving – for the 
New Mexico meadow jumping mouse 
proposed rule alone.

Efficiency – structured and repeatable 
biological analysis saves time 

Defensibility – analysis grounded in 
accepted science and a logical process 
with explicit assumptions and complete 
reasoning will inform our statutory 
decisions

Consistency – consistent framework and 
terminology will be used across all ESA 
functions and across regions and field 
offices

Effectiveness – clearly articulated 
reasoned decisions will foster effective 
communication and make for better 
conservation

Collaboration – a better forum for being 
inclusive; partners, particularly States, 
are more likely to understand and support

New Mexico meadow jumping mouse.  
Credit: USFWS



U. S. Fish and Wildlife Service
Endangered Species Program
4401 N. Fairfax Drive, Room 420
Arlington, VA 22203
703-358-2171
 
March 2014

Species Status Assessement Framework

SPECIES VIABILITY

SPECIES CURRENT CONDITION

SPECIES NEEDS

Current Availability
or Condition of those Needs

Future Availability
or Condition of those Needs

Assessing the species level of viability is achieved by completing the above 
assessment framework. Credit: USFWS

Gunnison’s prairie dog. Credit: USFWS 

Applying SSA
We begin an SSA with an 
understanding of the species’ unique 
life history, and from that evaluate 
a species’ needs or biological 
requirements at the scales of 
individuals, populations, and species.  
We then consider the current and 
future availability or condition of those 
needs and investigate the reasons those 
needs are missing.  The consequences 
of any missing needs are assessed 
to describe the current condition of 
the species, and project the future 
species condition over time.  Using the 
principles of resilience, representation, 
and redundancy, the species’ level of 
viability and risks to its viability are 
evaluated and characterized.  Generally, 
the more redundant, representative, 
and resilient a species is, the more 
likely it is to persist over time, even 
under changing environmental 
conditions.  The characterization of 
viability is enhanced by estimates at 
multiple time intervals under a range 
of probable scenarios to describe the 
possible changes in viability over time 
and to characterize the uncertainty.  

Where to Learn More  
Visit https://sites.google.com/a/
fws.gov/ssa/ to see examples of SSA 
reports, connect with others who have 
applied the Framework, get answers 
to frequently asked questions, find 
contact information for your Region’s 
SSA Framework Implementation Team 
member, and access the guidance on 
applying the draft SSA Framework.  

“The SSA is an intuitive 
framework that, once 
completed, allowed 
me to more clearly and 
quickly develop, explain, 
and write my listing 
argument.”  
– Craig Hansen, Species Lead for  
   Gunnison’s prairie dog

https://sites.google.com/a/fws.gov/ssa/
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In Reply Refer To: 
FWS/R6/MTESO/Canada Lynx Status Assessment 

July 1, 2015 

 

Dear Director Hagener: 

 

As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 

the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 

canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 

2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 

DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 

Register, 79:54782; September 12, 2014). 

 

Although we intended to complete a five-year status review of the lynx DPS by this month, the 

Service determined that we would first implement a relatively new framework, a Species Status 

Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 

scientifically-robust status, threat, and viability assessment that is intended to provide the 

scientific underpinnings for all determinations the Service is required to make in accordance with 

the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  

By providing all the species-specific science in a single document that can be updated as new 

information becomes available, the SSA report is intended to streamline, expedite, and reduce 

the size and complexity of Federal Register notices associated with determinations required by 

the Act.   

 

Over the next several months, we will be coordinating with States and other partners and seeking 

input from objective, independent experts in lynx ecology, habitat, management, and climate 

modeling to assess the current status and likely future viability of lynx populations within the 

DPS.  We are scheduling monthly calls with your department and the wildlife management 

agencies from other states within the range of the DPS to provide updates on SSA progress and 

to seek input at appropriate times during the process regarding the biological status of, and 

potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 

Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 

866.822.7385, passcode: 5396168.  

 

To ensure that our assessment will be as accurate and complete as possible, we will use the best 

scientific and commercial data available in the development of the SSA report.  We hope to 

complete the SSA report by December of 2015 and then begin the recovery planning process so 

that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 

the lynx DPS.   



Dear Director Hagener 
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We continue to welcome any scientific information (e.g., survey results, habitat assessments, 

modeling efforts, implementation and/or monitoring of conservation measures, verified 

observations) you wish to provide for our consideration regarding the status, distribution, and 

likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 

in Montana.  Please be aware that all data and information submitted to us including names and 

addresses will become part of the record for this status assessment and may be made public.  

Information should be submitted to: 

 

U.S. Fish and Wildlife Service 

Montana Ecological Services Field Office 

Attn: Jim Zelenak 

585 Shepard Way, Suite 1 

Helena, MT 59601 

 

Thank you for your continued interest in Canada lynx conservation.  We look forward to 

continued collaboration with your department throughout this process.  If you would like 

additional information or have questions about the lynx DPS or the SSA framework, please 

contact Jim Zelenak at (406) 449-5225, extension 220 (jim_zelenak@fws.gov). 

 

 

Sincerely, 

 

       
 

Jodi Bush 

Field Office Supervisor 

 

 

Enclosure 

Cc: Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 

Jonathon Mawdsley, Fish and Wildlife Science Coordinator, AFWA 

Gary Fraser, HQ 



From: Holt, Bryon
To: Kim Garner
Subject: Fwd: Updated State Coordination Letter
Date: Tuesday, July 07, 2015 12:37:09 PM
Attachments: 2015 0707 corrected TEMPLATE Lynx SSA Letter to States.docx

FYI

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Jul 7, 2015 at 11:02 AM
Subject: Re: Updated State Coordination Letter
To: Eric Rickerson <eric_rickerson@fws.gov>, Michael Carrier <michael_carrier@fws.gov>,
Mark Sattelberg <mark_sattelberg@fws.gov>, Ann Timberman <ann_timberman@fws.gov>,
Laury Zicari <laury_zicari@fws.gov>, Drue DeBerry <drue_deberry@fws.gov>, Tom
Chapman <Tom_Chapman@fws.gov>, Wally Murphy <wally_murphy@fws.gov>, Peter
Fasbender <peter_fasbender@fws.gov>, Jeff Krupka <Jeff_Krupka@fws.gov>, Bryon Holt
<Bryon_Holt@fws.gov>, Kurt Broderdorp <Kurt_Broderdorp@fws.gov>, Tamara Smith
<Tamara_Smith@fws.gov>, Ann Belleman <ann_belleman@fws.gov>, Mark McCollough
<Mark_McCollough@fws.gov>, Anthony Tur <Anthony_Tur@fws.gov>, Sarah Quamme
<Sarah_Quamme@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Eric Hein
<Eric_Hein@fws.gov>, Sarah Hall <Sarah_Hall@fws.gov>, Lisa Mandell
<lisa_mandell@fws.gov>

Attached is a corrected version of the template letter for your use.

1.  Also highlights top of page 2 where you need to delete "Montana" and put your state;

2.  Corrects cc list from "Jonathon"  to "Jonathan" Mawdsley

3. Also highlights need to change header from "Dear Director Hagener" to Dear Director (yours).

Let me know if you have questions.  Thanks for getting these out.

Jim

On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the
Project Plan, we have updated the State coordination letter based on the addition of the SSA
process and the subsequent altered timeline.  

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process.  To that
end, the letter updates where we are now and identifies a monthly coordination call with our state partners to keep them
appraised of our progress.  

I am requesting that each state send out versions of this letter and attachment from their offices, preferably within
the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  
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You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing coordination call
with our State partners.  It seemed appropriate to get this date identified upfront so could keep moving forward.  

As always -thanks for your help.  Please call if you have questions.  JB

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

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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In Reply Refer To: 
FILE CODE 

DATE, 2015 
 
Dear (Title): 
 
As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 
2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 
DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 
Register, 79:54782; September 12, 2014). 
 
Although we intended to complete a five-year status review of the lynx DPS by this month, the 
Service determined that we would first implement a relatively new framework, a Species Status 
Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 
scientifically-robust status, threat, and viability assessment that is intended to provide the 
scientific underpinnings for all determinations the Service is required to make in accordance with 
the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  
By providing all the species-specific science in a single document that can be updated as new 
information becomes available, the SSA report is intended to streamline, expedite, and reduce 
the size and complexity of Federal Register notices associated with determinations required by 
the Act.   
 
Over the next several months, we will be coordinating with States and other partners and seeking 
input from objective, independent experts in lynx ecology, habitat, management, and climate 
modeling to assess the current status and likely future viability of lynx populations within the 
DPS.  We are scheduling monthly calls with your department and the wildlife management 
agencies from other states within the range of the DPS to provide updates on SSA progress and 
to seek input at appropriate times during the process regarding the biological status of, and 
potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 
Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 
866.822.7385, passcode: 5396168.  
 
To ensure that our assessment will be as accurate and complete as possible, we will use the best 
scientific and commercial data available in the development of the SSA report.  We hope to 
complete the SSA report by December of 2015 and then begin the recovery planning process so 
that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 
the lynx DPS.   



Dear Director HagenerXXXXXX 
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We continue to welcome any scientific information (e.g., survey results, habitat assessments, 
modeling efforts, implementation and/or monitoring of conservation measures, verified 
observations) you wish to provide for our consideration regarding the status, distribution, and 
likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 
in MontanaYour State.  Please be aware that all data and information submitted to us including 
names and addresses will become part of the record for this status assessment and may be made 
public.  Information should be submitted to: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601 

 
Thank you for your continued interest in Canada lynx conservation.  We look forward to 
continued collaboration with your department throughout this process.  If you would like 
additional information or have questions about the lynx DPS or the SSA framework, please 
contact LOCAL NAME at (NUMBER) (EMAIL). 

 
 

Sincerely, 
 
       
 

NAME 
TITLE 
 

 
Enclosure 
Cc: Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 

Jonathaon Mawdsley, Fish and Wildlife Science Coordinator, AFWA 
Gary Fraser, HQ 



From: Bush, Jodi
To: Eric Rickerson; Michael Carrier; Mark Sattelberg; Ann Timberman; Drue DeBerry; Laury Zicari; Tom Chapman;

Wally Murphy; Peter Fasbender
Cc: Jeff Krupka; Bryon Holt; Kurt Broderdorp; Tamara Smith; Ann Belleman; Mark McCollough; Jim Zelenak; Anthony

Tur; Seth Willey; Sarah Quamme; Laura Ragan; Krishna Gifford; Eric Hein; Sarah Hall; Michael Thabault; Lisa
Mandell

Subject: ATTENTION -NEEDS ACTION: Updated State Coordination Letter
Date: Thursday, July 09, 2015 10:42:47 AM
Attachments: 2015 0701 TEMPLATE Lynx SSA Letter to States.docx

2015 06 25 LTR Bush_Hagener Lynx SSA Letter to States.pdf
SSA Fact Sheet.pdf

Just checking to see if these letters have gone out yet (I've only seen one from Maine). Its
important that they get out asap so our State folks can make the conference call later this
month.  Thank you for your help. JB

_________________________
I am requesting that each state send out versions of this letter and attachment from their offices, preferably within the
next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

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

On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the
Project Plan, we have updated the State coordination letter based on the addition of the SSA
process and the subsequent altered timeline.  

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process.  To that
end, the letter updates where we are now and identifies a monthly coordination call with our state partners to keep them
appraised of our progress.  

I am requesting that each state send out versions of this letter and attachment from their offices, preferably within
the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing coordination call
with our State partners.  It seemed appropriate to get this date identified upfront so could keep moving forward.  

As always -thanks for your help.  Please call if you have questions.  JB
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Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



U.S. Fish & Wildlife Service

The Species Status 
Assessment Framework
An Integrated Framework for Conservation

“The greatest danger in times of turbulence 
is not the turbulence; it is to act with 
yesterday’s logic.”  
— Peter Drucker

Although significant progress has been made in safeguarding 
species and their habitats, limited resources and an ever-increasing 
workload jeopardize our long-term effectiveness at fulfilling our 
responsibilities.  In addition, novel and significant conservation 
challenges lie ahead, including a changing climate.  While we 
continue to build on our successes, ensuring successful conservation 
and recovery of the nation’s species requires an increasing 
commitment to new ways of thinking, working, and sharing.  
From a budgetary and conservation standpoint, we simply cannot 
afford business as usual.  The Species Status Assessment (SSA) 
Framework, in concert with other transformative efforts, better 
allows us to meet the complex challenges ahead and guide our 
efforts to continually enhance our conservation success.

The SSA Framework
The SSA Framework is an analytical framework for assessing 
a species’ biological condition and level of viability.  Building on 
the best of our current analytical processes and the latest in 
conservation biology, this framework integrates analyses that are 
common to all ESA functions, eliminates duplicative and costly 
processes, and allows us to strategically focus on our core mission 
of preventing extinction and achieving recovery.  In addition, the 
SSA Framework provides a structure for effectively engaging with 
our State partners and soliciting peer review.

Our Vision
Our vision is a common, consistent, repeatable, scientifically sound 
approach that will serve as the basis for future ESA decisions.  
Using the SSA Framework early provides the context for a decision 
on whether protections are warranted, then for decisions regarding 
what is needed for its conservation and recovery, what the greatest 
research needs are, and how public or private actions may affect 
the species.  Staff in each region are available to provide support 
and training to help ensure we continue to build on the successes 
the SSA Framework has already delivered.  

“The Species Status Assessment offers a 
unique opportunity to transform how the 
U.S. Fish and Wildlife Service delivers 
conservation.”   
–  Gary Frazer, Assistant Director  
    Ecological Services Program

     Realized Benefits  
By having the biological analyses in 
the SSA report, and referencing it in 
the proposed listing rule, we saved an 
estimated 65 pages of Federal Register 
printing – a $30,000 cost saving – for the 
New Mexico meadow jumping mouse 
proposed rule alone.

Efficiency – structured and repeatable 
biological analysis saves time 

Defensibility – analysis grounded in 
accepted science and a logical process 
with explicit assumptions and complete 
reasoning will inform our statutory 
decisions

Consistency – consistent framework and 
terminology will be used across all ESA 
functions and across regions and field 
offices

Effectiveness – clearly articulated 
reasoned decisions will foster effective 
communication and make for better 
conservation

Collaboration – a better forum for being 
inclusive; partners, particularly States, 
are more likely to understand and support

New Mexico meadow jumping mouse.  
Credit: USFWS
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Species Status Assessement Framework

SPECIES VIABILITY

SPECIES CURRENT CONDITION

SPECIES NEEDS

Current Availability
or Condition of those Needs

Future Availability
or Condition of those Needs

Assessing the species level of viability is achieved by completing the above 
assessment framework. Credit: USFWS

Gunnison’s prairie dog. Credit: USFWS 

Applying SSA
We begin an SSA with an 
understanding of the species’ unique 
life history, and from that evaluate 
a species’ needs or biological 
requirements at the scales of 
individuals, populations, and species.  
We then consider the current and 
future availability or condition of those 
needs and investigate the reasons those 
needs are missing.  The consequences 
of any missing needs are assessed 
to describe the current condition of 
the species, and project the future 
species condition over time.  Using the 
principles of resilience, representation, 
and redundancy, the species’ level of 
viability and risks to its viability are 
evaluated and characterized.  Generally, 
the more redundant, representative, 
and resilient a species is, the more 
likely it is to persist over time, even 
under changing environmental 
conditions.  The characterization of 
viability is enhanced by estimates at 
multiple time intervals under a range 
of probable scenarios to describe the 
possible changes in viability over time 
and to characterize the uncertainty.  

Where to Learn More  
Visit https://sites.google.com/a/
fws.gov/ssa/ to see examples of SSA 
reports, connect with others who have 
applied the Framework, get answers 
to frequently asked questions, find 
contact information for your Region’s 
SSA Framework Implementation Team 
member, and access the guidance on 
applying the draft SSA Framework.  

“The SSA is an intuitive 
framework that, once 
completed, allowed 
me to more clearly and 
quickly develop, explain, 
and write my listing 
argument.”  
– Craig Hansen, Species Lead for  
   Gunnison’s prairie dog

https://sites.google.com/a/fws.gov/ssa/
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In Reply Refer To: 
FWS/R6/MTESO/Canada Lynx Status Assessment 

July 1, 2015 

 

Dear Director Hagener: 

 

As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 

the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 

canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 

2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 

DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 

Register, 79:54782; September 12, 2014). 

 

Although we intended to complete a five-year status review of the lynx DPS by this month, the 

Service determined that we would first implement a relatively new framework, a Species Status 

Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 

scientifically-robust status, threat, and viability assessment that is intended to provide the 

scientific underpinnings for all determinations the Service is required to make in accordance with 

the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  

By providing all the species-specific science in a single document that can be updated as new 

information becomes available, the SSA report is intended to streamline, expedite, and reduce 

the size and complexity of Federal Register notices associated with determinations required by 

the Act.   

 

Over the next several months, we will be coordinating with States and other partners and seeking 

input from objective, independent experts in lynx ecology, habitat, management, and climate 

modeling to assess the current status and likely future viability of lynx populations within the 

DPS.  We are scheduling monthly calls with your department and the wildlife management 

agencies from other states within the range of the DPS to provide updates on SSA progress and 

to seek input at appropriate times during the process regarding the biological status of, and 

potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 

Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 

866.822.7385, passcode: 5396168.  

 

To ensure that our assessment will be as accurate and complete as possible, we will use the best 

scientific and commercial data available in the development of the SSA report.  We hope to 

complete the SSA report by December of 2015 and then begin the recovery planning process so 

that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 

the lynx DPS.   



Dear Director Hagener 

 

2 

 

We continue to welcome any scientific information (e.g., survey results, habitat assessments, 

modeling efforts, implementation and/or monitoring of conservation measures, verified 

observations) you wish to provide for our consideration regarding the status, distribution, and 

likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 

in Montana.  Please be aware that all data and information submitted to us including names and 

addresses will become part of the record for this status assessment and may be made public.  

Information should be submitted to: 

 

U.S. Fish and Wildlife Service 

Montana Ecological Services Field Office 

Attn: Jim Zelenak 

585 Shepard Way, Suite 1 

Helena, MT 59601 

 

Thank you for your continued interest in Canada lynx conservation.  We look forward to 

continued collaboration with your department throughout this process.  If you would like 

additional information or have questions about the lynx DPS or the SSA framework, please 

contact Jim Zelenak at (406) 449-5225, extension 220 (jim_zelenak@fws.gov). 

 

 

Sincerely, 

 

       
 

Jodi Bush 

Field Office Supervisor 

 

 

Enclosure 

Cc: Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 

Jonathon Mawdsley, Fish and Wildlife Science Coordinator, AFWA 

Gary Fraser, HQ 



United States Department of the Interior 
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Ecological Services 
Montana Field Office 

585 Shepard Way, Suite 1 
Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FILE CODE 

DATE, 2015 
 
Dear (Title): 
 
As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 
2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 
DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 
Register, 79:54782; September 12, 2014). 
 
Although we intended to complete a five-year status review of the lynx DPS by this month, the 
Service determined that we would first implement a relatively new framework, a Species Status 
Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 
scientifically-robust status, threat, and viability assessment that is intended to provide the 
scientific underpinnings for all determinations the Service is required to make in accordance with 
the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  
By providing all the species-specific science in a single document that can be updated as new 
information becomes available, the SSA report is intended to streamline, expedite, and reduce 
the size and complexity of Federal Register notices associated with determinations required by 
the Act.   
 
Over the next several months, we will be coordinating with States and other partners and seeking 
input from objective, independent experts in lynx ecology, habitat, management, and climate 
modeling to assess the current status and likely future viability of lynx populations within the 
DPS.  We are scheduling monthly calls with your department and the wildlife management 
agencies from other states within the range of the DPS to provide updates on SSA progress and 
to seek input at appropriate times during the process regarding the biological status of, and 
potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 
Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 
866.822.7385, passcode: 5396168.  
 
To ensure that our assessment will be as accurate and complete as possible, we will use the best 
scientific and commercial data available in the development of the SSA report.  We hope to 
complete the SSA report by December of 2015 and then begin the recovery planning process so 
that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 
the lynx DPS.   
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We continue to welcome any scientific information (e.g., survey results, habitat assessments, 
modeling efforts, implementation and/or monitoring of conservation measures, verified 
observations) you wish to provide for our consideration regarding the status, distribution, and 
likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 
in YOUR STATE.  Please be aware that all data and information submitted to us including 
names and addresses will become part of the record for this status assessment and may be made 
public.  Information should be submitted to: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601 

 
Thank you for your continued interest in Canada lynx conservation.  We look forward to 
continued collaboration with your department throughout this process.  If you would like 
additional information or have questions about the lynx DPS or the SSA framework, please 
contact LOCAL NAME at (NUMBER) (EMAIL). 

 
 

Sincerely, 
 
       
 

NAME 
TITLE 
 

 
Enclosure 
Cc: Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 

Jonathan Mawdsley, Fish and Wildlife Science Coordinator, AFWA 
Gary Fraser, HQ 



From: Holt, Bryon
To: Karl Halupka
Subject: Fwd: ATTENTION -NEEDS ACTION: Updated State Coordination Letter
Date: Monday, July 13, 2015 8:59:54 AM
Attachments: 2015 0701 TEMPLATE Lynx SSA Letter to States.docx

2015 06 25 LTR Bush_Hagener Lynx SSA Letter to States.pdf
SSA Fact Sheet.pdf

As we discussed.

Bryon

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Jul 9, 2015 at 10:42 AM
Subject: ATTENTION -NEEDS ACTION: Updated State Coordination Letter
To: Eric Rickerson <eric_rickerson@fws.gov>, Michael Carrier <michael_carrier@fws.gov>,
Mark Sattelberg <mark_sattelberg@fws.gov>, Ann Timberman <ann_timberman@fws.gov>,
Drue DeBerry <drue_deberry@fws.gov>, Laury Zicari <laury_zicari@fws.gov>, Tom
Chapman <Tom_Chapman@fws.gov>, Wally Murphy <wally_murphy@fws.gov>, Peter
Fasbender <peter_fasbender@fws.gov>
Cc: Jeff Krupka <Jeff_Krupka@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Kurt
Broderdorp <Kurt_Broderdorp@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>, Ann
Belleman <ann_belleman@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>,
Jim Zelenak <jim_zelenak@fws.gov>, Anthony Tur <Anthony_Tur@fws.gov>, Seth Willey
<seth_willey@fws.gov>, Sarah Quamme <Sarah_Quamme@fws.gov>, Laura Ragan
<Laura_Ragan@fws.gov>, Krishna Gifford <krishna_gifford@fws.gov>, Eric Hein
<Eric_Hein@fws.gov>, Sarah Hall <Sarah_Hall@fws.gov>, Michael Thabault
<michael_thabault@fws.gov>, Lisa Mandell <lisa_mandell@fws.gov>

Just checking to see if these letters have gone out yet (I've only seen one from Maine). Its
important that they get out asap so our State folks can make the conference call later this
month.  Thank you for your help. JB

_________________________
I am requesting that each state send out versions of this letter and attachment from their offices, preferably within the
next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the
Project Plan, we have updated the State coordination letter based on the addition of the SSA
process and the subsequent altered timeline.  

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process.  To that
end, the letter updates where we are now and identifies a monthly coordination call with our state partners to keep them
appraised of our progress.  

I am requesting that each state send out versions of this letter and attachment from their offices, preferably within
the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing coordination call
with our State partners.  It seemed appropriate to get this date identified upfront so could keep moving forward.  

As always -thanks for your help.  Please call if you have questions.  JB

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

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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U.S. Fish & Wildlife Service

The Species Status 
Assessment Framework
An Integrated Framework for Conservation

“The greatest danger in times of turbulence 
is not the turbulence; it is to act with 
yesterday’s logic.”  
— Peter Drucker

Although significant progress has been made in safeguarding 
species and their habitats, limited resources and an ever-increasing 
workload jeopardize our long-term effectiveness at fulfilling our 
responsibilities.  In addition, novel and significant conservation 
challenges lie ahead, including a changing climate.  While we 
continue to build on our successes, ensuring successful conservation 
and recovery of the nation’s species requires an increasing 
commitment to new ways of thinking, working, and sharing.  
From a budgetary and conservation standpoint, we simply cannot 
afford business as usual.  The Species Status Assessment (SSA) 
Framework, in concert with other transformative efforts, better 
allows us to meet the complex challenges ahead and guide our 
efforts to continually enhance our conservation success.

The SSA Framework
The SSA Framework is an analytical framework for assessing 
a species’ biological condition and level of viability.  Building on 
the best of our current analytical processes and the latest in 
conservation biology, this framework integrates analyses that are 
common to all ESA functions, eliminates duplicative and costly 
processes, and allows us to strategically focus on our core mission 
of preventing extinction and achieving recovery.  In addition, the 
SSA Framework provides a structure for effectively engaging with 
our State partners and soliciting peer review.

Our Vision
Our vision is a common, consistent, repeatable, scientifically sound 
approach that will serve as the basis for future ESA decisions.  
Using the SSA Framework early provides the context for a decision 
on whether protections are warranted, then for decisions regarding 
what is needed for its conservation and recovery, what the greatest 
research needs are, and how public or private actions may affect 
the species.  Staff in each region are available to provide support 
and training to help ensure we continue to build on the successes 
the SSA Framework has already delivered.  

“The Species Status Assessment offers a 
unique opportunity to transform how the 
U.S. Fish and Wildlife Service delivers 
conservation.”   
–  Gary Frazer, Assistant Director  
    Ecological Services Program

     Realized Benefits  
By having the biological analyses in 
the SSA report, and referencing it in 
the proposed listing rule, we saved an 
estimated 65 pages of Federal Register 
printing – a $30,000 cost saving – for the 
New Mexico meadow jumping mouse 
proposed rule alone.

Efficiency – structured and repeatable 
biological analysis saves time 

Defensibility – analysis grounded in 
accepted science and a logical process 
with explicit assumptions and complete 
reasoning will inform our statutory 
decisions

Consistency – consistent framework and 
terminology will be used across all ESA 
functions and across regions and field 
offices

Effectiveness – clearly articulated 
reasoned decisions will foster effective 
communication and make for better 
conservation

Collaboration – a better forum for being 
inclusive; partners, particularly States, 
are more likely to understand and support

New Mexico meadow jumping mouse.  
Credit: USFWS
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Species Status Assessement Framework

SPECIES VIABILITY

SPECIES CURRENT CONDITION

SPECIES NEEDS

Current Availability
or Condition of those Needs

Future Availability
or Condition of those Needs

Assessing the species level of viability is achieved by completing the above 
assessment framework. Credit: USFWS

Gunnison’s prairie dog. Credit: USFWS 

Applying SSA
We begin an SSA with an 
understanding of the species’ unique 
life history, and from that evaluate 
a species’ needs or biological 
requirements at the scales of 
individuals, populations, and species.  
We then consider the current and 
future availability or condition of those 
needs and investigate the reasons those 
needs are missing.  The consequences 
of any missing needs are assessed 
to describe the current condition of 
the species, and project the future 
species condition over time.  Using the 
principles of resilience, representation, 
and redundancy, the species’ level of 
viability and risks to its viability are 
evaluated and characterized.  Generally, 
the more redundant, representative, 
and resilient a species is, the more 
likely it is to persist over time, even 
under changing environmental 
conditions.  The characterization of 
viability is enhanced by estimates at 
multiple time intervals under a range 
of probable scenarios to describe the 
possible changes in viability over time 
and to characterize the uncertainty.  

Where to Learn More  
Visit https://sites.google.com/a/
fws.gov/ssa/ to see examples of SSA 
reports, connect with others who have 
applied the Framework, get answers 
to frequently asked questions, find 
contact information for your Region’s 
SSA Framework Implementation Team 
member, and access the guidance on 
applying the draft SSA Framework.  

“The SSA is an intuitive 
framework that, once 
completed, allowed 
me to more clearly and 
quickly develop, explain, 
and write my listing 
argument.”  
– Craig Hansen, Species Lead for  
   Gunnison’s prairie dog

https://sites.google.com/a/fws.gov/ssa/
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In Reply Refer To: 
FWS/R6/MTESO/Canada Lynx Status Assessment 

July 1, 2015 

 

Dear Director Hagener: 

 

As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 

the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 

canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 

2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 

DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 

Register, 79:54782; September 12, 2014). 

 

Although we intended to complete a five-year status review of the lynx DPS by this month, the 

Service determined that we would first implement a relatively new framework, a Species Status 

Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 

scientifically-robust status, threat, and viability assessment that is intended to provide the 

scientific underpinnings for all determinations the Service is required to make in accordance with 

the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  

By providing all the species-specific science in a single document that can be updated as new 

information becomes available, the SSA report is intended to streamline, expedite, and reduce 

the size and complexity of Federal Register notices associated with determinations required by 

the Act.   

 

Over the next several months, we will be coordinating with States and other partners and seeking 

input from objective, independent experts in lynx ecology, habitat, management, and climate 

modeling to assess the current status and likely future viability of lynx populations within the 

DPS.  We are scheduling monthly calls with your department and the wildlife management 

agencies from other states within the range of the DPS to provide updates on SSA progress and 

to seek input at appropriate times during the process regarding the biological status of, and 

potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 

Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 

866.822.7385, passcode: 5396168.  

 

To ensure that our assessment will be as accurate and complete as possible, we will use the best 

scientific and commercial data available in the development of the SSA report.  We hope to 

complete the SSA report by December of 2015 and then begin the recovery planning process so 

that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 

the lynx DPS.   
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We continue to welcome any scientific information (e.g., survey results, habitat assessments, 

modeling efforts, implementation and/or monitoring of conservation measures, verified 

observations) you wish to provide for our consideration regarding the status, distribution, and 

likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 

in Montana.  Please be aware that all data and information submitted to us including names and 

addresses will become part of the record for this status assessment and may be made public.  

Information should be submitted to: 

 

U.S. Fish and Wildlife Service 

Montana Ecological Services Field Office 

Attn: Jim Zelenak 

585 Shepard Way, Suite 1 

Helena, MT 59601 

 

Thank you for your continued interest in Canada lynx conservation.  We look forward to 

continued collaboration with your department throughout this process.  If you would like 

additional information or have questions about the lynx DPS or the SSA framework, please 

contact Jim Zelenak at (406) 449-5225, extension 220 (jim_zelenak@fws.gov). 

 

 

Sincerely, 

 

       
 

Jodi Bush 

Field Office Supervisor 

 

 

Enclosure 

Cc: Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 

Jonathon Mawdsley, Fish and Wildlife Science Coordinator, AFWA 

Gary Fraser, HQ 



United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 
Montana Field Office 

585 Shepard Way, Suite 1 
Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FILE CODE 

DATE, 2015 
 
Dear (Title): 
 
As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 
2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 
DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 
Register, 79:54782; September 12, 2014). 
 
Although we intended to complete a five-year status review of the lynx DPS by this month, the 
Service determined that we would first implement a relatively new framework, a Species Status 
Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 
scientifically-robust status, threat, and viability assessment that is intended to provide the 
scientific underpinnings for all determinations the Service is required to make in accordance with 
the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  
By providing all the species-specific science in a single document that can be updated as new 
information becomes available, the SSA report is intended to streamline, expedite, and reduce 
the size and complexity of Federal Register notices associated with determinations required by 
the Act.   
 
Over the next several months, we will be coordinating with States and other partners and seeking 
input from objective, independent experts in lynx ecology, habitat, management, and climate 
modeling to assess the current status and likely future viability of lynx populations within the 
DPS.  We are scheduling monthly calls with your department and the wildlife management 
agencies from other states within the range of the DPS to provide updates on SSA progress and 
to seek input at appropriate times during the process regarding the biological status of, and 
potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 
Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 
866.822.7385, passcode: 5396168.  
 
To ensure that our assessment will be as accurate and complete as possible, we will use the best 
scientific and commercial data available in the development of the SSA report.  We hope to 
complete the SSA report by December of 2015 and then begin the recovery planning process so 
that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 
the lynx DPS.   



Dear Director (NAME) 
 

2 

 
We continue to welcome any scientific information (e.g., survey results, habitat assessments, 
modeling efforts, implementation and/or monitoring of conservation measures, verified 
observations) you wish to provide for our consideration regarding the status, distribution, and 
likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 
in YOUR STATE.  Please be aware that all data and information submitted to us including 
names and addresses will become part of the record for this status assessment and may be made 
public.  Information should be submitted to: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601 

 
Thank you for your continued interest in Canada lynx conservation.  We look forward to 
continued collaboration with your department throughout this process.  If you would like 
additional information or have questions about the lynx DPS or the SSA framework, please 
contact LOCAL NAME at (NUMBER) (EMAIL). 

 
 

Sincerely, 
 
       
 

NAME 
TITLE 
 

 
Enclosure 
Cc: Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 

Jonathan Mawdsley, Fish and Wildlife Science Coordinator, AFWA 
Gary Fraser, HQ 



From: Holt, Bryon
To: Garner, Kim
Subject: Re: ATTENTION -NEEDS ACTION: Updated State Coordination Letter
Date: Monday, July 13, 2015 9:57:54 AM

Would you send me copies as well.

Thanks.

On Mon, Jul 13, 2015 at 9:46 AM, Garner, Kim <kim_garner@fws.gov> wrote:
Just an FYI that we sent our letters to IDFG and OSC today, I sent e-copies to Jodi.

**************************************
Kim Garner
Chief, Classification and Recovery Branch
Idaho Fish and Wildlife Office
U.S. Fish and Wildlife Service
1387 S. Vinnell Way, Room 368
Boise, ID 83709
work: (208) 378-5265

On Mon, Jul 13, 2015 at 10:09 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Jodi,

Jeff Krupka is out until late this week.  I just spoke to Karl Halupka regarding sending
letters and advised urgency of getting them out this week if at all possible.  At this point I
believe that WA FWS will prepare letters to WDFW and WDNR (using template) for
Eric's signature and copy me.  I will send copies to Jim when I receive them.

Bryon
 

On Thu, Jul 9, 2015 at 10:59 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Hi Jodi,

Just fyi, our R1 ES PLs are at a meeting in Portland this week.  It's my understanding that Bryon is working
on an ID letter for Mike to sign next week.  Bryon is also working with Jeff Krupka on a WA letter for Eric's
signature, most likely next week as well.  Bryon is out the rest of this week, but hopefully can provide an
update early next week.

Thanks,
Sarah

Sarah Hall
Endangered Species Recovery Program Manager
USFWS Pacific Region

On Thu, Jul 9, 2015 at 10:42 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
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Just checking to see if these letters have gone out yet (I've only seen one from Maine).
Its important that they get out asap so our State folks can make the conference call
later this month.  Thank you for your help. JB

_________________________
I am requesting that each state send out versions of this letter and attachment from their offices, preferably
within the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species
Policy Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

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

On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding
the Project Plan, we have updated the State coordination letter based on the addition
of the SSA process and the subsequent altered timeline.  

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process. 
To that end, the letter updates where we are now and identifies a monthly coordination call with our state
partners to keep them appraised of our progress.  

I am requesting that each state send out versions of this letter and attachment from their offices,
preferably within the next several weeks.  Feel free to use the version I provided (ATTACHED) as a
template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species
Policy Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.
 

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing
coordination call with our State partners.  It seemed appropriate to get this date identified upfront so could keep
moving forward.  

As always -thanks for your help.  Please call if you have questions.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Odell - DNR, Eric
To: Zelenak, Jim
Cc: Broderdorp, Kurt; Jake Ivan
Subject: Re: Results of winter snow tracking
Date: Monday, July 13, 2015 10:42:17 AM

Thanks for the background info, Jim. We'll get you some info about our monitoring
effort when it's available.
Eric

On Mon, Jul 13, 2015 at 10:16 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Eric,

We (Montana FWS office) learned in late March/early April that rather than proceeding with the 5-year review as
we'd originally planned, that we would need to apply the Service's relatively new Species Status Assessment
(SSA) framework to the lynx DPS.  We are in the process of sending out letters to all our State and other
partners/interested parties to let folks know about this change and to explain the SSA framework and process -
basically a structured and collaborative status and threats assessment intended to result in a single document that
will provide the science needed inform all the documents and policy decisions we are required to make in
accordance with the ESA.  You should see a copy of that letter soon from the FWS in Colorado.

Bottom line is that we hope to complete the SSA report by the end of this calendar year and then begin the
recovery planning process to allow enough time to meet the court-ordered deadline for a final recovery plan by
Jan. 15, 2018.  We will be reaching out to State researchers and managers and other lynx experts over the next
few months to elicit the scientific information and expert opinion/professional judgement needed to inform the
SSA.  Because we have a court order for the recovery plan but not the five-year status review, it is unclear
whether or when we will complete the latter, though it should be a natural outgrowth of the SSA process (that's
what I'm told anyway).

I look forward to talking to you and Jake about this soon.

Let me know if you have questions/concerns.

Thanks,

Jim

  

On Mon, Jul 13, 2015 at 9:10 AM, Odell - DNR, Eric <eric.odell@state.co.us> wrote:
We'll get something to you soon. We're just finishing up some data entry, etc
and when we have something to share we'll send it your way. What is the 'status'
of the 5-year Status review? I was under the impression that that would be
complete in June.
Thanks,
Eric

On Thu, Jul 9, 2015 at 2:57 PM, Broderdorp, Kurt <kurt_broderdorp@fws.gov> wrote:
Hey guys, I hope all is well.  As you might be aware, the USFWS is working on a
species status assessment for Canada lynx.  Jim Zelenak asked me about any results
from snow tracking last winter, any lynx tracks found, locations, evidence of family
groups, etc.  Any information you can provide may help us with our task. Thanks.  

-- 
Kurt Broderdorp
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445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186

-- 
Eric Odell
Species Conservation Program Manager ~ Carnivores
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager ~ Carnivores
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us
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From: Holt, Bryon
To: Dillon, Jeffrey
Cc: Hall, Sarah; Rollie White
Subject: Re: Updated Lynx SSA State Coordination Letter
Date: Monday, July 13, 2015 3:39:48 PM

Thanks Jeff.

So that you are aware, I have been named as the "core" team member representative for R-1
for the lynx SSA.  Part of my responsibilities are to ensure coordination and dissemination of
information to R-1 FOs through the course of this process.  Once you have determined who
will lead the effort for your office, please let me know so that I can coordinate with them.

Thanks,

Bryon

On Mon, Jul 13, 2015 at 1:06 PM, Dillon, Jeffrey <jeffrey_dillon@fws.gov> wrote:
Rollie forwarded a direct request from Jodi Bush to send letters to all states within the range
of Canada lynx (including Oregon).  We are working on determining who will lead this for
our office.

Jeff

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Jeffrey A. Dillon, Endangered Species Division Manager
US Fish and Wildlife Service               Phone: 503.231.6179
Oregon Fish and Wildlife Office           Fax: 503.231.6195
2600 SE 98th Avenue, Suite 100          Email: Jeffrey_Dillon@fws.gov
Portland, Oregon  97266                     http://www.fws.gov/oregonfwo

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

On Mon, Jul 13, 2015 at 1:03 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Hi Jeff,

Have you had a chance to give any thought to Sarah's question.  If you have, and you
decide to send a letter(s) to OR, could you please send me an electronic copy of each
letter.

Thanks,

Bryon

On Mon, Jul 13, 2015 at 1:01 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:

On Tue, Jul 7, 2015 at 12:11 PM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Hi Jeff,

R6 (Jim Z) hosted a FWS coordination call today to discuss status and next steps for kicking off the SSA
process for lynx.  He asked about the status of our various FWO's sending out the example letter to our
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respective State partners.

Bryon Holt (our R1 lead POC on the Core Team for this effort) is working on the one for ID, and he is
coordinating with Jeff Krupka regarding a similar letter for WA.  

Do you think it would be appropriate to send a similar letter to OR State folks (see attached example)?  If
so, who should Bryon coordinate with to assist as appropriate?  

Thanks much,
Sarah

Sarah Hall
Endangered Species Recovery Program Manager
USFWS Pacific Region

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Jul 7, 2015 at 11:02 AM
Subject: Re: Updated State Coordination Letter
To: Eric Rickerson <eric_rickerson@fws.gov>, Michael Carrier
<michael_carrier@fws.gov>, Mark Sattelberg <mark_sattelberg@fws.gov>, Ann
Timberman <ann_timberman@fws.gov>, Laury Zicari <laury_zicari@fws.gov>, Drue
DeBerry <drue_deberry@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>,
Wally Murphy <wally_murphy@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, Jeff Krupka <Jeff_Krupka@fws.gov>, Bryon Holt
<Bryon_Holt@fws.gov>, Kurt Broderdorp <Kurt_Broderdorp@fws.gov>, Tamara
Smith <Tamara_Smith@fws.gov>, Ann Belleman <ann_belleman@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>, Anthony Tur
<Anthony_Tur@fws.gov>, Sarah Quamme <Sarah_Quamme@fws.gov>, Laura
Ragan <Laura_Ragan@fws.gov>, Eric Hein <Eric_Hein@fws.gov>, Sarah Hall
<Sarah_Hall@fws.gov>, Lisa Mandell <lisa_mandell@fws.gov>

Attached is a corrected version of the template letter for your use.

1.  Also highlights top of page 2 where you need to delete "Montana" and put your state;

2.  Corrects cc list from "Jonathon"  to "Jonathan" Mawdsley

3. Also highlights need to change header from "Dear Director Hagener" to Dear Director (yours).

Let me know if you have questions.  Thanks for getting these out.

Jim

On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding
the Project Plan, we have updated the State coordination letter based on the addition
of the SSA process and the subsequent altered timeline.  

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process. 
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To that end, the letter updates where we are now and identifies a monthly coordination call with our state
partners to keep them appraised of our progress.  

I am requesting that each state send out versions of this letter and attachment from their offices,
preferably within the next several weeks.  Feel free to use the version I provided (ATTACHED) as a
template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species
Policy Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.
 

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing
coordination call with our State partners.  It seemed appropriate to get this date identified upfront so could keep
moving forward.  

As always -thanks for your help.  Please call if you have questions.  JB

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

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Smith, Tamara
To: Lisa Mandell
Subject: Re: ATTENTION -NEEDS ACTION: Updated State Coordination Letter for Lynx
Date: Tuesday, July 14, 2015 8:22:33 AM

Hi Lisa - I'm just catching up on emails. Please let me know if there is anything that I can do
to help. Thanks!

On Fri, Jul 10, 2015 at 4:33 PM, Lisa Mandell <lisa_mandell@fws.gov> wrote:

Jodi – I am working on the correspondence for MN and WI, and just forwarded this to the Field
Supervisor at East Lansing – literally moments ago.  We’ll make sure state directors from MN, MI
and WI get the invitation/information.

 

Lisa

 

-- 

Lisa Mandell
Deputy Field Supervisor
U.S. Fish and Wildlife Service
Twin Cities Ecological Services Field Office
4101 American Blvd. East
Bloomington, Minnesota 55425
612-725-3548 x2201

Serving Minnesota and Wisconsin

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, July 10, 2015 4:23 PM
To: Peter Fasbender
Cc: Lisa Mandell; Jim Zelenak; Tamara Smith; Ann Belleman
Subject: Fwd: ATTENTION -NEEDS ACTION: Updated State Coordination Letter for Lynx

 

 

Peter.  

 

I know you are already engaged in the Lynx Recovery Planning Process because of
Minnesota's interest, However because of a high level of interest identified through AFWA
and conversations with Gary Frazer, we have determined that ALL STATES within the
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range of the Lynx DPS should be updated on the status of where we are at with Lynx
Recovery Planning.  To that end we are asking that you also provide the attached letter and
SSA fact sheet to our State counterparts in Wisconsin.   

 

If you have unanswered questions about where we are in the process, please feel free to give
me a call so I can catch you up.  We also have internal coordination calls on the first
Tuesday of every month.  August 4th will be the next one from 10-11 MTN time.   Thanks
for your help. JB

 

 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Jul 9, 2015 at 11:42 AM
Subject: ATTENTION -NEEDS ACTION: Updated State Coordination Letter
To: Eric Rickerson <eric_rickerson@fws.gov>, Michael Carrier
<michael_carrier@fws.gov>, Mark Sattelberg <mark_sattelberg@fws.gov>, Ann
Timberman <ann_timberman@fws.gov>, Drue DeBerry <drue_deberry@fws.gov>,
Laury Zicari <laury_zicari@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>,
Wally Murphy <wally_murphy@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>
Cc: Jeff Krupka <Jeff_Krupka@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Kurt
Broderdorp <Kurt_Broderdorp@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>,
Ann Belleman <ann_belleman@fws.gov>, Mark McCollough
<Mark_McCollough@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Anthony Tur
<Anthony_Tur@fws.gov>, Seth Willey <seth_willey@fws.gov>, Sarah Quamme
<Sarah_Quamme@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Krishna Gifford
<krishna_gifford@fws.gov>, Eric Hein <Eric_Hein@fws.gov>, Sarah Hall
<Sarah_Hall@fws.gov>, Michael Thabault <michael_thabault@fws.gov>, Lisa Mandell
<lisa_mandell@fws.gov>

 

On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
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Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the
Project Plan, we have updated the State coordination letter based on the addition of the
SSA process and the subsequent altered timeline.  

 

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning
process.  To that end, the letter updates where we are now and identifies a monthly coordination call with
our state partners to keep them appraised of our progress.  

 

I am requesting that each state send out versions of this letter and attachment from their offices,
preferably within the next several weeks.  Feel free to use the version I provided (ATTACHED) as a
template. 

 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered
Species Policy Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our
Service lynx Lead.  

 

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing
coordination call with our State partners.  It seemed appropriate to get this date identified upfront so could
keep moving forward.  

 

As always -thanks for your help.  Please call if you have questions.  JB

 

 

 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

mailto:jmawdsley@fishwildlife.org
mailto:Nick.Wiley@myfwc.com


 

 

 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Karl Halupka
To: Tom McDowell
Cc: Bryon Holt; eric_rickerson@fws.gov; Jeff Krupka; Naim Mendez
Subject: FW: ATTENTION -NEEDS ACTION: Updated State Coordination Letter
Date: Tuesday, July 14, 2015 11:41:17 AM
Attachments: Lynx SSA letter to WDFW - Jim Unsworth - draft -Jul 13 2015.docx

Lynx SSA letter to WDNR - Peter Goldmark - draft - Jul 13 2015.docx
SSA Fact Sheet.pdf

Hi Tom,
Draft letters to WDFW and WDNR regarding our lynx SSA effort are attached, as we discussed
yesterday.
Thanks for looking these over, and signing if you think they’re ready.
I made only minor tweaks to Jodi’s template.
The last CC in each letter is for specific folks in each department who I think are most likely to
participate directly or assign staff to participate in our lynx SSA.
Naim is available to send these out today or tomorrow if you want to send back scans of the signed
versions.
I also attached the SSA Fact Sheet which is meant to be enclosed with the letters, fyi.
Cheers,
k
 
Karl Halupka
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
Phone:  509-665-3508 x 2001
Fax:      509-665-3509
www.fws.gov/wafwo/
 
From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Monday, July 13, 2015 9:10 AM
To: Hall, Sarah
Cc: Bush, Jodi; Michael Carrier; Eric Rickerson; Jeff Krupka; Kim Garner; Jim Zelenak; Karl Halupka
Subject: Re: ATTENTION -NEEDS ACTION: Updated State Coordination Letter
 
Jodi,
 
Jeff Krupka is out until late this week.  I just spoke to Karl Halupka regarding sending letters
and advised urgency of getting them out this week if at all possible.  At this point I believe that
WA FWS will prepare letters to WDFW and WDNR (using template) for Eric's signature and
copy me.  I will send copies to Jim when I receive them.
 
Bryon
 
 
On Thu, Jul 9, 2015 at 10:59 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Hi Jodi,
 
Just fyi, our R1 ES PLs are at a meeting in Portland this week.  It's my understanding that

mailto:karl_halupka@fws.gov
mailto:tom_mcdowell@fws.gov
mailto:bryon_holt@fws.gov
mailto:eric_rickerson@fws.gov
mailto:jeff_krupka@fws.gov
mailto:naim_mendez@fws.gov
http://www.fws.gov/wafwo/
mailto:bryon_holt@fws.gov
mailto:sarah_hall@fws.gov


Bryon is working on an ID letter for Mike to sign next week.  Bryon is also working with Jeff
Krupka on a WA letter for Eric's signature, most likely next week as well.  Bryon is out the
rest of this week, but hopefully can provide an update early next week.
 
Thanks,
Sarah
 

Sarah Hall
Endangered Species Recovery Program Manager
USFWS Pacific Region
 
On Thu, Jul 9, 2015 at 10:42 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Just checking to see if these letters have gone out yet (I've only seen one from Maine). Its
important that they get out asap so our State folks can make the conference call later this
month.  Thank you for your help. JB
 
_________________________
I am requesting that each state send out versions of this letter and attachment from their offices, preferably
within the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 
 
Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  
 
 
 
Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the Project
Plan, we have updated the State coordination letter based on the addition of the SSA process
and the subsequent altered timeline.  
 
As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process.  To
that end, the letter updates where we are now and identifies a monthly coordination call with our state partners to
keep them appraised of our progress.  
 
I am requesting that each state send out versions of this letter and attachment from their offices, preferably
within the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 
 
Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  
 
You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing coordination

mailto:jodi_bush@fws.gov
mailto:jmawdsley@fishwildlife.org
mailto:Nick.Wiley@myfwc.com
mailto:jodi_bush@fws.gov
mailto:jmawdsley@fishwildlife.org
mailto:Nick.Wiley@myfwc.com


call with our State partners.  It seemed appropriate to get this date identified upfront so could keep moving forward.
 
 
As always -thanks for your help.  Please call if you have questions.  JB
 
 
 
Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
 

 
--
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov
 
*************************************************

mailto:bryon_holt@fws.gov


U.S. Fish & Wildlife Service

The Species Status 
Assessment Framework
An Integrated Framework for Conservation

“The greatest danger in times of turbulence 
is not the turbulence; it is to act with 
yesterday’s logic.”  
— Peter Drucker

Although significant progress has been made in safeguarding 
species and their habitats, limited resources and an ever-increasing 
workload jeopardize our long-term effectiveness at fulfilling our 
responsibilities.  In addition, novel and significant conservation 
challenges lie ahead, including a changing climate.  While we 
continue to build on our successes, ensuring successful conservation 
and recovery of the nation’s species requires an increasing 
commitment to new ways of thinking, working, and sharing.  
From a budgetary and conservation standpoint, we simply cannot 
afford business as usual.  The Species Status Assessment (SSA) 
Framework, in concert with other transformative efforts, better 
allows us to meet the complex challenges ahead and guide our 
efforts to continually enhance our conservation success.

The SSA Framework
The SSA Framework is an analytical framework for assessing 
a species’ biological condition and level of viability.  Building on 
the best of our current analytical processes and the latest in 
conservation biology, this framework integrates analyses that are 
common to all ESA functions, eliminates duplicative and costly 
processes, and allows us to strategically focus on our core mission 
of preventing extinction and achieving recovery.  In addition, the 
SSA Framework provides a structure for effectively engaging with 
our State partners and soliciting peer review.

Our Vision
Our vision is a common, consistent, repeatable, scientifically sound 
approach that will serve as the basis for future ESA decisions.  
Using the SSA Framework early provides the context for a decision 
on whether protections are warranted, then for decisions regarding 
what is needed for its conservation and recovery, what the greatest 
research needs are, and how public or private actions may affect 
the species.  Staff in each region are available to provide support 
and training to help ensure we continue to build on the successes 
the SSA Framework has already delivered.  

“The Species Status Assessment offers a 
unique opportunity to transform how the 
U.S. Fish and Wildlife Service delivers 
conservation.”   
–  Gary Frazer, Assistant Director  
    Ecological Services Program

     Realized Benefits  
By having the biological analyses in 
the SSA report, and referencing it in 
the proposed listing rule, we saved an 
estimated 65 pages of Federal Register 
printing – a $30,000 cost saving – for the 
New Mexico meadow jumping mouse 
proposed rule alone.

Efficiency – structured and repeatable 
biological analysis saves time 

Defensibility – analysis grounded in 
accepted science and a logical process 
with explicit assumptions and complete 
reasoning will inform our statutory 
decisions

Consistency – consistent framework and 
terminology will be used across all ESA 
functions and across regions and field 
offices

Effectiveness – clearly articulated 
reasoned decisions will foster effective 
communication and make for better 
conservation

Collaboration – a better forum for being 
inclusive; partners, particularly States, 
are more likely to understand and support

New Mexico meadow jumping mouse.  
Credit: USFWS



U. S. Fish and Wildlife Service
Endangered Species Program
4401 N. Fairfax Drive, Room 420
Arlington, VA 22203
703-358-2171
 
March 2014

Species Status Assessement Framework

SPECIES VIABILITY

SPECIES CURRENT CONDITION

SPECIES NEEDS

Current Availability
or Condition of those Needs

Future Availability
or Condition of those Needs

Assessing the species level of viability is achieved by completing the above 
assessment framework. Credit: USFWS

Gunnison’s prairie dog. Credit: USFWS 

Applying SSA
We begin an SSA with an 
understanding of the species’ unique 
life history, and from that evaluate 
a species’ needs or biological 
requirements at the scales of 
individuals, populations, and species.  
We then consider the current and 
future availability or condition of those 
needs and investigate the reasons those 
needs are missing.  The consequences 
of any missing needs are assessed 
to describe the current condition of 
the species, and project the future 
species condition over time.  Using the 
principles of resilience, representation, 
and redundancy, the species’ level of 
viability and risks to its viability are 
evaluated and characterized.  Generally, 
the more redundant, representative, 
and resilient a species is, the more 
likely it is to persist over time, even 
under changing environmental 
conditions.  The characterization of 
viability is enhanced by estimates at 
multiple time intervals under a range 
of probable scenarios to describe the 
possible changes in viability over time 
and to characterize the uncertainty.  

Where to Learn More  
Visit https://sites.google.com/a/
fws.gov/ssa/ to see examples of SSA 
reports, connect with others who have 
applied the Framework, get answers 
to frequently asked questions, find 
contact information for your Region’s 
SSA Framework Implementation Team 
member, and access the guidance on 
applying the draft SSA Framework.  

“The SSA is an intuitive 
framework that, once 
completed, allowed 
me to more clearly and 
quickly develop, explain, 
and write my listing 
argument.”  
– Craig Hansen, Species Lead for  
   Gunnison’s prairie dog

https://sites.google.com/a/fws.gov/ssa/
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July 14, 2015 
 

In Reply Refer To: 
USFWS Reference:   01EWFW00-2015-TA-0769 
 
Dr. Peter Goldmark, Commissioner of Public Lands 
Washington Department of Natural Resources 
Office of the Commissioner of Public Lands  
MS 47001  
Olympia, WA 98504-7001  
 
Dear Dr. Goldmark: 
 
The U.S. Fish and Wildlife Service (Service) is conducting a status assessment for the 
contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis).  The purpose of this letter is to invite participation by the Washington 
Department of Natural Resources in our assessment process.  As you know, the lynx DPS was 
listed as threatened under the Endangered Species Act (Act) in 2000 (Federal Register, 
65:16502; March 24, 2000).  We published a Recovery Outline for the DPS in 2005, and we 
revised the critical habitat designation for the DPS in 2014 (Federal Register, 79:54782; 
September 12, 2014).  We intended to complete a five-year status review of the lynx DPS by 
this month, but we have extended the schedule to allow for completion of a Species Status 
Assessment. 
 
Species Status Assessment (SSA; see enclosed fact sheet) is a relatively new analytical 
framework adopted by the Service.  The SSA is a status, threat, and viability assessment that 
is structured, transparent, and scientifically robust.  It is intended to provide the scientific 
underpinnings for all determinations the Service is required to make in accordance with the 
Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  
By providing all the species-specific science in a single document that can be updated as new 
information becomes available, the SSA report is intended to streamline, expedite, and reduce 
the size and complexity of Federal Register notices associated with determinations required 
by the Act.   
 
Over the next several months, we will be coordinating with States and other partners and 
seeking input from objective, independent experts in lynx ecology, habitat, management, and 
climate modeling to assess the current status and likely future viability of lynx populations 
within the DPS.  We are scheduling monthly calls with your department and the wildlife 
management agencies from other States within the range of the DPS to provide updates on 
SSA progress and to seek input at appropriate times during the process regarding the 

Washington Fish and Wildlife Office 
Central Washington Field Office 

215 Melody Lane, Suite 103 
Wenatchee, WA 98801-8122 
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biological status of, and potential threats to, lynx populations within the DPS.  Those calls are 
scheduled for the last Wednesday of every month (starting July 29) at 1pm, MTN time.  Call 
in information is 866.822.7385, passcode: 5396168.  
 
To ensure the accuracy and completeness of our SSA, we must use the best scientific and 
commercial data available.  We appreciate any assistance your department can offer toward 
accomplishing this objective.  We hope to complete our SSA report by December of 2015.  
Then we will begin the recovery planning process, with the goal of completing a recovery 
plan for the lynx DPS by the court-ordered deadline of January 15, 2018.   

 
We continue to welcome any scientific information (e.g., survey results, habitat assessments, 
modeling efforts, implementation and/or monitoring of conservation measures, verified 
observations) you wish to provide for our consideration regarding the status, distribution, and 
likely future condition of lynx and snowshoe hare (Lepus americanus) populations and 
habitats in Washington.  Please be aware that all data and information submitted to us 
including names and addresses will become part of the record for this status assessment and 
may be made public.  Information should be submitted to: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601 

 
Thank you for your continued participation in Canada lynx conservation.  We look forward to 
continued collaboration with your department throughout this process.  If you would like 
additional information or have questions about the lynx DPS or the SSA framework, please 
contact Bryon Holt at (509-893-8014) (Bryon_Holt@FWS.gov). 

 
Sincerely, 

 
       
 
 Eric V. Rickerson, State Supervisor 
 Washington Fish and Wildlife Office 
 
Enclosure 
Cc: Via e-mail: 

Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 
(Nick.Wiley@myfwc.com) 
Jonathan Mawdsley, Fish and Wildlife Science Coordinator, AFWA 
(jmawdsley@fishwildlife.org) 
Gary Frazer, HQ (gary_frazer@fws.gov) 
Jim Zelenak, (jim_zelenak@fws.gov) 
Allen Estep, Forest Resources Assistant Division Manager; HCP and Scientific 
Consultation Section (allen.estep@dnr.wa.gov) 

mailto:Bryon_Holt@FWS.gov
mailto:Nick.Wiley@myfwc.com
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July 14, 2015 
 

In Reply Refer To: 
USFWS Reference:   01EWFW00-2015-TA-0769  
 
Dr. Jim Unsworth, Director 
Washington Department of Fish and Wildlife 
600 Capitol Way North 
Olympia, WA  98501-1091 
 
Dear Dr. Unsworth: 
 
The U.S. Fish and Wildlife Service (Service) is conducting a status assessment for the 
contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis).  The purpose of this letter is to invite participation by the Washington 
Department of Fish and Wildlife in our assessment process.  As you know, the lynx DPS was 
listed as threatened under the Endangered Species Act (Act) in 2000 (Federal Register, 
65:16502; March 24, 2000).  We published a Recovery Outline for the DPS in 2005, and we 
revised the critical habitat designation for the DPS in 2014 (Federal Register, 79:54782; 
September 12, 2014).  We intended to complete a five-year status review of the lynx DPS by 
this month, but we have extended the schedule to allow for completion of a Species Status 
Assessment. 
 
Species Status Assessment (SSA; see enclosed fact sheet) is a relatively new analytical 
framework adopted by the Service.  The SSA is a status, threat, and viability assessment that 
is structured, transparent, and scientifically robust.  It is intended to provide the scientific 
underpinnings for all determinations the Service is required to make in accordance with the 
Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  
By providing all the species-specific science in a single document that can be updated as new 
information becomes available, the SSA report is intended to streamline, expedite, and reduce 
the size and complexity of Federal Register notices associated with determinations required 
by the Act.   
 
Over the next several months, we will be coordinating with States and other partners and 
seeking input from objective, independent experts in lynx ecology, habitat, management, and 
climate modeling to assess the current status and likely future viability of lynx populations 
within the DPS.  We are scheduling monthly calls with your department and the wildlife 
management agencies from other States within the range of the DPS to provide updates on 
SSA progress and to seek input at appropriate times during the process regarding the 
biological status of, and potential threats to, lynx populations within the DPS.  Those calls are 

Washington Fish and Wildlife Office 
Central Washington Field Office 

215 Melody Lane, Suite 103 
Wenatchee, WA 98801-8122 
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scheduled for the last Wednesday of every month (starting July 29) at 1pm, MTN time.  Call 
in information is 866.822.7385, passcode: 5396168.  
 
To ensure the accuracy and completeness of our SSA, we must use the best scientific and 
commercial data available.  We appreciate any assistance your department can offer toward 
accomplishing this objective.  We hope to complete our SSA report by December of 2015.  
Then we will begin the recovery planning process, with the goal of completing a recovery 
plan for the lynx DPS by the court-ordered deadline of January 15, 2018.   

 
We continue to welcome any scientific information (e.g., survey results, habitat assessments, 
modeling efforts, implementation and/or monitoring of conservation measures, verified 
observations) you wish to provide for our consideration regarding the status, distribution, and 
likely future condition of lynx and snowshoe hare (Lepus americanus) populations and 
habitats in Washington.  Please be aware that all data and information submitted to us 
including names and addresses will become part of the record for this status assessment and 
may be made public.  Information should be submitted to: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601 

 
Thank you for your continued participation in Canada lynx conservation.  We look forward to 
continued collaboration with your department throughout this process.  If you would like 
additional information or have questions about the lynx DPS or the SSA framework, please 
contact Bryon Holt at (509-893-8014) (Bryon_Holt@FWS.gov). 

 
 

Sincerely, 
 
       
 
 Eric V. Rickerson, State Supervisor 
 Washington Fish and Wildlife Office 
 
Enclosure 
Cc: Via e-mail: 

Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 
(Nick.Wiley@myfwc.com) 
Jonathan Mawdsley, Fish and Wildlife Science Coordinator, AFWA 
(jmawdsley@fishwildlife.org) 
Gary Frazer, HQ (gary_frazer@fws.gov) 
Jim Zelenak, (jim_zelenak@fws.gov) 
Nate Pamplin, Wildlife Program Assistant Director, WDFW 
(Nathan.Pamplin@dfw.wa.gov ) 

mailto:Bryon_Holt@FWS.gov
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From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: WA State lynx expert
Date: Tuesday, July 14, 2015 1:45:09 PM

OK, will do.  I also thought about Garth, but noted he was already on your list of potential
invitees so I did not comment on him.

Bryon

On Tue, Jul 14, 2015 at 1:43 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Bryon.

I agree that both Gary and Keith have much to contribute.  I also had thought about Apps but haven't reached out
to him yet.  Could you do so?  I've left a phone message for Garth Mowat - a lynx expert in that same
geographical area - but I haven't heard back from him yet.  let me know what you find out re: Dr. Apps.

Cheers!

Jim

On Tue, Jul 14, 2015 at 12:15 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:
HI Jim,

Even though we have discussed this already, I am sending this as a follow-up for the
record.  I would consider that, of the list you provided, Gary Koehler would qualify as a
lynx expert.  Gary is the only one on the list that has actually done research on lynx in
WA.  He has done research on lynx in WA off and on for the past 30 to 40 years.  The
other listed individuals have not done research on lynx that I am aware of, excerpt for
Scott Fisher.  But, Scott essentially assisted with trapping of lynx on DNR lands in WA
(building traps, setting them out, running trap lines, etc.).  One other person who I would
recommend because of his strong ecological background coupled with his knowledge of
lynx biology and ecology as well as boreal forest ecology is Keith Aubry.  In my opinion,
both Gary and Keith would contribute substantively to the meeting.

Also, Clayton Apps has done some work on lynx in southeastern BC, and southwestern
Alberta, Canada if you are looking for a Canadian perspective on the status of lynx.  I
don't know if he is still active in the lynx world or not, but I could inquire.  Let me know.

Bryon

On Thu, Jul 9, 2015 at 7:36 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Bryon,

Not sure if this is what you intended to track down with Jeff when arranging a call with him during the lynx
SSA call the other day, but I'd like to get all of your takes (as soon as possible) on the 1 or 2 folks most
knowledgeable about past, current, and likely future distribution and health of the lynx pop(s) in WA, habitat

mailto:bryon_holt@fws.gov
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condition, threats, potential climate-related impacts, fire, insects, etc.

Some of the names that have come up in discussions with others are:

Agency:
Gary Koehler (retired WDFW)
Scott Fitkin (WDFW)
Scott Fisher (WDNR)
Jeff Lewis (WDFW)
 
Research scientists:
Dan Thorton (WSU)
Aaron Wirsing (WSU)

Let me know who among these  - or others - would be the best (and most likely able to attend) person to
invite to the lynx SSA expert elicitation meeting we're are trying to arrange for Sept. - Oct.  Also who you
would select 2nd if your first choice was unable to attend.  Keep in mind that we really want science/lynx
mgmt. experts who can be objective and unbiased (i.e., not wearing their agency hats or pushing agency
agenda with regard to listing and recovery decisions, etc.).

We hope to have some talking points out soon to clarify the last part above. 

We need this pretty quickly because we need to begin reaching out soon to candidates for the meeting

Thanks,

Jim   

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Smith, Tamara
To: Laura Ragan
Subject: Re: FW: ATTENTION -NEEDS ACTION: Updated State Coordination Letter
Date: Tuesday, July 14, 2015 2:52:24 PM

Hi Laura - We will be sending this out today or tomorrow to WI and MN State DNR Directors
and Scott Hicks is doing the same for MI.  Thanks! -Tam

On Thu, Jul 9, 2015 at 1:12 PM, Laura Ragan <laura_ragan@fws.gov> wrote:

Tam -  Is there anything you need for me on this, or do you plan to just send out the letter?

 

-Laura

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, July 09, 2015 12:42 PM
To: Eric Rickerson; Michael Carrier; Mark Sattelberg; Ann Timberman; Drue DeBerry; Laury Zicari; Tom
Chapman; Wally Murphy; Peter Fasbender
Cc: Jeff Krupka; Bryon Holt; Kurt Broderdorp; Tamara Smith; Ann Belleman; Mark McCollough; Jim
Zelenak; Anthony Tur; Seth Willey; Sarah Quamme; Laura Ragan; Krishna Gifford; Eric Hein; Sarah
Hall; Michael Thabault; Lisa Mandell
Subject: ATTENTION -NEEDS ACTION: Updated State Coordination Letter

 

Just checking to see if these letters have gone out yet (I've only seen one from Maine). Its
important that they get out asap so our State folks can make the conference call later this
month.  Thank you for your help. JB

 

_________________________

I am requesting that each state send out versions of this letter and attachment from their offices, preferably
within the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species
Policy Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

 

 

 

Jodi L. Bush

mailto:tamara_smith@fws.gov
mailto:laura_ragan@fws.gov
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Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the
Project Plan, we have updated the State coordination letter based on the addition of the SSA
process and the subsequent altered timeline.  

 

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process. 
To that end, the letter updates where we are now and identifies a monthly coordination call with our state partners
to keep them appraised of our progress.  

 

I am requesting that each state send out versions of this letter and attachment from their offices, preferably
within the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species
Policy Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

 

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing
coordination call with our State partners.  It seemed appropriate to get this date identified upfront so could keep
moving forward.  

 

As always -thanks for your help.  Please call if you have questions.  JB

 

 

 

Jodi L. Bush

mailto:jodi_bush@fws.gov
mailto:jmawdsley@fishwildlife.org
mailto:Nick.Wiley@myfwc.com


Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Katherine Eckel
Cc: Lisa Mandell
Subject: lynx SSA letters to finalize & sign
Date: Tuesday, July 14, 2015 3:16:17 PM

Hi Kathy, 

Please finalize the two letters in S:\IN\Tam - in box\Lynx SSA State Letters and attachment. 
There is one letter for WI and one for MN. Each letter should include the "SSA Fact
Sheet.pdf" attachment.

I think we should send a paper copy to each state director and I will then email pdf copies to
everyone that is being cc'd. 

Thank you, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:tamara_smith@fws.gov
mailto:katherine_eckel@fws.gov
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From: Holt, Bryon
To: Karl Halupka
Subject: Re: FW: FW: ATTENTION -NEEDS ACTION: Updated State Coordination Letter
Date: Tuesday, July 14, 2015 3:54:39 PM

Thanks Karl.

On Tue, Jul 14, 2015 at 3:38 PM, Karl Halupka <karl_halupka@fws.gov> wrote:

Tom’s schedule, fyi.

Cheers,

k

 

Karl Halupka

Fish and Wildlife Biologist

U.S. Fish and Wildlife Service

Central Washington Field Office

215 Melody Lane, Suite 103

Wenatchee, WA  98801-8122

Phone:  509-665-3508 x 2001

Fax:      509-665-3509

www.fws.gov/wafwo/

 

From: McDowell, Tom [mailto:tom_mcdowell@fws.gov] 
Sent: Tuesday, July 14, 2015 3:21 PM
To: Karl Halupka
Cc: Eric Rickerson; Jeff Krupka
Subject: Re: FW: ATTENTION -NEEDS ACTION: Updated State Coordination Letter

 

Thanks so much Karl.

 

I am reviewing and will get back you Thursday.  We will plan to sign by Friday at the latest.

Tom

mailto:bryon_holt@fws.gov
mailto:karl_halupka@fws.gov
mailto:karl_halupka@fws.gov
http://www.fws.gov/wafwo/
mailto:tom_mcdowell@fws.gov


Thomas L. McDowell

Deputy State Supervisor, Washington Fish and Wildlife Office

U.S. Fish and Wildlife Service

510 Desmond Dr. SE, Suite 102

Lacey, WA  98503

Office:  360-753-4652

Cell:  360-951-3756

 

On Tue, Jul 14, 2015 at 11:41 AM, Karl Halupka <karl_halupka@fws.gov> wrote:

Hi Tom,

Draft letters to WDFW and WDNR regarding our lynx SSA effort are attached, as we discussed
yesterday.

Thanks for looking these over, and signing if you think they’re ready.

I made only minor tweaks to Jodi’s template.

The last CC in each letter is for specific folks in each department who I think are most likely to
participate directly or assign staff to participate in our lynx SSA.

Naim is available to send these out today or tomorrow if you want to send back scans of the
signed versions.

I also attached the SSA Fact Sheet which is meant to be enclosed with the letters, fyi.

Cheers,

k

 

Karl Halupka

Fish and Wildlife Biologist

U.S. Fish and Wildlife Service

Central Washington Field Office

215 Melody Lane, Suite 103

mailto:karl_halupka@fws.gov


Wenatchee, WA  98801-8122

Phone:  509-665-3508 x 2001

Fax:      509-665-3509

www.fws.gov/wafwo/

 

From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Monday, July 13, 2015 9:10 AM
To: Hall, Sarah
Cc: Bush, Jodi; Michael Carrier; Eric Rickerson; Jeff Krupka; Kim Garner; Jim Zelenak; Karl Halupka
Subject: Re: ATTENTION -NEEDS ACTION: Updated State Coordination Letter

 

Jodi,

 

Jeff Krupka is out until late this week.  I just spoke to Karl Halupka regarding sending
letters and advised urgency of getting them out this week if at all possible.  At this point I
believe that WA FWS will prepare letters to WDFW and WDNR (using template) for Eric's
signature and copy me.  I will send copies to Jim when I receive them.

 

Bryon

 

 

On Thu, Jul 9, 2015 at 10:59 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:

Hi Jodi,

 

Just fyi, our R1 ES PLs are at a meeting in Portland this week.  It's my understanding that
Bryon is working on an ID letter for Mike to sign next week.  Bryon is also working with
Jeff Krupka on a WA letter for Eric's signature, most likely next week as well.  Bryon is out
the rest of this week, but hopefully can provide an update early next week.

 

Thanks,

Sarah

 

http://www.fws.gov/wafwo/
mailto:bryon_holt@fws.gov
mailto:sarah_hall@fws.gov


Sarah Hall

Endangered Species Recovery Program Manager

USFWS Pacific Region

 

On Thu, Jul 9, 2015 at 10:42 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Just checking to see if these letters have gone out yet (I've only seen one from Maine). Its
important that they get out asap so our State folks can make the conference call later this
month.  Thank you for your help. JB

 

_________________________

I am requesting that each state send out versions of this letter and attachment from their offices, preferably
within the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species
Policy Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

 

 

 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:

mailto:jodi_bush@fws.gov
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Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the
Project Plan, we have updated the State coordination letter based on the addition of the SSA
process and the subsequent altered timeline.  

 

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process. 
To that end, the letter updates where we are now and identifies a monthly coordination call with our state partners
to keep them appraised of our progress.  

 

I am requesting that each state send out versions of this letter and attachment from their offices, preferably
within the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species
Policy Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

 

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing
coordination call with our State partners.  It seemed appropriate to get this date identified upfront so could keep
moving forward.  

 

As always -thanks for your help.  Please call if you have questions.  JB

 

 

 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

 

mailto:jmawdsley@fishwildlife.org
mailto:Nick.Wiley@myfwc.com


 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

 

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov


From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Lynx SSA
Date: Wednesday, July 15, 2015 7:13:00 AM

Yes,  He retired from FS last year and is still working up some wolverine data, has some other
commitments, and is professor emeritus as UW.  So, he's trying to retire, but has a lot of
standing commitments and does not want to take on anything else.

Bryon

On Wed, Jul 15, 2015 at 6:01 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Bryon.  Did he say why?

On Tue, Jul 14, 2015 at 3:39 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Jim,

Keith Aubry has declined to participate in the expert SSA meeting.

Bryon

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
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Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov
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From: Bell, Heather
To: Jim Zelenak; Mary_Parkin
Subject: dah
Date: Wednesday, July 15, 2015 7:45:57 AM
Attachments: simple lynx resilience conceptual model.pptx

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/

mailto:heather_bell@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mary_parkin@fws.gov
https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/rev/


From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: WA State lynx expert
Date: Wednesday, July 15, 2015 9:28:35 AM

Nope, feel free to send to whom ever you think should see it.

On Wed, Jul 15, 2015 at 9:24 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hey Bryon - would you mind if I shared your message below with the rest of the lynx SSA team (Core Team plus
Mary and Heather)?

On Tue, Jul 14, 2015 at 12:15 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:
HI Jim,

Even though we have discussed this already, I am sending this as a follow-up for the
record.  I would consider that, of the list you provided, Gary Koehler would qualify as a
lynx expert.  Gary is the only one on the list that has actually done research on lynx in
WA.  He has done research on lynx in WA off and on for the past 30 to 40 years.  The
other listed individuals have not done research on lynx that I am aware of, excerpt for
Scott Fisher.  But, Scott essentially assisted with trapping of lynx on DNR lands in WA
(building traps, setting them out, running trap lines, etc.).  One other person who I would
recommend because of his strong ecological background coupled with his knowledge of
lynx biology and ecology as well as boreal forest ecology is Keith Aubry.  In my opinion,
both Gary and Keith would contribute substantively to the meeting.

Also, Clayton Apps has done some work on lynx in southeastern BC, and southwestern
Alberta, Canada if you are looking for a Canadian perspective on the status of lynx.  I
don't know if he is still active in the lynx world or not, but I could inquire.  Let me know.

Bryon

On Thu, Jul 9, 2015 at 7:36 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Bryon,

Not sure if this is what you intended to track down with Jeff when arranging a call with him during the lynx
SSA call the other day, but I'd like to get all of your takes (as soon as possible) on the 1 or 2 folks most
knowledgeable about past, current, and likely future distribution and health of the lynx pop(s) in WA, habitat
condition, threats, potential climate-related impacts, fire, insects, etc.

Some of the names that have come up in discussions with others are:

Agency:
Gary Koehler (retired WDFW)
Scott Fitkin (WDFW)
Scott Fisher (WDNR)
Jeff Lewis (WDFW)

mailto:bryon_holt@fws.gov
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mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov


 
Research scientists:
Dan Thorton (WSU)
Aaron Wirsing (WSU)

Let me know who among these  - or others - would be the best (and most likely able to attend) person to
invite to the lynx SSA expert elicitation meeting we're are trying to arrange for Sept. - Oct.  Also who you
would select 2nd if your first choice was unable to attend.  Keep in mind that we really want science/lynx
mgmt. experts who can be objective and unbiased (i.e., not wearing their agency hats or pushing agency
agenda with regard to listing and recovery decisions, etc.).

We hope to have some talking points out soon to clarify the last part above. 

We need this pretty quickly because we need to begin reaching out soon to candidates for the meeting

Thanks,

Jim   

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Mark McCollough (Google Docs)
To: bryon_holt@fws.gov
Subject: Cardinal SSA ques... - I wonder if 10-20 breeding females is...
Date: Wednesday, July 15, 2015 12:23:19 PM
Attachments: logo.png

Mark McCollough replied to a comment on Cardinal SSA questions_
Lynx_4_28_15 draft.docx

Mark McCollough

10-20

I wonder if 10-20 breeding females is too low and vulnerable to
stochastic events. Would 30-50 reproductive females be needed for
persistence? Some modeling may help inform. Expert opinion may be
helpful on this issue.

Bryon Holt
I agree Mark, 10-20 seems to low to me, especially if the estimate is
that MT and ME could support 100 lynx on the low end. But, perhaps
the experts would have a better assessment of this.

Mark McCollough
Bryon: Several years ago at a BioTeam meeting we discussed that
John
Squires was completing a PVA for lynx. Do you know if that was ever
completed or published? Mark

You received this email because you are mentioned in this thread. Change
what Google Docs sends you. You can reply to this email to reply to the
discussion.

mailto:d+MTA3NDMyNzQwNzYwNzkzOTc1NDIz-MTE3NTg4NDMyMTI3MDI1NDU0OTc4@docs.google.com
mailto:bryon_holt@fws.gov
https://docs.google.com/a/fws.gov/document/d/12bpgyrtri4mamtEh9sPEXzl__bpwvPEs8FW9m8mONS4/edit?disco=AAAAAcOFGLw
https://docs.google.com/a/fws.gov/document/d/12bpgyrtri4mamtEh9sPEXzl__bpwvPEs8FW9m8mONS4/edit?disco=AAAAAcOFGLw
https://docs.google.com/a/fws.gov/document/docos/notify?id=s4RjxrkB8lx3BUaPotFglRg&title=Cardinal+SSA+questions_+Lynx_4_28_15+draft.docx
https://docs.google.com/a/fws.gov/document/docos/notify?id=s4RjxrkB8lx3BUaPotFglRg&title=Cardinal+SSA+questions_+Lynx_4_28_15+draft.docx


From: Smith, Tamara
To: Eckel, Katherine
Subject: Re: Lynx SSA, MN
Date: Wednesday, July 15, 2015 1:09:15 PM

Thanks, Kathy! 

On Wed, Jul 15, 2015 at 12:24 PM, Eckel, Katherine <katherine_eckel@fws.gov> wrote:
Please see attached.
*******************
Katherine Eckel
Administrative Support Assistant
U.S. Fish and Wildlife Service
4101 American Boulevard East
Bloomington, MN 55425

(612) 725-3548, ext. 2250
(612) 725-3609 (fax)

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:tamara_smith@fws.gov
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mailto:katherine_eckel@fws.gov


From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: Updated State Coordination Letter
Date: Wednesday, July 15, 2015 2:18:58 PM

Okay thanks for the clarification!

On Wed, Jul 15, 2015 at 1:37 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I believe that Jodi's intent is for Field Supervisors to email the letter to their State agency counterparts (and to cc
me).

Thanks Tam.

Jim

On Wed, Jul 15, 2015 at 12:27 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
We just sent out paper copies to the addressee for each state, but I had another quick
question - should these be emailed out by the Field Supervisor or are the biologists
generally sending these out? Sorry for the confusion.

I'll send you copies too.

On Tue, Jul 14, 2015 at 3:13 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Okay, Thanks!  I think I'll do what Maine did - paper to addressee and email pdfs to
everyone else.

On Tue, Jul 14, 2015 at 3:09 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Good question, Tam.  I only saw the electronic .pdf of the one MTFO sent, but I just had a reply from
folks in the New England FO that they sent out electronic letters to addressee and cc list and would send
hard copy only to addressee.  I guess whatever you normally do there.

Also - make sure Gary's name is corrected in the cc list from "Fraser" to "Frazer."

Thanks.   

On Tue, Jul 14, 2015 at 2:03 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim - We are going to get these letters sent out today or tomorrow for WI and
MN.  One quick question - Are you sending paper copies and/or email?

On Tue, Jul 7, 2015 at 1:02 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attached is a corrected version of the template letter for your use.

1.  Also highlights top of page 2 where you need to delete "Montana" and put your state;

2.  Corrects cc list from "Jonathon"  to "Jonathan" Mawdsley

3. Also highlights need to change header from "Dear Director Hagener" to Dear Director (yours).

Let me know if you have questions.  Thanks for getting these out.

Jim
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On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello. State Project Leaders.  As I mentioned in my last email (June 26),
regarding the Project Plan, we have updated the State coordination letter based
on the addition of the SSA process and the subsequent altered timeline.  

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning
process.  To that end, the letter updates where we are now and identifies a monthly coordination call with
our state partners to keep them appraised of our progress.  

I am requesting that each state send out versions of this letter and attachment from their offices,
preferably within the next several weeks.  Feel free to use the version I provided (ATTACHED) as a
template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered
Species Policy Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our
Service lynx Lead.  

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing
coordination call with our State partners.  It seemed appropriate to get this date identified upfront so could
keep moving forward.  

As always -thanks for your help.  Please call if you have questions.  JB

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

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425

mailto:jodi_bush@fws.gov
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612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
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Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Catton, Susan J -FS
To: Tamara_Smith@fws.gov
Subject: RE: Lynx SSA and Recovery Planning contacts
Date: Thursday, July 16, 2015 3:47:23 PM

Hi Tam,
That sounds fine for SNF.  I’m working on tracking down the Ontario contact.  I’ll get back to
you on Monday.
 
Have a great weekend!
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, July 16, 2015 10:19 AM
To: Catton, Susan J -FS
Subject: Re: Lynx SSA and Recovery Planning contacts
 
Yes - I think I had your name under "manager" for SNF and Dan Ryan or Tim under
"biologist" - does that sound okay?  Do you know anyone who would be considered a
"manager" type in Ontario?  I know that Jeff Bowman is a research scientist for the Ministry
of Natural Resources and Forestry (MNRF), but do you know of other biologists that
would fit the bill?  
 
Thanks, Tam
 
On Thu, Jul 16, 2015 at 10:01 AM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:
Hi Tam,
I was doing a bit of email management and came across this one from you.  And I don’t know
if I ever replied.  I’m sorry about that.  Do you still need this information?  -Susan
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Tuesday, May 19, 2015 1:47 PM
To: Catton, Susan J -FS
Subject: Lynx SSA and Recovery Planning contacts
 
Hi Susan, 
 
Who from the Forest should I add to Jim Zelenak's (USFWS MT FO) list of contacts for the
SNF for lynx recovery planning?  He had your name under "manager" and there is a blank
space for a "biologist" contact (one or two people). This isn't an official "recovery team"
but would be people who would be involved in in the lynx DPS status assessment and who
can best help us understand current and future status/trends of lynx and habitats within each of
the DPS subpopulations, the adequacy of current regulatory mechanisms, current/future threats
and their potential magnitudes, etc. 
 
Do you know who would be a good contact for lynx status/trends/management on the
Canadian side of the border of MN?
 
Thanks, 
Tam
 
--
Tamara Smith

mailto:scatton@fs.fed.us
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U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Holt, Bryon
To: Kandi Mejia
Subject: Fwd: Updated State Coordination Letter
Date: Friday, July 17, 2015 8:33:46 AM
Attachments: 2015 06 25 LTR Bush_Hagener Lynx SSA Letter to States.pdf

SSA Fact Sheet.pdf
2015 0701 TEMPLATE Lynx SSA Letter to States.docx

Hi Kandi,

Per your phone message, here is the letter and attachments.

Bryon

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, Jul 1, 2015 at 10:00 AM
Subject: Updated State Coordination Letter
To: Eric Rickerson <eric_rickerson@fws.gov>, Michael Carrier <michael_carrier@fws.gov>,
Mark Sattelberg <mark_sattelberg@fws.gov>, Ann Timberman <ann_timberman@fws.gov>,
Drue DeBerry <drue_deberry@fws.gov>, Laury Zicari <laury_zicari@fws.gov>, Tom
Chapman <Tom_Chapman@fws.gov>, Wally Murphy <wally_murphy@fws.gov>, Peter
Fasbender <peter_fasbender@fws.gov>
Cc: Jeff Krupka <Jeff_Krupka@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Kurt
Broderdorp <Kurt_Broderdorp@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>, Ann
Belleman <ann_belleman@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>,
Jim Zelenak <jim_zelenak@fws.gov>, Anthony Tur <Anthony_Tur@fws.gov>, Seth Willey
<seth_willey@fws.gov>, Sarah Quamme <Sarah_Quamme@fws.gov>, Laura Ragan
<Laura_Ragan@fws.gov>, Krishna Gifford <krishna_gifford@fws.gov>, Eric Hein
<Eric_Hein@fws.gov>, Sarah Hall <Sarah_Hall@fws.gov>, Michael Thabault
<michael_thabault@fws.gov>, Lisa Mandell <lisa_mandell@fws.gov>

Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the Project
Plan, we have updated the State coordination letter based on the addition of the SSA process
and the subsequent altered timeline.  

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process.  To that end,
the letter updates where we are now and identifies a monthly coordination call with our state partners to keep them appraised
of our progress.  

I am requesting that each state send out versions of this letter and attachment from their offices, preferably within the
next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing coordination call with
our State partners.  It seemed appropriate to get this date identified upfront so could keep moving forward.  

As always -thanks for your help.  Please call if you have questions.  JB
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Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 
Montana Field Office 

585 Shepard Way, Suite 1 
Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FILE CODE 

DATE, 2015 
 
Dear (Title): 
 
As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 
2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 
DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 
Register, 79:54782; September 12, 2014). 
 
Although we intended to complete a five-year status review of the lynx DPS by this month, the 
Service determined that we would first implement a relatively new framework, a Species Status 
Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 
scientifically-robust status, threat, and viability assessment that is intended to provide the 
scientific underpinnings for all determinations the Service is required to make in accordance with 
the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  
By providing all the species-specific science in a single document that can be updated as new 
information becomes available, the SSA report is intended to streamline, expedite, and reduce 
the size and complexity of Federal Register notices associated with determinations required by 
the Act.   
 
Over the next several months, we will be coordinating with States and other partners and seeking 
input from objective, independent experts in lynx ecology, habitat, management, and climate 
modeling to assess the current status and likely future viability of lynx populations within the 
DPS.  We are scheduling monthly calls with your department and the wildlife management 
agencies from other states within the range of the DPS to provide updates on SSA progress and 
to seek input at appropriate times during the process regarding the biological status of, and 
potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 
Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 
866.822.7385, passcode: 5396168.  
 
To ensure that our assessment will be as accurate and complete as possible, we will use the best 
scientific and commercial data available in the development of the SSA report.  We hope to 
complete the SSA report by December of 2015 and then begin the recovery planning process so 
that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 
the lynx DPS.   



Dear Director Hagener 
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We continue to welcome any scientific information (e.g., survey results, habitat assessments, 
modeling efforts, implementation and/or monitoring of conservation measures, verified 
observations) you wish to provide for our consideration regarding the status, distribution, and 
likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 
in Montana.  Please be aware that all data and information submitted to us including names and 
addresses will become part of the record for this status assessment and may be made public.  
Information should be submitted to: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601 

 
Thank you for your continued interest in Canada lynx conservation.  We look forward to 
continued collaboration with your department throughout this process.  If you would like 
additional information or have questions about the lynx DPS or the SSA framework, please 
contact LOCAL NAME at (NUMBER) (EMAIL). 

 
 

Sincerely, 
 
       
 

NAME 
TITLE 
 

 
Enclosure 
Cc: Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 

Jonathon Mawdsley, Fish and Wildlife Science Coordinator, AFWA 
Gary Fraser, HQ 



U.S. Fish & Wildlife Service

The Species Status 
Assessment Framework
An Integrated Framework for Conservation

“The greatest danger in times of turbulence 
is not the turbulence; it is to act with 
yesterday’s logic.”  
— Peter Drucker

Although significant progress has been made in safeguarding 
species and their habitats, limited resources and an ever-increasing 
workload jeopardize our long-term effectiveness at fulfilling our 
responsibilities.  In addition, novel and significant conservation 
challenges lie ahead, including a changing climate.  While we 
continue to build on our successes, ensuring successful conservation 
and recovery of the nation’s species requires an increasing 
commitment to new ways of thinking, working, and sharing.  
From a budgetary and conservation standpoint, we simply cannot 
afford business as usual.  The Species Status Assessment (SSA) 
Framework, in concert with other transformative efforts, better 
allows us to meet the complex challenges ahead and guide our 
efforts to continually enhance our conservation success.

The SSA Framework
The SSA Framework is an analytical framework for assessing 
a species’ biological condition and level of viability.  Building on 
the best of our current analytical processes and the latest in 
conservation biology, this framework integrates analyses that are 
common to all ESA functions, eliminates duplicative and costly 
processes, and allows us to strategically focus on our core mission 
of preventing extinction and achieving recovery.  In addition, the 
SSA Framework provides a structure for effectively engaging with 
our State partners and soliciting peer review.

Our Vision
Our vision is a common, consistent, repeatable, scientifically sound 
approach that will serve as the basis for future ESA decisions.  
Using the SSA Framework early provides the context for a decision 
on whether protections are warranted, then for decisions regarding 
what is needed for its conservation and recovery, what the greatest 
research needs are, and how public or private actions may affect 
the species.  Staff in each region are available to provide support 
and training to help ensure we continue to build on the successes 
the SSA Framework has already delivered.  

“The Species Status Assessment offers a 
unique opportunity to transform how the 
U.S. Fish and Wildlife Service delivers 
conservation.”   
–  Gary Frazer, Assistant Director  
    Ecological Services Program

     Realized Benefits  
By having the biological analyses in 
the SSA report, and referencing it in 
the proposed listing rule, we saved an 
estimated 65 pages of Federal Register 
printing – a $30,000 cost saving – for the 
New Mexico meadow jumping mouse 
proposed rule alone.

Efficiency – structured and repeatable 
biological analysis saves time 

Defensibility – analysis grounded in 
accepted science and a logical process 
with explicit assumptions and complete 
reasoning will inform our statutory 
decisions

Consistency – consistent framework and 
terminology will be used across all ESA 
functions and across regions and field 
offices

Effectiveness – clearly articulated 
reasoned decisions will foster effective 
communication and make for better 
conservation

Collaboration – a better forum for being 
inclusive; partners, particularly States, 
are more likely to understand and support

New Mexico meadow jumping mouse.  
Credit: USFWS



U. S. Fish and Wildlife Service
Endangered Species Program
4401 N. Fairfax Drive, Room 420
Arlington, VA 22203
703-358-2171
 
March 2014

Species Status Assessement Framework

SPECIES VIABILITY

SPECIES CURRENT CONDITION

SPECIES NEEDS

Current Availability
or Condition of those Needs

Future Availability
or Condition of those Needs

Assessing the species level of viability is achieved by completing the above 
assessment framework. Credit: USFWS

Gunnison’s prairie dog. Credit: USFWS 

Applying SSA
We begin an SSA with an 
understanding of the species’ unique 
life history, and from that evaluate 
a species’ needs or biological 
requirements at the scales of 
individuals, populations, and species.  
We then consider the current and 
future availability or condition of those 
needs and investigate the reasons those 
needs are missing.  The consequences 
of any missing needs are assessed 
to describe the current condition of 
the species, and project the future 
species condition over time.  Using the 
principles of resilience, representation, 
and redundancy, the species’ level of 
viability and risks to its viability are 
evaluated and characterized.  Generally, 
the more redundant, representative, 
and resilient a species is, the more 
likely it is to persist over time, even 
under changing environmental 
conditions.  The characterization of 
viability is enhanced by estimates at 
multiple time intervals under a range 
of probable scenarios to describe the 
possible changes in viability over time 
and to characterize the uncertainty.  

Where to Learn More  
Visit https://sites.google.com/a/
fws.gov/ssa/ to see examples of SSA 
reports, connect with others who have 
applied the Framework, get answers 
to frequently asked questions, find 
contact information for your Region’s 
SSA Framework Implementation Team 
member, and access the guidance on 
applying the draft SSA Framework.  

“The SSA is an intuitive 
framework that, once 
completed, allowed 
me to more clearly and 
quickly develop, explain, 
and write my listing 
argument.”  
– Craig Hansen, Species Lead for  
   Gunnison’s prairie dog

https://sites.google.com/a/fws.gov/ssa/
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In Reply Refer To: 
FWS/R6/MTESO/Canada Lynx Status Assessment 

July 1, 2015 

 

Dear Director Hagener: 

 

As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 

the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 

canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 

2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 

DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 

Register, 79:54782; September 12, 2014). 

 

Although we intended to complete a five-year status review of the lynx DPS by this month, the 

Service determined that we would first implement a relatively new framework, a Species Status 

Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 

scientifically-robust status, threat, and viability assessment that is intended to provide the 

scientific underpinnings for all determinations the Service is required to make in accordance with 

the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  

By providing all the species-specific science in a single document that can be updated as new 

information becomes available, the SSA report is intended to streamline, expedite, and reduce 

the size and complexity of Federal Register notices associated with determinations required by 

the Act.   

 

Over the next several months, we will be coordinating with States and other partners and seeking 

input from objective, independent experts in lynx ecology, habitat, management, and climate 

modeling to assess the current status and likely future viability of lynx populations within the 

DPS.  We are scheduling monthly calls with your department and the wildlife management 

agencies from other states within the range of the DPS to provide updates on SSA progress and 

to seek input at appropriate times during the process regarding the biological status of, and 

potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 

Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 

866.822.7385, passcode: 5396168.  

 

To ensure that our assessment will be as accurate and complete as possible, we will use the best 

scientific and commercial data available in the development of the SSA report.  We hope to 

complete the SSA report by December of 2015 and then begin the recovery planning process so 

that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 

the lynx DPS.   



Dear Director Hagener 
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We continue to welcome any scientific information (e.g., survey results, habitat assessments, 

modeling efforts, implementation and/or monitoring of conservation measures, verified 

observations) you wish to provide for our consideration regarding the status, distribution, and 

likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 

in Montana.  Please be aware that all data and information submitted to us including names and 

addresses will become part of the record for this status assessment and may be made public.  

Information should be submitted to: 

 

U.S. Fish and Wildlife Service 

Montana Ecological Services Field Office 

Attn: Jim Zelenak 

585 Shepard Way, Suite 1 

Helena, MT 59601 

 

Thank you for your continued interest in Canada lynx conservation.  We look forward to 

continued collaboration with your department throughout this process.  If you would like 

additional information or have questions about the lynx DPS or the SSA framework, please 

contact Jim Zelenak at (406) 449-5225, extension 220 (jim_zelenak@fws.gov). 

 

 

Sincerely, 

 

       
 

Jodi Bush 

Field Office Supervisor 

 

 

Enclosure 

Cc: Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 

Jonathon Mawdsley, Fish and Wildlife Science Coordinator, AFWA 

Gary Fraser, HQ 



From: Bush, Jodi
To: Wally Murphy
Cc: Eric Hein; Brady McGee; Jim Zelenak
Subject: Fwd: ATTENTION -NEEDS ACTION: Updated State Coordination Letter
Date: Monday, July 20, 2015 12:44:12 PM
Attachments: 2015 0701 TEMPLATE Lynx SSA Letter to States.docx

2015 06 25 LTR Bush_Hagener Lynx SSA Letter to States.pdf
SSA Fact Sheet.pdf

Hi Wally.  Just checking in.  I haven't seen a copy of your letter to the states yet.  Has that
happened?  Our state conference call is next week so its important that they are aware. 
Thanks.  JB

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

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Jul 9, 2015 at 11:42 AM
Subject: ATTENTION -NEEDS ACTION: Updated State Coordination Letter
To: Eric Rickerson <eric_rickerson@fws.gov>, Michael Carrier <michael_carrier@fws.gov>,
Mark Sattelberg <mark_sattelberg@fws.gov>, Ann Timberman <ann_timberman@fws.gov>,
Drue DeBerry <drue_deberry@fws.gov>, Laury Zicari <laury_zicari@fws.gov>, Tom
Chapman <Tom_Chapman@fws.gov>, Wally Murphy <wally_murphy@fws.gov>, Peter
Fasbender <peter_fasbender@fws.gov>
Cc: Jeff Krupka <Jeff_Krupka@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Kurt
Broderdorp <Kurt_Broderdorp@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>, Ann
Belleman <ann_belleman@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>,
Jim Zelenak <jim_zelenak@fws.gov>, Anthony Tur <Anthony_Tur@fws.gov>, Seth Willey
<seth_willey@fws.gov>, Sarah Quamme <Sarah_Quamme@fws.gov>, Laura Ragan
<Laura_Ragan@fws.gov>, Krishna Gifford <krishna_gifford@fws.gov>, Eric Hein
<Eric_Hein@fws.gov>, Sarah Hall <Sarah_Hall@fws.gov>, Michael Thabault
<michael_thabault@fws.gov>, Lisa Mandell <lisa_mandell@fws.gov>

Just checking to see if these letters have gone out yet (I've only seen one from Maine). Its
important that they get out asap so our State folks can make the conference call later this
month.  Thank you for your help. JB

_________________________
I am requesting that each state send out versions of this letter and attachment from their offices, preferably within the
next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  
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Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the
Project Plan, we have updated the State coordination letter based on the addition of the SSA
process and the subsequent altered timeline.  

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process.  To that
end, the letter updates where we are now and identifies a monthly coordination call with our state partners to keep them
appraised of our progress.  

I am requesting that each state send out versions of this letter and attachment from their offices, preferably within
the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing coordination call
with our State partners.  It seemed appropriate to get this date identified upfront so could keep moving forward.  

As always -thanks for your help.  Please call if you have questions.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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U.S. Fish & Wildlife Service

The Species Status 
Assessment Framework
An Integrated Framework for Conservation

“The greatest danger in times of turbulence 
is not the turbulence; it is to act with 
yesterday’s logic.”  
— Peter Drucker

Although significant progress has been made in safeguarding 
species and their habitats, limited resources and an ever-increasing 
workload jeopardize our long-term effectiveness at fulfilling our 
responsibilities.  In addition, novel and significant conservation 
challenges lie ahead, including a changing climate.  While we 
continue to build on our successes, ensuring successful conservation 
and recovery of the nation’s species requires an increasing 
commitment to new ways of thinking, working, and sharing.  
From a budgetary and conservation standpoint, we simply cannot 
afford business as usual.  The Species Status Assessment (SSA) 
Framework, in concert with other transformative efforts, better 
allows us to meet the complex challenges ahead and guide our 
efforts to continually enhance our conservation success.

The SSA Framework
The SSA Framework is an analytical framework for assessing 
a species’ biological condition and level of viability.  Building on 
the best of our current analytical processes and the latest in 
conservation biology, this framework integrates analyses that are 
common to all ESA functions, eliminates duplicative and costly 
processes, and allows us to strategically focus on our core mission 
of preventing extinction and achieving recovery.  In addition, the 
SSA Framework provides a structure for effectively engaging with 
our State partners and soliciting peer review.

Our Vision
Our vision is a common, consistent, repeatable, scientifically sound 
approach that will serve as the basis for future ESA decisions.  
Using the SSA Framework early provides the context for a decision 
on whether protections are warranted, then for decisions regarding 
what is needed for its conservation and recovery, what the greatest 
research needs are, and how public or private actions may affect 
the species.  Staff in each region are available to provide support 
and training to help ensure we continue to build on the successes 
the SSA Framework has already delivered.  

“The Species Status Assessment offers a 
unique opportunity to transform how the 
U.S. Fish and Wildlife Service delivers 
conservation.”   
–  Gary Frazer, Assistant Director  
    Ecological Services Program

     Realized Benefits  
By having the biological analyses in 
the SSA report, and referencing it in 
the proposed listing rule, we saved an 
estimated 65 pages of Federal Register 
printing – a $30,000 cost saving – for the 
New Mexico meadow jumping mouse 
proposed rule alone.

Efficiency – structured and repeatable 
biological analysis saves time 

Defensibility – analysis grounded in 
accepted science and a logical process 
with explicit assumptions and complete 
reasoning will inform our statutory 
decisions

Consistency – consistent framework and 
terminology will be used across all ESA 
functions and across regions and field 
offices

Effectiveness – clearly articulated 
reasoned decisions will foster effective 
communication and make for better 
conservation

Collaboration – a better forum for being 
inclusive; partners, particularly States, 
are more likely to understand and support

New Mexico meadow jumping mouse.  
Credit: USFWS
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Species Status Assessement Framework

SPECIES VIABILITY

SPECIES CURRENT CONDITION

SPECIES NEEDS

Current Availability
or Condition of those Needs

Future Availability
or Condition of those Needs

Assessing the species level of viability is achieved by completing the above 
assessment framework. Credit: USFWS

Gunnison’s prairie dog. Credit: USFWS 

Applying SSA
We begin an SSA with an 
understanding of the species’ unique 
life history, and from that evaluate 
a species’ needs or biological 
requirements at the scales of 
individuals, populations, and species.  
We then consider the current and 
future availability or condition of those 
needs and investigate the reasons those 
needs are missing.  The consequences 
of any missing needs are assessed 
to describe the current condition of 
the species, and project the future 
species condition over time.  Using the 
principles of resilience, representation, 
and redundancy, the species’ level of 
viability and risks to its viability are 
evaluated and characterized.  Generally, 
the more redundant, representative, 
and resilient a species is, the more 
likely it is to persist over time, even 
under changing environmental 
conditions.  The characterization of 
viability is enhanced by estimates at 
multiple time intervals under a range 
of probable scenarios to describe the 
possible changes in viability over time 
and to characterize the uncertainty.  

Where to Learn More  
Visit https://sites.google.com/a/
fws.gov/ssa/ to see examples of SSA 
reports, connect with others who have 
applied the Framework, get answers 
to frequently asked questions, find 
contact information for your Region’s 
SSA Framework Implementation Team 
member, and access the guidance on 
applying the draft SSA Framework.  

“The SSA is an intuitive 
framework that, once 
completed, allowed 
me to more clearly and 
quickly develop, explain, 
and write my listing 
argument.”  
– Craig Hansen, Species Lead for  
   Gunnison’s prairie dog

https://sites.google.com/a/fws.gov/ssa/


United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 

Montana Field Office 

585 Shepard Way, Suite 1 

Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FWS/R6/MTESO/Canada Lynx Status Assessment 

July 1, 2015 

 

Dear Director Hagener: 

 

As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 

the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 

canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 

2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 

DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 

Register, 79:54782; September 12, 2014). 

 

Although we intended to complete a five-year status review of the lynx DPS by this month, the 

Service determined that we would first implement a relatively new framework, a Species Status 

Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 

scientifically-robust status, threat, and viability assessment that is intended to provide the 

scientific underpinnings for all determinations the Service is required to make in accordance with 

the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  

By providing all the species-specific science in a single document that can be updated as new 

information becomes available, the SSA report is intended to streamline, expedite, and reduce 

the size and complexity of Federal Register notices associated with determinations required by 

the Act.   

 

Over the next several months, we will be coordinating with States and other partners and seeking 

input from objective, independent experts in lynx ecology, habitat, management, and climate 

modeling to assess the current status and likely future viability of lynx populations within the 

DPS.  We are scheduling monthly calls with your department and the wildlife management 

agencies from other states within the range of the DPS to provide updates on SSA progress and 

to seek input at appropriate times during the process regarding the biological status of, and 

potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 

Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 

866.822.7385, passcode: 5396168.  

 

To ensure that our assessment will be as accurate and complete as possible, we will use the best 

scientific and commercial data available in the development of the SSA report.  We hope to 

complete the SSA report by December of 2015 and then begin the recovery planning process so 

that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 

the lynx DPS.   
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We continue to welcome any scientific information (e.g., survey results, habitat assessments, 

modeling efforts, implementation and/or monitoring of conservation measures, verified 

observations) you wish to provide for our consideration regarding the status, distribution, and 

likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 

in Montana.  Please be aware that all data and information submitted to us including names and 

addresses will become part of the record for this status assessment and may be made public.  

Information should be submitted to: 

 

U.S. Fish and Wildlife Service 

Montana Ecological Services Field Office 

Attn: Jim Zelenak 

585 Shepard Way, Suite 1 

Helena, MT 59601 

 

Thank you for your continued interest in Canada lynx conservation.  We look forward to 

continued collaboration with your department throughout this process.  If you would like 

additional information or have questions about the lynx DPS or the SSA framework, please 

contact Jim Zelenak at (406) 449-5225, extension 220 (jim_zelenak@fws.gov). 

 

 

Sincerely, 

 

       
 

Jodi Bush 

Field Office Supervisor 

 

 

Enclosure 

Cc: Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 

Jonathon Mawdsley, Fish and Wildlife Science Coordinator, AFWA 

Gary Fraser, HQ 



United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 
Montana Field Office 

585 Shepard Way, Suite 1 
Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FILE CODE 

DATE, 2015 
 
Dear (Title): 
 
As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 
2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 
DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 
Register, 79:54782; September 12, 2014). 
 
Although we intended to complete a five-year status review of the lynx DPS by this month, the 
Service determined that we would first implement a relatively new framework, a Species Status 
Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 
scientifically-robust status, threat, and viability assessment that is intended to provide the 
scientific underpinnings for all determinations the Service is required to make in accordance with 
the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  
By providing all the species-specific science in a single document that can be updated as new 
information becomes available, the SSA report is intended to streamline, expedite, and reduce 
the size and complexity of Federal Register notices associated with determinations required by 
the Act.   
 
Over the next several months, we will be coordinating with States and other partners and seeking 
input from objective, independent experts in lynx ecology, habitat, management, and climate 
modeling to assess the current status and likely future viability of lynx populations within the 
DPS.  We are scheduling monthly calls with your department and the wildlife management 
agencies from other states within the range of the DPS to provide updates on SSA progress and 
to seek input at appropriate times during the process regarding the biological status of, and 
potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 
Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 
866.822.7385, passcode: 5396168.  
 
To ensure that our assessment will be as accurate and complete as possible, we will use the best 
scientific and commercial data available in the development of the SSA report.  We hope to 
complete the SSA report by December of 2015 and then begin the recovery planning process so 
that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 
the lynx DPS.   
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We continue to welcome any scientific information (e.g., survey results, habitat assessments, 
modeling efforts, implementation and/or monitoring of conservation measures, verified 
observations) you wish to provide for our consideration regarding the status, distribution, and 
likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 
in YOUR STATE.  Please be aware that all data and information submitted to us including 
names and addresses will become part of the record for this status assessment and may be made 
public.  Information should be submitted to: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601 

 
Thank you for your continued interest in Canada lynx conservation.  We look forward to 
continued collaboration with your department throughout this process.  If you would like 
additional information or have questions about the lynx DPS or the SSA framework, please 
contact LOCAL NAME at (NUMBER) (EMAIL). 

 
 

Sincerely, 
 
       
 

NAME 
TITLE 
 

 
Enclosure 
Cc: Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 

Jonathan Mawdsley, Fish and Wildlife Science Coordinator, AFWA 
Gary Fraser, HQ 



From: Bush, Jodi
To: Hein, Eric
Cc: Wally Murphy; Brady McGee; Jim Zelenak
Subject: Re: ATTENTION -NEEDS ACTION: Updated State Coordination Letter
Date: Monday, July 20, 2015 12:51:06 PM

great -thanks. JB

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

On Mon, Jul 20, 2015 at 1:46 PM, Hein, Eric <eric_hein@fws.gov> wrote:
Hi Jodi:

Wally tagged me to get the letter out, but I was on A/L from July 1 to 17.  The letter will go
out tomorrow.

Thanks,

Eric

On Mon, Jul 20, 2015 at 1:43 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hi Wally.  Just checking in.  I haven't seen a copy of your letter to the states yet.  Has that
happened?  Our state conference call is next week so its important that they are aware. 
Thanks.  JB

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

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Jul 9, 2015 at 11:42 AM
Subject: ATTENTION -NEEDS ACTION: Updated State Coordination Letter
To: Eric Rickerson <eric_rickerson@fws.gov>, Michael Carrier
<michael_carrier@fws.gov>, Mark Sattelberg <mark_sattelberg@fws.gov>, Ann
Timberman <ann_timberman@fws.gov>, Drue DeBerry <drue_deberry@fws.gov>, Laury
Zicari <laury_zicari@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>, Wally
Murphy <wally_murphy@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>
Cc: Jeff Krupka <Jeff_Krupka@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Kurt
Broderdorp <Kurt_Broderdorp@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>,
Ann Belleman <ann_belleman@fws.gov>, Mark McCollough
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<Mark_McCollough@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Anthony Tur
<Anthony_Tur@fws.gov>, Seth Willey <seth_willey@fws.gov>, Sarah Quamme
<Sarah_Quamme@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Krishna Gifford
<krishna_gifford@fws.gov>, Eric Hein <Eric_Hein@fws.gov>, Sarah Hall
<Sarah_Hall@fws.gov>, Michael Thabault <michael_thabault@fws.gov>, Lisa Mandell
<lisa_mandell@fws.gov>

Just checking to see if these letters have gone out yet (I've only seen one from Maine). Its
important that they get out asap so our State folks can make the conference call later this
month.  Thank you for your help. JB

_________________________
I am requesting that each state send out versions of this letter and attachment from their offices, preferably
within the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

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

On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the
Project Plan, we have updated the State coordination letter based on the addition of the
SSA process and the subsequent altered timeline.  

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process.  To
that end, the letter updates where we are now and identifies a monthly coordination call with our state partners to keep
them appraised of our progress.  

I am requesting that each state send out versions of this letter and attachment from their offices, preferably
within the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing coordination
call with our State partners.  It seemed appropriate to get this date identified upfront so could keep moving forward.  

As always -thanks for your help.  Please call if you have questions.  JB

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

-- 
Eric W. Hein
U.S. Fish and Wildlife Service
New Mexico Ecological Services Field Office
2105 Osuna NE
Albuquerque, New Mexico  87113
505-761-4735



From: Catton, Susan J -FS
To: Tamara_Smith@fws.gov
Subject: FW: Natural Resources Manager in Ontario?
Date: Monday, July 20, 2015 1:26:23 PM

 
Hi Tam,
Here you go
 
From: Ron Moen [mailto:rmoen@d.umn.edu] 
Sent: Friday, July 17, 2015 10:58 AM
To: Catton, Susan J -FS
Cc: Catton, Timothy J -FS; Ryan, Daniel C -FS
Subject: Re: Natural Resources Manager in Ontario?
 
Hi Susan,
 
  It would be Neil XXXX. I can't remember his name but it will come to me. He is based in Thunder Bay.
Might have retired.  Neil Dawson, just came to me.
 
"Dawson, Neil (MNR)" <neil.dawson@ontario.ca>
 
Ron
 
On 16 Jul 2015 at 20:36, Catton, Susan J -FS wrote:
 
From:                        "Catton, Susan J -FS" <scatton@fs.fed.us>
To:                            "Catton, Timothy J -FS" <tcatton@fs.fed.us>,
                                 "Ryan, Daniel C -FS" <dcryan@fs.fed.us>,
                                 "Ron Moen (rmoen@d.umn.edu)" <rmoen@d.umn.edu>
Subject:                     Natural Resources Manager in Ontario?
Date sent:                  Thu, 16 Jul 2015 20:36:04 +0000
 
 
Hi there,
Do you have a good contact for lynx status/trends/management in
Ontario?  I'm looking for a name and contact information.
 
Thanks, Susan
 
[Forest Service Shield]
 
Susan Catton
Forest Wildlife Biologist/Program Manager
 
Forest Service
Superior National Forest
 
p: 218-626-4304
f: 218-626-4398
scatton@fs.fed.us<mailto:scatton@fs.fed.us>
 
8901 Grand Ave. Pl.
Duluth, MN 55808
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www.fs.fed.us<http://www.fs.fed.us>
[USDA Logo]<http://usda.gov/>[Forest Service
Twitter]<https://twitter.com/forestservice>[USDA
Facebook]<https://www.facebook.com/pages/US-Forest- Service/14319842837
14112>
 
Caring for the land and serving people
 
 
 
 
 
 
 
--
Ron Moen                                                            
Center for Water and Environment, Natural Resources Research Institute
Biology Department, Swenson College of Science and Engineering
University of Minnesota Duluth
www.d.umn.edu/~rmoen,   www.nrri.umn.edu/lynx,   www.nrri.umn.edu/moose
Voice: 218-720-4372
Fax:   218-720-4328

http://www.fs.fed.us%3chttp/www.fs.fed.us
http://usda.gov/
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From: Ron Moen
To: Smith, Tamara
Subject: Fall 2015 -- forgot TWS
Date: Tuesday, July 21, 2015 11:30:40 AM

Hi Tam,

   Might be tough to get people from 10/17 to 10/21. TWS annual meetings are in Winnipeg. I'll be going
to those.

    I've also got a commitment on Friday November 20th here in Duluth (M.S. student seminar).

    Other than that I s/b flexible.

Ron

--
Ron Moen                                                            
Center for Water and Environment, Natural Resources Research Institute
Biology Department, Swenson College of Science and Engineering
University of Minnesota Duluth
www.d.umn.edu/~rmoen,   www.nrri.umn.edu/lynx,   www.nrri.umn.edu/moose
Voice: 218-720-4372
Fax:   218-720-4328

mailto:rmoen@d.umn.edu
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From: Karl Halupka
To: Bryon Holt
Subject: FW: Lynx SSA letter and SSA Fact Sheet - FYI
Date: Tuesday, July 21, 2015 3:57:40 PM
Attachments: Lynx Letter SSA Fact Sheet (1).pdf

Lynx SSA letter - Goldmark.doc
Lynx SSA letter - Unsworth.doc

Bryon,
Sorry it took so long to close the loop on these letters.  They got signed and sent from Lacey on 14
Jul. 
We could use a better notification system to let folks who write letters know when they get mailed.
Pissing and moaning aside, just confirming this little task is done.
Cheers,
k
 
 
Karl Halupka
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
Phone:  509-665-3508 x 2001
Fax:      509-665-3509
www.fws.gov/wafwo/
 
From: Mendez, Naim [mailto:naim_mendez@fws.gov] 
Sent: Tuesday, July 21, 2015 3:28 PM
To: Karl Halupka
Subject: Fwd: Lynx SSA letter and SSA Fact Sheet - FYI
 

........................................................................................

Naim M. Mendez
U.S. Fish and Wildlife Service
Central Washington Field Office
215 Melody Lane #103
Wenatchee, WA 98801-8122 
Phone: (509)665-3508 ext. 2010
Naim_Mendez@fws.gov
 
 
---------- Forwarded message ----------
From: Mejia, Kandi <kandi_mejia@fws.gov>
Date: Thu, Jul 16, 2015 at 11:05 AM
Subject: Lynx SSA letter and SSA Fact Sheet - FYI
To: Nick.Wiley@myfwc.com, jmawdsley@fishwildlife.org, gary_frazer@fws.gov,
jim_zelenak@fws.gov, Nate Pamplin <Nathan.Pamplin@dfw.wa.gov>,
allen.estep@dnr.wa.gov

mailto:karl_halupka@fws.gov
mailto:bryon_holt@fws.gov
http://www.fws.gov/wafwo/
mailto:naim_mendez@fws.gov
mailto:Naim_Mendez@fws.gov
mailto:kandi_mejia@fws.gov
mailto:Nick.Wiley@myfwc.com
mailto:jmawdsley@fishwildlife.org
mailto:gary_frazer@fws.gov
mailto:jim_zelenak@fws.gov
mailto:Nathan.Pamplin@dfw.wa.gov
mailto:allen.estep@dnr.wa.gov


Cc: Jessica Gonzales <jessica_gonzales@fws.gov>, Naim Mendez <naim_mendez@fws.gov>

Attached is an informational copy for you of the letter and SSA
fact sheet that is being sent to both Commissioner Goldmark
and Director Jim Unsworth.  
~~~~~~~~~~~~~~~
Kandi Mejia
Secretary 
Washington Fish and Wildlife Office
Lacey, WA
(360) 753-4065
 

mailto:jessica_gonzales@fws.gov
mailto:naim_mendez@fws.gov


 

 

 

 United States Department of the Interior 
 

FISH AND WILDLIFE SERVICE 
 

 Washington Fish and Wildlife Office 
510 Desmond Dr. SE, Suite 102 

Lacey, Washington 98503 

 

 
In Reply Refer To: 
01EWFW00-2015-TA-0769  

                                                                                      July 14, 2015 
  
 

 
Jim Unsworth, Director 
Washington Department of Fish and Wildlife 
600 Capitol Way North 
Olympia, WA  98501-1091 
 
Dear Mr. Unsworth: 
 
The U.S. Fish and Wildlife Service (Service) is conducting a status assessment for the 
contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis).  The purpose of this letter is to invite participation by the Washington Department 
of Fish and Wildlife in our assessment process.  As you know, the lynx DPS was listed as 
threatened under the Endangered Species Act (Act) in 2000 (Federal Register, 65:16502; March 
24, 2000).  We published a Recovery Outline for the DPS in 2005, and we revised the critical 
habitat designation for the DPS in 2014 (Federal Register, 79:54782; September 12, 2014).  We 
intended to complete a five-year status review of the lynx DPS by this month, but we have 
extended the schedule to allow for completion of a Species Status Assessment. 
 
Species Status Assessment (SSA; see enclosed fact sheet) is a relatively new analytical 
framework adopted by the Service.  The SSA is a status, threat, and viability assessment that is 
structured, transparent, and scientifically robust.  It is intended to provide the scientific 
underpinnings for all determinations the Service is required to make in accordance with the Act 
(e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  By 
providing all the species-specific science in a single document that can be updated as new 
information becomes available, the SSA report is intended to streamline, expedite, and reduce 
the size and complexity of Federal Register notices associated with determinations required by 
the Act.   
 
Over the next several months, we will be coordinating with States and other partners and seeking 
input from objective, independent experts in lynx ecology, habitat, management, and climate 
modeling to assess the current status and likely future viability of lynx populations within the 
DPS.  We are scheduling monthly calls with your department and the wildlife management 
agencies from other States within the range of the DPS to provide updates on SSA progress and 
to seek input at appropriate times during the process regarding the biological status of, and 
potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last  
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Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 
866.822.7385, passcode: 5396168.  
 
To ensure the accuracy and completeness of our SSA, we must use the best scientific and 
commercial data available.  We appreciate any assistance your department can offer toward 
accomplishing this objective.  We hope to complete our SSA report by December of 2015.  We 
will then begin the recovery planning process, with the goal of completing a recovery plan for 
the lynx DPS by the court-ordered deadline of January 15, 2018.   

 
We continue to welcome any scientific information (e.g., survey results, habitat assessments, 
modeling efforts, implementation and/or monitoring of conservation measures, verified 
observations) you wish to provide for our consideration regarding the status, distribution, and 
likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 
in Washington.  Please be aware that all data and information submitted to us including names 
and addresses will become part of the record for this status assessment and may be made public.  
Information should be submitted to: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601 

 
Thank you for your continued participation in Canada lynx conservation.  We look forward to 
continued collaboration with your department throughout this process.  If you would like 
additional information or have questions about the lynx DPS or the SSA framework, please 
contact Bryon Holt at (509-893-8014) (Bryon_Holt@FWS.gov). 

 
Sincerely, 

 
       
 
 Eric V. Rickerson, State Supervisor 
 Washington Fish and Wildlife Office 
 
 
Enclosure 
 
cc:  
FWS-HQ, Falls Church (G. Frazer) 
FWS-R6, Helena (J. Zelenak) 
AFWA-TESPCA, Tallahassee (N. Wiley) 
AFWA-Fish and Wildlife Science Coordinator (J. Mawdsley) 
WDFW, Olympia (N. Pamplin) 
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 United States Department of the Interior 
 

FISH AND WILDLIFE SERVICE 
 

 Washington Fish and Wildlife Office 
510 Desmond Dr. SE, Suite 102 

Lacey, Washington 98503 

 

 
In Reply Refer To: 
01EWFW00-2015-TA-0769  

                                                                                      July 14, 2015 
  
 

 
Peter Goldmark, Commissioner of Public Lands 
Washington Department of Natural Resources 
Office of the Commissioner of Public Lands  
MS 47001  
Olympia, WA 98504-7001  
 
Dear Commissioner Goldmark: 
 
The U.S. Fish and Wildlife Service (Service) is conducting a status assessment for the 
contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis).  The purpose of this letter is to invite participation by the Washington Department 
of Fish and Wildlife in our assessment process.  As you know, the lynx DPS was listed as 
threatened under the Endangered Species Act (Act) in 2000 (Federal Register, 65:16502; March 
24, 2000).  We published a Recovery Outline for the DPS in 2005, and we revised the critical 
habitat designation for the DPS in 2014 (Federal Register, 79:54782; September 12, 2014).  We 
intended to complete a five-year status review of the lynx DPS by this month, but we have 
extended the schedule to allow for completion of a Species Status Assessment. 
 
Species Status Assessment (SSA; see enclosed fact sheet) is a relatively new analytical 
framework adopted by the Service.  The SSA is a status, threat, and viability assessment that is 
structured, transparent, and scientifically robust.  It is intended to provide the scientific 
underpinnings for all determinations the Service is required to make in accordance with the Act 
(e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  By 
providing all the species-specific science in a single document that can be updated as new 
information becomes available, the SSA report is intended to streamline, expedite, and reduce 
the size and complexity of Federal Register notices associated with determinations required by 
the Act.   
 
Over the next several months, we will be coordinating with States and other partners and seeking 
input from objective, independent experts in lynx ecology, habitat, management, and climate 
modeling to assess the current status and likely future viability of lynx populations within the 
DPS.  We are scheduling monthly calls with your department and the wildlife management 
agencies from other States within the range of the DPS to provide updates on SSA progress and 
to seek input at appropriate times during the process regarding the biological status of, and 
potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last  
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Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 
866.822.7385, passcode: 5396168.  
 
To ensure the accuracy and completeness of our SSA, we must use the best scientific and 
commercial data available.  We appreciate any assistance your department can offer toward 
accomplishing this objective.  We hope to complete our SSA report by December of 2015.  We 
will then begin the recovery planning process, with the goal of completing a recovery plan for 
the lynx DPS by the court-ordered deadline of January 15, 2018.   

 
We continue to welcome any scientific information (e.g., survey results, habitat assessments, 
modeling efforts, implementation and/or monitoring of conservation measures, verified 
observations) you wish to provide for our consideration regarding the status, distribution, and 
likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 
in Washington.  Please be aware that all data and information submitted to us including names 
and addresses will become part of the record for this status assessment and may be made public.  
Information should be submitted to: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601 

 
Thank you for your continued participation in Canada lynx conservation.  We look forward to 
continued collaboration with your department throughout this process.  If you would like 
additional information or have questions about the lynx DPS or the SSA framework, please 
contact Bryon Holt at (509-893-8014) (Bryon_Holt@FWS.gov). 

 
Sincerely, 

 
       
 
 Eric V. Rickerson, State Supervisor 
 Washington Fish and Wildlife Office 
 
 
Enclosure 
 
cc:  
FWS-HQ, Falls Church (G. Frazer) 
FWS-R6, Helena (J. Zelenak) 
AFWA-TESPCA, Tallahassee (N. Wiley) 
AFWA-Fish and Wildlife Science Coordinator (J. Mawdsley) 
WDFW, Olympia (N. Pamplin) 
 
 

mailto:Bryon_Holt@FWS.gov


U.S. Fish & Wildlife Service

The Species Status 
Assessment Framework
An Integrated Framework for Conservation

“The greatest danger in times of turbulence 
is not the turbulence; it is to act with 
yesterday’s logic.”  
— Peter Drucker

Although significant progress has been made in safeguarding 
species and their habitats, limited resources and an ever-increasing 
workload jeopardize our long-term effectiveness at fulfilling our 
responsibilities.  In addition, novel and significant conservation 
challenges lie ahead, including a changing climate.  While we 
continue to build on our successes, ensuring successful conservation 
and recovery of the nation’s species requires an increasing 
commitment to new ways of thinking, working, and sharing.  
From a budgetary and conservation standpoint, we simply cannot 
afford business as usual.  The Species Status Assessment (SSA) 
Framework, in concert with other transformative efforts, better 
allows us to meet the complex challenges ahead and guide our 
efforts to continually enhance our conservation success.

The SSA Framework
The SSA Framework is an analytical framework for assessing 
a species’ biological condition and level of viability.  Building on 
the best of our current analytical processes and the latest in 
conservation biology, this framework integrates analyses that are 
common to all ESA functions, eliminates duplicative and costly 
processes, and allows us to strategically focus on our core mission 
of preventing extinction and achieving recovery.  In addition, the 
SSA Framework provides a structure for effectively engaging with 
our State partners and soliciting peer review.

Our Vision
Our vision is a common, consistent, repeatable, scientifically sound 
approach that will serve as the basis for future ESA decisions.  
Using the SSA Framework early provides the context for a decision 
on whether protections are warranted, then for decisions regarding 
what is needed for its conservation and recovery, what the greatest 
research needs are, and how public or private actions may affect 
the species.  Staff in each region are available to provide support 
and training to help ensure we continue to build on the successes 
the SSA Framework has already delivered.  

“The Species Status Assessment offers a 
unique opportunity to transform how the 
U.S. Fish and Wildlife Service delivers 
conservation.”   
–  Gary Frazer, Assistant Director  
    Ecological Services Program

     Realized Benefits  
By having the biological analyses in 
the SSA report, and referencing it in 
the proposed listing rule, we saved an 
estimated 65 pages of Federal Register 
printing – a $30,000 cost saving – for the 
New Mexico meadow jumping mouse 
proposed rule alone.

Efficiency – structured and repeatable 
biological analysis saves time 

Defensibility – analysis grounded in 
accepted science and a logical process 
with explicit assumptions and complete 
reasoning will inform our statutory 
decisions

Consistency – consistent framework and 
terminology will be used across all ESA 
functions and across regions and field 
offices

Effectiveness – clearly articulated 
reasoned decisions will foster effective 
communication and make for better 
conservation

Collaboration – a better forum for being 
inclusive; partners, particularly States, 
are more likely to understand and support

New Mexico meadow jumping mouse.  
Credit: USFWS
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Species Status Assessement Framework

SPECIES VIABILITY

SPECIES CURRENT CONDITION

SPECIES NEEDS

Current Availability
or Condition of those Needs

Future Availability
or Condition of those Needs

Assessing the species level of viability is achieved by completing the above 
assessment framework. Credit: USFWS

Gunnison’s prairie dog. Credit: USFWS 

Applying SSA
We begin an SSA with an 
understanding of the species’ unique 
life history, and from that evaluate 
a species’ needs or biological 
requirements at the scales of 
individuals, populations, and species.  
We then consider the current and 
future availability or condition of those 
needs and investigate the reasons those 
needs are missing.  The consequences 
of any missing needs are assessed 
to describe the current condition of 
the species, and project the future 
species condition over time.  Using the 
principles of resilience, representation, 
and redundancy, the species’ level of 
viability and risks to its viability are 
evaluated and characterized.  Generally, 
the more redundant, representative, 
and resilient a species is, the more 
likely it is to persist over time, even 
under changing environmental 
conditions.  The characterization of 
viability is enhanced by estimates at 
multiple time intervals under a range 
of probable scenarios to describe the 
possible changes in viability over time 
and to characterize the uncertainty.  

Where to Learn More  
Visit https://sites.google.com/a/
fws.gov/ssa/ to see examples of SSA 
reports, connect with others who have 
applied the Framework, get answers 
to frequently asked questions, find 
contact information for your Region’s 
SSA Framework Implementation Team 
member, and access the guidance on 
applying the draft SSA Framework.  

“The SSA is an intuitive 
framework that, once 
completed, allowed 
me to more clearly and 
quickly develop, explain, 
and write my listing 
argument.”  
– Craig Hansen, Species Lead for  
   Gunnison’s prairie dog

https://sites.google.com/a/fws.gov/ssa/


From: Holt, Bryon
To: Karl Halupka
Subject: Re: FW: Lynx SSA letter and SSA Fact Sheet - FYI
Date: Wednesday, July 22, 2015 7:32:22 AM

Thanks Karl.  I know, only too well, how these things go.  So, thanks for letting me know they
went out.  And, also, I really appreciate your help shepherding this through.

Bryon

On Tue, Jul 21, 2015 at 3:57 PM, Karl Halupka <karl_halupka@fws.gov> wrote:

Bryon,

Sorry it took so long to close the loop on these letters.  They got signed and sent from Lacey on 14
Jul. 

We could use a better notification system to let folks who write letters know when they get
mailed.

Pissing and moaning aside, just confirming this little task is done.

Cheers,

k

 

 

Karl Halupka

Fish and Wildlife Biologist

U.S. Fish and Wildlife Service

Central Washington Field Office

215 Melody Lane, Suite 103

Wenatchee, WA  98801-8122

Phone:  509-665-3508 x 2001

Fax:      509-665-3509

www.fws.gov/wafwo/

 

From: Mendez, Naim [mailto:naim_mendez@fws.gov] 
Sent: Tuesday, July 21, 2015 3:28 PM

mailto:bryon_holt@fws.gov
mailto:karl_halupka@fws.gov
mailto:karl_halupka@fws.gov
http://www.fws.gov/wafwo/
mailto:naim_mendez@fws.gov


To: Karl Halupka
Subject: Fwd: Lynx SSA letter and SSA Fact Sheet - FYI

 

........................................................................................

Naim M. Mendez

U.S. Fish and Wildlife Service

Central Washington Field Office

215 Melody Lane #103

Wenatchee, WA 98801-8122 

Phone: (509)665-3508 ext. 2010

Naim_Mendez@fws.gov

 

 

---------- Forwarded message ----------
From: Mejia, Kandi <kandi_mejia@fws.gov>
Date: Thu, Jul 16, 2015 at 11:05 AM
Subject: Lynx SSA letter and SSA Fact Sheet - FYI
To: Nick.Wiley@myfwc.com, jmawdsley@fishwildlife.org, gary_frazer@fws.gov,
jim_zelenak@fws.gov, Nate Pamplin <Nathan.Pamplin@dfw.wa.gov>,
allen.estep@dnr.wa.gov
Cc: Jessica Gonzales <jessica_gonzales@fws.gov>, Naim Mendez
<naim_mendez@fws.gov>

Attached is an informational copy for you of the letter and SSA
fact sheet that is being sent to both Commissioner Goldmark
and Director Jim Unsworth.  

~~~~~~~~~~~~~~~

Kandi Mejia
Secretary 
Washington Fish and Wildlife Office
Lacey, WA
(360) 753-4065

mailto:Naim_Mendez@fws.gov
mailto:kandi_mejia@fws.gov
mailto:Nick.Wiley@myfwc.com
mailto:jmawdsley@fishwildlife.org
mailto:gary_frazer@fws.gov
mailto:jim_zelenak@fws.gov
mailto:Nathan.Pamplin@dfw.wa.gov
mailto:allen.estep@dnr.wa.gov
mailto:jessica_gonzales@fws.gov
mailto:naim_mendez@fws.gov


 

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: Holt, Bryon
To: Zelenak, Jim
Cc: Mark McCollough; Tamara Smith; Kurt Broderdorp; Mary Parkin; Heather Bell; David Smith; Jonathan Cummings;

Jennifer Szymanski; Jodi Bush; Seth Willey
Subject: Re: Update on lynx expert elicitation candidates
Date: Wednesday, July 22, 2015 11:50:43 AM

Jim,

I've been meaning to let you know that I spoke with Clayton this past Monday, and he
confirmed that he is interested in participating in the meeting.  However, as with Gary
Koehler, Clayton is an independent researcher, and thus we would need to fund his travel. 
Also, I noticed that your table (which actually jogged my memory to send this email)
identified Clayton as a presenter only.  I would offer that, dependent on the importance of lynx
immigration from Canada at sustaining/supporting lynx populations in lower 48, Clayton may
be able to contribute to the expert panel discussion as well, given his knowledge of lynx
populations in Canada and what he thinks they may be in future.

Bryon
 

On Wed, Jul 22, 2015 at 10:10 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Because of the tight time line for lining up the expert meeting, the Core Team has been reaching out informally to
potential expert candidates and/or presenters.

We've had lots of interest and, fortunately, most are potentially available for the mid-Oct. - mid Nov. time frame.

The attached document summarizes outreach and responses thus far.  Also downloaded to the SSA Google Drive
(2015 07 22 Lynx SSA Expert Workshop Candidates), where Core Team may update as additional responses
come in or with recommendations for the highlighted areas.

Let me know if you have questions.  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov
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From: Smith, David
To: Zelenak, Jim
Cc: Holt, Bryon; Mark McCollough; Tamara Smith; Kurt Broderdorp; Mary Parkin; Heather Bell; Jonathan Cummings;

Jennifer Szymanski; Jodi Bush; Seth Willey
Subject: Re: Update on lynx expert elicitation candidates
Date: Wednesday, July 22, 2015 3:02:32 PM

As for the number to invite, there is no hard and fast rule, but keep in mind that first and foremost you want an adequate
representation of the expert judgement within the scientific community and adequate representation of affiliations, specialty,
and geography.  Secondarily, to foster a good discussion, the meeting can't get too large.  Personally, I prefer 12 or less, but
realize it can get a bit larger in order to meet the previous considerations.  And as you point out, Jim, there will be some drops
to account for, but that shouldn't be many given the profile of the species.

Dave

David R. Smith
USGS - Leetown Science Center
11649 Leetown Road
Kearneysville, WV 25430
drsmith@usgs.gov
304-724-4467
https://profile.usgs.gov/drsmith
ResearchGate profile

On Wed, Jul 22, 2015 at 3:40 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Bryon,

I should have noted in my previous that the footnotes for our potential Canadian participants was just in case we
(and SSA FIT folks) think we are pushing the bounds of acceptable number of experts from whom to elicit
information.  I also think the others - Karen Hodges (especially given her previous experience with hare pops in
the lower 48) and Jeff Bowman and/or Dennis Murray - cold contribute substantially to the discussion/elicitation,
not just as presenters.

Heather, Mary, Dave, Jonathan, and Jennifer - your thoughts?  how many are too many....

Recognize, though, that some candidates may drop out once we land on dates with certainty.  I think we might
realistically have a dozen give or take a few who will actually be able to attend.

On Wed, Jul 22, 2015 at 12:50 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Jim,

I've been meaning to let you know that I spoke with Clayton this past Monday, and he
confirmed that he is interested in participating in the meeting.  However, as with Gary
Koehler, Clayton is an independent researcher, and thus we would need to fund his travel. 
Also, I noticed that your table (which actually jogged my memory to send this email)
identified Clayton as a presenter only.  I would offer that, dependent on the importance of
lynx immigration from Canada at sustaining/supporting lynx populations in lower 48,
Clayton may be able to contribute to the expert panel discussion as well, given his
knowledge of lynx populations in Canada and what he thinks they may be in future.

Bryon
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On Wed, Jul 22, 2015 at 10:10 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Because of the tight time line for lining up the expert meeting, the Core Team has been reaching out
informally to potential expert candidates and/or presenters.

We've had lots of interest and, fortunately, most are potentially available for the mid-Oct. - mid Nov. time
frame.

The attached document summarizes outreach and responses thus far.  Also downloaded to the SSA Google
Drive (2015 07 22 Lynx SSA Expert Workshop Candidates), where Core Team may update as additional
responses come in or with recommendations for the highlighted areas.

Let me know if you have questions.  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Hein, Eric
To: alexandra.sandoval@state.nm.us
Cc: Gary Frazer; Nick.Wiley@myfwc.com; jmawdsley@fishwildlife.org; Jim Zelenak
Subject: Lynx status assessment
Date: Thursday, July 23, 2015 8:23:41 AM
Attachments: 2015-TA-0457.pdf

Dear Director Sandoval:

As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment
for the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx
canadensis).  Over the next several months, we will be coordinating with States and other
partners. We are scheduling monthly calls with your department and the wildlife management
agencies from other states within the range of the DPS. Please find the attached letter and fact
sheet that describes the process. 

We look forward to continued collaboration with your department throughout this process.  

Thank you.

Eric

-- 
Eric W. Hein
U.S. Fish and Wildlife Service
New Mexico Ecological Services Field Office
2105 Osuna NE
Albuquerque, New Mexico  87113
505-761-4735
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United States Department of the Interior 
 

FISH AND WILDLIFE SERVICE 
 

 New Mexico Ecological Services Field Office 
2105 Osuna Road NE 

Albuquerque, New Mexico  87113 
Telephone 505-346-2525  Fax 505-346-2542 

www.fws.gov/southwest/es/newmexico/ 

 

July 21, 2015 
 

Cons. # 02ENNM00-2015-TA-0457 
 
Alexa Sandoval, Director 
New Mexico Dept. of Game and Fish 
PO Box 25112, Santa Fe, NM 87504 
1 Wildlife Way, Santa Fe, NM 87507 
 
Dear Director Sandoval: 
 
As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 
2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 
DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 
Register, 79:54782; September 12, 2014). 
 
Although we intended to complete a five-year status review of the lynx DPS by this month, the 
Service determined that we would first implement a relatively new framework, a Species Status 
Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 
scientifically-robust status, threat, and viability assessment that is intended to provide the 
scientific underpinnings for all determinations the Service is required to make in accordance with 
the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  
By providing all the species-specific science in a single document that can be updated as new 
information becomes available, the SSA report is intended to streamline, expedite, and reduce 
the size and complexity of Federal Register notices associated with determinations required by 
the Act.   
 
Over the next several months, we will be coordinating with States and other partners and seeking 
input from objective, independent experts in lynx ecology, habitat, management, and climate 
modeling to assess the current status and likely future viability of lynx populations within the 
DPS.  We are scheduling monthly calls with your department and the wildlife management 
agencies from other states within the range of the DPS to provide updates on SSA progress and 
to seek input at appropriate times during the process regarding the biological status of, and 
potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 
Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 
866.822.7385, passcode: 5396168.  
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To ensure that our assessment will be as accurate and complete as possible, we will use the best 
scientific and commercial data available in the development of the SSA report.  We hope to 
complete the SSA report by December of 2015 and then begin the recovery planning process so 
that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 
the lynx DPS.   
 
We continue to welcome any scientific information (e.g., survey results, habitat assessments, 
modeling efforts, implementation and/or monitoring of conservation measures, verified 
observations) you wish to provide for our consideration regarding the status, distribution, and 
likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 
in New Mexico.  Please be aware that all data and information submitted to us including names 
and addresses will become part of the record for this status assessment and may be made public.  
Information should be submitted to: 
 
 U.S. Fish and Wildlife Service 
 Montana Ecological Services Field Office 
 Attn: Jim Zelenak 
 585 Shepard Way, Suite 1 
 Helena, MT 59601 
 
Thank you for your continued interest in Canada lynx conservation.  We look forward to 
continued collaboration with your department throughout this process.  If you would like 
additional information or have questions about the lynx DPS or the SSA framework, please 
contact Eric Hein of my staff at 505-761-4735. 
 
       Sincerely, 
 
 
 
      for Wally Murphy 
       Field Supervisor  
 
Enclosure 
cc:  
 Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 
 Jonathan Mawdsley, Fish and Wildlife Science Coordinator, AFWA 
 Gary Fraser, U.S. Fish and Wildlife Service, Headquarters 
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The Species Status 
Assessment Framework
An Integrated Framework for Conservation

“The greatest danger in times of turbulence 
is not the turbulence; it is to act with 
yesterday’s logic.”  
— Peter Drucker

Although significant progress has been made in safeguarding 
species and their habitats, limited resources and an ever-increasing 
workload jeopardize our long-term effectiveness at fulfilling our 
responsibilities.  In addition, novel and significant conservation 
challenges lie ahead, including a changing climate.  While we 
continue to build on our successes, ensuring successful conservation 
and recovery of the nation’s species requires an increasing 
commitment to new ways of thinking, working, and sharing.  
From a budgetary and conservation standpoint, we simply cannot 
afford business as usual.  The Species Status Assessment (SSA) 
Framework, in concert with other transformative efforts, better 
allows us to meet the complex challenges ahead and guide our 
efforts to continually enhance our conservation success.

The SSA Framework
The SSA Framework is an analytical framework for assessing 
a species’ biological condition and level of viability.  Building on 
the best of our current analytical processes and the latest in 
conservation biology, this framework integrates analyses that are 
common to all ESA functions, eliminates duplicative and costly 
processes, and allows us to strategically focus on our core mission 
of preventing extinction and achieving recovery.  In addition, the 
SSA Framework provides a structure for effectively engaging with 
our State partners and soliciting peer review.

Our Vision
Our vision is a common, consistent, repeatable, scientifically sound 
approach that will serve as the basis for future ESA decisions.  
Using the SSA Framework early provides the context for a decision 
on whether protections are warranted, then for decisions regarding 
what is needed for its conservation and recovery, what the greatest 
research needs are, and how public or private actions may affect 
the species.  Staff in each region are available to provide support 
and training to help ensure we continue to build on the successes 
the SSA Framework has already delivered.  

“The Species Status Assessment offers a 
unique opportunity to transform how the 
U.S. Fish and Wildlife Service delivers 
conservation.”   
–  Gary Frazer, Assistant Director  
    Ecological Services Program

     Realized Benefits  
By having the biological analyses in 
the SSA report, and referencing it in 
the proposed listing rule, we saved an 
estimated 65 pages of Federal Register 
printing – a $30,000 cost saving – for the 
New Mexico meadow jumping mouse 
proposed rule alone.

Efficiency – structured and repeatable 
biological analysis saves time 

Defensibility – analysis grounded in 
accepted science and a logical process 
with explicit assumptions and complete 
reasoning will inform our statutory 
decisions

Consistency – consistent framework and 
terminology will be used across all ESA 
functions and across regions and field 
offices

Effectiveness – clearly articulated 
reasoned decisions will foster effective 
communication and make for better 
conservation

Collaboration – a better forum for being 
inclusive; partners, particularly States, 
are more likely to understand and support

New Mexico meadow jumping mouse.  
Credit: USFWS
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Species Status Assessement Framework

SPECIES VIABILITY

SPECIES CURRENT CONDITION

SPECIES NEEDS

Current Availability
or Condition of those Needs

Future Availability
or Condition of those Needs

Assessing the species level of viability is achieved by completing the above 
assessment framework. Credit: USFWS

Gunnison’s prairie dog. Credit: USFWS 

Applying SSA
We begin an SSA with an 
understanding of the species’ unique 
life history, and from that evaluate 
a species’ needs or biological 
requirements at the scales of 
individuals, populations, and species.  
We then consider the current and 
future availability or condition of those 
needs and investigate the reasons those 
needs are missing.  The consequences 
of any missing needs are assessed 
to describe the current condition of 
the species, and project the future 
species condition over time.  Using the 
principles of resilience, representation, 
and redundancy, the species’ level of 
viability and risks to its viability are 
evaluated and characterized.  Generally, 
the more redundant, representative, 
and resilient a species is, the more 
likely it is to persist over time, even 
under changing environmental 
conditions.  The characterization of 
viability is enhanced by estimates at 
multiple time intervals under a range 
of probable scenarios to describe the 
possible changes in viability over time 
and to characterize the uncertainty.  

Where to Learn More  
Visit https://sites.google.com/a/
fws.gov/ssa/ to see examples of SSA 
reports, connect with others who have 
applied the Framework, get answers 
to frequently asked questions, find 
contact information for your Region’s 
SSA Framework Implementation Team 
member, and access the guidance on 
applying the draft SSA Framework.  

“The SSA is an intuitive 
framework that, once 
completed, allowed 
me to more clearly and 
quickly develop, explain, 
and write my listing 
argument.”  
– Craig Hansen, Species Lead for  
   Gunnison’s prairie dog

https://sites.google.com/a/fws.gov/ssa/


From: Zelenak, Jim
To: Hein, Eric
Cc: Jodi Bush
Subject: Re: Lynx status assessment
Date: Thursday, July 23, 2015 9:19:12 AM

Thanks Eric!

On Thu, Jul 23, 2015 at 9:23 AM, Hein, Eric <eric_hein@fws.gov> wrote:
Dear Director Sandoval:

As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment
for the contiguous United States distinct population segment (DPS) of the Canada lynx
(Lynx canadensis).  Over the next several months, we will be coordinating with States and
other partners. We are scheduling monthly calls with your department and the wildlife
management agencies from other states within the range of the DPS. Please find the attached
letter and fact sheet that describes the process. 

We look forward to continued collaboration with your department throughout this process.  

Thank you.

Eric

-- 
Eric W. Hein
U.S. Fish and Wildlife Service
New Mexico Ecological Services Field Office
2105 Osuna NE
Albuquerque, New Mexico  87113
505-761-4735

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Ron Moen
To: Tamara_smith@fws.gov
Subject: Fall 2015
Date: Thursday, July 23, 2015 10:12:35 AM

Hi Tam,

  October 23 will be out for me too. This is end of week of TWS conference so also probably not good for
others anyway.

Ron

--
Ron Moen                                                            
Center for Water and Environment, Natural Resources Research Institute
Biology Department, Swenson College of Science and Engineering
University of Minnesota Duluth
www.d.umn.edu/~rmoen,   www.nrri.umn.edu/lynx,   www.nrri.umn.edu/moose
Voice: 218-720-4372
Fax:   218-720-4328
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From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: MN State experts
Date: Thursday, July 23, 2015 10:17:58 AM

Ron is also unavailable October 23rd - I think that is still TWS week.

On Tue, Jul 21, 2015 at 12:15 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Good idea!

On Tue, Jul 21, 2015 at 12:04 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Tam.

Sounds like everybody is going to Manitoba for TWS - maybe we all should pack our bags after the expert meeting and join them....

On Tue, Jul 21, 2015 at 10:47 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Update from Ron - He is unavailable 10/17-10/21 because of the TWS meeting.

He also has a commitment on Friday November 20th in Duluth (M.S. student seminar).

On Tue, Jul 21, 2015 at 11:27 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks tam.  Good news about Ron; potentially bad about the Cattons (if they are unavailable the most like week...).  We'll see how it shakes out, I guess.

On Tue, Jul 21, 2015 at 10:16 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim  -  I just talked to Susan Catton. She indicated that both her and Tim would be very interested in attending the expert
elicitation workshop. 

Susan/Tim Availability by Week:

October 12 - unavailable
October 19 - yes
October 26 - yes
November 1 - yes
November 9 - Vetran's day is mid-week Wednesday Nov. 11 so may not work.
November 16 - okay but least desirable
November 23 - unavailable
The Cattons are also available the first three weeks of December, if the workshop needs to be pushed out farther. 

I also talked with Ron Moen - he is also very interested and pretty flexible this fall - he will be teaching a class on Tuesday and
Thursdays so a Tues-Wed-Thurs workshop would cause him to miss 2 classes (so it is least desirable), but he sounded like he
could get grad students to teach missed classes, if need be.  Ron said that any week this fall would be okay with him.

Thanks!
-Tam

On Wed, Jul 15, 2015 at 4:41 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim, 

#1 - Dr. Ron Moen, University of Minnesota and Natural Resources Research Institute. Dr. Moen is a lynx expert.  Since
2003, Dr. Moen has studied Canada lynx to understand their distribution, abundance, persistence, movement and habitat use
in and near the Superior National Forest in northeastern Minnesota as well as conducting some studies in the greater Upper
Great Lakes Region (WI and MI). Dr. Moen has authored numerous reports and manuscripts on his studies of lynx in MN. Dr.
Moen and his graduate student also conducted studies that used pellet counts to estimate snowshoe hare numbers in MN.

#2 – Susan Catton or Tim Catton (USDA, Superior National Forest)-  preferred presence at the workshop depending on our
questions, also could potentially substitute for R. Moen, if he is unavailable. Susan has been working as a biologist on the
Superior National Forest since 2001 and is an expert on lynx biology, ecology and management on the forest.  Susan has
participated in surveys for the species and is very knowledgeable about lynx and their habitat on the SNF. Tim is a biologist
on the SNF and has been leading, for a number of years (7-9 yrs?), a lynx tracking project to detect and monitor lynx
populations across the SNF. Tim and others (e.g.. Dan Ryan, SNF) have been collecting lynx genetic material to augment an
existing lynx DNA database and further the knowledge of lynx presence and persistence on the Forest and in Minnesota.
Depending on our needs Tim could potentially substitute/replace Susan.

Depending on our needs, Dr. Peter Reich - University of Minnesota, Forest Ecology Lab may be utilized as a participant, a
subject expert presenter, or someone whom we can obtain MN climate scenario information from prior to the workshop.  Dr.
Reich’s research focuses on the impacts of global environmental change on terrestrial ecosystems (MN and globally). This
includes effects of climate change, elevated atmospheric carbon dioxide, other air pollutants, land use/management, fire and
biotic invasion on health, biodiversity, and sustainability of forest and grassland ecosystems both in Minnesota and globally.
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He focuses on the broad ecotone of central North America, where boreal forests, northern hardwood forests, oak
woodlands/savannas, and grasslands converge and mix.

Possible substitutes for Dr. Peter Reich include:

Dr. Lee Frelich -Research Associate and Director, University of Minnesota Center for Forest Ecology. Dr. Frelich is working
on a climate change adaptation planning project for Northern forest ecosystems in the Great Lakes with Dr. Moen and has co-
authored a paper with Dr. Reich
(http://forestecology.cfans.umn.edu/prod/groups/cfans/@pub/@cfans/@forestecology/documents/asset/fisichelliecogr2013.pdf)
on temperate tree expansion and boreal spatial shifts/change in composition in response to climate change in the Great Lakes.

Dr. Rebecca Montgomery, University of Minnesota Center for Forest Ecology.  Possible substitute for Frelich/Reigh - Dr.
Montgomery’s  current research focus is the potential for projected climate change to alter tree species composition at the
southern boreal-temperate forest ecotone.

It might be a good idea to contact all three (Reich, Frelich, Montgomery) and see which, if any, would be the most
appropriate, once we have a better idea of the specific questions that are looking to be answered.

 

Greg Spoden is the MN state climatologist and might also be a good contact for MN specific climate and snow data.

Sorry, Jim, somehow, in my attempt to narrow down participants, I added more names!  I think we can filter through potential
participants quickly once we are more clear on our needs.

Please let me know if you need any more specific information. 

Thanks!
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith

http://forestecology.cfans.umn.edu/prod/groups/cfans/@pub/@cfans/@forestecology/documents/asset/fisichelliecogr2013.pdf
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U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 
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From: Ivan - DNR, Jake
To: Zelenak, Jim
Cc: Kurt Broderdorp
Subject: Re: Canada lynx status assessment
Date: Friday, July 24, 2015 4:13:45 PM

Thanks Jim and Kurt.  I talked with my supervisor and sent the request to
participate up the chain.  We'll see what happens.  I have no ability to predict what
we'll do anymore so won't even try.  I will let you know ASAP, however.  Thanks for
the invitation.  I hope I can participate.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Thu, Jul 23, 2015 at 1:44 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Jake,

Thanks for your time on the phone.  Sorry to pile on to Kurt's messages and emails, but I wanted to try to get this
on your radar quickly.  Below is more detail on the SSA and related expert elicitation meeting we are trying to
line up for Oct. - Nov. It's looking like most folks are available the week before the TWS meeting, so we are
leaning toward that preceding week of Oct. 12 (either 10/13-15 [Tu - Th] or 10/14-16 [W - F]), though the dates
are not final yet.

I've also attached the letter that went to CPW and which includes the number and pass code for next Wednesday's
coordination call along with a 2-page SSA fact sheet.    

 

The U.S. Fish and Wildlife Service is undertaking a Species Status Assessment (SSA) for the lynx DPS (lower 48 lynx),
which is intended to inform recovery planning and the eventual final recovery plan, which we are under court order to
complete by Jan. 2018.

The SSA framework is a relatively new (and still-evolving) process intended to result in a report that forms the scientific
underpinnings for all or most of the determinations and documents the Service is required to produce in accordance with
the ESA.

Given the lack of solid empirical data for many lynx population parameters (e.g., the sizes of the various DPS
subpopulations; survival, mortality, recruitment, immigration/emigration rates, etc.) we will need to rely on expert opinion
regarding some factors and processes that are necessary to evaluate the likely viability and future health of the DPS.

I'm writing to inquire about your interest and availability to either present research results or participate in a structured lynx
"expert elicitation" meeting, or both, that will likely occur in mid-Oct. - mid-Nov., probably in Minneapolis (geographic
mid-point of the DPS).

You would contribute importantly to that meeting, where we will also invite other lynx experts from southern Canada and
from specific parts of the DPS range in the lower 48, as well as climate change modelers and boreal forest ecologists.

Please let me know if you are interested and potentially available to participate in such a gathering and, if so, whether there
are certain dates that absolutely would not work for you.  We intend to coordinate with States and other partners throughout
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this process, but we will need to keep the number of participants at the expert elicitation meeting to a manageable number
of folks most able to provide insight on the key variables pertinent to an assessment of the current and likely future status
of lynx in the lower 48.  In that regard, I welcome your thoughts/ recommendations on other lynx researchers, modelers
(climate/forest processes), or managers you think also should be considered for participation at the meeting.

Thanks for considering this request.  Please call if you'd like to discuss.

Cheers!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

tel:%28406%29%20449-5225%20ext.%20220
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From: Ivan - DNR, Jake
To: Broderdorp, Kurt
Cc: Eric Odell; Jim Zelenak
Subject: Re: Results of winter snow tracking
Date: Friday, July 24, 2015 5:37:20 PM

Hi Kurt,

Sorry for the delay - between field work, meetings, vacaction, and now my Dad
having an accident (may be flying home soon), this has been a crazy month.  I can
tell you the following right now off the top of my head.  I can also get you more
specifics on all of this as soon as I get a second to catch up.  What is your deadline
for this information?

We initiated the first part of our lynx monitoring project this past fall/winter.  This
initial effort consisted of estimating lynx occupancy in the San Juans across a
sample of 50 75-km2 cells.  The project was designed following the Ellis et al. 2013
Conservation Biology paper on wolverines (we re-programmed for lynx in CO) and
should give us enough power to detect meaningful changes in occupancy and even
abundance in that region.  We used snow-tracking surveys everywhere we could
(probability of detection is highest with this method) and deployed remote cameras
in places we couldn't access via snow machine.  We should have initial estimates of
occupancy and distribution by the first of September.

In addition to this official monitoring effort, we also had a small crew available to
conduct extra surveys in cells that were sampled during our pilot monitoring work
in 2010-2011 (but were not selected for the official monitoring program) as well as
those where we knew lynx to be present throughout the course of the
reintroduction research (and that weren't selected to be a part of the official
monitoring program).  Between these efforts (speaking strictly anecdotally at the
moment), we found lynx tracks in nearly all of the places where they were present
in 2010-2011 and/or during the reintroduction research.  The places we did not
detect them this winter are places that seemed marginal in the past (e.g., we had
an individual or 2 there for some years, not others).  Also, due to snow conditions
this past winter, we weren't able to survey as completely as we would have liked. 
Furthermore, we've gotten photos of lynx where we didn't get them during the pilot
work.  So, my initial impression is that the current distribution of lynx is similar to
what is always was despite much of overstory in the San Juans being subject to the
spruce beetle epidemic.

CPW has collaborated with John Squires on the Lynx-Winter Recreation Study for
the past few years, and fieldwork on that study is now complete.  Approximately
half of the 13 cats in that sample were Colorado-born cats (most of those had no
PIT, collar, or any other CPW marking when they were captured, so they were
completely new since we stopped reintroduction research work in 2010). 
Additionally, we have initiated a new project with him looking at the impacts of
spruce beetles on lynx habitat use on the Rio Grande National Forest.  At least 2 of
those 4 cats were also young cats, completely unmarked, and thus represent recent
reproduction.  One of these was a young (estimated 2 years old) female who we
documented had a litter of 2 kittens right in the middle of some of the worst beetle
killed forest in the area.  The other female we captured on that project this winter
was an original reintroduction cat (14+ years old).  She also had 2 kittens this past
summer, right in the middle of some heavily impacted beetle kill.  Coincidentally,
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her den this summer was about 500m from the last den we documented from her in
2009.

So, all in all, I would say initial evidence we have from these 2 ongoing projects is
that lynx are continuing to do well in Colorado, at least in terms of distribution
compared to where they were when we last kept close tabs on them.  Also, we have
recent evidence of ongoing reproduction.  When the monitoring program is fully up
and running, we will be gathering more information from mountain ranges across
the state, in addition to the San Juans.  That's a few years away though, assuming
there is continued buy-in to keep up the effort.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Thu, Jul 9, 2015 at 2:57 PM, Broderdorp, Kurt <kurt_broderdorp@fws.gov> wrote:
Hey guys, I hope all is well.  As you might be aware, the USFWS is working on a species
status assessment for Canada lynx.  Jim Zelenak asked me about any results from snow
tracking last winter, any lynx tracks found, locations, evidence of family groups, etc.  Any
information you can provide may help us with our task. Thanks.  

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186
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From: Smith, Tamara
To: Belleman, Ann
Subject: Re: Couple of questions
Date: Wednesday, July 29, 2015 10:30:48 AM

Yeah, I'm sure it will be interesting. The first part will be sort of an intro and SSA 101 but I
think the second half will allow for a lot of questions...

On Wed, Jul 29, 2015 at 10:16 AM, Belleman, Ann <ann_belleman@fws.gov> wrote:
P.S.  I may call-in to SSA just today, mostly as fyi for me to hear opening comments, etc.
from states, specifically WY (and MN).

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
307-421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Wed, Jul 29, 2015 at 9:24 AM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Good for now - thanks!

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
307-421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Wed, Jul 29, 2015 at 9:11 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Ann - 

I'm teleworking today - 612-600-1599.  I have a call today from 9:30 -10:30 and I plan
to be on the lynx SSA call this afternoon at 2 -4pm. 

Call anytime, but a quick answer to your question - I think TCFO still wants hard copies
of BAs but I think everything else can be digital (scoping packages, etc.). It would be
great if they can send you the BAs digitally also so we don't have to snail mail
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anything.  Hopefully we can move away from hard copies altogether, but I'm not sure
that will happen anytime soon...?

Have a great day!
-Tam

On Wed, Jul 29, 2015 at 8:21 AM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Good morning Tam!

The calendar shows you're (tele)working today; if so, then I'm guessing you'll be on
the lynx SSA state coordination call this afternoon?  I wanted to check w/you, in case
I needed to fill-in if you couldn't make it.

Also, I had a question re: general coordination with the 3 Forest and other
district bios.  This relates to my being asked by a CNF district bio if TC FO still
wanted hard copies of scoping packing info and draft EA chap. 1 & 2 with the BA
sent in for consult.  Probably easier to talk for a couple of minutes.  Are you available
for a quick call sometime this week or next?  If so, please let me know what # to call.

Thanks - A
 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
307-421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 
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-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Jim Zelenak
Subject: lynx core team call next week
Date: Thursday, August 06, 2015 4:31:40 PM

Hi Jim - fyi - I will not be able to attend next Tuesday's Lynx SSA core team call - I'll be at the
SSA workshop here in R3!

Thanks
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 
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From: Ivan - DNR, Jake
To: Zelenak, Jim
Cc: Kurt Broderdorp
Subject: Re: Canada lynx status assessment
Date: Monday, August 17, 2015 2:40:09 PM

Hi Jim,

What are the prospects for help with travel to this?  My supervisor just came back
and said this probably won't happen unless we can get some help.  I've already
traveled to the multi-state wolverine monitoring meeting in July and got approval
to present at TWS in Winnipeg (another country!!!) this year.  So, it appears I've
used up all of my travel goodwill for the next decade...

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Thu, Jul 23, 2015 at 1:44 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Jake,

Thanks for your time on the phone.  Sorry to pile on to Kurt's messages and emails, but I wanted to try to get this
on your radar quickly.  Below is more detail on the SSA and related expert elicitation meeting we are trying to
line up for Oct. - Nov. It's looking like most folks are available the week before the TWS meeting, so we are
leaning toward that preceding week of Oct. 12 (either 10/13-15 [Tu - Th] or 10/14-16 [W - F]), though the dates
are not final yet.

I've also attached the letter that went to CPW and which includes the number and pass code for next Wednesday's
coordination call along with a 2-page SSA fact sheet.    

 

The U.S. Fish and Wildlife Service is undertaking a Species Status Assessment (SSA) for the lynx DPS (lower 48 lynx),
which is intended to inform recovery planning and the eventual final recovery plan, which we are under court order to
complete by Jan. 2018.

The SSA framework is a relatively new (and still-evolving) process intended to result in a report that forms the scientific
underpinnings for all or most of the determinations and documents the Service is required to produce in accordance with
the ESA.

Given the lack of solid empirical data for many lynx population parameters (e.g., the sizes of the various DPS
subpopulations; survival, mortality, recruitment, immigration/emigration rates, etc.) we will need to rely on expert opinion
regarding some factors and processes that are necessary to evaluate the likely viability and future health of the DPS.

I'm writing to inquire about your interest and availability to either present research results or participate in a structured lynx
"expert elicitation" meeting, or both, that will likely occur in mid-Oct. - mid-Nov., probably in Minneapolis (geographic
mid-point of the DPS).

You would contribute importantly to that meeting, where we will also invite other lynx experts from southern Canada and
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from specific parts of the DPS range in the lower 48, as well as climate change modelers and boreal forest ecologists.

Please let me know if you are interested and potentially available to participate in such a gathering and, if so, whether there
are certain dates that absolutely would not work for you.  We intend to coordinate with States and other partners throughout
this process, but we will need to keep the number of participants at the expert elicitation meeting to a manageable number
of folks most able to provide insight on the key variables pertinent to an assessment of the current and likely future status
of lynx in the lower 48.  In that regard, I welcome your thoughts/ recommendations on other lynx researchers, modelers
(climate/forest processes), or managers you think also should be considered for participation at the meeting.

Thanks for considering this request.  Please call if you'd like to discuss.

Cheers!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bell, Heather
To: Mary_Parkin; Jim Zelenak
Subject: lynx draft essential questions and conceptual model
Date: Tuesday, August 18, 2015 3:08:45 PM
Attachments: 20150818145644.pdf

added on a couple of thoughts to the diagram.  may or may not be needed based on core teams
comments

I assume the essential questions would be used to confirm our model (conceptual and then
quantitative)? if that is the case then we have at least one or two questions that are not in the
conceptual model.  I would also be very clear about Model (relationship questions) and metric
questions.  Seems the relationship and strength of that relationship question is numero uno, the
next is how do we measure it (i.e. snow depth) and then what data set do we use (i.e. which
climate change model).  No use arguing over data sets if it isn't an important measure!

Question 11.  Would we ask "if there are unique areas of adaptive diversity, will the pressures
will be different in those areas?"  (still trying to think of what we would do with the answer...,
so not convinced yet it is an essential question)  

So another set of questions might be, given "this" model (whatever we finally come up with),
might be
 "do we have the correct metrics and the complete data sources?", along with "have the
assumptions been made explicit, and have all the uncertainties been identified and made
explicit?"  
I am not necessarily suggesting the experts answer all of these but we will need to, right?

 Just some rambling thoughts! hope you had a good call yesterday, sorry to have missed it but
was in flight (on a plane...not on wings unfortunately!)

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/

mailto:heather_bell@fws.gov
mailto:mary_parkin@fws.gov
mailto:jim_zelenak@fws.gov
https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/rev/




From: Smith, Tamara
To: Baker, Richard (DNR)
Subject: quick question - DNR contact for lynx SSA
Date: Wednesday, August 19, 2015 3:32:23 PM

Hi Rich - 

We are developing a list of relevant state contacts for the lynx SSA for 3 general categories
(below). Please let me know if this list needs to be updated and the appropriate contact person
for Wildlife Chief (or equivalent). 
 

1- State Agency Director(s)  - Tom Landwehr, Director, DNR;  Ed Boggess, Director,
Division of Fish & Wildlife

2 - Wildlife Chief(s) - ? 

3 - State Carnivore/Furbearer Biologist(s) - Rich Baker, Endangered Species Coordinator,
Division of Ecological and Water Resources; John Erb, Furbearer Research Biologist

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:tamara_smith@fws.gov
mailto:Richard.Baker@state.mn.us


From: Smith, Tamara
To: Owen Boyle
Subject: quick question - DNR contacts for lynx SSA
Date: Wednesday, August 19, 2015 3:36:06 PM

Hi Owen, 

We are developing a list of relevant state contacts for the lynx SSA for 3 general categories
(below). Please let me know if this list needs to be updated and the appropriate contact person
for state carnivore biologist (or equivalent). 
 

1- State Agency Director(s)  - Cathy Stepp, Secretary, DNR;  Kurt Thiede, Land Division
Coordinator

2 - Wildlife Chief(s) - Sanjay Olson, Division Administrator, Division of Fish, Wildlife, &
Parks; Owen Boyle, Section Chief, Division of Fish, Wildlife, & Parks

3 - State Carnivore/Furbearer Biologist(s) - ?

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:tamara_smith@fws.gov
mailto:Owen.Boyle@wisconsin.gov


From: Baker, Richard (DNR)
To: Smith, Tamara
Subject: Automatic reply: quick question - DNR contact for lynx SSA
Date: Thursday, August 20, 2015 7:57:41 AM

Thank you for your email.  I will be on leave until Tuesday, August 25th, and will reply as
soon as possible after I return.
 
<><><><><><><><><><><><><><><><><>
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><>

mailto:richard.baker@state.mn.us
mailto:tamara_smith@fws.gov
mailto:richard.baker@dnr.state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp


From: Baker, Richard (DNR)
To: Smith, Tamara
Subject: RE: quick question - DNR contact for lynx SSA
Date: Thursday, August 20, 2015 8:16:04 AM

Hi Tam,
Our wildlife Chief is Paul Telander. The other names are correct.
I'll forward an email I sent following the last lynx call, fyi.
Rich

<><><><><><><><><><><><><><>
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><>

From: Smith, Tamara [tamara_smith@fws.gov]
Sent: Thursday, August 20, 2015 7:56 AM
To: Baker, Richard (DNR)
Subject: quick question - DNR contact for lynx SSA

Hi Rich - 

We are developing a list of relevant state contacts for the lynx SSA for 3 general categories (below). Please let me know if
this list needs to be updated and the appropriate contact person to add for Wildlife Chief (or equivalent). 
 

1- State Agency Director(s)  - Tom Landwehr, Director, DNR;  Ed Boggess, Director, Division of Fish & Wildlife

2 - Wildlife Chief(s) - ? 

3 - State Carnivore/Furbearer Biologist(s) - Rich Baker, Endangered Species Coordinator, Division of Ecological and Water
Resources; John Erb, Furbearer Research Biologist

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:richard.baker@state.mn.us
mailto:tamara_smith@fws.gov


From: Smith, Tamara
To: Boyle, Owen D - DNR
Subject: Re: quick question - DNR contacts for lynx SSA
Date: Thursday, August 20, 2015 8:16:03 AM

Thank you Owen!  The key was helpful too. 

Thanks, 
Tam

On Wed, Aug 19, 2015 at 4:28 PM, Boyle, Owen D - DNR <Owen.Boyle@wisconsin.gov>
wrote:

Hi Tam,

 

My answers below… responsibility for mammals is shared between our bureaus of Wildlife
Management (game) and Natural Heritage Conservation (non-game), hence the long list. Key to
WDNR hierarchy:

 

Secretary’s Office

--Division

----Bureau

------Section

                                                               

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Wednesday, August 19, 2015 3:36 PM
To: Boyle, Owen D - DNR
Subject: quick question - DNR contacts for lynx SSA

 

Hi Owen, 

 

We are developing a list of relevant state contacts for the lynx SSA for 3 general categories
(below). Please let me know if this list needs to be updated and the appropriate contact
person for state carnivore biologist (or equivalent). 

 

1- State Agency Director(s)  -

mailto:tamara_smith@fws.gov
mailto:Owen.Boyle@wisconsin.gov
mailto:Owen.Boyle@wisconsin.gov
mailto:tamara_smith@fws.gov


·         Cathy Stepp, Secretary  

·         Kurt Thiede, Deputy Secretary

·         Sanjay Olson, Administrator, Division of Fish, Wildlife, & Parks

 

2 - Wildlife Chief(s) –

·         Tom Hauge, Director, Bureau of Wildlife Management

·         Erin Crain-Sullivan, Acting Director, Bureau of Natural Heritage Conservation

·         Owen Boyle, Chief, Species Management Section, Bureau of Natural Heritage
Conservation

 

3 - State Carnivore/Furbearer Biologist(s) –

·         John Olson, Furbearer Specialist (retiring in October), Bureau of Wildlife Management

·         David MacFarland, Carnivore Specialist, Bureau of Wildlife Management

·         John Paul White, Mammal Ecologist, Bureau of Natural Heritage Conservation

 

Thanks, 
Tam

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Boulevard East

Bloomington, MN 55425

612-725-3548 ext. 2219

612-600-1599 cell 



-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Baker, Richard (DNR)
Subject: Re: quick question - DNR contact for lynx SSA
Date: Thursday, August 20, 2015 8:17:41 AM

Thanks, Rich!

On Thu, Aug 20, 2015 at 8:16 AM, Baker, Richard (DNR) <richard.baker@state.mn.us>
wrote:

Never mind. I see I copied you on it originally...

From: Smith, Tamara [tamara_smith@fws.gov]
Sent: Thursday, August 20, 2015 7:56 AM
To: Baker, Richard (DNR)
Subject: quick question - DNR contact for lynx SSA

Hi Rich - 

We are developing a list of relevant state contacts for the lynx SSA for 3 general categories (below). Please let me know if
this list needs to be updated and the appropriate contact person to add for Wildlife Chief (or equivalent). 
 

1- State Agency Director(s)  - Tom Landwehr, Director, DNR;  Ed Boggess, Director, Division of Fish & Wildlife

2 - Wildlife Chief(s) - ? 

3 - State Carnivore/Furbearer Biologist(s) - Rich Baker, Endangered Species Coordinator, Division of Ecological and
Water Resources; John Erb, Furbearer Research Biologist

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:tamara_smith@fws.gov
mailto:richard.baker@state.mn.us
mailto:richard.baker@state.mn.us
mailto:tamara_smith@fws.gov


From: Smith, Tamara
To: Zelenak, Jim
Cc: Mark McCollough; Bryon Holt; Kurt Broderdorp; Mary Parkin; Heather Bell; Seth Willey; Jodi Bush
Subject: Re: Lynx SSA State Agency Contacts
Date: Thursday, August 20, 2015 8:27:47 AM
Attachments: 2015 08 19 Lynx DPS State Agency Contacts_TS.docx

Hi Jim - My edits are in track changes in the attached. I'll forward next week's meeting
reminder to the new additions to the list for WI and MN.

Thanks!
-Tam

On Wed, Aug 19, 2015 at 2:37 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -- Really quick - fyi - MN DNR's emails have not been working today. If their emails
bounce back, I suggest waiting until tomorrow - hopefully the problem will be resolved
soon. 

I'm working on filling in the blanks for WI/MN...

THanks, 
Tam

On Wed, Aug 19, 2015 at 9:04 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi SSA Core Team,

I've attached a table that includes all the state agency contacts I have so far for lynx SSA purposes.  Please
review and fill in any of the blank cells that you can for states in your geographic area of responsibility or have
FWS folks from other states do so if possible.

Later today I will send an email to all state contacts reminding them of next Wednesday's call and providing
our list of candidates for the expert elicitation meeting this fall for their review.

Thanks
-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service

mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:bryon_holt@fws.gov
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mailto:tamara_smith@fws.gov
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mailto:jim_zelenak@fws.gov


Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



Lynx DPS State Agency Directors, Wildlife Chiefs, and Carnivore/Furbearer Biologists – Aug. 2015, J. Zelenak 

Lynx DPS State State Agency Directors State Wildlife Chiefs State Carnivore/Furbearer Biologists 

Colorado 
Bob Broscheid, Director - CPW 

bob.broscheid@state.co.us 
303-297-1192 

 

Jake Ivan, Wildlife Researcher, 
Mammals Research Section, CPW 

jake.ivan@state.co.us 
970-472-4310 

  
Eric Odell, Species Conservation 
Program Manager – Carnivores, 

Terrestrial Section, CPW 
eric.odell@state.co.us 

970-472-4340 

Idaho 

Virgil Moore, Director - Dept. Fish and 
Game virgil.moore@idfg.idaho.gov 

208-334-3771 
 

Dustin Miller, Administrator – 
Governor’s Office of Species 

Conservation 
dustin.miller@osc.idaho.gov 

208-334-2189 ext. 3 

Joshua Uriarte, Program Manager & 
Policy Advisor - Office of Species 

Conservation 
Joshua.Uriarte@osc.idaho.gov 

208-332-1556 

Rex Sallabanks, 
Wildlife Diversity Program Manager 

Dept. Fish and Game 
rex.sallabanks@idfg.idaho.gov 

208-334-2920 
 

Sam Eaton - Office of Species 
Conservation Sam.Eaton@osc.idaho.gov 

Maine 

Chandler Woodcock, Commissioner – 
Dept. Inland Fisheries and Wildlife 
Chandler.woodcock@maine.gov 

207-287-8000 

 Jennifer Vashon, Biologist - MDIFW 
jennifer.vashon@maine.gov 

Michigan 

Keith Creagh, Director – Dept. of Natural 
Resources 

 
William Moritz – Natural Resources 

Deputy, DNR 
moritzw@michigan.gov 

517-284-6367 

Russ Mason, Wildlife Division Chief, DNR 
DNR-Wildlife@michigan.gov 

517-284-9453 
 

 

Minnesota 

Tom Landwehr, Commissioner – Dept. of 
Natural Resources 

commissioner.dnr@state.mn.us 
651-296-6157 

 
Ed Boggess, Director – Division of Fish 

and Wildlife, DNR 
Ed.Boggess@state.mn.us 

651-259-5180 

Paul Telander 
Wildlife Chief 

DNR 
Paul.Telander@state.mn.us 

 

Richard Baker - Endangered Species 
Coordinator 

Div. Ecological and Water Resources 
DNR 

richard.baker@state.mn.us 
651-259-5073 

 
John Erb - Furbearer Research Biologist, 

DNR john.erb@state.mn.us 
218-999-7930 

Montana 

Jeff Hagener, Director – Fish, Wildlife 
and Parks 

jhagener@mt.gov 
406-444-3186 

 
John Tubbs, Director – Dept. of Natural 

Resources and Conservation 
JTubbs@mt.gov 
406-444-1948 

Ken McDonald, Chief of Wildlife -  
FWP 

kmcdonald@mt.gov 
406-444-5645 

Bob Inman, Carnivore-Furbearer 
Coordinator - FWP 
bobinman@mt.gov 

406-444-0042 
 

Jay Kolbe, Wildlife Biologist – FWP 
jkolbe.fwp@gmail.com 

 406-499-2356 
 

Scott Eggeman, Wildlife Biologist – FWP  
seggeman@mt.gov 

406-542-5542  

New 
Hampshire 

Glenn Normandeau, Executive Director – 
Fish and Game Dept. 

glenn.normandeau@wildlife.nh.gov 
603-271-3511 

  

New Mexico 

Alexandra Sandoval, Director – Dept. of 
Fish and Game 

alexandra.sandoval@state.nm.us 
505-476-8000 

  

New York Patricia Riexinger, Director - Division of   
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Fish, Wildlife, and Marine Resources, 
Dept. of Environmental Conservation, 

patricia.riexinger@dec.ny.gov 
518-402-8924 

Oregon 

Curt Melcher, Director - Dept. of Fish 
and Wildlife 

curt.melcher@state.or.us 
503-947-6044 

  

Utah 

Greg Sheehan, Director – Division of 
Wildlife Resources 

GregSheehan@utah.gov 
801-538-4700 

 

Kimberly Asmus Hersey, Mammal 
Conservation Coordinator - Division of 

Wildlife 
kimberlyasmus@utah.gov 

801-362-0795 
 

Vermont 

Louis Porter, Commissioner for Fish and 
Wildlife, Fish and Wildlife Dept., Agency 

of Natural Resources 
louis.porter@state.vt.us 

802-828-1454 
 

Mark Scott, Director of Wildlife – Agency 
of Natural Resources 

mark.scott@state.vt.us 
802-828-1478 

 

Chris Bernier, Furbearer Project Leader - 
Fish & Wildlife Dept. 

chris.bernier@state.vt.us 
802-885-8833 

  
 

Washington 

Jim Unsworth, Director – Dept. of Fish 
and Wildlife 

director@dfw.wa.gov 
360-902-2200 

 
Peter Goldmark, Commissioner of Public 

Lands – Dept. of Natural Resources 
cpl@dnr.wa.gov 

360-902-1001 

 

Jeff Lewis, Mesocarnivore Conservation 
Biologist -  

Dept. of Fish and Wildlife 
Jeffrey.Lewis@dfw.wa.gov 

360-902-2374 

Wisconsin 

Cathy Stepp, Secretary – Dept. of 
Natural Resources 

cathy.stepp@wisconsin.gov, 
DNRSecretary@Wisconsin.gov 

608-266-2121 
 

Kurt Thiede - Land Division 
Administrator 

kurt.thiede@wisconsin.gov 
608-266-5833 

 
Sanjay Olson 

Division Administrator 
Division of Fish, Wildlife & Parks 

Sanjay.Olson@Wisconsin.gov 
608-261-6453 

 

Tom Hauge, Director, Bureau of Wildlife 
Management, DNR 

Tom.Hauge@Wisconsin.gov 
608-266-2193 

 
Erin Crain-Sullivan, Acting Director, 

Bureau of Natural Heritage Conservation 
Erin.Crain@Wisconsin.gov 

608-444-6130 
 

Owen Boyle 
Section Chief 

Division of Fish, Wildlife & Parks 
Owen.Boyle@Wisconsin.gov 

414-750-3198 
 

John Olson, Furbearer Specialist, Bureau 
of Wildlife Management 

Johnf.olson@Wisconsin.gov 
715-685-2934 

 
David MacFarland, Carnivore Specialist, 

Bureau of Wildlife Management 
David.MacFarland@Wisconsin.gov 

715-365-8917 
 

John Paul White, Mammal Ecologist, 
Bureau of Natural Heritage Conservation  

John.White@Wisconsin.gov 
608-267-0813 

Wyoming 

Scott Talbot, Director – Game and Fish 
Dept. 

scott.talbot@wyo.gov 
307-777-4600 

Bob Lanka, Statewide Wildlife and 
Habitat Management Supervisor -  

G&F Dept. 
bob.lanka@wyo.gov 

307-777-4580 

Zack Walker, Statewide Nongame Bird 
and Mammal Program Supervisor – G&F 

Dept.. 
zack.walker@wyo.gov 

307-332-7723 x239 
 

Nichole Cudworth, Nongame Mammal 
Biologist - G&F Dept. 

nichole.cudworth@wyo.gov 
307-332-7723 ext. 230  
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From: Pilgrim, Kristine L -FS
To: Catton, Timothy J -FS
Cc: Schwartz, Michael K -FS; steveloch07@gmail.com; Tamara_Smith@fws.gov
Subject: Superior Samples 2015 Batch 2
Date: Thursday, August 20, 2015 4:49:56 PM
Attachments: image001.png

image002.png
image003.png
image004.png
MN 2015 Samples Batch2 8_20_15.docx

Dear Tim,
 
Attached are individual/sex identification results from the 2015 batch 2 samples.
 
Sincerely,
Kristy
 

Kristy Pilgrim, Laboratory Supervisor 
National Genomics Laboratory for Wildlife and Fish Conservation

Forest Service
RMRS/Wildlife & Terrestrial Ecosystems

p: 406-329-2134 
f: 406-543-2663 
kpilgrim@fs.fed.us

800 E. Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people
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REPORT 

 
Project:   Minnesota lynx (Lynx canadensis) 2015 samples (2nd batch) Individual and Sex 

Results 
 
 
Date Issued:  August 20, 2015 
 
 
Recipients:  Timothy J. Catton 
  Superior National Forest 
  Kawishiwi Ranger District 
  Wildlife/Reforestation/TSI 
  1393 Highway 169 
  Ely, MN  55731 
  (218) 365-7637 (1437) 
 
   
 

Tam Smith 
Twin Cities Ecological Services Field Office 
U.S. Fish & Wildlife Service 
4101 American Blvd. E. 
Bloomington, MN 55425 

 
 
Cc:  Steve Loch 
 
 
 
 
 

Prepared By: 
 
Kristine Pilgrim, M.S. 
USFS Rocky Mountain Research Station 
National Genomics Center for Wildlife and Fish Conservation 
Missoula, MT  59801, USA 
kpilgrim@fs.fed.us 
 
Michael Schwartz, Ph.D. 
Conservation Genetics Team Leader 
USFS Rocky Mountain Research Station 
National Genomics Center for Wildlife and Fish Conservation 
Missoula, MT  59801, USA 
mkschwartz@fs.fed.us 
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REPORT 

 
We analyzed 58 lynx samples and 1 bobcat sample for individual and sex identification collected 
from batch 2.  Analysis of sample GLNR-S-810 is currently in progress.  We obtained DNA for 
analysis from 46 of the lynx samples and the bobcat sample.    
 
Lynx Individuals 
 
A total of 23 unique pure lynx (not F1 lynx-bobcat hybrids) were detected from the scat and hair 
samples.  Thirteen of these individuals are re-captures of previously detected animals while 10 are 
new individuals to the database (Table 1).  From the scat and hair samples, 9 females and 14 males 
were identified.   
 
F1 Lynx-Bobcat Hybrids 
 
Two scat samples (GLNR-S-785 and GLNR-S-786) are from a F1 lynx-bobcat hybrid (Table 1).  This 
individual is a recapture of male Hybrid-GLNR-S-322, previously detected from samples collected in 
2011, 2012 and 2014. 
 
Bobcat Individuals 
 
One bobcat was identified and represents a new male to the database (Table 1). 
 
Table 1.  Individual results from MN hair, scat and tissue samples collected in 2015—batch 2 
 

Sample # Date 
Collected 

Sample 
Type** UTMx UTMy Notes Species Sex Individual # Recapture? 

GLNR-H-126 1/16/2015 H 722914 5319047 Found in bed following single 
track. Arrowhead Trail. Lynx poor DNA poor DNA   

GLNR-H-127 2/13/2015 H 661387 5297508 Found in bed following single 
track. FS 170 E. of Sawbill Trail  Lynx F GLNR-H-99 yes 

GLNR-S-762 1/28/2015 S 536401 5296356 likely female, off CR3 near Plouff 
creek Lynx M GLNR-S-701 yes 

GLNR-S-763 1/29/2015 S 704696 5314937 Single track. Greenwood Lake Rd. 
male? Lynx F GLNR-S-763 

no 

GLNR-S-764 1/30/2015 S 642060 5286901 Single track. LC705. Lynx M GLNR-H-119 yes 

GLNR-S-765 2/6/2015 S 634340 5277495 Tracks from 2-3 cats. Wanless Rd. Lynx M GLNR-H-119 yes 

GLNR-S-766 2/5/2015 S 647257 5295227 Tracks from 1-2 cats, possible scat 
is associated with tracks. LC705. Lynx poor DNA poor DNA   

GLNR-S-767 2/26/2015 S 661617 5298188 Single track. FS 170 E of Sawbill 
Trail. Lynx M GLNR-S-767 no 

GLNR-S-768 2/26/2015 S 661382 5298288 
Single track, may be same cat at 
GLNR-S-767. FS 170 E of Sawbill 

Trail. 
Lynx M GLNR-S-767 no 

GLNR-S-769 3/9/2015 S 676618 5301281 1-2 cats. 1st of 3 scats. Caribou 
Trail Lynx M GLNR-S-606 yes 

GLNR-S-770 3/9/2015 S 676616 5301279 
1-2 cats. 2nd of 3 scats, found 
underneath scat 1 and layer of 

snow. 
Lynx M GLNR-S-606 yes 

GLNR-S-771 3/9/2015 S 676605 5301383 1-2 cats. 3rd of 3 scats. Caribou 
Trail. Lynx F GLNR-S-771 no 

GLNR-S-772 3/20/2015 S 569535 5328097 1 cat reported on deer carcass by 
Portage River. Few tracks/little Lynx poor DNA poor DNA   



REPORT 

snow 

GLNR-H-128 3/27/15 S 624760 5272386 tied, pulled from bed of single Lynx poor DNA poor DNA   

GLNR-S-773 2/2/15 S 603251 5254582 not tied, on road, lynx in area, 
canid also Lynx M GLNR-S-454 yes 

GLNR-S-774 2/3/15 S 624842 5271362 tied, lg tracks Lynx F GLNR-S-774 no 

GLNR-S-775 2/3/15 S 624986 5271627 tied, possibly smaller trks?, 
Hwy1N Lynx M GLNR-S-775 no 

GLNR-S-776 2/3/15 S 613222 5260305 tied, poss Stoney 2 or unrel. male Lynx poor DNA poor DNA   

GLNR-S-777 2/25/15 S 661184 5297884 tied, prob male Lynx M GLNR-S-767 no 

GLNR-S-778 2/25/15 S 645388 5294967 tied, on road, small track Lynx F GLNR-S-750 yes 

GLNR-S-779 2/27/15 S 608615 5256594 not tied, very small scat, fam 2 Lynx F GLNR-S-750 yes 

GLNR-S-780 2/27/15 S 608862 5256826 tied, on rd edge, maybe fam2 or 
male Lynx F LOCH-S-132 yes 

GLNR-S-782 3/2/15 S 595202 5253627 tied, large scat/trks, same as ls54 
if LS54 is lynx Lynx M GLNR-S-736 yes 

GLNR-S-783 3/2/15 S 601146 5248844 tied, either fam2 or unrelated 
male Lynx poor DNA poor DNA   

GLNR-S-784 3/5/15 S 607863 5255882 tied, road edge, trks came from S Lynx M GLNR-S-454 yes 

GLNR-S-785 3/5/15 S 631385 5266553 tied, smallish trks and scat, family 
? Lynx M Hybrid_GLNR-

S-322 yes 

GLNR-S-786 3/5/15 S 632271 5265941 tied, may be same as LS58 Lynx M Hybrid_GLNR-
S-322 yes 

GLNR-S-787 3/12/15 S 600506 5249352 not tied but very prob, small scat, 
melting snow Lynx M GLNR-S-787 no 

GLNR-S-789 3/19/15 S 619696 5265665 not tied, unk, on road, melting Lynx F GLNR-S-296re yes 

GLNR-S-790 3/19/15 S 619540 5265344 not tied, unk, on road, melting Lynx F GLNR-S-296re yes 

GLNR-S-792 3/19/15 S 624910 5270796 not tied, unk, on trail, melting, 
prob Lynx M GLNR-H-119 yes 

GLNR-S-793 4/3/15 S 611972 5259714 not tied, on trail and ice Lynx F LOCH-S-132 yes 

GLNR-S-794 4/3/15 S 611976 5259691 not tied, trail, snow free Lynx F LOCH-S-132 yes 

GLNR-S-795 4/3/15 S 611933 5259310 not tied, trail, snow free Lynx poor DNA poor DNA   

GLNR-S-796 4/3/15 S 611977 5259666 not tied, trail, on ice Lynx M GLNR-S-796 no 

GLNR-S-797 4/3/15 S 608678 5256792 not tied, on road, on ice, too 
washed out? Lynx poor DNA poor DNA   

GLNR-S-800 3/23/15 S 610081 5257932 not tied, on road Lynx F GLNR-S-551 yes 

GLNR-S-801 3/23/15 S 610649 5259330 not tied, on road Lynx F GLNR-S-551 yes 

GLNR-S-802 3/23/15 S 611576 5259592 not tied, on road, on ice Lynx F GLNR-S-551 yes 

GLNR-S-803 3/23/15 S 610688 5259150 not tied, on road, on ice Lynx F LOCH-S-132 yes 

GLNR-S-804 3/23/15 S 608430.52 5256419.45 not tied, on road, on ice Lynx F LOCH-S-132 yes 

GLNR-S-807 3/27/15 S 608820.759 5256796.45 not tied, on road, smallish Lynx  M GLNR-S-454 yes 

GLNR-S-808 3/27/15 S 614321.4 5266242.25 not tied, on road, smallish feldi 
trks in area Lynx  M GLNR-S-808 no 



REPORT 

GLNR-S-809 3/27/15 S 629048.296 5275183.74 tied, single, small trks on crust Lynx  M GLNR-H-119 yes 

GLNR-S-810 9/11/2014 S     unknown, if felid check for Mt. 
Lion, Wolfs Ridge ELC 

in 
progress       

GLNR-S-812 4/14/2015 S 648363 5297480 not tied to tracks; found off CR 
3/7 near Hog Creek Lynx poor DNA poor DNA   

GLNR-S-813 4/16/2015 S 574959 5265534 not tied, looks felid, maybe 
bobcat? Bobcat M GLNR-S-813 no 

GLNR-H-129 4/22/2015 H 600749 5253909 tied, from bed, single cat Lynx M GLNR-S-454 yes 

GLNR-S-814 2/12/2015 S 579651 5320732   Lynx M GLNR-S-814 no 

GLNR-S-815 2/23/2015 S 579185 5313620   Lynx M GLNR-S-814 no 

GLNR-S-819 3/5/2015 S 587561 5306719   Lynx M GLNR-S-819 no 

GLNR-S-820 3/17/2015 S 613761 5312012 
2 scats on top of each other.  This 

one was on the bottom and 
looked older 

Lynx poor DNA poor DNA   

GLNR-S-821 3/17/2015 S 613761 5312012 
2 scats on top of each other.  This 

one was on the top and looked 
fresher 

Lynx F GLNR-S-632 yes 

GLNR-S-822 3/19/2015 S 620057 5266937 Tied to single track Lynx F GLNR-S-296re yes 

GLNR-S-823 3/19/2015 S 620057 5266937 Not tied to track Lynx M GLNR-S-316 yes 

GLNR-S-824 3/19/2015 S 619756 5264625 Not tied to track Lynx M GLNR-S-808 no 

GLNR-H-130 2/17/2015 H 574050 5304824   Lynx M GLNR-H-125 yes 

GLNR-S-825 2/12/2015 S 579374 5324218   Lynx M GLNR-S-814 no 

GLNR-S-826 5/12/2015 S 640912 5280533 Not tied to track. Found near 
Harriet Lake Lynx poor DNA poor DNA   

GLNR-H-131 2/3/2015 H 600366 5287670   Lynx poor DNA poor DNA   

 
 
Please contact us if you have any questions; we look forward to working with you in the future. 
 



From: Holt, Bryon
To: Jim Zelenak
Subject: Fwd: Lynx Species Status Assessment
Date: Tuesday, August 25, 2015 7:26:25 AM
Attachments: image001.png

Jim,

Blurb for Keith Aubry.

Bryon

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Mon, Aug 24, 2015 at 2:29 PM
Subject: Re: Lynx Species Status Assessment
To: "Aubry, Keith - FS, Olympia, WA" <kaubry@fs.fed.us>

Thanks Keith.  Exactly what the doctor ordered!

Bryon

On Mon, Aug 24, 2015 at 1:57 PM, Aubry, Keith - FS, Olympia, WA <kaubry@fs.fed.us>
wrote:

Hi Bryon,

Will this do??

 

Dr. Keith B. Aubry is an Emeritus Scientist (formerly Research Wildlife Biologist) with the U.S.
Forest Service’s Pacific Northwest Research Station in Olympia, WA. He has been conducting
research on terrestrial wildlife in the Pacific Northwest for almost 40 years. Recently, his
research has focused on generating new information that will enable conservation biologists
and resource managers to make more-informed decisions about the conservation status of
rare and elusive forest carnivores, including the fisher, Canada lynx, Cascade and Sierra
Nevada red foxes, coastal marten, and wolverine. A lack of reliable information on their
evolutionary history, current and historical distributions, and ecological relations is often a
significant impediment to the conservation of their populations. Dr. Aubry was a member of
several national scientific teams, including the Forest Carnivore Conservation Assessment
Team, the Lynx Science Team, and the Wolverine Science Team, and was the leader of the
Fisher Science Team. He has directed several multi-year field studies of the Canada lynx in
the North Cascades of Washington, and has authored or co-authored a number of peer-

mailto:bryon_holt@fws.gov
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reviewed publications on lynx conservation, their distribution in the contiguous U.S., their
ecology and population dynamics, and the risk of relying on anecdotal occurrence data for
conserving rare or elusive species.

 

Keith B. Aubry, Ph.D. 
Emeritus Scientist
Forest Service

Pacific Northwest Research Station
p: 360-753-7685 
c: 360-951-7689 
f: 360-753-7737 
kaubry@fs.fed.us
3625 93rd Ave. SW 
Olympia, WA 98512

Caring for the land and serving people

 

 

From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Wednesday, August 19, 2015 1:47 PM
To: Aubry, Keith - FS, Olympia, WA
Subject: Lynx Species Status Assessment

 

Hi Keith,

 

I realize that you have declined to participate on the upcoming lynx expert elicitation meeting/panel, but, we are
putting together a document that we will send out to identify who the lynx experts are that will potentially be
invited to participate on the lynx expert elicitation meeting/panel.  I think people would ask if they did not see
your name as one of the experts that we considered.  This document will provide a brief summary of the
individual's expertise/experience.  I've provided an example for Dr. McKelvey below for you.  Would you be able
to provide a brief blurb?  Also, what would you prefer your current professional affiliation to be identified as?  

 

Example expertise paragraph:  A Research Ecologist, Dr. McKelvey works to develop methods to
evaluate status and trends of organisms across broad spatial and temporal scales, including genetic
monitoring techniques to measure population connectivity across complex landscapes.  He was a
member of the Lynx Science Team and was the Science lead for the National Lynx Survey, which
provided reliable presence/absence data for lynx on over 50 national forests, 5 national parks, and
numerous other areas managed by the BLM and several Tribal Nations.  He has authored and co-
authored many peer-reviewed articles on lynx conservation, history and distribution in the Lower 48,
and population ecology/dynamics, and on the dangers of relying on anecdotal occurrence data for rare
or elusive species.

mailto:kaubry@fs.fed.us
mailto:bryon_holt@fws.gov


 

Thanks,

 

Bryon

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014

mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov


Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: Holt, Bryon
To: Jim Zelenak
Subject: Fwd: Lynx Species Status Assessment
Date: Tuesday, August 25, 2015 8:04:07 AM
Attachments: Clayton Apps Bio for USFWS lynx status assessment .docx

Here is the attachment.

---------- Forwarded message ----------
From: Clayton Apps <clayapps@telus.net>
Date: Thu, Aug 20, 2015 at 11:59 PM
Subject: Re: Lynx Species Status Assessment
To: "Holt, Bryon" <bryon_holt@fws.gov>

Hi Bryon,
 
Much of my work is for or in close association with the BC provincial and the Canadian federal
government.  However, I work under contract and my direct affiliation is with my own firm
Aspen Wildlife Research.
 
Attached is the brief bio which I tailored to focus a bit on my lynx work.  I hope that is about
the kind of thing you were looking for.
 
Clayton
 
From: Holt, Bryon
Sent: Wednesday, August 19, 2015 2:36 PM
To: Clayton Apps
Subject: Lynx Species Status Assessment
 
Hi Clayton,
 
We are putting together a document that we will send out to identify who the lynx experts are that will potentially
be invited to participate on the lynx expert elicitation meeting/panel.  This document will provide a brief summary
of the individual's expertise/experience.  I've provided an example for Dr. McKelvey below for you.  Would you be
able to provide a brief blurb?  Also, what would you prefer your affiliation to be identified as?  Right now I have you
as "Independent Researcher".
 
Example expertise paragraph:  A Research Ecologist, Dr. McKelvey works to develop methods to
evaluate status and trends of organisms across broad spatial and temporal scales, including genetic
monitoring techniques to measure population connectivity across complex landscapes.  He was a
member of the Lynx Science Team and was the Science lead for the National Lynx Survey, which
provided reliable presence/absence data for lynx on over 50 national forests, 5 national parks, and
numerous other areas managed by the BLM and several Tribal Nations.  He has authored and co-
authored many peer-reviewed articles on lynx conservation, history and distribution in the Lower 48, and
population ecology/dynamics, and on the dangers of relying on anecdotal occurrence data for rare or
elusive species.
 
Thanks,
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Bryon
 
 
-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov
 
*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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Clayton Apps, PhD, RPBio 

Aspen Wildlife Research Inc. 

Dr. Clayton Apps is an independent research ecologist working within western 

Canada over the past 24 years.  Clayton's research is mostly focused on understanding 

and predicting relationships of wide-ranging species with habitat and human influence 

across scales to support environmental assessment and conservation planning.  He is 

especially interested in spatial and temporal factors affecting species movements, 

habitat selection, abundance, distribution and survival.  Within the southern Canadian 

Rocky Mountains, Clayton carried out a 5-year study of lynx ecology representing his 

dissertation research, and he has conducted several other shorter-term field and 

modeling projects pertaining to lynx.  Clayton has also recently authored British 

Columbia’s current lynx management plan.   

 



From: Holt, Bryon
To: Sue Livingston
Subject: Re: Lynx SSA
Date: Tuesday, August 25, 2015 9:33:04 AM

Hi Sue,

Any word on contacts for Oregon?

Bryon

On Thu, Aug 20, 2015 at 9:46 AM, Sue Livingston <sue_livingston@fws.gov> wrote:

Hi Bryon,

I’ll check in with ODFW to see who else they would like to have as a contact. 

Sue

From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Wednesday, August 19, 2015 7:44 AM
To: Sue Livingston
Subject: Lynx SSA

 

Hi Sue,

 

We are putting together a table of State/Agency leads/reps for each state that we will notify
and that may be interested in participating in our monthly coordination calls.  For Oregon
we currently have Curt Melcher, Director, ODFW.  Should we be contacting any other
directors for other agencies, other state agency reps (e.g., Program Chiefs, Program
Managers, etc.), someone at the state level, and are there any biologists at the state agency(s)
that we should be contacting?

 

Thanks,

 

Bryon 

 

--

**************************************************

Bryon Holt

mailto:bryon_holt@fws.gov
mailto:sue_livingston@fws.gov
mailto:sue_livingston@fws.gov
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U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Holt, Bryon
To: Jim Zelenak
Subject: Fwd: Lynx SSA
Date: Tuesday, August 25, 2015 11:01:34 AM

Jim,

See message from Sue - no word on contacts for Oregon yet.

Bryon

---------- Forwarded message ----------
From: Sue Livingston <sue_livingston@fws.gov>
Date: Tue, Aug 25, 2015 at 10:14 AM
Subject: RE: Lynx SSA
To: Bryon Holt <bryon_holt@fws.gov>

I sent them an email and have not heard back yet.  Will let you know as soon as I do.  They are pretty
understaffed and I’m guessing lynx is not high on their radar.

 

From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Tuesday, August 25, 2015 9:33 AM
To: Sue Livingston
Subject: Re: Lynx SSA

 

Hi Sue,

 

Any word on contacts for Oregon?

 

Bryon

 

 

On Thu, Aug 20, 2015 at 9:46 AM, Sue Livingston <sue_livingston@fws.gov> wrote:

Hi Bryon,

I’ll check in with ODFW to see who else they would like to have as a contact. 

Sue
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From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Wednesday, August 19, 2015 7:44 AM
To: Sue Livingston
Subject: Lynx SSA

 

Hi Sue,

 

We are putting together a table of State/Agency leads/reps for each state that we will notify
and that may be interested in participating in our monthly coordination calls.  For Oregon we
currently have Curt Melcher, Director, ODFW.  Should we be contacting any other directors
for other agencies, other state agency reps (e.g., Program Chiefs, Program Managers, etc.),
someone at the state level, and are there any biologists at the state agency(s) that we should be
contacting?

 

Thanks,

 

Bryon 

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************
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--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Smith, Tamara
To: Hosler, Barbara
Subject: Re: quick question - MI state carnivore biologist contact person?
Date: Wednesday, August 26, 2015 11:06:17 AM

Thanks, Barb!

On Wed, Aug 26, 2015 at 10:26 AM, Hosler, Barbara <barbara_hosler@fws.gov> wrote:
Adam Bump is the furbearer specialist. His contact info is bumpa@michigan.gov and 517-
284-6157. Also, Dan Kennedy, TE coordinator, should be kept in the loop also.

Barb

----------------------------------------------
Barbara Hosler
U.S. Fish and Wildlife Service
East Lansing Field Office
2651 Coolidge Road, Ste. 101
East Lansing, MI 48823
(517) 351-6326

On Wed, Aug 26, 2015 at 9:44 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Barb, 

Do you know who would be a good contact for Michigan for a State carnivore/furbearer
biologist contact to keep in the loop about the Canada lynx SSA? 

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:tamara_smith@fws.gov
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From: Ivan - DNR, Jake
To: Broderdorp, Kurt
Subject: Lynx Collar Found
Date: Monday, August 31, 2015 2:00:04 PM

Hi Kurt,

Just wanted to give you a heads-up that we had a hiker from New Mexico call us
last week (8/27).  He was hiking out by Rio Grande Reservoir and found a radio
collar with John Squires' name and address on it.  He said it looked to have been cut
off.  We think this is one of the animals we "lost" during the Lynx-Winter Rec study
that took place in Silverton/Telluride a few years ago (other collars currently out
on the Rio Grande Project have been accounted for).  There were a couple of
animals that disappeared on us and we were never able to locate the collars after
they blew off...which brings up another explanation - I suppose it's possible this
person doesn't know what they're looking at and the collar blew of like normal and
he is just saying it was "cut". 

At any rate, the hiker was going to send the collar back to John.  I'll let you know if
John feels like it had been cut or if it just blew off like it should have.  If it was
cut, then it seems likely that someone shot or trapped a lynx and dumped the
collar.

Let me know if you need anything more from me at the moment.

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

mailto:jake.ivan@state.co.us
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From: Smith, Tamara
To: Jim Zelenak; Jodi Bush; Kaimy Marks; Sharon Hooley
Subject: Venue options for the October lynx SSA expert meeting
Date: Tuesday, September 01, 2015 2:26:14 PM
Attachments: Minneapolis Hotel Map.png

Bloomington MOA Airport Hotel Map.png
St. Paul Hotel Map.png
Minneapolis St Paul Hotel Meeting Venue Options 2015.xlsx

Hi Jim, Jodi, Sharon and Kaimy, 

I searched out a few options for the lynx SSA expert elicitation meeting. I've attached a
spreadsheet of some options and a few maps that show most venues. Sorry, I did not have time
to check into meeting room prices at most of these places. 

Based on our needs and wants - I thought that a hotel in downtown Minneapolis would serve
us well.  The downtown hotels are near the light rail blue line which runs every 10-15 minutes
to the airport (~20 minute ride costing $1.75 to 2.25). There are many restaurants within
walking distance and there are lots of walk-able options for "things to do" in the evenings
(near the Mississippi River trails, historic mill ruins, theatre district, local breweries, etc.). 

Another option would be historic downtown (Lowertown) St. Paul.  The hotels may be
cheaper here but the ride to the airport is longer (~25 minutes via #54 bus - same cost as
above, less likely to have free hotel shuttles to the airport). There are lots of walk-able food
options and things to do - near the Mississippi River, Science Museum, etc. 

A third option that might work would be to use a hotel near the Mall of America (MOA)-
which is close the airport (also via the light rail blue line - same cost, some hotels have airport
shuttles) but is not really walkable to anything except the MOA.  There are restaurants in the
MOA, of course. There are a couple of options near the MN Valley NWR (noted on the
spreadsheet) - those aren't within walking distance of any restaurants (~1mile to MOA). I just
got a message from Radisson Blu MOA - who seemed interested in accommodating us.

Please let me know if I can assist in any way.  

Thanks, 
Tam

Tamara Smith
-- 
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:tamara_smith@fws.gov
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From: Bush, Jodi
To: bob.broscheid@state.co.us; Odell, Eric; virgil.moore@idfg.idaho.gov; Sallabanks,Rex;

Chandler.woodcock@maine.gov; Jake Ivan - DNR; Sam Eaton; dustin.miller@osc.idaho.gov;
moritzw@michigan.gov; commissioner.dnr@state.mn.us; Ed.Boggess@state.mn.us; Baker, Richard (DNR);
john.erb@state.mn.us; Tubbs, John; Hagener, Jeff; McDonald, Ken; Jay Kolbe; Lexi J., Sandoval;
glenn.normandeau@wildlife.nh.gov; Joshua Uriarte; Inman, Bob; DNR-Wildlife@michigan.gov;
curt.melcher@state.or.us; Kimberly Hersey; Greg Sheehan; mark scott; cpl@dnr.wa.gov; director@dfw.wa.gov;
Lewis, Jeffrey C (DFW); louis.porter@state.vt.us; Bernier, Chris; kurt.thiede@wisconsin.gov;
scott.talbot@wyo.gov; Bob Lanka; Nichole Cudworth; Zack Walker; cathy.stepp@wisconsin.gov; Vashon,
Jennifer; Jonathan Mawdsley; patricia.riexinger@dec.ny.gov

Cc: Heather Bell; Mary Parkin; Mark McCollough; David Smith; Tamara Smith; Seth Willey; Bryon Holt; Kurt
Broderdorp; Jonathan Cummings; Nick.Wiley@myfwc.com; Zelenak, Jim

Subject: Re: Reminder: Lynx SSA Coordination Call
Date: Thursday, September 03, 2015 12:47:04 PM
Attachments: 2015 08 25 Revised Lynx SSA Expert Workshop Candidates.docx

Good afternoon folks.  This is a reminder that we remain interested in your input on our list of
candidates that we are considering for the Expert Elicitation Panel in October.  Because we
need to notify these folks soon, we ask that you get any comments or additions to us ASAP
but no later than COB tomorrow, September 4, 2015.  Thank you.  JB

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

__________________________________________________
The Service is in the process of identifying candidates to participate in an expert elicitation workshop that will
likely be held in mid-Oct., tentatively in Minneapolis, Minnesota.  Please review the attached DRAFT (in
progress) list of Canada lynx experts we've identified as candidates for participation in the workshop.  The
overarching objective of the workshop is to assess the current and likely future status of each of the lynx
populations in the DPS (contiguous U.S.).

If you believe we have overlooked any lynx experts crucial to achieving that objective, please add their names,
affiliations, and areas of expertise, and email me the revised table at your earliest convenience.  We intend to
extend formal invitation as soon as possible.

We will need to limit the number of experts to facilitate open dialog and candid discussion, and simply for
logistical reasons.  We will consider any candidates you put forth, but the Service will make the final decision on
which experts will be formally invited to participate in the workshop.

Let me know if you have questions or need more information.

Cheers!

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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DRAFT 8/19/2015 – Candidates for Lynx SSA Expert Elicitation Workshop, Fall 2015, Minneapolis, Minnesota 

Expert Candidate Geographic Area Affiliation Expertise 

Kevin McKelvey DPS-wide (distribution) 
USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Ecologist, Dr. McKelvey works to develop methods to evaluate status and 
trends of organisms across broad spatial and temporal scales, including genetic 

monitoring techniques to measure population connectivity across complex landscapes.  
He was a member of the Lynx Science Team and was the Science lead for the National 

Lynx Survey, which provided reliable presence/absence data for lynx on over 50 
national forests, 5 national parks, and numerous other areas managed by the BLM and 
several Tribal Nations.  He has authored and co-authored many peer-reviewed articles 

on lynx conservation, history and distribution in the Lower 48, and population 
ecology/dynamics, and on the dangers of relying on anecdotal occurrence data for rare 

or elusive species. 

Michael Schwartz DPS-wide (genetics) 
USDA Forest Service - 

National Genomics Center for 
Wildlife and Fish Conservation 

Director of the National Genomics Center, Dr. Schwartz focuses on population, 
conservation, and landscape genetics/genomics, genetic monitoring, and the ecology 

of threatened and endangered species.  He has investigated and published peer-
reviewed results on lynx genetic variation, population structure, and population 

connectivity, including documentation of Canada lynx-bobcat (Lynx canadensis x L. 
rufus) hybrids at the southern periphery of lynx range in Maine, Minnesota and New 

Brunswick.  He and colleagues also have validated DNA collection as a means of 
documenting lynx presence and they have developed DNA markers for identifying 

individual snowshoe hares using field-collected pellets. 

Dan Harrison Maine/Northeast University of Maine 

Dr. Harrison has been the principle advisor for many University of Maine graduate 
students working on snowshoe hares and forest management, lynx history, and lynx 

spatial and habitat/occupancy models.  He and his students have published 
extensively, and he is considered one of the top hare, lynx and habitat modeling 

experts in North America. 

Erin Simons-Legaard Maine/Northeast University of Maine 

An Assistant Research Professor in forest landscape modeling, Dr. Simons-Legaard and 
her colleagues have developed a forest landscape change model to do retrospective, 
current, and future forecasts of forest conditions in northern Maine.  She has been 
refining methods for forecasting effects of spruce budworm and climate change on 

Maine's forest, which she is using to expand her lynx habitat model.  This will enable 
her to forecast future conditions for lynx in Maine considering anticipated changes 

from climate change effects on Maine's forest composition, current trends in Maine 
forestry practices, and spruce budworms. 

Jennifer Vashon Maine/Northeast Maine Department of Inland 
Fish and Wildlife 

Jennifer led a 10-year study of lynx in Maine, published two manuscripts in JWM in 
2008, and co-authored other manuscripts with Dr. Harrison's graduate students and 

other lynx researchers.  In 2012, she authored a Canada lynx assessment for the State 
of Maine, which summarizes published and unpublished data from the 10-year study 

and summarizes current knowledge of lynx in Maine. 

Ron Moen Minnesota/Great Lakes 
University of Minnesota and 
Natural Resources Research 

Institute 

Since 2003, Dr. Moen has studied lynx to understand their distribution, abundance, 
persistence, movements and habitat use in and near the Superior National Forest in 

northeastern Minnesota as well as conducting some studies in the greater Upper Great 



Lakes Region (including Wisconsin and Michigan). He has authored numerous reports 
and manuscripts on his studies of lynx in Minnesota, and he and his graduate student 
also conducted studies that used pellet counts to estimate snowshoe hare numbers. 

Susan or Tim Catton Minnesota/Great Lakes USDA Forest Service – 
Superior National Forest 

Susan has been working as a biologist on the Superior National Forest (SNF) since 2001 
and is an expert on lynx biology, ecology and management on the SNF.  She has 

participated in surveys for the species and is very knowledgeable about lynx and their 
habitat on the SNF.  Tim is a biologist on the SNF and for a number of years has been 
leading a lynx tracking project to detect and monitor lynx populations across the SNF. 

Tim and others (e.g., Dan Ryan, SNF) have been collecting lynx genetic material to 
augment an existing lynx DNA database and further the knowledge of lynx presence 

and persistence on the SNF and in Minnesota. 

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Wildlife Biologist, Dr. Squires leads a team of researchers responsible for 
discovering and synthesizing information that is needed to conserve threatened, 

endangered, and sensitive forest carnivores throughout the Rocky Mountains.  Also a 
member of the Lynx Science Team, John has published many peer-reviewed articles on 
lynx conservation, habitat use/selection, dispersal, denning, developing and improving 

survey and monitoring techniques, and the effects of forest management and 
recreation on lynx. 

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and 
Parks 

Jay has worked for over a decade on lynx research and management in western 
Montana and has authored and co-authored numerous peer-reviewed lynx 

publications on topics including trap-design, lynx activity patterns, denning, snow-
tracking, radio-telemetry, seasonal resource selection, predicting dispersal corridors, 

and effects of recreation.   

Gary Koehler Washington/Northwest Washington Department of 
Fish and Wildlife (retired) 

Dr. Koehler, a retired Research Biologist, has conducted research on lynx and hares in 
Washington for more than 30 years.  Also a member of the Lynx Science Team, his 

research was among the earliest to investigate lynx and hare habitat relationships and 
the effects of forest management practices in the Lower 48 states.  He has published 

numerous peer-reviewed articles on lynx conservation ecology in southern boreal 
forests, lynx and hare surveys, habitat and topographic use patterns, and management 

of spruce-fir forests to conserve hares and lynx.   

Keith Aubry Washington/Northwest 
USDA Forest Service - Pacific 
Northwest Research Station, 

Olympia, WA (retired) 

Dr. Aubry is an Emeritus Scientist (formerly Research Wildlife Biologist) with the U.S. 
Forest Service’s Pacific Northwest Research Station in Olympia, WA. He has been 

conducting research on terrestrial wildlife in the Pacific Northwest for almost 40 years. 
Recently, his research has focused on generating new information that will enable 
conservation biologists and resource managers to make more-informed decisions 
about the conservation status of rare and elusive forest carnivores, including the 

fisher, Canada lynx, Cascade and Sierra Nevada red foxes, coastal marten, and 
wolverine. A lack of reliable information on their evolutionary history, current and 

historical distributions, and ecological relations is often a significant impediment to the 
conservation of their populations. Dr. Aubry was a member of several national 

scientific teams, including the Forest Carnivore Conservation Assessment Team, the 
Lynx Science Team, and the Wolverine Science Team, and was the leader of the Fisher 

Science Team. He has directed several multi-year field studies of the Canada lynx in 



the North Cascades of Washington, and has authored or co-authored a number of 
peer-reviewed publications on lynx conservation, their distribution in the contiguous 

U.S., their ecology and population dynamics, and the risk of relying on anecdotal 
occurrence data for conserving rare or elusive species. 

Kerry Murphy Wyoming/Greater 
Yellowstone USDA Forest Service 

Dr. Murphy is the Zone Wildlife Biologist on the Bridger-Teton National Forest (B-T NF) 
stationed in Jackson, Wyoming.  He has extensive experience monitoring, managing, 

and surveying Canada lynx and their habitat, and in documenting aspects of other 
carnivore populations.  From 2000-2005, Kerry worked in Yellowstone Park 

cooperatively with the Rocky Mountain Research Laboratory, Missoula, to document 
lynx presence and distribution (1 publication), and worked with researchers to 

document snowshoe hare abundance, distribution, and habitat affinities (1 
publication) in the Park.  On the B-T NF, Kerry worked to document snowshoe hare 
abundance and population trends in different forest types, and lynx presence and 

distribution.  Kerry also recently assisted the U.S. Fish and Wildlife Service by providing 
a peer-review of the proposed rule revising the lynx critical habitat designation. 

Jake Ivan Colorado/Southern Rocky 
Mountains Colorado Parks and Wildlife 

Dr. Ivan, a Wildlife Researcher with CPW’s Mammals Research Section, has conducted 
research and published peer-reviewed articles on hares and lynx in Colorado and the 

Southern Rockies and has developed a non-invasive monitoring strategy to track 
Colorado’s lynx population. 

Clayton Apps Southern British Columbia & 
Alberta 

Independent Researcher, 
Aspen Wildlife Research Inc. 

Dr. Apps is an independent research ecologist whose work in western Canada over the 
past 24 years has focused on understanding and predicting relationships of wide-

ranging species with habitat and human influence across scales to support 
environmental assessment and conservation planning.  He is especially interested in 

spatial and temporal factors affecting species movements, habitat selection, 
abundance, distribution and survival.  Within the southern Canadian Rocky Mountains, 

Dr. Apps carried out a 5-year study of lynx ecology representing his dissertation 
research, and he has conducted several other shorter-term field and modeling projects 
pertaining to lynx.  Clayton has also recently authored British Columbia’s current lynx 

management plan. 

Karen Hodges Southern Canada/DPS-wide 
(hares) 

University of British 
Columbia–Okanagan 

Dr. Hodges is an Associate Professor in the Department of Biology at the University of 
British Columbia – Okanagan, where she focuses her research on how range position 

and habitat configuration affect species interactions and endangerment of at-risk 
species, understanding population dynamics at the periphery of species’ ranges, and 
on snowshoe hare population dynamics.  She has authored and co-authored many 

peer-reviewed hare articles.   

Jeff Bowman Southern Canada/Ontario 
Ontario Ministry of Natural 

Resources and Forestry, and 
University of Trent, Ontario 

A Research Scientist with the Wildlife Research & Monitoring Section, Ontario Ministry 
of Natural Resources and Forestry and an Adjunct Professor in the Environmental & 

Life Sciences Graduate Program, Trent University, Dr. Bowman’s focus is on population 
and landscape ecology.  He and his colleagues and graduate students have published 

many peer-reviewed articles on lynx landscape ecology and genetics at the 
population's southern range boundary in Ontario in an effort to assess the functional 

connectivity and population dynamics of lynx at their southern range periphery. 
Dennis Murray Southern Canada/Ontario University of Trent, Ontario Dr. Murray is the Canada Research Chair in Integrative Wildlife Conservation, 



Bioinformatics, and Ecological Modeling and a Professor of Biology at 
Trent University.  He also serves on the Scientific Advisory Committee for the Canadian 

Institute of Ecology and Evolution, the Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC), and the IUCN Lagomorph Specialist Group.  He has 

authored and co-authored many peer-reviewed articles on lynx, including conservation 
needs at the southern edge of the species’ range, genetics and functional connectivity 

among lynx populations, hare habitat and response to forestry management, lynx-
bobcat competition, and impacts of climate change on southern lynx populations. 

Garth Mowat Southern British Columbia & 
Alberta 

British Columbia Ministry of 
Forests, Lands and Resource 

Operations 

Dr. Mowat manages the Research Section for the Resource Stewardship Division in the 
Kootenay Region of British Columbia, Canada, where his current research varies from 

geomorphology to ecosystem classification and wildlife ecology, particularly 
population dynamics of mammals.  Garth has published many peer-reviewed articles 

on lynx including behavior and natural history, capture and immobilization techniques, 
lynx and hare population dynamics, and lynx pregnancy rates and litter sizes. 

    
    
    
    
    
    

 



From: Ivan - DNR, Jake
To: Kurt Broderdorp
Subject: Re: Lynx Collar Found
Date: Thursday, September 03, 2015 1:02:13 PM

Yep.  Lucretia was downloading and looking at it as I was talking with John.  He said
the data were 'crazy'.  Not sure what that means.  Hopefully the collar worked and
the movement pattern was interesting.  Always a possibility he meant that the
locations indicated some kind of collar failure.

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Thu, Sep 3, 2015 at 12:37 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

No kidding.  Is the data still viable?

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Ivan - DNR, Jake [mailto:jake.ivan@state.co.us] 
Sent: Thursday, September 03, 2015 12:08 PM
To: Kurt Broderdorp
Subject: Re: Lynx Collar Found

 

Yes.  That's the missing "Breckenridge Female".  Pretty lucky to get that back. 
Insanely lucky, actually.

Jake Ivan

Wildlife Researcher

Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048

mailto:jake.ivan@state.co.us
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317 W. Prospect Rd., Fort Collins, CO 80526

jake.ivan@state.co.us  |  cpw.state.co.us

 

 

On Thu, Sep 3, 2015 at 11:33 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Thanks for the information,  I am interested to know if the collar was on the “Breckenridge”
female?

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Ivan - DNR, Jake [mailto:jake.ivan@state.co.us] 
Sent: Thursday, September 03, 2015 11:03 AM
To: Broderdorp, Kurt
Subject: Fwd: Lynx Collar Found

 

Hi Kurt,

 

Here is the latest news on the lynx collar that was retrieved near Rio Grande
Reservoir.  Let me know if you have questions.

 

Jake

 

Jake Ivan

Wildlife Researcher

Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048

317 W. Prospect Rd., Fort Collins, CO 80526

mailto:jake.ivan@state.co.us
http://cpw.state.co.us/
mailto:Kurt_Broderdorp@fws.gov
tel:%28970%29%20628-7186
mailto:jake.ivan@state.co.us
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jake.ivan@state.co.us  |  cpw.state.co.us

 

 

---------- Forwarded message ----------
From: Ivan - DNR, Jake <jake.ivan@state.co.us>
Date: Thu, Sep 3, 2015 at 11:02 AM
Subject: Re: Lynx Collar Found
To: "Woodward - DNR, Brent" <brent.woodward@state.co.us>
Cc: Eric Odell - DNR <eric.odell@state.co.us>, Scott Wait - DNR
<scott.wait@state.co.us>, Chuck Anderson - DNR <chuck.anderson@state.co.us>, Rick
Basagoitia - DNR <rick.basagoitia@state.co.us>, Stephanie Ferrero - DNR
<stephanie.ferrero@state.co.us>

Hi Brent,

 

John received the collar.  Turns out it was deployed on a female cat on
3/11/2011; capture location was near Vail Pass!  So, it was indeed from the Lynx-
Winter Rec Project, but not from Silverton/Telluride like we thought.

 

Also, those collars had rot-off material sewn into them (we did that because the
first year we had some issues with blow-offs not working properly).  It looks to me
like the collar finally rotted off like it should have.  However, John is a little leery
of that conclusion because it appears to him that the rot-off piece is indeed gone,
but so is a good chunk of the leather collar itself.  Not sure why that would be -
Someone did cut out a chunk?  Rodents chewed on it while it laid there for
however long?  

 

Anyway, I attached a few pictures of the collar.  John is sending the collar back to
us so I can get it to you to examine first hand if you want.



 

Jake

 



 lynx collar 1
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Jake Ivan

Wildlife Researcher

Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048

317 W. Prospect Rd., Fort Collins, CO 80526

jake.ivan@state.co.us  |  cpw.state.co.us

 

 

On Mon, Aug 31, 2015 at 5:00 PM, Woodward - DNR, Brent
<brent.woodward@state.co.us> wrote:

Thanks Jake!  Let me know what John thinks happened and I can do some nosing around. 
Do you have a good location where the collar was found?  

 

 

Brent Woodward

District Wildlife Manager - Creede

Area 17 - San Luis Valley

 

P  719.850.6366  |  F  719.587.6934  

0722 S. Rd. 1E, Monte Vista, CO  81144

https://drive.google.com/a/state.co.us/file/d/0BwL6PMeJwdQ_NkMtVGR1ZkJZRXM/view?usp=drive_web
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Turn in a Poacher   1.877.COLO.OGT

 

 

 

On Mon, Aug 31, 2015 at 1:57 PM, Ivan - DNR, Jake <jake.ivan@state.co.us> wrote:

Hi Brent,

 

Just wanted to give you a heads-up that we had a hiker from New Mexico call us
last week (8/27).  He was hiking out by Rio Grande Reservoir and found a radio
collar with John Squires' name and address on it.  He said it looked to have been
cut off, presumably with a knife or scissors or something like that.  We think this
is one of the animals we "lost" during the Lynx-Winter Rec study that took place in
Silverton/Telluride a few years ago (other collars currently out on the Rio Grande
Project have been accounted for).  There were a couple of animals that
disappeared on us and we were never able to locate the collars after they blew
off...which brings up another explanation - I suppose it's possible this person
doesn't know what they're looking at and the collar blew of like normal and he is
just saying it was "cut". 

 

At any rate, the hiker was going to send the collar back to John.  I'll let you know
if John feels like it had been cut or if it just blew off like it should have.  If it was
cut, then it seems likely that someone shot or trapped a lynx and dumped the
collar in your District.  

 

Not sure if there is more we should or can do about anything at the moment.  I
was going to let USFWS know so they aren't caught off guard if/when the story
gets back to them.  Let me know if you want more from me.

 

Jake

   

Jake Ivan

Wildlife Researcher

Mammals Research Section
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jake.ivan@state.co.us  |  cpw.state.co.us
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From: Bell, Heather
To: Mary_Parkin
Subject: Gleaned from my lynx reading today.
Date: Tuesday, September 08, 2015 1:41:01 PM

Not that I think we should make a full ecological model of lynx, but here is some cuts from
what i read in the crit hab final rule"  (bolded is my emphasis, red is some questions) that
might help us verify our simpler model!

1. Lynx populations respond to biotic and abiotic factors at different scales. At the regional
scale, boreal forests, snow conditions, and competitors (especially bobcat) influence the
species’ range (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 242–253;
Hoving et al., 2005 p. 749). 

2. At the landscape scale within each region, natural and human-caused disturbance
processes (e.g., fire, wind, insect infestations, forest management, and development)
may influence the spatial and temporal distribution of lynx populations by
affecting the distribution of high-quality habitat for snowshoe hares (Agee 2000,
pp. 47–73; Ruediger et al. 2000, pp. 1–3, 2–2—2–6, 7–3).

3.  At the stand-level (vegetation community) scale, the quality, quantity, and
juxtaposition of habitats influence home range location and size, productivity, and
survival (Aubry et al. 2000, pp. 380–390; Vashon et al. 2005a, pp. 9–11). 

4. At the smaller substand (within-stand) scale, the spatial distribution and abundance of
prey and microclimate likely influence lynx movements, hunting behavior, and den and
resting site locations (Organ et al. 2008, entire; Squires et al. 2008, entire; Moen and
Burdett 2009, p. 16; Squ

5. Generally, the physical and biological features of critical habitat for lynx are found
within relatively large landscapes (large enough to support multiple lynx home ranges)
[which is what?]in what is broadly described as the boreal forest or cold temperate
forest (Frelich and Reich 1995, p. 325; Agee 2000, pp. 43–46). 

6.  In eastern North America, lynx are strongly associated with areas of deep snowfall
and large (40-mi2 (100- km2)) landscapes that have been heavily cut and treated with
herbicides and have a high proportion of young regenerating forest (Hoving 2001, pp.
75, 143).  the broad geographic distribution of lynx in eastern North America is most
influenced by snowfall, but within areas of similarly deep snowfall, measures of forest
succession become more important factors in determining lynx distribution. Second
order habitat selection in the Acadian forest region is influenced by hare density (a
surrogate for early successional forest) and by mature conifer forest, despite its
association with lower hare densities (SimonsLegaard et al. 2013b, pp. 573–574). ...Tthe
broad geographic distribution of lynx in eastern North America is most influenced by
snowfall, but within areas of similarly deep snowfall, measures of forest succession
become more important factors in determining lynx distribution. Secondorder habitat
selection in the Acadian forest region is influenced by hare density (a surrogate for
early successional forest) and by mature conifer forest, despite its association with lower
hare densities (SimonsLegaard et al. 2013b, pp. 573–574). 

7.  In the Northern Rocky Mountains, lynx appear to be less tied to early successional
forest stages; high lynx use and hare densities, especially in the critical winter season,
occur in mature multistoried forest stands where conifer branches reach the snow
surface and thereby provide hare forage (Squires et al. 2006a, p. 15; Squires et al. 2010,
pp. 1653–1657; Berg et al. 2012, entire).

8.  In many places, periodic vegetation disturbances stimulate development of dense
understory or early successional habitat for snowshoe hares (Ruediger et al. 2000, pp.
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1–3—1–4, 7–4—7–5). In other places, such as the Northern Rocky Mountains and
Greater Yellowstone Area, mature multistoried conifer forests as well as dense
regenerating conifer stands provide foraging habitat for lynx [which means it must be
hare habitat with hare forage??] (Squires et al. 2010, pp. 1648, 1653–1657; Berg et al.
2012, entire). 

9. lynx foraging habitat must be near denning habitat [how near?] to allow females to
adequately provision dependent kittens, especially when the kittens are relatively
immobile (Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16).

10.  The size of lynx home ranges is strongly influenced by the quality of the habitat,
particularly the abundance of snowshoe hares, in addition to other factors such as
gender, age, season, and density of the lynx population (Aubry et al. 2000, pp. 382–
385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have the smallest
home ranges while males have the largest home ranges (Moen et al. 2005, p. 11; Burdett
et al. 2007, p. 463). Reported average home range sizes vary greatly from 12 mi2 (31
km2) for females and 26 mi2 (68 km2) for males in Maine (Vashon et al. 2005a, p. 7), 8
mi2 (21 km2) for females and 119 mi2 (307 km2) for males in Minnesota (Moen et al.
2005, p. 12), and 34 mi2 (88 km2) for females and 83 mi2 (216 km2) for males in
northwest Montana (Squires et al. 2004a, p. 13). Home range sizes of lynx in the
population introduced into Colorado averaged 29 mi2 (75 km2) among reproductive
females, 40 mi2 (103 km2) among attending (reproductive) males, and 252 mi2 (654
km2) among all non-reproductive lynx (Shenk 2008, pp. 1, 10). Based on data presented
in Shenk (2008, p. 10) and combining reproductive and nonreproductive lynx, home
range estimates for lynx in Colorado averaged 181 mi2 (470 km2) for females and 106
mi2 (273 km2) for males. 

Ok, that is enough for now!

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/
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From: Gary Koehler
To: Holt, Bryon
Subject: Re: Canada Lynx Expert Elicitation Workshop
Date: Tuesday, September 08, 2015 8:34:43 PM

Just returned home from road Tripp to AK

Gary M Koehler
Sent from my iPhone

On Sep 8, 2015, at 4:15 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:

Hi Gary,

I am forwarding this request for Jim Zelenak because he did not have your email
address.  I copied Jim on this message, so he now has your email address.

Bryon

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Sep 4, 2015 at 2:50 PM
Subject: Fwd: Canada Lynx Expert Elicitation Workshop
To: Bryon Holt <bryon_holt@fws.gov>

Bryon,

Please forward this to Gary Koehler - he's the only expert candidate whose email address I don't
have.

Thanks,

Jim
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Sep 4, 2015 at 3:47 PM
Subject: Canada Lynx Expert Elicitation Workshop
To: 

Greetings!

You have been identified by your peers, the U.S Fish and Wildlife Service, and our State, Federal,
and Academic partners as a candidate to participate in a structured expert elicitation workshop that is
a crucial part of our Species Status Assessment for the contiguous United States Distinct Population
Segment (DPS) of Canada lynx.

The objective of the workshop is to assess the current status of and threats to the various DPS
populations and to evaluate the DPS's viability under a range of future threat, habitat condition, and
climate scenarios.
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The workshop will be held in Minneapolis, Minnesota on Oct. 13-15, 2015.

This is not a formal invitation to participate in the workshop; it is a request to let me know at your
earliest convenience whether or not you would be able to attend the workshop on those dates.  We
hope to finalize the list of invitees and send out formal invitations in the next week or so.

In addition to lynx experts, we are assembling a list of candidates for workshop presentations on
boreal forest ecology (distribution, insects, fires, and likely future condition), climate change/
modeling, and the regulatory environment as it pertains to lynx in the Lower 48 states and southern
Canada.  If you have recommendations for experts on those topics, please also provide them to me
with you response.  

Thanks for your consideration of and prompt reply to this request.

Cheers!

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Holt, Bryon
To: Gary Koehler
Subject: Re: Canada Lynx Expert Elicitation Workshop
Date: Wednesday, September 09, 2015 7:19:13 AM

Sounds good Gary.  Glad you are back.  Hope you can make the expert elicitation workshop
next month.

Bryon

On Wed, Sep 9, 2015 at 5:21 AM, Gary Koehler <garykoehler@nwi.net> wrote:
Bryon: I just returned from a 5-week trip to Alaska, so I will send the ‘bio’ to you today. 
Gary Koehler
garykoehler@nwi.net
509-699-9857
Skype: puma.koehler151

On Sep 8, 2015, at 4:15 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:

Hi Gary,

I am forwarding this request for Jim Zelenak because he did not have your
email address.  I copied Jim on this message, so he now has your email address.

Bryon

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Sep 4, 2015 at 2:50 PM
Subject: Fwd: Canada Lynx Expert Elicitation Workshop
To: Bryon Holt <bryon_holt@fws.gov>

Bryon,

Please forward this to Gary Koehler - he's the only expert candidate whose email address I don't
have.

Thanks,

Jim
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Sep 4, 2015 at 3:47 PM
Subject: Canada Lynx Expert Elicitation Workshop
To: 

Greetings!
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You have been identified by your peers, the U.S Fish and Wildlife Service, and our State, Federal,
and Academic partners as a candidate to participate in a structured expert elicitation workshop that
is a crucial part of our Species Status Assessment for the contiguous United States Distinct
Population Segment (DPS) of Canada lynx.

The objective of the workshop is to assess the current status of and threats to the various DPS
populations and to evaluate the DPS's viability under a range of future threat, habitat condition,
and climate scenarios.

The workshop will be held in Minneapolis, Minnesota on Oct. 13-15, 2015.

This is not a formal invitation to participate in the workshop; it is a request to let me know at your
earliest convenience whether or not you would be able to attend the workshop on those dates.  We
hope to finalize the list of invitees and send out formal invitations in the next week or so.

In addition to lynx experts, we are assembling a list of candidates for workshop presentations on
boreal forest ecology (distribution, insects, fires, and likely future condition), climate change/
modeling, and the regulatory environment as it pertains to lynx in the Lower 48 states and
southern Canada.  If you have recommendations for experts on those topics, please also provide
them to me with you response.  

Thanks for your consideration of and prompt reply to this request.

Cheers!

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
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Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Bell, Heather
To: Mary_Parkin
Subject: More good lynx stuff!
Date: Wednesday, September 09, 2015 12:57:08 PM

1. Deep, fluffy snow conditions likely restrict potential lynx competitors such as bobcat
or coyote from effectively encroaching on or hunting hares in winter lynx habitat. In
addition to snow depth, other snow properties, including surface hardness or sinking
depth, also influence lynx foraging success and, ultimately may be important
factors in the spatial, ecological, and genetic structuring of the species (Stenseth et
al. 2004, entire). Gonzalez et al. (2007, pp. 4, 7) compared 496 lynx locations with snow
cover over the period 1966–2005 and concluded that lynx require 4 months (December
through March) of continuous winter snow coverage. 

2. In eastern North America, snowfall was the strongest predictor of lynx occurrence
at a regional scale (Hoving et al. 2005, p. 746, Table 5), and lynx in the northeastern
United States were most likely to occur in areas with a 10- year mean annual
snowfall greater than 105 in (268 cm) (Hoving 2001, p. 75; Hoving et al. 2005, p.
749). 

3. Minnesota-Average annual snowfall from 1971 to 2000 in this area was generally
greater than 55 in (149 cm) (University of Minnesota 2005). 

4. Lynx den sites are found in mature and younger boreal forest stands that have a large
amount of cover and downed, large woody debris. The structural components of lynx
den sites are common features in managed (logged) and unmanaged (e.g., insect
damaged, wind-throw) stands. Downed trees provide excellent cover for den sites and
kittens and often are associated with dense woody stem growth. Lynx essentially
selected dense cover in a cover-rich area for denning. Denning habitat was provided
by blowdown, deadfalls, and root wads. [so does not appear to be a limiting resource
within a home range unless it was managed to look like a lawn with trees!)

5. Stressor of CC - lynx are dependent on deep snow that persists for long periods of
time. An analysis of potential snow cover under a range of IPCC future climate
scenarios and modeling of vegetation using a dynamic vegetation model indicates that
potential lynx habitat could decrease by as much as two-thirds in the contiguous
United States by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–
14). As climate changes over a landscape, the ecosystems that support lynx are likely to
shift, tracking the change of temperature, but with a time lag depending on the ability of
individual plant and animal species to migrate (McDonald and Brown 1992, pp. 413–
414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652) (Mary, they have lots of info
on the "likely" affects of cc which don't look promising for lynx.  I think this is going to
need to be a significant set of questions for the experts...not if cc is an issue but for
recovery are there ways in which cc effects can be minimized or mitigated though
recovery actions.)

6. A list of individual needs...not sure any of these rise to population needs:  PCE specific
to lynx in the contiguous United States is: (1) Boreal forest landscapes supporting a
mosaic of differing successional forest stages and containing: (a) Presence of snowshoe
hares and their preferred habitat conditions, which include dense understories of young
trees, shrubs or overhanging boughs that protrude above the snow, and mature
multistoried stands with conifer boughs touching the snow surface; (b) Winter
conditions that provide and maintain deep fluffy snow for extended periods of time; (c)
Sites for denning that have abundant coarse woody debris, such as downed trees and
root wads; and (d) Matrix habitat (e.g., hardwood forest, dry forest, non-forest, or other
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habitat types that do not support snowshoe hares) that occurs between patches of boreal
forest in close juxtaposition (at the scale of a lynx home range) such that lynx are likely
to travel through such habitat while accessing patches of boreal forest within a home
range. 

7. Good Canada connection- In central Canada where they inhabit a large, relatively
homogenous boreal forest landscape, lynx respond quickly to cyclic fluctuations in hare
populations. When hares are abundant, lynx respond with increased productivity and
survival and, therefore, increased population sizes (Slough and Mowat 1996, pp. 955–
956; Mowat et al. 2000, pp. 266, 272). Typically, after hare numbers peak, they begin to
decline rapidly and dramatically, forcing large numbers of lynx to disperse—to abandon
home ranges in areas with dwindling prey bases no longer capable of supporting the
large number of lynx that resulted from the earlier prey abundance (Slough and Mowat
1996, pp. 956–957; Mowat et al. 2000, pp. 291–294). These periodic mass dispersal
events (irruptions) appear to start at the core of the species’ range in Canada and radiate
outward (McKelvey et al. 2000a, p. 239). At the southern periphery of the lynx’s range,
these events sometimes result in large numbers of lynx dispersing into a variety of
habitats in some areas of the northern contiguous United States in search of adequate
food resources (Thiel 1987, entire; McKelvey et al. 2000a, pp. 239–242). Some of these
dispersing lynx survive and reestablish home ranges elsewhere, but many die en route,
often soon after initiating dispersal (Mowat et al. 2000, p. 293), and some appear to
remain temporarily in areas not capable of supporting all of their life-history needs over
time (Thiel 1987, entire).  Canadian lynx have historically been the most reliable source
for lynx populations in many areas of the contiguous United States, tending to replenish
them within the DPS about every ten years as the lynx/ hare cycle ebbs and flows
(McKelvey et al. 2000a, entire). These events can be pictured as a ‘‘wave’’ of lynx that
occasionally washes over many of the northern tier of States. Over time the wave
recedes, leaving remnant lynx populations or ‘‘puddles’’ of lynx in a variety of habitats.
These puddles of lynx shrink over time as many lynx perish in inhospitable habitats or
disperse elsewhere in search of adequate hare densities. When these waves recede, lynx
may disappear abruptly from areas of unsuitable habitat or more gradually from
suboptimal or marginal habitats. In both cases, lynx perish in or leave many of the
places where they occurred temporarily because the habitats in such places, due to
insufficient prey densities or inadequacy of one or more other physical or biological
features, are incapable of supporting them over time. In a few places in the northern
contiguous United States, in landscapes with high snowshoe hare densities and adequate
quantities and spatial arrangements of other essential physical and biological features,
the puddles tend to persist. It is these remnant ‘‘puddle’’ areas that demonstrate the
capacity to support lynx population resiliency—the ability of lynx to persist through
lows in their own populations and those of their primary prey—that we have determined
are essential to conservation of the contiguous U.S. lynx DPS. (so what does all this
mean to recovery and "recovered"?)

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514



Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/
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From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: Canada Lynx Expert Elicitation Workshop
Date: Wednesday, September 09, 2015 1:31:24 PM

Will do - sorry just catching up on emails...

On Fri, Sep 4, 2015 at 4:52 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Tam,

I had Susan Catton in my google mail, but not Tim.  Could you please forward this to him also?

Thanks,

Jim
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Sep 4, 2015 at 3:47 PM
Subject: Canada Lynx Expert Elicitation Workshop
To: 

Greetings!

You have been identified by your peers, the U.S Fish and Wildlife Service, and our State, Federal, and Academic
partners as a candidate to participate in a structured expert elicitation workshop that is a crucial part of our
Species Status Assessment for the contiguous United States Distinct Population Segment (DPS) of Canada lynx.

The objective of the workshop is to assess the current status of and threats to the various DPS populations and to
evaluate the DPS's viability under a range of future threat, habitat condition, and climate scenarios.

The workshop will be held in Minneapolis, Minnesota on Oct. 13-15, 2015.

This is not a formal invitation to participate in the workshop; it is a request to let me know at your earliest
convenience whether or not you would be able to attend the workshop on those dates.  We hope to finalize the list
of invitees and send out formal invitations in the next week or so.

In addition to lynx experts, we are assembling a list of candidates for workshop presentations on boreal forest
ecology (distribution, insects, fires, and likely future condition), climate change/ modeling, and the regulatory
environment as it pertains to lynx in the Lower 48 states and southern Canada.  If you have recommendations for
experts on those topics, please also provide them to me with you response.  

Thanks for your consideration of and prompt reply to this request.

Cheers!

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 
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From: Bell, Heather
To: Mary_Parkin
Subject: lynx population needs
Date: Wednesday, September 09, 2015 4:04:06 PM

sorry Mary! this is probably driving you nuts! i had no idea there was already this much
information.  i am just reading through the FR crit hab notices pretty quickly to see what I can
glean for the SSA structure.  I can put these in a more organized fashion if you want!  (like a
google doc with individual and pop needs, don't know about DPS needs, that is going to have
to be a well thought out set of questions to the experts, particularly in light of "recovered"
status being what we want).
Pop needs from crit hab.

1.  areas that support lynx populations over time (the lasting ‘‘puddles’’).  these are likely
‘‘source’’ subpopulations within the lynx metapopulation. In addition to their ability to
persist through lows in hare and lynx numbers, those areas, during times of hare
abundance, produce excess lynx that may either subsequently bolster the local
population or disperse into adjacent areas, should habitats and hare numbers in those
areas become favorable. (I think these might  be actual "places")

2. Natural selection theory implies the ability of lynx to locate and occupy areas
conducive to their survival and population viability. (our need is smart lynx? oh no,
it is perhaps landscape features/connectivity that allows for lynx to have the ability to
blah blah...)

3. Exactly how much of each of the physical and biological features must be present and
specifically how each must be spatially arranged within boreal forest landscapes to
support lynx populations over time is unknown.  (how much of this would we try to
elicit from experts?)

4.  boreal forest landscapes of sufficient size to encompass the temporal and spatial
changes in habitat and snowshoe hare populations to support interbreeding lynx
populations over time.  (i think this is related to number 1, and we must have some
idea what sufficient size ISNT!)

5. As defined in the Recovery Outline, areas that meet these criteria and have recent
evidence of reproduction are considered ‘‘core areas’’ for lynx (U.S. Fish and
Wildlife Service 2005, pp. 3– 4). (i wonder if questions or validation of this approach
would be beneficial to get from the experts? have you seen the recovery outline?)

6.  More on CC and Colorado.  When specifically modeling potential impacts of climate
change on lynx, researchers concluded that potential snow and boreal forest habitat
refugia were most likely to occur in the Bridger-Teton National Forest in
northwestern Wyoming, the Superior National Forest in northeastern Minnesota,
and across western Canada, while high-elevation parts of Colorado are among the
areas vulnerable to the loss of potential lynx habitat in the long term (Gonzalez et al.
2007, pp. 4, 8). Even if suitable snow conditions persist in Colorado and boreal and
subalpine forests move upslope with continued climate warming, the amount of
potential lynx habitat, already considered patchy and relatively isolated, will likely
decrease, becoming even more patchy and isolated and less capable of supporting lynx
populations over time. For these reasons, we conclude that habitat in Colorado and
other parts of the Southern Rockies is marginal, naturally fragmented, and
disjunct; that it has not been historically capable of supporting natural resident
lynx populations; that it has not been demonstrated to contain all of the physical
and biological features essential to lynx in adequate quantity and spatial
arrangement to support lynx populations over the long term (i.e., it does not
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contain the PCE); and that it is not essential to the conservation of the DPS. 

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/
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https://sites.google.com/a/fws.gov/rev/


From: Smith, Tamara
To: Catton, Timothy J -FS
Subject: Re: Canada Lynx Expert Elicitation Workshop
Date: Thursday, September 10, 2015 11:15:44 AM

Sounds good, Tim!  Thank you!

On Thu, Sep 10, 2015 at 11:07 AM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Okay, thanks.  At this point I will let Susan represent the Superior NF as well as the Forest Service
Eastern Region National Lynx Biology Team rep at the workshop.  I’ll be happy to provide any other
input as requested.

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, September 10, 2015 10:59 AM
To: Catton, Timothy J -FS
Subject: Re: Canada Lynx Expert Elicitation Workshop

 

Hi Tim -  You could let Jim Zelenak know if you think we are missing someone off our list
of potential lynx experts invitees - include your rationale and their qualifications.  We are
tying to limit the number of people - obviously all lynx experts will not be able to attend this
workshop, but may later be asked for information, input, reviews, etc.  

 

On Wed, Sep 9, 2015 at 3:50 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Thanks, Tam.  This would be awesome to be part of!  However, although we haven’t talked about
it I think Susan will be the one of us to attend.  I was wondering, however, if I could nominate
someone in my stead?  Or do you think that would be bad form?

 

Tim

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Wednesday, September 09, 2015 1:33 PM
To: Catton, Timothy J -FS
Subject: Fwd: Canada Lynx Expert Elicitation Workshop

 

Hi Tim - Jim meant to send this to both you and Susan. See message below. hope one or
both of you can make it. Thanks! - Tam
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---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Sep 4, 2015 at 3:47 PM
Subject: Canada Lynx Expert Elicitation Workshop
To:

Greetings!

 

You have been identified by your peers, the U.S Fish and Wildlife Service, and our State,
Federal, and Academic partners as a candidate to participate in a structured expert elicitation
workshop that is a crucial part of our Species Status Assessment for the contiguous United
States Distinct Population Segment (DPS) of Canada lynx.

 

The objective of the workshop is to assess the current status of and threats to the various
DPS populations and to evaluate the DPS's viability under a range of future threat, habitat
condition, and climate scenarios.

 

The workshop will be held in Minneapolis, Minnesota on Oct. 13-15, 2015.

 

This is not a formal invitation to participate in the workshop; it is a request to let me know at
your earliest convenience whether or not you would be able to attend the workshop on those
dates.  We hope to finalize the list of invitees and send out formal invitations in the next
week or so.

 

In addition to lynx experts, we are assembling a list of candidates for workshop
presentations on boreal forest ecology (distribution, insects, fires, and likely future
condition), climate change/ modeling, and the regulatory environment as it pertains to lynx
in the Lower 48 states and southern Canada.  If you have recommendations for experts on
those topics, please also provide them to me with you response.  

 

Thanks for your consideration of and prompt reply to this request.

 

Cheers!

 

mailto:jim_zelenak@fws.gov


Jim 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office
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4101 American Boulevard East

Bloomington, MN 55425

612-725-3548 ext. 2219

612-600-1599 cell 

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Boulevard East

Bloomington, MN 55425

612-725-3548 ext. 2219

612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: McCollough, Mark
Cc: Zelenak, Jim; Jodi Bush; Mary Parkin; Heather Bell; Bryon Holt; Kurt Broderdorp
Subject: Re: Lynx SSA Expert nomination
Date: Friday, September 11, 2015 10:29:07 AM

Jim -  I agree with you and Mark. If we feel the need for Dr. Robert's input later, especially if
WI specific and/or harvest/bobcat issues arise through this process - it might be more
appropriate to reach out to him at that time.  

Thanks, 
Tam

On Fri, Sep 11, 2015 at 10:13 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Hi all:

From a quick look at Google Scholar, I see that Dr. Roberts has a few publications on
bobcats, specifically concerning population estimates.  However, I am concerned that
considering biologists with expertise in bobcats or other felids may unnecessarily expand
and complicate our potential field of candidates.  These publications don't seem to offer
unique application to estimating lynx populations, however, it seems we could always
contact experts outside of those invited to the lynx meeting if/when we have a specific need
for that expertise.

Furthermore, Wisconsin is not a state that consistently supports lynx.  There are wildlife
biologists with expertise in bobcats from northern New England (that do support a few lynx)
that would be equally qualified (e.g. Dr. John Litvaitis at the Univ. of New Hampshire).

Mark

Bobcat population status and management in North America: evidence
of large-scale population increase

NM Roberts, SM Crimmins - Journal of Fish and Wildlife Management, 2010 -
fwspubs.org
Abstract Bobcat Lynx rufus populations are thought to be increasing in North America; 
however, little information exists on their current population status. In the United States, 
management and monitoring of bobcat populations is the responsibility of state wildlife ...
Cited by 29 Related articles All 4 versions Cite SaveSaving...SavedError saving. Try again?
More Fewer

Enhancing furbearer management in New York

N Roberts - 2010 - ecommons.library.cornell.edu
... Please use this identifier to cite or link to this item: http://hdl.handle.net/1813/17133.
Title:
Enhancing Furbearer Management In New York. Authors: Roberts, Nathan. Issue Date:
5-Aug-2010. ... We also developed a population model for a previously unexploited bobcat

mailto:tamara_smith@fws.gov
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mailto:heather_bell@fws.gov
mailto:bryon_holt@fws.gov
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mailto:mark_mccollough@fws.gov
http://www.fwspubs.org/doi/abs/10.3996/122009-JFWM-026
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population. ...
Cited by 1 Related articles All 6 versions Cite SaveSaving...SavedError saving. Try again?
More Cached Fewer

[PDF] from wi.govwi.gov [PDF]

[PDF][PDF] Bobcat Population Analyses 2014

RE Rolley, NM Roberts, TR Pearson - ua.dnr.wi.gov
Abstract Age and reproductive data obtained from 5,381 bobcats harvested during the 1983-
2012 seasons and data from the winter furbearer track survey were used to evaluate 
Wisconsin's bobcat population. Analysis suggested that fall population size in northern ...

On Fri, Sep 11, 2015 at 10:35 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Tam,

Any thoughts on this self-nomination to the expert elicitation mtg.?

I'm thinking no because of how many we already have that are actually in places with lynx, and the need to
even whittle that number down, but would like your thoughts (and those of other Core Team members who
would like to offer theirs).

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Sep 10, 2015 at 10:07 AM
Subject: Fwd: Lynx SSA Expert nomination
To: Jim Zelenak <jim_zelenak@fws.gov>

fyi

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

---------- Forwarded message ----------
From: Roberts, Nathan M - DNR <NathanM.Roberts@wisconsin.gov>
Date: Thu, Sep 10, 2015 at 9:36 AM
Subject: Lynx SSA Expert nomination
To: "jodi_bush@fws.gov" <jodi_bush@fws.gov>
Cc: "Hauge, Tom M - DNR" <Tom.Hauge@wisconsin.gov>, "Thiede, Kurt A - DNR"
<Kurt.Thiede@wisconsin.gov>

Hi Jodi,
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If it is not too late, Wisconsin would like to like to make a nomination to this panel. 

 

Dr. Nathan Roberts, Wisconsin, Wisconsin Department of Natural Resources:

Dr. Roberts is a furbearer/carnivore research scientist with the WDNR.  He has
worked on Lynx spp (bobcat) population dynamics and harvest ecology for several
years in WI (WDNR) and NY (Cornell University).  He is an expert in carnivore
population and harvest dynamics.  In addition, Dr. Roberts has been deeply
involved with furbearer harvest issues, nationally and internationally, for
approximately 10 years; including assisting authoring CITES proposals and
positions for the United States regarding Lynx spp.

 

Thank you for your consideration,

-Nathan Roberts for Wisconsin DNR

 

Nathan M. Roberts, PhD

Bear, Wolf, and Furbearer Research Scientist

Wisconsin Department of Natural Resources

107 Sutliff Ave.

Rhinelander, WI 54501

 

NathanM.Roberts@wisconsin.gov

715.490.9345

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:NathanM.Roberts@wisconsin.gov
mailto:jim_zelenak@fws.gov


-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:mark_mccollough@fws.gov


From: Holt, Bryon
To: Clayton Apps
Subject: Re: Lynx Species Status Assessment
Date: Friday, September 11, 2015 11:17:09 AM

Clayton,

We are working on this.  I will be in touch with you soon.

Bryon

On Fri, Sep 11, 2015 at 9:23 AM, Clayton Apps <clayapps@telus.net> wrote:
Hi Bryon,
 
Did you want to put a contract in place to cover my involvement in the lynx status
assessment workshop?
 
Clayton
 
From: Holt, Bryon
Sent: Tuesday, August 25, 2015 8:31 AM
To: Clayton Apps
Subject: Re: Lynx Species Status Assessment
 
Hi Clayton,
 
Fits the bill perfectly.  Thanks for providing your information.
 
Bryon
 
 
On Thu, Aug 20, 2015 at 11:59 PM, Clayton Apps <clayapps@telus.net> wrote:

Hi Bryon,
 
Much of my work is for or in close association with the BC provincial and the Canadian
federal government.  However, I work under contract and my direct affiliation is with my
own firm Aspen Wildlife Research.
 
Attached is the brief bio which I tailored to focus a bit on my lynx work.  I hope that is
about the kind of thing you were looking for.
 
Clayton
 
From: Holt, Bryon
Sent: Wednesday, August 19, 2015 2:36 PM
To: Clayton Apps
Subject: Lynx Species Status Assessment
 

mailto:bryon_holt@fws.gov
mailto:clayapps@telus.net
mailto:clayapps@telus.net
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Hi Clayton,
 
We are putting together a document that we will send out to identify who the lynx experts are that will
potentially be invited to participate on the lynx expert elicitation meeting/panel.  This document will provide a
brief summary of the individual's expertise/experience.  I've provided an example for Dr. McKelvey below for
you.  Would you be able to provide a brief blurb?  Also, what would you prefer your affiliation to be identified
as?  Right now I have you as "Independent Researcher".
 
Example expertise paragraph:  A Research Ecologist, Dr. McKelvey works to develop methods to
evaluate status and trends of organisms across broad spatial and temporal scales, including genetic
monitoring techniques to measure population connectivity across complex landscapes.  He was a
member of the Lynx Science Team and was the Science lead for the National Lynx Survey, which
provided reliable presence/absence data for lynx on over 50 national forests, 5 national parks, and
numerous other areas managed by the BLM and several Tribal Nations.  He has authored and co-
authored many peer-reviewed articles on lynx conservation, history and distribution in the Lower 48,
and population ecology/dynamics, and on the dangers of relying on anecdotal occurrence data for
rare or elusive species.
 
Thanks,
 
Bryon
 
 
-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov
 
*************************************************

 
-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov
 
*************************************************

-- 
**************************************************
Bryon Holt

mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov


U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: Holt, Bryon
To: Jim Zelenak
Subject: Fwd: Lynx Species Status Assessment
Date: Friday, September 11, 2015 12:33:30 PM

Jim,

See message from Clayton.  Where are we at on this??

Bryon

---------- Forwarded message ----------
From: Clayton Apps <clayapps@telus.net>
Date: Fri, Sep 11, 2015 at 9:23 AM
Subject: Re: Lynx Species Status Assessment
To: "Holt, Bryon" <bryon_holt@fws.gov>

Hi Bryon,
 
Did you want to put a contract in place to cover my involvement in the lynx status assessment
workshop?
 
Clayton
 
From: Holt, Bryon
Sent: Tuesday, August 25, 2015 8:31 AM
To: Clayton Apps
Subject: Re: Lynx Species Status Assessment
 
Hi Clayton,
 
Fits the bill perfectly.  Thanks for providing your information.
 
Bryon
 
 
On Thu, Aug 20, 2015 at 11:59 PM, Clayton Apps <clayapps@telus.net> wrote:

Hi Bryon,
 
Much of my work is for or in close association with the BC provincial and the Canadian
federal government.  However, I work under contract and my direct affiliation is with my
own firm Aspen Wildlife Research.
 
Attached is the brief bio which I tailored to focus a bit on my lynx work.  I hope that is about
the kind of thing you were looking for.
 
Clayton

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:clayapps@telus.net
mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov
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From: Holt, Bryon
Sent: Wednesday, August 19, 2015 2:36 PM
To: Clayton Apps
Subject: Lynx Species Status Assessment
 
Hi Clayton,
 
We are putting together a document that we will send out to identify who the lynx experts are that will
potentially be invited to participate on the lynx expert elicitation meeting/panel.  This document will provide a
brief summary of the individual's expertise/experience.  I've provided an example for Dr. McKelvey below for you. 
Would you be able to provide a brief blurb?  Also, what would you prefer your affiliation to be identified as?  Right
now I have you as "Independent Researcher".
 
Example expertise paragraph:  A Research Ecologist, Dr. McKelvey works to develop methods to
evaluate status and trends of organisms across broad spatial and temporal scales, including genetic
monitoring techniques to measure population connectivity across complex landscapes.  He was a
member of the Lynx Science Team and was the Science lead for the National Lynx Survey, which
provided reliable presence/absence data for lynx on over 50 national forests, 5 national parks, and
numerous other areas managed by the BLM and several Tribal Nations.  He has authored and co-
authored many peer-reviewed articles on lynx conservation, history and distribution in the Lower 48,
and population ecology/dynamics, and on the dangers of relying on anecdotal occurrence data for rare
or elusive species.
 
Thanks,
 
Bryon
 
 
-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov
 
*************************************************

 
-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov
 
*************************************************
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-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: Catton, Timothy J -FS
To: Nathan Hostetter; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Beth Gardner; Catton, Susan J -FS;

Tamara_Smith@fws.gov
Subject: RE: Lynx Surveys
Date: Monday, September 14, 2015 11:08:18 AM

Pretty good timing.  We have recently received the DNA results back from the bulk of our 2014-2015
samples, just waiting on a few re-extractions which should be coming this week.  I can then update
the database and distribute.
 
Tim
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Monday, September 14, 2015 10:16 AM
To: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Beth Gardner; Catton, Susan J
-FS; Tamara_Smith@fws.gov
Subject: Lynx Surveys
 
Hi All,
 
Let’s get the group together to discuss last winter’s lynx data, timeline for genetic results, and
ideas for what next. A few afternoon time slots are on a doodle poll (times are ET). Let me
know ASAP if you are unavailable next week so I can reschedule.
 
http://doodle.com/poll/4hqkqpvnffr9cx5r
 
Thanks!
-Nathan
 
---
Nathan J. Hostetter
Ph.D. student
NC State University
Department of Forestry and Environmental Resources
Campus Box 8001
Raleigh, NC  27695
P: 1-541-410-1453
njhostet@ncsu.edu
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From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Lynx Workshop 12 Oct 2015
Date: Monday, September 14, 2015 11:14:10 AM

It is the dates.  I thought I advised you that when I first mentioned to Gary about the potential
dates, he expressed some hesitation because it's the hunting season and he has other
commitments, but said he thought he might be available.  Anyway, now he is unwilling to
commit.  As for someone else, that's a good question.  I don't know of anybody else who
knows about the status of lynx and their biology in the west outside of Gary and, perhaps, Bob
Naney.  So, unfortunately, I do not have another suggestion for you.  Sorry.

On Mon, Sep 14, 2015 at 9:57 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Do you know if it was just the dates?  Or is something else going on?  Thought he was originally pretty excited to
attend and thought the general mid-Oct. - mid Nov. time frame would work.

Well, regardless, we now need to find someone else who can give, in person or remotely, an update on lynx in
northern Washington...

Your thoughts?

On Mon, Sep 14, 2015 at 10:52 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
I just talked with Gary, and he is not available.

Bryon

On Wed, Sep 9, 2015 at 9:43 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Can you talk to Gary about whether he might be able to participate and/or present remotely - maybe only a
few hours or for one day?

On Wed, Sep 9, 2015 at 10:34 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Yes, I agree.  But, I really think from a lynx researcher/scientist perspective we need
to get Gary's thoughts and perspectives on the issues we ask the panel to have a solid
scientific base for the west.

Bryon

On Wed, Sep 9, 2015 at 9:28 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Crap!  Plan B for Washington representation?  Think I'd lean toward more to Naney than to Jeff Lewis
or other State Bio.

Your thoughts?

---------- Forwarded message ----------
From: Gary Koehler <garykoehler@nwi.net>
Date: Wed, Sep 9, 2015 at 9:43 AM
Subject: Lynx Workshop 12 Oct 2015
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To: jim_zelenak@fws.gov
Cc: "Holt, Bryon" <bryon_holt@fws.gov>

Jim: I regret that I will not be able to attend the Workshop on Lynx in Minnesota in
mid-October. 
Gary Koehler
garykoehler@nwi.net
509-699-9857
Skype: puma.koehler151

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
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**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Ivan - DNR, Jake
To: Kurt Broderdorp
Subject: Re: Lynx SSA expert elicitation meeting
Date: Tuesday, September 15, 2015 11:38:04 AM

I was not planning on that and probably shouldn't be the one to do it.  I don't feel
like I know much climate change science at all.  We just finished the SWAP for
Colorado, though, and it has an entire section on climate change.  Maybe one of the
people who did those analyses would be good?  I believe CNHP did that, but you
could check with Eric Odell to be sure.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Tue, Sep 15, 2015 at 10:41 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jake,  I have been reviewing the presenters for Climate change ecology that are being
considered for invitation.  I noticed that there isn’t anyone on the list to represent the S.
Rockies climate change perspective.  Are you planning on trying to cover some of that
information for Colorado and the S. Rockies?

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

mailto:jake.ivan@state.co.us
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From: Nathan Hostetter
To: Smith, Tamara
Cc: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Beth Gardner; Catton, Susan J -FS
Subject: Re: Lynx Surveys
Date: Tuesday, September 15, 2015 4:47:29 PM

Hi Everyone,

First round didn’t work, let’s try the week of 28-Sep. All times are eastern.

http://doodle.com/poll/asqwppw3a88hcen6

Looking forward to hearing about the DNA results Tim! Thanks,
-Nathan

On Mon, Sep 14, 2015 at 5:07 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Nathan,  

Thank you for organizing this call! 

Sorry - I'll be at a meeting all next week and can only make the call on Friday the 25th.  

Thanks, 
Tama   

On Mon, Sep 14, 2015 at 11:07 AM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Pretty good timing.  We have recently received the DNA results back from the bulk of our 2014-
2015 samples, just waiting on a few re-extractions which should be coming this week.  I can then
update the database and distribute.

 

Tim

 

From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Monday, September 14, 2015 10:16 AM
To: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Beth Gardner; Catton,
Susan J -FS; Tamara_Smith@fws.gov
Subject: Lynx Surveys

 

Hi All,
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Let’s get the group together to discuss last winter’s lynx data, timeline for genetic results,
and ideas for what next. A few afternoon time slots are on a doodle poll (times are ET).
Let me know ASAP if you are unavailable next week so I can reschedule.

 

http://doodle.com/poll/4hqkqpvnffr9cx5r

 

Thanks!

-Nathan

 

---

Nathan J. Hostetter

Ph.D. student

NC State University

Department of Forestry and Environmental Resources

Campus Box 8001

Raleigh, NC  27695

P: 1-541-410-1453

njhostet@ncsu.edu

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

http://doodle.com/poll/4hqkqpvnffr9cx5r
tel:1-541-410-1453
mailto:njhostet@ncsu.edu
tel:612-725-3548%20ext.%202219
tel:612-600-1599


From: Beth Gardner
To: Smith, Tamara
Subject: Re: Lynx Surveys
Date: Thursday, September 17, 2015 5:28:46 AM

Hi Tam, I am en route to Idaho.  Took me a few to figure out the time zone...but it looks like I
am busy when you are free!  Bummer.  Let me know when you have time to chat next week or
the one after.  It's no rush, just wanted to tell you about my move to Seattle and the technical
stuff about the grant ;)

Ok, take off on the plane time!

Cheers,
Beth

On Sep 16, 2015 3:53 PM, "Smith, Tamara" <tamara_smith@fws.gov> wrote:
Hey Beth -  Tomorrow afternoon may work - I'm free from 2- 4pm CT.  Busy week! Hope
all is well!

On Wed, Sep 16, 2015 at 12:27 PM, Beth Gardner <bagardne@ncsu.edu> wrote:
Hey Tam,

Do you have time to talk for a few minutes sometime later today or maybe tomorrow?

Cheers,
Beth

On Mon, Sep 14, 2015 at 5:07 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Nathan,  

Thank you for organizing this call! 

Sorry - I'll be at a meeting all next week and can only make the call on Friday the 25th.  

Thanks, 
Tama   

On Mon, Sep 14, 2015 at 11:07 AM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Pretty good timing.  We have recently received the DNA results back from the bulk of our
2014-2015 samples, just waiting on a few re-extractions which should be coming this week. 
I can then update the database and distribute.

 

Tim

 

mailto:bagardne@ncsu.edu
mailto:tamara_smith@fws.gov
mailto:tamara_smith@fws.gov
mailto:bagardne@ncsu.edu
mailto:tamara_smith@fws.gov
mailto:tcatton@fs.fed.us


From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Monday, September 14, 2015 10:16 AM
To: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Beth Gardner;
Catton, Susan J -FS; Tamara_Smith@fws.gov
Subject: Lynx Surveys

 

Hi All,

 

Let’s get the group together to discuss last winter’s lynx data, timeline for genetic
results, and ideas for what next. A few afternoon time slots are on a doodle poll (times
are ET). Let me know ASAP if you are unavailable next week so I can reschedule.

 

http://doodle.com/poll/4hqkqpvnffr9cx5r

 

Thanks!

-Nathan

 

---

Nathan J. Hostetter

Ph.D. student

NC State University

Department of Forestry and Environmental Resources

Campus Box 8001

Raleigh, NC  27695

P: 1-541-410-1453

njhostet@ncsu.edu

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office

mailto:njhostet@ncsu.edu
mailto:Tamara_Smith@fws.gov
http://doodle.com/poll/4hqkqpvnffr9cx5r
tel:1-541-410-1453
mailto:njhostet@ncsu.edu


4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Beth Gardner
NC State University
Department of Forestry and Environmental Resources
5217 Jordan Hall
Raleigh, NC 27695-7646
Tel: 919 513-7558
Fax: 919 515-5110

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

tel:612-725-3548%20ext.%202219
tel:612-600-1599
tel:919%20513-7558
tel:919%20515-5110
tel:612-725-3548%20ext.%202219
tel:612-600-1599


From: Pilgrim, Kristine L -FS
To: Catton, Timothy J -FS
Cc: Schwartz, Michael K -FS; Tamara_Smith@fws.gov; steveloch07@gmail.com
Subject: RE: Superior Samples 2015 Batch 2
Date: Thursday, September 24, 2015 12:55:00 PM
Attachments: image001.png

image002.png
image003.png
image004.png
MN 2014 Samples Batch3 reextractions 3_10_15.docx

Hi Tim,
 
Attached is a report on the scat re-extractions we did to try and get individual/sex ID.
 
Sincerely,
Kristy
 

Kristy Pilgrim, Laboratory Supervisor 
National Genomics Laboratory for Wildlife and Fish Conservation

Forest Service
RMRS/Wildlife & Terrestrial Ecosystems

http://www.fs.fed.us/research/genomics-center/

p: 406-329-2134 
f: 406-543-2663 
kpilgrim@fs.fed.us

800 E. Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 
 

From: Catton, Timothy J -FS 
Sent: Friday, August 21, 2015 10:20 AM
To: Pilgrim, Kristine L -FS
Subject: FW: Superior Samples 2015 Batch 2
 
Hi Kristy,
 
See Dan’s message below.  I don’t recall if we asked for re-extractions on batch 1.
 
Also, can we get updated genotype information?
 
Thanks.
 
Tim
 

From: Ryan, Daniel C -FS 

mailto:kpilgrim@fs.fed.us
mailto:tcatton@fs.fed.us
mailto:michaelkschwartz@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:steveloch07@gmail.com
http://www.fs.fed.us/research/genomics-center/
mailto:kpilgrim@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA


Sent: Friday, August 21, 2015 11:13 AM
To: Catton, Timothy J -FS
Subject: RE: Superior Samples 2015 Batch 2
 
Did we ask Kristi to do reextractions from Batch 1 that did not work?  I counted 5 that I would like to
get rextracted.  Some of them could be kittens that would be good to get if we could.
 
GLNR-S-735, 738, 741,748 and 749.
 
There are a few Batch 2 samples that would be nice to try again with.  Reextracts from batch 2
would be:
 
GLNR-S-766, 776, 783, 812
 
Kristi would have all the samples there.
 
Thoughts,
 
Dan
 
 

From: Catton, Timothy J -FS 
Sent: Thursday, August 20, 2015 5:02 PM
To: Ryan, Daniel C -FS; Grosshuesch, David A -FS; Malick Wahls, Sarah - FS; Poznanovic, Sarah K -FS;
Warsen, Scott A -FS; Swanson, Scott D -FS
Subject: FW: Superior Samples 2015 Batch 2
 
Sex and ID of samples submitted.  I’ll try and get these in to the sample log tomorrow and pull
together a shapefile so y’all can see a little better what went on.
 
Tim
 

From: Pilgrim, Kristine L -FS 
Sent: Thursday, August 20, 2015 4:49 PM
To: Catton, Timothy J -FS
Cc: Schwartz, Michael K -FS; steveloch07@gmail.com; Tamara_Smith@fws.gov
Subject: Superior Samples 2015 Batch 2
 
Dear Tim,
 
Attached are individual/sex identification results from the 2015 batch 2 samples.
 
Sincerely,
Kristy
 

Kristy Pilgrim, Laboratory Supervisor 
National Genomics Laboratory for Wildlife and Fish Conservation

Forest Service

mailto:steveloch07@gmail.com
mailto:Tamara_Smith@fws.gov


RMRS/Wildlife & Terrestrial Ecosystems

p: 406-329-2134 
f: 406-543-2663 
kpilgrim@fs.fed.us

800 E. Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 
 

mailto:kpilgrim@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA


REPORT 

 
 
Project:   Minnesota lynx (Lynx canadensis) 2015 samples re-extractions 
 
 
Date Issued:  September 24, 2015 
 
 
 
Recipients:  Timothy J. Catton 
  Superior National Forest 
  Kawishiwi Ranger District 
  Wildlife/Reforestation/TSI 
  1393 Highway 169 
  Ely, MN  55731 
  (218) 365-7637 (1437) 
 
   

Tam Smith 
Twin Cities Ecological Services Field Office 
U.S. Fish & Wildlife Service 
4101 American Blvd. E. 
Bloomington, MN 55425 

 
 
Cc:  Steve Loch 
   
 
 
 

Prepared By: 
 
Kristine Pilgrim, M.S. 
USFS Rocky Mountain Research Station 
National Genomics Center for Wildlife and Fish Conservation 
Missoula, MT  59801, USA 
kpilgrim@fs.fed.us 
 
Michael Schwartz, Ph.D. 
Conservation Genetics Team Leader 
USFS Rocky Mountain Research Station 
National Genomics Center for Wildlife and Fish Conservation 
Missoula, MT  59801, USA 
mkschwartz@fs.fed.us 
 
 

mailto:mkschwartz@fs.fed.us
mailto:mkschwartz@fs.fed.us


REPORT 

We performed an additional DNA extraction for nine scat samples collected in 2015.  These samples 
were identified as being from lynx (see reports dated March 10 and August 20, 2015) but failed for 
individual and sex identification analysis.  We were able to obtain DNA from six of the scat samples 
(Table 1).  Six unique pure lynx (not F1 lynx-bobcat hybrids) were identified from these scat samples.  
Four of these individuals are re-captures of previously detected animals, and two individuals are new 
to the database.    
 
Table 1.  Reanalysis of additional DNA extractions of scat samples collected in 2015  
 

Sample # Date 
Collected 

Sample 
Type** UTMx UTMy Notes Species Sex Individual # Recapture

? 

GLNRS735re 1/12/2015 S 624232 5275806 tied, family 3, larger, 
female or diff male Lynx F GLNR-S-774 yes 

GLNRS738re 1/20/2015 S 610600 5259083 tied, single along 
road edge Lynx M GLNRS738re no 

GLNRS741re 1/22/2015 S 617580 5261230 tied, family 3, kitten Lynx F GLNR-S-708 yes 

GLNRS748re 1/14/15 S 617723 5278280 tied, prob single male Lynx poor 
DNA poor DNA   

GLNRS749re 1/22/2015 S 616796 5260943 family of 3, tied, 
weird scat Lynx poor 

DNA poor DNA   

GLNRS766re 2/5/2015 S 647257 5295227 

Tracks from 1-2 cats, 
possible scat is 
associated with 
tracks. LC705. 

Lynx poor 
DNA poor DNA   

GLNRS776re 2/3/15 S 613222 5260305 tied, poss Stoney 2 or 
unrel. male Lynx F LOCH-S-132 yes 

GLNRS783re 3/2/15 S 601146 5248844 tied, either fam2 or 
unrelated male Lynx M GLNRS783re no 

GLNRS812re 4/14/2015 S 648363 5297480 
not tied to tracks; 

found off CR 3/7 near 
Hog Creek 

Lynx F GLNR-S-750 yes 

 
 
Please contact us if you have any questions; we look forward to working with you in the future. 
 



From: Beal, Christopher - FS
To: Tamara_Smith@fws.gov; Ann_belleman@fws.gov
Cc: Bartol, Rebecca -FS; Catton, Susan J -FS
Subject: Barker Project consultation
Date: Thursday, September 24, 2015 1:37:37 PM
Attachments: image001.png

image002.png
image003.png
image004.png
Barker - BA APP1 Vicinity Map.pdf
Barker - Biological Assessment.pdf
Barker official letter_FWS.pdf
Barker - BA App2 Landscape Ecosystems.pdf

Hi Ann and Tamara-
 
Today, we’ve sent out the Biological Assessment for the Barker Project on the Tofte and Gunflint
Ranger Districts of the Superior National Forest via mail. The attached forms in this email are copies
of all mailed contents. Please contact me if you have any questions.
 
Thank you,
 

Chris Beal 
Wildlife Biologist

Forest Service
Gunflint Ranger District, Superior National Forest

office: 218-387-3247
cell: 623-203-7636
cbbeal@fs.fed.us

2020 West Highway 61 
Grand Marais, MN 55604
www.fs.fed.us 

Caring for the land and serving people

 
 

mailto:cbbeal@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:Ann_belleman@fws.gov
mailto:rbartol@fs.fed.us
mailto:scatton@fs.fed.us
mailto:cbbeal@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112
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Barker Project - Biological Assessment 
Gunflint & Tofte Ranger Districts, Superior National Forest 

 

 

Executive Summary 
This Biological Assessment (BA) documents the potential effects on federally proposed, candidate, 
threatened or endangered species and designated critical habitat that could result from the proposed 
vegetation management project and associated activities as documented in the Barker Project 
Environmental Assessment (EA).  

The determination of effects for Alternative 2 (the action with the most potential for effects) is 
summarized in Table 1. 

 

Table 1: Determination of Effects for Alternative 2. 

Species Alt. 2 Rationale for Alternative 2 

Canada Lynx NLAA 
Human disturbance factors would be minimal, adequate 
habitat for cover, connectivity, and prey is maintained. 

Canada Lynx critical 
habitat 

NLAA 
The proposed action would comply with all applicable 
Forest Plan management direction related to Canada Lynx 
and its habitat. 

Gray wolf NLAA 
Human disturbance factors would be minimal, adequate 
habitat is maintained, and prey habitat improvements 
would take place. 

Gray wolf critical 
habitat 

NLAA 
The Proposed Action would comply with all applicable 
Forest Plan management direction related to Gray Wolf 
and its habitat. 

Northern long-eared 
bat 

LAA 

Individual northern long-eared bats may be killed or 
injured during tree removal activities during the summer 
active period. The proposed action maintains suitable 
summer roosting habitat and protects known roost trees. 
The loss of suitable summer roost habitat alone is not 
likely to have significant population-level effects. There will 
be no impacts on hibernacula. 

NE = No effect. 
NLAA = May affect, not likely to adversely affect, seek FWS concurrence. 
LAA = May affect, likely to adversely affect, seek formal consultation. FWS Biological Opinion required.  
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1 Introduction 
This Biological Assessment documents the potential effects on federally proposed, candidate, 
threatened or endangered species and designated critical habitat that could result from the proposed 
vegetation management project and associated activities as documented in the Barker Project EA (USDA 
Forest Service 2014). The BA tiers to the Programmatic Biological Assessment (USDA FS 2004a and 
2011a) for the Forest Plan and provides more specific information on site-specific effects of the project 
to threatened and endangered species.  

This BA was prepared in compliance with the requirements of Forest Service Manual Directives sections 
2670.31, 2670.5(3), and 2672.4, the Endangered Species Act of 1973 as amended, and the National 
Forest Management Act of 1976. 

A letter from Acting Field Supervisor Dave Warburton (USDI FWS 2015a) confirms the species and critical 
habitat that should be considered for projects conducted on the Superior National Forest:  

Listed Species 

 Canada lynx (Lynx canadensis) - Threatened 
 Gray wolf (Canis lupus) - Threatened 
 Northern long-eared bat (Myotis septentrionalis) - Threatened 

Critical Habitat 

 Canada lynx critical habitat 
 Gray wolf critical habitat 

 

2 Consultation with USDI Fish and Wildlife Service 
The Forest Service has initiated formal consultation with the Fish and Wildlife Service seeking a 
Biological Opinion on the effects of Alternative 2 (the action with the most potential for effects) for the 
Barker Project. Consultation specific to the Barker Project is documented in the project file. Interagency 
communication includes e-mails, submission of the scoping report, telephone calls, submission of the 
final BA to the FWS, and any subsequent contacts prior to receiving a letter of concurrence, biological 
opinion, or conference opinion from the FWS.  

In addition to consultation requested for this project, programmatic consultation was undertaken for 
Forest Plan revision. The history of this consultation is documented in the Programmatic Biological 
Assessment for the Forest Plan (USDA FS 2004a, pp. 6-7). A Programmatic Biological Assessment (USFS 
2011a) and re-initiation of consultation on the Forest Plan was conducted in 2011 in order to address 
the listing of critical habitat for Canada lynx, the delisting of bald eagle, and to incorporate new 
information about the gray wolf. Finally, a programmatic Biological Assessment (USDA FS 2015b) was 
completed at the Regional level in spring 2015 which considers the effects of implementing Forest Plans 
on the Northern long-eared bat. Consultation is currently underway for this programmatic and a 
Biological Opinion is expected in late 2015. The relevance of program-level consultations to this project 
includes those agreements between the Forest Service and the Fish and Wildlife Service reached on 
defining elements of species’ ecology and biology, risk factors and general effects, analysis parameters, 
monitoring, and management direction in the revised Forest Plan. This BA provides more specific 
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information on how relevant information in the program-level BAs is incorporated. Additionally, other 
factors relevant to this project not discussed in detail in program-level consultations will be discussed in 
detail in this BA. 

 

3 Proposed Action  

3.1 Location  

The Barker Project area is located in Cook and Lake County, Minnesota. The Vicinity Map (Barker 
Scoping http://www.fs.usda.gov/project/?project=46050) shows the general location of the Barker 
Project area. Townships included in the Project area, from west to east, are: Township (T) 59 North (N) 
Range (R) 6 West (W), 5W, 4W; T60N, R4W, R3W, R2W; T61N, R3W, R2W, R1W. The Barker Project area 
encompasses approximately 71,000 acres, of which around 56,000 acres are National Forest System 
land. Proposed activities would occur only on National Forest System lands.  

Ecological Setting 

Landscape ecosystems (LE) are ecological areas characterized by their dominant vegetation communities 
and patterns (USDA FS 2004b, FP p.2-55). The dominant landscape ecosystems in the Barker Project area 
are the Sugar Maple, Mesic Birch/Aspen/Spruce-fir, Lowland Conifer (Mesic Sugar Maple), and Cedar LEs 
(Table 2). A map of the landscape ecosystems in the Barker Project area is available on the Superior 
National Forest website (Barker Scoping http://www.fs.usda.gov/project/?project=46050).  

Table 2: Barker Project area summarized by Landscape Ecosystems. Acres only include National Forest 
System (NFS) lands and do not include non-forested cover types. Planned activity acres indicate which 
LEs will be affected by the Action Alternatives (Alt 2 & 3). 

Landscape Ecosystem (2015) Acres
1
 

% of Forested 
Area 

Alt. 2 Planned 
Activities 

Alt. 3 Planned 
Activities 

Ac
1
 % Ac

1
 % 

Sugar Maple 32,766 60.5 6,470 11.9 6,036 11.1 

Mesic Birch/Aspen/Spruce-fir 7,284 13.4 1,417 2.6 1,399 2.6 

Lowland Conifer C (MSM) 6,461 11.9 310 0.6 310 0.6 

Cedar 5,037 9.3 84 0.2 84 0.2 

Lowland Conifer B (MRW-MBASF) 1,494 2.8 60 0.1 60 0.1 

Mesic Red and White Pine 1,016 1.9     

Other LEs 144 0.3     

Total 54,202 100 8,342 15.4 7,889 14.6 

1data extracted from June 2015 aml runs and stand data. Totals may be slightly off due to rounding. Planned activities areas are based on the 
total acreage of target stands, regardless of treatment; actual treated acres will be less. 

http://www.fs.usda.gov/project/?project=46050
http://www.fs.usda.gov/project/?project=46050
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Overview of the Canada Lynx Affected Environment 

The Barker Project area is within Lynx Analysis Units (LAUs) 27, 29, 32, 34, 36, 37, and 38. The definition 
of LAU can be found in the Forest Plan in Appendix E: Canada Lynx Section 5 Scales of Analysis (USDA FS 
2004b, p. E-4). 

Overview of the Gray Wolf Affected Environment 

The gray wolf affected environment consists of the entire Barker Project area, with emphasis on the 452 
acres of young upland forest (MIH 1, young) and 9,821 acres of upland conifer (MIH 5) greater than 9 
years old. 

Overview of the Northern Long-eared Bat Affected Environment 

The northern long-eared bat affected environment consists of all forest greater than 9 years old in 
Barker, totaling 53,750 acres (roughly 99.2%) of National Forest Systems lands in the Project area. 

 

3.2 Proposed action summary  

The No Action and proposed Action Alternatives are described in the Barker Project EA. Alternative 2 is 
the action with the most potential for effects (Table 3). Alternative 3 is identical to Alternative 2, apart 
from fewer treatments in the Bally Creek Ski Trail area. The Action Alternatives (2 & 3) are summarized 
below:  

o Timber harvest: A combination of clear cuts with reserves, selection cuts and thinning. 

o Site preparation for planting: Mechanical site preparation of varying amounts per stand depending 
on stand condition and objectives. 

o Reforestation: Includes natural regeneration as well as planting and seeding of conifer. Planting of 
white pine, red pine, white spruce, and other tree species to improve within stand diversity.  

o Road management: Creation and subsequent removal and revegetation of temporary access roads.  

o Hazardous Fuel Reduction: Understory removal, slash disposal and low intensity pile burns. 

Mature upland forest patches were analyzed for size and configuration with the goal of retaining mature 
forest blocks greater than 300 acres (see Appendix G of the Barker EA). Mature forest patches less than 
300 acres in size were configured to retain interior forest whenever possible. Young upland forest was 
consolidated where possible to create large, young forest patches and reduce the likelihood of future 
habitat fragmentation. 

Approximately 23 miles of temporary roads would be constructed to access some of the proposed 
treatment units. All temporary roads would be effectively closed to motorized traffic as soon as the 
treatments are complete and access is no longer needed, and decommissioned upon completion of 
management activities. Approximately one mile of snowmobile trail would be used to access treatment 
units. 

Forest Road 333, currently open to all public vehicle use from April 1 to November 30, would change to 
“closed to highway legal vehicles.” Closure of the road to highway vehicles would protect the road 
surface and poor soils during wet conditions. ATV use and administrative access would continue. 
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Table 3: Summary of proposed actions for each Action Alternative (2 & 3). 

  
Alt. 2 Alt. 3 

Primary Treatments Total acres: 8,342 7,889 

Clearcut with Reserves 
 

3,802 3,349 

Mechanical Site Preparation 
 

123 123 

Pre-commercial Thinning 
 

125 125 

Release and/or Prune 
 

8 8 

Selection Cut 
 

242 242 

Thinning 
 

1,927 1,927 

Underplant 
 

125 125 

Understory Fuels Reduction 
 

1,803 1,803 

Understory Fuels Reduction/Mechanical Site Preparation 
 

43 43 

Variable Thinning 
 

144 144 

Secondary Treatments Total acres: 3,305 3,116 

Mechanical Site Prep 
 

926 926 

Mechanical Site Prep/Slash Disposal and Pile Burn 
 

745 600 

Release and/or Pruning 
 

40 40 

Slash Disposal/Pile and Burn 
 

684 640 

Underplanting 
 

147 147 

Understory Fuels Reduction 
 

763 763 

Regeneration Methods Total acres: 4,466 4,013 

Interplant 
 

1,333 1,310 

Natural Regeneration 
 

2,378 2,076 

Plant 
 

288 161 

Seeding 
 

131 131 

Underplant 
 

335 335 

Species to be Planted or Seeded Total acres: 2,088 1,937 

Black Spruce 
 

96 96 

Jack Pine 
 

36 36 

Jack Pine and/or Black Spruce 
 

20 20 

Paper Birch 
 

150 150 

Pine, Birch, Spruce and/or Cedar 
 

569 419 

Tamarack 
 

44 44 

White and/or Red Pine 
 

269 269 

White and/or Red Pine and Paper Birch 
 

46 46 

White and/or Red Pine, and White Spruce 
 

71 71 

White and/or Red Pine, White Spruce and/or Cedar 
 

151 151 

White and/or Red Pine/Tamarack 
 

81 81 

White Pine 
 

119 119 

White Pine and Paper Birch 
 

81 81 

Yellow Birch and Cedar 
 

90 90 

Yellow Birch, Paper Birch and White Pine 
 

264 264 
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3.3 Purpose of the action  

The purpose of the action is to implement the Forest Plan by moving the Project area towards desired 
future conditions for vegetation and landscape ecosystems, as is described in the Barker Scoping Report 
(USDA FS 2014). Project activities analyzed in the program-level Biological Assessments are listed in the 
following table. 

Table 4: Project activities analyzed in program-level BA. 

Proposed Actions Alt. 2 Alt. 3 
Treatment types addressed 

in Programmatic BA? 

Timber harvest X X Yes 

Site preparation for planting X X Yes 

Tree planting X X Yes 

Road management X X Yes 

Hazardous fuels reduction X X Yes 

 

3.4 Time frame of the action 

All of the management activities are expected to take place in the next ten years. The time period 
covered by the cumulative effects analysis is from 2015 to approximately 2024.  

 

3.5 Cumulative Effects Analysis 

Cumulative effects relevant to the species analyzed in this document can be found under the effects 
analysis for each species. An overview of cumulative effects considered for this analysis can be found in 
Appendix F of the Barker EA. 
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4 Status of the Species 

4.1 Canada Lynx  

Ecology (see 2011 program-level BA, sect. 3.3 and sect. 4.3 of 2004 program-level BA) 

Home range and dispersal:  

Lynx detections are distributed over 12 counties in Minnesota the majority of which occur in St. 
Louis, Lake and Cook counties in northeastern Minnesota where essentially all field data 
collection efforts have been focused (Catton 2014a). 

Diet: No new information 

Den site selection: No new information 

Mortality: No new information. 

Interspecific relationships with other carnivores: No new information 

Population dynamics: No new information 

 

Population Status (see 2011 program-level BA, sect. 3.4 and sect. 4.4 of 2004 program-level BA) 

North America and Minnesota: No new information 

Superior National Forest: 

Reproduction 

Field observations and DNA analysis have been used to document reproduction and relatedness 
of lynx in Minnesota since 2002. During the winter 2012-2013 survey season there were at least 
5 family groups that were detected in the northeastern Minnesota survey and monitoring area. 
One family group consisted of a candidate mother and 5 presumed kittens (2 female, 3 male) 
consistent with being her offspring. Another family group consisted of a candidate mother with 
3 kittens (1 female, 2 male). There were 3 other family groups each with 1 kitten (2 female, 1 
male) consistent with being the offspring of the candidate mother each was associated with. 
Three family groups were reported during this period one year ago with 7 individuals (3 female, 
4 male) presumed as kittens (Catton 2014a). 

Persistence 

Snow tracking and other methods used to obtain genetic samples have confirmed persistence of 
lynx on the Superior National Forest and elsewhere across northeastern Minnesota since 
January 2002. There are 4 individual lynx in the database that have been detected over a 4 year 
period, 3 that have been detected over a 3 year period, and 12 that have been detected over a 2 
year period. The number of detections of an individual varies from just once to 31 times (Catton 
2014a). 

Population Level 

As of late January 2014 there were 973 samples contained in the DNA database. Of these 973: 
765 are lynx; 180 individual lynx genotypes identified, of which there are 88 females, 91 males 
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and 1 undetermined sex. Additionally, there are 37 samples that have been identified as F1 lynx-
bobcat hybrids with 12 unique genotypes, 4 female and 8 male. There have been no F2 hybrids 
detected (Catton 2014a). 

Population Status in Project area: 

Project site-specific surveys and known occurrences  

No site-specific surveys were conducted in this Project area. Incidental sightings and lynx sign 
(tracks, scat) have been reported along several of the main roads in the Project area. It is 
assumed that there is suitable habitat for a resident breeding population of lynx. We assume 
lynx presence throughout the Project area and considered their habitat needs when planning 
management activities. 

Minnesota’s lynx-hare cycles: No new information 

 

Factors Affecting Lynx Environment (see 2011 program-level BA, sect. 3.5 and sect. 4.5 of 2004 
program-level BA) 

Roads and trails:  

Lynx do not appear to be selecting for or against roads/trails when compared to random 
locations within the home range and the number of road/trail crossings per day was not 
correlated with increasing road/trail density within the home range (Terwilliger and Moen 
2012). 

Winter dispersed recreation: No new information 

Trapping and shooting:  

Two lynx were trapped and at least one was released unharmed during November 2013 (Catton 
2013, Cook County News Herald 2013).  

Vehicle collisions: No new information 

Other factors: No new information 
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4.2 Gray Wolf 

Ecology (see 2011 program-level BA, sect. 2.3 and sect. 3.3 of 2004 program-level BA) 

Home range and dispersal: No new information 

Diet: No new information 

Den site selection: No new information 

Mortality: No new information. 

Interspecific relationships with other carnivores: No new information 

Population dynamics: No new information 

 

Population Status (see 2011 program-level BA, sect. 2.4 and sect 3.4 of 2004 program-level BA) 

North America and Minnesota: 

Due to a Federal court decision, wolves in the western great lakes (MN, WI, and MI) were re-
listed as Threatened under the Endangered Species Act, effective December 19, 2014. It had 
previously been de-listed in 2011. Following the 2011 delisting, Minnesota allowed regulated 
wolf hunting during 3 hunting seasons, beginning with the 2012-13 season. The Project area falls 
within Minnesota’s Northeast Wolf Zone, where 41 wolves were harvested in the 2014 hunting 
season. Wolf hunting will not be allowed now that wolf has been relisted. 

Superior National Forest: No new information 

Population Status in Project area:  

Project site-specific surveys and known occurrences 

No site-specific surveys were conducted in this Project area. Incidental sightings and wolf sign 
(tracks, scat) have been regularly observed in the Project area. We assume wolf presence 
throughout the Project area and considered their habitat needs when planning management 
activities. 

 

Factors Affecting Wolf Environment (see 2011 program-level BA, sect 2.5 and sect. 3.5 of 2004 
program-level BA) 

Prey habitat: No new information  

Human access: No new information 

Other factors: No new information 
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4.3 Northern Long-eared Bat  

On April 2, 2015 the USDI Fish and Wildlife Service listed the northern long-eared bat (NLEB) as 
threatened under the Endangered Species Act (USDI FWS 2015b). Effective May 4 is an interim 4(d) rule 
that provides flexibility to landowners, land managers, government agencies and others as they conduct 
activities in NLEB habitat. No critical habitat is currently proposed for the species. 

The listing contains a detailed description of northern long-eared bat distribution, demography, habitat 
use, reproduction, and factors affecting population persistence. What follows is a summary of the USDI 
FWS finding with special emphasis on information pertinent to the Superior National Forest. Also 
included is information recently obtained by Superior National Forest biologists during the 2013 and 
2014 forest bat survey (Grandmaison et al. 2013, Catton 2014b) and acoustic monitoring since 2009. 
Forest bat surveys and acoustic monitoring continued in 2015, but at the time of this BA the results had 
not been compiled and there was no new information specific to the Barker Project area. 

 

Ecology 

Range and Distribution: 

The northern long-eared bat inhabits forested regions of the eastern to north-central United 
States and Canada, with northeast United States and eastern Canada considered the core range. 
Prior to the onset of WNS, throughout its range, the northern long-eared bat had wide but 
patchy distribution (NatureServe 2015). Reliable abundance estimates for the Midwest 
population of northern long-eared bats are not available but the Federal Register describes the 
species as “historically was considered one of the more frequently encountered bat species in 
the region” (USDI FWS 2015b). 

Habitat Use: 

Winter habitat 

Northern long-eared bats generally overwinter in hibernacula located in caves and abandoned 
mines. Characteristics of hibernacula typically include large entrances and passages, and 
consistently cool temperatures (32 – 48 °F) with high humidity and no air currents (Fitch and 
Shump 1979, Raesly and Gates 1987, Caceres and Pybus 1997).  

Summer habitat 

During the summer, northern long-eared bats are typically associated with forest habitat where 
they roost singly or in colonies in cavities and crevices in live and dead standing trees and under 
exfoliating bark (Foster and Kurta 1999, Lacki et al. 2009, Timpone et al. 2010). There appears to 
be a high degree of plasticity in roost site selection for this species (Lacki et al. 2009) with roost 
selection varying across forest characteristics (Amelon and Isabelle 2012). Research suggests 
that northern long-eared bats are less dependent on specific tree species or size as they are on 
the availability of trees that form cavities with suitable microclimates for roosting (Foster and 
Kurta 1999). Typically, trees greater than 3” d.b.h. are used (USDI FWS, 2015b). 
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Maternity habitat 

Maternity habitat is defined as suitable summer habitat used by juveniles and reproductive 
females that contains suitable foraging, roosting and commuting habitat. Reproductive females 
form maternity colonies where they gestate, give birth, and wean offspring. Females typically 
roost in tall, large-diameter trees (Lacki and Schwierjohann 2001) although specific roost 
selection varies with reproductive status (i.e., pre- and post-lactation periods) (Garroway and 
Broders 2008). Lactation period roosts tend to be characterized by more open canopies and low 
tree density surrounding the roost site than during other parts of the reproductive cycle 
(Garroway and Broders 2008). The variability in female roost selection is most likely related to 
the fact that the lactation is the most energetically demanding time period for both mothers and 
offspring (Racey and Swift 1981, Wilde et al. 1995, Wilde et al. 1999) and exposure of the roost 
tree to sunlight may aid in reducing the costs of thermoregulation (Perry and Thill 2007).  

Males and non-reproductive females will roost alone or in small groups and roost characteristics 
for these segments of the population differ from reproductive females (Broders and Forbes 
2004). Males are thought to roost in conifer-dominated stands whereas females form maternity 
colonies in mature, shade-tolerant deciduous stands (Menzel et al. 2002, Broders and Forbes 
2004). Forest stand characteristics selected by northern long-eared bats, however, vary across 
studies conducted in different portions of the species’ range (e.g., Perry and Thill 2007, Silvis et 
al. 2012).  

Staging/Swarming 

Northern long-eared bats exhibit fall swarming behavior prior to the onset of hibernation and 
spring staging after completing hibernation in the spring. Staging and swarming typically occurs 
in forested habitats within 5 miles of a hibernaculum (USDI FWS 2015b). This is an important 
period in the life cycle of bats for building up fat reserves and mating. Habitat for 
staging/swarming is a subset of suitable summer habitat. 

Migration 

As with many other bat species, northern long-eared bats migrate between their winter 
hibernacula and summer habitat. Overall, northern long-eared bats are not considered to be a 
long distance migrant (typically 40-50 miles) although known migratory distance can vary greatly 
between 5 and 168 miles (USDI FWS 2014a). 

Diet and Foraging Behavior: 

The northern long-eared bat has a broad diet that includes moths, flies, leafhoppers, caddisflies, 
and beetles (Griffith and Gates 1985, Nagorsen and Brigham 1993, Brack and Whitaker 2001). 
Most foraging occurs above the understory but beneath the canopy (Nagorsen and Brigham 
1993) where the bats capture their prey during flight and by gleaning insects off of vegetation. 
Foraging flights also take place in forest clearings, over water bodies, and along roads with peak 
foraging occurring shortly after sunset (Kunz 1973). 
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Population Status 

North America and Minnesota: 

The northern long-eared bat was once a relatively common species. However since the 
appearance of WNS, population of northern long-eared bat has declined by nearly 99% 
throughout much of its core range. As the diseased continues to spread westward further 
declines are being documented. 

Habitat for the northern long-eared bat is found in patchy distribution throughout the forested 
region of Minnesota and it is known to hibernate in 13 caves and mines within the state. The 
exact population level is not known, however it is expected to be at pre-WNS levels. In 2011-
2012, Pseudogymoascus destructans, the fungus that causes WNS was confirmed in the Soudan 
Underground Mine which serves as the largest known hibernacula for Myotine bats in 
Minnesota. However, to date, no bats have been documented exhibiting signs of the disease. 

Superior National Forest: 

This species has been detected in St. Louis, Lake, and Cook counties based on records in the 
Minnesota Department of Natural Resources (MNDNR) Natural Heritage Program database of 
element occurrences (MN DNR 2015) and netting on the Superior National Forest in 2013 
(Grandmaison et al. 2013), 2014 (Catton 2014b) and 2015 (unpublished data). Since 2009, the 
Superior National Forest has been conducting acoustic sound monitoring utilizing Anabat 
detectors on 5 permanent routes. 

Winter habitat on the Superior National Forest 

There are four known or suspected northern long-eared bat hibernacula within 5 miles of the 
Superior National Forest. Section 30 Mine is located on private land just outside of Ely, 
Minnesota and not monitored on a regular basis. Northern long-eared bats were documented 
wintering in this site in the 1990’s. Sudan Mine, the largest known hibernaculum in the state, is 
located approximately 5 miles outside the forest boundary. A third known hibernaculum for this 
species is located at Tettegouche State Park along the north shore of Lake Superior (MNDNR 
2015). This site is also not regularly monitored but was known to house wintering northern long-
eared bats in 1990 and 2003. This hibernaculum is located approximately 4 miles outside of the 
forest boundary about 9 miles from the nearest Forest Service lands. The fourth site is the Jack 
Lake mine. This mine is located within the Boundary Waters Canoe Areas Wilderness on the 
Tofte Ranger District. This is suspected hibernacula. It has never been monitored in the winter 
for bats; however during a site visit in September 2014 bats were found using it. 

Summer habitat on the Superior National Forest  

Suitable summer habitat (trees older than 9 years old) is abundant and well distributed across 
the Superior National Forest on public lands (federal, state and county). Although extremely 
seasonally dependent, in northeast Minnesota, northern long-eared bats typically use summer 
habitats between early April and late September (Nordquist 2006). 

Maternity Habitat on the Superior National Forest  

A pilot study initiated by the Superior National Forest in 2013 tracked northern long-eared bats 
to identify roost sites and has begun to define habitat characteristics (Grandmaison et al. 2013). 
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Though preliminary, these data confirm that northern long-eared bats utilize cracks and crevices 
in live and dead aspen (Populus tremuloides) and white pine (Pinus strobus). These trees were 
large (diameter at breast height [d.b.h.] > 11 in.) with heights ranging from 23.5 – 70.6 feet and 
were located on predominantly east facing aspects although slopes were generally gradual 
across the survey area. Canopy closure in the surrounding stands tended to be high (62 – 98%) 
though the roost trees had some level of exposure to sunlight during the day. Overall stand tree 
composition was variable in nature. In the 2014 survey efforts continued. Lactating females 
were found between mid-June and early July (Catton 2014b). Seven roost trees were located in 
2013 and 18 in 2014 on the Superior National forest. Live aspen were the predominant of the 
trees used ranging in size from 9-18 inches d.b.h. (Catton 2014b). 

Swarming and staging on the Superior National Forest  

Known swarming and staging areas (forested areas within 5 mile of hibernacula) are limited on 
the Superior National Forest. There are a total of 15,150 acres of National Forest lands that 
meet the criteria for swarming/staging areas (1.3% of the Superior National Forest). Fall 
swarming dates at Soudan mine have been documented as early August to mid-October and 
spring staging activity from late April to mid-June (Nordquist 2006). 

Population Status in Project area: 

Project site-specific surveys and known occurrences 

No known hibernaculum exist within five miles of the Barker project. No site-specific surveys for 
northern long-eared bat were conducted and no roost sites have been identified, but suitable 
summer habitat is widespread across the Project area. We assume bats are present in the 
Project area and considered their habitat needs when planning management activities. 

 

Factors Affecting Northern Long-eared Bats 

White-nose Syndrome: 

The USFWS assessment finds that the most severe and immediate threat to the long-term 
persistence of this species is the infectious disease known as white-nose syndrome (WNS). WNS 
is responsible for unprecedented mortality rates observed in the northeastern United States 
(Blehert et al. 2009, Brooks 2011, Turner et al. 2011) and poses an increasing threat to bat 
populations throughout North America. White-nose syndrome has spread rapidly throughout 
the northeast where an estimated 5.7 – 6.7 million bats have died and is currently spreading 
through the Midwest. 

Other threats: 

Other threats to the northern long-eared bat include modification to hibernacula, human 
disturbance during hibernation, wind-energy development, and loss of suitable summer roost 
habitat. However, these activities alone are not likely to have significant population-level effects 
(USDI FWS 2015). 
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5 Affected Environment and Environmental Consequences 

5.1 Canada Lynx  

5.1.1 Analysis Area  

Direct/Indirect Effects Analysis Area 

o Habitat indicators: The analysis area includes Lynx Analysis Units 29, 34, 36 and 37. 

o Human disturbance indicators: The analysis area includes federal roads within these LAUs . 

Figure 1: Lynx Analysis Units (LAUs) that overlap the Barker Project area. 

 

Table 5: LAUs selected for further analysis within Barker Project area. 

*Not analyzed further due to discountable number of Barker treatment acres (< 100 acres total) planned within these LAUs 

LAU LAU name LAU acres 
NFS habitat 
acres in LAU 

NFS habitat 
acres in Barker 

% of NFS habitat 
in Barker 

SNF 27* Cabin Lake 31,011 17,990 0 0 

SNF 29 Ninemile Lake 32,279 27,226 21,350 78.4 

SNF 32* Cedar Lake 41,676 38,744 1,208 3.1 

SNF 34 Barker Lake 17,940 15,186 13,348 87.9 

SNF 36 Holly Lake 34,721 26,619 3,279 12.3 

SNF 37 Pike Lake 27,835 18,437 14,757 80.0 

SNF 38* Devil Track Lake 40,213 25,359 37 0.1 
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Cumulative Effects Analysis Area 

Cumulative effects consider all ownerships within the Direct/Indirect Effects Area. Past actions are taken 
into account in the existing condition. Present and foreseeable (within ten years) actions are considered. 
See Appendix F of the Barker EA for a description of project activities considered in the Cumulative 
Effects analysis for this species. 

Analysis Timeframe 

o Existing condition: 2015 

o Direct/Indirect and Cumulative effects: 2015 -2024 

Rationale for the analysis area and timeframe: Lynx Analysis Units are, by definition, the smallest 
landscape-scale units used to determine direct, indirect, and cumulative effects for lynx. 

A reasonably foreseeable future timeframe of ten years (2024) is appropriate because it includes all 
known future projects and provides a reasonably reliable estimate of what is expected to happen. 
However there is still a degree of uncertainty on when other new future projects will occur in an analysis 
area since those projects have yet to be conceived, developed and implemented.  

 

5.1.2 Effects Analysis  

Indicators 

Lynx analysis indicators for this biological assessment serve as appropriate indicators for analysis of 
effects to proposed critical habitat and its constituent elements. This is because the indicators address 
relevant Primary Constituent Elements of lynx habitat - those physical and biological features that are 
essential to the conservation of the species. Table 6 crosswalks the lynx indicators to the Primary 
Constituent Elements described in the 2011 BA (USDA FS 2011). 

The following four elements are considered Primary Constituent Elements (PCE) of Critical Habitat: 

a) Presence of snowshoe hares and their preferred habitat conditions, including dense 
understories of young trees or shrubs tall enough to protrude above the snow; 

b) Winter snow conditions that are generally deep and fluffy for extended periods of time; 

c) Sites for denning having abundant coarse, woody debris, such as downed trees and root 
wads; and 

d) Matrix habitat (e.g., hardwood forest, dry forest, non-forest, or other habitat types that do 
not support snowshoe hares) that occurs between patches of boreal forest in close 
juxtaposition (at the scale of a lynx home range) such that lynx are likely to travel through 
such habitat while accessing patches of boreal forest within a home range. The important 
aspect of matrix habitat for lynx is that it allows unimpeded movement between patches of 
boreal forest. 
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Table 6: Analysis indicators and rationale for exclusion/inclusion (see 2011 program-level BA, sect. 3.5). 

  

Forest Plan BA Indicator PCE Use? Rationale for exclusion 

1. (a) Suitable and (b) unsuitable snowshoe 
hare habitat 

a Y  

2. Red squirrel habitat  N 
Studies since 2004 have shown this is not a 
key prey species for lynx (see 2011 BA). 

3. Denning habitat in patches > 5 acres c Y  

4. Percent of lynx habitat in LAUs with 
adequate canopy cover- upland forest > 4 
years old and lowland forest > 9 years old 

a, c, 
d 

Y  

5. Miles of ATV trails allowed b N Project proposes no changes to ATV trails. 

6. Miles of snowmobile trails allowed b N 
Project proposes no change to snowmobile 
trails. 

7. Miles of temp and OML 1 & 2 roads b Y 
Temp roads are discussed in the Cumulative 
Effects section. 

8. Policy on cross-country use of ATVs and 
snowmobiles 

b N 
Project proposes no change to policy on 
cross-country use of ATVs and snowmobiles. 

9. Policy on use of ATVs and snowmobiles 
on OML 1&2 roads 

b N 
This project proposes no change to policy on 
ATVs and snowmobile use of OML 1 and 2 
roads. 

Other Indicators PCE Use? Rationale for inclusion 

10. Acres of snowshoe hare habitat in which 
within habitat diversity would be 
increased through planting of conifer on 
Superior National Forest lands 

a Y 

To compare effects of alternatives on quality 
of snowshoe hare habitat (increasing small 
diameter conifers and stand structure). This 
will help assess O-WL-5 and O-WL-9. 

11. Acres and % of lynx habitat currently 
unsuitable on all ownerships 

a, c, 
d 

Y 
G-WL-3 (no more than 30% unsuitable on all 
ownerships). 

12. Cumulative change to unsuitable 
condition on NFS lands. (S-WL-1) 

a, c, 
d 

Y 
S-WL-1 (no more than 15% unsuitable in 10 
year period on NFS lands). 

13. Road and compacted trail density on all 
ownership 

b Y 
Provides information as per G-WL-8 (2 
mi/mi

2
). 



Superior National Forest  Barker Project Biological Assessment 

  Page 18 of 42  

Existing Conditions and Effects 

Table 7: Indicators of lynx habitat quality on National Forest System (NFS) lands projected under each 
alternative. Percent values are based on the total lynx habitat on NFS lands within the LAU. Boxed 
numbers refer to the indicators described in Table 6. 

Data source: Barker aml runs in May and June 2015. Acres may not be exact due to rounding. 

LAU 
Existing Condition 

2015 
No Action (Alt. 1) 

2024 
Alternative 2 

2024 
Alternative 3 

2024 

Acres % Acres % Acres % Acres % 

1a. Suitable snowshoe hare habitat: 

SNF 29 12,581 46.2 12,126 44.5 12,095 44.4 Same as Alt. 2 

SNF 34 5,913 38.9 6,149 40.5 6,111 40.2 Same as Alt. 2 

SNF 36 15,975 60.0 15,301 57.5 15,248 57.3 Same as Alt. 2 

SNF 37 9,311 50.5 8,242 44.7 8,451 45.8 8,603 46.7 

3. Denning habitat in patches > 5 acres: 

SNF 29 20,457 78.6 21,111 81.1 20,690 79.5 Same as Alt. 2 

SNF 34 10,908 74.4 11,487 78.3 10,994 74.9 Same as Alt. 2 

SNF 36 11,673 47.8 9,557 39.2 8,932 36.6 Same as Alt. 2 

SNF 37 9,685 53.6 9,828 54.4 7,962 44.0 8,414 46.5 

4. Connective habitat with adequate canopy cover: (upland forest >4 years old and lowland forest >9 years old) 

SNF 29 26,026 95.6 26,026 95.6 25,969 95.4 Same as Alt. 2 

SNF 34 14,669 96.6 14,669 96.6 14,632 96.4 Same as Alt. 2 

SNF 36 24,029 90.3 24,408 91.7 24,344 91.5 Same as Alt. 2 

SNF 37 18,077 98.1 18,077 98.1 18,045 97.9 Same as Alt. 2 

12. Cumulative 10-year change to unsuitable condition on NFS lands: 

SNF 29 318 1.2 332 1.2 332 1.2 Same as Alt. 2 

SNF 34 0 0.0 143 0.9 132 0.9 Same as Alt. 2 

SNF 36 578 2.2 2,959 11.1 2,935 11.0 Same as Alt. 2 

SNF 37 366 2.0 405 2.2 398 2.2 Same as Alt. 2 
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Table 8: Currently unsuitable lynx habitat on all ownerships. 

Data source: November 2012 monitoring and evaluation data for non-FS lands, and aml runs in May and June 2015 for NFS 
lands. 

 

Human disturbance/access Indicators 

Table 9: Road and compacted trail density by LAU. In this table “roads” include all ownerships of 
classified and unclassified roads and “trails” are those that are used most years for most of the snow 
season. Temporary roads (approx. 23 miles in the Barker Project area) created under the Action 
Alternatives 2 & 3 are the only roads being added; they would be closed apart from access necessary for 
management activities, and decommissioned a few years after being created. 

*All added roads are temporary. Data source: Data extracted from aml runs in May and June 2015 for NFS lands. 
 

Cumulative Effects 

Adverse cumulative effects on lynx are not expected from vegetation management activities in the 
Barker LAUs. Management activities on federal lands would result in 11% or less unsuitable habitat over 
the course of ten years under any alternative (Table 7, indicator 12). We expect many of the State forest 
acres to continue to provide habitat and that minimal timber harvesting will take place on private lands. 
The percentage of unsuitable lynx habitat on all ownerships would remain well below 30% under any of 
the alternatives (Table 8). Federal lands make up approximately 79% of the land area in Barker. The 
amount of habitat on federal lands should offset any short-term loss in habitat on nonfederal lands. 

LAU 
Total Lynx Habitat 11. Currently Unsuitable Habitat (2015) 

Acres Acres % 

SNF 29 31,875 458 1.4 

SNF 34 17,827 25 0.1 

SNF 36 34,868 1,218 3.5 

SNF 37 26,260 696 2.6 

LAU 
Land area  

(sq. mi) 

13. Road and compacted trails 

Existing & Alt. 1 

Miles of Road Added* 
Alt. 2 & 3 

Miles 
Density  
mi/mi

2
 

Change in  
road miles 

Density  
mi/mi

2
 

SNF 29 42.3 50.5 1.19 (+4.6) (1.30) 

SNF 34 27.8 52.6 1.90 (+4.4) (2.05) 

SNF 36 47.2 90.6 1.92 (+1.8) (1.96) 

SNF 37 51.9 63.8 1.23 (+11.6) (1.45) 
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Timber harvesting could benefit lynx by creating habitat for prey species. Denning and foraging habitat 
would continue to be adequately distributed throughout each LAU.  

As stated in the Programmatic BA, the greatest potential for cumulative negative impacts on lynx 
recovery is likely to be the result of human access. All temporary roads (approximately 23 miles) for this 
project would be decommissioned and are unlikely to have a measurable effect on lynx even when 
considered along with nonfederal temporary roads. 

Private land development and road building will continue, as will increased recreational demand in 
Barker. These activities could reduce the lynx competitive advantage and increase the risk of mortality. 
Residential development around lakes may reduce habitat quality. The high percentage (79%) of federal 
lands in these areas will help offset the negative effects from development that lynx may encounter on 
nonfederal lands. 

Insignificant or discountable effects are expected for lynx from all other activities considered in the 
Barker EA. Using fire for restoration or fuel reduction may temporarily reduce foraging conditions but is 
expected to improve prey habitat in five or more years. Fuel reduction and biomass activities may lead 
to the removal of downed trees which provide denning sites. Restoration activities such as mechanical 
site prep will generally leave overstory trees standing but reduce shrub cover. The cumulative effect of 
all these activities on denning is expected to be minimal due to the broad availability of denning habitat 
in these LAUs (Table 7, indicator 3). 

 

5.1.3 Consistency with Forest Plan 

Table 10: Compliance of alternatives with Forest Plan direction for lynx. 

Forest Plan 
Guidance 

Alts In 
Compliance 

Basis for 
Compliance 

Rationale 

O-WL-4:  

Maintain or improve 
habitat 

All 
All analysis 
indicators 

Alternative 1 (No Action) maintains existing lynx 
habitat; any improvement would be due to natural 
succession. Alternative 2 and 3 would improve lynx 
habitat by increasing within-stand diversity and 
structure through planting of conifers. All analysis 
indicators show that lynx habitat is maintained under 
all alternatives. 

O-WL-5:  

Seek opportunities 
to benefit TE spp. All 

Increasing 
conifer diversity 

by planting 
(Table 3) 

Alternative 1 (No Action) would have the lowest 
amount of human-related disturbance since there 
would be no need to create temp roads for access. 
alternatives 2 & 3 propose conifer planting within 
mature forest which may benefit lynx by leading to 
an increase in prey diversity or abundance. 



Superior National Forest  Barker Project Biological Assessment 

  Page 21 of 42  

Forest Plan 
Guidance 

Alts In 
Compliance 

Basis for 
Compliance 

Rationale 

O-WL-6:  

Reduce or eliminate 
adverse effects to 
TE 

All 
Operational 

Standards and 
Guidelines 

Temporary access in Alt. 2 & 3 would be limited in 
duration and roads obliterated and reforested when 
actions are completed. Apart from this short-term 
effect, road impacts are not expected to change from 
current conditions. With adherence to Operational 
Standards and Guidelines, adverse effects are not 
expected under any alternative. 

O-WL-7:  

Minimize building or 
upgrading roads in 
TE areas 

All 

Operational 
Standards and 

Guidelines, 

Indicator 13 
(Table 9) 

Road/trail densities would not change in any LAU, 
except for during the creation of temporary roads 
(~23 miles) under the Action Alternatives (2 & 3). All 
temporary roads needed to access harvest units 
would be obliterated and allowed to return to a more 
natural state once site objectives have been met. 

O-WL-8:  

Promote the 
conservation and 
recovery of Canada 
lynx 

All 
All analysis 
indicators 

All alternatives would maintain suitable habitat and 
avoid negative impacts. 

O-WL-9:  

Manage for hare 
and alt. prey habitat 

All 
Indicator 1a 

(Table 7) 

Prey habitat would be abundant and well-distributed 
in all alternatives. All alternatives maintain at least 
40% snowshoe hare habitat. alternatives 2 & 3 would 
slightly reduce snowshoe hare habitat over 10 years 
in all but LAU 37, where harvest would increase hare 
habitat due to the advanced age of the stands 
selected for treatment. 

O-WL-10:  

Provide foraging 
habitat in proximity 
to denning habitat 

All 
Indicator 3 
(Table 7) 

Denning habitat in patches greater than 5 acres is 
within 3 miles of adequate foraging habitat. See G-
WL-10 below. 

O-WL-11:  

Maintain habitat 
connectivity to 
reduce road 
mortality 

All 
Indicator 4 
(Table 7) 

Vegetative connectivity for movement across the 
LAUs is maintained with all alternatives (see O-WL-
10). Foraging and denning habitat would remain well 
distributed throughout the Project area in all 
alternatives. 
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Forest Plan 
Guidance 

Alts In 
Compliance 

Basis for 
Compliance 

Rationale 

O-WL-12:  

Participate in efforts 
to identify, map, 
and maintain 
linkage areas 

n/a n/a This effort is being conducted on a regional scale 

O-WL-13:  

Maintain 
competitive 
advantage of lynx in 
deep snow 

All 
Operational 

Standards and 
Guidelines 

All temporary roads needed to access harvest units 
would be obliterated and allowed to return to a more 
natural state once site objectives have been met. No 
other roads or trail creation is proposed. 

O-WL-14:  

Participate in efforts 
to reduce lynx 
mortality on roads 

n/a n/a 
This project is not specifically designed to reduce lynx 
mortality on roads. 

O-WL-15:  

In BWCAW, lynx 
habitat will result 
from natural 
processes 

n/a n/a 
This project does not occur in the BWCAW and will 
have no effect on lynx refugia habitat. 

G-WL-1:  

Moderate timing 
and intensity of 
management 
activities to 
maintain lynx 
habitat 

All 
Indicator 12 

(Table 7) 

Activities in alternatives 2 & 3 would take place over 
the course of ten years. There is sufficient habitat to 
accommodate changes. 

G-WL-2:  

Provide protection 
of known den sites 

All 
Operational 

Standards and 
Guidelines 

No den sites are known in the Project area. If one is 
discovered it would be protected. 

G-WL-3:  

No more than 30% 
of an LAU in 
unsuitable condition 
across all 
ownerships 

All 
Indicator 11 

(Table 8) 
No LAU has more than 30% currently in unsuitable 
condition across all ownerships.  
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Forest Plan 
Guidance 

Alts In 
Compliance 

Basis for 
Compliance 

Rationale 

S-WL-1:  

No more than 15% 
change to 
unsuitable in 10 
years on NFS lands 

All 
Indicator 12 

(Table 7) 

No more than 11% cumulative change in lynx 
unsuitable habitat on federal lands is expected within 
a ten year period in the Barker LAUs. 

G-WL-4:  

Maintain at least 
10% denning 
habitat in patches > 
5 acres 

All 
Indicator 3 
(Table 7) 

Denning habitat would remain well above the 10% 
threshold for all alternatives. 

G-WL-5:  

Following 
disturbance, retain 
at least 10% 
denning habitat 

n/a n/a 
This project is not proposing to salvage after a 
natural disturbance. 

S-WL-2:  

No net increase in 
groomed or 
designated over-
the-snow trails 

n/a n/a 
This project does not propose to create any new 
snow-compacting trails. 

G-WL-6:  

New over-the-snow 
routes should be 
designed to benefit 
lynx 

n/a n/a 
This project does not propose to create any new 
snow-compacting trails. 

G-WL-7:  

Close trails and 
roads that intersect 
with new snow-
compacting trails 

n/a n/a 
This project does not propose to create any new 
snow-compacting trails. 
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Forest Plan 
Guidance 

Alts In 
Compliance 

Basis for 
Compliance 

Rationale 

G-WL-8:  

Maintain road 
density at or below 
2 mi/mi

2 All 

Indicator 13 
(Table 9) 

Operational 
Standards and 

Guidelines 

Existing road/trail density all LAUs will remain at or 
below 2.0 mi/mi

2
 under all alternatives. Temporary 

roads are not considered when evaluating this 
guideline, as they will only be accessed to complete 
treatments and then decommissioned after being 
created, according to the Barker Operational 
Standards and Guidelines. 

G-WL-9:  

Do not upgrade or 
pave dirt or gravel 
roads 

n/a n/a 
This project does not propose to upgrade or pave dirt 
roads 

 

5.1.4 Determination of Effects for Canada Lynx 

Alternative 2 

Determination for Canada Lynx: May affect, not likely to adversely affect  

Determination for Canada Lynx Critical Habitat: May affect, not likely to adversely modify critical 
habitat 

Summary of Rationale: Alternative 2 would comply with Forest Plan management direction related to 
lynx and lynx critical habitat for all indicators. Effects from this Alternative are expected to be beneficial, 
insignificant, or discountable for the following reasons:  

o Forest conditions would continue to provide for lynx denning and foraging within the analysis area 
(Table 7). Snowshoe hare habitat is expected to change by a small percent from those conditions 
expected in the No Action Alternative. Lynx connectivity habitat would remain high on federal lands. 

o An increase in conifer as a forest stand component due to planting would improve hare cover 
habitat (Table 3). 

o The change in the amount of habitat in an unsuitable condition as a result of federal management 
actions over 10 years would remain below 12 percent for all LAUs (Table 7, indicator 12). 

o Unsuitable habitat on all ownerships would remain below 30% (Table 8). 

o Temporary road creation and subsequent closure are expected to have a short-term, insignificant 
effect on lynx. Road management conditions (Table 13, indicator 5) are not expected to change in 
the Barker project. 

o Cumulative effects are expected to be minimal and buffered by the high percentage of federal 
ownership (79%) in these LAUs. 

o Protection will be provided if any lynx den sites are found. 
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Alternative 3 

Determination for Canada Lynx: May affect, not likely to adversely affect  

Determination for Canada Lynx Critical Habitat: May affect, not likely to adversely modify critical 
habitat 

Summary of Rationale: Alternative 3 would comply with Forest Plan management direction related to 
lynx critical habitat for all indicators. Effects from this Alternative are expected to be beneficial, 
insignificant, or discountable for the following reasons: 

o Alternative 3 is identical to Alternative 2, apart from no harvest taking place in the Bally Creek Ski 
Trail area (Table 3). Alternative 3 would have fewer impacts than Alternative 2, though in terms of 
effects to lynx the difference between the Action Alternatives (2 & 3) is negligible. 
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5.2 Gray Wolf  

5.2.1 Analysis Area  

Direct/Indirect Effects Analysis Area 

o Prey habitat indicators: The analysis area for all indicators is federal lands within the Barker Project 
area. 

o Human access indicators: The analysis area for all indicators is federal roads within the Project area. 

Cumulative Effects Analysis Area 

Cumulative effects consider all ownerships within the Direct/Indirect Effects Area. Past actions are taken 
into account in the existing condition. Present and foreseeable (within ten years) actions are considered. 
See Appendix F of the Barker EA for a description of project activities considered in the Cumulative 
Effects analysis for this species. 

Analysis Timeframe 
o Existing condition: 2015 
o Direct/Indirect and Cumulative effects: 2015 -2024 

Rationale for the analysis area and timeframe: The analysis area boundaries are appropriate because 
they are large enough to overlap the territories of numerous packs and are an appropriate size to 
address the impacts to these packs. 

A reasonably foreseeable future timeframe of ten years (2024) is appropriate because it includes all 
known future projects and provides a reasonably reliable estimate of what is expected to happen. 
However there is still a degree of uncertainty on when other new future projects will occur in an analysis 
area since those projects have yet to be conceived, developed and implemented.  

 

5.2.2 Effects Analysis  

Indicators 

Table 11: Analysis indicators and rationale for exclusion (see 2011 program-level BA, sect. 2.5). 

Forest Plan BA Indicator Use? Rationale for exclusion 

1. Acres and percent of young upland forest <10 
years old (MIH 1, young) 

Y  

2. Acres and percentage of upland conifer (spruce 
and pine) >9 years old on all uplands (MIH 5, all 
but young) 

Y  

3. Miles of ATV trails N Project proposes no changes to ATV trails. 

4. Cross-country use policy for ATVs N 
Project proposes no change to policy on cross-
country use of ATVs. 

5. Miles of temporary and OML 1 roads Y  
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Existing Conditions and Effects 

Table 12: Indicators of wolf prey habitat quality on National Forest System (NFS) lands in the Barker 
project projected under each alternative. Boxed numbers refer to the indicators described in Table 11. 
Management Indicator Habitats (MIH) are discussed further in the Forest Plan Appendix C. 

Data source: Barker aml runs in June 2015. Acres may not be exact due to rounding. 

 
Human Access Indicators 

Table 13: OML 1 and temporary roads on National Forest System lands in the Barker Project area. 
Temporary roads (approx. 23 miles in the Barker Project area) created under the Action Alternatives 2 & 
3 are the only roads being added; they would be closed apart from access necessary for management 
activities, and decommissioned a few years after being created. 

*All changes to road indicators are temporary. Data source: Most recent GIS data available July 2015 for NFS lands. 
 

Cumulative Effects 

Harvest of timber on adjacent State land (~8% of the area within the Barker Project boundary) will add 
to the amount of forest converted to young age classes in Barker (up to roughly 600 additional acres.) 
Creation of young forest would provide browse for moose and deer, especially in large patches for those 
harvests adjacent to Barker Project stands, but effects to thermal cover are not known. This will cause 
short-term fragmentation of forests providing thermal cover, but overall the availability and distribution 
of thermal cover will not be significantly altered in the Project area (Table 12, Indicator 2). 
Underplanting and planting of conifer species will improve the within-stand diversity in units selected 
for treatment on Federal lands, and will improve the quality of those stands in the long run. Biomass and 
fuel treatments may change understory shrub density, but long-term thermal cover is more likely to be 
protected with reduced fuel loadings.  

As stated in the Programmatic BA, the greatest potential for cumulative negative impacts on wolf 
recovery is likely to be the result of human access. All temporary roads (~23 miles) for this project would 

Existing Condition 
2015 

No Action (Alt. 1)  
2024 

Alternative 2 
2024 

Alternative 3 
2024 

Acres % Acres % Acres % Acres % 

1. Acres and percent of young upland forest <10 years old (MIH 1): 

452 0.8 0 0 3,744 6.9 3,335 6.1 

2. Acres and percent of upland conifer (spruce and pine) >9 years old on all uplands (MIH 5): 

9,821 18.1 10,638 19.6 10,520 19.4 Same as Alt. 2 

Barker area  
(NFS lands, sq. mi) 

5. OML 1 and Temp Roads 

Existing & Alt. 1 

Miles of  OML 1 and Temp Roads 
Added/Decommissioned 

Alt. 2 & 3 

Miles 
Density  
mi/mi

2
 

Miles 
Density  
mi/mi

2
 

87.5 15.3 0.17 (38.3)* (0.44)* 
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be decommissioned and are unlikely to have a measurable effect on wolf even when considered along 
with nonfederal temporary roads. Taking other ownerships into account, low standard road densities 
may increase slightly; however, existing roads and grown-in corridors are likely to be used for the 
majority of access needs. Non-Forest Service road changes are likely to improve sight lines, but traffic 
speed may increase along with better sight-distance resulting in no change to effects to wolf and their 
prey. 

Private land development and road building will continue, as will increased recreational demand in 
Barker. These activities could increase the risk of wolf mortality. The high percentage (79%) of federal 
lands in these areas will help offset the negative effects from development that lynx may encounter on 
nonfederal lands. 

 

5.2.3 Consistency with Forest Plan 

Table 14: Compliance of alternatives with Forest Plan direction for wolf. 

Forest Plan 
Guidance 

Alts In 
Compliance 

Basis for 
Compliance 

Rationale 

O-WL-4:  

Maintain or improve 
habitat 

All 
Indicators 1 & 2 

(Table 12) 

Very little young upland forest (MIH 1) is present in 
the Barker area, and will disappear entirely in Alt. 1. 
Alt. 2 & 3 create young habitat through harvest, 
which may increase available foraging habitat for 
wolf prey species (deer and moose). Winter thermal 
cover (MIH 5) will be maintained at slightly less than 
20% of forested acres under all alternatives. Deer 
densities are likely to remain at current levels 
regardless of vegetation age since the availability of 
foraging habitat is not a limiting factor and severe 
winters have a greater effect on population levels. 

O-WL-5:  

Seek opportunities 
to benefit TE spp. 

All 

Indicator 1 
(Table 12) 

Increasing 
conifer diversity 

by planting 
(Table 3) 

Alternative 1 (No Action) would have the lowest 
amount of human-related disturbance since there 
would be no need to create temp roads for access. 
alternatives 2 & 3 would increase the amount of 
young forest in upland stands, which may improve 
wolf prey habitat. Underplanting and planting of 
conifer in Alt. 2 & 3 would improve the distribution of 
thermal cover across the Project area. 

O-WL-6:  

Reduce or eliminate 
adverse effects to 
TE 

All 

Operational 
Standards and 

Guidelines 

Indicator 5 
(Table 13) 

Temporary access in Alt. 2 & 3 would be limited in 
duration and roads obliterated and reforested when 
actions are completed. Apart from this short-term 
effect, road impacts are not expected to change from 
current conditions. With adherence to Operational 
Standards and Guidelines, adverse effects are not 
expected under any alternative. 
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Forest Plan 
Guidance 

Alts In 
Compliance 

Basis for 
Compliance 

Rationale 

O-WL-7:  

Minimize building or 
upgrading roads in 
TE areas 

All 

Operational 
Standards and 

Guidelines 

Indicator 5 
(Table 13) 

Road densities would not change in Alt. 2 or 3, except 
for during the creation of temporary roads. All 
temporary roads needed to access harvest units 
would be obliterated and allowed to return to a more 
natural state when actions are completed. No other 
road building or upgrading is planned. 

O-WL-17:  

Promote the 
conservation and 
recovery of gray 
wolf 

All 
All analysis 
indicators 

All alternatives provide adequate levels of suitable 
habitat and/or prey. 

S-WL-3:  

Mgmt. will be 
governed by Gray 
Wolf Recovery Plan

 

All 
All analysis 
indicators 

All alternatives were developed following the Gray 
Wolf Recovery Plan. 

G-WL-10:  

Provide for the 
protection of known 
active den sites 

All 
Operational 

Standards and 
Guidelines 

No dens are known in the Project area. Protection 
will be provided if any are found. 

 

5.2.4 Determination of Effects for Gray Wolf 

Alternative 2 

Determination for Gray Wolf: May affect, not likely to adversely affect  

Determination for Gray Wolf Critical Habitat: May affect, not likely to adversely modify critical habitat 

Summary of Rationale: Alternative 2 would comply with Forest Plan management direction related to 
gray wolf and its critical habitat for all indicators. Effects from this Alternative are expected to be 
beneficial, insignificant, or discountable for the following reasons:  

o Forest conditions would continue to provide adequate winter thermal cover for deer and moose 
(Table 12, indicator 2) in the Barker Project area.  

o There is little high-quality foraging habitat (MIH 1, young) available in the Barker project (Table 12, 
indicator 1). Alternative 2 would be beneficial to wolf by creating more foraging habitat for deer and 
moose. However, foraging habitat is not a limiting factor for deer as it is widely available and 
dispersed throughout the wolf’s mapped critical habitat on the Superior National Forest. 
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o Temporary road creation and subsequent closure are expected to have a short-term, insignificant 
effect on wolf. Road management conditions (Table 13) are not expected to change in the Barker 
project. 

o Cumulative effects are expected to be minimal and buffered by the high percentage (79%) of federal 
ownership in these LAUs. 

o Protection will be provided if any wolf dens are found. 

 

Alternative 3 

Determination for Gray Wolf: May affect, not likely to adversely affect  

Determination for Gray Wolf Critical Habitat: May affect, not likely to adversely modify critical habitat 

Summary of Rationale: Alternative 3 would comply with Forest Plan management direction related to 
gray wolf and its critical habitat for all indicators. Effects from this Alternative are expected to be 
beneficial, insignificant, or discountable for the following reasons: 

o Alternative 3 is identical to Alternative 2, apart from no harvest taking place in the Bally Creek Ski 
Trail area. Alternative 3 would have fewer impacts than Alternative 2, though in terms of effects to 
wolf the difference between the Action Alternatives (2 & 3) is negligible. 
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5.3 Northern Long-eared Bat  

5.3.1 Analysis Area  

Direct/Indirect Effects Analysis Area 

Federal lands within the project boundary. 

Cumulative Effects Analysis Area 

Cumulative effects consider all ownerships within the Direct/Indirect Effects Area. Past actions are taken 
into account in the existing condition. Present and foreseeable (within ten years) actions are considered. 
See Appendix F of the Barker EA fora description of project activities considered in the Cumulative 
Effects analysis for this species.  

Analysis Timeframe 

o Existing condition: 2015 

o Direct/Indirect and Cumulative effects: 2015 -2024 

Rationale for the analysis area and timeframe: The Project area is an appropriate size for analysis 
because it is large enough support the life history needs of northern long-eared bats during the 
summer active period. 

A reasonably foreseeable future timeframe of ten years (2024) is appropriate because it includes all 
known future projects and provides a reasonably reliable estimate of what is expected to happen. 
However there is still a degree of uncertainty on when other new future projects will occur in an analysis 
area since those projects have yet to be conceived, developed and implemented. 

 

5.3.2 Effects Analysis  

The Forest Plan does not provide direction specifically addressing bats. At the time of the listing, USDI 
FWS published an interim 4(d) rule that allows for purposeful take related to vegetation management as 
long as these activities include specific conservation measures. These 4(d) rule conservation measures 
served as the basis for Barker Project Operational Standards and Guidelines (OSGs) related to the 
northern long-eared bat (Section 6 of this document). The intent of these OSGs is to ensure the level of 
anticipated take is not likely to result in jeopardy to the northern long-eared bat. 

 

Analysis Indicators 

Indicators selected for analysis were drawn from the Forest-wide BA on the effects to the northern long-
eared bat from on-going timber harvest, tree removal for planting or fuels reduction, and prescribed 
burning projects from 2015 to 2017 on the Superior National Forest (USDA FS 2015a, USDI FWS 2015d). 
These indicators were chosen for consistency of effects analysis during the interim 4(d) rule period. 
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Table 15: Analysis indicators for the northern long-eared bat and rationale for inclusion. 

 

Existing Conditions and Effects 

Table 16: Availability of suitable summer habitat among forested habitats for the northern long-eared 
bat on National Forest System (NFS) lands in the Barker project projected under each alternative. Boxed 
numbers refer to the indicators described in Table 15. 

Data source: Barker aml runs for MIH 1 and MIH 9 in June 2015. Cedar acres were added, as they were not included as a MIH in 
the Forest Plan. Acres may not be exact due to rounding. 

Indicators Use? Rationale for inclusion 

Impacts to individual summer roosting bats: 

1. Acres of tree clearing in 
forests > 9 years old planned 
to occur between April 1 and 
September 30. 

Y 

If bats are present when tree clearing occurs there is a potential 
for bats to be disturbed or killed. Tree clearing that occurs within 
the swarming period or the summer roosting period could also 
impact individual bats by removing an occupied roost tree. For 
this analysis all forest types greater than 9 years old are 
considered suitable northern long-eared bat summer habitat. 

2. Acres and intensity of burning 
planned between April 1 and 
September 30. 

N 
This indicator was not selected since no prescribed burns are 
planned in Barker and pile burning takes place outside of the 
active period (usually in October or November). 

3. Acres of tree clearing and 
prescribed burning that occur 
during the pup season (May 1-
July 31). 

Y 

Bats are most at risk when tree clearing or fire occurs while pups 
are not able to fly (non-volant). This indicator is used to represent 
our best acreage estimates of treatments occurring during the 
non-volant pup season in any given year. 

Impacts to suitable summer habitat: 

4. Acres of suitable summer 
habitat (forests >9 years old) 

Y 

Management activities (such as timber harvest, tree removal for 
fuels reduction and planting/regeneration site preparation, and 
prescribed burning) may result in the permanent or temporary 
removal of suitable summer habitat (trees greater than 3” d.b.h.) 
for the northern long-eared bat. These activities may reduce the 
amount of habitat available for roosting, foraging or travel. Some 
timber harvest and prescribed burning can also improve and 
create habitat. 

Impacts to staging and swarming areas: 

5. Acres of tree clearing or 
prescribed burning planned in 
forests > 9 years old within 5 
miles of hibernacula 

N 
There are no known hibernacula within 5 miles of the project 
boundary. If any hibernacula were discovered, it would be 
protected. 

Existing Condition 
2015 

No Action (Alt. 1)  
2024 

Alternative 2 
2024 

Alternative 3 
2024 

Acres % Acres % Acres % Acres % 

4. Acres and percent of all forest >9 years old: 

53,750 99.2 54,202 100 50,172 92.6 50,580 93.3 
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Table 17: Estimated annual impact of Barker management activities on northern long-eared bat suitable 
habitat during the life of the project. Boxed numbers refer to the indicators described in Table 15. 

1 
Estimates based on the average amount of the given activity that occurs during the specific period (from USDA FS 2015A). 

2 
Calculation = Total planned activity acres * % likelihood activity will occur during specific period * 0.1 (spread over 10 years). 

3 
Percent of total suitable summer habitat in Barker based on Alternative (Table 16). 

4
Assumes 20-foot wide footprint for temporary roads. 

Tree removal activities that occur between April 1st and September 30th have the potential to remove 
trees that are being used as roost trees by northern long-eared bats (Table 17, Indicator 1). The most 
critical time is when pups have been born but are not yet able to fly (Table 17, Indicator 3). Individual 
bats could be harmed, harassed or killed as a result of any tree removal activities when bats are present, 
including timber harvest and tree removal for fuels reduction and site preparation for 
planting/regeneration. 

On an annual basis, harvest would only affect a fraction (~0.1 %) of the available habitat in the Barker 
Project area during the summer months (and especially during the pup non-volant period). Mechanical 
site preparation and fuels reduction activities largely occur during the summer active period, but these 
activities cut trees that are six inch dbh (diameter at breast height) or smaller, with a majority (~90%) of 
cut trees under four inch dbh and not considered suitable for roosting. It is also worth noting that the 
estimates provided in Table 17 are based on the acreage of the entire stand, which is generally greater 
than the actual acres of treatment. 

Percentage of Project Activity Acres Likely to Occur 
During a Specific Period 

Expected Annual Impact 

Alternative 2 

Expected Annual Impact 

Alternative 3 

Activity %
1
 Acres

2
 %

3
 Acres

2
 %

3
 

1. Estimate of tree clearing in forests > 9 years old planned to occur between April 1 and September 30 

Timber harvest 12 49 0.1 43 0.1 

Thinning 16 35 0.1 35 0.1 

Mechanical site prep 85 156 0.3 144 0.3 

Mechanical fuels reduction 90 231 0.5 231 0.5 

Temporary road construction
4 

12 0.6 <0.1 0.6 <0.1 

3. Estimate of tree clearing and prescribed burning that may occur during the pup season (May 1-July 31) 

Timber harvest 11 44 0.1 40 0.1 

Thinning 15 33 0.1 33 0.1 

Mechanical site prep 46 85 0.2 78 0.2 

Mechanical fuels reduction 46 118 0.2 118 0.2 

Temporary road construction
4 

11 0.6 <0.1 0.6 <0.1 
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Large patches (>300 ac) of mature upland forest retained in the Barker Project area met or exceeded 
Forest Plan standards and guidelines, and proposed harvest units were located adjacent to existing 
patches of young forest wherever possible in order to create larger mature patches in the future (see 
Appendix G of the Barker EA). Overall, suitable summer habitat conditions would constitute at least 92% 
of the forested area in Barker (Table 16) and would remain well distributed across the Project area. 

Cumulative Effects 

Timber harvest is the primary habitat modification by other landowners within the Barker boundary. 
These land owners regularly follow the Minnesota Forest Resource Council’s Site Level Guidelines (MFRC 
2013) which provide for the retention of reserve trees and snags within harvest units. Up to 600 acres of 
timber harvest are anticipated to occur or have recently occurred on State lands within the Barker 
project boundary, though whether these activities are planned during the bat’s active summer period is 
unknown. However, the State is also require to follow the 4(d) rule conservation measures if vegetation 
management activities are to be exempt from the take provision of ESA. Any harvest on state and 
county lands would further reduce available summer roosting habitat; however, this reduction would 
equate to a very small amount of the suitable summer habitat available on all ownerships, and would be 
buffered by the high percentage of federal ownership (79%) in the Barker Project area, only a small 
proportion of which would be subject to tree clearing at any particular time (Table 17). At the landscape 
scale, summer habitat will remain abundant and well distributed across all ownerships. Suitable summer 
habitat consists of a wide variety of forested/wooded habitats and may also include some adjacent and 
interspersed nonforested habitats (USDI FWS 2015b). 

White nose syndrome is likely to occur in the project within the next decade because the fungal 
causative agent has been detected in the Soudan Mine and the spread of this fungus across the country 
has been rapid (USDI FWS 2015c). Bats in Barker could be using the Soudan mine since it is less than 100 
miles west of the Project area and within the recorded migration distances for northern long-eared bats 
(up to 168 miles). However, we do not know where the bats in the Project area may be hibernating. 
Suitable hibernation habitat in cliffs or caves along the North Shore is not affected by this project and is 
also within migrating distance of the Project area. Any discovered hibernacula will be protected by law 
under the new ESA listing. 

  



Superior National Forest  Barker Project Biological Assessment 

  Page 35 of 42  

5.3.3 Consistency with Forest Plan 

The northern long-eared bat was not listed as threatened or endangered when the Forest Plan revision 
was completed (USDA FS 2004b). To compensate, we evaluated the alternatives proposed in the Barker 
EA for adherence to Forest Plan guidance that could protect or enhance suitable habitat for northern 
long-eared bat.  

Table 18: Compliance of alternatives with Forest Plan direction for northern long-eared bat. 

Forest Plan 
Guidance 

Alts In 
Compliance 

Basis for 
Compliance 

Rationale 

O-WL-4:  

Maintain or improve 
habitat 

All 
Indicators 4 
(Table 16) 

Suitable summer habitat for the northern long-eared 
bat would be available and well-distributed across at 
least 90% of the Project area during and subsequent 
to project activities under all alternatives. 

O-WL-5:  

Seek opportunities 
to benefit TE spp. All 

Pruning, release 
and planting 
treatments 

planned  

(Table 3) 

Interplanting and underplanting of conifers (~2,000 
acres) would improve habitat diversity and within-
stand structure under either Action Alternative (2 & 
3). Releasing and pruning on 48 acres could increase 
the number of large trees in those areas, improving 
potential roost sites.  

O-WL-6:  

Reduce or eliminate 
adverse effects to 
TE 

All 

Operational 
Standards and 

Guidelines 

Indicator 1 & 2 
(Table 17) 

Under Alt. 2 & 3, reserve areas, leave trees and 
retained snags could provide potential roost sites in 
harvested areas, and remaining live trees would 
accelerate natural regeneration (see G-TM-5 and 
MFRC guidelines). Vegetation management activities 
would be spread over a period of 10-15 years, and 
the amount of habitat impacted at any given time is 
expected to be a small fraction (<1 %) of all suitable 
summer habitat available in the Project area. OSGs 
protect known occupied roost sites and hibernacula. 

O-WL-7:  

Minimize building or 
upgrading roads in 
TE areas All 

Operational 
Standards and 

Guidelines 

Indicator 1 & 2 
(Table 17) 

Temporary access in Alt. 2 & 3 would be limited in 
duration and roads obliterated and reforested when 
actions are completed. Apart from this short-term 
effect, road impacts are not expected to change from 
current conditions. Forest cleared during the creation 
of temporary roads is expected to affect less than 
0.1% of suitable summer habitat within the Project 
area annually. 

MIH 12 & 13:  

Standards and 
guidelines for 
mature upland 
forest patches 

All 
Barker EA 

Appendix G 

Maintaining large patches (>300 ac) of mature upland 
forest was a consideration during project planning. 
Forest Plan standards and guidelines for Spatial Zone 
2 (where Barker is located) were maintained or 
exceeded (G-VG-1, G-VG-2, G-VG-4, G-VG-6, S-VG-2, 
S-VG-3, S-VG-5, S-VG-7). 
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5.3.4 Determination of Effects for Northern Long-eared Bat 

Alternative 2 

Determination for Northern Long-eared Bat: May affect and is likely to adversely affect northern long-
eared bat 

Summary of Rationale: Activities taking place during the breeding and summer active periods, generally 
April through October, may remove unknown summer roost sites and kill or injure individuals. However, 
Barker Project Effects from this Alternative are not likely to cause jeopardy to the northern long-eared 
bat for the following reasons:  

o Activities that could negatively impact individuals and cause take are limited in scope and duration, 
affecting less than 1% of all available suitable summer habitat in the Project area at any given time 
(Table 17). 

o Barker Operational Standards and Guidelines for large tree and snag retention are expected to 
provide and/or protect some of the trees suitable for summer roosting (Section 6).  

o Upland forests greater than nine years old in the Project area would constitute at least 92% percent 
of all forested habitat by 2024 (Table 16). Loss of suitable summer roost habitat alone is not likely to 
have significant population-level effects (USDI FWS 2015b). 

o Cumulative effects are expected to be minimal and buffered by the high percentage (79%) of federal 
ownership in these LAUs. 

o Summer bat roosting locations found during project activities would be protected by project 
mitigations that would reduce adverse effects to individuals.  

 

Alternative 3 

Determination for Northern Long-eared Bat: May affect and is likely to adversely affect northern long-
eared bat 

Summary of Rationale: Alternative 2 would comply with Forest Plan management direction related to 
TE species for all indicators. Effects from this Alternative would not cause jeopardy to the northern long-
eared bat for the following reasons:  

o  Alternative 3 is identical to Alternative 2, apart from no harvest taking place in the Bally Creek Ski 
Trail area. Alternative 3 would have fewer impacts than Alternative 2, though in terms of effects to 
the northern long-eared bat the difference between the Action Alternatives (2 & 3) is negligible. 
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6 Barker Operational Standards and Guidelines (TE) 
This section includes the operational standards and guidelines (OSG) specific to the Threatened and 
Endangered species analyzed in the document. This does not include every OSG that may contribute to 
the protection of TE species or their critical habitats. For a complete list, please refer to the Barker EA 
(Appendix D) and the Forest Plan. 

  All Threatened and Endangered species 

BR-WL-1 A list of species of concern and important habitat components will be provided by the 
Biologist to the implementation crew prior to layout operations. If any threatened, 
endangered or sensitive animals or their nests, dens or roost trees are found during 
planning layout or operations, activities would be temporarily halted in the area and the 
Biologist would be notified. The Biologist would assess the risk to species and where 
appropriate mitigation measures would be implemented prior to restarting operations. 
The Forest Plan, recovery plans and conservation strategies will be used when making 
mitigation recommendations. 

Lynx 

G-WL-2  Provide for the protection of known active den sites during denning season.  

Gray Wolf 

G-WL-10  Provide for the protection of known active gray wolf den sites during denning season.  

 Northern Long-eared Bat (and RFSS bats) 

BR-WL-2   Known, occupied roost trees will not be cut during the pup season (June 1 – July 31), 
and no clearcuts or similar harvest methods that remove overstory trees (apart from 
hazard tree removal) will be permitted within a ¼ mile buffer during that period. 

BR-WL-3  If bat hibernacula were discovered in or adjacent to the Project area, no activities would 
be permitted within a ¼ mile buffer. 

Temporary Roads 

S-TS-3  As soon as access use is completed, stabilize temporary roads and effectively close them 
to motorized traffic. Vegetation will be established within 10 years after the termination 
of the contract, lease, or permit. 

G-TS-13  Locate temporary roads in areas where they minimize resource damage. 

S-TS-3  Temporary roads are generally not intended for public use, but public use may be 
temporarily allowed if needed to meet management objectives. 

  Mature Upland Patches (Spatial Zone 2) 

G-VG-4  Maintain at minimum 1 mature upland patch >10,000 acres. 

S-VG-5  Maintain a minimum of 11,700 acres in patches >10,000 acres. 

G-VG-6  Maintain a minimum of 14 patches of mature and older upland forest in patches >1,000 
ac. 
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S-VG-7  Maintain a minimum of 54,400 acres in mature upland patches >300 ac. 

  Timber 

G-TM-5  In stands 20 acres or larger that were regenerated with clearcuts, retain a minimum of 
5% of the stand in legacy patches of live trees where no harvest occurs. Wherever 
possible these should be at least two acres in size. These legacy patches will protect soil 
organic matter and associated organisms and remaining vegetation will aid in the re-
colonization of the adjacent managed area.  

MFRC-TM-1  Legacy patches should be no less than ¼ acre in size (MFRC, Chap. 2, Wildlife Habitat, 
pg. 44). When locating legacy patches or leave tree clumps consider including important 
features such as wetland inclusions, seasonal ponds, riparian areas, forested corridors, 
den trees, cavity trees, trees with stick nests, large mature white pine, rare plant 
locations and rare native plant communities (MFRC, Timber Harvesting, pg. 35). Patches 
should be in representative habitats throughout the site (MFRC, Chap. 2, Wildlife 
Habitat, pg. 43).  

MFRC-TM-2  In general, retain a minimum of 6-12 live leave trees per acre to provide present and 
future benefits including shelter, resting sites, cavities, perches, rest sites, foraging sites, 
mast, and coarse woody debris. The trees will be at least six inches in diameter and 
include at least two trees per acre from the largest size classes available on site. A 
variety of species would be selected for within-stand species and structural diversity. 
Retain leave trees based on species, size, condition, and economic value. Retaining leave 
trees to benefit one resource may simultaneously fulfill guidelines focused on another 
resource. (MFRC, General Guidelines, pg. 75-77, Updated Sept 2012). 

MFRC-TM-3  Leave trees may be left individually or in clumps ranging from ¼ ac and larger. Minimal 
harvest within clumps is acceptable (down to a minimum of 80 BA) as long as the 
integrity of the clump or key leave trees is not disturbed, and as long as the clump is not 
doubling as a legacy patch (MFRC, Timber Harvesting, pg. 35).  

MFRC-TM-4  Unmerchantable trees, dead standing trees and trees not designated for harvest will be 
left. The operator will be allowed to fell (and leave in place) a portion of these trees in 
areas where deemed necessary to facilitate the logging operations, as well as for safety 
reasons (MFRC, Timber Harvesting, pg. 33).  

MFRC-TM-5  “Consider retaining more than the recommended number of leave trees in harvest sites 
of greater than 100 acres. This practice would better mimic natural disturbances, such 
as fire and windstorm” (MFRC, Timber harvesting, pg. 40).  
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7 Monitoring  
The Forest Plan identifies two monitoring elements related to threatened and endangered species and 
relevant to the vegetation management activities proposed in the Barker Project (Chapter 4, Table 
MON-4): 

To what extent is Forest management contributing to the conservation of threatened and endangered 
species and moving toward short term (10-20 years) and long-term (100 years) objectives for their 
habitat conditions and population trends? 

To what extent is the Forest maintaining no net increase in groomed or designated over-the-snow trail 
routes unless the designation effectively consolidates use and improves lynx habitat through a net 
reduction of compacted snow areas? 

Additional Monitoring Elements:  

Forest wide bat monitoring is planned to continue on the Superior National Forest. 

 

8 Signature 
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Superior National Forest  Barker Project Biological Assessment 

  Page 40 of 42  

9 Literature Cited 
Amelon, S., and A. Isabelle. 2012. Draft conservation assessment – Myotis septentrionalis (northern long-eared 

bat) in the eastern United States. USDA Forest Service, Northern Research Station, Columbia, Missouri. 

Blehert, D. S., A. C. Hicks, M. Behr, C. U. Meteyer, B. M. Berlowski-Zier, E. L. Buckles, J. T. H. Coleman, S. R. Darling, 
A. Gargas, R. Niver, J. C. Okoniewski, R. J. Rudd, and W. B. Stone. 2009. Bat white-nose syndrome: an 
emerging fungal pathogen? Science 323:227.  

Brack, V. Jr., and J. O. Whitaker, Jr. 2001. Foods of the northern Myotis, Myotis septentrionalis, from Missouri and 
Indiana, with notes on foraging. Acta Chiropterologica 3:203-210. 

Broders, H. G., and G. J. Forbes. 2004. Interspecific and intersexual variation in roost-site selection of northern 
long-eared and little brown bats in the Greater Fundy National Park Ecosystem. Journal of Wildlife 
Management 68:602-610. 

Brooks, R. T. 2011. Declines in summer bat activity in central New England 4 years following the initial detection of 
white-nose syndrome. Biodiversity and Conservation 20:2537-2541. 

Caceres, M. C., and M. J. Pybus. 1997. Status of the northern long-eared bat (Myotis septentrionalis) in Alberta. 
Alberta Environmental Protection, Wildlife Management Division, Wildlife Status Report No. 3. Edmonton, 
AB. 

Catton, T. 2012. Summary results of 2012 Canada lynx DNA _FINAL.pdf. On file at Superior National Forest, Duluth, 
MN. 

Catton, T. 2013. Email of incidental lynx trapping, Dec. 2, 2013. 

Catton, T. 2014a. Summary results of 2013 Canada lynx DNA _FINAL.pdf. On file at Superior National Forest, 
Duluth, MN. 

Catton, T. 2014b. Summary of the 2014 Minnesota Northern Long-eared Bat Summer Habitat Use in Minnesota 
Project (Preliminary Report). USDA Forest Service, Superior National Forest. 

Cook County News-Herald. 2013. Cook County Law Enforcement briefs, page B11, December 7, 2013. Grand 
Marais, MN. 

Fitch, J. H., and K. A. Shump, Jr. 1979. Myotis keenii. Mammalian Species 121:1-3. 

Foster, R. W., and A. Kurta. 1999. Roosting ecology of northern bat (Myotis septentrionalis) and comparisons with 
the endangered Indiana bat (Myotis sodalis). Journal of Mammalogy 80:659-672. 

Frame, C. 2010. Burning and Bats: Fire’s Effect on the Endangered Indiana Bat. JFSP Briefs. Paper 97. 
http://digitalcommons.unl.edu/jfspbriefs/97 

Garroway, C. J., and H. G. Broders. 2008. Day roost characteristics of northern long-eared bats (Myotis 
septentrionalis) in relation to female reproductive status. Ecoscience 15:89-93. 

Grandmaison, D. D., K. Kirschbaum, and T. Catton. 2013. Superior National Forest bat monitoring: summary of 
2013 survey effort. USDA Forest Service, Superior National Forest. 

Griffith, L. A., and J. E. Gates. 1985. Food habits of cave-dwelling bats in the central Appalachians. Journal of 
Mammalogy 66:451-460. 

Handler, S., M. J. Duveneck, L. Iverson, E. Peters, R. M. Scheller, K. R. Wythers, L. Brandt, P. Butler, M. Janowiak, P. 
D. Shannon, C. Swanston, K. Barrett, R. Kolka, C. McQuiston, B. Palik, P. B. Reich, C. Turner, M. White, C. 
Adams, A. D'Amato, S. Hagell, P. Johnson, R. Johnson, M. Larson, S. Matthews, R. Montgomery, S. Olson, 
M. Peters, A. Prasad, J. Rajala, J. Daley, M. Davenport, M. R. Emery, D. Fehringer, C. L. Hoving, G. Johnson, 

http://digitalcommons.unl.edu/jfspbriefs/97


Superior National Forest  Barker Project Biological Assessment 

  Page 41 of 42  

L. Johnson, D. Neitzel, A. Rissman, C. Rittenhouse, and R. Ziel. 2014. Minnesota forest ecosystem 
vulnerability assessment and synthesis: a report from the Northwoods Climate Change Response 
Framework project. Gen. Tech. Rep. NRS-133. Newtown Square, PA; U.S. Department of Agriculture, 
Forest Service, Northern Research Station. 228 p. 

Kunz, T. H. 1973. Resource utilization: temporal and spatial components of bat activity in central Iowa. Journal of 
Mammalogy 54:14-32. 

Lacki, M. J., D. R. Cox, and M B. Dickinson. 2009. Meta-analysis of summer roosting characteristics of two species of 
Myotis bats. American Midland Naturalist 162:318-326. 

Lacki, M. J., D. R. Cox, L. E. Dodd, and M B. Dickinson. 2009. Response of northern bats (Myotix septentrionalis) to 
prescribed fire in eastern Kentucky forests. Journal of Mammology, 90(5):1165-1175. 

Lacki, M. J., and J. H. Schwierjohann. 2001. Day-roost characteristics of northern bats in mixed mesophytic forest. 
Journal of Wildlife Management 65:482-488. 

Menzel, M. A., S. F. Owen, W. M. Ford, J. W. Edwards, P. B. Wood, B. R. Chapman, and K. V. Miller. 2002. Roost tree 
selection by northern long-eared bat (Myotis septentrionalis) maternity colonies in an industrial forest of 
the central Appalachian Mountains. Forest Ecology and Management 155:107-114. 

Minnesota Department of Natural Resources (MN DNR). 2015. Biotics rare features database. St. Paul, MN. 

Minnesota Forest Resources Council (MFRC). 2013. Sustaining Minnesota Forest Resources: Voluntary Site-Level 
Forest Management Guidelines for Landowners, Loggers and Resource Managers. St. Paul, Minnesota. 
Available at http://mn.gov/frc/ 

Nagorson, D. W., and R. M. Brigham. 1993. The mammals of British Columbia. 1. Bats. University of British 
Columbia Press, Vancouver, British Columbia, Canada. 

NatureServe. 2015. http://www.natureserve.org/ . Accessed July 20, 2015. 

Nordquist, G. E., K. A. Lynch, and C. A. Spak. 2006. Timing and pattern of bat activity at Soudan Underground Mine. 
Minnesota Department of Natural Resources, Biological Report No. 88. 

Perry, R. W., and R. E. Thill. 2007. Roost selection by male and female northern long-eared bats in a pine-
dominated landscape. Forest Ecology and Management 247:220-226. 

Racey, P. A., and S. M. Swift. 1981. Variation in gestation length in a colony of pipistrelle bats (Pipistrellus 
pipistrellus) from year to year. Journal of Reproduction and Fertility 61:123-129. 

Raesly, R. L., and J. E. Gates. 1987. Winter habitat selection by north temperate cave bats. American Midland 
Naturalist 118:15-31. 

Silvis, A., W. M. Ford, E. R. Britzke, N. R. Beane, and J. B. Johnson. 2012. Forest succession and maternity day roost 
selection by Myotis septentrionalis in a mesophytic hardwood forest. International Journal of Forestry 
Research 2012:1-8. 

Terwilliger, L. and R. Moen. 2012. Canada lynx (Lynx canadensis) in Minnesota: Road Use and Movements within 
the Home Range. Center for Water and Environment, Natural Resources Research Institute, University of 
Minnesota, Duluth, MN. 

Timpone, J., J. Boyles, K. Murray, D. Aubrey, and L. Robbins. 2010. Overlap in roosting habits of Indiana bats 
(Myotis sodalis) and northern bats (Myotis septentrionalis). American Midland Naturalist. 163: 115-123. 

Turner, G. G., D. M. Reeder, and J. T. H. Coleman. 2011. A five-year assessment of mortality and geographic spread 
of white-nose syndrome in North American bats and a look to the future. Bat Research News 52:13-27. 

 

http://mn.gov/frc/
http://www.natureserve.org/


Superior National Forest  Barker Project Biological Assessment 

  Page 42 of 42  

USDA Forest Service (USDA FS)  

2015a. Biological Assessment of Effects to Northern Long Eared Bat from the Implementation of On-Going 
Timber Harvest, Tree Removal for planting or Fuels Reduction, and Prescribed Burning Projects 
(2015-2027) on the Superior National Forest. Superior National Forest, Duluth, MN. 

2015b. Programmatic Biological Assessment- Northern Long-eared Bat- for Land and Resource 
Management Plans of the Forest Service Eastern Region. Eastern Region Regional Office, 
Milwaukee, WI. 

2014. Barker Project Scoping Report. Superior National Forest, Grand Marais, MN. 

2011a. Programmatic Biological Assessment for Federally Listed Species: Gray wolf, Canada lynx, and their 
critical habitats for the Superior National Forest. Superior National Forest, Duluth, MN. 

2006. Non-native Invasive Plant Management Project Environmental Assessment (EA). Superior National 
Forest, Duluth, MN. 

2004a. Forest Plan Revision Biological Assessment. Superior National Forest, Duluth, MN. 

2004b. Land and Resource Management Plan (a.k.a. Forest Plan). Superior National Forest, Duluth, MN. 

Most USDA Forest Service, Superior National Forest Plan Revision documents are available at 
http://www.fs.usda.gov/main/superior/landmanagement/planning 

USDI Fish and Wildlife Service (USDI FWS) 

2015a. Letter from Field Supervisor. On file at Superior National Forest, Duluth, MN. 

2015b. Endangered and Threatened Wildlife and Plants; Threatened Species Status for the Northern Long-
Eared Bat With 4(d) Rule. Federal Register, April 2, 2015. Available at 
http://www.regulations.gov, search ID: FWS–R5–ES–2011–0024; 4500030113. 

2015c. Current white-nose syndrome occurrence map. Accessed July 20, 2015 at: 
http://whitenosesyndrome.org/about/where-is-it-now 

2015d. Biological Opinion of Effects to Northern Long Eared Bat from the Implementation of On-Going 
Timber Harvest, Tree Removal for planting or Fuels Reduction, and Prescribed Burning Projects 
(2015-2027) on the Superior National Forest. On file at Superior National Forest, Duluth, MN. 

2011. Biological opinion for the Revised Land and Resource Management Plan for the Superior National 
Forest. On file at Superior National Forest, Duluth, MN. 

Wilde, C. J., M. A. Kerr, C. H. Knight, and P. A. Racey. 1995. Lactation in verpertilionid bats. Symposium of the 
Zoological Society of London 67:139-149. 

Wilde, C. J., C. H. Knight, and P. A. Racey. 1999. Influence of torpor on milk protein composition and secretion in 
lactating bats. Journal of Experimental Zoology 284:35-41. 

Wisconsin Department of Natural Resources (WI DNR). 2013. Climate change Impacts on Wisconsin’s Wildlife. 
Technical Bulletin No. 197. Available at http://dnr.wi.gov/files/PDF/pubs/ss/SS0197.pdf 

 

http://www.fs.usda.gov/main/superior/landmanagement/planning
http://www.regulations.gov/
http://whitenosesyndrome.org/about/where-is-it-now
http://dnr.wi.gov/files/PDF/pubs/ss/SS0197.pdf


!.

!.

Tait
LakeKawishiwi Lake

to Sawbill

Mississippi
Creek

Cabin
Creek

Baker-Homer-
Brule Lakes

332

342

166

12
10

LC7

33
7

CC4 141
0

161

343

158

157

123
3

341

336

344

1855

CC2

164

333

170

1209

1412

184
9

12
39

1219

332

333

MN61

CC2

170

CC
4

LC7

166

15
8

164

344

340
332

161

348

338

341

331
CC3

CC7

333

346

CC1

343

339

350

34
2

CC57

354

CC45

1855

336

12
10

33
7

LC8

15
7

1223

358

1220

1226

12
35

CC6

CC18

CC8

329

12
73

356

15
9

1244
13

67

1287

16
1E

CC27

CC42

1427

126
6

CC48

355

CC44

TW
P-S

UG
AR

LO
AF

CC13

CC95

SU60N06W15NENW

U7
337

02

170

LC
7

Tofte

Lutsen

T

Pike

Clara

Devil Track

Caribou

Wilson

Alton

Tait

Elbow

Crescent

Phoebe

Windy

Fourmile

Frear

Toohey

Harriet

Lichen

Timber

Ninemile

Whitefish

Deer Yard

Crooked

White Pine

Kawishiwi

Little Cascade
Grace

Perent

Sawbill CascadeBurnt

Silver Island

Legend
Barker Project Area
mainroadssel
RACR Areas
Roads
RoadlessAreaConservationRule_RACR
BWCA Wilderness
Other Ownership
Lakes

!. Cities

Vicinity Map Barker 
Project Area
Tofte Ranger District
Superior National Forest
May 2014

!.

!.Tofte

Grand Marais

Superior National Forest

Barker Project Area

1 0 1 2 3 4 50.5
Miles

²



From: Smith, Tamara
To: freli001@umn.edu
Subject: Lynx SSA Workshop Oct. 13-15
Date: Friday, September 25, 2015 9:56:28 AM
Attachments: 2015 09 18 LTR Bush_Presenters Re_Lynx SSA Expert Workshop Invite.pdf

Attachment 1 - Invitational Traveler Form.pdf
Attachment 2 - Hotel Information for Lynx SSA Expert Elicitation Workshop.pdf

Dr. Frelich,

Please see the attached invitation to participate in the Oct. 13-15 Lynx SSA  Workshop in
Minneapolis, along with the hotel information and invitational traveler form (both also
attached).  We are inviting you due to your climate change expertise in Minnesota. 

Because we needed to keep the panel to a manageable number (10-12) while also getting
representation from across the range of the DPS and in southern Canada, there are other
researchers and experts (like you) who we were unable to invite to participate as panelists. 
Nonetheless, we believe that your expertise is also critical to these discussions and we invite
you to participate in the workshop by presenting your research results and/or management
insights for consideration by the expert panel.

I hope you are interested and available to participate in the workshop.  If you are unable to
attend, please let me know at your earliest convenience.

The workshop facilitators and I will be in touch over the coming weeks to provide additional
information on the structured process for the workshop and other details.

Please email or call Jim Zelenak (jim_zelenak@fws.gov (406) 449-5225 ext. 220) if you have any
questions, and thanks again for your willingness to participate in this effort.

Cheers!
-Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:tamara_smith@fws.gov
mailto:freli001@umn.edu
mailto:jim_zelenak@fws.gov


Hotel Information for Lynx SSA Expert Elicitation Workshop, Oct. 13-15, 2015 
 
Crowne Plaza - near Minneapolis Valley Wildlife Refuge and Mall of America  
3 Appletree Square,  
Bloomington, MN 55425  
(952) 854-9000;  $140.00 govt rate  
 
 Breakfast provided with guest room via Voucher  

 
 Rooms are being held under US Fish and Wildlife Service. 

 
 Cutoff date for room reservations are September 30, 2015, so please make your reservation 

immediately.  Thank you! 
 
Airport Shuttle.  Complimentary 24-hour airport shuttle service, every 30 minutes on demand.  MSP 
Airport Shuttle to Hotel Directions: Please follow signs to Ground Transportation to Hotel Pick-up area. 
Call hotel directly at (952) 854-9000 and tell the receptionist which terminal you are located (Terminal 
One/Main or Terminal Two/old Humphrey, how many guests are in your party, and they will give you an 
estimated time the shuttle will arrive. Please look for the BLACK Crowne Plaza shuttle as there are many 
Crowne Plaza’s in the area and we want you to come to the right location.  
 
http://www.cpmspairport.com/ 
 

http://www.cpmspairport.com/
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Other Special Instructions



        United States Department of the Interior 
 Fish and Wildlife Service 
  Ecological Services 
  Montana Field Office 
  585 Shepard Way, Suite 1 
      Helena, Montana 59601-6287 
        Phone: (406) 449-5225  Fax: (406) 449-5339 
 
 

September 18, 2015 
 
Dear Scientist: 
 
 
The U.S. Fish and Wildlife Service (Service) is conducting a species status assessment (SSA) for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis), which is listed as threatened under the Endangered Species Act.  As part of the 
SSA, we have partnered with state and other federal agencies in the range of the lynx DPS to 
convene a facilitated expert elicitation workshop.  The objective of the workshop is to assess the 
current status of and threats to the various DPS populations and to evaluate the DPS's viability 
under a range of future threat, habitat condition, and climate scenarios. 
 
We lack adequate empirical data on many aspects of lynx population dynamics in the DPS range 
(e.g., historic numbers and distributions; current sizes and trends of most DPS populations; 
landscape-level snowshoe hare [Lepus americanus] densities needed to support lynx across the 
range; periodicity, rates, and importance of immigration of lynx from Canadian populations; 
etc.).  We have assembled a panel of lynx experts most familiar with each of the DPS 
populations and whose knowledge, professional judgments, and opinions we will elicit to inform 
our understanding of lynx status, the nature and magnitude of potential threats, and the likelihood 
of their future persistence.    
 
Because we needed to keep the panel to a manageable number (10-12) while also getting 
representation from across the range of the DPS and in southern Canada, there are other 
researchers and experts (like you) who we were unable to invite to participate as panelists.  
Nonetheless, we believe that your expertise is also critical to these discussions and we invite you 
to participate in the workshop by presenting your research results and/or management insights 
for consideration by the expert panel. 
 
The workshop will be held October 13-15, 2015 in Minneapolis, Minnesota.  In addition to 
expert panelists, we have invited participation from other experts (boreal forest ecology, hare 
population dynamics, climate modeling and projections, and the regulatory environment as it 
pertains to lynx) who will present information for consideration by the expert panel.  A small 
number of federal and state wildlife managers also will be present to observe the process.  Our 
facilitators may reach out to you before the workshop; please feel free to ask them any questions 
that you might have regarding the process and your role. 
 

 
 



Your participation is very important, therefore, if needed, the Service will provide funding to 
cover travel, lodging, and per diem expenses.  In order for the Service to provide this, we will 
need you to complete the highlighted sections of the attached form (Attachment 1 - FBMS 
Vendor Request Form) and fax it (406-449-5339) to Sharon Hooley or Kaimy Marks, 
Administrative staff.  Please submit this form as quickly as possible.  If you prefer you may call 
Sharon or Kaimy at (406) 449-5225, ext. 203 (Sharon) or 207 (Kaimy) and provide the 
information over the phone.  Please feel free to call either if you have any additional questions 
about travel.   
 
A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis Airport 
(See Attachment 2 for additional hotel information).  The workshop will be held in a conference 
room at the hotel.  We will start at 1pm on Tuesday, October 13 and finish up no later than 5pm 
on Thursday, October 15.  The block of rooms, at the government rate of $140/night, is being 
held until September 30.  Please call the Crowne Plaza Hotel at 952-854-9000 and reference the 
USFWS to reserve your room.  Please note that the cancellation policy for this hotel is 24 hours 
prior to check-in. 
 
Please let us know if you are unable to attend.  Having a strong scientific basis to inform the lynx 
SSA is essential, and your input would be greatly appreciated.  Please contact Jim Zelenak 
(jim_zelenak@fws.gov, 406-449-5225 x220, or Jodi Bush (Jodi_bush@fws.gov, 406-449-5225) 
if you have questions or need any further information. 
 

 
 
Sincerely, 
 

 
Jodi L. Bush 
Field Supervisor 
 
 

Attachments (2) 
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From: Smith, Tamara
To: Bush, Jodi
Subject: Re: lynx SSA workshop WI - contact - got your message
Date: Friday, September 25, 2015 10:02:24 AM

Ok - I'll let you know what I find out.  I just left a message with Owen Boyle.

On Fri, Sep 25, 2015 at 9:19 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
That would be great -thanks.  Our Wisconsin reps from the Bureau of Wildlife Mgmt were
John Olson, David McFarland and then John White from Bureau of Natural Heritage
Conservation.  I'm just trying to figure out if they know that he nominated himself and
whether Wisc supports it.  We don't have room on the panel but I could make him an
observer....

I have left messages with Director Hauge and David.  Any help you can get me would be
great.  JB

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

On Fri, Sep 25, 2015 at 7:24 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jodi -  I got your message regarding Dr. Nathan Roberts from WI. I am not sure what
division he works under so I am unsure who the appropriate person to contact would be.  I
know Owen Boyle pretty well, and could call him to find out.  

Thanks, 
Tam
-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425

mailto:tamara_smith@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:tamara_smith@fws.gov


612-725-3548 ext. 2219
612-600-1599 cell 



From: Holt, Bryon
To: Jim Zelenak
Subject: Fwd: List of questions for today"s lynx core team call
Date: Tuesday, September 29, 2015 3:07:02 PM
Attachments: Lynx SSA questions for experts_draft.docx

Jim,

In addition to Jonathan's suggestions, I would add I think it important to directly and explicitly
ask the experts is connectivity to Canada important to sustain the viability of lynx populations
in the U.S. Explain why or why not.

Bryon

---------- Forwarded message ----------
From: Cummings, Jonathan <jwcummings@usgs.gov>
Date: Tue, Sep 29, 2015 at 1:35 PM
Subject: Re: List of questions for today's lynx core team call
To: "Parkin, Mary" <mary_parkin@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt
Broderdorp <kurt_broderdorp@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>, Heather Bell <heather_bell@fws.gov>, Jodi
Bush <jodi_bush@fws.gov>

Hi All,

The conceptual diagram seems good for the purpose of communicating to experts that our
discussion will be framed using the 3Rs.  

I also made a number of edits to the question list, but perhaps was too comprehensive for them
to be addressed before sending it to the experts.  For dispersal purposes as examples accepting
changes and sending is probably fine, with the caveat that they are example questions to spur
their thinking rather than a sample of questions that will actually be asked as is.

In terms of developing this into the actual question set I moved questions around to group
them, added some of my own questions, and added comments about specificity/clarity for the
actual question set as well.  Some of these it was hard for me to know what specificity level to
use because I don't know what you already know (other than skimming the final FR document
on CH, and reading the cardinal SSA questions document).  As a general comment this
question list seems too general to draw precise information from the experts and avoid lengthy
qualitative discussions.  Lastly, apologizes, but I didn't use track changes consistently.  Most
of my edits are tracked though.

Cheers,
Jonathan

On Tue, Sep 29, 2015 at 10:43 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi again,

Attached is a list of questions taken from the cardinal questions you all worked on a few

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jwcummings@usgs.gov
mailto:mary_parkin@fws.gov
mailto:jim_zelenak@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:tamara_smith@fws.gov
mailto:Mark_McCollough@fws.gov
mailto:heather_bell@fws.gov
mailto:jodi_bush@fws.gov
mailto:mary_parkin@fws.gov


months ago.  This list includes questions identified as "essential" with some to much
uncertainty.  

We can use this as a starting point to pull together a list of sample questions to send the
experts, to give them an idea of what we'll want from them at the meeting.

I'm also attaching a screen shot of the highly simplified conceptual diagram at the species
level with a question to you about whether or not we should include it in the package of
materials for the experts.

Cheers,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Leetown Science Center (remotely located)
jwcummings@usgs.gov

Remote Contact Info:
802-999-8684 - cell
243 Locust St
Dover, NH 03820

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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CANADA LYNX SSA: 
ESSENTIAL QUESTIONS WITH MODERATE TO HIGH UNCERTAINTY 

  
• What was the species’ historical abundance, range and distribution?  Do we only have occasional 

occurrence data, or are there surveys with detection prob, or “absences”, or density information?  
How was historic status assessed?    

 
• What is the species’ current abundance, range and distribution? 

 
• What is the best estimate of current population trends (declining, stable, increasing) in abundance, 

range, and distribution?  Do trends vary geographically?       
 
• Does trends indicate the species does not have what it requires for persistence? 

 
• Characterize the level of resiliency for each population?    
 
• What are the factors currently acting on the species? Which of those factors are likely to have 

population-level effects?  Are there known factors that will emerge in the future? 
 

• Recruitment is known to vary with good and bad hare years, but do we know by how much, or what 
the threshold for density of hares is to achieve sustainability?  How much do we know about 
recruitment (as a function of hares)?  Do we know the hare cycle (i.e., density of hares over time)? 

 
• What is the best or most relevant way to measure recruitment (or survival and fecundity)? What is 

the natural fecundity? And what is the current recruitment rate (survival and fecundity rate)? How 
does each age/stage contribute to recruitment rate (survival and fecundity)? 

 
• Anthropogenic mortality has how much of an impact on survival/recruitment?  How variable are 

sources of anthropogenic mortality, and what are future projections of this effect? 
 

• For those factors likely to have population-level effects:  How does the species respond 
(recruitment, fecundity, survival)? What is the spatial and temporal scale? 

 
• What are the current conditions of the habitat resources needed by a population?   
 
• How much area (e.g., patch size) is needed for a subpopulation population to be highly resilient? 

  
• What is the relationship between patch size and population growth/persistence? 

 
• What differs about each of the 5 (+1) populations?  Can they be modeled as one population, and if 

not why not?  Can they be modeled as 5(+1) identical populations just with different starting 
population sizes and starting habitat extents? 

 
• What are the characteristics of a resilient population, in terms of abundance, demographics, and 

habitat (or, how do changes in these demographics affect the level of resilience?)?     

Comment [JWC1]: What difference does it 
make? What really matters is current, future ranges, 
and where those fall relative to a policy standard. 
EXCEPT:  There is an important exception to this.  
If we are building a model that is fit to historic 
conditions based on data/expert recollection, we 
need to know the history.  Or if we are attempting to 
mimic past variability in a population projecting 
forward, we need to know something about past 
variability in order to match it. 

Comment [JWC2]: Why ask relative to the 
trends, why not just ask: does the species have what 
it requires for persistence? 

Comment [JWC3]: Another good example 
question for pre-meeting materials, but actual 
question would have to define resiliency first. 

Comment [JWC4]: Do we have a draft list?  
Ideally we would only ask about the influence of 
factors already identified, or for a critique of a prior 
list. 

Comment [JWC5]: This good to indicate the 
general type of question to be asked!  So good for 
example expert material documents.  However, this 
is not specific enough to use as an actual question at 
the elicitation.  Actual questions should be:  What 
are the current and future conditions or resource X, 
how does that resource affect population persistence 
factor Y? 

Comment [JWC6]: Is sub-population the right 
level at which to ask this question?  Or should it be 
full population (i.e., the 6 regions)? 

Comment [JWC7]: This seems like three 
questions, 1) are there allee or small population 
effects?  2) What is the relationship between 
persistence and population parameters (which is 
better to ask directly for each parameter, such as 
what is the relationship between Nt and Nt+1, age 
structure and growth, etc.) and 3) From the values 
perspective, what is resilient mean for Lynx? 



 
• Comparing the species’ current range to its historical range, can we quantify levels of loss   
• What are the characteristics of a resilient species, in terms of abundance, demographics, and 

habitat?    
 
• Is current survivorship and fecundity the same as natural rates?     
 
• What is the current condition (quality) of available resources for breeding, reproduction, or rearing 

(or development) of young?    
 
• Is food and other nutritional or physiological requirements available in sufficient quality and 

quantity?  
 
• What conservation efforts are currently happening that affect the factors identified?  Does 

conservation add addition factors that affect the populations, or act directly on the populations in 
any way?  How? Where are they happening?   How do regulatory mechanisms interact with these 
efforts? 

 
• What conservation efforts are likely to occur or continue occurring in the near future? 
 
• What additional conservation actions could occur, what effect would they haveare recommended? 

 
• Are there regulatory mechanisms that address any of the factors affecting the species? 
 
• Viability is the probability of persistence at some demographic status over some time period.  Given 

current knowledge of species requirements, environmental conditions (including stressors and 
conservation efforts for individuals and their habitat), and definition of viability (including 
demographic and temporal parameters), characterize the viability of the species.   

 

ESSENTIAL QUESTIONS WITH SOME UNCERTAINTY 
 
• Describe or define what constitutes a population of the species and how populations are structured 

(e.g., the species is one population, multiple individual populations, meta-population, source vs. 
sink, core vs. non-core).   
 

• Are there differences in survivorship or fecundity in different parts of the range or different habitat 
types?    

 
• Is there a space or area requirement for individuals (e.g., home range)?  Consider these 

requirements for all life stages/ages and seasons (e.g., wintering, migratory, breeding).     
 

• Are there key requirements to the survival of other individual Lynx that are not captured in the list 
of population level factorsrequirements specific to you species?  

 

Comment [JWC8]: Redundant with the first two 
questions, and not particularly helpful to decision 
making. 

Comment [JWC9]: Again, why do natural rates 
matter?  Ignoring natural rates, redundant with prior 
questions. 

Comment [JWC10]: Do we need to be this 
detailed?  Can we just ask directly about drivers of 
recruitment/fecundity? 

Comment [JWC11]: I would reword to ask 1) 
what is the relationship between food resources and 
fecundity/recruitment? and 2) at what level are food 
resources available? 

Comment [JWC12]: Do you wish to ask experts 
directly about viability, or ask questions to develop a 
model projecting viability, or both? 

Comment [JWC13]: Important question that 
seems to have an answer already at the large scale of 
the DPS (DPS is defined and linked with Canada), 
the region (5 populations plus CO).  Is smaller scale 
key to address, if so is there uncertainty there? 



• Forest management (to maintain succession) seems like a driver, is it?  What is the range of likely 
management scenarios?  Could Lynx populations be maintained (w/ certainly) with appropriate 
forest management? 

 
• Why are lynx densities in GYA so much lower than elsewhere? 

 
• Why is CO projected to decline? 
 
 
• What are the characteristics of the resources within the habitat needed by a population?    

 
• What were the historical causes of decline?   

 

ESSENTIAL QUESTIONS, LEVEL OF UNCERTAINTY NOT SPECIFIED 
 
• Are there factors that are likely to affect the species in the future (emerging threats)?   
 
• Are there regulatory mechanisms that address any of the factors affecting the species?  
 
• What conservation efforts are currently happening?  Where are they happening?  
 
• What conservation efforts are likely to occur in the near future?  

 
• What additional conservation actions are recommended? 
 

Comment [JWC14]: How is this different from 
the list of factors question? 

Comment [JWC15]: How is this different from 
the list of factors question, other than wording to ask 
in a different way? 

Comment [JWC16]: Added above in factor 
question. 



From: Roberts, Nathan M - DNR
To: Bush, Jodi
Cc: Jonathan Mawdsley; Jim Zelenak; Tamara Smith
Subject: RE: Lynx SSA
Date: Wednesday, September 30, 2015 9:22:04 AM

Hello Jodi,
Thank you.  Yes, WI is very interested in this process.  I will plan on attending. 
Thanks again,
-Nathan
 
 
 
Nathan M. Roberts, PhD
Bear, Wolf, and Furbearer Research Scientist
Wisconsin Department of Natural Resources
107 Sutliff Ave.
Rhinelander, WI 54501
 
NathanM.Roberts@wisconsin.gov
715.490.9345
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, September 25, 2015 1:45 PM
To: Roberts, Nathan M - DNR
Cc: Jonathan Mawdsley; Jim Zelenak; Tamara Smith
Subject: Re: Lynx SSA
 
 
Nathan.   Thanks so much for your interest.  As I am sure you are aware, we have been in the
process of assembling a panel of lynx experts most familiar with each of the DPS populations
and whose knowledge, professional judgments, and opinions we will elicit to inform our
understanding of lynx status, the nature and magnitude of potential threats, and the likelihood
of their future persistence.  
Because we needed to keep the panel to a manageable number (10-12) while also getting
representation from across the range of the DPS and in southern Canada, there are other
researchers and experts (like you) who we were unable to invite to participate as panelists.
Nonetheless, if your agency would like to have you attend the workshop as an observer, we
would be happy to have you.   
 
A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis Airport
(See Attachment for additional hotel information). The workshop will be held in a conference
room at the hotel. We will start at 1pm on Tuesday, October 13 and finish up no later than
5pm on Thursday, October 15. The block of rooms, at the government rate of $140/night, is
being held until September 30. Please call the Crowne Plaza Hotel at 952-854-9000 and
reference the USFWS to reserve your room. Please note that the cancellation policy for this
hotel is 24 hours prior to check-in.  
 
Please feel free to contact me or Jim Zelenak directly if you have questions. Thank you again
for your interest.  We look forward to your participation. JB
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Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Mon, Sep 21, 2015 at 9:26 AM, Jonathan Mawdsley <jmawdsley@fishwildlife.org>
wrote:
Hello Nathan,
 
Many thanks for the note, and for your interest – I am forwarding your contact information
along to Jodi Bush from U. S. FWS who is coordinating the SSA process.
 
All the best,
Jonathan Mawdsley
 
Jonathan R. Mawdsley, Ph.D.
Fish and Wildlife Science Coordinator
Association of Fish and Wildlife Agencies
1100 First Street, NE, Suite 825
Washington, DC 20002 USA
Phone: (202) 838-3462
Cell: (202) 997-6628
Fax: (202) 350-9869
E-mail: jmawdsley@fishwildlife.org
Web: http://www.fishwildlife.org
 
 
 
From: Roberts, Nathan M - DNR [mailto:NathanM.Roberts@wisconsin.gov] 
Sent: Wednesday, September 16, 2015 7:29 PM
To: Jonathan Mawdsley
Subject: Lynx SSA
 
Hello Jonathan,
Is there still an opportunity to get involved with the SSA process?  The State of Wisconsin is
very interested in participating however we can.
All the best,
-Nathan
 
 
Nathan M. Roberts, PhD
Bear, Wolf, and Furbearer Research Scientist
Wisconsin Department of Natural Resources
107 Sutliff Ave.
Rhinelander, WI 54501
 
NathanM.Roberts@wisconsin.gov
715.490.9345
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From: Smith, Tamara
To: Jim Zelenak
Subject: Fwd: Lynx SSA Workshop Oct. 13-15
Date: Wednesday, September 30, 2015 12:44:46 PM

---------- Forwarded message ----------
From: Lee Frelich <freli001@umn.edu>
Date: Wed, Sep 30, 2015 at 11:34 AM
Subject: Re: Lynx SSA Workshop Oct. 13-15
To: "Smith, Tamara" <tamara_smith@fws.gov>

That is a busy week, since I am teaching my Landscape Ecology class as well as taking over
the Forest Ecology class for someone who is out of the country that week.  The best I could do
would be to attend Wednesday afternoon from 3:00 to end of day and Thursday morning from
8:00 to about 1:00. 

Lee

Lee E. Frelich
Director, The University of Minnesota Center for Forest Ecology
Phone: 612-624-3671, cell: 612-991-1359
http://cffe.cfans.umn.edu/

On Wed, Sep 30, 2015 at 10:49 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hello Dr. Frelich, 

I am just following up on our invitation for you to participate in a lynx expert elicitation
workshop next month.  Have you had time to consider this proposal?  

Please email or call Jim Zelenak (jim_zelenak@fws.gov (406) 449-5225 ext. 220) if you have any questions.

Thank you, 
Tam

On Fri, Sep 25, 2015 at 9:56 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Dr. Frelich,

Please see the attached invitation to participate in the Oct. 13-15 Lynx SSA  Workshop in
Minneapolis, along with the hotel information and invitational traveler form (both also
attached).  We are inviting you due to your climate change expertise in Minnesota. 

Because we needed to keep the panel to a manageable number (10-12) while also getting
representation from across the range of the DPS and in southern Canada, there are other
researchers and experts (like you) who we were unable to invite to participate as
panelists.  Nonetheless, we believe that your expertise is also critical to these discussions
and we invite you to participate in the workshop by presenting your research results and/or
management insights for consideration by the expert panel.

I hope you are interested and available to participate in the workshop.  If you are unable to
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attend, please let me know at your earliest convenience.

The workshop facilitators and I will be in touch over the coming weeks to provide
additional information on the structured process for the workshop and other details.

Please email or call Jim Zelenak (jim_zelenak@fws.gov (406) 449-5225 ext. 220) if you have
any questions, and thanks again for your willingness to participate in this effort.

Cheers!
-Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 
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From: Smith, Tamara
To: Jim Zelenak
Subject: Fwd: Canada lynx expert elicitation meeting - potential Leech Lake Band observer?
Date: Wednesday, September 30, 2015 1:29:32 PM

---------- Forwarded message ----------
From: Ford, Walt <walt_ford@fws.gov>
Date: Wed, Sep 30, 2015 at 1:27 PM
Subject: Re: Canada lynx expert elicitation meeting - potential Leech Lake Band observer?
To: "Smith, Tamara" <tamara_smith@fws.gov>
Cc: Tony Swader <tswader@grandportage.com>, Seth Moore <samoore@boreal.org>,
Margaret Watkins <mwatkins@grandportage.com>, Tara Geshick <tgeshick@boisforte-
nsn.gov>, Sonny Myers <smyers@1854treatyauthority.org>, Andy Edwards
<aedwards@1854treatyauthority.org>, Nick McCann <nmccann@glifwc.org>, Peter David
<pdavid@glifwc.org>

Tam,

For the Grand Portage Band of Lake Superior Chippewa, contact Tony Swader
tswader@grandportage.com, Seth Moore samoore@boreal.org and Margaret
Watkins mwatkins@grandportage.com. For the Boise Forte Band of Lake Superior Chippewa,
contact Tara Geshick tgeshick@boisforte-nsn.gov. For the 1854 Treaty Authority, contact Sonny
Myers smyers@1854treatyauthority.org and Andy Edwards aedwards@1854treatyauthority.org. And for
the Great Lakes Indian Fish and Wildlife Commission, contact Nick
McCann nmccann@glifwc.org and Peter David pdavid@glifwc.org.

Walt Ford
Tribal Liaison to MN / IA &
Refuge Manager at Rice Lake & Mille Lacs NWR
36289 State Hwy. 65
McGregor, MN  55760
218-768-2402 office
218-821-6794 cell
walt_ford@fws.gov

On Wed, Sep 30, 2015 at 12:52 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Thank you Walt.  Please send me contacts for the others you referenced. I will pass that info.
on to Jim Zelenak in MT. 

On Wed, Sep 30, 2015 at 11:43 AM, Ford, Walt <walt_ford@fws.gov> wrote:
Hi Tam,

Feel free to contact Steve Mortensen, Director, Fish, Wildlife and Plants, Leech Lake
Band of Ojibwe at smortensen@lldrm.org

That said, I'm assuming you have the necessary contact info for the Grand Portage, Boise
Forte (Nett Lake), GLIFWC and 1854 Treaty Authority?

Walt Ford
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Tribal Liaison to MN / IA &
Refuge Manager at Rice Lake & Mille Lacs NWR
36289 State Hwy. 65
McGregor, MN  55760
218-768-2402 office
218-821-6794 cell
walt_ford@fws.gov

On Wed, Sep 30, 2015 at 10:53 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Walt, 

We are having an expert elicitation meeting Oct. 13-15 for the Canada lynx Species
Status Assessment (SSA).  Is there a person from Leech Lake Band that would be
interested in being an observer at the meeting?  It will be held in Bloomington, MN.  If
you think there might be someone who is interested, please provide me with a contact
and I will send it to the people in Montana that are organizing the meeting - they will
send out an official invitation (so keep it internal for now). 

Thank you, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
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Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: Video?
Date: Tuesday, October 06, 2015 3:07:36 PM

Sounds good. I'll hold off for now unless I hear otherwise from you.

On Tue, Oct 6, 2015 at 2:56 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI.  Heather replied to a chat saying that she thought Mary thought it would be good if it is possible.  I'll let Mary
know that we think it might be off-putting for presenters and that we don't really need another logistical challenge right
now...

Jim

---------- Forwarded message ----------
From: Cummings, Jonathan <jwcummings@usgs.gov>
Date: Tue, Oct 6, 2015 at 1:51 PM
Subject: Re: Video?
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Mary Parkin <mary_parkin@fws.gov>

I don't know we fully decided.  I expressed my opinion toward not filming the workshop as
a whole, due to the difficulty of capturing what occurs in this format without an espn style
camera set up. Presentations I can go either way with, but with other logistics to get right
this would be an added hurdle.

On Tue, Oct 6, 2015 at 3:48 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Did we ever reach a conclusion on whether or not we want to video tape the presentations at the lynx workshop?  I'm
leaning toward no, because we intend to make the powerpoints with notes available, but I can't recall where we landed
on this topic as a group.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
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Ph: 802-999-8684
243 Locust St
Dover, NH 03820

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:jim_zelenak@fws.gov


From: Smith, Tamara
To: FW3 FO ES Twin Cities FO
Subject: HP Office Jet 8600
Date: Friday, October 09, 2015 2:27:14 PM

Hi All, 

Apologies in advance!  I am borrowing the HP Office Jet 8600 this week for the lynx expert
elicitation workshop.  I'll be bringing it back on Friday 10/16. 

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 
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From: Baker, Richard (DNR)
To: Zelenak, Jim; Jodi Bush; Mary Parkin; Heather Bell; Jonathan Cummings; Seth Willey; Justin Shoemaker; Mark

McCollough; Tamara Smith
Subject: RE: Lynx SSA Workshop
Date: Wednesday, October 14, 2015 9:13:25 PM

Dear Workshop Conveners, 

In the interest of helping tomorrow's workshop proceed as efficiently as possible, I'd like to make two
suggestions:
1.    Post your questions clearly and boldly in large lettering on a flip chart in front of the group.
2.    On a separate flip chart, and with similar clear, large, and bold lettering, define the words and
phrases that you use in your questions in front of the group.
3.    If you choose to revise the questions or definitions, do so where everyone can see them.

As an observer, I suggest that one of the main inefficiencies today was that it was often not clear what the
question was, and what the definitions were.

Just some suggestions.  See you in the morning.

Respectfully,

Rich

<><><><><><><><><><><><><><>
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><>
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From: Smith, Tamara
To: Peter Fasbender
Subject: Re: Lynx workshop
Date: Wednesday, October 14, 2015 9:32:52 PM

I think I know!  Do you know Jodi Bush?  You can grab her and observe from the back.  We
will be way into the weeds in the elicitation process so I'm not sure how easy it will be to
follow what is going on, but it is guaranteed to be interesting.  We are on the 2nd floor by the
business center.

On Wed, Oct 14, 2015 at 5:11 PM, Peter Fasbender <peter_fasbender@fws.gov> wrote:

You think…or you know?  I may stop by tomorrow if I have time.

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Wednesday, October 14, 2015 12:59 PM
To: Peter Fasbender
Subject: Fwd: Lynx workshop

 

fyi - I think you can come down if you would like to -

 

---------- Forwarded message ----------
From: Shull, Alisa <alisa_shull@fws.gov>
Date: Wed, Oct 14, 2015 at 11:45 AM
Subject: Re: Lynx workshop
To: "Smith, Tamara" <tamara_smith@fws.gov>

Thanks, Tam.  Looks like I won't be able to make it over.  I'm interested in hearing how it
goes!

 

Alisa

 

On Wed, Oct 14, 2015 at 11:12 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:

Hi Alisa - 

 

Our lynx workshop is being held at the Crowne Plaza in Bloomington - the one over by
TCFO.  You are welcome to stop in today or tomorrow.  Our sessions will run from 8am -
5:30pm today and until 5pm tomorrow, but I'd guess we may go late both days. 
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We are on the 2nd floor in the room next to the business center. 

 

Thanks, 

Tam

 

On Wed, Oct 14, 2015 at 9:19 AM, Shull, Alisa <alisa_shull@fws.gov> wrote:

Hi Tam,

 

I was wondering if the lynx workshop is at the FO or RO?  If you all are here in RO, I'd be
interested in stopping by and sitting in to listen for a little while if that's ok.

 

Thanks,

Alisa

 

--

Alisa Shull

 

Chief, Division of Endangered Species

Region 3,U.S. Fish & Wildlife Service 

5600 American Blvd. West, Suite 990

Bloomington, MN  55437-1458

 

612-713-5334

 

Alisa_Shull@fws.gov
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--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Boulevard East

Bloomington, MN 55425

612-725-3548 ext. 2219

612-600-1599 cell 

 

--

Alisa Shull

 

Chief, Division of Endangered Species

Region 3,U.S. Fish & Wildlife Service 

5600 American Blvd. West, Suite 990

Bloomington, MN  55437-1458

 

612-713-5334

 

Alisa_Shull@fws.gov

 

--

Tamara Smith
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U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Boulevard East

Bloomington, MN 55425

612-725-3548 ext. 2219

612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Jackson, Scott -FS
To: Tamara_Smith@fws.gov
Subject: lynx regulatory environment presentation
Date: Tuesday, October 20, 2015 2:56:02 PM
Attachments: image002.png

image004.png
image006.png
image008.png
Jackson Lynx_Regulatory 20151013 final.pptx

Hi Tam,
 
I’ve attached my power point presentation from last week’s lynx expert elicitation meeting.  It is the
same as the one I gave you to load onto your computer last week, except that I deleted a bunch of
extra slides I had in that file that were just in there for my reference (but that didn’t get used). 
Please replace the previous file with this file for the record.  Thanks much!
 
If there are questions, please let me know.  I appreciate the work you and others at FWS went to to
put this meeting together.  Not an easy task, but was a good way to exchange interesting
information.
 
Thanks!

Scott Jackson 
National Carnivore Program Leader
Forest Service
Northern Regional Office
p: 406-329-3664 
f: 406-329-3171 
sjackson03@fs.fed.us
Building 26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people
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Scott Jackson 
National Carnivore Program Leader 
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Presenter
Presentation Notes
Overview of what the land mgmt regulatory environment was like before lynx were officially federally-listed and what regulations were put in place as a result of listing.Recognize the tremendous amount of work that has been done in this area by folks from several agencies.  Within the FS, RMRS, PNW, regional offices and NFs across the country. (Steering Committee, Science Team, Biology Team)



Pre-Listing 

 Sensitive species status within Forest Service 
 Evaluated in Biological Evaluation 

 Did FS actions contribute to a trend toward listing 
– not much data or direction available 

 1991 – 1998 several petitions filed requesting 
FWS to list lynx as endangered.  Lawsuit 
finally resulted in a settlement agreement 
between FWS and Plaintiffs to propose listing 
of lynx. 
 2 

Presenter
Presentation Notes
Before lynx were listed there wasn’t a lot of information available.  Very little habitat management direction provided.  Only one Forest Plan (Okanogan) included any direction at all.  USFS Regions 1,2,4, 6 and 9 all listed lynx as RF sensitive spp. by time of proposed rule.Following a series of court opinions and FWS decisions, a settlement was reached between FWS and Defenders of Wildlife (Feb. 1998), wherein the FWS would propose listing of lynx in the contiguous US.



Steering Committee 

 1998 
 USFS, BLM, USFWS, NPS 
 Provided guidance to science and biology 

teams that were established to address lynx 
conservation issues on federal lands. 

 Directed the compilation of three documents 
considered essential for understanding lynx 
ecology and appropriate conservation 
measures on federal land… 
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Presenter
Presentation Notes
Due to the agencies’ awareness of the uncertain status of lynx populations and habitats and the pending listing proposal, an interagency lynx coordination effort was initiated almost immediately (March 1998).  This effort initiated informal conferencing between FWS, USFS, BLM and NPS regarding lynx and their habitats. An Interagency Lynx Steering Committee  (Kathy McAllister) was chartered and appointed:Lynx Science Team (to assemble best available scientific information on lynx – Len Ruggiero); and Interagency Lynx Biology Team (to prepare lynx conservation strategy applicable to federal land management – Bill Ruediger).Directed the completion of three essential docs…



Ecology and Conservation of 
Lynx in the United States 
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• “Science Report” 
 

• Science Team 
 

• Completed 1999 
 

• Published 2000 

Presenter
Presentation Notes
Compilation of science is often referred to as “The Science Report,”  a scientific report that was produced in 1999 by an international team of expert scientists in lynx biology.  Published as a book entitled, “Ecology and Conservation of Lynx in the United States.” (Ruggiero 2000).  The Science Report is a comprehensive compilation and assessment of: 1) all available scientific literature regarding Canada lynx; 2) lynx and prey ecology; 3) habitat relationships; 4) historic and current lynx occurrence records and distribution; and 5) threats to the continued existence of lynx in the contiguous US.



Lynx Conservation Assessment 
and Strategy 
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• LCAS 
 

• 2000 
 

• Interagency 
Lynx Biology 
Team 

Presenter
Presentation Notes
In June 1998, the FS responded to the information about the declining status of lynx by initiating the development of a Lynx Conservation Assessment and Strategy (LCAS).  Completed in January, 2000, the LCAS was prepared by a team of biologists from the FS, BLM, NPS and USFWS.  The LCAS was developed to provide a consistent and effective approach to conserve lynx and to assist with ESA S.7 consultation on federal lands in the contiguous US.  It identifies the risks to the species that may occur as a result of federal land management and recommends conservation measures that can be taken to remove or minimize these identified risks.  The overall goals of the LCAS are to develop recommended lynx conservation measures, provide a basis for reviewing the adequacy of FS and BLM Plans with regard to lynx conservation (S.7), and to guide future recovery efforts.



Biological Assessment 1999 
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• 57 NFs 
• 56 BLM units 
• Five Geographic 

Areas 
• Cascades 
• N. Rockies 
• S. Rockies 
• Great Lakes 
• Northeast 

Presenter
Presentation Notes
As a proposed species, Federal agencies needed to conference under S.7.Identifies the potential effects resulting from 57 USFS Land and Resource Management Plans and 56 BLM Land Use Plans within the 16-state area where lynx were proposed for listing. These plans direct specifics of how all management activities will be done and must be followed. Total of 188 million acres within the areas covered by FS and BLM administrative units.Included ~40 million acres of primary lynx habitat within 5 Geographic Areas.The BA indicated that some adverse effects were likely on each of the 113 units that were evaluated and concluded that there is a reasonable potential for adverse effects to lynx as a result of actions allowed by existing federal land management plans.  Therefore, the BA recommended amending or revising forest management plans to incorporate conservation measures that would reduce or eliminate the identified adverse effects to lynx.  BA recommended that the conservation measures listed in the LCAS and Science Report should be considered, once finalized.



Current lynx range 

Presenter
Presentation Notes
Depiction of broad areas considered lynx habitat in BA“primary lynx habitat” – Def:  Close association of lynx occurrences with particular vegetation types represented best scientific information available for identifying lynx habitat.Overly inclusive.  Refined over time. 
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Final Rule Listing Lynx as 
Threatened 

Conclusion: 
Primary threat to 
lynx in the 
contiguous United 
States was the lack 
of adequate 
regulatory 
mechanisms in 
LRMPs 

Presenter
Presentation Notes
So, that was situation pre-listing….Then, in March 2000, the FWS listed lynx as threatened.  Because a substantial amount of lynx habitat occurs on federally managed lands, the final rule concluded that the single factor threatening the DPS was the inadequacy of existing regulatory mechanisms, specifically the lack of guidance for conservation of lynx in NF Land and Resource Management Plans and BLM Land Use Plans.Since it was now listed, the previously conducted S.7 conference rolled over into formal consultation and in October 2000, the FWS completed a BO on the effects of the  Plans.  The BO evaluated the effects on lynx of implementing plans in conjunction with implementing the Conservation Agreement (next slide)(lots of things occurring concurrently at that time to get all documentation in place to be legally sufficient).  Conclusion of BO:  if Forest Plans are revised or amended to incorporate the conservation measures in the LCAS, they would reduce or avoid the potential for adverse effects on lynx.



Conservation Agreements 

9 

• Agreements 
between 
USFWS and 
USFS and 
BLM 
 

• First signed in 
2000. 

Presenter
Presentation Notes
Since it would take a while until mgmt plans could be amended or revised to include habitat mgmt direction, and in response to listing in 2000, and the likelihood of adverse effects to lynx under current forest management plans, the FS and BLM entered into Conservation Agreements with the FWS.  In these agreements, the agencies acknowledged the LCAS as one of the sources of the best available scientific information to assist in conservation of lynx.  The agreements were intended to be an interim fix and were to remain in place until such time as Forest Plans and LUPs could be amended or revised to incorporate management direction specific to conservation of lynx.Their purpose was to promote the conversation of lynx and its habitat on federal lands.  Also identifies actions that the two agencies agree to take while plans are being amended to reduce or eliminate adverse effects or risks to the lynx and its habitat.Until amendments to FPs are made, the FS will not authorize any activity that is likely to adversely affect lynx.Coordinate assessment and planning efforts to assure a comprehensive approach to conserving lynx using the Science Report and LCAS, along with locally specific information as appropriate, as the basis for planning and ESA consultation.These agreements were later modified (clarifying revisions) and extended.So, projects determined to not be likely to adversely affect lynx proceeded and LAA projects did not, using the LCAS and Science Report as basis for best scientific info.So, with a process in place for effective consultation of management actions to occur, the federal land management units proceeded with the task of amending and revising their land and resource management plans.



Great Lakes 

Southern 
Rockies 

Northeast 

Lynx Geographic Areas 

Presenter
Presentation Notes
There was so much going on at this time and a lot of progress was made in relatively short order.  Within the 5 Geographic Areas identified in the 1999 BA….BLM: In 2004, all applicable BLM Resource Management Plans were amended to include LCAS conservation measures (no BLM lynx habitat in Great Lakes or NE)(very little in Cascades) (~5% of areas in N&S Rockies).USFS - Great Lakes: Five Forest Plans in MN, WI, MI were revised 2004-2006 and incorporated LCAS recommendations (mostly private land; <20% lynx habitat on FS).Northeast: Two Forest Plans in VT and NH were revised in 2005-2006 and incorporated LCAS recommendations (mostly private land; ~7% lynx habitat on FS).Cascades: No Forest Plan revisions completed yet; still following Conservation Agreement (using LCAS) (98% lynx habitat on FS).



Northern Rockies Lynx Management 
Direction 
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• 2007 
 

• Amended 18 
National Forests in 
ID, MT, WY, UT 
 

• >18 million acres 
of lynx habitat 
across >38 million 
acres of NF 

 
 
 

Presenter
Presentation Notes
N. Rockies: In 2007, NRLMD amended 18 Forest Plans in ID, MT, WY, UT.  Those NFs covered >38 million acres and included >18 million acres of lynx habitat.



 
 

Southern Rockies Lynx Management 
Direction 

• 2008 
 

• Amended 8 Forest 
Plans in CO 
 

• Covered 7.5 
million acres of 
lynx habitat within 
15 million acres of 
NF. 

Presenter
Presentation Notes
S. Rockies:  In 2008, S. Rockies Lynx Management Direction amended 8 Forest Plans in CO.  Those NFs covered 15 million acres and included 7.5 million acres of lynx habitat.So, by 2008 all of the BLM plans and most of the NF management plans had been amended or revised to include principles of LCAS (which included findings in Science Rpt).So, now that I’ve provided some sense of the context and scale of where lynx habitat management direction has been applied and how it was developed, what is being applied?  What is in the LCAS?



Lynx Conservation Assessment and 
Strategy 
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• Identified 17 risk 
factors affecting: 
• productivity 
• mortality 
• movements 
• other large 

scale factors 
 
 
 

 

Presenter
Presentation Notes
As you know, the LCAS was developed to provide a consistent and effective approach to conserve lynx and to assist with ESA S.7 consultation on federal lands.  It identifies the risks to the species that may occur as a result of federal land management and recommends conservation measures that can be taken to remove or minimize these identified risks.LCAS identified 17 risk factors that affect lynx productivity, mortality and movement, as well as other large scale factors. What are they?Risk factors:  Productivity – timber mgmt, fire mgmt, recreation, roads/trails, grazing, developments.Mortality:  Trapping, predator control, shooting, competition influenced by human activities, highwaysMovements:  Highways, land ownership patterns, ski resorts.Other large scale factors: Fragmentation of refugia, dispersal across shrub/steppe, habitat degradation from invasives.Very inclusive list of risk factors to try and cover any type of federal land project or activity that needed to be addressed during ESA S.7 conferencing or consultation.Mapping recommendations: map habitat w/i LAUs.So, since the LCAS was developed to provide a consistent and effective approach to conserve lynx and to assist with ESA S.7 consultation on federal lands, and to recommend measures that can be taken to remove or minimize these identified risks, it provided dozens (almost 75) standards and guidelines at both the programmatic and project-scale analyses.I don’t have time to go through most of these, but wanted to show an example…
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 Mesic coniferous forests 
 

 Dry, deep snow   
conditions 
 
 Prey base of SSH 

 
 Dense horizontal cover 
protruding above snow in 
mid-winter 

 
 Dense horizontal cover 
during non-snow periods 

Canada Lynx Habitat 

Presenter
Presentation Notes
LCAS describes lynx habitat and provide information useful for mapping it. Veg types, elevation, prey base.  Veg types vary somewhat geographically.
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Some Challenges 

 Effects of vegetation mgmt activities on winter 
snowshoe hare habitat in multistory forests 

 Effects of limiting pre-commercial thinning 

 Effects of limiting growth of groomed or 
designated winter over-the-snow routes  

 Effects of vegetation mgmt standards on 
wildland fire risk to communities 

Presenter
Presentation Notes
Here are some of the activities that are discussed in the LCAS that have received some attention.  Want to look at the first couple of these and what the LCAS recommends for lynx habitat management direction…. 



Vegetation Management 
 Objectives: Provide a mosaic to support snowshoe 

hares; focus management to improve habitat. 
 Standards:  

 If >30% of lynx habitat is in stand initiation stage, no 
additional habitat may be regenerated; no more than 
15% regenerated in a 10-yr period. 
 

 Pre-commercial thinning that reduces snowshoe hare 
habitat is not allowed. 

   (exceptions for defensible space, research, aspen restoration) 
 
 Retain understory cover in multistoried stands 
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Presenter
Presentation Notes
As an example of some of the specific and more well known conservation measures recommended in the LCAS – here are some of the standards for veg mgmt. (along with the overall planning objective for timber management).  Challenge is to maintain appropriate landscape patterns and vegetation mosaics (age/structure) through time.  Try to approximate historical patterns and processes. 



Recovery Outline 
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• USFWS 
• Sept. 2005 
• Interim guidance 

for consultation and 
recovery until 
formal recovery 
plan approved. 

• Lynx habitat 
stratified into core, 
secondary and 
peripheral areas. 

Presenter
Presentation Notes
So, the Plans were amended or revised and the LCAS continued to provide an important role in promoting lynx conservation on federal lands and assisting biologists in supporting their effects determinations and S.7 consultations, particularly in the absence of an approved recovery plan.  In recognition of the LCAS’s continuing and important role, the Steering Committee felt it was important for the LCAS to remain current and include new information that had been developed.  So, in 2010 a revision of the LCAS was initiated (completed in 2013).  What has changed?  (new information)  One thing was the FWS’s Recovery Outline (2005).  Habitat stratification based on occupancy, reproduction and use as documented by historical and current records.



 
 

Presenter
Presentation Notes
Core (red) (and yellow - provisional core for reintroduced population in CO), secondary (dark green) and peripheral (light green) areas as stratified in FWS Recovery Outline (2005)



Critical Habitat 
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Presenter
Presentation Notes
Another source of new information was that critical habitat was designated:In 2006Revised 2009Revised 2014 - Similar to core areas (not provisional core) from recovery outline (although this wasn’t finalized until after LCAS revision completed).S.7 consultations conducted at project level



LCAS 2013 
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• New science 
 

• Core Area emphasis 
 

• Anthropogenic Influences 
• Two tiers 
 

• Conservation Measures 

Presenter
Presentation Notes
The revised LCAS (2013) incorporated new scientific information that has emerged since 2000, as well as drawing on experience gained in implementing the 2000 LCAS.  Recovery Outline 2005.  Critical habitat 2006 and 2009.  What changed?Conservation efforts are not to be applied equally across the range of the species, with the intent to place more emphasis on protection of core areas, which support persistent lynx populations and have evidence of recent reproduction.  Less focus and greater flexibility in secondary/peripheral areas, which only support lynx intermittently.  Combined secondary and peripheral areas.Better description of what is known about lynx habitat within each Geographic Area.Risk factors changed to Anthropogenic Influences on Lynx and Lynx Habitat.  Two tiers based on the potential magnitude of effects on lynx and lynx habitats.  For each anthropogenic influence there is an explanation of how it influences key drivers of lynx population dynamics (e.g., SSH prey base, direct mortality of lynx, and risks associated with small population size).Only presents conservation measures that are within the authority of federal agencies.First Tier (greatest concern for lynx conservation) (these can directly impact lynx and SSH):  1) Climate Change (no conservation measures identified – limited ability for land managers); 2) Vegetation Management; 3) Wildland Fire Management; and 4) Fragmentation of Habitat.Second Tier (less impact on lynx and lynx habitat or are not responsibility of federal land managers) (regulations in place may already have reduced impacts or the activity is less impacting): 1) Incidental Trapping; 2) Recreation; 3) Minerals and Energy Exploration and Development; 4) Illegal Shooting; 5) Roads/Trails; and 6) Livestock Grazing.Changed stnds and guidelines to Conservation Measures.  33 measures identified for Core Areas (mostly for 1st tier); 2 measures for Secondary/Peripheral Areas (provide mosaics during vegetation mgmt)Back to earlier example of Vegetation Management Direction…. Specifics of on-the-ground mgmt did not change…. Conservation measures still call for same important elements (Provide a mosaic to support snowshoe hares; If >30% of lynx habitat is in stand initiation stage, no additional habitat may be regenerated; no more than 15% regenerated in a 10-yr period. Pre-commercial thinning that reduces snowshoe hare habitat is not allowed (exceptions for defensible space, research, aspen restoration). Retain understory cover in multistoried stands.Existing direction in Forest Plans still captures conservation measures in revised LCAS.



Current Regulatory Environment 
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Presenter
Presentation Notes
So, during the time since listing, federal land managers have added regulatory mechanisms to their land management plans that are based on the best scientific information available (this addressed primary threat identified at listing).  We continue to conduct S.7 consultations with FWS for both lynx and lynx CH on our projects that occur on tens of millions of acres of lynx habitat across the contiguous US.  We have modified a few procedural things due to legal decisions and evaluate new science as it develops to ensure our direction is still based on sound information.  Although some process modifications needed, the science upon which we’ve based our management direction has not been found to be deficient.



Future challenges? 
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Presenter
Presentation Notes
Areas that I see as needing our attention and worth exploring are uncertainties relative to the effects to lynx and SSH from large-scale landscape altering disturbances (large high intensity fires – larger, hotter, more frequent) (insect infestations).  What can we do in the face of these changes to move habitat toward a condition that is considered good lynx habitat?More information is being developed and more experience is being gained following our Plan revisions and amendments.  How do we use that?As our Plans mature and come on line for revision, in some cases there is desire to make some changes at the NF scale…. Less focus on secondary areas?… Post fire treatment (modified thinning)?  Beetle kill salvage treatment?  Should we make many changes at individual unit scale?  Need to consider how that affects larger/collective scales of lynx habitat management.These are some of the areas I think we’ll need to focus on in the not-too-distant future. 
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Questions? 

     
 
 

   © T. Mathew Bertram 



From: Smith, Tamara
To: Jackson, Scott -FS
Subject: Re: lynx regulatory environment presentation
Date: Wednesday, October 21, 2015 7:55:47 AM
Attachments: image006.png
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Thank you Scott!  I will replace your other presentation with this one.  
We appreciate the time you gave to this workshop!

Thank you, 
Tam

On Tue, Oct 20, 2015 at 2:51 PM, Jackson, Scott -FS <sjackson03@fs.fed.us> wrote:

Hi Tam,

 

I’ve attached my power point presentation from last week’s lynx expert elicitation meeting. 
It is the same as the one I gave you to load onto your computer last week, except that I
deleted a bunch of extra slides I had in that file that were just in there for my reference (but
that didn’t get used).  Please replace the previous file with this file for the record.  Thanks
much!

 

If there are questions, please let me know.  I appreciate the work you and others at FWS
went to to put this meeting together.  Not an easy task, but was a good way to exchange
interesting information.

 

Thanks!

Scott Jackson 
National Carnivore Program Leader
Forest Service

Northern Regional Office
p: 406-329-3664 
f: 406-329-3171 
sjackson03@fs.fed.us
Building 26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

mailto:tamara_smith@fws.gov
mailto:sjackson03@fs.fed.us
mailto:sjackson03@fs.fed.us
mailto:sjackson03@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112


 

 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Jim Zelenak
Subject: Fwd: lynx regulatory environment presentation
Date: Wednesday, October 21, 2015 7:59:19 AM
Attachments: image008.png

image006.png
image004.png
image002.png
Jackson Lynx_Regulatory 20151013 final.pptx

Hi Jim - 

Please see Scott's message below and replace his old presentation with this one. I replaced the
one on Drive.

Thanks!
-Tam

---------- Forwarded message ----------
From: Jackson, Scott -FS <sjackson03@fs.fed.us>
Date: Tue, Oct 20, 2015 at 2:51 PM
Subject: lynx regulatory environment presentation
To: "Tamara_Smith@fws.gov" <Tamara_Smith@fws.gov>

Hi Tam,

 

I’ve attached my power point presentation from last week’s lynx expert elicitation meeting.  It
is the same as the one I gave you to load onto your computer last week, except that I deleted a
bunch of extra slides I had in that file that were just in there for my reference (but that didn’t
get used).  Please replace the previous file with this file for the record.  Thanks much!

 

If there are questions, please let me know.  I appreciate the work you and others at FWS went
to to put this meeting together.  Not an easy task, but was a good way to exchange interesting
information.

 

Thanks!

Scott Jackson 
National Carnivore Program Leader
Forest Service

Northern Regional Office
p: 406-329-3664 
f: 406-329-3171 
sjackson03@fs.fed.us

mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
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-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

http://www.fs.fed.us/
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Presenter
Presentation Notes
Overview of what the land mgmt regulatory environment was like before lynx were officially federally-listed and what regulations were put in place as a result of listing.Recognize the tremendous amount of work that has been done in this area by folks from several agencies.  Within the FS, RMRS, PNW, regional offices and NFs across the country. (Steering Committee, Science Team, Biology Team)



Pre-Listing 

 Sensitive species status within Forest Service 
 Evaluated in Biological Evaluation 

 Did FS actions contribute to a trend toward listing 
– not much data or direction available 

 1991 – 1998 several petitions filed requesting 
FWS to list lynx as endangered.  Lawsuit 
finally resulted in a settlement agreement 
between FWS and Plaintiffs to propose listing 
of lynx. 
 2 

Presenter
Presentation Notes
Before lynx were listed there wasn’t a lot of information available.  Very little habitat management direction provided.  Only one Forest Plan (Okanogan) included any direction at all.  USFS Regions 1,2,4, 6 and 9 all listed lynx as RF sensitive spp. by time of proposed rule.Following a series of court opinions and FWS decisions, a settlement was reached between FWS and Defenders of Wildlife (Feb. 1998), wherein the FWS would propose listing of lynx in the contiguous US.



Steering Committee 

 1998 
 USFS, BLM, USFWS, NPS 
 Provided guidance to science and biology 

teams that were established to address lynx 
conservation issues on federal lands. 

 Directed the compilation of three documents 
considered essential for understanding lynx 
ecology and appropriate conservation 
measures on federal land… 
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Presenter
Presentation Notes
Due to the agencies’ awareness of the uncertain status of lynx populations and habitats and the pending listing proposal, an interagency lynx coordination effort was initiated almost immediately (March 1998).  This effort initiated informal conferencing between FWS, USFS, BLM and NPS regarding lynx and their habitats. An Interagency Lynx Steering Committee  (Kathy McAllister) was chartered and appointed:Lynx Science Team (to assemble best available scientific information on lynx – Len Ruggiero); and Interagency Lynx Biology Team (to prepare lynx conservation strategy applicable to federal land management – Bill Ruediger).Directed the completion of three essential docs…



Ecology and Conservation of 
Lynx in the United States 
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• “Science Report” 
 

• Science Team 
 

• Completed 1999 
 

• Published 2000 

Presenter
Presentation Notes
Compilation of science is often referred to as “The Science Report,”  a scientific report that was produced in 1999 by an international team of expert scientists in lynx biology.  Published as a book entitled, “Ecology and Conservation of Lynx in the United States.” (Ruggiero 2000).  The Science Report is a comprehensive compilation and assessment of: 1) all available scientific literature regarding Canada lynx; 2) lynx and prey ecology; 3) habitat relationships; 4) historic and current lynx occurrence records and distribution; and 5) threats to the continued existence of lynx in the contiguous US.



Lynx Conservation Assessment 
and Strategy 
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• LCAS 
 

• 2000 
 

• Interagency 
Lynx Biology 
Team 

Presenter
Presentation Notes
In June 1998, the FS responded to the information about the declining status of lynx by initiating the development of a Lynx Conservation Assessment and Strategy (LCAS).  Completed in January, 2000, the LCAS was prepared by a team of biologists from the FS, BLM, NPS and USFWS.  The LCAS was developed to provide a consistent and effective approach to conserve lynx and to assist with ESA S.7 consultation on federal lands in the contiguous US.  It identifies the risks to the species that may occur as a result of federal land management and recommends conservation measures that can be taken to remove or minimize these identified risks.  The overall goals of the LCAS are to develop recommended lynx conservation measures, provide a basis for reviewing the adequacy of FS and BLM Plans with regard to lynx conservation (S.7), and to guide future recovery efforts.



Biological Assessment 1999 
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• 57 NFs 
• 56 BLM units 
• Five Geographic 

Areas 
• Cascades 
• N. Rockies 
• S. Rockies 
• Great Lakes 
• Northeast 

Presenter
Presentation Notes
As a proposed species, Federal agencies needed to conference under S.7.Identifies the potential effects resulting from 57 USFS Land and Resource Management Plans and 56 BLM Land Use Plans within the 16-state area where lynx were proposed for listing. These plans direct specifics of how all management activities will be done and must be followed. Total of 188 million acres within the areas covered by FS and BLM administrative units.Included ~40 million acres of primary lynx habitat within 5 Geographic Areas.The BA indicated that some adverse effects were likely on each of the 113 units that were evaluated and concluded that there is a reasonable potential for adverse effects to lynx as a result of actions allowed by existing federal land management plans.  Therefore, the BA recommended amending or revising forest management plans to incorporate conservation measures that would reduce or eliminate the identified adverse effects to lynx.  BA recommended that the conservation measures listed in the LCAS and Science Report should be considered, once finalized.



Current lynx range 

Presenter
Presentation Notes
Depiction of broad areas considered lynx habitat in BA“primary lynx habitat” – Def:  Close association of lynx occurrences with particular vegetation types represented best scientific information available for identifying lynx habitat.Overly inclusive.  Refined over time. 
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Final Rule Listing Lynx as 
Threatened 

Conclusion: 
Primary threat to 
lynx in the 
contiguous United 
States was the lack 
of adequate 
regulatory 
mechanisms in 
LRMPs 

Presenter
Presentation Notes
So, that was situation pre-listing….Then, in March 2000, the FWS listed lynx as threatened.  Because a substantial amount of lynx habitat occurs on federally managed lands, the final rule concluded that the single factor threatening the DPS was the inadequacy of existing regulatory mechanisms, specifically the lack of guidance for conservation of lynx in NF Land and Resource Management Plans and BLM Land Use Plans.Since it was now listed, the previously conducted S.7 conference rolled over into formal consultation and in October 2000, the FWS completed a BO on the effects of the  Plans.  The BO evaluated the effects on lynx of implementing plans in conjunction with implementing the Conservation Agreement (next slide)(lots of things occurring concurrently at that time to get all documentation in place to be legally sufficient).  Conclusion of BO:  if Forest Plans are revised or amended to incorporate the conservation measures in the LCAS, they would reduce or avoid the potential for adverse effects on lynx.



Conservation Agreements 

9 

• Agreements 
between 
USFWS and 
USFS and 
BLM 
 

• First signed in 
2000. 

Presenter
Presentation Notes
Since it would take a while until mgmt plans could be amended or revised to include habitat mgmt direction, and in response to listing in 2000, and the likelihood of adverse effects to lynx under current forest management plans, the FS and BLM entered into Conservation Agreements with the FWS.  In these agreements, the agencies acknowledged the LCAS as one of the sources of the best available scientific information to assist in conservation of lynx.  The agreements were intended to be an interim fix and were to remain in place until such time as Forest Plans and LUPs could be amended or revised to incorporate management direction specific to conservation of lynx.Their purpose was to promote the conversation of lynx and its habitat on federal lands.  Also identifies actions that the two agencies agree to take while plans are being amended to reduce or eliminate adverse effects or risks to the lynx and its habitat.Until amendments to FPs are made, the FS will not authorize any activity that is likely to adversely affect lynx.Coordinate assessment and planning efforts to assure a comprehensive approach to conserving lynx using the Science Report and LCAS, along with locally specific information as appropriate, as the basis for planning and ESA consultation.These agreements were later modified (clarifying revisions) and extended.So, projects determined to not be likely to adversely affect lynx proceeded and LAA projects did not, using the LCAS and Science Report as basis for best scientific info.So, with a process in place for effective consultation of management actions to occur, the federal land management units proceeded with the task of amending and revising their land and resource management plans.



Great Lakes 

Southern 
Rockies 

Northeast 

Lynx Geographic Areas 

Presenter
Presentation Notes
There was so much going on at this time and a lot of progress was made in relatively short order.  Within the 5 Geographic Areas identified in the 1999 BA….BLM: In 2004, all applicable BLM Resource Management Plans were amended to include LCAS conservation measures (no BLM lynx habitat in Great Lakes or NE)(very little in Cascades) (~5% of areas in N&S Rockies).USFS - Great Lakes: Five Forest Plans in MN, WI, MI were revised 2004-2006 and incorporated LCAS recommendations (mostly private land; <20% lynx habitat on FS).Northeast: Two Forest Plans in VT and NH were revised in 2005-2006 and incorporated LCAS recommendations (mostly private land; ~7% lynx habitat on FS).Cascades: No Forest Plan revisions completed yet; still following Conservation Agreement (using LCAS) (98% lynx habitat on FS).



Northern Rockies Lynx Management 
Direction 
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• 2007 
 

• Amended 18 
National Forests in 
ID, MT, WY, UT 
 

• >18 million acres 
of lynx habitat 
across >38 million 
acres of NF 

 
 
 

Presenter
Presentation Notes
N. Rockies: In 2007, NRLMD amended 18 Forest Plans in ID, MT, WY, UT.  Those NFs covered >38 million acres and included >18 million acres of lynx habitat.



 
 

Southern Rockies Lynx Management 
Direction 

• 2008 
 

• Amended 8 Forest 
Plans in CO 
 

• Covered 7.5 
million acres of 
lynx habitat within 
15 million acres of 
NF. 

Presenter
Presentation Notes
S. Rockies:  In 2008, S. Rockies Lynx Management Direction amended 8 Forest Plans in CO.  Those NFs covered 15 million acres and included 7.5 million acres of lynx habitat.So, by 2008 all of the BLM plans and most of the NF management plans had been amended or revised to include principles of LCAS (which included findings in Science Rpt).So, now that I’ve provided some sense of the context and scale of where lynx habitat management direction has been applied and how it was developed, what is being applied?  What is in the LCAS?



Lynx Conservation Assessment and 
Strategy 
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• Identified 17 risk 
factors affecting: 
• productivity 
• mortality 
• movements 
• other large 

scale factors 
 
 
 

 

Presenter
Presentation Notes
As you know, the LCAS was developed to provide a consistent and effective approach to conserve lynx and to assist with ESA S.7 consultation on federal lands.  It identifies the risks to the species that may occur as a result of federal land management and recommends conservation measures that can be taken to remove or minimize these identified risks.LCAS identified 17 risk factors that affect lynx productivity, mortality and movement, as well as other large scale factors. What are they?Risk factors:  Productivity – timber mgmt, fire mgmt, recreation, roads/trails, grazing, developments.Mortality:  Trapping, predator control, shooting, competition influenced by human activities, highwaysMovements:  Highways, land ownership patterns, ski resorts.Other large scale factors: Fragmentation of refugia, dispersal across shrub/steppe, habitat degradation from invasives.Very inclusive list of risk factors to try and cover any type of federal land project or activity that needed to be addressed during ESA S.7 conferencing or consultation.Mapping recommendations: map habitat w/i LAUs.So, since the LCAS was developed to provide a consistent and effective approach to conserve lynx and to assist with ESA S.7 consultation on federal lands, and to recommend measures that can be taken to remove or minimize these identified risks, it provided dozens (almost 75) standards and guidelines at both the programmatic and project-scale analyses.I don’t have time to go through most of these, but wanted to show an example…
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 Mesic coniferous forests 
 

 Dry, deep snow   
conditions 
 
 Prey base of SSH 

 
 Dense horizontal cover 
protruding above snow in 
mid-winter 

 
 Dense horizontal cover 
during non-snow periods 

Canada Lynx Habitat 

Presenter
Presentation Notes
LCAS describes lynx habitat and provide information useful for mapping it. Veg types, elevation, prey base.  Veg types vary somewhat geographically.
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Some Challenges 

 Effects of vegetation mgmt activities on winter 
snowshoe hare habitat in multistory forests 

 Effects of limiting pre-commercial thinning 

 Effects of limiting growth of groomed or 
designated winter over-the-snow routes  

 Effects of vegetation mgmt standards on 
wildland fire risk to communities 

Presenter
Presentation Notes
Here are some of the activities that are discussed in the LCAS that have received some attention.  Want to look at the first couple of these and what the LCAS recommends for lynx habitat management direction…. 



Vegetation Management 
 Objectives: Provide a mosaic to support snowshoe 

hares; focus management to improve habitat. 
 Standards:  

 If >30% of lynx habitat is in stand initiation stage, no 
additional habitat may be regenerated; no more than 
15% regenerated in a 10-yr period. 
 

 Pre-commercial thinning that reduces snowshoe hare 
habitat is not allowed. 

   (exceptions for defensible space, research, aspen restoration) 
 
 Retain understory cover in multistoried stands 
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Presenter
Presentation Notes
As an example of some of the specific and more well known conservation measures recommended in the LCAS – here are some of the standards for veg mgmt. (along with the overall planning objective for timber management).  Challenge is to maintain appropriate landscape patterns and vegetation mosaics (age/structure) through time.  Try to approximate historical patterns and processes. 



Recovery Outline 
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• USFWS 
• Sept. 2005 
• Interim guidance 

for consultation and 
recovery until 
formal recovery 
plan approved. 

• Lynx habitat 
stratified into core, 
secondary and 
peripheral areas. 

Presenter
Presentation Notes
So, the Plans were amended or revised and the LCAS continued to provide an important role in promoting lynx conservation on federal lands and assisting biologists in supporting their effects determinations and S.7 consultations, particularly in the absence of an approved recovery plan.  In recognition of the LCAS’s continuing and important role, the Steering Committee felt it was important for the LCAS to remain current and include new information that had been developed.  So, in 2010 a revision of the LCAS was initiated (completed in 2013).  What has changed?  (new information)  One thing was the FWS’s Recovery Outline (2005).  Habitat stratification based on occupancy, reproduction and use as documented by historical and current records.



 
 

Presenter
Presentation Notes
Core (red) (and yellow - provisional core for reintroduced population in CO), secondary (dark green) and peripheral (light green) areas as stratified in FWS Recovery Outline (2005)



Critical Habitat 
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Presenter
Presentation Notes
Another source of new information was that critical habitat was designated:In 2006Revised 2009Revised 2014 - Similar to core areas (not provisional core) from recovery outline (although this wasn’t finalized until after LCAS revision completed).S.7 consultations conducted at project level



LCAS 2013 
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• New science 
 

• Core Area emphasis 
 

• Anthropogenic Influences 
• Two tiers 
 

• Conservation Measures 

Presenter
Presentation Notes
The revised LCAS (2013) incorporated new scientific information that has emerged since 2000, as well as drawing on experience gained in implementing the 2000 LCAS.  Recovery Outline 2005.  Critical habitat 2006 and 2009.  What changed?Conservation efforts are not to be applied equally across the range of the species, with the intent to place more emphasis on protection of core areas, which support persistent lynx populations and have evidence of recent reproduction.  Less focus and greater flexibility in secondary/peripheral areas, which only support lynx intermittently.  Combined secondary and peripheral areas.Better description of what is known about lynx habitat within each Geographic Area.Risk factors changed to Anthropogenic Influences on Lynx and Lynx Habitat.  Two tiers based on the potential magnitude of effects on lynx and lynx habitats.  For each anthropogenic influence there is an explanation of how it influences key drivers of lynx population dynamics (e.g., SSH prey base, direct mortality of lynx, and risks associated with small population size).Only presents conservation measures that are within the authority of federal agencies.First Tier (greatest concern for lynx conservation) (these can directly impact lynx and SSH):  1) Climate Change (no conservation measures identified – limited ability for land managers); 2) Vegetation Management; 3) Wildland Fire Management; and 4) Fragmentation of Habitat.Second Tier (less impact on lynx and lynx habitat or are not responsibility of federal land managers) (regulations in place may already have reduced impacts or the activity is less impacting): 1) Incidental Trapping; 2) Recreation; 3) Minerals and Energy Exploration and Development; 4) Illegal Shooting; 5) Roads/Trails; and 6) Livestock Grazing.Changed stnds and guidelines to Conservation Measures.  33 measures identified for Core Areas (mostly for 1st tier); 2 measures for Secondary/Peripheral Areas (provide mosaics during vegetation mgmt)Back to earlier example of Vegetation Management Direction…. Specifics of on-the-ground mgmt did not change…. Conservation measures still call for same important elements (Provide a mosaic to support snowshoe hares; If >30% of lynx habitat is in stand initiation stage, no additional habitat may be regenerated; no more than 15% regenerated in a 10-yr period. Pre-commercial thinning that reduces snowshoe hare habitat is not allowed (exceptions for defensible space, research, aspen restoration). Retain understory cover in multistoried stands.Existing direction in Forest Plans still captures conservation measures in revised LCAS.



Current Regulatory Environment 
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Presenter
Presentation Notes
So, during the time since listing, federal land managers have added regulatory mechanisms to their land management plans that are based on the best scientific information available (this addressed primary threat identified at listing).  We continue to conduct S.7 consultations with FWS for both lynx and lynx CH on our projects that occur on tens of millions of acres of lynx habitat across the contiguous US.  We have modified a few procedural things due to legal decisions and evaluate new science as it develops to ensure our direction is still based on sound information.  Although some process modifications needed, the science upon which we’ve based our management direction has not been found to be deficient.



Future challenges? 
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Presenter
Presentation Notes
Areas that I see as needing our attention and worth exploring are uncertainties relative to the effects to lynx and SSH from large-scale landscape altering disturbances (large high intensity fires – larger, hotter, more frequent) (insect infestations).  What can we do in the face of these changes to move habitat toward a condition that is considered good lynx habitat?More information is being developed and more experience is being gained following our Plan revisions and amendments.  How do we use that?As our Plans mature and come on line for revision, in some cases there is desire to make some changes at the NF scale…. Less focus on secondary areas?… Post fire treatment (modified thinning)?  Beetle kill salvage treatment?  Should we make many changes at individual unit scale?  Need to consider how that affects larger/collective scales of lynx habitat management.These are some of the areas I think we’ll need to focus on in the not-too-distant future. 
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Questions? 

     
 
 

   © T. Mathew Bertram 



From: Cummings, Jonathan
To: Zelenak, Jim
Cc: Shoemaker, Justin; Mark McCollough; Tamara Smith; Kurt Broderdorp; Bryon Holt; Jodi Bush; Seth Willey;

Heather Bell; Mary Parkin
Subject: Re: Lynx meeting notes
Date: Thursday, October 22, 2015 12:24:02 PM

Do you mean for us to add any of our notes in suggestion mode (similar to track changes) or
edit mode (which directly makes the edits)?

On Thu, Oct 22, 2015 at 1:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Will do (am doing).

Core Team:  If you have additions to the notes, please add them in editing mode, as Heather recommended.  Insert
comments if you have questions on any of the compiled notes or if you feel additional follow-up with experts may
be necessary.

Thanks,

Jim  

On Thu, Oct 22, 2015 at 10:49 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Great. Can you notify the group?

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

On Thu, Oct 22, 2015 at 11:13 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Justin.

Heather created a "Workshop notes" folder within the "Workshop Materials" folder:

https://drive.google.com/drive/folders/0BxeUAgASF6g0bXhlM0ZvU2tmZ2M

I can drop this in there and then open it so we all can work on the google doc version.

On Thu, Oct 22, 2015 at 9:45 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Jim,

Here are the notes.  Do we have a google drive folder set up yet?  I wasn't sure if I
should start one or what. 

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
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Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820
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From: Holt, Bryon
To: Sue Livingston; Jim Zelenak
Subject: Re: FW: Lynx SSA letter sent to Oregon Department of Fish and Wildlife
Date: Friday, October 23, 2015 2:08:17 PM

Thanks Sue.

Jim - FYI

Bryon

On Tue, Oct 6, 2015 at 4:33 PM, Sue Livingston <sue_livingston@fws.gov> wrote:

Hi Bryon,

Never heard back from ODFW RE another contact for the lynx SSE, so I bugged them again
today.  You can add Ron Anglin to the list (Ronald.e.anglin@state.or.us).  Ron is ODFW’s
Wildlife Division Administrator.  They have recently hired a furbearer biologist, who will be
starting later this month and he will be added to the list upon arrival.

Sue

 

From: Ronald Anglin [mailto:ronald.e.anglin@state.or.us] 
Sent: Tuesday, October 06, 2015 4:20 PM
To: Sue Livingston
Cc: rod.w.krahmer@state.or.us
Subject: RE: Lynx SSA letter sent to Oregon Department of Fish and Wildlife

 

Hi Sue,

 

For now keep me in the loop.  On the 19th our new carnivore bio will be starting and I will
plug him into this conversation.

 

Thanks 

 

 

 

Sent from my Verizon Wireless 4G LTE smartphone
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-------- Original message --------
From: Sue Livingston <sue_livingston@fws.gov> 
Date: 10/06/2015 3:55 PM (GMT-08:00) 
To: ronald.e.anglin@state.or.us 
Cc: rod.w.krahmer@state.or.us 
Subject: FW: Lynx SSA letter sent to Oregon Department of Fish and Wildlife

Hi Ron,

In July we sent the attached letter to Director Melcher regarding coordination with state
wildlife agencies on the species status assessment for the Canada Lynx.  We have been
holding monthly calls with State agencies to provide updates on the progress of the status
assessment and to obtain input from the states throughout the process.  I was asked by our
regional representative on the lynx core team if there were others in ODFW that we should
also keep in the loop (e.g. regular email updates on the process, reminders about the
coordination calls, etc).  If there is someone besides your director that should be on that list,
please let me know and I will forward that on.

Thanks Ron.

Sue

 

 

From: Sue Livingston [mailto:sue_livingston@fws.gov] 
Sent: Thursday, July 16, 2015 10:47 AM
To: 'jmawdsley@fishwildlife.org'; 'Nick.Wiley@myfwc.com'; Gary Frazer; Gary Miller; Bryon Holt; Jim
Zelenak
Subject: Lynx SSA letter sent to Oregon Department of Fish and Wildlife

 

Hello,

Please find attached the letter that was sent to Director Melcher of the Oregon Department
of Fish and Wildlife inviting their participation in the lynx SSA process.

Regards,

Sue

 

~~~~~~~~~~~~~~~~~~~~~~
Sue Livingston
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Oregon Fish and Wildlife Office
2600 SE 98th Ave., Suite 100

mailto:sue_livingston@fws.gov
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Portland, OR  97266
503-231-6179
FAX 503-231-6195
http://www.fws.gov/oregonfwo/

 

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

http://www.fws.gov/oregonfwo/
mailto:bryon_holt@fws.gov


From: Cummings, Jonathan
To: Bell, Heather
Cc: Zelenak, Jim; Shoemaker, Justin; Mark McCollough; Tamara Smith; Kurt Broderdorp; Bryon Holt; Jodi Bush; Seth

Willey; Mary Parkin
Subject: Re: Lynx meeting notes
Date: Friday, October 23, 2015 3:43:39 PM

I've scrolled through the notes, and added what little I had note wise.  My note file is in the
google workshop notes drive if anyone wants to compare, otherwise it can probably be
deleted.

I've started adding my elicitation sections to the notes.  I added an introduction to that section
that you should review.  See my comment on that section about my effort to word this
appropriately.  I tried to capture what was done, the feelings on scoring, and the methodology. 
Revise as needed and to match how you would like to handle the responses.

Also, have the graphs been scanned.  If I'm including those I'll need to view them.

On Thu, Oct 22, 2015 at 4:16 PM, Bell, Heather <heather_bell@fws.gov> wrote:
whatever you want!  suggestion mode is good if we can tell who's is who's!

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google
Site: https://sites.google.com/a/fws.gov/rev/

On Thu, Oct 22, 2015 at 11:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Heather suggested edit mode, though it may be nice to be able to "track changes."

On Thu, Oct 22, 2015 at 11:24 AM, Cummings, Jonathan <jwcummings@usgs.gov>
wrote:

Do you mean for us to add any of our notes in suggestion mode (similar to track
changes) or edit mode (which directly makes the edits)?

On Thu, Oct 22, 2015 at 1:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Will do (am doing).

Core Team:  If you have additions to the notes, please add them in editing mode, as Heather
recommended.  Insert comments if you have questions on any of the compiled notes or if you feel
additional follow-up with experts may be necessary.

Thanks,
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Jim  

On Thu, Oct 22, 2015 at 10:49 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Great. Can you notify the group?

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

On Thu, Oct 22, 2015 at 11:13 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Justin.

Heather created a "Workshop notes" folder within the "Workshop Materials" folder:

https://drive.google.com/drive/folders/0BxeUAgASF6g0bXhlM0ZvU2tmZ2M

I can drop this in there and then open it so we all can work on the google doc version.

On Thu, Oct 22, 2015 at 9:45 AM, Shoemaker, Justin
<justin_shoemaker@fws.gov> wrote:

Jim,

Here are the notes.  Do we have a google drive folder set up yet?  I wasn't sure if
I should start one or what. 

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 

mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
https://drive.google.com/drive/folders/0BxeUAgASF6g0bXhlM0ZvU2tmZ2M
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov


Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820
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From: Cummings, Jonathan
To: Zelenak, Jim
Cc: Mark McCollough; Tamara Smith; Kurt Broderdorp; Bryon Holt; Mary Parkin; Heather Bell; Seth Willey; Jodi Bush;

Justin Shoemaker
Subject: Re: Lynx expert graphs
Date: Wednesday, October 28, 2015 10:13:52 AM
Attachments: Resiliency Responses.xlsx

I'm not sure you shared the graphs, at least I don't see them in the folder.

I can rearrange things as needed in the spreadsheet when you're done, but if you haven't
entered them yet can you use the attached as a template for the probabilities?  It will make any
compilation/graphing easier.

On Wed, Oct 28, 2015 at 11:03 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I scanned the graphs from the workshop and uploaded them to the Lynx SSA google drive under workshop
materials.

I also will enter them into an Excel spreadsheet so that we can play around with them a little more.  I'll upload
that when finished, too.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820
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From: Cummings, Jonathan
To: Zelenak, Jim
Cc: Mark McCollough; Tamara Smith; Kurt Broderdorp; Bryon Holt; Mary Parkin; Heather Bell; Seth Willey; Jodi Bush;

Justin Shoemaker
Subject: Re: Lynx expert graphs
Date: Wednesday, October 28, 2015 10:24:30 AM

I can see them now, thanks.

On Wed, Oct 28, 2015 at 11:22 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
The drive is telling me I shared it with you and 11 others...

Workshop Materials ---> Expert Persistence Graphs ---> Expert Graphs - the last folder should have 6 sets (PDFs)
of ten graphs labeled by pop/unit.

My spreadsheet looked similar but I will use your template.  Thanks.

Let me know if you still can't see the graphs.

On Wed, Oct 28, 2015 at 9:13 AM, Cummings, Jonathan <jwcummings@usgs.gov> wrote:
I'm not sure you shared the graphs, at least I don't see them in the folder.

I can rearrange things as needed in the spreadsheet when you're done, but if you haven't
entered them yet can you use the attached as a template for the probabilities?  It will make
any compilation/graphing easier.

On Wed, Oct 28, 2015 at 11:03 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I scanned the graphs from the workshop and uploaded them to the Lynx SSA google drive under workshop
materials.

I also will enter them into an Excel spreadsheet so that we can play around with them a little more.  I'll
upload that when finished, too.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings
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mailto:bryon_holt@fws.gov
mailto:mary_parkin@fws.gov
mailto:heather_bell@fws.gov
mailto:seth_willey@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jwcummings@usgs.gov
mailto:jim_zelenak@fws.gov
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https://profile.usgs.gov/jwcummings


Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820
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From: Smith, Tamara
To: Parkin, Mary
Subject: Re: Sample resiliency figure
Date: Friday, October 30, 2015 2:23:02 PM
Attachments: image.png

Hi Mary - Nice presentation! I hope you got some good feedback at the FIT meeting.  One
minor note if you have the opportunity to do this again - switch my region to R3 - not R6.  

Have a great weekend!
-Tam

On Thu, Oct 29, 2015 at 7:08 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
This looks good to me, Jonathan -- much better than 30 lines on a graph!  

I hope you won't mind, but I just added this example to a short PPT presentation on the lynx
SSA for the FIT meeting; will be presenting first thing this morning.  Heather and Justin are
here to keep me honest, and I'm attaching the slide show FYI.  Hope nothing in it rubs any
of you the wrong way!  I'm presenting it with the caveat that this is a work in progress and
put together from my own perspective.

Thanks for the timely addition!
Mary

On Wed, Oct 28, 2015 at 4:11 PM, Cummings, Jonathan <jwcummings@usgs.gov> wrote:
P.S. That figure does not contain real responses from the workshop!!  These are fake
responses I created.

On Wed, Oct 28, 2015 at 4:08 PM, Cummings, Jonathan <jwcummings@usgs.gov>
wrote:

Below is a sample figure for how the resiliency responses can be summarized.  The grey
area shows the range from the highest to the lowest probability across all experts in each
time period. The black X is the median of experts the most likely probabilities.  The
response of each expert for the highest, most like, and lowest probabilities are shown
with points.

I'm open to suggestions if there are different ways to display these values.  I could make
multiple figures for each geographic unit with different subset of the information if this
figure is too busy, or I could add to this, such as a line for the median of the highest and
lowest probabilities.

Let me know if you have thoughts.  

mailto:tamara_smith@fws.gov
mailto:mary_parkin@fws.gov
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-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

-- 
Mary Parkin

mailto:jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings
mailto:jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings


Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:mary_parkin@fws.gov




From: Smith, Tamara
To: Parkin, Mary
Cc: Cummings, Jonathan; Jim Zelenak; Mark McCollough; Kurt Broderdorp; Bryon Holt; Heather Bell; Seth Willey;

Jodi Bush
Subject: Re: Sample resiliency figure
Date: Friday, October 30, 2015 2:25:19 PM
Attachments: image.png

Hi Johnathan, 

I think this graph displays the information well.  Thanks for putting these together! 

-Tam

On Thu, Oct 29, 2015 at 7:08 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
This looks good to me, Jonathan -- much better than 30 lines on a graph!  

I hope you won't mind, but I just added this example to a short PPT presentation on the lynx
SSA for the FIT meeting; will be presenting first thing this morning.  Heather and Justin are
here to keep me honest, and I'm attaching the slide show FYI.  Hope nothing in it rubs any
of you the wrong way!  I'm presenting it with the caveat that this is a work in progress and
put together from my own perspective.

Thanks for the timely addition!
Mary

On Wed, Oct 28, 2015 at 4:11 PM, Cummings, Jonathan <jwcummings@usgs.gov> wrote:
P.S. That figure does not contain real responses from the workshop!!  These are fake
responses I created.

On Wed, Oct 28, 2015 at 4:08 PM, Cummings, Jonathan <jwcummings@usgs.gov>
wrote:

Below is a sample figure for how the resiliency responses can be summarized.  The grey
area shows the range from the highest to the lowest probability across all experts in each
time period. The black X is the median of experts the most likely probabilities.  The
response of each expert for the highest, most like, and lowest probabilities are shown
with points.

I'm open to suggestions if there are different ways to display these values.  I could make
multiple figures for each geographic unit with different subset of the information if this
figure is too busy, or I could add to this, such as a line for the median of the highest and
lowest probabilities.

Let me know if you have thoughts.  
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-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

-- 
Mary Parkin

mailto:jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings
mailto:jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings


Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:mary_parkin@fws.gov




From: Smith, Tamara
To: Zelenak, Jim
Cc: Mark McCollough; Bryon Holt; Kurt Broderdorp; Mary Parkin; Heather Bell; Jonathan Cummings; Jodi Bush; Seth

Willey
Subject: Re: Lynx SSA call/webinar next Tues. Nov. 10
Date: Wednesday, November 04, 2015 9:26:08 AM

Hi Jim - I think I'll be on leave and unable to attend on Nov. 10.  Who will the guest be -
Jennifer Szymanski?

On Mon, Nov 2, 2015 at 2:39 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Core Team:

Heather has arranged for a guest presentation on the Core Team call next week of an example SSA.  However, it
will require that the Core Team start at 9 AM Mountain Time rather than the usual 10 AM.  Please let me know
that you are able and intend to attend.

I will provide webinar link later this week.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:mary_parkin@fws.gov
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mailto:jodi_bush@fws.gov
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From: Catton, Timothy J -FS
To: john.erb@state.mn.us; richard.baker@state.mn.us; Ron Moen (rmoen@d.umn.edu); tom.rusch@state.mn.us;

Hansen, Nancy (DNR) (nancy.hansen@state.mn.us); darrin.kittelson@state.mn.us; marty.stage@state.mn.us;
Tamara_Smith@fws.gov; Phil_Delphey@fws.gov; Ronald_Kramer@fws.gov; steve_windels@nps.gov;
mikeschrage@fdlrez.com; samoore@boreal.org; aedwards@1854treatyauthority.org; Paul Kapfer
(paulmkapfer@gmail.com); SMortensen@lldrm.org

Subject: Canada lynx DNA Summary Report 2015
Date: Monday, November 09, 2015 11:39:21 AM
Attachments: image001.png

image002.png
image003.png
image004.png
Summary results of 2015 Canada lynx DNA-Final.pdf

Hi all,
 
Attached is the summary report of the Canada lynx DNA database that now includes the results of
samples collected from last winter’s survey season.  Feel free to distribute to others that you think
would be interested in this work. 
 
As always, we appreciate your help in securing DNA samples for any lynx encountered throughout
the State.  Any questions do not hesitate to contact us.
 
Tim
 

Timothy J. Catton 
Wildlife/Reforestation Technician

Forest Service
Superior National Forest

p: 218-626-4376 
tcatton@fs.fed.us

8901 Grand Ave. Pl.
Duluth, MN 55808-1122
www.fs.fed.us 

Caring for the land and serving people

 
 

mailto:tcatton@fs.fed.us
mailto:john.erb@state.mn.us
mailto:richard.baker@state.mn.us
mailto:rmoen@d.umn.edu
mailto:tom.rusch@state.mn.us
mailto:nancy.hansen@state.mn.us
mailto:darrin.kittelson@state.mn.us
mailto:marty.stage@state.mn.us
mailto:tamara_smith@fws.gov
mailto:phil_delphey@fws.gov
mailto:ronald_kramer@fws.gov
mailto:steve_windels@nps.gov
mailto:mikeschrage@fdlrez.com
mailto:samoore@boreal.org
mailto:aedwards@1854treatyauthority.org
mailto:paulmkapfer@gmail.com
mailto:paulmkapfer@gmail.com
mailto:SMortensen@lldrm.org
mailto:tcatton@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112


 

1 
 

Summary of the Superior National Forest’s 2015 Canada lynx (Lynx 

canadensis) DNA database   October 28, 2015 

 
TIM CATTON – USDA Forest Service, Superior National Forest, Kawishiwi Ranger 

District, 1393 Highway 169, Ely, MN  55731 
DAN RYAN – USDA Forest Service, Superior National Forest, Laurentian Ranger 

District, 318 Forestry Road, Aurora, MN  55705 
DAVE GROSSHUESCH – USDA Forest Service, Superior National Forest, Tofte 

Ranger District, 7355 W. Hwy. 61, Tofte, MN  55615 
 
Introduction 
Snow tracking and other methods used to obtain genetic samples have confirmed presence of Canada 
lynx (Lynx canadensis) across northeastern Minnesota since December 2000.  In 2008, the Superior 
National Forest (Superior NF) created, and continues to maintain, a database of genetically confirmed 
Canada lynx (hereafter lynx) to document their occurrence, persistence and reproduction in Minnesota.  
Genetic samples (typically scat but also hair and tissue) have been collected primarily as part of the 
Superior NF’s survey and monitoring program and an independent genetic research project.  Also 
included in this database are samples collected during a radio telemetry project, mining project surveys, 
and from specimens that were surrendered to resource agencies, e.g., from animals that had been 
trapped, shot or killed in vehicle collisions.  These samples were submitted to the USDA Forest Service 
Rocky Mountain Research Station’s National Genomics Laboratory for Wildlife and Fish Conservation 
for testing.  Samples that were identified as lynx using mitochondrial DNA analysis were further 
evaluated using nuclear DNA analysis methods to determine sex (Pilgrim et al. 2005) and individual 
identification.  Further testing was used to determine lynx-bobcat (Lynx rufus) hybridization (Schwartz 
et al. 2004).  Field observations combined with DNA analysis have been used to document lynx 
reproduction within the State since 2002.  
 
Summary 
The current database contains 1,306 samples that have been submitted for DNA testing.  Mitochondrial 
DNA analysis has identified 1,039 of them (79.6%) as lynx.  Nuclear DNA analysis has determined 268 
unique lynx genotypes, 129 female (47.9%), 138 male (51.3%) and 1 of undeterminable sex.  
Additionally, the database contains 42 samples that have been identified as F1 lynx-bobcat hybrids.  
There are 13 unique lynx-bobcat hybrid genotypes, 5 female and 8 male.  Since 2011, 21 family groups 
have been identified producing 50 kittens that survived to the winter following their birth.  Of the 236 
individuals that were not originally detected as a result of a mortality, 51 (21.6%) are known to have 
persisted into a second year, the longest over a 6 year period, a female.   
 
During the 2014-2015 survey season 133 samples were collected and submitted for testing.  One-
hundred twelve (84.2%) were identified as lynx and 48 unique genotypes were determined, 23 female 
(47.9%) and 25 male (52.1%).  Twenty individuals (41.7%), 12 female 8 male, were previously recorded 
in this database (recaptures), and 28 individuals (58.3%), 11 female 17 male, were new to the database 
this year.  A male F1 hybrid previously known to this database was also detected.  Four family groups 
with a minimum of 7 kittens were identified this year.  Of the 41 individuals identified that were not 
kittens,18 (43.9%) have persisted for 1 year or more, including the 6 year female.   
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Canada lynx DNA Database 2000-2015 
 
Species Identification 
To date there are 1,306 samples contained in the database, of which 1,240 (94.9%) have been 
identified to species (Figure 1).  Of the samples for which species results were obtainable, 1,039 
(83.8%) were identified as lynx.  Eight-hundred forty-seven of those samples (81.5%) were able to be 
genotyped, while 192 (18.5%) did not amplify.  Sixty-six (5.1%) did not contain enough quality DNA to 
make a species determination.   

 

 
Figure 1.  Species Identification Results (n = 1,240) 

 
Of the 1,039 lynx samples: 

• 268 individual lynx genotypes were identified, of which there are 
• 129 females (47.9%), 138 males (51.3%) and 1 undetermined sex (Figure 2) 

 

 
Figure 2.  Total Canada lynx individuals detected (n = 268) 

 
Additionally, there are 42 samples that have been identified as F1 lynx-bobcat hybrids with 13 unique 
genotypes; 5 females (38.5%) and 8 males (61.5%).  There have been no F2 hybrids detected. 
 
Reproduction 
Field observations and DNA analysis have been used to document reproduction of lynx in Minnesota 
since 2002.  Areas that contain tracks of family groups (adults and kittens) are continually monitored 
during the survey season in an effort to collect DNA from all individuals.  Family groups and offspring 
since 2011 (the most reliable family group data currently) have identified a minimum of 21 different 
family groups producing a total of 50 presumed kittens, twenty-five (50.0%) of these were female and 
25 (50.0%) were male (Figure 3). 
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Figure 3.  Family Groups and Reproduction 

 
Persistence 
Snow tracking and other methods used to obtain genetic samples have confirmed persistence of lynx 
on the Superior NF and elsewhere across northeastern Minnesota since January 2002 (Figure 4).  Of 
the 236 individuals that were not originally detected as a result of a mortality, 51 (21.6%) are known to 
have persisted into a second year.  There is 1 individual that has been detected over a 6 year period, 6 
that have been detected over a 4 year period, 5 that have been detected over a 3 year period, and 11 
that have been detected over a 2 year period.  The number of detections of an individual ranges from 
just once to 32 times.   

 

 
Figure 4.  Persistence of individuals (n = 268) 

 
Distribution and Dispersal 
Lynx detections are distributed over 12 counties in Minnesota the majority of which occur in St. Louis, 
Lake and Cook counties in northeastern Minnesota where essentially all field data collection efforts 
have been focused.  The attached map represents locations of samples genetically confirmed as lynx 
within the State of Minnesota since they were listed as a threatened species under the Endangered 
Species Act (March 24, 2000).  Dispersal and movement of individuals both within and out of the core 
survey and monitoring area has been documented.  Maximum movement distances are 196 miles for 
males and 46 miles for females. 
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2014-2015 Monitoring Results 
 
Species Identification 
One-hundred thirty-three samples were collected and submitted for analysis during the period of 
September 2014 through May 2015.  One-hundred twelve samples (84.2%) were identified as lynx, and 
genotypes were obtained from 98 of these identifying 48 unique individuals, 23 female, 25 male (Figure 
5).  Twenty individuals (41.7%), 12 female, 8 male, were previously recorded in this database 
(recaptures), and 28 individuals (58.3%), 11 female, 17 male, were new to the database this year.  

 

 
Figure 5.  2015 Canada lynx individuals detected (n = 48) 

 
There were 2 F1 Canada lynx-bobcat hybrid detections in this year’s samples, both samples are from a 
single male previously recorded in this database. 
 
Reproduction 
During the winter 2014-2015 survey season there were 4 family groups that were detected (Figure 6) in 
the areas we surveyed.  One family group consisted of a candidate mother and 3 presumed kittens (1 
female, 2 male) consistent with being her offspring.  This was her 3rd known litter.  Another family group 
consisted of a candidate mother with 2 kittens (2 female), her 2nd known litter.  There were 2 other 
family groups each with 1 kitten (both female) consistent with being the offspring of the candidate 
mother each was associated with, both their 3rd known litter.   

 

 
Figure 6.  2015 Family Groups and Reproduction 

 
Persistence 
Of the 41 individuals identified during the 2014-2015 survey season that were not kittens,18 (43.9%) 
have persisted for 1 year or more.  One individual was detected over a 6 year period, 3 individuals over 
a 4 year period, 2 over a 3 year period, and 3 over a 2 year period.  This year’s known breeding 
females have all previously been identified in this database and all have produced kittens in the past.  
One of these females, originally identified as a kitten in 2009, was not detected during years 1, 2 and 3, 
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but was then recaptured during years 4, 5 and 6.  During these 3 years she has produced 3 litters and 
at least 7 kittens.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This database contains all known samples submitted by the Superior NF to the Wildlife Genetics 
Laboratory since the year 2000.  Other contributors to this database are Steve Loch, Natural Resources 
Research Institute (NRRI) of the University of Minnesota-Duluth, Franconia Minerals Corporation, 
PolyMet Mining Corporation, Minnesota Department of Natural Resources, Voyageur’s National Park, 

US Fish and Wildlife Service, Chippewa National Forest, Wolf Ridge ELC and Leech Lake Band of 
Ojibwe.   
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From: Bell, Heather
To: Jim Zelenak
Cc: Mary_Parkin
Subject: Jim, Lynx workshop notes are ready for your review. and...
Date: Thursday, November 12, 2015 11:50:37 AM

We made a lot of progress today.  Please review the
noteshttps://docs.google.com/document/d/1iKh6cvlZBRBOlRjix_7Lx8TaTvpnUAQIjsWfZTM3584/edit#
as there are a few questions for you.  

Mary and I are getting other folders organized so that we can make a zip package.  Mary is doing some
other stuff to get us organized so Please connect with Mary about what will go in the zip package and
text for the email.  

Still hoping for COB friday, but at latest COB monday!  

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/fws.gov/ssa/ and
 the REV Google Site: https://sites.google.com/a/fws.gov/rev/

mailto:heather_bell@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mary_parkin@fws.gov
http://docs.google.com/document/d/1iKh6cvlZBRBOlRjix_7Lx8TaTvpnUAQIjsWfZTM3584/edit#
https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/rev/


From: Nathan Hostetter
To: Tamara_Smith@fws.gov; Timothy Catton; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Catton, Susan J -FS;

Beth Gardner
Subject: Draft Lynx Report
Date: Thursday, November 19, 2015 4:09:55 PM
Attachments: draft_lynx_season_summary_2015.docx

Hi All,

Attached is a draft report of the lynx snow-tracking studies conducted last winter. Looking
forward to the conference call and discussing this further.  

Best,
-Nathan

---
Nathan J. Hostetter
Ph.D. student
NC State University
Department of Forestry and Environmental Resources
Campus Box 8001
Raleigh, NC  27695
P: 1-541-410-1453
njhostet@ncsu.edu

mailto:njhostet@ncsu.edu
mailto:tamara_smith@fws.gov
mailto:tcatton@fs.fed.us
mailto:dcryan@fs.fed.us
mailto:dgrosshuesch@fs.fed.us
mailto:scatton@fs.fed.us
mailto:bagardne@ncsu.edu
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SUMMARY 

The general purpose of this report is to analyze lynx detection/non-detection data collected 

during a pilot snow-tracking study during winter 2014-15 and to discuss the value of this analysis in the 

context of future study design and use of occupancy as a metric of interest. The pilot study accumulated 

>3,100 km of snow-tracking surveys and >390 lynx detections across Superior National Forest and 

designated lynx critical habitat. Preliminary data indicated that survey effort and detection/non-

detection data can be recorded as part of lynx monitoring efforts. Occupancy analysis of detection/non-

detection data indicated lynx occupancy was associated with habitat characteristics (percent evergreen 

and percent water) and was highly variable across the study (range = 0.01 – 0.99 depending on habitat 

characteristics). Estimates of occupancy from this pilot study provide useful information on the 

distribution of a difficult to monitor threatened species and can be used to inform future study designs 

aimed at monitoring lynx occupancy or designing more intensive studies to estimate abundance.  

 

  



INTRODUCTION 

Canada lynx (Lynx canadensis; hereafter lynx) were listed as threatened under the U.S. 

Endangered Species Act in 2000. Superior National Forest, Minnesota, USA has implemented a lynx 

monitoring program to track lynx populations and gauge the effects of management actions. Results of 

this monitoring plan have confirmed the persistence of lynx in northeastern Minnesota. While these 

data provide important baseline information, not all individual lynx are detected, therefore statistical 

models are needed to correct for imperfect detection of lynx.  To that extent, additional analyses are 

required to track population-level parameters such as occupancy or abundance.  

Estimating population size can be extremely difficult for species like lynx that have large home 

ranges, cover large geographic areas, and are difficult to capture.  In such cases, other metrics such as 

occupancy (MacKenzie et al. 2002) can be useful for (1) monitoring species range dynamics and (2) 

helping to inform study design for abundance surveys, while also requiring less intensive survey 

methods.  In this report, we analyze lynx detection/non-detection data collected during a pilot snow-

tracking study during winter 2014-15.   The objective is to provide information to USFWS and USFS on 

the potential utility of occupancy as a metric of interest and the potential to inform future study design. 

 

 

METHODS 

Study Area 

The study area included 22,475 km2 of Superior National Forest and designated lynx critical 

habitat in northeastern Minnesota, USA (USFWS 2014; Figure 1). Short warm summers and long cold 

winters are typical for this region (McCann and Moen 2011). Vegetation consists of both boreal forests 

and Great Lakes forests dominated by pine, fir, aspen, and spruce (McCann and Moen 2011).  



 
Figure 1. The study area encompassed the outer boundary of Superior National Forest and designated 
Lynx Critical Habitat in Minnesota (green). Survey routes are in black and lynx detections are shown as 
white triangles. The study area was divided into 5x5 km grid cells for analysis (grey grid). 
 
 
Snow-tracking occupancy surveys 

Snow tracking surveys (Squires et al. 2004) were conducted from November 2014 to March 

2015 when snow cover was present. Trained observers drove open roads located throughout the study 

area recording the locations of all lynx sign (tracks or scat; Figure 1). Observers also recorded snow 

conditions during each survey as Good (>3 days post snow, no blowing), Fair (1-2 days post snow, no 

blowing), or Poor (<1 day post snow or blowing snow) as snow condition is known to affect detection 

probability during snow tracking surveys (Whittington et al. 2014).  

 

Occupancy modeling  

 For analysis purposes we overlaid a 25-km2 grid across the study area, resulting in 899 5-km2 

cells (Figure 1). Grid cells were selected to match other on-going surveys on Superior National Forest 

(NABat data provided by T. Catton; 

https://www.sciencebase.gov/catalog/item/546e65c5e4b0fc7976e4e894?view=folder). Only grid cells 

that were completely contained within the U.S. boundary were included as covariate values were not 

https://www.sciencebase.gov/catalog/item/546e65c5e4b0fc7976e4e894?view=folder


available for grid cells overlapping the U.S.-Canada border. A grid cell was considered surveyed if >0.5 

km of a survey route occurred within the cell. Temporal replicates were available for 129 cells that were 

surveyed on multiple occasions throughout the season (Figure 2). Essentially, this allowed us to consider 

each grid cell a ‘trap’ and generate encounter histories (detection/non-detection) for each cell based on 

whether or not lynx were detected during each survey.  

 Occupancy models have a hierarchical structure that uses the detection/non-detection 

information from replicated surveys to separate the underlying state process (i.e., occupied or not) from 

the observation process (e.g., the species was present but not detected during a survey).  To analyze the 

snow tracking survey data, we used an occupancy modeling approach to estimate lynx occupancy (ψ) 

and detection (p), and to investigate possible covariate relationships (MacKenzie et al. 2002).  We 

included four habitat covariates on occupancy: percent evergreen forest, percent developed land, 

percent open water, and road density (km of roads per grid cell). Habitat covariates were calculated as 

the mean values for each grid cell, allowing each cell to have a unique value for each covariate. Habitat 

covariate data were obtained from the 2011 GAP Analysis [USGS] available at 

http://gapanalysis.usgs.gov/. We included three covariates on detection probability: snow conditions 

(good, fair, or poor), transect length (km), and date, which were recorded during each survey. We 

investigated both a linear and quadratic effect of date to allow for possible nonlinear changes in 

detectability. Route length was log-transformed and all other continuous covariates were standardized 

by subtracting the mean and dividing by the standard deviation.  

We fit all possible model combinations, resulting in a total 256 models. We compared models 

using Akaike’s information criterion corrected for small sample size (AICc), the difference in AICc units 

from the most parsimonious model (ΔAICc) and relative model support(AICc weights; Burnham and 

Anderson 2002). We considered models with ΔAICc <2 as fitting similarly well (Burnham and Anderson 

2002). We used model-averaged parameter estimates to evaluate covariate effects on lynx occupancy 

and detection (Burnham and Anderson 2002). Model-averaged parameter estimates were then used to 

predict lynx occupancy across the entire study area. All analyses were conducted in R statistical software 

version 3.2.2 (R Development Team 2015) using the packages unmarked and MuMin. 

Occupancy models require a closure assumption where each cell is permanently occupied or not 

occupied during the study period. Due to the nature of this study, we adopted a different interpretation 

where occupancy (ψ) was interpreted as the probability of lynx site usage during the study period 

(MacKenzie et al. 2006). This interpretation allows for more flexibility in relaxing the closure assumption, 

which was likely violated during the surveys.   

http://gapanalysis.usgs.gov/


 

RESULTS 

Over the course of the study, there were >3,100 km of snow-tracking surveys across 231 of the 

899 grid cells (Figures 1 and 2). The distribution of the number of surveys per cell was (100, 45, 20, 11, 

16, 7, 11, 6, 5, 1, 3, 1, 0, 2, 1) i.e., 100 cells were surveyed once, 45 cells surveyed 2 times… 1 cell 

surveyed 15 times (Figure 2). Lynx were detected in 64 grid cells (Figure 1).  

 
Figure 2. Number of snow-tracking surveys conducted per grid cell during winter 2014-2015.  

 

Percent evergreen forest and percent water were included in the top model for occupancy 

(Table 1). Lynx occupancy increased as percent evergreen and percent water increased, although the 

confidence interval for percent water overlapped zero (Table 2). Transect length, snow conditions, and 

date of survey were included in the top model as covariates on detection (Table 1). Lynx detection 

probability was highest in good snow conditions and increased as transect length increased (Table 2; 

Figure 3).  

Predicted lynx occupancy across the study area was generally highest in the northeast section of 

Superior National Forest and lowest in the southwest (Figure 4). Predicted lynx occupancy was >0.50 in 

435 of the 899 cells (i.e., predictions suggested 48% of the cells were more likely than not that used by 

lynx).  



Predicted lynx occupancy could also be investigated at the level of Lynx Analysis Units. For 

instance, Lynx Analysis Unit SNF47 overlapped 15 grid cells (western section of Superior National 

Forest). The mean occupancy for grid cells overlapping SNF47 was 0.17 and predicted occupancy was 

<0.50 in all overlapping cells (range = 0.02-0.42; Figure 5). Conversely, Lynx Analysis Unit SNF43 

(northeast) overlapped 9 cells, with a mean predicted occupancy of 0.93 and predicted occupancy >0.80 

in all cells (range = 0.84- 0.96; Figure 5).  

 

Table 1. Model selection results for models of lynx occupancy and detection. Only models <2 ΔAICc units 
of the top model are shown. Shown are the occupancy and detection models, degrees of freedom (df), 
Akaike’s information criterion corrected for small sample size (AICc), the distance in AICc units from the 
most parsimonious model (ΔAICc) and AIC weights (wi). 

Model         
Occupancy Detection df AICc ΔAICc wi 
ψ(everg + H2O) p(len + snow + date) 8 608.9 0.00 0.11 
ψ(everg + H2O) p(len + snow) 7 609.1 0.11 0.10 
ψ(everg) p(len + snow + date) 7 609.7 0.73 0.08 
ψ(everg) p(len + snow) 6 610.0 1.02 0.07 
ψ(everg + H2O + develop) p(len + snow + date) 9 610.5 1.52 0.05 
ψ(everg + H2O + develop) p(len + snow) 8 610.6 1.66 0.05 
 
 
Table 2. Logit-scale model-averaged parameter estimates (95% confidence interval) from snow-tracking 
surveys of lynx conducted in Superior National Forest and designated critical habitat in northern 
Minnesota. 
Parameter Mean 2.5% 97.5% 
OCCUPANCY    

Int. 0.26 -0.39 0.91 
everg 1.74 0.93 2.56 
H2O 0.22 -0.08 0.82 
develop -0.15 -1.44 0.59 
road 0.07 -0.78 1.25 

DETECTION    
Int. -1.32 -2.14 -0.51 
length 0.73 0.36 1.11 
snow:fair -0.13 -0.73 0.46 
snow:poor -1.20 -1.83 -0.57 
date 0.09 -0.05 0.38 
date2 0.01 -0.19 0.25 

 

 



 

Figure 3. Effect of survey length and snow condition on lynx detectability during snow-tracking surveys.  
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Figure 4. Predicted lynx occupancy probability across Superior National Forest and designated critical 
habitat in northern Minnesota. 

 

  



 
Figure 5. Predicted lynx occupancy probability across Superior National Forest and designated critical 
habitat in northern Minnesota. Polygons denote Lynx Analysis Units (LAUs; n = 47). Blue polygons are 
the two LAUs discussed in the Results. SNF43 (northeast) overlaps nine 5x5km grids with a mean 
occupancy probability of 0.93. SNF47 (west) overlaps 15 grid cells with a mean occupancy probability of 
0.17 (see Results for details).  

 

  



DISCUSSION 

A key requirement to estimate species occupancy, density, or abundance is not only detection 

data, but information on survey effort (i.e., when and where surveys were conducted; Royle and Young 

2008). Our focus in 2014 was directed towards study design considerations, with an emphasis on 

recording both lynx detections and survey effort. The pilot study conducted in 2014-2015 provided 

important information on Lynx monitoring across Superior National Forest. For instance, the probability 

of detecting lynx was found to be <<1.0 and a function of both snow conditions and survey length. 

Similarly, lynx occupancy was associated with habitat characteristics resulting in noticeable variation in 

lynx occupancy across Superior National Forest and areas of critical habitat.  

Habitat relationships suggested lynx occupancy was highest in the northeastern section of 

Superior National Forest and generally lowest at the southern and western regions of the forest. Lynx 

occupancy was primarily associated with percent of evergreen forest, an important habitat for their 

primary prey - snowshoe hares (Squires and Ruggiero 2007). Habitat covariates investigated by this 

study were a crude representation of possible lynx habitat relationships. Our results, however, support 

previous predictions of core lynx habitat in Superior National Forest (Moen et al. 2008; McCann and 

Moen 2011), which used a combination of intensive radio-telemetry of individually marked lynx and 

snowshoe hare pellet counts. Overall, detection/non-detection surveys appear to provide useful 

information on lynx distribution and habitat use, while also supporting results from previous studies in 

the region. Future exploration into more recent and/or detailed habitat data may provide additional 

insight into these relationships and predictions across the region. 

Increased spatial coverage of surveys will be useful to better understand lynx habitat use and 

distribution throughout the region. For instance, regions of low lynx occupancy were often the least 

surveyed areas of the forest (Supplement S1). Additional surveys of low occurrence areas may help 

identify non-detection versus true absence of lynx these areas. Similarly, expanding surveys of high 

occupancy areas will assist in verifying high lynx use in these areas. 

In considering survey design for abundance estimation, we note that genetic data collection in 

winter 2014-2015 resulted in 36 individually identified lynx. Only 8 of these individuals were detected at 

multiple locations, resulting in an inability to provide precise estimates of movement and density. Mark-

recapture studies to estimate lynx density will likely require additional resources specifically dedicated 

to mark-recapture surveys. As with occupancy surveys, mark-recapture studies will benefit from both 

increased spatial coverage, but also increases in the number of surveys to collect genetic material.  



Estimates of occupancy from this pilot study provide useful information on the distribution of a 

difficult to monitor threatened species and can be used to inform future study designs to monitor 

occupancy or more intensive abundance studies. Snow-tracking surveys that record detection/non-

detection data provide a cost-effective survey approach for lynx (Squires et al. 2004). Snow tracking 

surveys can often survey extensive areas without the need for individual identification (Squires et al. 

2004). In this pilot study, recording effort and detection/non-detection data allowed estimation of 

occupancy, detection, and habitat relationships. These approaches allowed for predictions across the 

entire study area, both surveyed and unsurvey areas. Continuing to record survey effort and 

detection/non-detection data will also allow investigation of dynamic processes in lynx occurrence 

across multiple years. Annual variation in lynx occupancy may be particularly important as Superior 

National Forest is at the southern edge of the lynx range and also known to have dramatic population 

fluctuations (Hornseth et al. 2014).  
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SUPPLEMENT S1. Predicted lynx occupancy probability across Superior National Forest and designated 
critical habitat in northern Minnesota. Survey routes are overlaid in black and lynx detections are shown 
as white triangles. 

 



From: Bell, Heather
To: Parkin, Mary
Cc: Jim Zelenak; Jonathan Cummings
Subject: Re: a few notes from today"s lynx call
Date: Tuesday, December 01, 2015 8:27:41 AM

Other Action Items:

1. Jim to work with core team to solidify and rank the factors that have influenced and are
likely to influence lynx resiliency, redundancy and representation.  the former is likely
in the literature or summarized in FWS FR notices.  but may not be ranked with an idea
of the magnitude of the factor to the current condition.  The later should come from first
a review and analysis of the expert graphs, a review of that material by the core team to
see if there are any concerns that expert projections and literature on the future are
different, in which case we need to capture this uncertainty.  This will help us clarify the
future scenarios.  

2. Jim to check with Core team on how to express current condition, i.e. text and map?
 table, text and map?  expert opinion, literature, etc.  Jim to let heather know if he needs
mapping help (it appears there was mapping done for Crit hab by USGS that we could
use as a start).

3. Jonathon to add range of responses to graphs on page 19, and to discuss with Dave our
Workshop Report outcomes to make sure we are on the right track!

4. Discuss with Seth the need to set up an intermediate briefing with the "decision makers"
when SSA in draft form.  

5. Mary to continue moving info from cardinal questions to IPA Needs table
6. Heather to look at population table so that it mirrors EMR 

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/

On Mon, Nov 30, 2015 at 1:49 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi all,

Here are the notes I jotted down (and edited) from our call a little while ago ...

A few notes from today’s (11/30/15) lynx call:

           HB used graphs on p.19 of EE workshop results to ask R6 ARD about decision-
maker response (i.e., how would these graphs inform making a status decision?);

mailto:heather_bell@fws.gov
mailto:mary_parkin@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jwcummings@usgs.gov
https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/rev/
mailto:mary_parkin@fws.gov


basically looking for how to use expert input within decision context 
          The first need is to make initial decisions about lynx DPS status based on both
expert input and other sources; if needed, future decision-making needed in context of
recovery planning
           What about uncertainties implicit in p. 19 graphs?  Need confidence bars around
both projections and drivers (i.e., species response to environmental stressors)?
            Question about projecting out to 2100 – implications?
            Must solidify arguments about causation between lynx, snow conditions, hare
ecology,and changed conditions based on climate projections
           This can best be framed in terms of alternative future scenarios re:  lynx, hares,
snow conditions, boreal forest conditions
           Need to provide “devil’s advocate” scenarios yet not stray too far from plausible
future scenarios
            Need core team thoughts on expert input regarding resiliency projections; need to
do this at a more detailed level than median results for all populations
           Need to be explicit about empirical evidence vs. differing opinions relative to
uncertainties; also need to recognize factual disparities and identify those facts we
think are most evidence-based

Please correct anything I've mischaracterized.  This is part of the record!

Cheers,
Mary
-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

mailto:mary_parkin@fws.gov


From: Bell, Heather
To: Jim Zelenak; Mary_Parkin; Cummings, Jonathan
Subject: Lynx workshop report, please read and provide comments on google drive before Monday!
Date: Wednesday, December 02, 2015 10:25:25 AM

Hey Team, we have some great stuff in the report already and as a team i would like to discuss
what else we need to do to get it in final draft form this coming monday!  (do you hear the
whip cracking in the background!).  

1. Everyone review it and provide thoughts, comments on the google drive.
 https://docs.google.com/document/d/1mBF2YvZbFSLGtey3iU4l-NU-
QUXPhXz3n3eDMxjlQjE/edit

2. Jonathan has asked Dave for input, we shall see what we have by monday.
3. Heather is getting another expert elicitation workshop report to use as an example.  . 

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/

mailto:heather_bell@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mary_parkin@fws.gov
mailto:jwcummings@usgs.gov
https://docs.google.com/document/d/1mBF2YvZbFSLGtey3iU4l-NU-QUXPhXz3n3eDMxjlQjE/edit
https://docs.google.com/document/d/1mBF2YvZbFSLGtey3iU4l-NU-QUXPhXz3n3eDMxjlQjE/edit
https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/rev/


From: Beth Gardner
To: Smith, Tamara
Cc: Nathan Hostetter
Subject: Re: Canada lynx performance report
Date: Thursday, December 03, 2015 4:29:08 PM

Hi Tam,

Thanks for the reminder.  Nathan and I were planning to submit this occupancy report as the
performance report, but I figured we'd see what folks thought about it on the call tomorrow. 
We'll get that report to you before Dec. 29.

We are set to spend the money from Jan - May of next year paying Nathan's salary.  Despite
all the work he has done, we haven't actually paid him anything yet :)

Cheers,
Beth

On Thu, Dec 3, 2015 at 4:34 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:

Hi Beth and Nathan, I am sending this email as a reminder of the annual performance report needed for the Canada lynx
that you're working on for us.

 

Here is the relevant excerpt from the cooperative agreement :

 

Recipient shall submit to the Service Project Officer an annual written performance report within 90 days following the end
of each calendar year in which the agreement remains in effect. This report shall succinctly compare actual
accomplishments with the objectives established for the period and will also cite the reason(s) for slippage if the objectives
were not met.

That would put the due date for the perf. report at December 29. There is no specific format or forms for the report so I
think it can be pretty brief  - you can probably just modify the report that Nathan sent out.  

Also - we are showing a balance of about $15K on the books - are you planning to spend that down soon?  My financial
person will be contacting your financial person soon, but I thought I'd ask you also... The contract does not expire until
Sept. 2016.

Talk to you tomorrow! 

Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425

mailto:bagardne@ncsu.edu
mailto:tamara_smith@fws.gov
mailto:njhostet@ncsu.edu
mailto:tamara_smith@fws.gov


612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Beth Gardner
NC State University
Department of Forestry and Environmental Resources
5217 Jordan Hall
Raleigh, NC 27695-7646
Tel: 919 513-7558
Fax: 919 515-5110

tel:612-725-3548%20ext.%202219
tel:612-600-1599


From: Smith, Tamara
To: Delphey, Phil
Cc: Kelly Nail; Nick Utrup; Lisa Mandell
Subject: Re: Species Status Assessments
Date: Tuesday, December 15, 2015 10:53:37 AM

Hi Phil - 

I'm not sure I would be able to make any of these times, but here is some brief info. about the
SSAs that I'll be working on.

Keep me in the loop on the meeting time/date but it sounds like it will just be a conversation
between you and Rich, so don't worry about scheduling around me. Friday may be the only
date that works for me this week anyway.

Some brief info: 

RPBB - (listing decision SSA) I will be sending out letters to FOs/states, probably next week,
to introduce the SSA & request info.  This SSA is on a tight timeline and is expected to be
completed this spring since our decision is due in FR this fall (by Sept 30). HQ is requesting
an earlier deadline - that a FR document published by Aug. 30.

Spectaclecase (recovery planning SSA)- Early stages of SSA; Letter to FOs sent out to gather
info. For MNDNR, info request letter to Bernard & Mike in early Dec. requesting info by Jan.
20.  SSA report - not on a strict time-frame - goal fall 2016. Sheepnose, snuffbox SSAs are
being conducted concurrently with some joint effort (e.g., info. gathering).

Lynx -  (recovery planning SSA) -draft SSA report target date Spring 2016; peer review
before finalized.  Court ordered recovery plan due in Jan. 2018.

Make sure that Rich is aware that each SSAs is unique and not conducted the exact same
manner - e.g., not all SSAs will have a structured expert elicitation workshop, like the lynx EE
workshop where he was an observer.

Thanks!
-Tam

On Tue, Dec 15, 2015 at 10:00 AM, Delphey, Phil <phil_delphey@fws.gov> wrote:
If you'd like to chat briefly to update Rich Baker this week on the SSAs that have relevance
to MN, please let me know which of the following days/times would work:

Wed: 7am to 9am; 11am to 12pm

Thur: 7am to 10am; 

Fri: 7am to noon; 2pm to 3pm

I expect that we could wrap this up in an hour w/in one of these timeframes.

mailto:tamara_smith@fws.gov
mailto:phil_delphey@fws.gov
mailto:kelly_nail@fws.gov
mailto:nick_utrup@fws.gov
mailto:lisa_mandell@fws.gov
mailto:phil_delphey@fws.gov


Thanks, Phil

---------- Forwarded message ----------
From: Baker, Richard (DNR) <richard.baker@state.mn.us>
Date: Mon, Dec 14, 2015 at 12:32 PM
Subject: RE: Species Status Assessments
To: "Delphey, Phil" <phil_delphey@fws.gov>

Thanks Phil. I checked with Jane and Hannah and they agree that this conversation can just be
between you and me. Following our discussion, I will brief staff, including the experts I listed, by
email. We can then bring them in when you get to the phases of the SSA process that would
benefit from their input.

 

We could talk over the phone, or I could drop by your office first thing in the morning . I am free
this week as follows:

Tues: 7am to 10am; noon to 3pm

Wed: 7am to 9am; 11am to 2pm

Thur: 7am to 10am; 1pm to 3pm

Fri: 7am to noon; 2pm to 3pm

 

Let me know your preference.

 

Rich

 

<><><><><><><><><><><><><><><><><><> 

Richard J. Baker

Minnesota Endangered Species Coordinator

Division of Ecological and Water Resources

Minnesota Department of Natural Resources

mailto:richard.baker@state.mn.us
mailto:phil_delphey@fws.gov


500 Lafayette Rd., Box 25

St. Paul, MN  55155

Phone: 651/259-5073

Fax: 651/296-1811

E-mail: richard.baker@state.mn.us

http://www.dnr.state.mn.us/eco/nhnrp

<><><><><><><><><><><><><><><><><><> 

 

From: Delphey, Phil [mailto:phil_delphey@fws.gov] 
Sent: Monday, December 14, 2015 8:01 AM
To: Baker, Richard (DNR)
Subject: Re: Species Status Assessments

 

Rich -

 

The Aug 2015 workshop was basically to get FWS staff from throughout Region 3 started
on various SSAs.  It did not include any expert elicitation.

 

I would like to focus this initial discussion only on the following:

 

a brief overview of the SSA framework; 

a brief review of our objectives for each of the SSAs in the table attached to my original email

a brief review to explain what FWS staff is working on each of the SSAs relevant to MN and, 

the expected timelines for each one.

 

We could just plan a call with you to go over this, if you like.  I know that Nancy and Derek are aware of the
prairie bush clover SSA and I think that Nancy had a misunderstanding about the amount of work that had already
been done with it, so I know that I'd like for Nancy & Derek to have a clear understanding of where that one is.

 

Thanks, Phil

mailto:richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
mailto:phil_delphey@fws.gov


 

On Fri, Dec 11, 2015 at 2:49 PM, Baker, Richard (DNR) <richard.baker@state.mn.us>
wrote:

Thanks Phil. I most certainly do want to make time to go over these with you. As you know, I’ve
participated in two Expert Elicitation Workshops to date (Topeka shiner & Lynx), and got a lot out
of each of those.

 

“Aug 2015 Workshop” doesn’t imply that Expert Elicitation Workshops have already been held for
those six species, does it? I suspect not, since I expect I would have heard about them if they’d
been held.

 

As for who will ultimately be interested in participating in these SSA’s, I’ll need to solicit interest,
but it will likely be:

Massasauga:               probably nobody if MN is dropped from the distribution, as we’ve requested

Mussels:                       Mike Davis and Bernard Sietman

Dakota Skipper:         Robert Dana

RUPA Bumble Bee:  Crystal Boyd

Prairie Bush clover:  Nancy Sather, Derek Anderson, and/or Megan Benage

Topeka Shiner:          me

Lynx:                              me and John Erb

 

However, if your intention is to discuss only “what is an SSA?” and “what are the timelines for
these SSAs?”, I’m not sure it would be a good use of their time, and I think it is something best
covered in a conversation between the two of us. Please clarify if you have something else in
mind, but if that summarizes it, we’ll discuss it between us.

 

Let me know and I’ll decide how to proceed.

 

Thanks,

 

mailto:richard.baker@state.mn.us


Rich

 

<><><><><><><><><><><><><><><><><><> 

Richard J. Baker

Minnesota Endangered Species Coordinator

Division of Ecological and Water Resources

Minnesota Department of Natural Resources

500 Lafayette Rd., Box 25

St. Paul, MN  55155

Phone: 651/259-5073

Fax: 651/296-1811

E-mail: richard.baker@state.mn.us

http://www.dnr.state.mn.us/eco/nhnrp

<><><><><><><><><><><><><><><><><><> 

 

From: Delphey, Phil [mailto:phil_delphey@fws.gov] 
Sent: Friday, December 11, 2015 2:23 PM
To: Baker, Richard (DNR)
Subject: Re: Species Status Assessments

 

Rich - Tam pointed out that the spectaclecase and sheepnose are separate SSAs and that she
is lead for the former.  That is reflected in this corrected spreadsheet.

 

Thanks, Phil

 

On Fri, Dec 11, 2015 at 2:18 PM, Delphey, Phil <phil_delphey@fws.gov> wrote:

Hi Rich - 

 

mailto:richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
mailto:phil_delphey@fws.gov
mailto:phil_delphey@fws.gov


I'd like to find a time when we can briefly go over the SSAs that are currently underway and
that have some relevance to MN.  That list is attached.

 

If you are interested I'm wondering if you could provide me with 2-3 dates/times when that
would work for you and any other DNR staff with interest in any of these SSAs.

 

I am thinking of a pretty short call 30-60 minutes maximum.  We'd provide a brief overview
of the SSA framework and then also briefly explain our objectives for each of the SSAs in
the attached table; who is working on them; expected timelines, etc.

 

Thanks, Phil

 

--

Phil Delphey

Twin Cities Ecological Services Field Office

U.S. Fish and Wildlife Service

4101 American Blvd. E.

Bloomington, MN 55425

612.725-3548 ext. 2206

 

--

Phil Delphey

Twin Cities Ecological Services Field Office

U.S. Fish and Wildlife Service

4101 American Blvd. E.

Bloomington, MN 55425

612.725-3548 ext. 2206



 

--

Phil Delphey

Twin Cities Ecological Services Field Office

U.S. Fish and Wildlife Service

4101 American Blvd. E.

Bloomington, MN 55425

612.725-3548 ext. 2206

-- 
Phil Delphey
Twin Cities Ecological Services Field Office
U.S. Fish and Wildlife Service
4101 American Blvd. E.
Bloomington, MN 55425
612.725-3548 ext. 2206

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Delphey, Phil
Cc: Lisa Mandell; Kelly Nail; Jennifer Szymanski; Laura Ragan
Subject: Re: SSAs with relevance to WI
Date: Thursday, December 17, 2015 4:09:47 PM

If you think it will be similar to the conversation you had with Rich Baker earlier this week, it
is probably not necessary for me to be on the call since you have all the info. now - here are
some brief updates:

-We will be sending out letters to the FOs/States regarding the RPBB SSA later this week or
early next week - Owen will get that email. 
-A similar mussel data request was sent to WIDNR (Lisie Kitchell/Dave Heath) - same as the
MN request. 
-Lynx SSA has monthly state coordination calls - I believe Owen is one of the WI contacts
that are notified of those calls but I can double check that. 

Thanks, 
Tam

On Thu, Dec 17, 2015 at 3:20 PM, Delphey, Phil <phil_delphey@fws.gov> wrote:
I thought that I'd give Owen a call to give him a heads-up on the SSAs that are underway
and that have some relevance to WI.

Those include the following:

Eastern massasauga 
Snuffbox
Sheepnose
spectaclecase
Rusty-patched bumble bee
Prairie bush clover
Lynx 

I could give him a call myself, but would also welcome any of you if you'd like to join me
on this call.

I'll wait to hear from each of you before I try to schedule anything.

Phil

-- 
Phil Delphey
Twin Cities Ecological Services Field Office
U.S. Fish and Wildlife Service
4101 American Blvd. E.
Bloomington, MN 55425
612.725-3548 ext. 2206

mailto:tamara_smith@fws.gov
mailto:phil_delphey@fws.gov
mailto:lisa_mandell@fws.gov
mailto:kelly_nail@fws.gov
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mailto:laura_ragan@fws.gov
mailto:phil_delphey@fws.gov


-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Baker, Richard (DNR)
To: Davis, Mike J (DNR); Sietman, Bernard (DNR); Dana, Robert (DNR); Boyd, Crystal (DNR); Sather, Nancy P

(DNR); Anderson, Derek (DNR); Erb, John D (DNR); #DNR_EWR_NG WILDLIFE_ALL; #DNR_EWR_CMRR;
#DNR_EWR_MBS

Cc: Delphey, Phil; Tamara Smith; Lisa Mandell; Kelly Nail; Pierce, Ann M (DNR); Ellering, Amber (DNR); Lueth, Bryan
K (DNR); Quinn, Ed M (DNR); Norris, Jane C (DNR)

Subject: Update on USFWS Species Status Assessments, Status Reviews, and Data Requests
Date: Tuesday, December 22, 2015 8:04:14 AM
Attachments: 3 Rs Aug 2015.pdf

ssa fact sheet_draft September 2015 for use in Lynx meeting.pdf
SSAs relevant to MN.xlsx
20151217 Status Review Notice.pdf

Species Status Assessments
Last week I met with FWS Twin Cities Field Office staff for a briefing on Species Status Assessments
(SSAs). In the past, FWS would re-gather data on a listed species for each decision it faced (e.g.,
listing, consultation, granting, permitting, recovery planning, delisting, etc.). FWS is now using the
SSA framework to serve as the scientific foundation and decision support tool for all decisions
affecting a species, and updates the SSA as necessary. The SSA concept is still new and in
development. To date, SSAs have a standard three-part framework (ecology/needs; current
condition; future condition/prognosis), but different processes and tools have been used for
different species. Viability modeling using a “3 Rs” approach (Resiliency, Redundancy,
Representation) and Expert Elicitation meetings are examples of two of these tools/processes. FYI,
I’ve attached info sheets on SSA and the 3 Rs.
 
Several SSAs relevant to MN (see attached) are in the works, and are being coordinated out of the
FWS’s Bloomington, MN Regional Office:
Massasauga rattlesnake (for listing decision; first draft completed)
Four mussel species (for recovery planning; in progress)
Dakota skipper (for recovery planning; working on viability model)
Rusty-patched bumble bee (for listing decision; notice forwarded in separate email)
Prairie bush clover (for recovery planning; in progress)
SSAs for Topeka shiner and Canada lynx  are being coordinated out of FWS’s Denver Regional Office;
I have been participating in these.
 
While FWS says that peer review will be a step in finalizing most SSAs, I have emphasized to our FWS
colleagues that they should make participation by Minnesota DNR staff a high priority in the SSA
development process. I will continue to press for your participation in these SSAs. I will let you know
when we receive a request for information on these species.
 
Five-Year Status Reviews
The attached federal register notice announces the initiation of required Five-Year Status Reviews
for Prairie Bush Clover, Dwarf Trout Lily and Western Prairie Fringed Orchid. As noted above, Prairie
Bush Clover will be given a full SSA. (Apparently, FWS does no view a full SSA as necessary for the
other two species.) I will let you know when we receive a request for information on these species.
 
Other FWS Data Requests
In response to petitions to list species, FWS has previously notified us of plans to request data on
several species. In addition to the Rusty-patched bumble bee noted above, we are currently
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mailto:Bernard.Sietman@state.mn.us
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preparing to submit data on Blanding’s turtle. The following species are also in line for data requests,
but those requests have yet to be sent:
Monarch butterfly
Regal fritillary butterfly
Wood turtle
Northern bog lemming
Prairie gray fox
Plains spotted skunk
 
Please get back to me with any questions or concerns.
 
Rich
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><> 
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has federalism implications if the 
document either imposes substantial 
direct compliance costs on state and 
local governments and is not required 
by statute, or the document preempts 
state law, unless the agency meets the 
consultation and funding requirements 
of section 6 of the executive order. This 
notice merely designates DDAs as 
required under IRC Section 42, as 
amended, for the use by political 
subdivisions of the states in allocating 
the LIHTC. This notice also details the 
technical method used in making such 
designations. As a result, this notice is 
not subject to review under the order. 

Dated: December 10, 2015. 
Katherine M. O’Regan, 
Assistant Secretary for Policy Development 
and Research. 
[FR Doc. 2015–31766 Filed 12–16–15; 8:45 am] 

BILLING CODE 4210–67–P 

DEPARTMENT OF THE INTERIOR 

Fish and Wildlife Service 

[FWS–R3–ES–2015–N201; 
FX3ES11130300000–167–FF03E00000] 

Endangered and Threatened Wildlife 
and Plants; Initiation of 5-Year Status 
Reviews of One Listed Animal and Five 
Listed Plant Species 

AGENCY: Fish and Wildlife Service, 
Interior. 
ACTION: Notice of initiation of reviews; 
request for information. 

SUMMARY: We, the U.S. Fish and 
Wildlife Service, are initiating 5-year 
status reviews under the Endangered 
Species Act of 1973, as amended (Act), 
for one animal and five plant species. A 
5-year status review is based on the best 
scientific and commercial data available 
at the time of the review; therefore, we 

are requesting submission of any such 
information that has become available 
since the last review for the species. 
DATES: To ensure consideration, please 
send your written information by 
February 16, 2016. However, we will 
continue to accept new information 
about any listed species at any time. 
ADDRESSES: For how to send comments 
or information for each species, see the 
table in the SUPPLEMENTARY INFORMATION 
section. 
FOR FURTHER INFORMATION CONTACT: To 
request information, contact the 
appropriate person in the table in the 
SUPPLEMENTARY INFORMATION section. 
Individuals who are hearing impaired or 
speech impaired may call the Federal 
Relay Service at 800–877–8339 for TTY 
assistance. 
SUPPLEMENTARY INFORMATION: We are 
initiating 5-year status reviews under 
the Endangered Species Act of 1973, as 
amended (Act), for one animal and five 
plant species: Illinois cave amphipod 
(Gammarus acherondytes), Michigan 
monkey flower (Mimulus 
michiganensis), Running buffalo clover 
(Trifolium stoloniferum), Minnesota 
dwarf trout lily (Erythronium 
propullans), Western prairie fringed 
orchid (Platanthera praeclara), and 
Prairie bush clover (Lespedeza 
leptostachya). 

Why do we conduct 5-year reviews? 

Under the Act (16 U.S.C. 1531 et seq.), 
we maintain Lists of Endangered and 
Threatened Wildlife and Plants (which 
we collectively refer to as the List) in 
the Code of Federal Regulations (CFR) at 
50 CFR 17.11 (for animals) and 17.12 
(for plants). Section 4(c)(2)(A) of the Act 
requires us to review each listed 
species’ status at least once every 5 
years. Our regulations at 50 CFR 424.21 
require that we publish a notice in the 
Federal Register announcing those 

species under active review. For 
additional information about 5-year 
reviews, go to http://www.fws.gov/
endangered/what-we-do/recovery- 
overview.html, scroll down to ‘‘Learn 
More about 5-Year Reviews,’’ and click 
on our factsheet. 

What information do we consider in 
our review? 

A 5-year review considers all new 
information available at the time of the 
review. In conducting these reviews, we 
consider the best scientific and 
commercial data that have become 
available since the listing determination 
or most recent status review, such as: 

(A) Species biology, including but not 
limited to population trends, 
distribution, abundance, demographics, 
and genetics; 

(B) Habitat conditions, including but 
not limited to amount, distribution, and 
suitability; 

(C) Conservation measures that have 
been implemented that benefit the 
species; 

(D) Threat status and trends in 
relation to the five listing factors (as 
defined in section 4(a)(1) of the Act); 
and 

(E) Other new information, data, or 
corrections, including but not limited to 
taxonomic or nomenclatural changes, 
identification of erroneous information 
contained in the List, and improved 
analytical methods. 

Any new information will be 
considered during the 5-year review and 
will also be useful in evaluating the 
ongoing recovery programs for the 
species. 

What species are under review? 

This notice announces our active 5- 
year status reviews of the species in the 
following table. 

Animals 

Common name Scientific name Listing 
status Where listed 

Final listing rule 
(Federal Register 

citation and 
publication date) 

Contact person, 
phone, email 

Contact person’s 
U.S. mail address 

Illinois cave 
amphipod.

Gammarus 
acherondytes.

E .......... Illinois ........................ 63 FR 46900; Sep-
tember 3, 1988.

Kristin Lundh; Kristin_
Lundh@fws.gov; 
309–757–5800, 
x215.

USFWS; 1511 47th 
Avenue; Moline, IL 
61265. 

VerDate Sep<11>2014 18:50 Dec 16, 2015 Jkt 238001 PO 00000 Frm 00044 Fmt 4703 Sfmt 4703 E:\FR\FM\17DEN1.SGM 17DEN1as
ab

al
ia

us
ka

s 
on

 D
S

K
5V

P
T

V
N

1P
R

O
D

 w
ith

 N
O

T
IC

E
S

http://www.fws.gov/endangered/what-we-do/recovery-overview.html
http://www.fws.gov/endangered/what-we-do/recovery-overview.html
http://www.fws.gov/endangered/what-we-do/recovery-overview.html
mailto:Kristin_Lundh@fws.gov
mailto:Kristin_Lundh@fws.gov


78752 Federal Register / Vol. 80, No. 242 / Thursday, December 17, 2015 / Notices 

Plants 

Scientific name Common name Listing 
status Where listed 

Final listing rule (Fed-
eral Register citation 
and publication date) 

Contact person, 
phone, email 

Contact person’s U.S. 
mail address 

Mimulus 
michiganensis.

Michigan monkey 
flower.

E ....... Michigan .................... 55 FR 25596; June 
21, 1990.

Barb Hosler; Bar-
bara_Hosler@
fws.gov; 517–351– 
6326.

USFWS; 2651 Coo-
lidge Road, Suite 
101; East Lansing, 
MI 48823. 

Trifolium 
stoloniferum.

Running buffalo 
clover.

E ....... Arkansas, Indiana, 
Kentucky, Missouri, 
Ohio, West Virginia.

52 FR 21481; June 5, 
1987.

Jennifer Finfera; 614– 
416–8993, x13; 
Jennifer_Finfera@
fws.gov.

USFWS; 4625 Morse 
Road, Suite 104; 
Columbus, OH 
43230. 

Erythronium 
propullans.

Minnesota dwarf 
trout lily.

E ....... Minnesota ................. 73 FR 21643; March 
26, 1986.

Phil Delphey; Phil_
Delphey@fws.gov; 
612–725–3548, 
x2206.

USFWS; 4101 Amer-
ican Boulevard 
East; Bloomington, 
MN 55425. 

Platanthera 
praeclara.

Western prairie 
fringed orchid.

T ....... Iowa, Kansas, Min-
nesota, Missouri, 
Nebraska, North 
Dakota, Oklahoma, 
South Dakota.

54 FR 39875; Sep-
tember 28, 1989.

Phil Delphey; Phil_
Delphey@fws.gov; 
612–725–3548, 
x2206.

USFWS; 4101 Amer-
ican Boulevard 
East; Bloomington, 
MN 55425. 

Lespedeza 
leptostachya. * 

Prairie bush clo-
ver.

T ....... Iowa, Illinois, Min-
nesota, Wisconsin.

52 FR 781; June 9, 
1987.

Phil Delphey; Phil_
Delphey@fws.gov; 
612–725–3548, 
x2206.

USFWS; 4101 Amer-
ican Boulevard 
East; Bloomington, 
MN 55425. 

* Species’ 5-year review was previously initiated, but that review was never completed. We are reinitiating here to ensure that we have the 
most up-to-date information to complete the review. 

Request for Information 

To ensure that a 5-year review is 
complete and based on the best 
available scientific and commercial 
information, we request new 
information from all sources. See ‘‘What 
Information Do We Consider in Our 
Review?’’ for specific topics. If you 
submit information, please support it 
with documentation such as maps, 
bibliographic references, methods used 
to gather and analyze the data, and/or 
copies of any pertinent publications, 
reports, or letters by knowledgeable 
sources. 

How do I ask questions or provide 
information? 

If you wish to provide information for 
any species listed above, please submit 
your comments and materials to the 
appropriate contact in the table above. 
You may also direct questions to those 
contacts. Individuals who are hearing 
impaired or speech impaired may call 
the Federal Relay Service at 800–877– 
8339 for TTY assistance. 

Public Availability of Submissions 

Before including your address, phone 
number, email address, or other 
personal identifying information in your 
comment, you should be aware that 
your entire comment—including your 
personal identifying information—may 
be made publicly available at any time. 
While you can ask us in your comment 
to withhold your personal identifying 
information from public review, we 

cannot guarantee that we will be able to 
do so. 

Comments and materials received will 
be available for public inspection, by 
appointment, during normal business 
hours at the offices where the comments 
are submitted. 

Completed and Active Reviews 

A list of all completed 5-year reviews 
addressing species for which the 
Midwest Region of the Service has lead 
responsibility is available at http://www.
fws.gov/midwest/endangered/recovery/
5yr_rev/completed5yrs.hml. 

Authority 

We publish this notice under the 
authority of the Endangered Species Act 
of 1973, as amended (16 U.S.C. 1531 et 
seq.). 

Dated: November 23, 2015. 
Lynn M. Lewis, 
Assistant Regional Director, Ecological 
Services, Midwest Region. 
[FR Doc. 2015–31725 Filed 12–16–15; 8:45 am] 

BILLING CODE 4333–15–P 

DEPARTMENT OF THE INTERIOR 

Fish and Wildlife Service 

[FWS–HQ–FAC–2015–N233; FF09F42300– 
FVWF97920900000–XXX] 

Sport Fishing and Boating Partnership 
Council 

AGENCY: Fish and Wildlife Service, 
Interior. 

ACTION: Notice of teleconference. 

SUMMARY: We, the U.S. Fish and 
Wildlife Service (Service), announce a 
public teleconference of the Sport 
Fishing and Boating Partnership 
Council (Council). A Federal advisory 
committee, the Council was created in 
part to foster partnerships to enhance 
public awareness of the importance of 
aquatic resources and the social and 
economic benefits of recreational fishing 
and boating in the United States. This 
teleconference is open to the public, and 
interested persons may make oral 
statements to the Council or may file 
written statements for consideration. 

DATES: Teleconference: Friday, January 
8, 2016, 1:30 p.m. to 3:00 p.m. (Eastern 
daylight time). For deadlines and 
directions on registering to listen to the 
teleconference, submitting written 
material, and giving an oral 
presentation, please see ‘‘Public Input’’ 
under SUPPLEMENTARY INFORMATION. 

FOR FURTHER INFORMATION CONTACT: 
Brian Bohnsack, Council Coordinator, 
via U.S. mail at U.S. Fish and Wildlife 
Service, 5275 Leesburg Pike, Mailstop 
FAC, Falls Church, VA 22041; via 
telephone at (703) 358–2435; via fax at 
(703) 358–2487; or via email at brian_
bohnsack@fws.gov. 

SUPPLEMENTARY INFORMATION: In 
accordance with the requirements of the 
Federal Advisory Committee Act, 5 
U.S.C. App., we announce that the Sport 
Fishing and Boating Partnership 
Council will hold a teleconference. 
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U.S. Fish & Wildlife Service

Species Status Assessment 
Framework
An Integrated Framework for Conservation

     Realized Benefits  
Defensibility – analysis grounded in 
accepted science and a logical process 
with stated assumptions and complete 
reasoning clearly informs our ESA 
decisions.

Consistency – consistent framework 
and terminology is used across all ESA 
functions  across all regions and field 
offices.

Clarity – by identifying the roles of 
science and policy in ESA decision 
making, and having  structured processes 
for each results in increased transparency.

Efficiency – structured and repeatable 
biological analysis saves time.  Stand alone 
science documents provide savings that 
could best be used for active conservation.

Effectiveness – clearly articulated 
reasoned decisions foster effective 
communication and improved 
opportunities for  conservation.

Collaboration – a better forum for being 
inclusive; partners, particularly States, 
are involved to understand and support 
biological analysis. 

New Mexico meadow jumping mouse. 
Credit: USFWS

“The greatest danger in times of turbulence 
is not the turbulence; it is to act with 
yesterday’s logic.” 
— Peter Drucker

The Species Status Assessment (SSA) Framework 
is an analytical approach developed by the U.S. Fish 
and Wildlife Service (Service) to deliver foundational 
science for informing all Endangered Species Act 
(ESA) decisions.  An SSA is a focused, repeatable, 
and rigorous scientific assessment.  The result will be 
better assessments, improved and more transparent 
and defensible decision making,  and clearer and more 
concise documents.  Benefits of this approach are being 
realized, and as the Service fully transitions to the SSA 
Framework approach greater benefits are anticipated.

Ideally, the SSA is conducted at or prior to the 
candidate assessment or 12-month finding stage, but 
can be initiated at any time.  The SSA is designed to 
“follow the species” in the sense that the information 
on the biological status is available for conservation 
use and can be updated with new information.  Thus, 
the SSA provides a single source for species’ biological 
information needed for all ESA decisions (e.g., listing, 
consultations, grant allocations, permitting, HCPs, and 
recovery planning).  The biological analysis and the 
resulting stand-alone science-focused assessment allow 
for State and partner engagement in the science used 
to base ESA decisions.   Early identification of what 
most influence the species’ condition affords timely 
opportunities to work with partners to implement 
conservation efforts in advance of potential ESA 
decisions. 

“The Species Status Assessment is a 
unique opportunity to transform how 
the Fish and Wildlife Service delivers 
conservation.” 
— Gary Frazer, Assistant Director Ecological Services Program 
     U.S. Fish and Wildlife Service, Washington, DC



 

U.S. Fish and Wildlife Service
Endangered Species Program
5275 Leesburg Pike 
Falls Church, VA 22041 
703-358-2171
http://www.fws.gov/endangered
September 2015Gunnison’s prairie dog. Credit: USFWS 

An SSA begins with a compilation of the best 
available information on the species (taxonomy, life 
history, and habitat) and its ecological needs at the 
individual, population, and/or species levels based 
on how environmental factors are understood to 
act on the species and its habitat.   Next, an SSA 
describes the current condition of the species’ 
habitat and demographics, and the probable 
explanations for past and ongoing changes in 
abundance and distribution within the species’ 
ecological settings (i.e., areas representative of 
geographic, genetic, or life history variation across 
the range of the species).  Lastly, an SSA forecasts 
the species’ response to probable future scenarios 
of environmental conditions and conservation 
efforts.  Overall, an SSA uses the conservation 
biology principles of resiliency, redundancy, and 
representation (collectively known as the “3Rs”) as 
a lens to evaluate the current and future condition 
of the species.  As a result, the SSA characterizes 
a species’ ability to sustain populations in the wild 
over time based on the best scientific understanding 
of current and future abundance and distribution 
within the species’ ecological settings.  

An SSA is in essence a risk assessment to aid 
decision makers who make policy-guided decisions 
based on best available scientific information.  The 
SSA provides decision makers with a scientifically 
rigorous characterization of species status 
that focuses on the likelihood that the species 
will sustain populations within its ecological 
settings along with key uncertainties in that 
characterization.  The SSA does not result in a 
decision directly, but it provides the best available 
scientific information for comparison to policy 
standards to guide ESA decisions. 

“The SSA is an intuitive framework 
that helped me clearly and quickly 
develop, explain, and write our 
biological analysis to support the ESA 
determination for Gunnison’s prairie 
dog.”
– Craig Hansen, USFWS Species Lead for Gunnison’s  
   prairie dog

Species Status  
Assessement Framework

FUTURE SPECIES’ 
CONDITION

CURRENT SPECIES’ 
CONDITION

SPECIES’ NEEDS

Current Availability
or Condition of 
those Needs

Future Availability
or Condition of 
those Needs



 

Clarification of the 3R’s for the purpose of identifying recovery criteria 

FWS, August, 2015 

 

Representation, Resiliency, and Redundancy comprise key characteristics that collectively contribute to 
a species’ ability to be securely self-sustaining over the long term.  When combined across populations, 
they measure the health of the species as a whole.  The more we can identify and break down the 
constituent elements contributing to resiliency, representation and redundancy, the better we can 
understand what contributes to, and is necessary for, the long-term health of a population. 

 

Representation contributes to the adaptability and evolutionary capacity of a species over time, to 
accommodate long term issues like climate change. The breadth of genetic ecological, demographic, and 
behavioral diversity across a species’ range may contribute to its capacity to adapt over time.  Measures 
of genetic and life history variability among populations, distribution of populations across a range of 
ecologically diverse locations or niches, etc., are useful proxies to measure.  Consider needs for 
establishing or re-establishing populations in unoccupied habitat that may be necessary or suitable for 
species adjustment to climate change or other stressors, including the need to replace former 
populations in no longer represented ecosystems.   

 

Resiliency speaks to an individual population’s ability to tolerate environmental and demographic 
stochasticity, such as fluctuations in temperature or genetic drift.  It is often measured in terms of 
population size and growth rate, but in fact is dependent on a number of traits, both demographic and 
environmental.  These include, among others:  age or stage class distribution, genetic heterogeneity, 
birth rates, annual survivorship, sex ratios, etc., and the quality and extent of habitat, the degree of 
disease, competition, etc.  Meta-population dynamics and distribution can also contribute to population 
resiliency in some species.   

 

Redundancy contributes to the ability of population types to withstand catastrophic events (hurricanes, 
wildfires, etc.).  The number and distribution of populations of each representative type contribute to 
the retention of various representative types despite catastrophic events by ensuring that the loss of a 
population doesn’t lead to the loss of representation.      

 

 
The 3R’s are interconnected and overlapping.  For example populations must be resilient in order to 
contribute to redundancy or representation.  Likewise, redundant populations within a representative 
genotype or ecological setting contribute to the maintenance of the representation contributing to the 
species’ adaptive and evolutionary capacity.     
 
Likewise, as with all things biological, evaluation of the 3R’s for any species must be considered in the 
context of the species’ life history and ecology.   Representation for a narrowly endemic species might 
look quite different than for a wide-ranging generalist.  Similarly, measures of population resilience 
might be quite different for a short-lived rapidly breeding species versus a long-lived species that delays 
reproductive maturity for 10 or 20 years.   
  



From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Lynx Article
Date: Thursday, January 14, 2016 9:39:00 AM

Yes it is relevant, and I agree with your questions/concerns.

On Thu, Jan 14, 2016 at 6:40 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attached is the TWP issue containing this story.

I hope to discuss some of the issues I highlighted above with the authors and, at the very least, ask them to fully
share the results of the state-agency survey described in the article and below:

"At the request of Montana Fish, Wildlife and Parks Director Jeff Hagener, the Association of Fish and Wildlife
Agencies (AFWA) initiated a survey in August, 2014 of state agencies — which included interviews with lynx
biologists and state wildlife program managers — to identify state activities aimed at lynx populations. The
survey results show that states have undertaken a broad suite of conservation activities to help lynx populations
recover. Here we highlight some of those efforts."

Clearly all this information would be relevant to the SSA - wouldn't you agree?

On Wed, Jan 13, 2016 at 3:28 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team,

Just wanted to let you know in case you haven't seen it already that there is a lynx piece on pp. 22-25 of the
current (Jan./Feb.) issue of TWS's The Wildlife Professional.  It was written by Jonathan Mawdsley (AFWA's
Fish and Wildlife Science Coordinator), John Vore (MT FWP Game Mgmt. Bureau Chief), and Eric Odell
(Colorado Parks a Wildlife's Species Conservation Program Manager) and is titled "The Elusive Canada Lynx -
How State Conservation Efforts are Advancing Recovery."

It has some pretty interesting information, like "....state wildlife agencies have also developed estimates of their
lynx populations over the last 20 years.  Although highly precise estimates over the species' entire range in the
lower 48 states are difficult to develop, increased monitoring efforts since the ESA listing in 2000 indicate lynx
populations are now more robust in many areas including Maine, Minnesota, New England and the Great Lakes
Region."

It concludes that "Today, states have gathered substantial new information about current
and historical lynx population size, dynamics and movements." And that "In light of these
important new developments, it may be an appropriate time to consider whether primary
management responsibility...should be transferred back to the state fish and wildlife
agencies."

Some of this is surprising to me given the "guesstimates" and recognition among most
experts at the workshop that none of the states have precise, reliable population estimates,
and that there remains insurmountable uncertainty about historical distribution and
population sizes.  It's also somewhat surprising that the authors did not contact the Service
regarding any of this, especially given AFWA's and the States' concerns about our SSA
and recovery processes and their encouragement that we coordinate and keep them fully
appraised of our work.   

Anyway - sorry I cannot access and forward an electronic version, but I wanted to share
these important new developments with you.
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Cheers!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Cummings, Jonathan
To: Zelenak, Jim
Cc: Jodi Bush; Seth Willey; Heather Bell; Mary Parkin; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark

McCollough; Tamara Smith
Subject: Re: Workshop Report
Date: Friday, January 29, 2016 4:28:17 PM

I gave the Introductory sections and the summary a quick skim.  I think I've looked at the EE
reponse section enough already, but if others find areas for clarification or edits note them. 
Otherwise I just made small wording adjustments to the resiliency summary.

Overall I want to say think you to everyone for developing what I think is a well done
summary of what was learned at the workshop.  The report reads well, and in my view clearly
states what was done, communicates the information gathered, and summarizes that
information in a transparent way without losing the details of the information provided or
overlaying values on that information.  I think this sets us up well for the SSA report,
transferring the findings here into that document, combining them with literature, and adding
species ecology and current condition sections.  I've enjoyed contributing to this process, so
thanks for everyone's efforts and nice job Jim!

I'm at a working meeting at PatuxentWRC for lesser prairie-chicken next week, but our
schedule is flexible and we wont be meeting all day everyday so if you need my input on a call
or anything let me know and I'll squeeze it in.

Cheers,
Jonathan

On Fri, Jan 29, 2016 at 3:49 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Comments/edits by this time next week would be great.

Thanks!

On Fri, Jan 29, 2016 at 1:47 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I think the workshop report is ready for review and I request that from each of you.  There are a few
outstanding comments that need to be dealt with or on which I'd like your input, and the lit. cited and
appendices are not finished.  I will assemble those while you all are reviewing the draft report.

I've attached it here as a Word doc and it is on the Lynx SSA share drive at:

Lynx SSA> SSA> Workshop Materials> Workshop Report> Lynx SSA EE Workshop Report.

If you edit/comment on the share drive, please do it in "Suggesting" mode so I can see them.  If you prefer, you
can use Track Changes on the word doc and send it back to me.

Let me know if you have questions.

After this review, we will send it (with appendices and lit.) to workshop lynx and subject matter experts with
instruction to let us know if we mischaracterized any of their input. After that, we will distribute more broadly
to State and other partners.

Thanks.

-- 

mailto:jwcummings@usgs.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:seth_willey@fws.gov
mailto:heather_bell@fws.gov
mailto:mary_parkin@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820
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From: Smith, Tamara
To: Ann Belleman
Cc: Phil Delphey; Lisa Mandell
Subject: lynx monitoring
Date: Monday, February 01, 2016 11:38:02 AM
Attachments: Lynx_Season_Summary_2015.13dec2015.docx

Hi Ann -

Your mention of lynx monitoring this morning reminded me to send this your way - a draft
report on lynx monitoring by NCSU in cooperation with SNF and TCFO. In a nutshell, we are
trying to tweak the Forest's monitoring such that they are collecting more useful data.  Tim
Catton, Dan Ryan, Susan Catton, Dave G., and I have all been involved in this effort.  The
final report from NCSU will have their recommendations on how to move forward. Into the
future, we will be recommending that data collection is done such that they can provide some
density estimates. 

Please keep me in the loop if you are developing lynx monitoring protocols etc. for Polymet -
it would be most useful for them to be consistent with the Forest's effort. Who will be doing
the monitoring?

Thanks, 
Tam 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  NEW NUMBER
952-646-2873  NEW FAX

612-600-1599 Cell
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SUMMARY 

The general purpose of this report is to analyze lynx detection/non-detection data collected 

during a pilot snow-tracking study during winter 2014-15 and to discuss the value of this analysis in the 

context of future study design and use of occupancy as a metric of interest. The pilot study accumulated 

>3,100 km of snow-tracking surveys and >390 lynx detections across Superior National Forest and 

designated lynx critical habitat. Preliminary data indicated that survey effort and detection/non-

detection data can be recorded as part of lynx monitoring efforts. Occupancy analysis of detection/non-

detection data indicated lynx occupancy was associated with habitat characteristics (percent evergreen 

and percent water) and was highly variable across the study (range = 0.01 – 0.99 depending on habitat 

characteristics). Estimates of occupancy from this pilot study provide useful information on the 

distribution of a difficult to monitor threatened species and can be used to inform future study designs 

aimed at monitoring lynx occupancy or designing more intensive studies to estimate abundance.  

Lynx genetic material was also collected during some surveys in winter 2014-15. Analysis of 

these data is on-going and will be provided as part of the 2016 Final Report. In general, genetic material 

collection resulted in very sparse data and collection effort was not standardized across surveys. Spatial-

capture-recapture analysis of these data will provide useful information on study design considerations, 

but density estimates will likely be non-representative of the study area. 

As discussed in the 2014 Annual Report, files to summarize historical survey effort were 

generally lacking. This lack of recorded survey effort prohibits occupancy and spatial-capture-recapture 

analyses of the historical data. 

  



INTRODUCTION 

Canada lynx (Lynx canadensis; hereafter lynx) were listed as threatened under the U.S. 

Endangered Species Act in 2000. Superior National Forest, Minnesota, USA has implemented a lynx 

monitoring program to track lynx populations and gauge the effects of management actions. Results of 

this monitoring plan have confirmed the persistence of lynx in northeastern Minnesota. While these 

data provide important baseline information, not all individual lynx are detected, therefore statistical 

models are needed to correct for imperfect detection of lynx.  To that extent, additional analyses are 

required to track population-level parameters such as occupancy or abundance.  

Estimating population size can be extremely difficult for species like lynx that have large home 

ranges, cover large geographic areas, and are difficult to capture.  In such cases, other metrics such as 

occupancy (MacKenzie et al. 2002) can be useful for (1) monitoring species range dynamics and (2) 

helping to inform study design for abundance surveys, while also requiring less intensive survey 

methods.  In this report, we analyze lynx detection/non-detection data collected during a pilot snow-

tracking study during winter 2014-15.   The objective is to provide information to USFWS and USFS on 

the potential utility of occupancy as a metric of interest and the potential to inform future study design. 

 

 

METHODS 

Study Area 

The study area included 22,475 km2 of Superior National Forest and designated lynx critical 

habitat in northeastern Minnesota, USA (USFWS 2014; Figure 1). Short warm summers and long cold 

winters are typical for this region (McCann and Moen 2011). Vegetation consists of both boreal forests 

and Great Lakes forests dominated by pine, fir, aspen, and spruce (McCann and Moen 2011).  



 
Figure 1. The study area encompassed the outer boundary of Superior National Forest and designated 
Lynx Critical Habitat in Minnesota (green). Survey routes are in black and lynx detections are shown as 
white triangles. The study area was divided into 5x5 km grid cells for analysis (grey grid). 
 
 
Snow-tracking occupancy surveys 

Snow tracking surveys (Squires et al. 2004) were conducted from November 2014 to March 

2015 when snow cover was present. Trained observers drove open roads located throughout the study 

area recording the locations of all lynx sign (tracks or scat; Figure 1). Observers also recorded snow 

conditions during each survey as Good (>3 days post snow, no blowing), Fair (1-2 days post snow, no 

blowing), or Poor (<1 day post snow or blowing snow) as snow condition is known to affect detection 

probability during snow tracking surveys (Whittington et al. 2014).  

 

Occupancy modeling  

 For analysis purposes we overlaid a 25-km2 grid across the study area, resulting in 899 5-km2 

cells (Figure 1). Grid cells were selected to match other on-going surveys on Superior National Forest 

(NABat data provided by T. Catton; 

https://www.sciencebase.gov/catalog/item/546e65c5e4b0fc7976e4e894?view=folder). Only grid cells 

that were completely contained within the U.S. boundary were included as covariate values were not 

https://www.sciencebase.gov/catalog/item/546e65c5e4b0fc7976e4e894?view=folder


available for grid cells overlapping the U.S.-Canada border. A grid cell was considered surveyed if >0.5 

km of a survey route occurred within the cell. A 0.5 km was selected as it is equivalent to a transect that 

is 10% of the cell width. Temporal replicates were available for 129 cells that were surveyed on multiple 

occasions throughout the season (Figure 2). Essentially, this allowed us to consider each grid cell a ‘trap’ 

and generate encounter histories (detection/non-detection) for each cell based on whether or not lynx 

were detected during each survey.  

 Occupancy models use detection/non-detection information from replicated surveys to 

separate the underlying state process (i.e., occupied or not) from the observation process (e.g., the 

species was present but not detected during a survey).  To analyze the snow tracking survey data, we 

used an occupancy modeling approach to estimate lynx occupancy (ψ) and detection (p), and to 

investigate possible covariate relationships (MacKenzie et al. 2002).  Here, occupancy is the probability 

lynx occupied a cell during the survey period and detection is the probability of detecting a lynx given it 

used the cell. We included four habitat covariates on occupancy: percent evergreen forest, percent 

developed land, percent open water, and road density (km of roads per grid cell). Habitat covariates 

were selected based on previous studies and/or factors believed to possibly influence lynx presence 

(Bayne et al. 2008; Simons-Legaard et al. 2013; Hornseth et al. 2014). Habitat covariate data were 

obtained from the 2011 GAP Analysis [USGS] available at http://gapanalysis.usgs.gov/. Habitat covariate 

values for each grid cell were calculated as the mean value across all pixels in that cell, allowing each 

grid cell to have a unique value for each covariate. We included three covariates on detection 

probability: snow conditions (good, fair, or poor), transect length (km), and date, which were recorded 

during each survey. We investigated both a linear and quadratic effect of date to allow for possible 

nonlinear changes in detectability. For instance, detection probability could be lower during the early 

and late periods of the season due to poorer snow conditions. Route length was included as detection 

probability was expected to increase as the length of the route increased (Thompson et al. 2012).  Route 

length was log-transformed and all other continuous covariates were standardized by subtracting the 

mean and dividing by the standard deviation.  

We fit all possible model combinations, resulting in a total 192 models. We compared models 

using Akaike’s information criterion corrected for small sample size (AICc), the difference in AICc units 

from the most parsimonious model (ΔAICc) and relative model support(AICc weights; Burnham and 

Anderson 2002). We considered models with ΔAICc <2 as fitting similarly well (Burnham and Anderson 

2002). We used model-averaged parameter estimates to evaluate covariate effects on lynx occupancy 

and detection (Burnham and Anderson 2002). Model-averaged parameter estimates were then used to 

http://gapanalysis.usgs.gov/


predict lynx occupancy across the entire study area using the previously described covariates values. All 

analyses were conducted in R statistical software version 3.2.2 (R Development Team 2015) using the 

packages unmarked (Fiske and Chandler 2011) and MuMin (Barton 2015). 

Occupancy models require a closure assumption where each cell is permanently occupied or not 

occupied during the study period. Due to the nature of this study, we adopted a different interpretation 

where occupancy (ψ) was interpreted as the probability of lynx site usage during the study period 

(MacKenzie et al. 2006). This interpretation allows for more flexibility in relaxing the closure assumption, 

which was likely violated during the surveys.   

 

RESULTS 

Over the course of the study, there were >3,100 km of snow-tracking surveys across 231 of the 

899 grid cells (Figures 1 and 2). Average total survey length per grid cell was 13.7 km (range = 0.5 - 

106.8), with an average length of 4.6 km per survey (range = 0.5 - 14.6 km), The distribution of the 

number of surveys per cell was (100, 45, 20, 11, 16, 7, 11, 6, 5, 1, 3, 1, 0, 2, 1) i.e., 100 cells were 

surveyed once, 45 cells surveyed 2 times… 1 cell surveyed 15 times (Figure 2). Lynx were detected in 64 

grid cells (Figure 1).  

 
Figure 2. Number of snow-tracking surveys conducted per grid cell during winter 2014-2015.  

 



Percent evergreen forest and percent water were included in the top model for occupancy 

(Table 1). Lynx occupancy increased as percent evergreen and percent water increased, although the 

confidence interval for percent water overlapped zero (Table 2). Transect length, snow conditions, and 

date of survey were included in the top model as covariates on detection (Table 1). Lynx detection 

probability was highest in good snow conditions and increased as transect length increased (Table 2; 

Figure 3).  

Predicted lynx occupancy across the study area was generally highest in the northeast section of 

Superior National Forest and lowest in the southwest (Figure 4). Predicted lynx occupancy was >0.50 in 

435 of the 899 cells (i.e., predictions suggested 48% of the cells were more likely than not that used by 

lynx). Standard errors for predictions were highly variable and often quite large (i.e., >0.30 in numerous 

cells; Figure 5).  

Predicted lynx occupancy could also be investigated at the level of Lynx Analysis Units. For 

instance, Lynx Analysis Unit SNF47 overlapped 15 grid cells (western section of Superior National 

Forest). The mean occupancy for grid cells overlapping SNF47 was 0.17 and predicted occupancy was 

<0.50 in all overlapping cells (range = 0.02-0.42; Figure 6). Conversely, Lynx Analysis Unit SNF43 

(northeast) overlapped 9 cells, with a mean predicted occupancy of 0.93 and predicted occupancy >0.80 

in all cells (range = 0.84- 0.96; Figure 6).  

 

Table 1. Model selection results for lynx occupancy and detection models. Models <2 ΔAICc units of the 
top model, the global model, and null model are shown. Columns include the occupancy and detection 
models, degrees of freedom (df), Akaike’s information criterion corrected for small sample size (AICc), 
the distance in AICc units from the most parsimonious model (ΔAICc) and AIC weights (wi). 

Model         
Occupancy Detection df AICc ΔAICc wi 
ψ(everg + H2O) p(len + snow + date) 8 608.9 0.00 0.13 
ψ(everg + H2O) p(len + snow) 7 609.1 0.11 0.12 
ψ(everg) p(len + snow + date) 7 609.7 0.73 0.09 
ψ(everg) p(len + snow) 6 610.0 1.02 0.08 
ψ(everg + H2O + develop) p(len + snow + date) 9 610.5 1.52 0.06 
ψ(everg + H2O + develop) p(len + snow) 8 610.6 1.66 0.05 
aψ(everg + H2O + develop + road) p(len + snow + date + date2) 11 613.8 4.86 0.01 
bψ(.) p(.) 2 677.5 68.59 0.00 
a Global model 
b Null model 
 
 
 
 



Table 2. Logit-scale model-averaged parameter estimates (95% confidence interval) from snow-tracking 
surveys of lynx conducted in Superior National Forest and designated critical habitat in northern 
Minnesota. 
Parameter Mean 2.5% 97.5% 
OCCUPANCY    

Int. 0.26 -0.39 0.91 
everg 1.74 0.93 2.56 
H2O 0.22 -0.08 0.82 
develop -0.15 -1.44 0.59 
road 0.07 -0.78 1.25 

DETECTION    
Int. -1.33 -2.14 -0.51 
length 0.74 0.36 1.11 
snow:fair -0.13 -0.72 0.47 
snow:poor -1.19 -1.82 -0.56 
date 0.10 -0.05 0.38 
date2 0.00 -0.20 0.25 

 

 

 

Figure 3. Effect of survey length and snow condition on lynx detectability during snow-tracking surveys.  
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Figure 4. Predicted lynx occupancy probability across Superior National Forest and designated critical 
habitat in northern Minnesota. 
 

 
Figure 5. Standard error of predicted lynx occupancy probability across Superior National Forest and 
designated critical habitat in northern Minnesota.  



 
Figure 6. Predicted lynx occupancy probability across Superior National Forest and designated critical 
habitat in northern Minnesota. Polygons denote Lynx Analysis Units (LAUs; n = 47). Blue polygons are 
the two LAUs discussed in the Results. SNF43 (northeast) overlaps nine 5x5km grids with a mean 
occupancy probability of 0.93. SNF47 (west) overlaps 15 grid cells with a mean occupancy probability of 
0.17 (see Results for details).  

 

  



DISCUSSION 

A key requirement to estimate species occupancy, density, and abundance is not only detection 

data, but information on survey effort (i.e., when and where surveys were conducted; Royle and Young 

2008). Our focus in 2014 was directed towards study design considerations, with an emphasis on 

recording both lynx detections and survey effort. The pilot study conducted in 2014-2015 provided 

important information on Lynx monitoring across Superior National Forest. For instance, the probability 

of detecting lynx was found to be <<1.0 and a function of both snow conditions and survey length. 

Similarly, lynx occupancy was associated with habitat characteristics resulting in noticeable variation in 

lynx occupancy across Superior National Forest and areas of critical habitat.  

Habitat relationships suggested lynx occupancy was highest in the northeastern section of 

Superior National Forest and generally lowest at the southern and western regions of the forest. Lynx 

occupancy was primarily associated with percent of evergreen forest, an important habitat for their 

primary prey - snowshoe hares (Squires and Ruggiero 2007). Habitat covariates investigated by this 

study were a crude representation of possible lynx habitat relationships. Our results, however, support 

previous predictions of core lynx habitat in Superior National Forest (Moen et al. 2008; McCann and 

Moen 2011), which used a combination of intensive radio-telemetry of individually marked lynx and 

snowshoe hare pellet counts. Overall, detection/non-detection surveys appear to provide useful 

information on lynx distribution and habitat use, while also supporting results from previous studies in 

the region. Future exploration into more recent and/or detailed habitat data may provide additional 

insight into these relationships and predictions across the region. 

Increased spatial coverage of surveys will be useful to better understand lynx habitat use and 

distribution throughout the region. For instance, regions of low lynx occupancy were often the least 

surveyed areas of the forest (Supplement S1). Similarly, uncertainty in predicted occupancy was often 

quite high, indicating changes or trends in occupancy across years will be difficult to detect. Additional 

surveys of low occurrence areas may help identify non-detection versus true absence of lynx these 

areas. Similarly, expanding surveys of high occupancy areas will assist in verifying high lynx use in these 

areas. In some instances, it may be beneficial to reallocate effort from areas with a relative high number 

of surveys (e.g., >5 surveys) and instead conduct repeated surveys (2-3 surveys) in other less surveyed 

areas.  

In considering study design for abundance estimation, we note that genetic data collection in 

winter 2014-2015 resulted in 36 individually identified lynx. Only 8 of these individuals were detected at 

multiple locations, resulting in an inability to provide precise estimates of movement and density. 



Further analysis of the genetic data are ongoing and will be included in the 2016 Final Report. 

Preliminary results, however, indicate that studies to estimate lynx density will require additional 

resources specifically dedicated to mark-recapture surveys. As with occupancy surveys, mark-recapture 

studies will benefit from both increased spatial coverage, but also increases in the number of surveys to 

collect genetic material.  

Estimates of occupancy from this pilot study provide useful information on the distribution of a 

difficult to monitor threatened species and can be used to inform future study designs to monitor 

occupancy or more intensive abundance studies. Snow-tracking surveys that record detection/non-

detection data provide a cost-effective survey approach for lynx (Squires et al. 2004). Snow tracking 

surveys can often survey extensive areas without the need for individual identification (Squires et al. 

2004). In this pilot study, recording effort and detection/non-detection data allowed estimation of 

occupancy, detection, and habitat relationships. These approaches allowed for predictions across the 

entire study area, both surveyed and unsurvey areas. Continuing to record survey effort and 

detection/non-detection data will also allow investigation of dynamic processes in lynx occurrence 

across multiple years. Annual variation in lynx occupancy may be particularly important as Superior 

National Forest is at the southern edge of the lynx range and also known to have dramatic population 

fluctuations (Hornseth et al. 2014).  
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SUPPLEMENT S1. Predicted lynx occupancy probability across Superior National Forest and designated 
critical habitat in northern Minnesota. Survey routes are overlaid in black and lynx detections are shown 
as white triangles. 
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SUMMARY 

The general purpose of this report is to analyze lynx detection/non-detection data collected 

during a pilot snow-tracking study during winter 2014-15 and to discuss the value of this analysis in the 

context of future study design and use of occupancy as a metric of interest. The pilot study accumulated 

>3,100 km of snow-tracking surveys and >390 lynx detections across Superior National Forest and 

designated lynx critical habitat. Preliminary data indicated that survey effort and detection/non-

detection data can be recorded as part of lynx monitoring efforts. Occupancy analysis of detection/non-

detection data indicated lynx occupancy was associated with habitat characteristics (percent evergreen 

and percent water) and was highly variable across the study (range = 0.01 – 0.99 depending on habitat 

characteristics). Estimates of occupancy from this pilot study provide useful information on the 

distribution of a difficult to monitor threatened species and can be used to inform future study designs 

aimed at monitoring lynx occupancy or designing more intensive studies to estimate abundance.  

Lynx genetic material was also collected during some surveys in winter 2014-15. Analysis of 

these data is on-going and will be provided as part of the 2016 Final Report. In general, genetic material 

collection resulted in very sparse data and collection effort was not standardized across surveys. Spatial-

capture-recapture analysis of these data will provide useful information on study design considerations, 

but density estimates will likely be non-representative of the study area. 

As discussed in the 2014 Annual Report, files to summarize historical survey effort were 

generally lacking. This lack of recorded survey effort prohibits occupancy and spatial-capture-recapture 

analyses of the historical data. 

  



INTRODUCTION 

Canada lynx (Lynx canadensis; hereafter lynx) were listed as threatened under the U.S. 

Endangered Species Act in 2000. Superior National Forest, Minnesota, USA has implemented a lynx 

monitoring program to track lynx populations and gauge the effects of management actions. Results of 

this monitoring plan have confirmed the persistence of lynx in northeastern Minnesota. While these 

data provide important baseline information, not all individual lynx are detected, therefore statistical 

models are needed to correct for imperfect detection of lynx.  To that extent, additional analyses are 

required to track population-level parameters such as occupancy or abundance.  

Estimating population size can be extremely difficult for species like lynx that have large home 

ranges, cover large geographic areas, and are difficult to capture.  In such cases, other metrics such as 

occupancy (MacKenzie et al. 2002) can be useful for (1) monitoring species range dynamics and (2) 

helping to inform study design for abundance surveys, while also requiring less intensive survey 

methods.  In this report, we analyze lynx detection/non-detection data collected during a pilot snow-

tracking study during winter 2014-15.   The objective is to provide information to USFWS and USFS on 

the potential utility of occupancy as a metric of interest and the potential to inform future study design. 

 

 

METHODS 

Study Area 

The study area included 22,475 km2 of Superior National Forest and designated lynx critical 

habitat in northeastern Minnesota, USA (USFWS 2014; Figure 1). Short warm summers and long cold 

winters are typical for this region (McCann and Moen 2011). Vegetation consists of both boreal forests 

and Great Lakes forests dominated by pine, fir, aspen, and spruce (McCann and Moen 2011).  



 
Figure 1. The study area encompassed the outer boundary of Superior National Forest and designated 
Lynx Critical Habitat in Minnesota (green). Survey routes are in black and lynx detections are shown as 
white triangles. The study area was divided into 5x5 km grid cells for analysis (grey grid). 
 
 
Snow-tracking occupancy surveys 

Snow tracking surveys (Squires et al. 2004) were conducted from November 2014 to March 

2015 when snow cover was present. Trained observers drove open roads located throughout the study 

area recording the locations of all lynx sign (tracks or scat; Figure 1). Observers also recorded snow 

conditions during each survey as Good (>3 days post snow, no blowing), Fair (1-2 days post snow, no 

blowing), or Poor (<1 day post snow or blowing snow) as snow condition is known to affect detection 

probability during snow tracking surveys (Whittington et al. 2014).  

 

Occupancy modeling  

 For analysis purposes we overlaid a 25-km2 grid across the study area, resulting in 899 5-km2 

cells (Figure 1). Grid cells were selected to match other on-going surveys on Superior National Forest 

(NABat data provided by T. Catton; 

https://www.sciencebase.gov/catalog/item/546e65c5e4b0fc7976e4e894?view=folder). Only grid cells 

that were completely contained within the U.S. boundary were included as covariate values were not 

https://www.sciencebase.gov/catalog/item/546e65c5e4b0fc7976e4e894?view=folder


available for grid cells overlapping the U.S.-Canada border. A grid cell was considered surveyed if >0.5 

km of a survey route occurred within the cell. A 0.5 km was selected as it is equivalent to a transect that 

is 10% of the cell width. Temporal replicates were available for 129 cells that were surveyed on multiple 

occasions throughout the season (Figure 2). Essentially, this allowed us to consider each grid cell a ‘trap’ 

and generate encounter histories (detection/non-detection) for each cell based on whether or not lynx 

were detected during each survey.  

 Occupancy models use detection/non-detection information from replicated surveys to 

separate the underlying state process (i.e., occupied or not) from the observation process (e.g., the 

species was present but not detected during a survey).  To analyze the snow tracking survey data, we 

used an occupancy modeling approach to estimate lynx occupancy (ψ) and detection (p), and to 

investigate possible covariate relationships (MacKenzie et al. 2002).  Here, occupancy is the probability 

lynx occupied a cell during the survey period and detection is the probability of detecting a lynx given it 

used the cell. We included four habitat covariates on occupancy: percent evergreen forest, percent 

developed land, percent open water, and road density (km of roads per grid cell). Habitat covariates 

were selected based on previous studies and/or factors believed to possibly influence lynx presence 

(Bayne et al. 2008; Simons-Legaard et al. 2013; Hornseth et al. 2014). Habitat covariate data were 

obtained from the 2011 GAP Analysis [USGS] available at http://gapanalysis.usgs.gov/. Habitat covariate 

values for each grid cell were calculated as the mean value across all pixels in that cell, allowing each 

grid cell to have a unique value for each covariate. We included three covariates on detection 

probability: snow conditions (good, fair, or poor), transect length (km), and date, which were recorded 

during each survey. We investigated both a linear and quadratic effect of date to allow for possible 

nonlinear changes in detectability. For instance, detection probability could be lower during the early 

and late periods of the season due to poorer snow conditions. Route length was included as detection 

probability was expected to increase as the length of the route increased (Thompson et al. 2012).  Route 

length was log-transformed and all other continuous covariates were standardized by subtracting the 

mean and dividing by the standard deviation.  

We fit all possible model combinations, resulting in a total 192 models. We compared models 

using Akaike’s information criterion corrected for small sample size (AICc), the difference in AICc units 

from the most parsimonious model (ΔAICc) and relative model support(AICc weights; Burnham and 

Anderson 2002). We considered models with ΔAICc <2 as fitting similarly well (Burnham and Anderson 

2002). We used model-averaged parameter estimates to evaluate covariate effects on lynx occupancy 

and detection (Burnham and Anderson 2002). Model-averaged parameter estimates were then used to 

http://gapanalysis.usgs.gov/


predict lynx occupancy across the entire study area using the previously described covariates values. All 

analyses were conducted in R statistical software version 3.2.2 (R Development Team 2015) using the 

packages unmarked (Fiske and Chandler 2011) and MuMin (Barton 2015). 

Occupancy models require a closure assumption where each cell is permanently occupied or not 

occupied during the study period. Due to the nature of this study, we adopted a different interpretation 

where occupancy (ψ) was interpreted as the probability of lynx site usage during the study period 

(MacKenzie et al. 2006). This interpretation allows for more flexibility in relaxing the closure assumption, 

which was likely violated during the surveys.   

 

RESULTS 

Over the course of the study, there were >3,100 km of snow-tracking surveys across 231 of the 

899 grid cells (Figures 1 and 2). Average total survey length per grid cell was 13.7 km (range = 0.5 - 

106.8), with an average length of 4.6 km per survey (range = 0.5 - 14.6 km), The distribution of the 

number of surveys per cell was (100, 45, 20, 11, 16, 7, 11, 6, 5, 1, 3, 1, 0, 2, 1) i.e., 100 cells were 

surveyed once, 45 cells surveyed 2 times… 1 cell surveyed 15 times (Figure 2). Lynx were detected in 64 

grid cells (Figure 1).  

 
Figure 2. Number of snow-tracking surveys conducted per grid cell during winter 2014-2015.  

 



Percent evergreen forest and percent water were included in the top model for occupancy 

(Table 1). Lynx occupancy increased as percent evergreen and percent water increased, although the 

confidence interval for percent water overlapped zero (Table 2). Transect length, snow conditions, and 

date of survey were included in the top model as covariates on detection (Table 1). Lynx detection 

probability was highest in good snow conditions and increased as transect length increased (Table 2; 

Figure 3).  

Predicted lynx occupancy across the study area was generally highest in the northeast section of 

Superior National Forest and lowest in the southwest (Figure 4). Predicted lynx occupancy was >0.50 in 

435 of the 899 cells (i.e., predictions suggested 48% of the cells were more likely than not that used by 

lynx). Standard errors for predictions were highly variable and often quite large (i.e., >0.30 in numerous 

cells; Figure 5).  

Predicted lynx occupancy could also be investigated at the level of Lynx Analysis Units. For 

instance, Lynx Analysis Unit SNF47 overlapped 15 grid cells (western section of Superior National 

Forest). The mean occupancy for grid cells overlapping SNF47 was 0.17 and predicted occupancy was 

<0.50 in all overlapping cells (range = 0.02-0.42; Figure 6). Conversely, Lynx Analysis Unit SNF43 

(northeast) overlapped 9 cells, with a mean predicted occupancy of 0.93 and predicted occupancy >0.80 

in all cells (range = 0.84- 0.96; Figure 6).  

 

Table 1. Model selection results for lynx occupancy and detection models. Models <2 ΔAICc units of the 
top model, the global model, and null model are shown. Columns include the occupancy and detection 
models, degrees of freedom (df), Akaike’s information criterion corrected for small sample size (AICc), 
the distance in AICc units from the most parsimonious model (ΔAICc) and AIC weights (wi). 

Model         
Occupancy Detection df AICc ΔAICc wi 
ψ(everg + H2O) p(len + snow + date) 8 608.9 0.00 0.13 
ψ(everg + H2O) p(len + snow) 7 609.1 0.11 0.12 
ψ(everg) p(len + snow + date) 7 609.7 0.73 0.09 
ψ(everg) p(len + snow) 6 610.0 1.02 0.08 
ψ(everg + H2O + develop) p(len + snow + date) 9 610.5 1.52 0.06 
ψ(everg + H2O + develop) p(len + snow) 8 610.6 1.66 0.05 
aψ(everg + H2O + develop + road) p(len + snow + date + date2) 11 613.8 4.86 0.01 
bψ(.) p(.) 2 677.5 68.59 0.00 
a Global model 
b Null model 
 
 
 
 



Table 2. Logit-scale model-averaged parameter estimates (95% confidence interval) from snow-tracking 
surveys of lynx conducted in Superior National Forest and designated critical habitat in northern 
Minnesota. 
Parameter Mean 2.5% 97.5% 
OCCUPANCY    

Int. 0.26 -0.39 0.91 
everg 1.74 0.93 2.56 
H2O 0.22 -0.08 0.82 
develop -0.15 -1.44 0.59 
road 0.07 -0.78 1.25 

DETECTION    
Int. -1.33 -2.14 -0.51 
length 0.74 0.36 1.11 
snow:fair -0.13 -0.72 0.47 
snow:poor -1.19 -1.82 -0.56 
date 0.10 -0.05 0.38 
date2 0.00 -0.20 0.25 

 

 

 

Figure 3. Effect of survey length and snow condition on lynx detectability during snow-tracking surveys.  
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Figure 4. Predicted lynx occupancy probability across Superior National Forest and designated critical 
habitat in northern Minnesota. 
 

 
Figure 5. Standard error of predicted lynx occupancy probability across Superior National Forest and 
designated critical habitat in northern Minnesota.  



 
Figure 6. Predicted lynx occupancy probability across Superior National Forest and designated critical 
habitat in northern Minnesota. Polygons denote Lynx Analysis Units (LAUs; n = 47). Blue polygons are 
the two LAUs discussed in the Results. SNF43 (northeast) overlaps nine 5x5km grids with a mean 
occupancy probability of 0.93. SNF47 (west) overlaps 15 grid cells with a mean occupancy probability of 
0.17 (see Results for details).  

 

  



DISCUSSION 

A key requirement to estimate species occupancy, density, and abundance is not only detection 

data, but information on survey effort (i.e., when and where surveys were conducted; Royle and Young 

2008). Our focus in 2014 was directed towards study design considerations, with an emphasis on 

recording both lynx detections and survey effort. The pilot study conducted in 2014-2015 provided 

important information on Lynx monitoring across Superior National Forest. For instance, the probability 

of detecting lynx was found to be <<1.0 and a function of both snow conditions and survey length. 

Similarly, lynx occupancy was associated with habitat characteristics resulting in noticeable variation in 

lynx occupancy across Superior National Forest and areas of critical habitat.  

Habitat relationships suggested lynx occupancy was highest in the northeastern section of 

Superior National Forest and generally lowest at the southern and western regions of the forest. Lynx 

occupancy was primarily associated with percent of evergreen forest, an important habitat for their 

primary prey - snowshoe hares (Squires and Ruggiero 2007). Habitat covariates investigated by this 

study were a crude representation of possible lynx habitat relationships. Our results, however, support 

previous predictions of core lynx habitat in Superior National Forest (Moen et al. 2008; McCann and 

Moen 2011), which used a combination of intensive radio-telemetry of individually marked lynx and 

snowshoe hare pellet counts. Overall, detection/non-detection surveys appear to provide useful 

information on lynx distribution and habitat use, while also supporting results from previous studies in 

the region. Future exploration into more recent and/or detailed habitat data may provide additional 

insight into these relationships and predictions across the region. 

Increased spatial coverage of surveys will be useful to better understand lynx habitat use and 

distribution throughout the region. For instance, regions of low lynx occupancy were often the least 

surveyed areas of the forest (Supplement S1). Similarly, uncertainty in predicted occupancy was often 

quite high, indicating changes or trends in occupancy across years will be difficult to detect. Additional 

surveys of low occurrence areas may help identify non-detection versus true absence of lynx these 

areas. Similarly, expanding surveys of high occupancy areas will assist in verifying high lynx use in these 

areas. In some instances, it may be beneficial to reallocate effort from areas with a relative high number 

of surveys (e.g., >5 surveys) and instead conduct repeated surveys (2-3 surveys) in other less surveyed 

areas.  

In considering study design for abundance estimation, we note that genetic data collection in 

winter 2014-2015 resulted in 36 individually identified lynx. Only 8 of these individuals were detected at 

multiple locations, resulting in an inability to provide precise estimates of movement and density. 



Further analysis of the genetic data are ongoing and will be included in the 2016 Final Report. 

Preliminary results, however, indicate that studies to estimate lynx density will require additional 

resources specifically dedicated to mark-recapture surveys. As with occupancy surveys, mark-recapture 

studies will benefit from both increased spatial coverage, but also increases in the number of surveys to 

collect genetic material.  

Estimates of occupancy from this pilot study provide useful information on the distribution of a 

difficult to monitor threatened species and can be used to inform future study designs to monitor 

occupancy or more intensive abundance studies. Snow-tracking surveys that record detection/non-

detection data provide a cost-effective survey approach for lynx (Squires et al. 2004). Snow tracking 

surveys can often survey extensive areas without the need for individual identification (Squires et al. 

2004). In this pilot study, recording effort and detection/non-detection data allowed estimation of 

occupancy, detection, and habitat relationships. These approaches allowed for predictions across the 

entire study area, both surveyed and unsurvey areas. Continuing to record survey effort and 

detection/non-detection data will also allow investigation of dynamic processes in lynx occurrence 

across multiple years. Annual variation in lynx occupancy may be particularly important as Superior 

National Forest is at the southern edge of the lynx range and also known to have dramatic population 

fluctuations (Hornseth et al. 2014).  
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SUPPLEMENT S1. Predicted lynx occupancy probability across Superior National Forest and designated 
critical habitat in northern Minnesota. Survey routes are overlaid in black and lynx detections are shown 
as white triangles. 

 

 

 



From: Smith, Tamara
To: Ron Moen
Subject: Re: quick question from Canada lynx workshop presentation
Date: Thursday, February 04, 2016 10:45:55 AM

Hi Ron - One last question - Any chance I could get a title (even a tentative one) from for the Morgan, in prep. citation ? 
Thanks!

On Tue, Feb 2, 2016 at 12:49 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
okay - Thanks!

On Tue, Feb 2, 2016 at 12:12 PM, Ron Moen <rmoen@d.umn.edu> wrote:
At least 5 of 27 adults collared in MN are known to have been trapped in Ontario. Others were last
located in Ontario but we have no record of what happened to them.

From:   "Smith, Tamara" <tamara_smith@fws.gov>
Date sent:                  Tue, 2 Feb 2016 11:12:41 -0600
Subject:                     Re: quick question from Canada lynx workshop presentation
To:                            Ron Moen <rmoen@d.umn.edu>
Copies to:                  "Catton, Susan J -FS" <scatton@fs.fed.us>

> Thank you, Ron. That is helpful. I probably erroneously wrote 30 instead of
> 30% in my notes, or maybe I was wrong entirely. If it is not too much
> trouble, could you double check that figure?
>
> On Tue, Feb 2, 2016 at 10:39 AM, Ron Moen <rmoen@d.umn.edu> wrote:
>
> > Hi Tam --
> >
> > > Legal trapping in Ontario results in approximately 30 Minnesota lynx that
> > > are harvested in Canada annually (?).
> >
> > Not sure where this would have come from. Maybe about 30% of adult animals
> > that we radiocollared in MN ended up being harvested in Ontario? That seems
> > a little high but I'd have to look back at actual outcomes to know.
> >
> > > Also, there was a reference to climate models by Morgan - do you have a
> > > reference or year for those models?
> >
> > Morgan is working for me, and one of the things she has been involved in
> > is the climage change adaptation project. As part of that we looked at
> > climate projections and possible changes in species ranges for mammals in
> > the upper Midwest. We don't have anything published on that yet, but should
> > within the next 6 months.
> >
> > Ron
> >
> >    From:"Smith, Tamara" <tamara_smith@fws.gov>
> > Date sent:                  Tue, 2 Feb 2016 10:16:03 -0600
> > Subject:                     quick question from Canada lynx workshop
> > presentation
> > To:                            "Catton, Susan J -FS" <scatton@fs.fed.us>,
> > Ron Moen <rmoen@d.umn.edu>
> >
> > > Hi Ron and Susan,
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> > >
> > > I'm trying to remember back to your presentation at the Canada lynx SSA
> > > workshop in October and in my notes I had the sentence below (in blue).
> > Can
> > > you confirm or edit or strike? Was that 30 per year? It seems like a lot
> > -
> > >  30 even sounds high for MN born lynx to emigrate out of the state. It
> > > might be that my notes were incorrect.
> > >
> > > Legal trapping in Ontario results in approximately 30 Minnesota lynx that
> > > are harvested in Canada annually (?).
> > >
> > > Also, there was a reference to climate models by Morgan - do you have a
> > > reference or year for those models?
> > >
> > > Thanks,
> > > Tam
> > >
> > > --
> > > Tamara Smith
> > > U.S. Fish and Wildlife Service
> > > Twin Cities Field Office
> > > 4101 American Boulevard East
> > > Bloomington, MN 55425
> > > 952-252-0092, Ext. 219  NEW NUMBER
> > > 952-646-2873  NEW FAX
> > >
> > > 612-600-1599 Cell
> > >
> >
> >
> > --
> > Ron Moen   218-788-2610 or
> > 218-726-7774
> > Natural Resources Research Institute
> > Biology Department, Swenson College of Science and Engineering
> > University of Minnesota Duluth
> >
> > www.d.umn.edu/~rmoen,   www.nrri.umn.edu/lynx,   www.nrri.umn.edu/moose
> >
> >
> >
>
>
> --
> Tamara Smith
> U.S. Fish and Wildlife Service
> Twin Cities Field Office
> 4101 American Boulevard East
> Bloomington, MN 55425
> 952-252-0092, Ext. 219  NEW NUMBER
> 952-646-2873  NEW FAX
>
> 612-600-1599 Cell
>
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--
Ron Moen   218-788-2610 or 218-726-7774                                                             
Natural Resources Research Institute
Biology Department, Swenson College of Science and Engineering
University of Minnesota Duluth

www.d.umn.edu/~rmoen,   www.nrri.umn.edu/lynx,   www.nrri.umn.edu/moose

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  NEW NUMBER
952-646-2873  NEW FAX

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  NEW NUMBER
952-646-2873  NEW FAX

612-600-1599 Cell
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From: Ivan - DNR, Jake
To: Odell - DNR, Eric
Cc: Kurt Broderdorp; Scott Wait
Subject: Re: Use annual wildlife report
Date: Monday, February 08, 2016 1:14:42 PM

Fine by me.  Seems like a good use of that information.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Mon, Feb 8, 2016 at 12:24 PM, Odell - DNR, Eric <eric.odell@state.co.us> wrote:
I don't have a problem with you citing it, but defer to jake as he was the primary author on
the research report you are referencing. 

On Monday, February 8, 2016, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

All,  I am working on a biological opinion (BO), and I wanted to cite
your annual report for monitoring of lynx.  The statement in the BO
would mention the ongoing monitoring and that presence of lynx is
confirmed within the monitoring area including evidence of adult
females with kittens. 

 

I do not intend to specifically quote anything from the document,
just use it as a citation for the statement above.  Per the statement in
the report, I am seeking your permission to use the report as stated
herein.  Thank you.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186
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-- 
Eric Odell
Species Conservation Program Manager ~ Carnivores
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us
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From: Bell, Heather
To: Jim Zelenak; Mary_Parkin; Cummings, Jonathan
Subject: Suggestion for moving forward with Lynx SSA
Date: Wednesday, February 10, 2016 9:37:42 AM

Hi all.  I just had a brief discussion with Dave and as usual he offered some wisdom that I
wanted to share with you.  He recommended that we brief decision makers now with the
information we have from the workshop report and perhaps a very brief idea if there is
existing information that falls outside (disagrees with) the workshop information.  The
objective of the briefing is not to come to a decision, but rather to gain an understanding from
the decision makers where they believe we need more effort in the SSA.  This way we could
focus on what is needed per the dm's recommendation.  
As you know i am concerned with the time we have left to complete the SSA and that we held
the EE meeting because there was no information available on climate change and Lynx that
was interpretable by us, hence the need for experts.  In my opinion it now comes down to the
risk tolerance of the decision makers; rather than trying to develop additional science in the
short time we have left to complete the SSA (I am not suggesting we wouldn't want more for
the sake of good science or for developing recovery planning).  

Let me know if you would like to chat about this idea.  I am gone next week but available
today until 2pm and have some time tomorrow.  

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/. 
For audiences outside FWS visit http://www.fws.gov/endangered/improving_ESA/SSA.html.
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From: Smith, Tamara
To: Licht, Daniel
Subject: Re: Canada Lynx Isle Royale Feasibility Report
Date: Monday, February 22, 2016 9:03:28 AM

Hi Dan - Sorry for my late reply.  I would suggest Ron Moen (NRRI), Jim Zelenak (USFWS)
or Mark McCollough (USFWS).  I'd like to stay in the loop also and will discuss this with
Jim. 

 Thank you! 

On Wed, Feb 10, 2016 at 9:02 AM, Licht, Daniel <dan_licht@nps.gov> wrote:
Tamara - About a year ago we exchanged emails regarding lynx (see below).  We have
finished a report titled: Canada Lynx Restoration at Isle Royale National Park: A Feasibility
Study.  I am in need of a peer review of the report and I hope you can recommend someone.

Specifically, I would of course like someone with knowledge of lynx, but if possible, I
would like it if that person(s) could also be an advocate for the project.

If you can recommend someone I would appreciate it.  Feel free to nominate yourself if you
are interested.  Thanks. 

Dan Licht
Midwest Regional Wildlife Biologist
National Park Service
231 East. St. Joseph St.
Rapid City SD 57701
605 341-2802

---------- Forwarded message ----------
From: Smith, Tamara <tamara_smith@fws.gov>
Date: Wed, May 20, 2015 at 10:18 AM
Subject: Re: Lynx SSA and Recovery Planning contacts for NPS
To: "Licht, Daniel" <dan_licht@nps.gov>
Cc: "Windels, Steven" <steve_windels@nps.gov>

Okay, thank you.  I'll put you and Steve down as NPS contact people for WI/MN. It sounds
like you both are the right fit for this group - I'm sure you can opt out later if you decide
otherwise.  Thank you!

On Wed, May 20, 2015 at 11:06 AM, Licht, Daniel <dan_licht@nps.gov> wrote:
Tamara - I'll continue the 3-way conversation.  As Steve mentioned, I'm the Regional
Biologist for the Midwest Region (which includes MN-WI-MI).  Here's my 2-cents worth:

* I have over the past couple years been doing some "paper" projects with lynx,
specifically, a feasibility study of reintroducing lynx to Isle Royale NP, which technically
is in the jurisdiction of Michigan.  (We have one paper due to be published next month.)
 So while I'm not an expert, I'm not a complete idiot either when it comes to that species.
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* But if you want someone from the NPS who works on the ground at the state level in the
Midwest then Steve is the only person I would recommend.  (We do have other parks in
the MN-WI-MI area, but they don't have lynx nor people knowledgeable of the species.)

* We do of course have biologists in our national office who would be eager to help, but I
sense that's not what you're looking for.

Cheers.

Dan Licht
Midwest Regional Wildlife Biologist
National Park Service
231 East. St. Joseph St.
Rapid City SD 57701
605 341-2802

On Wed, May 20, 2015 at 9:30 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Thanks, Steve.  

Jim Zelenak (FWS MTFO) is trying to convene agency contacts in all states within the
range of Canada lynx, so I'm hoping to provide him with one or two "biologists" and
"managers" for NPS in Wisconsin and Minnesota. The purpose of the agency
participation is to help inform recovery planning, but not necessarily to form an official
recovery team.

Thanks, 
Tam

On Wed, May 20, 2015 at 8:18 AM, Windels, Steven <steve_windels@nps.gov> wrote:
Hi, Tamara:

I've cc'd Dan Licht here, who is the Midwest Regional Wildlife Biologist for the NPS.  He is your best
starting point for your question, esp. since I am not sure if you are asking about it from a regional or
national standpoint.

Contact info for Dan Licht:
Midwest Regional Wildlife Biologist
National Park Service
231 East. St. Joseph St.
Rapid City SD 57701
605 341-2802
dan_licht@nps.gov

Cheers,
Steve

On Tue, May 19, 2015 at 1:58 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Steve, 
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Who from the NPS should I add to Jim Zelenak's (USFWS MT FO)  list of contacts
for NPS regarding lynx recovery planning?  He has two empty spaces for NPS --one
"manager" and the other a "biologist". Who from NPS would appropriate for
 "manager" and as the "biologist" contact (each slot could be one or two people)? 
This isn't an official "recovery team" but would be people who would be involved
in in the lynx DPS status assessment and who can best help us understand current
and future status/trends of lynx and habitats within each of the DPS subpopulations,
the adequacy of current regulatory mechanisms, current/future threats and their
potential magnitudes, etc.

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 



Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  NEW NUMBER
952-646-2873  NEW FAX

612-600-1599 Cell



From: Holt, Bryon
To: Bush, Jodi
Subject: Re: Lynx gathering
Date: Monday, February 22, 2016 1:41:53 PM

Ok, then I'm good.

On Mon, Feb 22, 2016 at 1:39 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Bryon.  You should be able to keep that meeting.  We plan on wrapping up March 9.  JB

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

On Mon, Feb 22, 2016 at 2:35 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:
I have a meeting on 3/10 that I need to be at, and it took a fair amount of effort to get that
date scheduled.  If need be I can see if the meeting date can be moved, but I need to know
soon.

On Mon, Feb 22, 2016 at 12:01 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
wrote:

Nothing on the calendar that I can’t skip.  Is there any particular
reason for traveling on Sunday?

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Monday, February 22, 2016 12:37 PM
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Jodi Bush
Subject: Lynx gathering
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Hi Team,

 

Several folks on the lynx SSA team think it would be good and efficient to get together
very soon for a several-day work session to make progress on the SSA.  We're thinking
about a gathering at the R6 RO in Lakewood (Denver), and the dates of Mon. - Wed.,
March 7 - 9 have floated to the top of the possibility list (with travel Sunday, 3/6 and
Thurs. 3/10).

 

Please let me know if you have any immovable conflict(s) with those dates.

 

Thanks,

 

Jim  

 

  

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA

mailto:jim_zelenak@fws.gov


Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Lynx gathering
Date: Tuesday, February 23, 2016 10:39:58 AM

Yes.  Jodi emailed me yesterday and said the intention was to wrap up on the 9th.  Thus, I
advised her I was good to go.  Should have copied you on that exchange.

Bryon

On Tue, Feb 23, 2016 at 9:34 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Don't want you to have to reschedule - could you get a PM flight out of Denver on the 9th and be back in time for
you meeting?

On Mon, Feb 22, 2016 at 2:35 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:
I have a meeting on 3/10 that I need to be at, and it took a fair amount of effort to get that
date scheduled.  If need be I can see if the meeting date can be moved, but I need to know
soon.

On Mon, Feb 22, 2016 at 12:01 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
wrote:

Nothing on the calendar that I can’t skip.  Is there any particular
reason for traveling on Sunday?

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Monday, February 22, 2016 12:37 PM
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Jodi Bush
Subject: Lynx gathering

 

Hi Team,

 

Several folks on the lynx SSA team think it would be good and efficient to get together
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very soon for a several-day work session to make progress on the SSA.  We're thinking
about a gathering at the R6 RO in Lakewood (Denver), and the dates of Mon. - Wed.,
March 7 - 9 have floated to the top of the possibility list (with travel Sunday, 3/6 and
Thurs. 3/10).

 

Please let me know if you have any immovable conflict(s) with those dates.

 

Thanks,

 

Jim  

 

  

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Bell, Heather
To: Jim Zelenak; Cummings, Jonathan; Mary_Parkin; JODI_BUSH; Heather Bell/R6/FWS/DOI
Subject: Fwd: Invitation: lynx @ Wed Feb 24, 2016 4pm - 5pm (jwcummings@usgs.gov)
Date: Wednesday, February 24, 2016 3:50:33 PM
Attachments: Lynx SSA Report Decision.docx

All, we have had a lynx filled day!  After an interesting call this morning Heather suggested
we bring in the uber SSA coach, Dave Smith, to help us decide a path forward.  In anticipation
of that call Jonathan kindly put together a one pager on what the decision is and what some obj
, alternatives and consequences are ( see attached).  Dave, Jonathon and I then had a good
discussion about the alternatives and came to the conclusion that number 2 was the best choice
given the objectives.  

Alternatives:

1.     Complete the minimal necessary narrative components of the SSA and use the
expert elicitation results as the analysis of cause-effect relationships and future status

2.     1., as well as a core team produced narrative assessment of cause-effect
relationships without any connection to future scenarios

Number 3 was getting to close to the core team interpreting what was happening in the minds
of the experts which could have unintended consequences.  
I then discussed these results with Jodi and she agreed with the approach.  I also made sure I
understood her objectives of the upcoming meeting.  

Below is my draft of those March meeting objectives, and if they need tweaking please let me
know!   

Objectives:

1. Evidence of progress - i.e. get some of this SSA written up
2. Identify (through the process of review and writing narratives) any core team concerns

and allow time for us to work through those concerns and come to resolution as a team
(if this seems vague, think Maine and the concerns about the two different views from
the experts)

3. Ensure that we have walked through all 5 factors within the SSA, with a clear focus
on those factors that were used to list the species.  This can be conducted in various
ways, for example a reference table to make sure we have dotted our i's and crossed our
t's.

4. Ensure that although the Expert Elicitation is fundamental to the SSA, the FWS has
done its Due Diligence and brings forward not only the EE results but the literature and
knowledge base of the core team into a well synthesized report.  

5. Have an understanding of what needs to be accomplished when and divvy up Action
Items!

I see some (not all so please add) ways we could work to meet these objectives:

1. Come to Core Team consensus on the overall conceptual model and conceptual models
for each of the populations as part of current condition and how they might change in
future projections.
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2. Focus our "needs" time writing up the narrative on the relationship and strength of the
evidence between lynx, hare and snow.  work on other "needs" as we have time (and as
the influencing factors dictate)

3. Complete "threats" narratives/tables (we can use RGCT tables) and outline how they
were addressed in the EE meeting.

4. 5 factor table (i.e. keep track of where we have covered all the factors)
5. Draft the future condition portion of the SSA (we can go back and complete the intro

and needs sections of the report later) so we all leave feeling like we know where we are
going with this section and that someone can complete the writing and have it ready for
review asap.

6. At any point the Core Team has concerns we will stop and address those concerns.  This
may entail running through some exercises in order to see the relevance of the concern
to the SSA and the upcoming decision.  

Homework:

1. Produce Final drafts of current condition for each area (use template) - completed by
each core team member.  

2. Be incredibly familiar with the workshop report!
3. Review the updated conceptual models, comment on them NOW, so Jonathon can get

them as good as they can be prior to the meeting.
4. Agree as a team on how we are going to write up "threats" (tables, etc.) and bring the

information with you so we can complete them at the meeting.  NEXT TUESDAY
CALL AGENDA ITEM

5. Be Prepared to Write, so if that means bringing hard copy documents so be it.  Fed Ex
ahead of time if you want.  Download documents so you don't have to rely on internet
connection, etc.  Bring your favorite tea if that helps you focus.  :-)  

ok, ran out of thoughts. would love to hear yours ASAP so we can get this transmitted to the
Core Team and we can start drafting an agenda.  

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/. 
For audiences outside FWS visit http://www.fws.gov/endangered/improving_ESA/SSA.html.

---------- Forwarded message ----------
From: Cummings, Jonathan <jwcummings@usgs.gov>
Date: Wed, Feb 24, 2016 at 1:32 PM
Subject: Re: Invitation: lynx @ Wed Feb 24, 2016 4pm - 5pm (jwcummings@usgs.gov)
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more details »

To: Heather Bell <heather_bell@fws.gov>
Cc: David Smith <drsmith@usgs.gov>

Hi All,

We're done with the prairie chicken call, so I can chat anytime now.

I put together a quick decision sketch for this that might be helpful.  See attached.

Thanks for checking in with us Dave!

On Wed, Feb 24, 2016 at 3:04 PM, Heather Bell <heather_bell@fws.gov> wrote:

lynx
877-501-8335
9984367

When Wed Feb 24, 2016 4pm – 5pm Eastern Time

Video call https://plus.google.com/hangouts/_/doi.gov/heather-bell

Calendar jwcummings@usgs.gov

Who • heather_bell@fws.gov - organizer

• drsmith@usgs.gov
• jwcummings@usgs.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account jwcummings@usgs.gov because you are subscribed for invitations on
calendar jwcummings@usgs.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification
settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820
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Lynx SSA Report Presentation  
 
Decision: 
What level of analysis is desired in terms of the presentation of cause-effect relationships 
influencing Lynx status, presentation of future Lynx status, and the relationship between the 
two? 
 
An expert elicitation has been conducted that identified the main factors influencing Lnyx status 
and identified the possible future status of Lnyx.  The factors influencing lynx status were 
implicitly considered when making the projections of future status.  Explicit enumeration of the 
degree of impact for each factor elicited, nor were scenarios that enumerate variation in the status 
of factors influencing Lnyx status or variation in the degree of impact from those factors. 
 
Objectives: 

• Complete the analysis in a timely fashion, such that the SSA report is completed by 
April 1st? 

• Provide enough information for the decision maker(s) to feel comfortable making their 
determination 

• Provide enough information in the SSA report to pass scientific peer review 
• Ensure that any discrepancies in the knowledge contained in the literature, in the SSA 

core team, and the expert elicitation response are accounted for 
 

Alternatives: 
1. Complete the minimal necessary narrative components of the SSA and use the expert 

elicitation results as the analysis of cause-effect relationships and future status 
2. 1., as well as a core team produced narrative assessment of cause-effect relationships 

without any connection to future scenarios 
3. 2., as well as a scenario based core team narrative assessment of cause-effect 

relationships and a narrative presentation of how the future status relates to the scenarios 
4. A qualitative/quantitative scenario based assessment of cause-effect relationships similar 

to the bee analysis coupled with a narrative presentation linking scenario results to 
projections of future status 

5. 4., plus a recreation of the future projections graphs for each scenario 
6. Use the cause-effect relationships elicited from the core team to quantitatively model 

future status. 
 
Consequence Table 
Alts\Objs Time to 

completion 
Decision Maker 
Comfort 

SSA peer 
assessment 

Knowledge 
congruency 

1 Yes C- D+ Maybe 
2 95% + C+ C- Maybe 
3 95% + B- B Maybe 
4 80% B+ A- Identified 
5 50% A A Yes 
6 5% A+ A+ Yes 
  



From: Odell - DNR, Eric
To: Zelenak, Jim
Cc: Jake Ivan - DNR; Kurt Broderdorp
Subject: Re: Lynx info on CPW website
Date: Thursday, February 25, 2016 8:55:15 AM

Jim-
We are happy to help, but we need clearer direction from you as to what it is that you want. If you want a
map of areas that could support lynx, we'll use the Predictive Habitat map (this covers the entire state and is
much broader geography). If you want areas where we know lynx to have been, we'll use the Use map (all in
the SW part of the state and a much smaller geography). In the last email you asked for "area(s) that you
believe support resident lynx or are capable of doing so" this seems to cover both. Which is your preference
so as to be consistent with maps from other areas within the DPS?

Just as a heads up, I will be out of the office all of next week, so it is likely that we wont have anything
before the following week.

Thanks,
Eric

On Wed, Feb 24, 2016 at 4:09 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
That's right.  The CH units encompass the landscapes that were naturally occupied by lynx at the time of listing and have the features that have
supported persistent resident lynx populations historically and recently; however, none of the CH units are thought to have wall-to-wall occupied
home ranges.  I'm guessing that is also true of your predictive habitat maps - that you don't assume there are currently-occupied home ranges covering
all of the high-use/high-probability areas on the map.  I may be wrong.  And of course, it's uncertain whether there are currently any resident lynx in
the GYA at all (and it is likewise debatable whether the GYA always supported a resident population historically).

Anyway, for the SSA, we are evaluating the current status and likely future condition/viability of lynx populations in the 6 geographic areas that we
know or think currently support, or in the case of the GYA, recently supported resident lynx. We believe the CH units capture the areas supporting
resident lynx in 5 of the 6 geographic areas (that is we don't think there are undiscovered persistent resident populations beyond the CH units -
despite occasional home range occupancy and sporadic reproduction in areas adjacent/peripheral to some CH units), but we don't have a similar map
of the areas known or thought to support resident lynx in Colorado.

So I guess I would leave it up to you and Jake, maybe working with Kurt, but a map of your best guess at the area(s) that you believe support resident
lynx or are capable of doing so.

Let me know if that makes sense and if you think it is something you could pull together, or if you think one or the other of the "Use" or "Predicted"
maps you mention below (or some combination of them) would fit the bill.

Thanks,

Jim     

On Wed, Feb 24, 2016 at 3:29 PM, Odell - DNR, Eric <eric.odell@state.co.us> wrote:
Well, there are a couple of ways to skin this cat. So to speak, of course.

Critical habitat is very different from currently occupied habitat. Certainly the areas designated as CH
arent all currently supporting resident lynx. We could give you the figures (acreages) of landownership by
the "Use" map (see the report Areas of High Habitat Use - this would correlate more closely with the
'currently occupied' designation), or by "Predicted" habitat (see the report Predictive Map of Lynx
Habitat...  - this would correlate more closely with the 'CH' method) - both these reports are available on
the link I originally provided. 

Let us know what is useful to you and we'll move forward...
Thanks,
Eric

On Wed, Feb 24, 2016 at 3:09 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Eric,

Yes I have the predictive habitat modeling paper as part of the CPW Wildlife Research Report, Mammals - 2011 (pp. 21-35).

I don't know if it would be based on the maps in that paper, but Jake mentioned at the workshop that you guys would likely be able to put
together a map pretty quickly of the areas of the state known or strongly suspected of currently supporting resident lynx.  If so, that, along with
ownership break-down (federal, state, tribal, private) would be very useful for the SSA.  We have the critical habitat maps, which we think get
all the other parts of the DPS that support resident populations, and the ownership breakdown for those areas, but we don't have a similar map or
ownership data for Colorado.  Could you let me and/or Kurt know if you think you could provide that?

Appreciate it very much,
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Jim

On Wed, Feb 24, 2016 at 1:20 PM, Odell - DNR, Eric <eric.odell@state.co.us> wrote:
Hi Jim-
Thanks for the call this afternoon. You probably have much of this info in your files already, but
wanted to make sure you were especially aware of the predictive habitat modelling effort that we
undertook. 
Feel free to contact me with any questions.
Eric

Main page (with annual reports, etc):
http://cpw.state.co.us/learn/Pages/SOC-LynxResearch.aspx

Predictive Habitat Model:
http://cpw.state.co.us/Documents/Research/Mammals/Publications/CPWPredictiveLynxMapReport.pdf

-- 
Eric Odell
Species Conservation Program Manager ~ Carnivores
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager ~ Carnivores
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager ~ Carnivores
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
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From: Smith, Tamara
To: Lisa Mandell
Subject: Fwd: Core Team Work Session - R6RO
Date: Thursday, February 25, 2016 11:18:35 AM

Hi Lisa -  I'm forwarding you this because I am trying to decide what to do the week of March
7. As you are aware, on Monday of this, R6 requested that the lynx SSA core team (me and 4
others) convene in Denver the week of March 7th for a working meeting.  The rough agenda
& prep work is in the string of emails.

There is a lot going on that week - but I can work around most of it in order to attend the lynx
meeting.   March 7 is also the week that we may be going out to Michigan for PS work -
although that seems to be up in the air still... so I am inclined to commit to the lynx working
meeting. Do you have any strong opinions either way? 

March is extremely busy - the RPBB SSA write up is due March 23rd, we are trying to get he
PS propagation plan drafted, and I'm working on 3 site plans for WML reintroduction & my
corresponding MCT presentations, among other things...I have committed to helping Jill et al
Friday night March 4th and Saturday March 5th for the MVNWR pollinator event.  If I go to
Denver, I would likely be travelling on Sunday March 6th.

Anyway...let me know what you think.  

Thanks!
-Tam

 

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Thu, Feb 25, 2016 at 10:55 AM
Subject: Re: Core Team Work Session - R6RO
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

Hi again Team:

Below are some draft objectives and homework ideas Heather put together after some long conversations with Jonathan,
David Smith (also a USGS SSA "Guru" according to Heather), and Jodi - nothing final yet, just something to let you know
what folks are thinking.

I'll be arriving in Denver 4:45 PM Sunday Mar. 6 and getting a small rental that I'm happy to share if that aligns with your
travel times.  My return flight leaves Denver a little before 7 PM on the 9th, so I'll be heading to the airport right after we
warp up on Wed.  Not sure what hotel yet, but one of those just across the street and walking distance to the RO.

Objectives:

mailto:tamara_smith@fws.gov
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1. Evidence of progress - i.e. get some of this SSA written up
2. Identify (through the process of review and writing narratives) any core team concerns and allow time for us to

work through those concerns and come to resolution as a team (if this seems vague, think Maine and the concerns
about the two different views from the experts)

3. Ensure that we have walked through all 5 factors within the SSA, with a clear focus on those factors that were
used to list the species.  This can be conducted in various ways, for example a reference table to make sure we
have dotted our i's and crossed our t's.

4. Ensure that although the Expert Elicitation is fundamental to the SSA, the FWS has done its Due Diligence and
brings forward not only the EE results but the literature and knowledge base of the core team into a well
synthesized report.  

5. Have an understanding of what needs to be accomplished when and divvy up Action Items!

I see some (not all so please add) ways we could work to meet these objectives:

1. Come to Core Team consensus on the overall conceptual model and conceptual models for each of the populations
as part of current condition and how they might change in future projections.

2. Focus our "needs" time writing up the narrative on the relationship and strength of the evidence between lynx, hare
and snow.  work on other "needs" as we have time (and as the influencing factors dictate)

3. Complete "threats" narratives/tables (we can use RGCT tables) and outline how they were addressed in the EE
meeting.

4. 5 factor table (i.e. keep track of where we have covered all the factors)
5. Draft the future condition portion of the SSA (we can go back and complete the intro and needs sections of the

report later) so we all leave feeling like we know where we are going with this section and that someone can
complete the writing and have it ready for review asap.

6. At any point the Core Team has concerns we will stop and address those concerns.  This may entail running
through some exercises in order to see the relevance of the concern to the SSA and the upcoming decision.  

Homework:

1. Produce Final drafts of current condition for each area (use template) - completed by each core team member.  
2. Be incredibly familiar with the workshop report!
3. Review the updated conceptual models, comment on them NOW, so Jonathon can get them as good as they can be

prior to the meeting.
4. Agree as a team on how we are going to write up "threats" (tables, etc.) and bring the information with you so we

can complete them at the meeting.  NEXT TUESDAY CALL AGENDA ITEM
5. Be Prepared to Write, so if that means bringing hard copy documents so be it.  Fed Ex ahead of time if you want. 

Download documents so you don't have to rely on internet connection, etc.  Bring your favorite tea if that helps
you focus.  :-) 

On Thu, Feb 25, 2016 at 8:43 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team,

Looks like there is strong desire that we all get together in Denver March 7-9 to work on the SSA.

Heather, Mary, Jonathan, Jodi and I are working on agenda, homework/meeting preparation, and tasks to be
completed at the work session - we'll have those to you as soon as possible.  In the meantime, it would probably
be a good idea to re-familiarize yourselves with the listing docs (2000 rule and 2003 remand and associated 5-
factor analyses, the 2007 SPR determination, maybe the 2014 fCH rule) and the 2013 revised LCAS, and review
the EE workshop report with an eye toward areas that require additional
exploration/analysis/clarification/discussion in the SSA report.  Toward that end, I've attached Mark's comments
on the draft workshop report because he did a lot of that in his comments (thanks Mark!).   

Please try to arrange your travel as necessary to arrive at the RO as close to 9 AM as possible on Mar. 7 and to be
able to stay as close to 5 PM as possible on Mar. 9

I know all of you are very busy with other commitments, and I really appreciate your willingness to attend this on
pretty short notice - I'll do all I can to make sure we're set up to be as productive as possible during this time
together.  I also know some of you may have to miss parts of the work session because of those commitments,

mailto:jim_zelenak@fws.gov


and that's fine, of course.

Let me know if you have questions.

Thanks,

Jim  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  NEW NUMBER
952-646-2873  NEW FAX

612-600-1599 Cell
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From: Cummings, Jonathan
To: Zelenak, Jim
Cc: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Mary Parkin; Heather Bell; Jodi Bush
Subject: Re: Lynx SSA: Comments on Draft Report
Date: Monday, February 29, 2016 9:35:04 AM

Yeah, I can add more explanation to the report on how those probabilities were computed. 
Where is the copy in which I should make those edits, or would you like to to add them to
Jeff's attachment?

On Mon, Feb 29, 2016 at 10:20 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
See Jake's commentary below, to which I will respond shortly (I may send a draft response to core team folks for
your input), as well as his comments on the workshop report.  We haven't received other expert comments back
yet (we asked for them by 3/4) except for Scott Jackson who said he had no edits/comments on our summary in
the report of his presentation/contributions.

Kurt - please see comment 11 from Jake and let me know what you recall.

Jonathan - please take a look at comment 12 and see if you agree that more explanation is needed.

I will also send you a follow-up message from Jake.

---------- Forwarded message ----------
From: Ivan - DNR, Jake <jake.ivan@state.co.us>
Date: Fri, Feb 26, 2016 at 1:35 PM
Subject: Lynx SSA: Comments on Draft Report
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hi Jim,

My comments are embedded via track changes in the attached Word document. 
Let me know if you have questions about anything I've said there.  Happy to
clarify if necessary.

One point that may be worth a mention all on its own...The report mentions in
several places, and I've heard the same phrase in other contexts, that lynx were
listed as threatened due to a lack of regulatory mechanisms.  I understand why
that gets said frequently, but I'm not sure it serves us well.  It may seem like
splitting hares (pun intended), but in my view species get listed because they are
rare in some sense or we are worried about them with respect to the 3 Rs.  Then
we try to figure out which factors (threats) may have led to their poor status, or
which are keeping them there.

By stating that lynx were listed due to lack of regulatory mechanisms, we're
inviting the ill-conceived logic (my opinion) that if we fix the regulatory
mechanisms, lynx no longer need to be listed.  I have no idea whether lynx should
be listed or not, that's your call, but it seems that the biological status of the
species should be one of the prime considerations.  The way this gets talked
about often with respect to lynx, biology and status are left out the discussion
altogether.  I've heard the exact logic I just mentioned floating around a lot lately
and it doesn't seem very pragmatic to me.  What if we were wrong and regulatory
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mechanisms weren't the primary threat?  What if we were in fact correct, but the
population has yet to respond to our efforts?  Seems like status is pretty
important and maybe a few phrases in this document could be reworded to better
reflect that?

Or not.  Maybe I'm just being too nit-picky or am thinking about this all wrong!

Anyway, just a pet peeve that has been gnawing at me lately.  Take or leave or
correct me as necessary...
 
Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

mailto:jake.ivan@state.co.us
http://cpw.state.co.us/
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From: Ivan - DNR, Jake
To: Kurt Broderdorp
Subject: Re: Lynx Habitat Mapping
Date: Tuesday, March 01, 2016 3:05:39 PM

Hi Kurt,

I am around now.  I should be free both tomorrow afternoon and Friday afternoon,
sometime after about 2:30 or so.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Tue, Mar 1, 2016 at 3:02 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jake,  I wanted to see if you had some time this week to discuss some
lynx habitat mapping for Colorado in conjunction with the SSA
Report that we are working on.  This effort is the same as what Jim
Zelenak emailed you and Erik about.  Is there some time within the
next couple of days that we can discuss this issue?  Please let me
know when a good time to reach would be.  Thanks

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

mailto:jake.ivan@state.co.us
mailto:kurt_broderdorp@fws.gov
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tel:%28970%29%20628-7186


From: Smith, Tamara
To: Willey, Seth
Cc: Zelenak, Jim; Jodi Bush
Subject: Re: Lynx SSA Core Team Work Session
Date: Wednesday, March 02, 2016 3:21:11 PM

Great!  Thank you!  

On Tue, Mar 1, 2016 at 7:13 PM, Willey, Seth <seth_willey@fws.gov> wrote:
She can sit in my office as I'll be out of State!  Sorry its not more organized : ]

Seth 

*******************************************************
Seth L. Willey, Branch Chief
Regional Branch of Classification and Recovery
Mountain-Prairie Region, USFWS
Seth_Willey@fws.gov 
303-236-4257 
*******************************************************

On Tue, Mar 1, 2016 at 4:04 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Seth,

The Lynx SSA Team will be at the  R6RO next Mon. - Wed. to work on the SSA Report.

Tam will need to lead a call for another project on Wed. morning and will need access to a room and phone to
do so.  If a nearby vacant room is not readily available, caould you point me to whomever I need to contact to
see about arranging a place for Tam to make her call?

Thanks,

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  NEW NUMBER
952-646-2873  NEW FAX
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612-600-1599 Cell



From: Deibel, Lynne C -FS
To: kurt_broderdorp@fws.gov
Subject: RE: GIS data for lynx habitat
Date: Friday, March 04, 2016 12:24:29 PM
Attachments: image001.png

image002.png

HI Kurt –  do you want a shapefile?
 
Lynne Cady Deibel
Wildlife Program Manager

Forest Service
Arapaho and Roosevelt National Forests and Pawnee National Grassland

p: 970-295-6638
lcdeibel@fs.fed.us  

2150 Centre Avenue, Building E
Fort Collins, CO 80526-8117
www.fs.usda.gov/arp

Caring for the land and serving people

 
 

From: Kurt Broderdorp [mailto:Kurt_Broderdorp@fws.gov] 
Sent: Friday, March 04, 2016 11:38 AM
To: Deibel, Lynne C -FS <lcdeibel@fs.fed.us>
Subject: GIS data for lynx habitat
 

Hi Lynne, I am working with CPW on some lynx habitat mapping and I
realized I do not have any Lynx Habitat GIS Data for your forest.  Will
you please send me your most current lynx habitat GIS data for your
forest?  Leslie said that your current data were developed by Dennis
Lowry and is somewhat dated, but that shouldn’t affect our work since
our turn-around time is limited.  Call if you have any questions and
Thank you.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 

mailto:lcdeibel@fs.fed.us
mailto:kurt_broderdorp@fws.gov
mailto:lcdeibel@fs.fed.us
file:////c/www.fs.usda.gov/arp
http://www.twitter.com/usfsarp
https://www.facebook.com/usfsarp


This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.



From: Ivan - DNR, Jake
To: Broderdorp, Kurt
Subject: Re: Information on lynx kitten survival
Date: Wednesday, March 09, 2016 3:40:25 PM

Yep. Over the course of the reintroduction, we estimated kitten survival to be
0.2260.  That's the number that went into the population project model that I
showed at the Expert Elicitation.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Tue, Mar 8, 2016 at 10:07 AM, Broderdorp, Kurt <kurt_broderdorp@fws.gov> wrote:
Hi Jake, I was wondering in you folks have any information about kitten survival during the
reintroduction period?

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186

mailto:jake.ivan@state.co.us
mailto:kurt_broderdorp@fws.gov
mailto:jake.ivan@state.co.us
http://cpw.state.co.us/
mailto:kurt_broderdorp@fws.gov
tel:%28970%29%20628-7186


From: Ivan - DNR, Jake
To: Kurt Broderdorp
Subject: Re: Lynx habitat mapping
Date: Tuesday, March 15, 2016 4:23:39 PM

Hi Kurt,

My preference would be to just give you the layer and let you do with it what you
want.  I think I can make that happen but don't have the authority to just do it. 
Sent a request up the chain with a reminder that this is time sensitive so we need
to know ASAP.  

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Tue, Mar 15, 2016 at 1:00 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jake,  I wanted to request the quantification of habitat for all Federal
(separating USFS, BLM, NPS), State, private, Tribal (probably does
not apply) ownerships for the mapping effort you are working on.  In
addition, if there is any way we can acquire the shape file(s) for the
predictive map from you, I have a commitment from our regional
office to assist in any way possible to address my GIS needs.  Let me
know if you have any questions, and Thanks.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

mailto:jake.ivan@state.co.us
mailto:kurt_broderdorp@fws.gov
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From: Smith, Tamara
To: Zelenak, Jim
Cc: McCollough, Mark
Subject: Re: Requested Review of DRAFT Final report for the Canada lynx Expert Elicitation Workshop
Date: Wednesday, March 16, 2016 2:54:46 PM

Got it. Sorry for the confusion. 

No - I agree with Ron's comments.  I don't have anything else on bobcat increases within the
lynx range in MN. We do have the SNF genetic sampling results that document hybrids in
MN. 

I agree with Mark to delete that last sentence in the first paragraph. I don't think saying
"current apparent stability of lynx in MN" is accurate and makes the appearance that we have
more population information than we do. We have no reliable population estimates of lynx in
MN (past or current), and therefore cannot speak of population trends in the state.

I would feel more comfortable with "consistent documentation of reproduction over the past x
years..." or something like that, but that might not get at what you were trying to convey. I
think it is best to leave that sentence out entirely.

Thanks, 
Tam

On Wed, Mar 16, 2016 at 12:40 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I added the reference to Appendix 3 (workshop notes) in response to Jen's comment that she didn't recall us
discussing increasing bobcat numbers/presence in Minn or Maine.  Our notes on Ron's presentation recorded him
saying that bobcats seem to be encroaching on lynx range in Minn but still very few bobcats in the Arrowhead
Region.  If you have anything else on bobcats increasing there, please let me know.

On Wed, Mar 16, 2016 at 11:11 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim and Mark -  I was out for a couple of days and am just catching up. Can you send
me the Appendix 3 that Jen referred to? Thanks!

On Wed, Mar 16, 2016 at 11:57 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Don't sugar-coat it Mark - tell me how you really feel! ;-)

It was a stab at trying to address Jen's comments - see next where I try to summarize our (your?) positions (in
red) relative to Jen's statements in her email:

Since listing, Maine’s lynx population found mostly on private land has not only increased (the
science does not support an increase since the DPS was listed - we just didn't know if and how
many resident lynx were there at time of listing [partially because at that time the state of
Maine told FWS that it did not think resident lynx pops occurred in the state].  If the pop.
peaked at 800-1000 in 2006, clearly there were not zero at time of listing, and probably at
least 500-800 at that time), but is also at an historic high without additional regulation (the
historic high is related to historically high clear-cutting in the 1970s-80s; not to the
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effectiveness of state regulations; in fact, state regs have been changed so that it is very unlikely
they will result in the same or similar actions that created all the current high-quality hare/lynx
habitat or maintain the current amount and distribution of those high-quality habitats).  In addition,
cooperation between private landowners and State and Federal partners on lynx conservation
over the last several decades further demonstrates that additional regulations are
unnecessary (voluntary cooperation does not demonstrate that existing regulations are
adequate nor that additional regulations are unnecessary) and would be likely
counterproductive to lynx conservation.  Specifically:

·         Private landowners have supported long-term monitoring of lynx in Maine by permitting
 MDIFW biologist access to capture, radiocollar and monitor lynx in northern Maine and conduct
extensive range wide periodic track surveys (mid 1990s (did these really turn up NO lynx [or no
evidence of resident lynx]? - hard to imagine that was the case), early 2000, 2015-17), provided spatial
habitat data for our analysis of telemetry data, and provided financial support of research (note funding
also provided by conservation based NGOs), (didn't private landowners/timber companies bail out of
HCP or other conservation efforts when it was clear we were going to designate CH there in 2008-
09?) 

·         Private landowners provided the USFWS with current and projected future amounts of habitat for
lynx and snowshoes during critical habitat designation (providing acres and ages of clear-cuts is not a
conservation effort or regulation and does not demonstrate adequacy of existing regulations),

·         3.8 million acres of private land has been protected in easement since listing;  most of that
acreage is found in areas that support lynx, (3.8 million acres would be about 53% of the Maine unit -
do we [you] disagree that these easements are benefiting/have benefited lynx? Or is it related to the
details, duration, certainty of implementation of the easement agreements?) 

·         Research of lynx habitat use is shared with landowners for incorporation into their forest
management plans to meet their wildlife management goals and required for forest certification
(meeting their wildlife management goals and getting/maintaining certification does not necessarily
translate into adequate and certain lynx protections/conservation/regulations)

 

Although some question on the impact of  the Maine Forest Practices Act (1989) on future
amounts of lynx habitat have been raised by  a recent habitat model from the University of
Maine, snow track surveys conducted periodically in Maine indicate that this model is likely
conservative (see slide 29 in Maine status report overlays 2005 and 2015 lynx detection with
2004 model projections).  Regardless of whether future projections are conservative or not,  it
is important to know that projections remain above historic levels (see page 154 in Simmons
2009 dissertation).  (Not sure how to respond to this, so you can rebut, Mark....)

Let me know if I missed or misstated anything or if you have additional thoughts/clarifications.

I can just delete that sentence from the report, but we should be prepared to explain to Jen and her
supervisors why we have done so (why we did not adopt all her recommendations, edits, etc.

Thanks again for your time and your passion on this topic!

Jim

On Wed, Mar 16, 2016 at 10:17 AM, McCollough, Mark
<mark_mccollough@fws.gov> wrote:

mailto:mark_mccollough@fws.gov


Jim:  My apologies for the adverse reaction to the last sentence in your first
paragraph.  I do not support this statement and explain why.  thanks,  Mark

On Wed, Mar 16, 2016 at 11:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Sorry Mark - I should have just attached them as a word doc - I have this time.  I think your comments
are ont he earlier version or Jen's version attached to her email.

Both - please see the changes in green on the attached doc (2016 03 16 for Mark Tam review)- the new
paragraphs 2 and 3 of the Synthesis section.

On Wed, Mar 16, 2016 at 9:19 AM, McCollough, Mark
<mark_mccollough@fws.gov> wrote:

Jim and Tam:

See attached.  My comments on only the two paragraphs in synthesis section.

Mark

On Wed, Mar 16, 2016 at 10:56 AM, Zelenak, Jim <jim_zelenak@fws.gov>
wrote:

Mark and Tam,

In response to some of Jen's comments below and on the draft workshop report, I've revised part of
the Synthesis section of the report, and I need to know if you both are OK with the changes.

Could you both please review the current 2nd and 3rd paragraphs under the Synthesis heading in
the report on the drive and get back to me as soon as you can regarding my suggested
changes/additions (in green)?

Thanks!

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Thu, Mar 10, 2016 at 11:50 AM
Subject: Fwd: Requested Review of DRAFT Final report for the Canada lynx
Expert Elicitation Workshop
To: Mark McCollough <mark_mccollough@fws.gov>
Cc: Tamara Smith <tamara_smith@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mary
Parkin <mary_parkin@fws.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Heather Bell <heather_bell@fws.gov>

Hi Team:

See Jen Vashon's comments on the workshop report.  I haven't even opened the document yet -
wanted to get it to Mark right away, as I'm sure he will need to look at and that he and I may need
to discuss very soon.  I'll also add it to the file on the SSA drive.  I'm working on finishing the
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changes in the report received from other experts and will need to address Jen's before finalizing. 
Most of the others were minor.  Jodi is checking into who will review the workshop report in R6
but hopes to have the final by next Fri.

Also working with Jodi on a briefing/webinar for ARDs. 

Hope everyone who was traveling is back home safe and sound.  I had a Cooper's hawk fly very
close overhead as I skirted downtown Denver while racing Bryon to the airport yesterday - based
on the dejection I detected in its flight attitude, I suspect it had either just missed a pigeon or was
returning from an SSA work session (kidding - it was fun!).

Talk to you soon (next Tues. - same bat time; same bat channel).

Thanks again for the time, effort, dedication, and good cheer!

 
---------- Forwarded message ----------
From: Vashon, Jennifer <Jennifer.Vashon@maine.gov>
Date: Thu, Mar 10, 2016 at 11:27 AM
Subject: RE: Requested Review of DRAFT Final report for the Canada lynx
Expert Elicitation Workshop
To: Jodi Bush <jodi_bush@fws.gov>, "Zelenak, Jim" <jim_zelenak@fws.gov>

Hi Jim and Jodi,

 

Thank you for the opportunity to comment on the draft, my comments are attached
with track changes and comment boxes.

 

A couple of overarching items for the document.  

 

1.        I know that consensus isn’t necessarily the desired outcome, but there are a
few places where there may be unintentional inconsistent statements that need to
be reviewed and rectified when appropriate –see edits/comment boxes 

2.       Some technical terms need to be defined before describing findings so the
reader can better interpret results (see edits/comments)

3.       Context needed throughout the document.  Often the most important areas
in the DPS have very clear findings on current/future status, threats, etc.,  that
can be articulated in a few concise sentences, where  a few areas have more
uncertainty or concerns that leads to lengthier discussion.  Without the context
of the relative importance of these often smaller more isolated areas (e.g. GYA),
the lengthy discussion suggests that it is an important issue to persistence of
lynx in the DPS.  Please put these more isolated smaller population in context
for the reader- done in some place but not consistent throughout document.  

mailto:Jennifer.Vashon@maine.gov
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4.       Maine status report –

a.       Missing relevant data- demographic changes over time, hare
densities, initial occupancy results – see edits in attached

b.      Mixed scale of FIA data from two slides in presentation –
summarized statewide estimates (18 million acres of forest) with
northern Maine estimates (3 million acres of S/F),  but as written
implied 3 million acres of s/f statewide.   See rewrite in attached

c.       Incorrectly stated what was presented  on habitat
management and private lands issues (see edit)

I think addressing these point would provide clarity on the expert panels opinions on
the current and future status of lynx and the relative importance of different areas.  I
thought the conclusion and synthesis sections were clear, but perhaps the challenge
of summarizing notes hindered the readability in some places.

 

A final comment regarding regulations on private land. Although the report and
presentation at the workshops indicates that listing was due to inadequate
management on federal lands and addresses what has been accomplished since
listing,  a question was raised on whether regulations on private lands were needed. 
The facilitator asked species experts to address during status updates.   This question
is mentioned in the report at least twice and should include expert input. For
example, the last slide in Maine’s status report presentation addresses this question. 
I also summarize again below.

 

Since listing, Maine’s lynx population found mostly on private land has not only
increased, but is also at an historic high without additional regulation.  In addition,
cooperation between private landowners and State and Federal partners on lynx
conservation over the last several decades further demonstrates that additional
regulations are unnecessary and would be likely counterproductive to lynx
conservation.  Specifically:

·         Private landowners have supported long-term monitoring of lynx
in Maine by permitting  MDIFW biologist access to capture,
radiocollar and monitor lynx in northern Maine and conduct
extensive range wide periodic track surveys (mid 1990s, early 2000,
2015-17), provided spatial habitat data for our analysis of telemetry
data, and provided financial support of research (note funding also
provided by conservation based NGOs), 

·         Private landowners provided the USFWS with current and
projected future amounts of habitat for lynx and snowshoes during



critical habitat designation,

·         3.8 million acres of private land has been protected in easement
since listing;  most of that acreage is found in areas that support lynx,

·         Research of lynx habitat use is shared with landowners for
incorporation into their forest management plans to meet their
wildlife management goals and required for forest certification

 

Although some question on the impact of  the Maine Forest Practices Act (1989) on
future amounts of lynx habitat have been raised by  a recent habitat model from the
University of Maine, snow track surveys conducted periodically in Maine indicate that
this model is likely conservative (see slide 29 in Maine status report overlays 2005
and 2015 lynx detection with 2004 model projections).  Regardless of whether future
projections are conservative or not,  it is important to know that projections remain
above historic levels (see page 154 in Simmons 2009 dissertation). 

 

Thanks again for the opportunity to comment. I hope you find it helpful.

 

Best,

Jen

 

From: Vashon, Jennifer 
Sent: Thursday, March 10, 2016 11:40 AM
To: 'Jodi Bush'; 'Zelenak, Jim'
Subject: RE: Requested Review of DRAFT Final report for the Canada lynx Expert
Elicitation Workshop

 

I finished my review last night, will send shortly.  Sorry for the delay.

 

From: Vashon, Jennifer 
Sent: Monday, March 07, 2016 10:56 AM
To: 'Jodi Bush'
Subject: RE: Requested Review of DRAFT Final report for the Canada lynx Expert
Elicitation Workshop



 

Thanks Jodi!

 

From: Jodi Bush [mailto:jodi_bush@fws.gov] 
Sent: Sunday, March 06, 2016 2:29 PM
To: Vashon, Jennifer
Subject: Re: Requested Review of DRAFT Final report for the Canada lynx Expert
Elicitation Workshop

 

Go ahead. Thanks for checking. JB 

Sent from my iPhone

On Mar 4, 2016, at 4:44 PM, Vashon, Jennifer <Jennifer.Vashon@maine.gov>
wrote:

Hi Jodi,

I was away on travel last week and busy with duties related to travel, so
I wasn’t able to start my review until this week.  The summary of the
expert elicitation portion is quite complex and taking more time than I
thought.  I’m hoping that there is perhaps a bit more time to get
comments in.  If so, I’ll do my best to get my comments in early next
week.

 

Thanks and have a great weekend!

Jen

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, February 18, 2016 1:53 PM
To: jeff.bowman@ontario.ca; scatton@fs.fed.us; kmckelvey@fs.fed.us;
erin.simons@maine.edu; Vashon, Jennifer; Ron Moen; jsquires@fs.fed.us;
Jay Kolbe; Maletzke, Benjamin T (DFW); Jake Ivan - DNR; Jackson, Scott -
FS; michaelkschwartz@fs.fed.us; karen.hodges@ubc.ca; Josh Lawler;
cwilsey@auubon.org; freli001@umn.edu; asiren; Jim Zelenak
Subject: Requested Review of DRAFT Final report for the Canada lynx
Expert Elicitation Workshop

 

 

Dear Canada Lynx Expert Panelists and Workshop Presenters:
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Please find attached the DRAFT Final report for the Canada lynx
Expert Elicitation Workshop held in Minneapolis in October. We
request your review of the draft report, particularly with regard to
our summary of your presentation and participation in the
elicitation exercises at the workshop in order to ensure that we have
accurately captured your input.  Because this draft report has not
been briefed beyond the SSA Team and participating Service field
offices, and to avoid confusion when we make the final report
broadly available to State, Tribal and Federal partners and the
public, we ask that you not distribute this draft to others in or
outside of your agency. 

 

Further, because report appendices are many and large, they are not
currently attached to this review draft.  When we finalize the report
after your reviews, we will post the report and all appendices
electronically and provide the links to them.  You have previously
received most of the the appendices, including presentations and
draft workshop notes.  However, if you need any of the appendices
for your review, or if you have any questions regarding this request,
please email or call Jim Zelenak of my staff at
jim_zelenak@fws.gov, or 406-449-5225 Ext. 220.

 

We greatly appreciate your participation in the workshop and your
review of the draft report.  Please return any comments or
recommendations, via Track Changes of the attached draft, to Jim
no later than Friday, March 4.  Thank you.  JB

 

 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

mailto:jim_zelenak@fws.gov


 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  NEW NUMBER
952-646-2873  NEW FAX

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
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Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  NEW NUMBER
952-646-2873  NEW FAX

612-600-1599 Cell



From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: climate change and lynx questions
Date: Wednesday, March 16, 2016 3:33:03 PM

Okay - thanks. I didn't want to duplicate your efforts if you had done it already... Thanks!

On Wed, Mar 16, 2016 at 3:31 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I just uploaded Nigh and Bradley 2015, Mote et al 2005, Lute et al 2015, and Pierce et al 2008 to the Climate
Change folder in Lit on the drive.  i think that is all the docs Alexej sent over a series of emails.

On Wed, Mar 16, 2016 at 2:16 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim - Did you put these up on Drive?

On Fri, Mar 11, 2016 at 2:56 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
But can someone please explain to me what "an empirical hyperbolic tangent function" is?  Does it truly
involve hyperbole?  If so, it might be fun....

---------- Forwarded message ----------
From: Alexej Siren <alexejpksiren@gmail.com>
Date: Fri, Mar 11, 2016 at 12:13 PM
Subject: RE: climate change and lynx questions
To: "McCollough, Mark" <mark_mccollough@fws.gov>, Jim Zelenak
<jim_zelenak@fws.gov>

Mark,

 

I presented a figure of the attached paper (Ning and Bradley 2015) but removed it from the
slideshow as it was in review.  It has been published since then and includes historical and
projected snowpack duration for the eastern US.  Figure 2 is especially useful.  The authors of
this paper are with the NE CSC so they should know if there is a counterpart for the western
US done by NW CSC scientists.  I’ll email them now.

 

Alexej

 

From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: March 11, 2016 1:41 PM
To: Alexej Siren <alexejpksiren@gmail.com>; Jim Zelenak <jim_zelenak@fws.gov>
Subject: climate change and lynx questions
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Hi Alexej:

 

The USFWS lynx core team biologists met earlier this week in Denver.  Climate change
was discussed as a major stressor to current and future lynx (and hare) populations.  We
are taking a closer look at the climate change information available for our respective
regions and in Canada.

 

Your presentation provided an excellent overview and helped with climate literature for
each of our regions.  I have a few questions:

 

1) Your presentation suggests that 270 cm annual snowfall (Hoving et al. 2005 for
Maine) and >4 months snowpack persistence (Gonzales et al. 2007) are critical
thresholds for lynx.  We assume that as annual snowfall and snowpack duration drop
below these thresholds that bobcats will have a competitive advantage.  Do you know of
similar critical thresholds for annual snowfall correlated with lynx distribution in other
parts of the US besides Maine?  Peers et al. 2013 modeled the range of lynx and bobcats
in N. America and found snow depth and duration to be an important predictor of each
species range, but even through examining their supplemental tables and methods, I
cannot glean a threshold metric for these variables.

 

2)  Do you know where could could easily find figures showing past data and trends
(regression line would be great!) on annual snowfall and snowpack duration for each
of the 6 lynx areas (ME, MN, GYA, MT, WA, and CO)?

 

3)  Our review will also look at how climate change is already affecting lynx and hare in
Canada.  Do you have a pdf of Hone et al. 2011 that you could share with us?  I am not
having luck getting this paper from our literature services.

 

Any more lynx tracks in NH this winter?

 

Thanks,  Mark

 

 

 



 

--

Mark McCollough, Ph.D.

Endangered Species Specialist

Maine Field Office

U. S. Fish and Wildlife Service

17 Godfrey Drive, Suite 2

Orono, ME 04473

Phone 207 866-3344 x115

Cell Phone: 207 944-5709

mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  NEW NUMBER
952-646-2873  NEW FAX

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
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U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  NEW NUMBER
952-646-2873  NEW FAX

612-600-1599 Cell
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From: Ivan - DNR, Jake
To: Kurt Broderdorp
Subject: Re: Another Request
Date: Wednesday, March 16, 2016 4:17:34 PM

Absolutely.  If by 'confirmed' you include all of the photos we get from the public. 
Eric Odell has records of all of that.  We have a few dozen sightings are year from
throughout the state, sometimes with kittens.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Wed, Mar 16, 2016 at 9:00 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Other than what you documented in your presentation last October,
does CPW have other confirmed reports of lynx (state wide) from
2010 to present?  Thanks

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

mailto:jake.ivan@state.co.us
mailto:kurt_broderdorp@fws.gov
mailto:jake.ivan@state.co.us
http://cpw.state.co.us/
mailto:Kurt_Broderdorp@fws.gov
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From: Ivan - DNR, Jake
To: Kurt Broderdorp
Subject: Re: Another Request
Date: Thursday, March 17, 2016 5:11:11 PM

We got the OK to give you the predicted map data.  I'll fill out the data sharing
agreement tonight (hopefully).  Once you sign, scan, and email it back, we'll ship
you the GIS files.  I am on the road most of next week but should have cell coverage
for most of the trip, so give me a call and we can work through your list.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Thu, Mar 17, 2016 at 8:11 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Yes, I am just trying to develop an anecdotally based distribution of
lynx throughout the state, and concentrating on years 2010 through
the present.  Thanks again for all your help.  At some point here in the
near future, I would just like to chat with you about a few things, I am
making a list as I go along.  Talk to you soon.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Ivan - DNR, Jake [mailto:jake.ivan@state.co.us] 
Sent: Wednesday, March 16, 2016 4:17 PM
To: Kurt Broderdorp
Subject: Re: Another Request

 

Absolutely.  If by 'confirmed' you include all of the photos we get from the
public.  Eric Odell has records of all of that.  We have a few dozen sightings are
year from throughout the state, sometimes with kittens.
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Jake

Jake Ivan

Wildlife Researcher

Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048

317 W. Prospect Rd., Fort Collins, CO 80526

jake.ivan@state.co.us  |  cpw.state.co.us

 

 

On Wed, Mar 16, 2016 at 9:00 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Other than what you documented in your presentation last October,
does CPW have other confirmed reports of lynx (state wide) from
2010 to present?  Thanks

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186
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From: Ivan - DNR, Jake
To: Kurt Broderdorp
Subject: Re: Lynx habitat mapping
Date: Monday, March 21, 2016 9:54:36 AM
Attachments: CPW_Data_Sharing_Agreement_USFWS_3_21_16.pdf

Hi Kurt,

Can you sign the attached, scan, and send it back to me?  Then I'll get you the data
ASAP.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Tue, Mar 15, 2016 at 1:00 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jake,  I wanted to request the quantification of habitat for all Federal
(separating USFS, BLM, NPS), State, private, Tribal (probably does
not apply) ownerships for the mapping effort you are working on.  In
addition, if there is any way we can acquire the shape file(s) for the
predictive map from you, I have a commitment from our regional
office to assist in any way possible to address my GIS needs.  Let me
know if you have any questions, and Thanks.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186
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Agreement for Use of Colorado Division of Parks and Wildlife 
Location Information 

 
1. Colorado Parks and Wildlife (CPW) will provide Canada Lynx predicted use GIS data, as 

requested by Kurt Broderdorp, of the United States Fish & Wildlife Service (USFWS) for 
the purposes of mapping and quantifying Canada lynx habitat in Colorado as related to the 
ongoing Species Status Assessment.  These data will be used solely by USFWS, its employees, 
and sub-contractors employed specifically to work on USFWS projects, and are not to be 
distributed to a third party. 

 
2. CPW considers the information provided as sensitive due to its spatial representation of actual or 

predicted use of a species listed under the Endangered Species Act.   
 

3. We, the undersigned, acknowledge that the information noted above is considered sensitive and, 
and agree to the following stipulations: 

 
• The information will be used for the requested purpose described above and for no other 

purpose. The undersigned agrees to bind entities hired to assist with this work by the same 
constraints listed herein.  

 
• Requests involving biological interpretation or use of the information beyond the stated purposes 

will be referred to CPW. 
 
 

_______________________  ___________________________  ________ 
USFWS Representative (Print)  USFWS Representative (Signature)  Date 

 
 
_______________________  ___________________________  ________ 
CPW Representative (Print)   CPW Representative (Signature)  Date 



From: Ivan - DNR, Jake
To: Kurt Broderdorp
Subject: Re: Signed Form
Date: Monday, March 21, 2016 10:30:04 AM
Attachments: CPW_Data_Sharing_Agreement_USFWS_3_21_16_signed.pdf

Here's the signed final copy.  I am out the door on my way to give a talk in Grand
Junction.  Will get you the data as soon as I can.  Probably tomorrow sometime.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Mon, Mar 21, 2016 at 10:01 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jake, please provide me with a final signed copy.  Thanks

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186
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From: Smith, Tamara
To: McCollough, Mark
Subject: Re: additional question or two about climate change citations
Date: Thursday, March 31, 2016 2:27:39 PM

Thanks, Mark! 

On Wed, Mar 30, 2016 at 4:00 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Tam:  The summary of climate change information for the state wildlife action plans may be
of value to you when writing the lynx SSA.  I just received it from Alexej and haven't had a
chance to review yet.  Mark
---------- Forwarded message ----------
From: Alexej Siren <asiren@umass.edu>
Date: Wed, Mar 30, 2016 at 4:50 PM
Subject: RE: additional question or two about climate change citations
To: "McCollough, Mark" <mark_mccollough@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>

Mark,

 

Attached are the two references that you requested.  The Bryan et al. (2015) is a chapter (chapter
1) within the Staudinger et al. (2015) report.  Below are the references. 

 

Staudinger, M. D., T. L. Morelli, and A. M. Bryan. 2015. Integrating Climate Change into
Northeast and Midwest State Wildlife Action Plans. DOI Northeast Climate Science Center

 

Rawlins, M.A., Bradley, R.S. and Diaz, H.F., 2012. Assessment of regional climate model
simulation estimates over the northeast United States.Journal of Geophysical Research:
Atmospheres, 117(D23).

 

Regarding lynx… we are continuing to get pictures and tracks throughout the winter in northern
Pittsburg which makes me lean towards resident individuals.  Recently we detected a lynx where I
did my marten research which was pretty neat because it’s further to the south and I never
detected lynx during 2.5 years of year round fieldwork.  Lynx tracks were detected in the same
location earlier in the winter and after backtracking it to obtain genetic samples I had the feeling it
was a resident.  It seemed to know the area very well and was scent marking the entire time I
backtracked it.  Interestingly, a bobcat was either following it or being followed by the lynx
because their tracks overlapped and looked to be similar in age.  By my assessment, the bobcat
looked to be a large tom.  I obtained a scat and a large hair sample from the bed. 
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At some point I’d like to chat with you more about collecting genetic data.  I have always thought
that your idea of doing intensive snow track surveys to collect genetic data made sense and I have
been exploring ideas of collecting both lynx and bobcat samples.  If I could help you out at all with
collecting data that would be great. 

 

Let me know if you need any more information!

 

Alexej

 

 

From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: March 30, 2016 4:15 PM
To: Alexej Siren <alexejpksiren@gmail.com>
Cc: Jim Zelenak <jim_zelenak@fws.gov>
Subject: additional question or two about climate change citations

 

Alexej:

 

I am back to writing the climate change section of the lynx SSA (or at least focusing on the
Northeast part of that section).

 

I've carefully reviewed your previous emails.  Thanks so much for providing additional
citations and sources of information on snow, particularly in the West.  I've forwarded to our
biologists writing those sections.

 

I am still trying to track down two citations on the Northeast slide in your power point:

 

Rawlings et al. 2012

 

Bryan (or Brian) et al. 2015
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mailto:alexejpksiren@gmail.com
mailto:jim_zelenak@fws.gov


 

could you please provide a full citation (or better yet pdfs if you have them)?

 

Glad to hear you are picking up more lynx in NH.  Do you think they are resident (i.e.
breeding) or dispersers?  Are you picking them up consistently in these areas on your
cameras?  Are you going to keep your cameras operating after winter?

 

We have a consultation doing camera studies this winter for a proposed, large (6 township,
125 turbine) wind project in lynx critical habitat.  They are getting a large number of photos
and genetic samples to determine the distribution of lynx in the area and hopefully a
population estimate.

 

Thanks again for your help.

 

Mark

 

--

Mark McCollough, Ph.D.

Endangered Species Specialist

Maine Field Office

U. S. Fish and Wildlife Service

17 Godfrey Drive, Suite 2

Orono, ME 04473

Phone 207 866-3344 x115

Cell Phone: 207 944-5709

mark_mccollough@fws.gov

-- 
Mark McCollough, Ph.D.
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Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:mark_mccollough@fws.gov


From: Ivan - DNR, Jake
To: Broderdorp, Kurt
Subject: Lynx Recruitment
Date: Monday, April 04, 2016 2:38:16 PM

Hi Kurt,

The parameters we used for the population model in those slides were:

2.7560 kittens/litter (n = 37 litters)
0.2260 kitten survival (not sure but I assume this is survival from newborn through
first winter)
0.5390 proportion of kittens born that were female
0.4610 proportion of kittens born that were male

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us
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From: Ivan - DNR, Jake
To: Broderdorp, Kurt
Subject: Snowshoe Hare Availability
Date: Monday, April 04, 2016 3:05:18 PM
Attachments: Trainor and Schmitz 2014 Ecology Letters.pdf

Hi Kurt,

Here is the paper I was talking about with respect to a statewide model of
snowshoe hares habitat.  You can read about the data they used on the top-left of
p. 1511.  You can see the layer they produced in Figure 2.  Looks like they took
n=81 snowshoe occurrence points and built a Species Distribution Model for the
state from that.  Their sources for the 81 snowshoe hare occurrences were Global
Biodiversity Information Facility (GBIF, www.gbif.org) and Biodiversity Information
Serving Our Nation (BISON, www.bison.usgs.ornl.gov).

Do with that what you will.  It's the only snowshoe hare layer for the state that I'm
aware of, and it's a high-end journal with well-respected and highly published
authors from Yale.  Tanya and I were not authors.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us
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Abstract

Community ecology involves studying the interdependence of species with each other and their
environment to predict their geographical distribution and abundance. Modern species distribu-
tion analyses characterise species-environment dependency well, but offer only crude approxima-
tions of species interdependency. Typically, the dependency between focal species and other
species is characterised using other species’ point occurrences as spatial covariates to constrain the
focal species’ predicted range. This implicitly assumes that the strength of interdependency is
homogeneous across space, which is not generally supported by analyses of species interactions.
This discrepancy has an important bearing on the accuracy of inferences about habitat suitability
for species. We introduce a framework that integrates principles from consumer–resource analyses,
resource selection theory and species distribution modelling to enhance quantitative prediction of
species geographical distributions. We show how to apply the framework using a case study of
lynx and snowshoe hare interactions with each other and their environment. The analysis shows
how the framework offers a spatially refined understanding of species distribution that is sensitive
to nuances in biophysical attributes of the environment that determine the location and strength
of species interactions.

Keywords

Consumer–resource, geospatial niche theory, predator–prey interaction, resource selection theory,
species distribution modelling, trophic interaction distribution modelling.

Ecology Letters (2014) 17: 1507–1517

INTRODUCTION

Trophic interactions are fundamental to all ecological pro-
cesses given that species must consume resources to persist.
The origin of formally describing ecological systems in terms
of trophic (consumer–resource) dependencies can be traced
back to the ‘food cycle’ concept of Elton (1927). This idea
was the impetus for characterising the functional roles of spe-
cies in terms of their trophic position within food webs, which
led to what is now known as the Eltonian niche concept. This
niche concept was instrumental in shaping ecology as a scien-
tific study of interactions of organisms with each other and
their environment.
However, ecology is also known as a scientific study of the

distribution and abundance of species. Biophysical features of
the environment, including habitat and climate, are often
important determinants of species distributions, a perspective
that is embodied in an alternative concept of niche advanced
by Grinnell (1917). Modern applications of niche concepts fall
largely in the Grinnellian realm, with the aim to understand
the distribution of species based primarily on biophysical con-
ditions of the species’ environments across geographical space
(Sober�on 2007; Peterson et al. 2011). These applications create
species distribution models (SDMs) by statistically associating
information about the geospatial presence or presence/absence
of species with a corresponding set of environmental variables
that are presumed to facilitate or constrain their persistence

across landscapes (Guisan & Zimmermann 2000; Wisz et al.
2013).
Species distribution model applications that recognise the

need to incorporate Eltonian niche aspects (i.e. spatial con-
sumer–resource dependencies) tend to do so by treating
resource species as spatial covariates to constrain the focal
consumer SDM (Leathwick & Austin 2001; Ara�ujo & Luoto
2007; Heikkinen et al. 2007; Schweiger et al. 2008; Meier
et al. 2010; Ettinger et al. 2011). Nevertheless, such covariates
are typically based on generic presence point data, with no
specificity about resource species abundances or the encounter
or capture success of the consumer species at each location.
Accordingly, such approaches by default assume that resource
species are equally abundant and available (either through
encounter or capture) to the consumer at every location. This
leads to the implicit assumption that consumer species accessi-
bility to resources, and hence the spatial trophic dependency,
is equal across all geographical locations where the consumer
and resource species co-occur. This assumption is in many
cases unrealistic given that consumer species select foraging
sites based on both resource abundance and the likelihood of
successful resource encounter and capture, all of which may
vary with biophysical features of the environment like topog-
raphy and vegetation characteristics (Boyce & Mcdonald
1999; Kertson et al. 2011; Trainor et al. 2014).
Analytical approaches that are capable of characterising

species resource selection in a geospatial context already exist

© 2014 John Wiley & Sons Ltd/CNRS
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(e.g. Boyce & Mcdonald 1999; Marzluff et al. 2004; Kamler
et al. 2012). These approaches, which fall under the broad
umbrella of resource selection theory (RST), have been
advanced in parallel with SDMs but with seemingly little if
any cross fostering between the subfields (Warton & Aarts
2013; Trainor et al. 2014). Our goal here is to illustrate how
to connect these subfields by providing the means to spatially
characterise variation in consumer trophic dependencies on
resources – which we call a trophic interaction distribution
model [TIDM, sensu Trainor et al. (2014)] – along with con-
siderations of biophysical attributes when modelling species
geographical distributions. We show that once the consumer–
resource species’ trophic dependency is spatially defined in a
model, it can be linked with Grinellian-tradition SDM to
overcome some of the hurdles (Sober�on 2007) in combining
Eltonian and Grinnellian niche approaches in geospatial
analyses estimating species distributions.
Our manuscript will unfold in several sections. We begin

with a brief overview of the geospatial niche in context of
contemporary SDM approaches, including the influence of
consumer–resource dependency on interactions and niche
structure. We then discuss the data challenges faced when
blending considerations of the functional Eltonian niche con-
cept into a geospatial Grinnellian niche perspective. In the fol-
lowing section, we elaborate upon the distinction between
resource availability and actual resource accessibility as a fun-
damental difference between characterising species geospatial
niches with consumer–resource interdependency. We then
demonstrate a procedural framework for combining the
approaches and develop spatially resolved SDMs. We end by
discussing the utility of the framework not only for our basic
understanding of what determines species geographical range
distributions but also how this framework can advance con-
servation and wildlife management.

Characterising geospatial niches

Modern SDMs typically associate species occurrences with
biophysical attributes to delimit species range boundaries. To
the extent that these statistical associations are reliable surro-
gates for ecophysiological and demographical performances
(Johnston & Schmitz 1997; Schmitz 2007; Kearney & Porter
2009), species’ range boundaries (assuming no dispersal con-
straints) circumscribe the spatial domain of environmental
conditions an organism is able to tolerate (Maguire 1973;
Johnston & Schmitz 1997; Holt 2009; Kearney & Porter
2009). Range boundaries thus delineate locations where fitness
ought to be negative (outside the boundary) or positive
(within the boundary) (Holt 2009).
Within the range boundary, fitness levels may vary spa-

tially owing to organismal physiological adaptations to per-
form best within a specific domain of biophysical conditions.
Classically, contours or isopleths have been used to represent
conditions in environmental space under which organisms
are likely to have equal levels of ecophysiological or demo-
graphic performance (Maguire 1973; Schmitz 2007). This
allows for a depiction of the niche as a smooth bi(multi)-
nomial representation of organismal performance or fitness
in relation to different biophysical environmental variables.

Thus, some portion of the species’ geographical range con-
tains combinations of biophysical conditions that allow for
peak performance, but performance may also decline
towards the range boundary beyond which conditions are no
longer tolerable (Maguire 1973; Pulliam 2000; Kearney &
Porter 2009; Sexton et al. 2009). Hence, geospatial niches
possess an “internal structure” that is not conveyed by
depicting species niches merely using their geographical
boundaries. Moreover, environmental conditions may change
over time; so considering internal structure encourages
research to identify the cause of spatiotemporal variation in
species distributions and abundances (Maguire 1973; Holt
2009; Paine 2010).
Most modern statistical niche models [sensu Holt (2009)]

avoid doing this because it is assumed that species are in equi-
librium with their abiotic environment everywhere within their
range boundaries (Peterson et al. 2011). However, internal
structure can arise, because of spatial and temporal variation
in abundance and access to resources (Hirzel & Le Lay 2008;
Holt 2009). For instance, consumption may decrease local
resource abundance, leading to temporal shifts in geospatial
locations with the highest relative resource abundances.
Furthermore, many mobile prey species respond to consump-
tion (predation) risk by adjusting their use of space to select a
suite of environmental conditions less accessible to their
consumers (Miller et al. 2014; Trainor et al. 2014). Hence,
resource species may use habitat locations with less suitable
abiotic conditions to balance a trade-off between avoiding
predation and gaining resources (Lima & Zollner 1996; Mitch-
ell & Lima 2002; Schmitz 2005; Sih 2005; Courbin et al. 2013;
Trainor et al. 2014). The ability of consumers to successfully
capture resources (or resources to successfully evade capture)
under this kind of trade-off game will depend on topography
and habitat. Such spatiotemporal variability means that
consumer and resource peak performance is likely more
accurately depicted as having a rugged, rather than a smooth,
internal structure (Fig. 1).
This conception of internal niche structure is not considered

in SDM applications that use resource species as a covariate
of geospatial locations of point occurrences to model con-
sumer–resource dependency. As a consequence, such SDM’s
treat resources merely as another environmental condition
that further delimits the consumer species’ range boundary
(Sober�on 2007). We show here that treating resources as a
condition vs. something that is explicitly consumed is a non-
trivial and possibly a misleading simplification, because it can
lead to entirely different projections about where species have
the highest fitness across their ranges; and hence has an
important bearing on the accuracy of subsequent inferences
about habitat suitability for species.

Blending Grinellian and Eltonian niche concepts: the crux of the

issue

Our approach aims to enhance species distribution modelling
by explicitly considering the geospatial locations where spe-
cies encounter and capture their resources. Such effort takes
advantage of a large spatial data set of the locations where a
consumer and resource species co-occur, the locations where
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trophic interactions between them take place, and biophysical
environmental conditions associated with those locations (e.g.
topography, habitat). Thus, this approach addresses how to
meet data requirements for Eltonian-tradition niche models
such that trophic interactions can be quantified based on
resource supply, the environmental conditions associated with
those interactions, and the spatial locations of consumers
and resources (Paine 2010). Furthermore, by gathering data
on trophic interactions at spatial resolutions that align with
modern species distribution modelling, our approach helps
overcome the issue of spatial mismatch of data that is
typically perceived as a hurdle to blending Eltonian and
Grinellian approaches (Chase & Leibold 2003; Sober�on 2007;
Kissling et al. 2012). In doing so, we show that it is also
incorrect to presume that applying an Eltonian perspective

to spatial scales of Grinellian SDM will largely add noise
rather than enhance predictions (Sober�on & Nakamura
2009).

Resource selection and the TIDM

Our approach to quantify spatial trophic dependencies enlists
statistical resource selection function (RSF) analysis from
RST. A RSF quantifies the probability that a species selects
spatial locations with specific resources and environmental
attributes relative to a random draw of locations that could be
occupied within the species’ range. While a variety of statistical
models are available to calculate a RSF, the most frequently
used are generalised linear models (e.g. Jaberg & Guisan 2001;
Hebblewhite & Merrill 2008; Whittington et al. 2011). Similar
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Figure 1 Schematic illustrating how interdependent predator and prey species spatial distributions are characterised by overlapping availability (top). The

presences of a predator may result in a prey adjusting its use of space and environmental conditions to maintain fitness, thus skewing the spatial locations

where prey and predator will have highest fitness components [opposed to narrowing the environmental niche space (Inset)]. The skewed distribution

accounts for locations where prey is most vulnerable, because they are highly accessible to predators (region of overlap between the orange and purple

fitness curves). Accounting for the spatially dynamic foraging game allows us to pinpoint the environmental features that enhance both prey accessibility

(purple peaks) and predator avoidance (orange peaks; bottom). This approach can lead to more variable trophic niches across landscapes, thus creating a

highly heterogeneous and rugged fitness geospatial landscape and nuanced internal structure of the niche.
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to SDM, RSF’s include a suite of environmental attributes that
reflect a species’ geospatial habitat requirements (e.g. topogra-
phy, vegetation, and proximity to water). Unlike those used in
SDM, these attributes are specifically the environmental condi-
tions (topography, habitat) that facilitate resource capture
(Andruskiw et al. 2008), and they are measured simultaneously
with the spatial locations of resource capture.
For mobile organisms, data needed for RSF’s are normally

obtained either through the use of readily available, modern
telemetry technology or observational sampling along ground
transects. The use of a RSF also allows the likelihood of
resource encounter and capture to be quantified based on
resource abundance, not just presence data (Boyce & Mcdon-
ald 1999), offering the potential to provide a spatial weighting
of trophic dependency analogous to a trophic interaction
strength. Because data for spatial locations of resource encoun-
ter and capture are simultaneously collected with data on the
environmental attributes at those locations, RSF’s facilitate
prediction of how changes in those environmental conditions
over space and time could alter the geospatial locations of the
trophic dependencies (Boyce & Mcdonald 1999). RSF outputs
depict the geographical predictions of where resources have
been accessed by a consumer species given biophysical (habitat
and topographical) features and resource abundances that
determine capture success (Marzluff et al. 2004; Kertson et al.
2011; Kamler et al. 2012). We call the resultant model
characterising spatial trophic dependency a TIDM.
The TIDM depicts trophic dependencies based on variables

that characterise the spatial heterogeneity of resource accessi-
bility. Distinguishing between potential resource availability
and actual resource accessibility is a fundamental difference
between characterising species geospatial niches in terms of
SDM that use resource species as covariates (availability) vs.
characterising them by infusing trophic interactions (accessi-
bility). This refinement facilitates the identification of the sub-
set of habitats that led to actual resource capture.
Although RSF approaches were initially developed to esti-

mate the probability of resource selection under the assump-
tion that resources remain in fixed locations across a
landscape (Manly et al. 2002; Lele et al. 2013), they can be
extended to consider temporal changes in spatial dependencies
(Hebblewhite et al. 2005; McLoughlin et al. 2005; Mcphee
et al. 2012) provided that temporally resolved telemetry or
ground tracking data are available (Trainor et al. 2014). Like
SDM’s, TIDM’s can be displayed as spatial maps. If projected
at the same spatial resolution, the resulting Eltonian-type
TIDM map can in turn be used as a covariate in a Grinellian-
type SDM analysis to generate a refined SDM that blends
Eltonian and Grinellian traditions, thereby bringing us closer
to a Hutchinsonian-type geospatial niche perspective.

Validating trophic dependencies in the model structure

Given the multivariate nature of data sets used to generate
distribution models in general, it is also desirable to validate
that any purported direct dependency between consumer and
resource in fact exists in the model structure. A valuable post
hoc diagnostic tool to accomplish this validation is a variation
on the application of graph theory networks (Ings et al. 2009;

Woodward et al. 2010) that is already a well-developed tool
in food web ecology and routinely used to visualise trophic
dependencies among species (Ings et al. 2009; Woodward
et al. 2010). In this approach, graph networks depict species
as nodes, and direct interactions between species are depicted
as the edges that connect those nodes. Network edges are typ-
ically assigned binary values, with a value of 1 indicating a
direct interaction and a 0 indicating no relationship. Edges,
however, may be assigned weights reflecting the relative
strength of the relationship among nodes, with larger values
indicating stronger dependencies and smaller values indicating
weaker dependencies.
Analyses of trophic dependencies, such as that developed

here, focus on a subset of the full food web, known as a food
web module (Holt & Hochberg 2001; Bascompte & Meli�an
2005; Gilman et al. 2010; McCann 2012). We expanded upon
the food web module approach by allowing nodes to represent
biophysical environmental features (e.g. slope, elevation, and
vegetation) associated with each species’ trophic dependencies
in environmental space. The weighted edges are designated as
the strength of the interdependencies between consumer and
resource species as well as between each species and the abi-
otic environment. Edge strengths in this case can be derived
by quantifying the relative importance of each predictor vari-
able in the statistical model, a common output for species
habitat and distribution models (Burnham & Anderson 2002;
Elith et al. 2006). This weighting value is quantified as the
increase in explanatory power of the model when the variable
is added to the model, relative to the other predictor vari-
ables. In such an approach, variables used to construct SDMs
and food web modules can be explicitly linked by populating
an adjacency matrix with the relative importance associated
with each species’ trophic interdependencies in environmental
space. This adjacency matrix can then be transformed into a
graph network depicting the relative strength of dependence
(edge weight) of a species on other species and the environ-
ment (nodes), allowing direct dependencies to be visualised
among the variables that determine the internal structure of
the niche.
Here, we present a case study to illustrate our primary

points about the differences between SDM and TIDM. We
first present the salient features of the TIDM for the focal
species. We then compare the spatial maps from TIDM out-
put with that from a traditional SDM approach that treats
the resource species merely as a covariate, i.e. considers only
resource availability. We show that the two methods give alto-
gether different perspectives on geospatial locations important
to the consumer species. We also show how the graph net-
work reveals different kinds of dependencies among the vari-
ables and further show that only one approach (TIDM)
characterises the link between consumer and resource as a
direct one, as is required for a distribution model of con-
sumer–resource dependency to make biological sense.

Case example of lynx and snowshoe hare

Our case study involves Canada lynx (Lynx canadensis) and
its primary prey snowshoe hare (Lepus americanus). Data to
produce the TIDM come from a multiyear telemetry and
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ground-tracking study that monitored lynx movement and
lynx–snowshoe hare encounters following the lynx reintroduc-
tion to CO, USA (Devineau et al. 2010, Colorado Parks and
Wildlife, unpublished data). Snowshoe hare point occurrence
data (n = 81; retrieved 16 March 2014) needed to produce a
SDM of prey availability covariate for a lynx SDM were
obtained from the open access occurrence databases Global
Biodiversity Information Facility (GBIF, www.gbif.org) and
Biodiversity Information Serving Our Nation (BISON, www.
bison.usgs.ornl.gov).
Previous ecological analyses of lynx and snowshoe hare in

the region (Ivan et al. 2011; Theobald & Shenk 2011) indicate
that seven classes of vegetation cover [spruce-fir (Abies lasio-
carpa), lodgepole pine (Pinus contorta), aspen (Populus tremu-
loides), willow (Salix spp.), mixed spruce-fir, montane shrub
and montane forest]; three topographical features (elevation,
slope and topographical wetness plus); and one landscape
characteristic (distance to forest patch) are important environ-
mental variables for both species. We used data for these
different environmental attributes at a 1.5 km2 resolution,
which corresponds to the accuracy of the lynx telemetry data
(Theobald & Shenk 2011). Further details of the environmental
and lynx data sources can be found at Trainor et al. (2014).
Lynx movement data come from individuals equipped with

dual satellite/VHF radio collars (Sirtrack, Havelock North,
New Zealand). During the winter (November–April), only the
single most precise location (e.g. in descending order, Argos
location code 3, VHF, Argos location code 2, 1) obtained
within a 24-h period was retained for each individual to main-
tain independence between locations. Spatial locations of
lynx–snowshoe hare encounters [based on visible animal
remains or signs of a chase and struggle in the snow (Shenk
2005)] were obtained using snow-tracking surveys. The start-
ing point for each ground survey was systematically chosen to
be within areas known to be recently used by lynx based on
satellite telemetry data. The snow tracking data provided fine-
resolution spatial locations of lynx–snowshoe hare encounters
(n = 88) to characterise prey accessibility. Analysis of 6-years
(2001–2006) of satellite telemetry monitoring data revealed
that lynx range use is initially temporally quite dynamic but
settles to a steady state by 2004 (Trainor et al. 2014). There-
fore, we base our case study for the comparison of TIDM
and SDM using data from 2004. However, we also show the
value of using TIDM to account for temporal variability of
the internal niche structure, even though the SDM predicts a
stable spatial extent.
We compared the SDM and TIDM on the same spatial

footing by equalised sampling intensity of the telemetry and
ground tracking location data. This subsampling was accom-
plished by randomly selecting a sample of the lynx telemetry
data matching the same number of lynx–snowshoe hare
encounter samples. We ensured that each individual lynx
monitored contributed equal information to the analysis by
using a bootstrapping procedure to randomly select a fixed
number of records from each animal within a winter. This
approach also removed any spatial and temporal autocorrela-
tion that could diminish the reliability of the SDM or TIDM.
We also conducted a resampling procedure to verify that our
results were robust to the subsampling.

Many statistical approaches are available to estimate SDMs
(Elith et al. 2006; Peterson et al. 2011) and multiple
approaches are often used to compare SDMs and determine
congruency among models. Our goal here was simply to illus-
trate our framework, regardless of a particular statistical
approach. We therefore elected to use only one modelling
approach, maximum entropy in MaxEnt software (ver. 3.3.1,
Phillips et al. 2006) to generate our distribution models.
MaxEnt is a widely accepted and easily implemented machine
learning method that performs well in comparison with other
distribution models and is recognised as particularly effective
when species occurrence data comprise presence-only records
and small samples (Elith et al. 2006; Phillips & Dudik 2008).
We systematically produced SDMs to predict the probabil-

ity of presence for both lynx and snowshoe hare based on
biophysical variables alone (Fig. 2; see Data S1 for detailed
modelling methods). All the MaxEnt distribution models
provided highly consistent estimates of model performance
(AUC > 0.92, Table 1). The probability of lynx distribution,
given biophysical variables and snowshoe hare presence, i.e.
availability (Fig. 2c), was predicted by including the snowshoe
hare distribution as a covariate in the lynx distribution model
(Fig 2b). We created a TIDM using the modelling approach
presented in Trainor et al. (2014) to account for the spatial
locations of known lynx–snowshoe hare encounters and
interactions, i.e. hare accessibility (Fig. 2d). Finally, the lynx
TIDM (Fig. 2d) was used as a covariate with the lynx SDM
(Fig. 2a), to produce a distribution model that combines the
Grinellian and Eltonian tradition [aka, a Hutchinsonian-type
niche (Maguire 1973; Holt 2009)] (Fig. 2e). This model depicts
a quite rugged internal structure revealing considerable spatial
heterogeneity where lynx are likely to have highest fitness.
The modelled relationship of species’ occurrences to each

other might be indirectly caused by species responses to a
common environmental feature (Kissling et al. 2012). For sta-
tistical reasons, such correlation may be partially removed by
using different biophysical variables to predict each species’
distribution. However, strongly interdependent species are
most likely to coexist, because they share geographical and
environmental space. Thus, it makes little sense biologically to
exclude these predictor variables in the distribution models.
Furthermore, a priori justification for the appropriateness of
using the same environmental variables to generate the distri-
bution models was derived from independent field validation
(Ivan et al. 2011; Theobald & Shenk 2011). Nevertheless, our
analysis revealed that minimal correlation existed between all
pairs of biophysical variables with each other and each of
those variables with snowshoe hare availability and snowshoe
hare accessibility (all Pearson r < 0.70).
We applied a jackknife cross-evaluation procedure in

MaxEnt to estimate the relative importance of each predictor
variable in explaining the lynx species’ geographical distribu-
tion (Table 1 and bottom of Fig. 2). In the lynx SDM that is
based solely on biophysical features, increasing spruce-fir
(relative importance = 55.7%) and willow cover (relative
importance = 17.3%) were a strong predictor of its geographi-
cal distribution (see Data S2 for detailed response curves).
For snowshoe hare, proximity to forest patches and percent
cover of montane shrubs [e.g. Gambel oak (Quercus gambelii),
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serviceberry (Amelanchier utahensis) and snowberry (Symphor-
icarpos spp.)] and lodgepole pine were overwhelmingly
important environmental predictors of its distribution
(Table 1). Specifically, the most suitable areas for snowshoe
hares were intact forest patches containing up to 60% lodge-
pole pine cover and minimal montane shrubs (see Data S2 for
detailed response curves). Even though the probability distri-
bution of snowshoe hare availability provided an additional
covariate to predict the lynx distribution, it was a much

poorer determinant of lynx distribution than were the bio-
physical environmental features alone (relative impor-
tance = 2.4%). In the lynx TIDM, biophysical features such
as dense cover of spruce-fir (> 50%) and the presence of wil-
low (> 15%), sparse aspen cover (< 30%) and a narrow range
of topographical wetness (3–5; corresponding to moderate soil
moisture located on mid-elevation drainages) became the best
predictor of lynx accessibility to snowshoe hare (see Data S2
for detailed response curves).

Availability of snowshoe hare Accessibility of snowshoe hare 
to Lynx (TIDM)

Lynx distribution
given biophysical conditions 

& Accessibility of snowshoe hares

Lynx distribution 
given biophysical conditions 

& Availability of snowshoe hares

Probability of
occurrence

High

Low
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Figure 2 The case example, based on data from CO, USA shows the classical SDM for lynx (a) and snowshoe hare (b) distributions based on biophysical

environmental features. The lynx SDM is enhanced (c) using the probability of snowshoe hare availability as a covariate. Alternatively, a trophic

interaction distribution model (TIDM, d) is developed using data on known geospatial locations of lynx and snowshoe hare encounters (accessibility). The

new lynx SDM (e) that accounts for biophysical features and prey accessibility is generated using the TIDM as a covariate. Different predictions emerge,

because they produce different food web networks. In the food web for the classical SDM (bottom-left) lynx and snowshoe hare are only indirectly related

to each other via shared habitat, whereas the TIDM inspired SDM (bottom-right) accounts for the direct feeding dependency.
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The TIDM (Fig. 2d) shows that the spatial locations where
lynx were concentrated within their range boundary which is
50% smaller than predictions from the Grinellian-type
distribution model based just on biophysical features
(Fig. 2a). Combining the TIDM (Fig. 2d) with the lynx SDM
(Fig. 2a) yields a spatially refined Hutchinsonian-type lynx
geographical distribution (Fig. 2e). Accessibility of snowshoe
hare to lynx becomes an overwhelmingly important predictor
of lynx distribution (43%), thus replacing spruce-fir as the
most important predictor variable (Table 1). This replacement
arises, because only 65% of the range where snowshoe hares
are available to lynx has environmental conditions that facili-
tate greater accessibility of snowshoe hares to lynx. Con-
versely, 35% of the lynx’s range contains environmental
features that do not facilitate successfully hunting snowshoe
hare. Thus, while the overall geographical extent of lynx range
(outer boundary of the niche) was similar between the classi-
cal Grinellian SDM and the Hutchinsonian SDM (< 10%
change in overall extent), accounting for snowshoe hare acces-
sibility via the TIDM reveals a nuanced internal structure
(degree of habitat importance to lynx) within the geographical
niche space. Furthermore, refining the lynx distribution model
with the TIDM enabled us to pinpoint 3% of the range where
lynx have very high success (> 75%) in encountering and
hunting snowshoe hares.
We produced two graph networks to evaluate and compare

the dependencies among the predictor variables when cha-
racterising the probability of lynx distribution given snowshoe
hare availability vs. hare accessibility. The relative importance
of each node (e.g. biophysical data and snowshoe hare avail-
ability and accessibility) in predicting lynx distribution was
then used to designate the pairwise strength of interdepen-
dency between the lynx, the snowshoe hare and the abiotic
environmental variables. The food web module underlying the
lynx SDM with snowshoe hare availability as a covariate is
altogether different than the food web module underlying the
TIDM (Fig. 2 bottom). In the SDM, lynx and hare are only
indirectly dependent because of overlapping occurrence within
similar environmental conditions (close proximity to intact
forest patches and dense mixed spruce-fir forest). The TIDM,
however, depicts the association as a direct one (Fig. 2) that
occurs predominantly in environments dominated by both
spruce-fir and willow vegetation, perhaps because such areas
reflect a greater mixture of accessible sites intermixed among
locations where snowshoe hare seek refuge from predation
(Trainor et al. 2014).
There was also interannual variability in the spatial loca-

tions where lynx were concentrated within their geographical
distribution (Trainor et al. 2014). This change in space and
time (Fig. 3) reveals additional internal structure due to lynx
exploitation of local hares, and evasion of hares to hunting
lynx causing lynx to move to new locations with greater cap-
ture success (Trainor et al. 2014).

DISCUSSION

The contemporaneous rising interest in macroecology (sensu
Brown 1995) and rising availability of massive amounts of
geospatial data (e.g. GIS models, remotely sensed data, spe-T
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cies occurrences data) have lead to a concerted effort to
develop models that explain the basis for the geographical
patterns in species distributions (Peterson et al. 2011; Wisz
et al. 2013). Taking full advantage of the availability of these
large data sets has lead to statistically sophisticated methods
to describe associations between species and environmental
variables (Peterson et al. 2011; Wisz et al. 2013). However, in
such analyses, there is an almost singular emphasis on the

Grinellian biophysical niche perspective to describe those dis-
tributions, with limited regard for including an Eltonian tro-
phic niche perspective (but see Kissling et al. 2012; Wisz et al.
2013). Indeed, such inclusion has even been discouraged
(Sober�on 2007; Paine 2010) because of the perceived mismatch
between the resolution at which one can understand the two
kinds of niches. This sentiment is based on the perspective
that Eltonian-type niche models must be based on differential

> 75th percentile of lynx occurrence given prey accessibility

2001

100

Kilometers

2004

2005

2003

2006

2002

High

Low

Probability of snowshoe hare 

accessibility  to lynx 

2004 

Trophic interaction model

Lynx distribution given prey availability

Figure 3 Interannual variability of the trophic interaction distribution model (TIDM, probability of occurrence > 75%, red areas) developed using data on

known geospatial locations of lynx and snowshoe hare encounters (accessibility). This spatiotemporal dynamism illustrates how a predator’s trophic niche

varies to exploit local prey.
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equation-based population dynamics models from community
ecology (Chase & Leibold 2003), because these models are
suitable for motivating local scale experimental analysis (Paine
2010), but do not easily lend themselves to application at
broad geographical scales (Sober�on 2007; but see Leroux
et al. 2013). It has therefore been suggested that the Grinellian
and Eltonian approaches should be used in parallel or hierar-
chically (Sober�on 2007). Given that the two niche concepts
have long ago been integrated and advanced as a cornerstone
of ecology (Hutchinson 1957; Maguire 1973; Holt 2009),
treating them as separate classes of concepts seems regressive.
What is missing from these arguments is the recognition

that the field of wildlife ecology already has a tradition of
analysing species interactions at broad geographical scales
(e.g. Boyce & Mcdonald 1999; Fortin et al. 2005; Hebblewhite
& Merrill 2008; Kertson et al. 2011; Whittington et al. 2011;
Courbin et al. 2013). We show here that the RSF approaches
developed in wildlife ecology can be used to quantify the Elto-
nian niche at broad geographical scales. These approaches are
based on data collected at the same spatial resolution as many
Grinnellian approaches. Moreover, both fields use virtually
identical statistical approaches to develop models. Further-
more, the Eltonian perspective we present here offers the
potential to understand spatiotemporal shifts in trophic
dependencies at large geographical scales (Fig. 3). Also, given
that data on biophysical conditions can be collected at the
geospatial locations of trophic interactions, our approach can
provide a nuanced understanding of the environmental condi-
tions that determine variation in the likelihood of resource
capture, as called for by Paine (2010). The RSF model derived
from such data also allow more biologically reliable predic-
tions of where species may shift their distribution as biophysi-
cal conditions change than do more conventional SDM
approaches that often just associate biophysical and species
occurrence data obtained from altogether independent data
sources. This difference in reliability is revealed in our graph
network analysis of predictor variables. The network depicting
lynx SDM based on snowshoe hare data obtained from open
access occurrence databases shows hares only indirectly pre-

dict lynx distributions. In contrast, the network created with
the predictor variables underlying the TIDM suggests that
hares directly predict the lynx distribution (Fig. 2). We thus
offer a means to broaden and enhance the purview of species
distribution analyses to simultaneously represent important
habitats for feeding (the TIDM) as well as for other life-his-
tory needs (classical SDM) across geographical space. More-
over, we demonstrate that it is entirely feasible to combine
Grinnellian SDM-type niche models with Eltonian TIDM-
type niche models in analyses of species distributions.
The TIDM approach also reveals that it may not always be

safe to assume that species will be in equilibrium with their
environment. In the case presented here, this arises because
hares (resources) shift the habitat within their range that com-
prises their “internal niche” structure in response to trophic
interactions with lynx (consumer). In turn, lynx respond by
shifting their habitat use within their range (Fig. 3). Moti-
vated by RSF’s to build TIDM’s using temporal monitoring
data not only enables the ability to characterise of how spe-
cies’ niches change due to trophic dependency (Trainor et al.
2014) but also enhances the ability to predict how changing
biophysical or habitat conditions generate shifts in the space
use of the focal species (Boyce & Mcdonald 1999). This
understanding of internal niche structure offers the means to
pinpoint locations within the broad Grinellian geographical
range for prioritising conservation and management efforts,
thus ensuring that environments that lead to the highest spe-
cies performance or fitness are set aside or protected from
land development (Fig. 4).
Moving forward, the key limitation in integrating the two

approaches is the technical issue of gathering data on geospa-
tial locations of consumer–resource encounters for the TIDM.
Such data will enable us to quantify changes in how each spe-
cies influences the spatial patterns of another species over
environmental and geographical space, thus improving realism
in SDMs (Wisz et al. 2013). The technical means (telemetry,
remote sensing, ground-tracking and -truthing) to gather such
data already exist, and indeed, many such data sets obtained
using these means already exist but are not readily accessible

Predator distribution

Prey distribution

of accessing prey
Greater prey  accessiblity (TIDM)

Greater  prey availability (SDM)

Figure 4 Schematic illustrating how trophic interaction distribution model (TIDM) can enhance traditional species distribution models by pinpointing areas

that facilitate greater accessibility of prey (green) compared to areas where prey are available but are less likely to facilitate successful hunting (red).
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because they are not assembled in a common downloadable
data portal. Hence, an important next step in advancing geo-
spatial analyses of Eltonian niches is developing the means to
host and access geospatial encounter data and associated bio-
physical features in the same way that it is now customarily
done for SDM-type modelling (e.g. Map of Life, BISON,
GBIF). Nevertheless, the kinds of downloadable data for
SDM analyses are often opportunistically gathered from a
variety of sources, thereby constraining SDM to largely post
hoc descriptions of species distributions. The need for new
kinds of spatial data identified here also takes us to the new
juncture where more systematic data gathering can be moti-
vated by a priori hypotheses and thus moves us closer to cau-
sal understanding of how biophysical environmental features
shape geospatial locations of species interactions.
Our case example is for a very simplified system involving

two interacting species and their associated biophysical envi-
ronmental variables. Our approach, nevertheless, is capable of
including multiple species. Moreover, resource selection analy-
ses are beginning to provide data on spatial variation in pred-
ator and prey availability, as well as how the intensity of
predator geospatial activity may influence its prey’s density or
behaviour across space (Fortin et al. 2005; Mao et al. 2005;
Whittington et al. 2011). Thus, the approach we present here
helps advance a spatially informed ecological science that
offers understanding of how processes over a continuum of
spatial scales lead to the emergence of patterns in species dis-
tribution and abundance (Levin 1992; Ricklefs 2008; Chave
2013). Furthermore, our approach helps respond to the call to
consider conservation of biota in a community context that
encompasses consideration of the nature and strength of spe-
cies interactions across geographical space and time (Sinclair
& Byrom 2006).
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From: Ivan - DNR, Jake
To: Kurt Broderdorp
Subject: Re: Snowshoe Hare Availability
Date: Tuesday, April 05, 2016 9:47:45 AM

Not yet.  Next on my list.

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Tue, Apr 5, 2016 at 9:45 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Did you provide me with the short narrative of how you grabbed the
top 20% for the predictive map? 

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Ivan - DNR, Jake [mailto:jake.ivan@state.co.us] 
Sent: Monday, April 04, 2016 3:04 PM
To: Broderdorp, Kurt
Subject: Snowshoe Hare Availability

 

Hi Kurt,

 

Here is the paper I was talking about with respect to a statewide model of
snowshoe hares habitat.  You can read about the data they used on the top-left of
p. 1511.  You can see the layer they produced in Figure 2.  Looks like they took
n=81 snowshoe occurrence points and built a Species Distribution Model for the
state from that.  Their sources for the 81 snowshoe hare occurrences were Global
Biodiversity Information Facility (GBIF, www.gbif.org) and Biodiversity
Information Serving Our Nation (BISON, www.bison.usgs.ornl.gov).

 

mailto:jake.ivan@state.co.us
mailto:kurt_broderdorp@fws.gov
mailto:jake.ivan@state.co.us
http://cpw.state.co.us/
mailto:Kurt_Broderdorp@fws.gov
tel:%28970%29%20628-7186
mailto:jake.ivan@state.co.us
http://www.gbif.org/
http://www.bison.usgs.ornl.gov/


Do with that what you will.  It's the only snowshoe hare layer for the state that I'm
aware of, and it's a high-end journal with well-respected and highly published
authors from Yale.  Tanya and I were not authors.

Jake

 

Jake Ivan

Wildlife Researcher

Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048

317 W. Prospect Rd., Fort Collins, CO 80526

jake.ivan@state.co.us  |  cpw.state.co.us

 

tel:970.472.4310
tel:970.472.4457
tel:970.556.8048
mailto:jake.ivan@state.co.us
http://cpw.state.co.us/


From: Ivan - DNR, Jake
To: Broderdorp, Kurt
Subject: Recreate Quantiles for Lynx Predictive Map
Date: Tuesday, April 05, 2016 11:03:45 AM

1) Right click on the layer in the Table of Contents, go to Properties|Symbology

2) Specify that you want to show "Quantities" in "Graduated Colors" (left side of tab)
a) Change 'Value' field to "Model_Aver"
b) Leave 'Normalization' field as "None"
c) Choose color ramp to be blue (left) to yellow to red (right)

3) Click the classification button and change parameters to: 
Method = Quantile
Classes = 10
Sampling | Maximum Sampling Size = 100,000 (note that the default here is
10,000, which is too small.  You will likely get a warning to this effect earlier
in this process.  Just click through the warning and change the sampling max
here).

4) You will get a histogram of the binning results, which may be helpful in deciding
on a cutoff.  As I said, we were conservative in only counting the top 20% as 'high
quality' lynx habitat.  This decision leaves out a bunch of the distribution (most is
>50%) and likely a bunch of ground that can/might be able to support lynx, even
though it's not part of the "cream" we identified in the report.

5) Click OK. 

Let me know if this works for you or if you have questions.  I got the exact same
numbers as we see in our official internal symbology that we suggest everyone in
CPW use, which also matches the online report.  

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us
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From: Ivan - DNR, Jake
To: Broderdorp, Kurt
Subject: Figured it out
Date: Wednesday, April 06, 2016 1:52:11 PM

Sorry for the confusion.  I bet you guys are doing it right.  What's in the report is
actually a mix of 2 different things - I couldn't make it come out to what we
reported either.  Here's how to do it:

Assuming you got the symobology to work out right based on what I sent yesterday,
query out all of the cells that are >=0.633214, which is the lower cut point for the
80th percentile (i.e., demarcates the top 20%).  You should get 7,494 cells. 
Multiply by 1.5km x 1.5km = 225ha each and you get 1,686,150 hectares in
Colorado.

For the report, notice that the figures include a whole bunch of blue cells across
the entire western portion of the state.  Those are all zeros, or close to it as they're
not lynx habitat.  In the end, we decided to just not include anything below 8000' in
the model, which is layer I sent you and the one we use all of the time, and it's the
one that the deciles match to in the figure legends.  However, the actual hectare
calculations in the report are left over from the previous version with all of the
blue in it - the bins change a bit with all of those other cells included such that the
upper 20% has a slightly different cut point and there are more cells to bin up.  

I changed the report so the figures and calculations match what I said in the second
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Executive Summary 
As part of a Species Status Assessment (SSA) for the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx canadensis), the U.S. Fish and Wildlife 
Service (Service) convened an expert elicitation workshop to gather (1) the best available 
information on the current status of lynx populations within the DPS and (2) the professional 
judgment and opinions of lynx experts regarding the future viability of the DPS.  This report 
summarizes the results of the workshop regarding the current and likely future condition of lynx 
populations in six geographic areas within the DPS in terms of representation, redundancy, and 
resiliency (the “3 Rs”).  The Service will incorporate the information gathered at this workshop 
into the SSA as appropriate, along with the published scientific literature, to inform recovery 
planning for the DPS and any other ESA-related determinations the Service is authorized and 
required to make.     

Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 1 
[All appendices are accessible at: http://www.fws.gov/mountain-prairie/es/canadaLynx.php]) for 
the DPS.  The SSA, which will incorporate the best available scientific information on lynx, is 
needed to inform the Service’s response to a June 2014 court order to complete a recovery plan 
for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed to complement the published scientific literature and other available 
information on many aspects of lynx population dynamics in the DPS range.  In particular, we 
were looking for additional information on the status, sizes, and trends of lynx populations and 
on threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 
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threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform recovery 
planning direction, classification decisions, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
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(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 
2007, again in response to a court order, clarified its determinations of “significant portion of the 
range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 
2007, the Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service 
revised the critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 
54782) and, concurrent with the latter, rescinded the state-based definition of the DPS boundary 
to extend ESA protection to lynx “where found” in the contiguous U.S., including New Mexico 
and other states that were not included in the original DPS range (79 FR 54804). 

Although the Service originally identified the DPS as occurring in forested portions of 14 states 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, 
Utah, Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at 
the time of listing that both lynx and the boreal forests that support them in the Lower 48 States 
are at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, we would benefit 
from further understanding of the natural range and causes of variation in lynx and hare 
numbers; hare densities necessary to support resident lynx populations throughout the DPS; the 
influence of immigration of lynx from Canada on the demographic and genetic fitness of DPS 
populations; and the timing, extent, magnitude, and severity of potential threats associated with 
climate change.  The Lynx SSA Team organized this expert elicitation workshop to help fill 
some of these information gaps with the knowledge, professional judgments, and opinions of 
lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
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populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada 
and Alaska into southwest Colorado to establish the current resident population.  Additionally, 
the Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.   

   

 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
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described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
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Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 

1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
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subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 
Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 
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Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
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distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
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forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   

Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
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winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
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Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
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variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      
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Lynx Status Update Presentations1 
Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 
northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

                                                
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
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North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, 
NPS).  Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area.  The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
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1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats - Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization, disease/predation, and inadequacy of existing regulatory 
mechanisms are not issues for lynx in Washington.  Lynx trapping was prohibited in 1991, and 
only live-trapping is allowed for bobcats, so there is little chance for incidental trapping.  There is 
no documented disease and little evidence of predation (though these could occur/increase with 
climate change).  With ESA and State listings, critical habitat designation, and State recovery 
and State and Federal habitat management plans in place, regulatory mechanisms appear 
adequate.  Recently, much lynx habitat has been lost, at least temporarily, to frequent large-
scale fires and insect outbreaks, and climate change may pose additional (or exacerbate 
existing) threats to lynx and habitats in Washington.  From 1990-2002, there were about 2,600 
km2 of lynx habitat in the Okanogan (Eastern Cascades) area, and female home ranges were 
estimated at 38 - 41 km2, suggesting the potential to support roughly 90-115 resident females 
(home ranges include “matrix” or non-habitat).  By 2014, habitat had been reduced by fire to 
about 1,600 km2, and habitat loss and fragmentation resulted in female home ranges increasing 
to an estimated 91 km2, with a potential to support roughly 27 resident females.  Although areas 
impacted by fires and insects should regenerate to hare/lynx habitat, it may take 35-40 years or 
more for that to happen.  Climate change will likely reduce snow depth, condition, and 
persistence, potentially influencing interspecific competition.  It also may cause temperature- 
and precipitation-driven changes in vegetation and increased fire frequency, size, and intensity, 
resulting in further reduction, fragmentation, and isolation of suitable habitats and impacts to 
prey abundance.  Connectivity between the Okanogan area and lynx populations and habitats in 
Canada seems adequate; it is more tenuous in the northeastern part of the state, where cross-
border populations/habitats in Canada are smaller and potential corridors more constricted.  It is 
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also possible that legal trapping in southern British Columbia could limit immigration into 
Washington’s lynx population and be a source of mortality for lynx dispersing from Washington 
into Canada.  Potential management and recovery actions could include resuming surveys and 
monitoring efforts, reviewing current State, Tribal, and Federal management actions to see if 
they can be more “lynx-friendly,” conducting population viability analyses to estimate 
probabilities of persistence over various time periods, coordinating with British Columbia on 
cross-border lynx conservation efforts, evaluating the need and feasibility of augmenting female 
lynx in the Okanogan and reintroducing lynx to the Kettle Crest, up-listing lynx in Washington to 
indicate the current status and severity of threats, and seeking collaboration and funding to 
support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 

                                                
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juans Mountains during winter 2014-
15 as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 
responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
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Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 

The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 
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Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
 
Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
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Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 

Redundancy Questions 
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1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 
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2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 

Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  
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Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  

In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
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increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
 
Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
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Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  
We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

                                                
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 
 

Expert  Responses:  For each geographic unit an overview of the unit from the area 
expert are provided, as well a summary of the hand drawn graphs via a figure (Figures 
5 - 10), the responses and major factors are summarized via text, and the discussion 
that the responses generated are presented. 

Results by Geographic Unit 

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed as a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 



42 

 

Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 
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Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 



49 

is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 

                                                
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 
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Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase Probability of 
Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
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conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  
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Other Considerations 

After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
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also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
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absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
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remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
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contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
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Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Appendices 
All appendices are available on the Service’s Region 6 Canada lynx webpage 
(http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 
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Executive Summary 
As part of a species status assessment (SSA) for the contiguous United States distinct 
population segment (DPS) of the Canada lynx, the U.S. Fish and Wildlife Service (Service) 
convened an expert elicitation workshop to gather (1) the best available information on the 
current status of lynx populations within the DPS and (2) the professional judgment and 
opinions of lynx experts regarding the future viability of the DPS.  This report summarizes the 
results of the workshop regarding the current and likely future condition of lynx populations in six 
geographic areas within the DPS in terms of representation, redundancy, and resiliency.  The 
Service will incorporate the information gathered at this workshop into the SSA as appropriate, 
along with the published scientific literature, to inform recovery planning for the DPS and any 
other determinations the Service is authorized and required to make in accordance with the 
Endangered Species Act.     

Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 1 
[All appendices are accessible at: http://www.fws.gov/mountain-prairie/es/canadaLynx.php]) for 
the DPS.  The SSA, which will incorporate the best available scientific information on lynx, is 
needed to inform the Service’s response to a June 2014 court order to complete a recovery plan 
for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed to complement the published scientific literature and other available 
information on many aspects of lynx population dynamics in the DPS range.  In particular, we 
were looking for additional information on the status, sizes, and trends of lynx populations and 
on threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php


5 

threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform recovery 
planning direction, classification decisions, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
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(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 
2007, again in response to a court order, clarified its determinations of “significant portion of the 
range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 
2007, the Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service 
revised the critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 
54782) and, concurrent with the latter, rescinded the state-based definition of the DPS boundary 
to extend ESA protection to lynx “where found” in the contiguous U.S., including New Mexico 
and other states that were not included in the original DPS range (79 FR 54804). 

Although the Service originally identified the DPS as occurring in forested portions of 14 states 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, 
Utah, Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at 
the time of listing that both lynx and the boreal forests that support them in the Lower 48 States 
are at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, we would benefit 
from further understanding of the natural range and causes of variation in lynx and hare 
numbers; hare densities necessary to support resident lynx populations throughout the DPS; the 
influence of immigration of lynx from Canada on the demographic and genetic fitness of DPS 
populations; and the timing, extent, magnitude, and severity of potential threats associated with 
climate change.  The Lynx SSA Team organized this expert elicitation workshop to help fill 
some of these information gaps with the knowledge, professional judgments, and opinions of 
lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 



7 

populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada 
and Alaska into southwest Colorado to establish the current resident population.  Additionally, 
the Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.   

   

 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
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described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
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Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 

1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
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subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 
Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 
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Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
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distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
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forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   

Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
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winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
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Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
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variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      
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Lynx Status Update Presentations1 
Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 
northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

                                                
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
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North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, 
NPS).  Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area.  The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 



21 

1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats – Dr. Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization, disease/predation, and inadequacy of existing regulatory 
mechanisms are not issues for lynx in Washington.  Lynx trapping was prohibited in 1991, and 
only live-trapping is allowed for bobcats, so there is little chance for incidental trapping.  There is 
no documented disease and little evidence of predation (though these could occur/increase with 
climate change).  With ESA and State listings, critical habitat designation, and State recovery 
and State and Federal habitat management plans in place, regulatory mechanisms appear 
adequate.  Recently, much lynx habitat has been lost, at least temporarily, to frequent large-
scale fires and insect outbreaks, and climate change may pose additional (or exacerbate 
existing) threats to lynx and habitats in Washington.  From 1990-2002, there were about 2,600 
km2 of lynx habitat in the Okanogan (Eastern Cascades) area, and female home ranges were 
estimated at 38 - 41 km2, suggesting the potential to support roughly 90-115 resident females 
(home ranges include “matrix” or non-habitat).  By 2014, habitat had been reduced by fire to 
about 1,600 km2, and habitat loss and fragmentation resulted in female home ranges increasing 
to an estimated 91 km2, with a potential to support roughly 27 resident females.  Although areas 
impacted by fires and insects should regenerate to hare/lynx habitat, it may take 35-40 years or 
more for that to happen.  Climate change will likely reduce snow depth, condition, and 
persistence, potentially influencing interspecific competition.  It also may cause temperature- 
and precipitation-driven changes in vegetation and increased fire frequency, size, and intensity, 
resulting in further reduction, fragmentation, and isolation of suitable habitats and impacts to 
prey abundance.  Connectivity between the Okanogan area and lynx populations and habitats in 
Canada seems adequate; it is more tenuous in the northeastern part of the state, where cross-
border populations/habitats in Canada are smaller and potential corridors more constricted.  It is 
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also possible that legal trapping in southern British Columbia could limit immigration into 
Washington’s lynx population and be a source of mortality for lynx dispersing from Washington 
into Canada.  Potential management and recovery actions could include resuming surveys and 
monitoring efforts, reviewing current State, Tribal, and Federal management actions to see if 
they can be more “lynx-friendly,” conducting population viability analyses to estimate 
probabilities of persistence over various time periods, coordinating with British Columbia on 
cross-border lynx conservation efforts, evaluating the need and feasibility of augmenting female 
lynx in the Okanogan and reintroducing lynx to the Kettle Crest, up-listing lynx in Washington to 
indicate the current status and severity of threats, and seeking collaboration and funding to 
support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 

                                                
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juan Mountains during winter 2014-15 
as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 
responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
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Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 

The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 
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Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
 
Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
 



26 

Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 
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Redundancy Questions 
 
1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
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fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 

2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 

Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  
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Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  

In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
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increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
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Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
 

Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  
We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

                                                
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 

Expert  Responses:  For each geographic unit, an overview of the unit from the area 
expert are provided, as well a summary of the hand drawn graphs via a figure (Figures 
5 - 10), the responses and major factors are summarized via text, and the discussion 
that the responses generated are presented. 

Results by Geographic Unit 

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed as a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 



44 

80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 
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Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
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is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 

                                                
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 
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Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase Probability of 
Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
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conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  
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Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
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also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
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absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 



57 

remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
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contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
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Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Appendices 
All appendices are available on the Service’s Region 6 Canada lynx webpage 
(http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php


From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Lynx Expert Elicitation Workshop Report
Date: Wednesday, April 20, 2016 8:23:56 AM

That's a good question.  We have already received many CH comments subsequent to the
original publishing of the proposed rule, and comment period extension and reopening, for
which I've developed responses.  This last go-round is essentially to address the judge's ruling
to allow public comment on our use of Canadian mgmt of caribou habitat in our final CH
designation.  So, how many comments will we get on Canada's management and our use of
caribou habitat management and protection in Canada to support our rationale for our final CH
designation is unknown.  Or, if we get comments, will there be many new or novel
comments?  We'll just have to wait and see.

I don't expect much controversy surrounding our use of and reliance upon Canadian
management of caribou habitat in our finale CH designation.  The controversy will center on,
and for which I expect we will receive comments on, our final designation of 30,000 acres
which was a reduction from approx. 275,000 acres in the proposed rule.  However, the judge
did not rule on that issue.  That will likely be the subject of a future lawsuit.  Again, we'll see.

On Wed, Apr 20, 2016 at 7:31 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Or a re-opening of comment period, I guess?  Still some work to get that through review and to the Register.  Are
you anticipating many comments or much controversy?

On Wed, Apr 20, 2016 at 8:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Bryon and congrats on getting the caribou proposed rule out.

On Tue, Apr 19, 2016 at 4:12 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Keith and Gary,

I hope this finds you both well.  Jim Zelenak asked me to forward this to you.

Bryon

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Apr 19, 2016 at 10:40 AM
Subject: Fwd: Lynx Expert Elicitation Workshop Report
To: Bryon Holt <bryon_holt@fws.gov>

Hey Bryon,

I don't seem to have email addresses for Keith Aubry or Gary Koehler - if you do, could you please forward
this to them?

Thanks,

Jim
---------- Forwarded message ----------
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From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Apr 19, 2016 at 11:15 AM
Subject: Lynx Expert Elicitation Workshop Report
To: "Jackson, Scott -FS" <sjackson03@fs.fed.us>, "McKelvey, Kevin -FS"
<kmckelvey@fs.fed.us>, "Schwartz, Michael K -FS" <michaelkschwartz@fs.fed.us>,
"Bowman, Jeff (MNRF)" <jeff.bowman@ontario.ca>, Lee Frelich
<freli001@umn.edu>, Alexej Siren <asiren@umass.edu>, Josh Lawler
<jlawler@uw.edu>, "Wilsey, Chad" <cwilsey@audubon.org>, Erin Simons-Legaard
<erin.simons@maine.edu>, "Hodges, Karen" <karen.hodges@ubc.ca>, "Vashon,
Jennifer" <jennifer.vashon@maine.gov>, Ron Moen <rmoen@d.umn.edu>, "Catton,
Susan J -FS" <scatton@fs.fed.us>, "Squires, John -FS" <jsquires@fs.fed.us>,
"Maletzke, Benjamin T (DFW)" <Benjamin.Maletzke@dfw.wa.gov>, Jake Ivan - DNR
<Jake.ivan@state.co.us>, Jay Kolbe <jkolbe.fwp@gmail.com>
Cc: clayapps@telus.net, Timothy Catton <tcatton@fs.fed.us>, Dan Harrison
<harrison@maine.edu>, "Murphy, Kerry M -FS" <kmmurphy02@fs.fed.us>, Dennis
Murray <dennismurray@trentu.ca>, "Hanvey, Gary -FS" <ghanvey@fs.fed.us>, Robert
Naney <rnaney@gmail.com>, Bob Naney <naney@methownet.com>, Nancy Warren
<nancy.mtns@gmail.com>, Nathan Berg <nathan_berg@fws.gov>

The final workshop report and appendices are posted at the Service's Region 6 lynx webpage under SSA
link:

http://www.fws.gov/mountain-prairie/es/canadaLynx.php

Report also attached here.

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Holt, Bryon
To: Jim Zelenak
Subject: lynx SSA peer review
Date: Wednesday, May 04, 2016 8:56:20 AM

Jim,

I heard back from Keith.  He is tentatively interested, but it would depend on timing.  If we
need review in next couple of months, Keith is probably a no go as he has other
commitments.  Later than that (four months or so) he may be able to fit it in.

Bryon

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Smith, Tamara
To: Peter Fasbender
Subject: Re: Lynx SSA Team and Time Committments
Date: Thursday, May 05, 2016 8:24:54 AM

Thanks - I mentioned RD briefings during our lynx SSA core team call on Tuesday and Jim
 indicated that they may do another RD briefing for all interested regions. I'm not sure if
sending the ppt is the solution or if R6 would be actually organizing a briefing. I'll ask Jim. 

On Thu, May 5, 2016 at 8:08 AM, Peter Fasbender <peter_fasbender@fws.gov> wrote:

Pete Fasbender
Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: "Lewis, Lynn" <lynn_lewis@fws.gov> 
Date: 05/05/2016 8:07 AM (GMT-06:00) 
To: Peter Fasbender <peter_fasbender@fws.gov> 
Subject: Fwd: Lynx SSA Team and Time Committments 

Tam has this, but I thought I'd pass along as well.

Lynn M. Lewis
Assistant Regional Director -
  Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612 713-5345
612 713-5292 Fax
lynn_lewis@fws.gov

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, May 4, 2016 at 5:12 PM
Subject: Fwd: Lynx SSA Team and Time Committments
To: Lynn Lewis <lynn_lewis@fws.gov>, Michelle Shaughnessy
<michelle_shaughnessy@fws.gov>, Eric Hein <Eric_Hein@fws.gov>
Cc: Tamara Smith <Tamara_Smith@fws.gov>, Patricia Zenone
<patricia_zenone@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak
<jim_zelenak@fws.gov>

Since Mr. Phifer had asked me about this I thought I would share with the rest of you. 
Please feel free to use the attached documents to brief your RDs and DRD if you wish.  

The dates are still in flux but other than that the PPT and briefing are up to date.  As always
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if you have questions, give me a call. JB

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

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, May 2, 2016 at 1:06 PM
Subject: Re: Lynx SSA Team and Time Committments
To: Paul Phifer <paul_phifer@fws.gov>

Yes.  Basically used same powerpoint we gave you ARDs but here it is and a briefing
statement. Enjoy.  JB

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

On Mon, May 2, 2016 at 7:30 AM, Paul Phifer <paul_phifer@fws.gov> wrote:
Thanks Jodi.  Have you briefed Noreen?  If so, can you share briefing
materials so I can brief Wendi?

Paul

Sent from my iPad

> On Apr 28, 2016, at 1:02 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
>
> Fellow Managers.  Just wanted to take a minute and convey my thanks to you for
making sure your staff are focused on the Lynx SSA tasks as outlined and committed to in
the Lynx Project Plan document that we all signed last year.  As you know, this is a
National priority and we are in crunch time mode to get a final draft SSA completed in the
next several weeks.  Your staff are responsible for writing up segments of that document
related to your specific area including current status and management, future conditions
and potential threats/influences that may affect lynx viability in the DPS.  I realize that
they have other things on their plates and as such I appreciate that you are allowing them
to focus their time on this pressing priority.   Thank you again.  JB
>
>
> Jodi L. Bush
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> Field Supervisor
> Montana Ecological Services Office
> 585 Shepard Way, Suite 1
> Helena, MT  59601
> (406) 449-5225, ext.205
>

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell



From: Holt, Bryon
To: Jim Zelenak
Subject: Lynx SSA Peer Review
Date: Friday, May 06, 2016 7:26:02 AM

Jim,

Just heard back from Koehler - he is willing to peer review if we ask him.

Bryon

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Holt, Bryon
To: Gary Koehler
Subject: Re: Lynx Peer Review of SSA
Date: Friday, May 06, 2016 7:27:16 AM

OK Gary.  Will do.  Thanks for responding.

On Thu, May 5, 2016 at 2:32 PM, Gary Koehler <garykoehler@nwi.net> wrote:
Bryon: Consider me as a possible candidate as ‘peer reviewer’.  Thanks, hope your summer
is going well… I’m retired so everyday can be considered a ’summer day’. 
Gary Koehler
garykoehler@nwi.net
509-699-9857
Skype: puma.koehler151

On May 3, 2016, at 10:26 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:

Hello Gentlemen,

The Service is in the very early stages of identifying experts interested in
providing peer review of our draft (still in development) lynx species status
assessment.  I am contacting you to determine if you would be interested in
providing peer review of the assessment.  Again, this is not a formal request at
this point. It is just a informal query to gauge your interest and availability.  Of
course I understand that your interest and/or availability might be dependent on
when we ask for peer review. Unfortunately, I don't have a firm (or even
somewhat solid) date as to when we might make the assessment available for
peer review.

So, again, for now, would you be at least tentatively interested in providing peer
review??

Regards,

Bryon

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Holt, Bryon
To: Aubry, Keith - FS, Olympia, WA
Subject: Re: Lynx Peer Review of SSA
Date: Friday, May 06, 2016 7:31:23 AM
Attachments: image001.png

Hi Keith,

Thanks for replying.  Unfortunately, your time frame may not work for us.  We will most
likely request peer review sooner (within the next month or so) rather than later.  But, just in
case you might be able to fit it in I will keep you in mind when we request peer review.  If we
request peer review from you and if you have time that's great, and if not, that's OK too. 
Thanks for being willing - it the timing is right that is.

Bryon

On Tue, May 3, 2016 at 11:12 AM, Aubry, Keith - FS, Olympia, WA <kaubry@fs.fed.us>
wrote:

Hi Bryon,

Yes, you can consider me tentatively willing to provide a peer review but, as you say, it will
depend on when it happens.  My workload continues to be much heavier than I would like,
partly because I recently took on the task of reviewing a draft Conservation Assessment and
Strategy for the Humboldt marten.  In addition, my tenure as an Assoc. Editor for J.
Mammalogy ends in June (or soon thereafter), and I’m going to avoid taking on any more
new obligations until that one ends.  So, if we’re talking about 4-6 months from now, then I
would likely be willing to provide a review, but if you’re talking about the next 1-2 months,
then probably not.  Best regards, Keith

 

Keith B. Aubry, Ph.D. 
Emeritus Scientist
Forest Service

Pacific Northwest Research Station
p: 360-753-7685 
c: 360-951-7689 
f: 360-753-7737 
kaubry@fs.fed.us
3625 93rd Ave. SW 
Olympia, WA 98512

Caring for the land and serving people

 

mailto:bryon_holt@fws.gov
mailto:kaubry@fs.fed.us
mailto:kaubry@fs.fed.us
mailto:kaubry@fs.fed.us


 

From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Tuesday, May 03, 2016 10:27 AM
To: Gary Koehler <garykoehler@nwi.net>; Aubry, Keith - FS, Olympia, WA <kaubry@fs.fed.us>
Subject: Lynx Peer Review of SSA

 

Hello Gentlemen,

 

The Service is in the very early stages of identifying experts interested in providing peer
review of our draft (still in development) lynx species status assessment.  I am contacting
you to determine if you would be interested in providing peer review of the assessment. 
Again, this is not a formal request at this point. It is just a informal query to gauge your
interest and availability.  Of course I understand that your interest and/or availability might
be dependent on when we ask for peer review. Unfortunately, I don't have a firm (or even
somewhat solid) date as to when we might make the assessment available for peer review.

 

So, again, for now, would you be at least tentatively interested in providing peer review??

 

Regards,

 

Bryon

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

mailto:bryon_holt@fws.gov
mailto:garykoehler@nwi.net
mailto:kaubry@fs.fed.us
mailto:bryon_holt@fws.gov


*************************************************

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: Aubry, Keith - FS, Olympia, WA
To: bryon_holt@fws.gov
Subject: RE: Lynx Peer Review of SSA
Date: Friday, May 06, 2016 1:29:39 PM
Attachments: image002.png

image003.png

Hi Bryon,
That sounds fine.  Best of luck with the review process!  k.
 

Keith B. Aubry, Ph.D. 
Emeritus Scientist
Forest Service
Pacific Northwest Research Station
p: 360-753-7685 
c: 360-951-7689 
f: 360-753-7737 
kaubry@fs.fed.us
3625 93rd Ave. SW 
Olympia, WA 98512

Caring for the land and serving people

 
 
From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Friday, May 06, 2016 7:31 AM
To: Aubry, Keith - FS, Olympia, WA <kaubry@fs.fed.us>
Subject: Re: Lynx Peer Review of SSA
 
Hi Keith,
 
Thanks for replying.  Unfortunately, your time frame may not work for us.  We will most
likely request peer review sooner (within the next month or so) rather than later.  But, just in
case you might be able to fit it in I will keep you in mind when we request peer review.  If we
request peer review from you and if you have time that's great, and if not, that's OK too. 
Thanks for being willing - it the timing is right that is.
 
Bryon
 
 
On Tue, May 3, 2016 at 11:12 AM, Aubry, Keith - FS, Olympia, WA <kaubry@fs.fed.us>
wrote:

Hi Bryon,
Yes, you can consider me tentatively willing to provide a peer review but, as you say, it will
depend on when it happens.  My workload continues to be much heavier than I would like,
partly because I recently took on the task of reviewing a draft Conservation Assessment and
Strategy for the Humboldt marten.  In addition, my tenure as an Assoc. Editor for J.

mailto:kaubry@fs.fed.us
mailto:bryon_holt@fws.gov
mailto:kaubry@fs.fed.us
mailto:kaubry@fs.fed.us


Mammalogy ends in June (or soon thereafter), and I’m going to avoid taking on any more
new obligations until that one ends.  So, if we’re talking about 4-6 months from now, then I
would likely be willing to provide a review, but if you’re talking about the next 1-2 months,
then probably not.  Best regards, Keith
 

Keith B. Aubry, Ph.D. 
Emeritus Scientist
Forest Service
Pacific Northwest Research Station
p: 360-753-7685 
c: 360-951-7689 
f: 360-753-7737 
kaubry@fs.fed.us
3625 93rd Ave. SW 
Olympia, WA 98512

Caring for the land and serving people

 
 
From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Tuesday, May 03, 2016 10:27 AM
To: Gary Koehler <garykoehler@nwi.net>; Aubry, Keith - FS, Olympia, WA <kaubry@fs.fed.us>
Subject: Lynx Peer Review of SSA
 
Hello Gentlemen,
 
The Service is in the very early stages of identifying experts interested in providing peer
review of our draft (still in development) lynx species status assessment.  I am contacting
you to determine if you would be interested in providing peer review of the assessment. 
Again, this is not a formal request at this point. It is just a informal query to gauge your
interest and availability.  Of course I understand that your interest and/or availability might
be dependent on when we ask for peer review. Unfortunately, I don't have a firm (or even
somewhat solid) date as to when we might make the assessment available for peer review.
 
So, again, for now, would you be at least tentatively interested in providing peer review??
 
Regards,
 
Bryon
 
--
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748

mailto:kaubry@fs.fed.us
mailto:bryon_holt@fws.gov
mailto:garykoehler@nwi.net
mailto:kaubry@fs.fed.us


email:         bryon_holt@fws.gov
 
*************************************************

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov
 
*************************************************

mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov


From: Ron Moen
To: Smith, Tamara
Cc: Jim Zelenak
Subject: Re: Canada lynx SSA - informal question about peer review
Date: Tuesday, May 10, 2016 7:42:58 AM

Hi Tam,

   I could probably do it, but I need to do some catchup after the end of semester.

Ron

From:   "Smith, Tamara" <tamara_smith@fws.gov>
Date sent:                  Tue, 3 May 2016 14:14:34 -0500
Subject:                     Canada lynx SSA - informal question about peer review
To:                            Ron Moen <rmoen@d.umn.edu>
Copies to:                  Jim Zelenak <jim_zelenak@fws.gov>

> Hi Ron,
>
> I am sending this email to informally check with you about your
> availability and interest to be one of our peer reviewers of our draft
> Canada lynx SSA report.  We would send out a formal request at a later date
> - my rough guesstimate would be sometime in late May, although the exact
> timing is still up in the air.
>
> Thanks!
> -Tam
>
> --
> Tamara Smith
> U.S. Fish and Wildlife Service
> Twin Cities Field Office
> 4101 American Boulevard East
> Bloomington, MN 55425
> 952-252-0092, Ext. 219  (new number)
> 952-646-2873  (new fax number)
>
> 612-600-1599 Cell
>

--
Ron Moen   218-788-2610 or 218-726-7774                                                             
Natural Resources Research Institute
Biology Department, Swenson College of Science and Engineering
University of Minnesota Duluth

www.d.umn.edu/~rmoen,   www.nrri.umn.edu/lynx,   www.nrri.umn.edu/moose

mailto:rmoen@d.umn.edu
mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov


From: Ivan - DNR, Jake
To: Zelenak, Jim
Cc: Kurt Broderdorp
Subject: Re: FW: Lynx SSA stuff
Date: Wednesday, May 11, 2016 9:18:07 AM

Thanks for the clarification.  That helps.  Put me on your list of potential reviewers.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Mon, May 9, 2016 at 2:15 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Sure - I'll try.

First - thanks, Jake, for your interest and potential availability to serve as a peer reviewer.

We continue to scramble to try to get the draft SSA report done.  Deadlines set by others for this whole process
have been unrealistic from the get-go, but we are trying to keep up, or at least not fall too much further behind. 
Given the need for the draft report to undergo in-house review in multiple FWS regions before it is ready to
distribute to peer reviewers, I would be surprised if it was ready for peer review before late June.  We would
probably seek a pretty quick turn-around from reviewers but would provide at least 3 weeks.

The draft is currently at 68 pages, with more writing needed but also perhaps opportunity to tighten some things
up before it's done.  Hard to guess what the final length will be.

The review you describe is pretty much what we are looking for - that we didn't overlook important science, that
we accurately reflect expert opinion, that we were objective and at least reasonable rational, etc.

As with the workshop, we are trying with peer review to get representation from each geographic area of the DPS,
and you are among a small handful of folks who could do that for the Southern Rockies/Colorado.  If you are
unable to provide review, we may talk to Eric as I'm sure he also would do a great job and he is intimately
familiar with the status of lynx/hares/habitats there.

Hope that helps.  Let me know if you have other questions,and thanks again.

 

On Mon, May 9, 2016 at 1:20 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jim, not sure I can properly respond to Jakes questions.  Can you
please respond.  Thanks

 

Kurt Broderdorp

mailto:jake.ivan@state.co.us
mailto:jim_zelenak@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jake.ivan@state.co.us
http://cpw.state.co.us/
mailto:jim_zelenak@fws.gov
mailto:Kurt_Broderdorp@fws.gov


US Fish and Wildlife Service

(970) 628-7186

 

From: Ivan - DNR, Jake [mailto:jake.ivan@state.co.us] 
Sent: Monday, May 09, 2016 8:23 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA stuff

 

Hi Kurt,

 

Thanks for thinking of me.  I appreciate that.  I am interested in a general
sense, but have a few questions.  Looks like the SSA is scheduled to be
completed sometime in the next 4-6 weeks-ish.  What would you guys expect
the turn-around time on a review to be?  Do you have any sense yet of how long
the SSA document will be?  I assume I would approach this exactly like a regular
scientific peer review, just a bigger scale - the idea would be for me to review
the document for accuracy judged against published literature, make sure
evidence was assembled objectively, then judge whether the conclusions follow
logically from the evidence.  Is that basically what you're looking for?

 

Anyway, depending on your answers to these questions, I may be willing to take
it on if you selected me.  I feel like my summer is already filled up
(unfortunately), but this is pretty important so I may be able to make room. 
Talking with my supervisor about that right now.  

 

Also, in soliciting opinions from my supervisor and on up the chain, there it has
been proposed that Odell does the review instead.  Thoughts on that?

Jake

 

Jake Ivan

Wildlife Researcher

Mammals Research Section

tel:%28970%29%20628-7186
mailto:jake.ivan@state.co.us


P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048

317 W. Prospect Rd., Fort Collins, CO 80526

jake.ivan@state.co.us  |  cpw.state.co.us

 

 

On Thu, May 5, 2016 at 8:54 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jake,

 

I wanted to get a feel whether you might be interested and available
to serve as a peer reviewer for our draft lynx species status
assessment (SSA)?  We hope to have a draft soon, though exact
timing is still up in the air - maybe in the next 4-6 weeks.

This is not a formal request - that would likely come later from my
supervisor, the supervisor in Montana, or our regional office - just
testing the water for your potential interest and availability.

We are seeking expressions of interest from a smallish pool - maybe
8 - 12 scientists, with maybe 4 - 5 ultimately being formally asked to
provide peer review.  I'm sure you can guess most of the other
potential candidates.

I think the SSA would certainly benefit from your review.

Let me know if you think you're up for it.  Thanks.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

tel:970.472.4310
tel:970.472.4457
tel:970.556.8048
mailto:jake.ivan@state.co.us
http://cpw.state.co.us/
mailto:Kurt_Broderdorp@fws.gov
tel:%28970%29%20628-7186


 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

tel:%28406%29%20449-5225%20ext.%20220
mailto:jim_zelenak@fws.gov


From: Smith, Tamara
To: Kurt Broderdorp
Cc: Jim Zelenak; Mark McCollough; Bryon Holt
Subject: Re: Lynx SSA Drive
Date: Wednesday, May 11, 2016 10:02:58 AM

Awesome! Thanks.

On Wed, May 11, 2016 at 8:02 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

I did get all of them uploaded

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, May 10, 2016 9:12 AM
To: Kurt Broderdorp; Mark McCollough; Tamara Smith; Bryon Holt
Subject: Lynx SSA Drive

 

Kurt uploaded all (? - I think - 461 documents) the lit cited from the 2013 revised LCAS that
USFS provided him.  Should be very useful; thanks, Kurt.   It is at:

 

Lynx SSA > SSA > Literature > LCAS 2013 Lit Cited

 

I uploaded two versions of the 2014 critical habitat maps  - with and without exclusions and
other changes from proposed rule to final rule - and a jpeg and pdf of the map used in the
workshop report.  They are at:

 

Lynx SSA > SSA > Maps

 

Hope these are helpful, too.

 

mailto:tamara_smith@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:bryon_holt@fws.gov
mailto:Kurt_Broderdorp@fws.gov
mailto:jim_zelenak@fws.gov


--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:jim_zelenak@fws.gov


In Washington, there is little information on the status of the lynx population prior to the early 
1960s (Stinson 2001, p. 13).  From 1960-61 to 1990-91 a total of 234 lynx were harvested in 
Washington, with the most lynx trapped in Ferry County (35% of the 234), followed by 
Okanogan (23%) and Ferry (10%) counties (Stinson 2001, p. 13).  The Washington Department 
of Fish and Wildlife (WDFW) identified six lynx management zones (LMZs) in Washington:  
Okanogan, Vulcan-Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., 
essentially the Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, 
the WDFW considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, 
and Salmon-Priest LMZs); at that time lynx had not been detected in the Wedge LMZ since 1987 
nor the Vulcan-Tunk LMZ sine 1990 (Stinson 2001, p.15).  Additionally, based on data collected 
from lynx telemetry studies conducted in the Cascade Range during the 1980s, in 2001 the 
WDFW estimated that Washington contained approximately 12,579 km2 of lynx habitat which 
could theoretically support up to 238 lynx (based on a lynx density of 2.5 lynx/100 km2) 
(Koehler, 2008, p. 1518; Stinson 2001, p. 16).  However, based on professional opinions of 
individuals knowledgeable about lynx and lynx habitat, the WDFW adjusted this number down 
suggesting that Washington likely supported fewer than 100 individual lynx (Stinson 2001, p. 
16).  More recently, Koehler et al. (2008, p. 1523), estimated there was approximately 3,800 km2 
(1467 mi2) of lynx habitat in Washington potentially supporting up to 87 lynx, which was based 
on a study investigating lynx habitat use in the Okanogan from 2002 to 2004, and incorporating  
a lynx density of 2.3 lynx/100 km2 derived by Koehler (1990, p. 847). 

Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16).  This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) (which was decreased by 
33 % to account for unsuitable areas) combined with an average lynx population density estimate 
of 2.5 lynx/100km2 derived from two studies conducted in the 1980s (Stinson 2001, p. 16).  The 
estimated quantity of lynx habitat was also based on lynx telemetry studies conducted in the 
1980s (Koehler et al. 2008, p. 1518).  Subsequent to the studies in the 1980s, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 and 
estimated that the Cascades contained approximately 2,577 km2 (995 mi2) of lynx habitat 
(Maletzke 2016, pers. comm).  Therefore, using Koehler’s (1990, p. 847) lynx density estimate 
of 2.3 lynx/100 km2, the Cascades could theoretically support approximately 59 individual lynx. 

As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53).  Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 

 



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

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70% to 77% decline in the lynx population.   
Note:  while the area (lynx habitat in the Cascade range) used to generate the population estimate 
of 59 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 847) lynx density 
estimate is the same as the area used by Maletzke to generate his population estimate of 90 – 115 
resident females based on female home range sizes, the two dissimilar population estimates used 
differing methodologies, and thus the population estimates themselves are not comparable.  
However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it to the 1,600 
km2 of lynx habitat remaining after the fires results in an estimated lynx population of 
approximately 37 individual lynx, which represents an approximate 40% reduction in the lynx 
population.  Further informing the effects of these recent fires in the Cascades on lynx habitat is 
illustrated by evaluating the average size of a female lynx home range prior to and after the fires.  
Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home range size of 39 
km2 (15 mi2), whereas after the fires Maletzke (2016, pers. comm.) estimated the average female 
home range size had increased to 90 km2 (35 mi2).  The important point here is the recent large, 
stand replacing fires in the Cascades has resulted in significant temporary losses of lynx habitat, 
and thus the ability of the Cascades to support a persistent and viable reproducing lynx 
population has been significantly impacted.  The areas impacted by these recent fires are 
expected to regenerate into suitable lynx habitat, but it may take 35-40 years to do so (Lynx 
Science Report 2016, p.21). 



From: Holt, Bryon
To: Ben Maletzke
Subject: lynx status
Date: Wednesday, May 11, 2016 10:43:26 AM
Attachments: lynx status.docx

Hi Ben,

Thanks for taking a look at this.  It's fairly rough, so any edits are welcome.  Also, if you can
replace your pers. comms. with citations that would be great.

Bryon

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov
mailto:Benjamin.Maletzke@dfw.wa.gov
mailto:bryon_holt@fws.gov


From: Holt, Bryon
To: Maletzke, Benjamin T (DFW)
Subject: Re: lynx status
Date: Wednesday, May 11, 2016 2:03:11 PM

Ben,

Thanks for taking look.  And thanks for the edits; they were good and I incorporated them all. 
Also, regarding your comment pertaining to lynx harvest in the counties, I made a mistake.  It
should have read Ferry, followed by Okanogan and Stevens.  Thanks for catching!

Bryon

On Wed, May 11, 2016 at 11:28 AM, Maletzke, Benjamin T (DFW)
<Benjamin.Maletzke@dfw.wa.gov> wrote:

Hi Bryon,

 

I already wish that I had had more time to scrutinize those numbers in the workshop report and
how it is written up but it is what it is.  I think this is a great start to your assessment and the main
point of it is clear.  I added some edits with track changes that hopefully will help clarify it.  Take
‘em or leave ‘em.

 

Cheers,

Ben 

 

From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Wednesday, May 11, 2016 10:43 AM
To: Maletzke, Benjamin T (DFW)
Subject: lynx status

 

Hi Ben,

 

Thanks for taking a look at this.  It's fairly rough, so any edits are welcome.  Also, if you can
replace your pers. comms. with citations that would be great.

 

Bryon

 

mailto:bryon_holt@fws.gov
mailto:Benjamin.Maletzke@dfw.wa.gov
mailto:Benjamin.Maletzke@dfw.wa.gov
mailto:bryon_holt@fws.gov


 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov


From: Holt, Bryon
To: Monte Kuk
Subject: Fwd: lynx
Date: Wednesday, May 11, 2016 2:16:14 PM

Hey Monte, 

What's your telephone number?

Bryon

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Wed, May 11, 2016 at 7:33 AM
Subject: Re: lynx
To: "Kuk, Monte - FS" <mkuk@fs.fed.us>

Thanks Monte.  I'm under a very tight time line, so for now I think the GIS info that WDFW
provided us will suffice for what I need to update the current status of lynx and lynx habitat in
WA - I've decided to essentially treat this effort as a "high-level" look at lynx status in WA.
But, the fire history data you are compiling will be important to analyze once we get to
recovery planning for lynx in WA - it's really good information.  I'll be back in touch with you
on the maps and fire data information soon.

Thanks again for all the work you put into this, I really appreciate it.

Bryon

On Tue, May 10, 2016 at 4:43 PM, Kuk, Monte - FS <mkuk@fs.fed.us> wrote:

I added a screen shot of the fires that took place before 2010 and back almost to the creation of
the lynx habitat layer.  If you would like me to analyze this let me know but for some reason I
thought we were only going back to 2010.  Some of those going back to far are probably back in
habitat by now but we have not done an updated map element.  Just let me know what I can do. 
mk

 

From: Kuk, Monte - FS 
Sent: Tuesday, May 10, 2016 4:04 PM
To: 'Holt, Bryon' <bryon_holt@fws.gov>
Subject: RE: lynx

 

I think I know what happened.  The Tripod fire happened in 2006.  I only went back to 2010.  I may
have miss understood and run our data back to 2010 and you may have asked me to go back 10

mailto:bryon_holt@fws.gov
mailto:mkuk@fs.fed.us
mailto:bryon_holt@fws.gov
mailto:mkuk@fs.fed.us
mailto:mkuk@fs.fed.us
mailto:bryon_holt@fws.gov


years???  mk

 

 

From: Kuk, Monte - FS 
Sent: Tuesday, May 10, 2016 2:15 PM
To: 'Holt, Bryon' <bryon_holt@fws.gov>
Subject: RE: lynx

 

I opened the spreadsheet I sent you and there are three worksheets – you may have to scroll
between worksheets.

I attached a screen shot of what is carlton.  The WL_lynx hab   is our forest lynx habitat layer that
we are using.  Let me know if you have more questions but the data should be in the worksheet. 
mk

 

From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Tuesday, May 10, 2016 2:03 PM
To: Kuk, Monte - FS <mkuk@fs.fed.us>
Subject: Re: lynx

 

Hi Monte,

 

After I spoke with you I contacted WDFW - they sent me some pretty good information in
GIS shape files on the fires that have impacted lynx habitat; we're in the process of
analyzing that information right now.  The spread sheet you sent with the fires tabulated has
a ton of info, but I'm not seeing a pivot table.  I have a question about the maps, maybe I'm
not understanding something though.  Anyway, I know (and WDFW has this on their GIS
information that they sent me) that quite a lot of the Meadows area burned up (I think it
happened in the Carlton Complex fire??), but your maps don't depict that.  Are the fire
boundaries shifted on the maps?  Also, on your legend, what does WL_lynx Habitat mean?

 

Bryon

 

 

mailto:bryon_holt@fws.gov
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On Mon, May 9, 2016 at 1:45 PM, Kuk, Monte - FS <mkuk@fs.fed.us> wrote:

Bryon, look this over and let me know if this meets your needs.  If not we can see what I can
come up with.  We have not gotten emergency consultation done since 2012 so our layer was
not updated at a minimum from then forward.  I can’t speak to what was done pre 2012.  The
spreadsheet has a pivot table that shows LAU, Critical, and our mapped habitat with fire data
from 2010 – 2015.  One of the issues is the 2014 and 2015 fires were so large they reburned a
bunch of previous fire scars.  I was able to differentiate in the spreadsheet and make another
pivot table that shows the acres where those fires impacted the same acres as the previous
years, but didn’t have a quick way to do it for 2014 fires.  Bottom line is if it’s gone from one fire
it shouldn’t matter if it burnt again. 

 

I have also attached two pdfs that show the mapping elements.  Tried to show where the 2015
fires overlapped with previous years but since the 15 fires are included in that data set it makes
it look like they overlap even though it’s the same fire.  Sorry for the confusion.  I’m in most of
the week if you need to talk about this to be able to understand it.  As I said we do have BARC
and MTBS data for the fires but I didn’t have time to give you any indication of intensity.  We
will be going through and doing that for our Emergency consultation within the next couple
weeks.  mk

 

From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Wednesday, May 04, 2016 8:48 AM
To: Kuk, Monte - FS <mkuk@fs.fed.us>
Subject: lynx

 

Hi Monte,

 

I am trying to complete a status assessment of lynx in WA.  I would like to talk with you
about lynx habitat in the Cascades relative to the fires that have happened in the past few
years.  Would have have some time to discuss??  Also, has your forest mapped the fire
perimeters and affects to lynx habitat associated with the fires?

 

Bryon

mailto:mkuk@fs.fed.us
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--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify
the sender and delete the email immediately.

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

mailto:bryon_holt@fws.gov
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*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Lynx CH GIS data
Date: Wednesday, May 18, 2016 8:33:15 AM

Jim,

Map looks fine to me.

Bryon

On Wed, May 18, 2016 at 7:02 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mark, Tam, and Bryon,

Please take a look at the attached figure and let me know if you think it is a reasonable coarse approximation of
current lynx distribution across the border.  If not, make changes you think are necessary and scan/email it back to
me and Kurt.  It is based on the map provided in Vahon 2015 (IUCN Red List update; p. 3), also attached.

I think it would be helpful to provide context for our DPS/SSA units to show where we think lynx occur across
the border.  Then in other places in the report where we talk about cross-border connectivity (or not), we can refer
back to the map.  Kurt's GIS guy is working on a map that will add the Western Colorado Unit to the CH (with
4b2 exclusions thrown back in), and I've asked whether he can also add the approximate distribution in southern
Canada.

Let me know i fyou have questions/concerns.

Thanks,

jim
 
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, May 17, 2016 at 1:20 PM
Subject: Re: Lynx CH GIS data
To: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>

We contracted the GIS work for the CH rules out to someone at USGS in Bozeman who has since taken a job in
the private sector.  I have all the GIS files she used/created for both the proposed and final CH rules, but I don't
know which included the exclusions that were ultimately removed from the final designation an no way to
quickly find them.

However, on the R6 lynx page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php) under the bullet:

5 color maps showing the changes in critical habitat between the
proposed and final rules

You can open images that show the 4(b)(2) exclusions in yellow (Tribal) and blue (State or private) for each unit. 
Other colors in units 3 and 5 are for changes from improved mapping, etc.that are already incorporated into the
final CH maps.  If your GIS guy could add the yellow and blue areas back in, those would be the entire units that
we think support (or in the case of the GYA, recently may have supported) resident lynx.

Maine has quite a bit of blue - Healthy Forest Reserve Program enrolled lands - and a bit of

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
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http://www.fws.gov/mountain-prairie/es/canadaLynx.php


yellow (tribal); Minnesota has only a little tribal in the northeast corner and a small island in
the west-central part of the unit; Montana has a big chunk of tribal in the southwest and
quite a bit of blue state lands, some in small pieces, scattered throughout - he should ignore
the green and red in that unit (3); Washington has a pretty big chunk of blue along the
eastern border of the unit; the GYA shouldn't need changes (there's only a tiny bit of blue in
the northwest part - only about 1.3 mi2, so can be ignored - and the green and red should
also be ignored).

I'm attaching a hand-drawn boundary that shows approximate lynx distribution/range in
Canadian provinces adjacent to the U.S. - would like to know if your GIS guy could add that
to the map as well, labeled as "Approximate lynx distribution in Canada".  Let me know,
and you or he or both can call me if you need additional info or have questions.

Thanks, Kurt.

Jim   

On Tue, May 17, 2016 at 11:53 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jim, as I mentioned on our call, I have downloaded the existing lynx
CH GIS data.  We took a quick look at the attributes to see if the
exclusions/exemptions, etc. were still intact.  What we would is that
those properties were no longer part of the dataset.  So, If you can
provide us with a shape file of the exclusions, etc., or a shape file
that includes all CH with exclusions, we can very quickly produce
the appropriate map for the report.  Thanks,

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220

mailto:Kurt_Broderdorp@fws.gov


jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Daniel Reinkensmeyer
To: Kurt Broderdorp
Subject: Lynx SSA - Map Draft #1 JPEG
Date: Thursday, May 19, 2016 1:08:50 PM
Attachments: Lynx_SSA_Map_051916_v1.jpg

Here you go.  Just let me know, and I can make any changes to the map that you and your team
think are necessary.
 
Dan
 
 
Dan Reinkensmeyer
U.S. Fish and Wildlife Service
Western Colorado Ecological Services Field Office
445 West Gunnison Avenue, Suite 240
Grand Junction, CO 81501-5711
970-628-7193
 

mailto:daniel_reinkensmeyer@fws.gov
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From: Daniel Reinkensmeyer
To: Kurt Broderdorp
Subject: Lynx SSA Map - Version 2
Date: Thursday, May 19, 2016 2:33:18 PM
Attachments: Lynx_SSA_Map_051916_v2.jpg

Here is version 2 with the changes we made to the range.
 
 
Dan Reinkensmeyer
U.S. Fish and Wildlife Service
Western Colorado Ecological Services Field Office
445 West Gunnison Avenue, Suite 240
Grand Junction, CO 81501-5711
970-628-7193
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From: Daniel Reinkensmeyer
To: Kurt Broderdorp
Subject: Lynx SSA Map - Version 3
Date: Thursday, May 19, 2016 3:36:52 PM
Attachments: Lynx_SSA_Map_051916_v3.pdf

Hi Kurt.  Here is the map with the lynx range (diagonal hashed layer) removed from the U.S.  I also
saved the map as a PDF this time (better graphics and smaller file size).
 
Dan
 
 
Dan Reinkensmeyer
U.S. Fish and Wildlife Service
Western Colorado Ecological Services Field Office
445 West Gunnison Avenue, Suite 240
Grand Junction, CO 81501-5711
970-628-7193
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From: Kurt Broderdorp
To: Jim Zelenak
Subject: Lynx SSA Map
Date: Friday, May 20, 2016 10:54:00 AM
Attachments: Lynx_SSA_Map_052016.pdf

Let me know if this works for you.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
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From: Kurt Broderdorp
To: Jim Zelenak
Subject: RE: Lynx SSA Map
Date: Friday, May 20, 2016 11:51:00 AM
Attachments: Lynx_SSA_Map_052016.pdf

Jim,  We also changed how we displayed the S. Rockies area, so you can
better see the fragmentation.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 11:46 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map
 
Good timing - I was just about to send it to the team.  Will wait on color changes - and if you
guys don't think the black/red I suggested looks good, pick whatever looks better to you both.
 
On Fri, May 20, 2016 at 11:41 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
Let us make some color adjustments before we send it out.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 11:32 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map
 
OK with you if I forward this one to Mark, Tam and Bryon for their takes (and maybe
thoughts on color)?
 
On Fri, May 20, 2016 at 11:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Looks reasonable (except for all that green in Western Colorado ;-)
 
Seriously - the range stuff looks great - appreciate the effort to address my and Mark's
concerns.
 
I'm open to suggestions on color, as now that I see my recommended green it seems a bit
garish.
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If Dan is open to color changes, how about changing the Canada range from pink to just black
or dark gray, and making the DPS units a red similar to the one used for core areas in the new
LCAS, p. 37.
 
Thanks Kurt! 
 
On Fri, May 20, 2016 at 10:54 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
Let me know if this works for you.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Kurt Broderdorp
To: Jim Zelenak
Subject: RE: Lynx SSA Map
Date: Friday, May 20, 2016 12:16:00 PM

We’re good with it.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 11:55 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map
 
I think that works better - and it looks good to me.  You happy with It? 
 
If so, I will send to others to make sure they are good with the boundaries (I think only Mark
had an issue with the earlier version re; Ontario/Quebec, which i think you've addressed).
 
On Fri, May 20, 2016 at 11:51 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
Jim,  We also changed how we displayed the S. Rockies area, so you can
better see the fragmentation.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 11:46 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map
 
Good timing - I was just about to send it to the team.  Will wait on color changes - and if you
guys don't think the black/red I suggested looks good, pick whatever looks better to you both.
 
On Fri, May 20, 2016 at 11:41 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
Let us make some color adjustments before we send it out.
 
Kurt Broderdorp
US Fish and Wildlife Service
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(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 11:32 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map
 
OK with you if I forward this one to Mark, Tam and Bryon for their takes (and maybe
thoughts on color)?
 
On Fri, May 20, 2016 at 11:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Looks reasonable (except for all that green in Western Colorado ;-)
 
Seriously - the range stuff looks great - appreciate the effort to address my and Mark's
concerns.
 
I'm open to suggestions on color, as now that I see my recommended green it seems a bit
garish.
 
If Dan is open to color changes, how about changing the Canada range from pink to just black
or dark gray, and making the DPS units a red similar to the one used for core areas in the new
LCAS, p. 37.
 
Thanks Kurt! 
 
On Fri, May 20, 2016 at 10:54 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
Let me know if this works for you.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Kurt Broderdorp
To: Jim Zelenak
Subject: RE: Lynx SSA Map
Date: Friday, May 20, 2016 2:00:00 PM
Attachments: Lynx_SSA_Map_052016.pdf

Here ya go.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 1:57 PM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map
 
Thanks!
 
 
On Fri, May 20, 2016 at 1:52 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
No problem, we grabbed the final data set instead of the proposed. 
Dan is cleaning it up now.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 1:22 PM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map
 
Hey Kurt- 
 
I hate to be a nuisance about this, but when I downloaded the map and zoomed in on Maine, it
looks like the 4(b)(2) lands (blue and yellow here:
 
http://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/CHFinalRule2014/Lynx_CH_Unit1_2014_Status.pdf)
 
are still missing from that unit.
 
Same for the blue in Washington here:
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http://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/CHFinalRule2014/Lynx_CH_Unit4_2014_Status.pdf 
 
Also for Minn. and Montana - but not as noticeable for those as for ME and WA.
 
Probably not a big deal. 
 
On Fri, May 20, 2016 at 11:51 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
Jim,  We also changed how we displayed the S. Rockies area, so you can
better see the fragmentation.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 11:46 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map
 
Good timing - I was just about to send it to the team.  Will wait on color changes - and if you
guys don't think the black/red I suggested looks good, pick whatever looks better to you both.
 
On Fri, May 20, 2016 at 11:41 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
Let us make some color adjustments before we send it out.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 11:32 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map
 
OK with you if I forward this one to Mark, Tam and Bryon for their takes (and maybe
thoughts on color)?
 
On Fri, May 20, 2016 at 11:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Looks reasonable (except for all that green in Western Colorado ;-)
 
Seriously - the range stuff looks great - appreciate the effort to address my and Mark's
concerns.

http://www.fws.gov/mountain-prairie/es/species/mammals/lynx/CHFinalRule2014/Lynx_CH_Unit4_2014_Status.pdf
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I'm open to suggestions on color, as now that I see my recommended green it seems a bit
garish.
 
If Dan is open to color changes, how about changing the Canada range from pink to just black
or dark gray, and making the DPS units a red similar to the one used for core areas in the new
LCAS, p. 37.
 
Thanks Kurt! 
 
On Fri, May 20, 2016 at 10:54 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
Let me know if this works for you.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
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From: Holt, Bryon
To: Kathleen Fulmer
Subject: Fwd: Lynx SSA Map
Date: Wednesday, May 25, 2016 3:29:36 PM
Attachments: Lynx_SSA_Map_052016.pdf

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, May 20, 2016 at 12:10 PM
Subject: Fwd: Lynx SSA Map
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>
Cc: Kurt Broderdorp <kurt_broderdorp@fws.gov>, Daniel Reinkensmeyer
<daniel_reinkensmeyer@fws.gov>

Hi Team:

Take a look at the attached map for the SSA report and let me and Kurt know if you have any remaining issues or
visceral aversion to the color scheme (or just suggestions for improving it).

Kurt and Dan Reinkensmeyer worked with Colorado Parks and Wildlife to develop that part of the map, and with
Jen Vashon on the GIS data she used in her 2015 IUCN update, then they made some adjustments to the latter based
on the Poole 2003 map, which Mark thought better reflected the situation north of NH, VT and NY, and finally they
incorporated my scratchings to Poole to reflect the range contraction in SE Ontario presented in Koen et al. 2014.

We will note the sources in the figure title in the report.

Thanks very much Kurt and Dan. 

---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Fri, May 20, 2016 at 11:51 AM
Subject: RE: Lynx SSA Map
To: Jim Zelenak <jim_zelenak@fws.gov>

Jim,  We also changed how we displayed the S. Rockies area, so you can
better see the fragmentation.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

mailto:bryon_holt@fws.gov
mailto:kathleen_fulmer@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:daniel_reinkensmeyer@fws.gov
mailto:Kurt_Broderdorp@fws.gov
mailto:jim_zelenak@fws.gov


 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 11:46 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map

 

Good timing - I was just about to send it to the team.  Will wait on color changes - and if you
guys don't think the black/red I suggested looks good, pick whatever looks better to you both.

 

On Fri, May 20, 2016 at 11:41 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Let us make some color adjustments before we send it out.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 11:32 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map

 

OK with you if I forward this one to Mark, Tam and Bryon for their takes (and maybe
thoughts on color)?

 

On Fri, May 20, 2016 at 11:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Looks reasonable (except for all that green in Western Colorado ;-)

 

Seriously - the range stuff looks great - appreciate the effort to address my and Mark's
concerns.

 

mailto:jim_zelenak@fws.gov
mailto:Kurt_Broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


I'm open to suggestions on color, as now that I see my recommended green it seems a bit
garish.

 

If Dan is open to color changes, how about changing the Canada range from pink to just black
or dark gray, and making the DPS units a red similar to the one used for core areas in the new
LCAS, p. 37.

 

Thanks Kurt! 

 

On Fri, May 20, 2016 at 10:54 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Let me know if this works for you.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

mailto:Kurt_Broderdorp@fws.gov
mailto:jim_zelenak@fws.gov


 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov
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From: Broderdorp, Kurt
To: mary_parkin@fws.gov
Subject: Training Re: Invitation: Lynx SSA Core Team Call @ Weekly from 10am to 11am on Tuesday from Tue May 31 to

Tue Sep 27 (kurt_broderdorp@fws.gov)
Date: Wednesday, May 25, 2016 4:01:50 PM

I will be out of the office starting Monday May 23rd thru Friday May 27th. 

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186

mailto:kurt_broderdorp@fws.gov
mailto:mary_parkin@fws.gov


From: Holt, Bryon
To: Jim Zelenak
Subject: Fwd: Lynx SSA Map
Date: Wednesday, May 25, 2016 4:10:40 PM
Attachments: LynxRange_ID_WA_Opt_25May2016.pdf

LynxRange_ID_WA_Ellipse_Opt_25May2016.pdf

Jim,

Here are two maps.  One is an extension of the Poole range map and the other is simply a very
course ellipse of lynx range in WA (outside of the Okanogan) and ID.

Bryon

---------- Forwarded message ----------
From: Fulmer, Kathleen <kathleen_fulmer@fws.gov>
Date: Wed, May 25, 2016 at 4:02 PM
Subject: Re: Lynx SSA Map
To: "Holt, Bryon" <bryon_holt@fws.gov>

Here you go, Bryon...
 
-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:kathleen_fulmer@fws.gov
mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov


Content may not reflect National Geographic's current map policy. Sources: National Geographic, Esri,
DeLorme, HERE, UNEP-WCMC, USGS, NASA, ESA, METI, NRCAN, GEBCO, NOAA, increment P Corp.



Content may not reflect National Geographic's current map policy. Sources: National Geographic, Esri,
DeLorme, HERE, UNEP-WCMC, USGS, NASA, ESA, METI, NRCAN, GEBCO, NOAA, increment P Corp.



From: Karl Halupka
To: Jeff Krupka; andrealyons3@gmail.com
Cc: Michelle Eames
Subject: RE: lynx synthesis for Conservation NW
Date: Friday, June 03, 2016 2:14:37 PM
Attachments: 2016 04 18 FINAL Lynx SSA EE Workshop Report 2 jzeds.pdf

Appendix 1 SSA Fact Sheet.pdf
Appendix 2 Workshop Participants Roles.pdf
Appendix 3 FINAL Lynx SSA Expert Elicitation Workshop Notes.pdf
Appendix 4 Lynx SSA Expert Workshop Candidates V2.pdf

Hi Andrea,
Scanned this very quickly.  I agree with Jeff, looks thorough, and is a useful resource for us in terms
of summarizing the variety of lynx-related work that is going-on locally.  Thanks for sharing.
The only suggestion I’d offer is regarding the bottom of page 2, where you talk about the Service’s
range-wide status assessment.  The sequence of operations for the Service is to:

1.      Complete the status assessment.
2.      Based on this assessment, determine whether the lynx should be (a) delisted, (b) remain

listed as threatened, or (c) be up-listed to endangered (done in the context of a “5-year
review”).

3.      If our determination is that (b) or (c) is appropriate, then we’ll complete a recovery plan.  If
the lynx is delisted, then no recovery plan is needed.

As part of the status assessment process, the Service convened a panel of experts to elicit their
expert opinions regarding future viability of the listed DPS, especially considering some aspects of
lynx biology for which available scientific information is limited.  I’ve attached the report
summarizing the results of that workshop and associated appendices, fyi.  This report and more
about what the Service is doing with lynx is available at:
http://www.fws.gov/mountain-prairie/es/canadaLynx.php
Hope this helps.
Cheers,
k
 
Karl Halupka
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
Phone:  509-665-3508 x 2001
Fax:      509-665-3509
www.fws.gov/wafwo/
 
From: Krupka, Jeff [mailto:jeff_krupka@fws.gov] 
Sent: Friday, June 03, 2016 12:27 PM
To: andrealyons3@gmail.com
Cc: Karl Halupka; Michelle Eames
Subject: Fwd: lynx synthesis for Conservation NW
 
Hi Andrea.  This looks good to me, but I have included Michelle Eames in our Spokane office
to weigh in.  She's better suited to talk about lynx issues from the CNF and all points to the
east.  We're hanging in there, and are really excited about Dan Thornton's camera survey
project.  Recent wildfires have punched a big hole in lynx habitat, and we really have little to

mailto:karl_halupka@fws.gov
mailto:jeff_krupka@fws.gov
mailto:andrealyons3@gmail.com
mailto:michelle_eames@fws.gov
http://www.fws.gov/mountain-prairie/es/canadaLynx.php
http://www.fws.gov/wafwo/
mailto:jeff_krupka@fws.gov
mailto:andrealyons3@gmail.com


go on as to were the lynx have displaced.  Thanks,  jk

 
Jeff Krupka, Supervisory Fish and Wildlife Biologist
USFWS - Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
509.665.3508 x2008 (tel)
www.fws.gov/wafwo/
 
On Thu, Jun 2, 2016 at 12:50 PM, <andrealyons3@gmail.com> wrote:
Good afternoon!
How are my favorite FWS bios?
 
I know you both are slammed but I wanted to let you know that I’m putting together a
synthesis of lynx management and research for Jen Watkins of CNW. This report will help Jen
as she provides updates to the Working for Wildlife Initiative Business plan and the GNLCC
Science Plan. I apologize for the short notice but was wondering if you might have a moment
to look through the attached document and let me know if I have captured the essence of
work/management that is going on in the US and BC?  I want to make sure I’ve captured the
pertinent details and done so accurately, and to ask if you have anything else that I may have
missed? This document builds on a number of conversations and meetings (like Wildlinks)
over that past year or so. There’s a lot going on around lynx!
 
If you could get back to me by next Friday the 10th I would be most appreciative! Again, I
know you’re super busy (and my opening was not a kiss-up ) but wanted to make sure I got in
touch. If you have any questions please let me know. I hope you both are doing well!! Cheers!
A
 
Andrea Lyons
WA Conservation Science Institute
(509) 630-0673
 
 
 

http://www.fws.gov/wafwo/
mailto:andrealyons3@gmail.com


Appendix 4.  Lynx Expert Panel Candidates - Lynx SSA Expert Elicitation Workshop, October 13-15, 2015, Minneapolis, Minnesota 

Expert Candidate Geographic Area Affiliation Expertise 

Clayton Apps Southern British Columbia & 
Alberta 

Independent Researcher, 
Aspen Wildlife Research Inc. 

Dr. Apps is an independent research ecologist whose work in western Canada over the 
past 24 years has focused on understanding and predicting relationships of wide-
ranging species with habitat and human influence across scales to support 
environmental assessment and conservation planning.  He is especially interested in 
spatial and temporal factors affecting species movements, habitat selection, 
abundance, distribution and survival.  Within the southern Canadian Rocky Mountains, 
Dr. Apps carried out a 5-year study of lynx ecology representing his dissertation 
research, and he has conducted several other shorter-term field and modeling projects 
pertaining to lynx.  Clayton has also recently authored British Columbia’s current lynx 
management plan. 

Keith Aubry Washington/Northwest 
USDA Forest Service - Pacific 
Northwest Research Station, 

Olympia, WA (retired) 

Dr. Aubry is an Emeritus Scientist (formerly Research Wildlife Biologist) with the U.S. 
Forest Service’s Pacific Northwest Research Station in Olympia, WA. He has been 
conducting research on terrestrial wildlife in the Pacific Northwest for almost 40 years. 
Recently, his research has focused on generating new information that will enable 
conservation biologists and resource managers to make more-informed decisions 
about the conservation status of rare and elusive forest carnivores, including the 
fisher, Canada lynx, Cascade and Sierra Nevada red foxes, coastal marten, and 
wolverine. Dr. Aubry was a member of several national scientific teams, including the 
Forest Carnivore Conservation Assessment Team, the Lynx Science Team, and the 
Wolverine Science Team, and was the leader of the Fisher Science Team. He has 
directed several multi-year field studies of the Canada lynx in the North Cascades of 
Washington, and has authored or co-authored a number of peer-reviewed 
publications on lynx conservation, their distribution in the contiguous U.S., their 
ecology and population dynamics, and the risk of relying on anecdotal occurrence data 
for conserving rare or elusive species. 

Jeff Bowman Southern Canada/Ontario 
Ontario Ministry of Natural 
Resources and Forestry, and 
University of Trent, Ontario 

A Research Scientist with the Wildlife Research & Monitoring Section, Ontario Ministry 
of Natural Resources and Forestry and an Adjunct Professor in the Environmental & 
Life Sciences Graduate Program, Trent University, Dr. Bowman’s focus is on population 
and landscape ecology.  He and his colleagues and graduate students have published 
many peer-reviewed articles on lynx landscape ecology and genetics at the 
population's southern range boundary in Ontario in an effort to assess the functional 
connectivity and population dynamics of lynx at their southern range periphery. 

Susan Catton Minnesota/Great Lakes USDA Forest Service – 
Superior National Forest 

Susan has been working as a biologist on the Superior National Forest (SNF) since 2001 
and is an expert on lynx biology, ecology, and management on the SNF.  She has 
participated in surveys for the species and is very knowledgeable about lynx and their 
habitat on the SNF.  Susan is a current member of the Interagency Lynx Biology Team. 

  



Tim Catton Minnesota/Great Lakes USDA Forest Service – 
Superior National Forest 

Tim is a biologist on the SNF and for a number of years has been leading a lynx tracking 
project to detect and monitor lynx populations across the SNF. Tim and others (e.g., 
Dan Ryan, SNF) have been collecting lynx genetic material to augment an existing lynx 
DNA database and further the knowledge of lynx presence and persistence on the SNF 
and in Minnesota. 

Dan Harrison Maine/Northeast University of Maine 

Dr. Harrison has been the principle advisor for many University of Maine graduate 
students working on snowshoe hares and forest management, lynx history, and lynx 
spatial and habitat/occupancy models.  He and his students have published 
extensively, and he is considered one of the top hare, lynx, and habitat modeling 
experts in North America. 

Karen Hodges Southern Canada/DPS-wide 
(hares) 

University of British 
Columbia–Okanagan 

Dr. Hodges is an Associate Professor in the Department of Biology at the University of 
British Columbia – Okanagan, where she focuses her research on how range position 
and habitat configuration affect species interactions and endangerment of at-risk 
species, understanding population dynamics at the periphery of species’ ranges, and 
on snowshoe hare population dynamics.  She has authored and co-authored many 
peer-reviewed hare articles.   

Jake Ivan Colorado/Southern Rocky 
Mountains Colorado Parks and Wildlife 

Dr. Ivan, a Wildlife Researcher with CPW’s Mammals Research Section, has conducted 
research and published peer-reviewed articles on hares and lynx in Colorado and the 
Southern Rockies and has developed a non-invasive monitoring strategy to track 
Colorado’s lynx population. 

Gary Koehler Washington/Northwest Washington Department of 
Fish and Wildlife (retired) 

Dr. Koehler, a retired Research Biologist, has conducted research on lynx and hares in 
Washington for more than 30 years.  Also a member of the Lynx Science Team, his 
research was among the earliest to investigate lynx and hare habitat relationships and 
the effects of forest management practices in the Lower 48 states.  He has published 
numerous peer-reviewed articles on lynx conservation ecology in southern boreal 
forests, lynx and hare surveys, habitat and topographic use patterns, and management 
of spruce-fir forests to conserve hares and lynx.   

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and 
Parks 

Jay has worked for over a decade on lynx research and management in western 
Montana and has authored and co-authored numerous peer-reviewed lynx 
publications on topics including trap-design, lynx activity patterns, denning, snow-
tracking, radio-telemetry, seasonal resource selection, predicting dispersal corridors, 
and effects of recreation.   

Kevin McKelvey DPS-wide (distribution) 
USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Ecologist, Dr. McKelvey works to develop methods to evaluate status and 
trends of organisms across broad spatial and temporal scales, including genetic 
monitoring techniques to measure population connectivity across complex landscapes.  
He was a member of the Lynx Science Team and was the Science lead for the National 
Lynx Survey, which provided reliable presence/absence data for lynx on over 50 
national forests, 5 national parks, and numerous other areas managed by the BLM and 
several Tribal Nations.  He has authored and co-authored many peer-reviewed articles 
on lynx conservation, history and distribution in the Lower 48, and population ecology/ 
dynamics, and on the dangers of relying on anecdotal occurrence data for rare or 
elusive species. 

  



Ron Moen Minnesota/Great Lakes 
University of Minnesota and 
Natural Resources Research 

Institute 

Since 2003, Dr. Moen has studied lynx to understand their distribution, abundance, 
persistence, movements and habitat use in and near the Superior National Forest in 
northeastern Minnesota as well as conducting some studies in the greater Upper Great 
Lakes Region (including Wisconsin and Michigan). He has authored numerous reports 
and manuscripts on his studies of lynx in Minnesota, and he and his graduate students 
also conducted studies that used pellet counts to estimate snowshoe hare numbers. 

Garth Mowat Southern British Columbia & 
Alberta 

British Columbia Ministry of 
Forests, Lands and Resource 

Operations 

Dr. Mowat manages the Research Section for the Resource Stewardship Division in the 
Kootenay Region of British Columbia, Canada, where his current research varies from 
geomorphology to ecosystem classification and wildlife ecology, particularly 
population dynamics of mammals.  Garth has published many peer-reviewed articles 
on lynx including behavior and natural history, capture and immobilization techniques, 
lynx and hare population dynamics, and lynx pregnancy rates and litter sizes. 

Kerry Murphy Wyoming/Greater 
Yellowstone USDA Forest Service 

Dr. Murphy is the Zone Wildlife Biologist on the Bridger-Teton National Forest (B-TNF) 
stationed in Jackson, Wyoming.  He has extensive experience monitoring, managing, 
and surveying Canada lynx and their habitat, and in documenting aspects of other 
carnivore populations.  From 2000-2005, Kerry worked in Yellowstone National Park 
cooperatively with the Rocky Mountain Research Laboratory, Missoula, to document 
lynx presence and distribution, and worked with researchers to document snowshoe 
hare abundance, distribution, and habitat affinities in the park.  On the B-TNF, Kerry 
worked to document snowshoe hare abundance and population trends in different 
forest types, and lynx presence and distribution.  He also recently assisted the U.S. Fish 
and Wildlife Service by providing a peer-review of the proposed rule revising the lynx 
critical habitat designation. 

Dennis Murray Southern Canada/Ontario University of Trent, Ontario 

Dr. Murray is the Canada Research Chair in Integrative Wildlife Conservation, 
Bioinformatics, and Ecological Modeling and a Professor of Biology at Trent University.  
He also serves on the Scientific Advisory Committee for the Canadian Institute of 
Ecology and Evolution, the Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC), and the IUCN Lagomorph Specialist Group.  He has authored and co-
authored many peer-reviewed articles on lynx, including conservation needs at the 
southern edge of the species’ range, genetics and functional connectivity among lynx 
populations, hare habitat and response to forestry management, lynx-bobcat 
competition, and impacts of climate change on southern lynx populations. 

Michael Schwartz DPS-wide (genetics) 
USDA Forest Service - 

National Genomics Center for 
Wildlife and Fish Conservation 

Director of the National Genomics Center, Dr. Schwartz focuses on population, 
conservation, and landscape genetics/genomics, genetic monitoring, and the ecology 
of threatened and endangered species.  He has investigated and published peer-
reviewed results on lynx genetic variation, population structure, and population 
connectivity, including documentation of Canada lynx-bobcat (Lynx canadensis x L. 
rufus) hybrids at the southern periphery of lynx range in Maine, Minnesota and New 
Brunswick.  He and colleagues also have validated DNA collection as a means of 
documenting lynx presence and they have developed DNA markers for identifying 
individual snowshoe hares using field-collected pellets. 

  



Erin Simons-Legaard Maine/Northeast University of Maine 

An Assistant Research Professor in forest landscape modeling, Dr. Simons-Legaard and 
her colleagues have developed a forest landscape change model to do retrospective, 
current, and future forecasts of forest conditions in northern Maine.  She has been 
refining methods for forecasting effects of spruce budworm and climate change on 
Maine's forest, which she is using to expand her lynx habitat model.  This will enable 
her to forecast future conditions for lynx in Maine considering anticipated changes 
from climate change effects on Maine's forest composition, current trends in Maine 
forestry practices, and spruce budworms. Erin has authored and co-authored several 
peer-reviewed publications on lynx and also recently assisted the U.S. Fish and Wildlife 
Service by providing a peer-review of the proposed rule revising the lynx critical 
habitat designation.   

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Wildlife Biologist, Dr. Squires leads a team of researchers responsible for 
discovering and synthesizing information that is needed to conserve threatened, 
endangered, and sensitive forest carnivores throughout the Rocky Mountains.  Also a 
member of the Lynx Science Team, John has published many peer-reviewed articles on 
lynx conservation, habitat use/selection, dispersal, denning, developing and improving 
survey and monitoring techniques, and the effects of forest management and 
recreation on lynx.  He also recently assisted the U.S. Fish and Wildlife Service by 
providing a peer-review of the proposed rule revising the lynx critical habitat 
designation. 

Jennifer Vashon Maine/Northeast Maine Department of Inland 
Fish and Wildlife 

Jennifer led a 10-year study of lynx in Maine, published two manuscripts in the Journal 
of Wildlife Management in 2008, and co-authored other manuscripts with Dr. 
Harrison's graduate students and other lynx researchers.  In 2012, she authored a 
Canada lynx assessment for the State of Maine, which summarizes published and 
unpublished data from the 10-year study and summarizes current knowledge of lynx in 
Maine. 

 



Canada Lynx SSA Expert Elicitation Workshop – Notes 

Bloomington, Minnesota - October 13-15, 2015 

U.S. Fish and Wildlife Service 

 

Note to Reviewers:  These notes were taken by the U.S. Fish and Wildlife Service (Service) during a 
Canada lynx (Lynx canadensis) Expert Elicitation Workshop the Service convened to inform its species 
status assessment (SSA) for the Contiguous U.S. Distinct Population Segment (DPS) of lynx.  The lynx DPS 
was designated as threatened under the Endangered Species Act (ESA) in 2000 due to the inadequacy, at 
that time, of existing regulatory mechanisms, particularly those governing management of federal lands.  
The SSA will rely on the best available information to evaluate the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS, and it will provide the 
scientific basis for determinations the Service is required to make in accordance with the ESA.  The 
Service convened this workshop to elicit and capture the knowledge, professional judgments, and 
opinions of lynx experts to inform the SSA, particularly with regard to aspects of lynx population ecology 
for which we lack sound empirical data and which are not otherwise captured in the existing scientific 
literature or other sources of available information. 

These notes were reviewed, and in some cases amended with notes taken separately, by other members 
of the Lynx SSA Team in attendance.  The notes were then sent to workshop experts and other 
participants for their reviews.  Annotations in these final notes, in the form of strikethrough and colored 
text, indicate where experts edited or clarified the notes pertaining to their presentations or responses 
during the workshop.     

The Service has prepared and disseminated to workshop participants a Workshop Report summarizing 
the proceedings and providing the Service’s analysis and assessment of the information gathered at the 
workshop.  These final notes constitute Appendix 3 of the Workshop Report.  Presentations and some of 
the other materials referenced in these notes are also appendices of the Workshop Report, and they are 
available on the Service’s Region 6 Canada lynx web page under Species Status Assessment at: 
http://www.fws.gov/mountain-prairie/es/canadaLynx.php, as are other materials referenced here that 
are not appendices to the Workshop Report.   

Workshop Attendees - See Workshop Report, Appendix 2. 

Day 1  

Introductory Presentations by USFWS 

Welcome and introduction from Jodi Bush, Field Supervisor of the Service’s Montana Ecological Services 
Field Office.  Thanks to everyone for joining us for this important meeting.  As you know, we are here to 
assess the current condition and future viability of lynx in the contiguous U.S. distinct population 
segment (DPS).  This workshop is intended to inform the Species Status Assessment (SSA) that we’ve 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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undertaken for the DPS, which will inform future decisions we need to make under the ESA, including 
recovery planning.  However, this workshop is just about the science and best professional judgments of 
the experts; we will not be discussing ESA policies or making decisions about the listing status of the DPS 
or future recovery goals or criteria, etc. 

Goals/objectives/background – See Jim Zelenak Overview slides (this presentation and all others from 
the workshop are included in Appendix 5 of the Workshop Report and available at 
http://www.fws.gov/mountain-prairie/es/canadaLynx.php).  Where data are lacking, elicit expert 
opinion on the status, threats, and future viability of the lynx DPS.  Complete a SSA for lynx – will be the 
scientific underpinning for decisions on lynx in the future.  SSA will inform recovery planning and 5-year 
review.  Provided overview of listing history.  Six areas within the range of the listed DPS currently or 
recently (GYA) support lynx populations. 

Covered FACA/APA concerns given the information from the handout (attendees were given the 
handout “Using Expert Meetings for SSA” whitepaper) prior to and again at the workshop.  Clarified to 
the participants that all info from the workshop is subject to FOIA.  Meeting is not to make policy 
decisions (e.g., whether there should be multiple DPSs), develop recovery goals or objectives, determine 
the “right” answer or seek consensus.  Rather it is to document range of knowledge and opinion 
regarding current status and likely future conditions for lynx in the Lower 48 states.   

SSA framework overview covered – SSA fact sheet provided to attendees (Appendix 1 of Workshop 
Report). 

Conceptual model handouts provided – in draft form, will be used for elicitation process this week, 
looking for feedback from the experts. 

Overview of the expert elicitation process – we will be eliciting expert judgment/opinion on areas of 
uncertainty concerning lynx.   We will use modified Delphi approach to elicitation – involves eliciting 
individual input from the experts.  Will explore what information/data/reasoning is influencing expert 
opinion on a particular question.  There will be opportunity for reconsideration after discussion.  We are 
not seeking consensus answers to questions asked.  We hope to raise the level of lynx related 
knowledge of the group as we progress through the workshop. 

Overview Presentations: (See also the presentation files from presenters) 

Historic and Current Distribution of Lynx in the Contiguous US – Kevin McKelvey 

- Issues w/ lynx distribution – frequently confused w/ bobcats, a problem for relatively rare 
species like lynx, which can cause misidentification to corrupt the data without proper 
screening of occurrence records. 

- Provided examples of potential error rates when a similar species (bobcat) is much more 
abundant; even with relatively high (90%) identification success, only a few misidentified 
bobcats can cause significant error in lynx “observations.” 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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- Described need to rely on “verified records” to screen out poor data/misidentification. 
- Lynx periodically move south in pulses/waves (irruptions) from Canada.  Some lynx end up in 

places that may support them over time; others end up temporarily in places where they 
cannot persist.  How to determine which places support permanent populations vs those 
that only have lynx temporarily during or after pulses? 

- Largest pulses of lynx seem to be ~1960, 1970, 1980, and lesser pulses in recent decades. 
- Evidence of historical populations in WA, ID, MT, MN, ME, MI, NH based on persistence over 

time and/or evidence of reproduction, habitat, etc. 
- No current populations in NH, NY, VT, MI, WI.  May be a small population in Greater 

Yellowstone Area (southwest MT/northwest WY). 
- No evidence that lynx were widespread across contiguous U.S. historically. 
- Nearly all areas of suitable habitat (with adequate snow resources) seem to be occupied in 

the lower 48 states.  There are a few exceptions. 
- The historic data are in the form of recorded occurrences, which allows for inference about 

past distribution but not abundance. 
- Historic records are both finite and often unreliable. 
- Group discussion following this presentation brought up the fact that IUCN is updating their 

Red List evaluation of lynx, to be released in November, which will include their estimate of 
distribution and trends (Vashon). 

- It was asked why lynx appear unable to establish/maintain populations in most of Idaho, 
given seemingly viable habitat and many historic records.  Presenter indicated there is no 
clear answer based on the evidence in the record. 
 

Lynx Regulatory Environment 2000-2015 – Scott Jackson 

- Pre listing, there was very little regulation on Forest Service lands specifically for lynx. 
- Pre listing, interagency lynx steering committee, science team and bioteam were formed to 

direct compilation of the Lynx Science Report, Lynx Conservation Assessment and Strategy 
(LCAS, 2000), Biological Assessment of 1999, all to guide conservation and land use 
management on Federal lands. 

- Listed due to inadequacy of existing regulatory mechanisms.  
- FWS Biological Opinion in 2000 directed USFS to revise 113 forest plans and develop 

Conservation Agreements to guide management and lynx conservation until forest plans 
were revised.  Some units are still operating under Agreements, though most national 
forests with lynx or potential lynx habitat have formally amended their Forest Plans. 

- Post listing, Conservation Agreements between USFWS, USFS, BLM – “likely to adversely 
affect” projects would no longer occur.  BLM and USFS began updating land use plans to 
align w/ LCAS (2000) standards and guidelines. LCAS was revised in 2013.  

- LCAS (2000) principles: identified 17 risk factors and measures to reduce these risks, 
guidance on how to map Lynx Analysis Units (LAUs), forest management prescriptions to 
benefit lynx. 
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- Revised LCAS (2013) – new science, core area emphasis, anthropogenic influences (2 tiers) 
instead of “risk factors”, fewer conservation measures (vs. “standards and guidelines” from 
2000 LCAS).  Secondary/ peripheral habitat combined into “non-core” areas in the revised 
LCAS.  

- Focus of regulations has been on Federal land, primarily in the West.  There are other issues 
on private lands and unique regulatory issues in Maine (Maine Forest Practices Act of 1989). 

- LCAS (2013) identified greatest potential influences from climate change, forest 
fragmentation, wildland fire management, and vegetation management (timber 
harvest/mgmt. and silvicultural treatments). 

- Areas of greatest uncertainty = large scale, high intensity fires in the West, wide scale insect 
outbreaks, changes in silviculture that may or may not benefit hares and lynx. 

- Amount of lynx habitat in Federal ownership varies among 6 units from 98% in the Cascades 
to 1% in the Northeast. 

- A question regarding landownership was raised - do we have a breakdown of land-
ownership for each of the 6 geographic areas?  JZ – we have broken each critical habitat unit 
by ownership, but we did not designate CH in Colorado/S. Rockies, though ownership info 
there is also probably readily available. 

 
Lynx Genetics Considerations – Michael Schwartz 

- Reviewed all published papers on lynx genetic studies in N. America; summary that global 
results for measure of genetic variation (17 populations) shows high genetic mixing, some 
sub-structuring over distance, but ample gene flow continent wide. 

- N. Rockies provide some gene flow restriction, as well as an invisible barrier to gene flow in 
eastern Canada south of James Bay/Hudson’s Bay that may be related to snowfall.  Other 
than these, there are unlikely to be barriers to genetic interchange throughout much of the 
lynx range in boreal forest. 

- River systems can influence genetic sub-structuring. 
- Some genetic drift within the smallest populations; some genetic substructure in 

populations in eastern Canada and south of the St. Lawrence, island populations 
(Newfoundland and Cape Breton); however, there is evidence that there is interchange of 
lynx between each generation in eastern Canadian populations. 

- Some evidence that we are seeing gene flow out of Canada into US lynx populations during 
population surges. 

- Discussed levels of genetic sub-structuring of lynx in MT – river valley and highway may be 
causing sub-structuring. 

- Hybridization w/ bobcats does occur – studies have shown hybrids in MN, and Maine, no 
hybridization in west detected so far.  Very low numbers.  Does not seem to be a major issue 
nor is there evidence that hybridization is increasing despite significant increases in bobcat 
numbers. 

- Genomic studies can increase power and look for genes under selection. 
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- Recommended conservation goal for lynx should be to conserve genetic diversity currently 
represented in the 6 populations in the lower 48 states.  Recognize that this variation at the 
edge of the range may be of value to future populations, especially as related to changing 
climate. 
 

Lynx Distribution, Status, and Management in Southern Canada – Jeff Bowman 

- Each province has its own management program for lynx, each with its own harvest 
(trapping) policies and strategies. 

- British Columbia, Alberta, Saskatchewan, Manitoba – trapping numbers show peaks in 60’s, 
70’s and 80’s.  Smaller peaks in lynx numbers trapped since then.  Eastern provinces show 
higher peaks in lynx trapped in 1990, 2000 than the western provinces. 

- Peaks in lynx numbers lag behind hare peaks by one year.  Peaks occur roughly every 10 
years. [Note to presenter - please clarify if this statement is correct or if the lynx peaks in the 
east followed lynx peaks in the west by one year]. 

- Potential range contraction in eastern Ontario from 1960’s to 2010, southern boundary 
moving north.  Genetic study also supports trailing range-edge effect. 

- New Brunswick and Nova Scotia have listed lynx as endangered provincially; these two 
provinces have high numbers of bobcats, probable correlation.  Other provinces status 
seems secure (COSEWIC review). 

- Data show large peaks of hares/lynx in 1960, 1970, 1980; cycles since then are dampened, 
may be a future trend? 

- Noted recent genetic studies show some genetic differences (unique alleles) south of the St. 
Lawrence, but differences are not large. 

- Lynx range contraction in southern Ontario because of changes in forest practices, increase 
in tolerant hardwoods.  Seeing less genetic heterozygosity (allele richness) at the range 
margin. 

- “Invisible” genetic barrier south of Hudson’s Bay likely related to winter snow.  Effect will 
likely increase in the future with climate change.  May be habitat “imprinting” (snow 
conditions) between east and west Canadian populations. 

- Nova Scotia and New Brunswick have largest bobcat populations in Canada. 
- There was a question: Why are forests changing in Southern Ontario? It is likely a 

combination of things - the movement towards management of small scale disturbances, 
increased control of fire and other disturbances, less wide-scale logging than in the past, 
now more natural hardwood forests than in previous years. Management not caribou driven 
(caribou are farther north). 
 

Introduction and Discussion of Lynx Conceptual Models – Jonathan Cummings 

- Presented the 4 draft conceptual models to the experts (see handouts). 
- Simplified viability model, and one each for resiliency, redundancy, and representation. 
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- We will be seeking expert input on the models this week, will inform elicitation 
Day 2 

Overview Presentations (continued): 

7 Ways a Warming Climate can kill the Boreal Forest – Lee Frelich 

- Boreal forest may disappear from Minnesota by end of century. 
- Temperate tree species are invading boreal forests at local and regional scales, mixed 

ecotone spreading; deer herbivory may temporarily slow hardwood invasion of conifer 
stands. 

- Higher summer temperatures in northern MN (5 to 12 degree F increases projected by 
2100). 

- Prairie-forest border may move north by 150-300 miles by 2100. 
- Some authors project a 300 mile northward movement of boreal forest continent wide by 

end of the century. 
- Severe drought 8 of last 10 years. 
- High emissions scenario – no paper birch in US. 
- Aspen, fir, spruce will be reduced to absent in US. 
- Insect outbreaks will increase with climate change. 
- Small triangle of boreal forest in northeast MN (Arrowhead region) likely to hang on to end 

of the century because of higher elevation of area and lake-effect snow. This is not the 
entire arrowhead region, just a small proportion of it that is of relatively higher elevation. 

- Discussed 7 ways in which boreal forest will be converted to temperate forest over time w/ 
climate change. 

- Frequency of large damaging storms will increase, facilitating temperate forest conversion. 
 

 
Climate Change and Uncertainty:  Implications for Canada lynx Conservation and Management in the 
Contiguous US – Alexej Siren 

- Lynx presence associated w/ snowpack persistence greater than 4 months and deep (>270 
cm per year in Northeast), fluffy snowfall. 

- Discussed ways in which climate may influence lynx - population cycles and viability, 
increased competition with bobcats, hare coat-color mismatch, access to hares. 

- Warmer global mean surface temps in recent decades and into the future. 
- Warmer winter temps, especially in the Northeast US where increases will be greatest. 
- Winter precipitation projected to increase in eastern US, drier in western US. 
- Discussed emissions scenarios and projected changes across the range of lynx, see 

presentation file. 
- Northwest - overall drying, slight increase in winter precipitation, unsure how much will be 

snow (vs. rain). 
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- Northern Rockies - increased winter temperature and precipitation but not in NW Montana; 
long term may have best snow conditions for lynx because of high elevation; depends on 
snow depth and quality. 

- Southern Rockies - declining number of days below freezing, decline in winter snow and 
snowpack. 

- Great Lakes - increase in winter temperatures but increase in lake-effect precipitation and 
snow because of loss of ice on great lakes; in short term - best snow conditions for lynx. 

- Northeast - increase in winter temperatures and precipitation, dryer in summer, decrease in 
days below freezing and persistence of snowpack. 

- Generally across the range warmer winters, less snowfall and snowpack, warmer summer 
temps, increase in winter precipitation and non-snow precipitation in winter, less 
precipitation in summer, decreased snowpack period. 
 

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the Western US – Josh 
Lawler and Chad Wilsey 

- Vegetation modeled across western range of lynx under climate change projections to end 
of century – shift from subalpine forest to temperate evergreen needleleaf forests in 
western lynx range. 

- Projected decrease in lynx-appropriate forest across range in western states.  
- Fire projected to double by 2040 and triple by 2080; projected increase in fire frequency and 

larger fires. 
- Modeled lynx habitat and lynx ecological traits w/ climate change scenarios – projected 

simulated densities in lynx in western range in 2020s, 2050s, 2090s.  
- Shows some decrease in lynx densities across western range; decline of lynx habitat 

suitability in the Northwest; greatest likelihood of persistence in NW Montana. 
- Also looked at effect of population cycling impact on projected changes – overall changes in 

density not affected by population cycling.  
- On average simulated moderate declines in Canada lynx – some growing populations and 

some declines. 
 

Forest Management and Lynx Habitat Trends – Erin Simons-Legaard 

- Eastern spruce budworm outbreak cycles in Maine became may have become more wide 
ranging frequent since 1970’s (historically outbreaks at roughly 65-year intervals; recently 
30-40 years; severe outbreak in the 1970s). 

- Severe spruce and fir budworm mortality was followed by large-scale clear cuts mid-1970s - 
mid-1980s to salvage-harvest trees - created current lynx habitat. 

- Regulations (Maine Forest Practices Act 1989) then put in place to manage clearcutting 
making cuts smaller, shift from clearcutting to various forms of partial harvesting; this 
caused the annual harvest footprint to double in northern Maine with lower quality habitat.; 
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since 1989, 65% of landscape has been affected by partial harvesting, which supports lower 
hare densities than regenerating clearcuts. 

- Ownership changes in northern Maine, more and diverse ownership now than historically; 
REITS and TMOs; short-term investment horizon and different forestry outcomes. 

- Non-development easements in place in many areas of northern Maine, but they do not 
regulate forest management. 

- Conifer stem density influences hare density in Maine - hare/lynx habitat created by even-
aged management and dense regeneration of spruce-fir. 

- Timber harvest levels increased over past several decades; modelinged emulated 2000-2010 
harvest rates tree species change over this time. 

- Modeled lynx habitat into the future.  Assumptions of forest practices used by current 
landowners.  Also used stochastic modeling (which includes harvest).  

- Lynx foraging habitat – spruce-fir forest – modeled to 2050 – high quality habitat for lynx is 
currently about 8% of the northern Maine landscape.  Projections are that habitat and lynx 
occurrence will decline to about 5% of the landscape by 2030, and then level off. 

- Prevalence of partial harvesting will lead to elimination of most areas with concentrated 
high-quality habitat.  Most of the landscape will have a low (<30%) probability of supporting 
lynx percentage of high-quality habitat for snowshoe hare at the lynx home-range scale. 

- As clear cuts regenerate and age, become less appropriate for hares and lynx at about 35-40 
years post-harvest, probability of lynx occurring in areas where they currently are will go 
down over time to 2050. 

- When forest is disturbed, composition shifts to red maple and balsam fir; however, next 
outbreak of spruce budworm coming in 2 to 5 years, which may greatly affect fir component 
of lynx habitat. 

- It is unlikely budworm will be controlled by spray; unlikely that landowners will clearcut and 
herbicide as they did in the last budworm outbreak. 

- Quebec – currently being heavily impacted by spruce budworm outbreak, spreading to 
Maine, not likely to be managed in Maine. 

- Snow will decrease in Maine in light of climate change (20% projected decline in snowfall). 
- If quality hare habitat is greater than requires only 50% spruce-fir forest, habitat for lynx 

should increase over time after reaching a low point in 2030, habitat may increase between 
2030-2040 and then level off at ~5% of the landscape.  But if hares require higher spruce-fir 
content, lynx habitat would go down not rebound 2030-2040 (remaining at only 2-3% of the 
landscape) as there will be fewer areas w/ high percentage spruce-fir content. 

- Climate envelope modeling suggests balsam fir, white spruce, and red spruce will be largely 
gone from Maine and areas of eastern Canada by 2060. 

 
Southern Snowshoe Hares:  Updates, Questions, Forecasts – Karen Hodges 

- Northern hare cycles are highly variable; peaks and amplitudes do not line up as nicely as 
has been described in the literature.  
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- Some southern hare populations show “cycle-ish” dynamics and high densities.  
- Flathead National Forest, MT in lynx CH, has high hare densities but no lynx, has bobcats, 

why? 
- Regional differences in maximum hare abundances observed in highest quality habitats 

across western and eastern landscapes – presented distributions of hares in western and 
eastern states in lynx range, see presentation file for numbers. 

- Reported hare densities w/ habitat attributes. 
- Forestry that reduces stand structure reduces hare abundances, hares increase w/ number 

of years since pre-commercial and commercial thinning. 
- Hares recolonize burned areas as soon as they become suitable as the stand regenerates 

over time. 
- How many hares do we need to keep lynx around? Landscape hare densities of 0.5 hares/ha 

(LCAS) to 1.1 to 1.3 (Steury and Murray).  Maine and MN landscape hare densities needed to 
support lynx in between these values.  Question why the GYA with low landscape hare 
densities still (may) support lynx. 

- Red squirrels are major alternative prey to snowshoe hares – little known about their 
densities. 

- If we lose boreal forests we will lose snowshoe hares. 
- Hares and shrubs – understory important to hares, but little studied.  Need to be studying 

understory structure - are those data collected on National Forests? 
- Impacts of climate change on hares – changes to habitat structure and changes from boreal 

forest to other types will impact hare abundance. 
- Salvage vs clearcut – salvage logging post fire will lengthen time for hares to recolonize 

burned areas.  In Quebec harvest may create higher hare densities than fire. 
- Climate change will affect hares.  Increased fire and insect outbreaks.  Forests may not 

regenerate to boreal forest.  Coat change mismatch (Mills paper) - had some concerns. 
- Changing forest community - hare is only ~20% of bobcat diet (bobcats eating primarily red 

squirrels), hares used by fishers, raptors, coyotes, fox, etc. - diverse predator assemblage at 
southern edge of range. 

- Uncertain of the impacts of bobcats moving into lynx territory. 
 
Lynx Population Status and Threats Updates: 

Maine/Northeast – Jennifer Vashon 

- A “happy story.” 
- 1990’s to today – extensive areas of regenerating spruce-fir forest in Maine – good for hares 

and lynx. 
- This has resulted in a presumed increase in suitable habitat above likely historic conditions. 
- 18 million forested acres in Maine; 6 million acres of spruce-fir, of which 3 million acres are 

lynx habitat. 



9 

- Lynx habitat (sapling habitat in Forest Inventory and Analysis [FIA] data) increasing in the 
state; 40% of total spruce-fir is in sapling stage. 

- 2006 - 700,000 acres of dense spruce-fir stands; 2015 – now 805,000 acres. 
- Discussed telemetry study in Maine, conducted from ‘99-’11, with 191 individuals – see 

presentation file for more details. 
- Demographic values from the telemetry study resulted in an estimated reproductive rate of 

65%, an average of 2.63 kittens per breeding female, and a 78% kitten survival rate, see 
presentation for full details. 

- 4.5 adult lynx/100 square km in study area with 5 to 9 kittens. 
- Strong selection for spruce-fir sapling habitat. 
- Measured some demographics on survival and reproduction. 
- 2006 pop estimate 750-1000 adult lynx, 2015 more lynx than 2006 and various indices (road 

mortality, track surveys and incidental trappings) suggest population still increasing. 
- This estimate is based on estimated extent/amount of suitable lynx habitat and estimates of 

lynx density derived from the telemetry study.  Total amount of habitat (from FIA data) X 
proportion of townships with lynx tracks X densities observed on the study area = total 
Maine lynx population.  This estimate is based on data of extent/amount of suitable lynx 
habitat, occupancy from systematic surveys, and estimate of lynx density derived from a 12 
yr telemetry study.   See Day 3 parking lot questions on page X for more detail explanation. 

- Budworm outbreak and clearcutting to occur in the near future. 
- Clear cuts still providing good conditions for lynx and hare 30 years post clear cut. 
- Future impacts of changes to forestry resulting from Forestry Practices Act are unknown. 

but likely will result in a decrease in lynx habitat. 
- The current abundance of habitat for lynx in Maine following extensive clear-cutting of 

budworm impacted stands prior to forest harvest restrictions (i.e., Forest Practices Act). 
- Does not believe that forestry guidelines are needed.  Allow landowners to make choices on 

what they believe lynx need. An objective of IFW/USFWS lynx telemetry study was to 
provide landowners with the forest stand characteristics that support lynx to guide their 
management on private lands. 

- Lynx population connected to neighboring Canadian provinces. 
 

Minnesota/Upper Midwest – Ron Moen and Susan Catton 

- “Non-estimate/guess” of 50-300 lynx in MN, confident of minimum of ~50 due to genetic 
sampling, but the other end of the range is speculative. High degree of uncertainty. In 2015, 
there were 133 DNA samples collected - 48 individuals with 20 recaptures. 

- Lynx population in MN connected to Ontario, not separated; dispersal into and from Ontario 
is common. 

- Discussed home ranges and cover types in home ranges - amount of regenerating (young) 
forest is predictive. 
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- Studied hare densities in NE MN, higher in southern Ontario. Much fluctuation in hare 
numbers in recent years. 

- Lynx are concentrated on the landscape in areas of high-quality hare habitat. 
- Majority of mortality in MN observed in radio telemetry study was human caused 

(incidental trapping, road mortality).  This was a small study with ~20 collared individuals. 
Tamara Smith noted that Twin Cities FO maintains an incidental take database that is cross-
referenced to the Superior National Forest (SNF) DNA database.  

- Bobcats are moving into NE MN; harvest increasing from 2000 to 2015, but still very few in 
the Arrowhead (northeastern MN, where the lynx are). 

- Projected to lose lynx habitat in the future w/ climate change.  Several modeled scenarios 
show almost complete loss of snow suitable for lynx by 2095, only a small area extreme NE 
Minn may retain. 

- Documented hybridization w/ bobcats, 13 hybrids among 268 individual lynx identified from 
DNA samples. 

- In general male lynx in MN were more migratory, moving in and out of Ontario, whereas 
females tended to disperse and then remain in the new location, either going to Ontario to 
stay, or vice versa 

- SNF conducts focused snow track surveys in areas known to have lynx.  SNF collects genetic 
samples to identify individual lynx and to track persistence.  Additional DNA samples are 
collected opportunistically (e.g., from road kills, incidental trapping, etc.).  Their database 
contains 268 identified individuals (48 individuals identified in 2014-15 winter - 20 
recaptures [including 2 hybrids] and 28 new lynx).   

- SNF annually collects/tracks 3-5 family groups. 
- Reproduction documented each year. One female lynx was tracked for 5 years - she 

produced 7 kittens in MN. 
- SNF is working with Twin Cities FO and NC State University to refine the survey protocol to 

get more meaningful data with little added effort. 
 

Montana and Greater Yellowstone – John Squires 

- Wyoming – in 1990’s and early 2000’s  few detections of lynx lynx were detected reliably in 
the Wyoming Range, Union Pass, and both sides of Togwotee Pass. 

- The long-term persistence of lynx in the GYA is unknown, but early records from 
Yellowstone Park documented presence in the 1920-1930s. 

- Yellowstone – 3 lynx confirmed and reproducing in 2000-2004; few, if any, lynx remaining in 
the Wyoming Range and on Togwotee Pass based on recent surveys.  The presence of lynx 
throughout the remainder of the  andGYA is unknown. since then despite extensive survey 
effort. 

- Presence confirmed in Wyoming Range Teton area in early 2000s; 2 individuals collared and 
movements recorded. 
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- Snow track surveys have been conducted over time and indicate a clear pattern of lynx 
presence in the Wyoming Range, Union Pass and Togwotee Pass~ 6 tracks per year of 
survey.  However, the current status of this population is unknown, but believed to be at 
low numbers based on current on-going surveys.  The distribution of lynx in the Yellowstone 
National Park was determined with an extensive survey (2001 – 2004) that indicated lynx 
were present and documented reproduction; additional representative surveys were not 
conducted. , without any notable pattern, which have found ~ 6 tracks per year of survey. 

- Reintroduced 2010 genetic sampling resulted in no “native” GYA Lynx individuals being 
identified - only lynx from Colorado have traveled to the GYA and occupied previous home 
ranges of “native” lynx in the Wyoming Range and on Togwotee Pass, including males and 
females with overlapping home ranges.that dispersed from Colorado. 

- Oil and gas leasing – potential risk to lynx in WY, overlaps lynx range in the Wyoming Range 
of western/northwestern WY. 

 
- Montana – more lynx in northwest MT than GYA. 
- Studied reproduction and litters in MT in Seeley Lake Area and Purcell Mts.  
- 175 individuals were collared; the average lifespan for lynx in this area is 8.6 years. 
- An average of 2.5 kittens per litter (2.25 in Seeley Lake and 2.95 Purcell Mtns.).  Productivity 

was ~0.7 on average, and annual survival was 0.5 for sub-adults and 0.75 for adults on 
average. 

- Lambda (rate of population increase) was 0.92 for the Seeley Lake area (e.g., population 
declining) and 1.16 for the Purcell Mtns. (population increasing). 

- Lynx have recently contracted/perhaps extirpated from the Garnet Range. 
- Modeled monthly survival rates – see presentation file for numbers. 
- Predation (mountain lions), starvation, and human-caused mortality each about 1/3 of 

documented mortality in MT. 
- Evidence of cyclicity in vital rates was not observed. 
- Most of MT probably decreasing lynx abundance.Areas outside the Purcell Mountains in 

Montana may have declining population numbers based on PVA analyses.   
- Protection of lynx habitat in core area in Seeley Lake increased substantially with 

conservation land purchases., hundreds of thousands of acres  “protected” 
- 2000-2013 over a million acres burned in lynx range in MT. 
- Good habitat is habitat in which females produce litters, positively related to connectivity to 

mature forest and low fragmentation. 
- Lynx persisted in low population numbers in WY and MT, may not currently be any lynx in 

WY.Montana is believed to support the largest lynx population in the western United States, 
but minimum population sizes have not been calculated.  Lynx in Montana are more 
abundant compared to Wyoming. 

- Last surge/wave of lynx out of Canada was in 1980s; no recent surges have been observed in 
sampling areas, is this related to the status in MT today? 
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- Fire prevalence in the last 13 years is far greater than it was for the previous decadal periods 
going back to the 19260s? [Note to Reviewer- is this date correct?]. Major factor in 
persistence of lynx in MT. 

- Silviculture in MT has both positive and negative effects - research is currently investigating 
lynx-use of forest management not much evaluation of whether the USFS guidelines are 
working. 

- No evidence of “waves” of lynx during hare/lynx peak:  little demographic effects.  Are we in 
a “lynx drought?” Recent wave of lynx from Canada seem relatively low magnitude, thus MT 
population slowly declining? 

- Lynx in Montana exhibit fine-scale genetic sub-structuring.  
 
Parking Lot topics (Answered on day 3) 

- 2000 LCAS is adopted in Forest Service plans, still operating under 2000 LCAS standards and 
guides.  The 2013 LCAS is less restrictive than 2000 version, so by operating under the 2000 
version the 2013 standards and guides are sufficiently covered. 

- If Maine’s lynx population is so large, why was the State’s incidental take request for lynx 
relatively low? 

- How exactly did Maine estimate lynx population? 
 

Northern Washington – Ben Maletzke 

- Lynx are state-threatened in WA; possible justification to update to endangered status 
based on current status of threats. 

- DNR has a management plan (HCP) and recovery plan for lynx. 
- USFS has 98% of lynx habitat in WA. 
- Okanogan Lynx Management Zone (LMZ) only area in WA w/ consistent lynx records from 

2005-2015 
- Went over 5 listing factors in WA: 

o Reg mechs/lynx plans in place; 
o No disease, little predation, could increase w/ climate change and snow changes; 
o Bark beetle, bud worm – trees dying, increased fire, many burned areas in 

previously good lynx habitat, see presentation file for numbers; 
o Regeneration of burned areas could create good habitat, but takes 20-40 yrs for 

these areas to grow up to hare/lynx habitat again; 
o Climate change may have effects on veg cover, precipitation, fire size and 

frequency, prey densities; 
o Small blocks of populations, vulnerable to stochastic events;  
o Connectivity of Okanogan w/ Canada okay, Kettle crest less connected to Canada. 

- Rough ideas on population.  1990s there were 90 to 120 females, currently as few as 24 
females. 
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- Lynx currently have larger home ranges, reduced habitat.  May be vulnerable to trapping in 
BC Canada. No long term studies - snapshots of data. 

- Discussed WA potential management and recovery actions - concerned about climate 
change effects on snow depth, quality (crusting), duration and effects on fire frequency. 

- Connectivity during surge events from Canada more important for areas other than 
Okanogan in WA; have not seen waves of lynx during recent high hare/lynx years in Canada. 

- Thoughts for future study include probability of population persistence, need and feasibility 
for augmentations, collaboration with British Columbia, state status in WA, management, 
surveys and monitoring. 
 

Colorado/Southern Rockies – Jake Ivan 

- Showed map of 90% UD – most hanging around southwest and central CO. 
- State endangered (1973); widespread federal predator control 1910s-1920s . 
- 1978-1997 statewide surveys (11) found only a few tracks. 
- 1999-2006: 218 lynx translocated from Canada and Alaska.  During the period of monitoring 

(1999-2010) the population persisted and had relatively high annual survival, relatively high 
reproduction. 

- First denning documented in 2003, 48 dens by 2010. 
- Modeled population – trajectory of pop is slightly increasing maybe, but at least holding 

steady. 
- Intensive monitoring concluded in 2010; now conducting occupancy monitoring (only in San 

Juan Mountains now; hope to expand to rest of potential habitat and for 10 years) and hope 
to be able to detect trends. 

- Evidence of some continued reproduction 2010-2015 (kittens at camera stations, and 38% 
of Squire’s captures were “new” individuals). 

- Current survival unknown.  
- Potential threats – climate change, bark beetle epidemics, fire, concentrated recreation 

(seem tolerant of humans, but more and more people in the backcountry), highways. 
- Spruce-fir moderately vulnerable to climate change, habitat expected to migrate upslope 

over time. 
- 4 million acres of trees killed by bark beetle, but lynx are still using beetle kill areas for now 

as long as understory vegetation is available for hare production. 
- Potential elevation refugia may be unique for lower 48 states for climate change. 
- Development (extensive ski areas) may be affecting lynx (avoidance). A cursory, pre-analysis 

review of location data suggests that lynx make use of landscapes in which heavy winter 
recreation occurs.  However, use of developed ski areas is light, and outside of ski areas, 
heavy lynx use tends to occur in thick timber that is unused by snowmobiles and other 
backcountry users. 

- Red squirrels can provide 25% (Jake - was this 25% or 20%?) of lynx diet, but losing cone-
producing trees at large geographic scale after beetle outbreak may be significant during 
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landscape level dips in hare density. Over 10 winters of snow-tracking in Colorado, red 
squirrels comprised an average of 25% (range = 7-72% for any given year) of lynx diet by 
occurrence; they comprised an average of 6% (range = 1-32%) by biomass.  

- Lynx snow track and camera surveys have been initiated. 
   

Expert Elicitation of lynx status via questioning on representation, redundancy and resiliency 

Following the presentations, an expert elicitation was conducted to collect additional information on the 
status of lynx for each the three measures of viability used in a species status assessment, namely the 
levels of representation and redundancy for the DPS, and resiliency for each lynx population/geographic 
area within the DPS.  

Redundancy Questions: 

1. List the factors/catastrophic events that could eliminate an entire population.   
Response Type: index card list  
-  Some discussion around defining catastrophic event – a single point in time event, ex. Hurricane, large 
fire vs event that takes 10 yrs to occur or series of events.  For this question the event was defined as a 
single point in time.  And discussion around population – in this case each of the 6 geographic areas is a 
“population”.  Eliminate means functional extirpation.  

- Experts asked whether climate change was considered a catastrophic event; USFWS answered that 
because it operates and its effects are manifested over longer time frames, it should not be considered a 
catastrophic event for the purposes of this elicitation. 

- Experts asked whether the “population” lost meant the DPS in its entirety or a single one of the 6 
subpopulations or units.  Experts were asked to consider the loss of any one subpopulation.  

- See Redundancy expert response handout. 

2.  Could any of the catastrophic events listed eliminate all 6 populations/geographic areas 
simultaneously? 
Response type: experts supplied a written response of yes or no.   

- See Redundancy expert response handout. 

3.  What is the probability that any single population could be eliminated by a single catastrophic event 
in the next 10 yrs? 
Response type: 1-point elicitation.   
 
- See Redundancy expert response handout. 
 
4. What is the percent likelihood that a series of catastrophic events within the next ten years could 
cause functional extirpation of one or more lynx populations? 
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Response type: 1-point elicitation.   
 
- See Redundancy expert response handout. 

5.  How long would a population eliminated by a catastrophic event require to become reestablished 
naturally?  
Response type: 3-point elicitation.   
 
- See Redundancy expert response handout. 

Day 3 

Parking lot questions: How was pop estimate in Maine done? – Jen Vashon answered: FIA data to 
estimate the amount of spruce-fir forest in the core lynx range, FIA data to measure how much was 
sapling, winter snow track surveys used to estimate the proportion of habitat that was occupied.  
Looked at areas to likely have lynx vs all the areas, tells how much of the habitat is likely occupied by 
lynx in 2006.  Looked at home ranges of lynx, how many acres are in a female and male home range.  If 
lynx could occupy all the spruce-fir and all the spruce-fir sapling available to give estimate of number of 
lynx.   

How did you determine primary predation in Maine?  Jen Vashon: Found primary predator was fisher.  A 
lot of initial skepticism around this.  Close tie to snow storms and lynx bedding in hardwood mature 
softwood forests, where fisher are.  Assume they many were killed while bedding. All Most were killed 
by bite around the neck.  Forensic evidence at the sites was consistent w/ fisher predation.   We have a 
draft manuscript in prep. 

For Maine, w/ a pop maybe greater than 1000, why is incidental take in the trapping HCP so low?  Jenn 
Vashon:  MDIFW implemented measures we thought would reduce trapping injury and mortality leading 
up to the time we submitted the ITP application.  We used the recommendations in the AFWA booklet 
and killer-type traps on a leaning pole 4 feet off the ground at a 45 degree angle.  We believed that 
these measures would result in low mortality, thus a request of 3 lynx mortalities in traps over the next 
15 years.  

Question about pellet index vs live trapping of hares – Karen Hodges answered: Pellet counts are proven 
to be robust & are the most reliable survey index method to provide variance population estimates; 
differences in methodology don’t explain variation in survey results across range.  Pellet counts have 
been thoroughly studied by many researchers and we know they relate well to snowshoe hare densities 
across the range and through the cycle.  They do a much better job than tracks or browse or other index 
methods.  Mark-recapture is still the gold standard because it is an estimator, not an index, but pellets 
are by far the best index because their properties are well known and they do map onto capture-mark-
recapture estimates well. 

Resiliency Questions:  Probability of Persistence Exercise 
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1.  What is the probability of persistence over time (particularly currently and at 2025, 2050, 2100) for 
each of the 6 major geographic units with lynx populations? 
Response type: 3-point elicitation.  What are the lowest probability, highest probability, and most likely 
probability of persistence?  Experts were asked to connect the points through time to create a risk 
profile for each of the 6 geographic units. 
  
- See Resilience expert response handout. 

2. What are the major drivers/factors (up to 3) reducing or influencing probability of persistence for 
each of the major geographic units? 
Response type: Ranked list of factors, for each point in time (2025, 2050, and 2100), with % contribution 
of each factor. 
  
- See Resilience expert response handout. 

Conservation Brainstorming Exercise 
  
3.  What conservation actions could be taken that would address the factors impacting the probability of 
persistence or otherwise increase the probability of persistence? 
 
Response type: Individual list with rounds responses.  Experts were asked to each write their own list of 
conservation actions that could be taken.  They were given 5 minutes for this task.  Facilitators then 
asked one expert at a time to provide one item from their list, cycling through the set of experts until 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was their 
turn that had not been on their written lists. 
 
List of potential conservation actions: 

 Reduce CO2 emissions.  

 Continue protections associated w/ Federal and/or State listing. 

 Adjust forest management to retain spruce-fir and reduce fire burn rates. 

 Conserve/promote habitat connection w/ Canada populations through land use planning. 

Management of salvage logging associated with fire and insect damage to facilitate/expedite 
conditions favorable to hares and lynx. 

 Configure and design lynx-friendly landscape at appropriate scales; maintain habitat mosaic. 

 Manage fuels-reduction (wildland fire) projects to maintain hare/lynx habitat features. 
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Population augmentation/reintroductions for currently small or extirpated populations (GYA, 
Kettle, etc.); bolster populations before future impacts. 

Additional research to fill knowledge gaps (particularly related to conservation effects) – forest 
conditions that support hares, hare densities needed for lynx, range of habitat needed for lynx, 
unclear exactly what is needed for lynx across the range, viability, landscape hare densities, etc.  

Cross border cooperation with Canada to increase near border populations, maintain 
connectivity. 

Consider cumulative impacts of mining, ski areas, oil and gas, etc. in management decisions. 

Promote reforestation of heavily-fragmented areas (WY, MN); reduce fragmentation. 

Strategic habitat conservation, model and identify key areas and focus on those areas still in 
need of protection and management (e.g. private forest lands). 

Maximize redundancy of lynx populations throughout the DPS. 

Develop fire-management BMPs to create high- and low-intensity mosaic fire patterns to benefit 
lynx and hare habitats. 

Is there a need for a consistent lynx (and hare?) monitoring strategy?  Maybe could couple 
w/monitoring of other carnivores.  Structured occupancy modeling with genetics sampling, 
could be very informative, and is cost effective.  Known-fate monitoring.  Monitoring pellet plots 
is proven and reliable way to monitor hares. 

Could benefit from more funding specially devoted to mesocarnivores.  Lynx are in worse shape 
than other carnivores that receive a lot of funding, have more secure populations, and  will 
respond to climate change better. 

Representation Questions –  

1. Are any of the populations susceptible to genetic drift on a scale that would limit genetic viability? If 
yes, which populations? 
Response type: Experts supplied a written response of yes or no, with a yes answer accompanied by the 
list of populations. 

- See Representation expert response handout. 

2. Are there locations from a lynx perspective that have unique habitat conditions relative to other areas 
in the lynx range that are necessary to foster future adaptive capacity of the DPS? If yes, where? 
Response Type:  Open discussion. 
 
- See Representation expert response handout. 
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Other things the experts thought we should consider – 

Monitoring of prey base (hares, red squirrels) should be considered, would be very informative.  Pellet 
based or mark recapture are most reliable methods.  Need to sort out if these areas that we think are 
going to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat.  Monitoring of these areas could help 
inform. 

[Participants are invited to provide additional notes in this section] 

MEETING ADJOURNED  



Appendix 2.  Workshop Participants and Roles 

Canada Lynx Expert Elicitation Workshop, October 13-15, 2015, Bloomington, Minnesota 

Participant Role Affiliation 

Baker, Richard Observer Minnesota Department of Natural Resources 

Bell, Heather Lynx SSA Team, Facilitator USFWS - Headquarters 

Bowman, Jeff Lynx Expert Panelist University of Trent, Ontario 

Broderdorp, Kurt Lynx SSA Team USFWS - Western Colorado Field Office 

Bush, Jodi Observer USFWS - Montana Ecological Services Office 

Catton, Susan Lynx Expert Panelist USFS - Superior National Forest 

Bjornlie, Nichole Observer Wyoming Game and Fish Department 

Cummings, Jonathan Lynx SSA Team, Facilitator USGS - Patuxent Wildlife Research Center 

Frelich, Lee Subject Matter Expert – Boreal Forest University of Minnesota 

Hodges, Karen Subject Matter Expert – Snowshoe Hares University of British Columbia - Okanagan 

Ivan, Jake Lynx Expert Panelist Colorado Parks and Wildlife  

Jackson, Scott Subject Matter Expert – Regulations  USFS - R1/National Carnivore Coordinator 

Josh Lawler Subject Matter Expert – Climate Change University of Washington 

Kolbe, Jay  Lynx Expert Panelist Montana Department of Fish, Wildlife & Parks 

Maletzke, Benjamin Lynx Expert Panelist Washington Department of Fish and Wildlife 

McCollough, Mark Lynx SSA Team USFWS - Maine Field Office 

McKelvey, Kevin Lynx Expert Panelist USFS - Rocky Mountain Research Station 

Moen, Ron Lynx Expert Panelist University of Minnesota 

Parkin, Mary Lynx SSA Team, Facilitator USFWS - Northeast Regional Office 

Roberts, Nathan Observer Wisconsin Department of Natural Resources 

Schwartz, Michael Subject Matter Expert – Lynx Genetics USFS - National Genomics Center 

Simons-Legaard, Erin Lynx Expert Panelist University of Maine 

Siren, Alexej Subject Matter Expert – Climate Change University of Massachusetts 

Smith, Tamara Lynx SSA Team USFWS – Twin Cities Ecological Services Office 

Squires, John Lynx Expert Panelist USFS - Rocky Mountain Research Station 

Vashon, Jennifer Lynx Expert Panelist Maine Department of Inland Fisheries and Wildlife 

Willey, Seth Observer USFWS – Mountain-Prairie Regional Office 

Wilsey, Chad Subject Matter Expert – Climate Change California Audubon 

Zelenak, Jim Lynx SSA Team USFWS - Montana Ecological Services Office 

 



U.S. Fish & Wildlife Service

 

 
 

  

 

 

 

 

 

 Realized Benefits 
By having the biological analyses in 
the SSA report, and referencing it in 
the proposed listing rule, we saved an 
estimated 65 pages of Federal Register 
printing – a $30,000 cost saving – for the 
New Mexico meadow jumping mouse 
proposed rule alone. 

The Species Status 
Assessment Framework 
An Integrated Framework for Conservation 

and recovery of the nation’s species requires an increasing 
commitment to new ways of thinking, working, and sharing. 
From a budgetary and conservation standpoint, we simply cannot 
afford business as usual. The Species Status Assessment (SSA) 
Framework, in concert with other transformative efforts, better 
allows us to meet the complex challenges ahead and guide our 
efforts to continually enhance our conservation success. 

The SSA Framework 
The SSA Framework is an analytical framework for assessing 
a species’ biological condition and level of viability.  Building on 
the best of our current analytical processes and the latest in 
conservation biology, this framework integrates analyses that are 
common to all ESA functions, eliminates duplicative and costly 
processes, and allows us to strategically focus on our core mission 
of preventing extinction and achieving recovery.  In addition, the 
SSA Framework provides a structure for effectively engaging with 
our State partners and soliciting peer review. 

Our Vision 
Our vision is a common, consistent, repeatable, scientifically sound 
approach that will serve as the basis for future ESA decisions.  
Using the SSA Framework early provides the context for a decision 
on whether protections are warranted, then for decisions regarding 
what is needed for its conservation and recovery, what the greatest 
research needs are, and how public or private actions may affect 
the species. Staff in each region are available to provide support 
and training to help ensure we continue to build on the successes 
the SSA Framework has already delivered.  

“The Species Status Assessment offers a 
unique opportunity to transform how the 
U.S. Fish and Wildlife Service delivers 
conservation.” 
– Gary Frazer, Assistant Director

Ecological Services Program

Efficiency – structured and repeatable 
biological analysis saves time 

Defensibility – analysis grounded in 
accepted science and a logical process 
with explicit assumptions and complete 
reasoning will inform our statutory 
decisions 

Consistency – consistent framework and 
terminology will be used across all ESA 
functions and across regions and field 
offices 

Effectiveness – clearly articulated 
reasoned decisions will foster effective 
communication and make for better 
conservation 

Collaboration – a better forum for being 
inclusive; partners, particularly States, 
are more likely to understand and support 

New Mexico meadow jumping mouse. 
Credit: USFWS 

“The greatest danger in times of turbulence 
is not the turbulence; it is to act with 
yesterday’s logic.” 
— Peter Drucker 

Although significant progress has been made in safeguarding 
species and their habitats, limited resources and an ever-increasing 
workload jeopardize our long-term effectiveness at fulfilling our 
responsibilities. In addition, novel and significant conservation 
challenges lie ahead, including a changing climate. While we 
continue to build on our successes, ensuring successful conservation 



 

 

 
 

   

Applying SSA 
Species Status Assessement Framework 

SPECIES NEEDS 

Current Availability 
or Condition of those Needs 

We begin an SSA with an 
understanding of the species’ unique 
life history, and from that evaluate 
a species’ needs or biological 
requirements at the scales of 
individuals, populations, and species. 
We then consider the current and 
future availability or condition of those 
needs and investigate the reasons those 
needs are missing. The consequences 
of any missing needs are assessed 
to describe the current condition of 
the species, and project the future 
species condition over time. Using the 

U. S. Fish and Wildlife Service 
Endangered Species Program 
4401 N. Fairfax Drive, Room 420 
Arlington, VA 22203 
703-358-2171 

March 2014 

SPECIES VIABILITY 

SPECIES CURRENT CONDITION 

Future Availability 
or Condition of those Needs 

Assessing the species level of viability is achieved by completing the above 
assessment framework. Credit: USFWS 

Gunnison’s prairie dog. Credit: USFWS 

principles of resilience, representation, 
and redundancy, the species’ level of 
viability and risks to its viability are 
evaluated and characterized. Generally, 
the more redundant, representative, 
and resilient a species is, the more 
likely it is to persist over time, even 
under changing environmental 
conditions. The characterization of 
viability is enhanced by estimates at 
multiple time intervals under a range 
of probable scenarios to describe the 
possible changes in viability over time 
and to characterize the uncertainty.  

Where to Learn More 
Visit https://sites.google.com/a/ 
fws.gov/ssa/ to see examples of SSA 
reports, connect with others who have 
applied the Framework, get answers 
to frequently asked questions, find 
contact information for your Region’s 
SSA Framework Implementation Team 
member, and access the guidance on 
applying the draft SSA Framework.  

“The SSA is an intuitive 
framework that, once 
completed, allowed 
me to more clearly and 
quickly develop, explain, 
and write my listing 
argument.” 
– Craig Hansen, Species Lead for 

Gunnison’s prairie dog 

https://sites.google.com/a/fws.gov/ssa/
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Executive Summary 
As part of a species status assessment (SSA) for the contiguous United States distinct 
population segment (DPS) of the Canada lynx, the U.S. Fish and Wildlife Service (Service) 
convened an expert elicitation workshop to gather (1) the best available information on the 
current status of lynx populations within the DPS and (2) the professional judgment and 
opinions of lynx experts regarding the future viability of the DPS.  This report summarizes the 
results of the workshop regarding the current and likely future condition of lynx populations in six 
geographic areas within the DPS in terms of representation, redundancy, and resiliency.  The 
Service will incorporate the information gathered at this workshop into the SSA as appropriate, 
along with the published scientific literature, to inform recovery planning for the DPS and any 
other determinations the Service is authorized and required to make in accordance with the 
Endangered Species Act.     

Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 1 
[All appendices are accessible at: http://www.fws.gov/mountain-prairie/es/canadaLynx.php]) for 
the DPS.  The SSA, which will incorporate the best available scientific information on lynx, is 
needed to inform the Service’s response to a June 2014 court order to complete a recovery plan 
for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed to complement the published scientific literature and other available 
information on many aspects of lynx population dynamics in the DPS range.  In particular, we 
were looking for additional information on the status, sizes, and trends of lynx populations and 
on threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform recovery 
planning direction, classification decisions, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
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(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 
2007, again in response to a court order, clarified its determinations of “significant portion of the 
range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 
2007, the Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service 
revised the critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 
54782) and, concurrent with the latter, rescinded the state-based definition of the DPS boundary 
to extend ESA protection to lynx “where found” in the contiguous U.S., including New Mexico 
and other states that were not included in the original DPS range (79 FR 54804). 

Although the Service originally identified the DPS as occurring in forested portions of 14 states 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, 
Utah, Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at 
the time of listing that both lynx and the boreal forests that support them in the Lower 48 States 
are at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, we would benefit 
from further understanding of the natural range and causes of variation in lynx and hare 
numbers; hare densities necessary to support resident lynx populations throughout the DPS; the 
influence of immigration of lynx from Canada on the demographic and genetic fitness of DPS 
populations; and the timing, extent, magnitude, and severity of potential threats associated with 
climate change.  The Lynx SSA Team organized this expert elicitation workshop to help fill 
some of these information gaps with the knowledge, professional judgments, and opinions of 
lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
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populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada 
and Alaska into southwest Colorado to establish the current resident population.  Additionally, 
the Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.   

   

 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
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described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
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Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 

1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
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subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 
Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 
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Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
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distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
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forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   

Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
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winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
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Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
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variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      
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Lynx Status Update Presentations1 
Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 
northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

                                                
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
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North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, 
NPS).  Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area.  The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
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1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats – Dr. Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization, disease/predation, and inadequacy of existing regulatory 
mechanisms are not issues for lynx in Washington.  Lynx trapping was prohibited in 1991, and 
only live-trapping is allowed for bobcats, so there is little chance for incidental trapping.  There is 
no documented disease and little evidence of predation (though these could occur/increase with 
climate change).  With ESA and State listings, critical habitat designation, and State recovery 
and State and Federal habitat management plans in place, regulatory mechanisms appear 
adequate.  Recently, much lynx habitat has been lost, at least temporarily, to frequent large-
scale fires and insect outbreaks, and climate change may pose additional (or exacerbate 
existing) threats to lynx and habitats in Washington.  From 1990-2002, there were about 2,600 
km2 of lynx habitat in the Okanogan (Eastern Cascades) area, and female home ranges were 
estimated at 38 - 41 km2, suggesting the potential to support roughly 90-115 resident females 
(home ranges include “matrix” or non-habitat).  By 2014, habitat had been reduced by fire to 
about 1,600 km2, and habitat loss and fragmentation resulted in female home ranges increasing 
to an estimated 91 km2, with a potential to support roughly 27 resident females.  Although areas 
impacted by fires and insects should regenerate to hare/lynx habitat, it may take 35-40 years or 
more for that to happen.  Climate change will likely reduce snow depth, condition, and 
persistence, potentially influencing interspecific competition.  It also may cause temperature- 
and precipitation-driven changes in vegetation and increased fire frequency, size, and intensity, 
resulting in further reduction, fragmentation, and isolation of suitable habitats and impacts to 
prey abundance.  Connectivity between the Okanogan area and lynx populations and habitats in 
Canada seems adequate; it is more tenuous in the northeastern part of the state, where cross-
border populations/habitats in Canada are smaller and potential corridors more constricted.  It is 
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also possible that legal trapping in southern British Columbia could limit immigration into 
Washington’s lynx population and be a source of mortality for lynx dispersing from Washington 
into Canada.  Potential management and recovery actions could include resuming surveys and 
monitoring efforts, reviewing current State, Tribal, and Federal management actions to see if 
they can be more “lynx-friendly,” conducting population viability analyses to estimate 
probabilities of persistence over various time periods, coordinating with British Columbia on 
cross-border lynx conservation efforts, evaluating the need and feasibility of augmenting female 
lynx in the Okanogan and reintroducing lynx to the Kettle Crest, up-listing lynx in Washington to 
indicate the current status and severity of threats, and seeking collaboration and funding to 
support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 

                                                
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juan Mountains during winter 2014-15 
as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 
responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
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Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 

The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 
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Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
 
Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
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Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 
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Redundancy Questions 
 
1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
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fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 

2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 

Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  
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Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  

In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
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increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
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Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
 

Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  
We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

                                                
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 

Expert  Responses:  For each geographic unit, an overview of the unit from the area 
expert are provided, as well a summary of the hand drawn graphs via a figure (Figures 
5 - 10), the responses and major factors are summarized via text, and the discussion 
that the responses generated are presented. 

Results by Geographic Unit 

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed as a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 



41 

1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 



45 

repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 
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Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
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is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 

                                                
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 
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Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase Probability of 
Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
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conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  
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Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
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also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
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absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
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remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
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contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
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Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Appendices 
All appendices are available on the Service’s Region 6 Canada lynx webpage 
(http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php


From: Holt, Bryon
To: McCollough, Mark
Subject: Re: Lynx SSA - climate section
Date: Wednesday, June 08, 2016 7:57:57 AM

Cool,

But if (when) you read my section, I would really appreciate any thoughts you may have,
especially if you see some weakness in my analysis.  Like Jim said, you are a good writer and
you seem to have a pretty good handle on this climate stuff - much better than me.

Bryon

On Wed, Jun 8, 2016 at 7:51 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Great that you found good information.  I haven't had a chance to read anyone else's sections
and probably will not be able to for awhile.  Good luck writing.  We need to take care of
Jim!

Mark

On Wed, Jun 8, 2016 at 10:50 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Hey Mark,

Thanks for the information/suggestion, but I think the citations and information I've
already used in my discussion for the Cascades should cover it well enough - the
information was specific to the Cascades.  However, if the information I've provided is not
sufficient, I can look for additional science on the subject.

Regards,

Bryon

On Wed, Jun 8, 2016 at 7:28 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

After yesterday's call I wanted to briefly suggest that you review your sections of Alexej
Siren's climate change powerpoint from the lynx workshop.  He did literature searches
for each of the areas and cites several key studies on snow and future climate.  I found
his citations useful.

Also, I noticed when doing the climate section for Maine there was a fair amount of
published literature on how climate change is  affecting and will affect snowpack
conditions in the Rockies.  This is a big issue for you folks for water management and
the ski industry, so I suspect some studies have been done.  I would suggest doing a
quick Google Scholar search for snow, climate change, etc. for your regions.  

thanks,  Mark

-- 
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
306 Hatchery Road
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
306 Hatchery Road
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

mailto:mark_mccollough@fws.gov
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*************************************************



From: Cummings, Jonathan
To: Jim Zelenak; Kurt Broderdorp; Mark McCollough; Tamara Smith; Heather Bell; Mary Parkin; Bryon Holt
Subject: Lynx SSA report feedback
Date: Monday, June 27, 2016 3:26:03 PM

Hi All,

I've read Ch 1&2, and the Northern Maine and Montana units in Ch 4&5.  You've made a lot of progress on the SSA report!  
I've made comments in the document, but here's a summary so you don't have to scroll through them all:

Chapter 1: Looks good, a few minor comments
Chapter 2: 

There is a lot of detail here which is good but I'm not sure all of it is necessary.  
I personally would remove (or move to appendices) detail that is not needed to understand the text in
chapters 4 and 5, I tried to note paragraphs where I thought that might be the case

Because there is a lot of text and detail 
include the influence diagrams here, and edit the text/diagrams so that they correspond with one
another and a diagram can be referred to as a reminder when reading later chapters.
Once the details of chapters 4 & 5 are known edit the text/diagrams in chapter 2 to focus on the
relevant details needed to understand chapters 4 & 5 and to match with the details from the EE
workshop results.

Chapter 4: 

Some of the detail here I think repeated information from chapter 2.  Check that the unit specific conditions are
unit specific, and describe current condition rather than:

ecological requirements which was chapter 2 and can be moved there, or
future condition, which can be moved to chapter 5.

There wasn't much detail on lynx status itself (i.e., lynx populations rather than lynx habitat).
include clear measures of distribution and abundance estimates where possible
estimates of lynx density within portions of a unit were included.  This can be a good proxy measure of
lynx population status. Highlight those density estimates more if that is the direct measure of lynx
population status being used

I noticed a potential mismatch between stated ecological requirements and realized lynx status (Re: snow duration)

Chapter 5: 

The is a substantial overlap in the text of some sections of chapter 4 and 5 currently, where the text looks
duplicated, aim to minimize redundancy
There wasn't much detail on lynx status itself (i.e., lynx populations rather than lynx habitat).
The expert elicitation section didn't really address lynx status (i.e., lynx populations), but mainly the
factors influencing lynx status (i.e., habitat/hare status)

Where are the lynx status results from the expert elicitation workshop?  I suggest including the figures
from the workshop report.

Overall my feedback is that this is very strong on supporting/secondary information (i.e., the ecological status of the systems
that supports lynx), which is good! There isn't much of what I think of as the primary information though, i.e., on lynx status
itself (viability measured with the relevant 3R measurable attributes).  I know that this primary information is less readily
available, particularly in the literature which makes it hard, but I think there could be more.  In particularly the viability
assessments provided by the expert elicitation are absent from what I read.  Currently the expert opinion section seemed to
focus on habitat status, and the status of other ecological requirements for lynx, but not the viability assessment results for
lynx populations.  Without inclusion of the EE workshop persistence results I felt like I was left to mentally assess lynx
population status in a geographic unit based on the description of habitat status rather than through a direct estimate of lynx
status provided via the text.

When I read an SSA or a FR notice I look for an easily understandable portrayal of the biological viability of the species,
presented in a way that I can clearly compare to other species.  The more directly the population status can be described, and
the more quantitatively, the easier that comparison is.  To me the purpose of information beyond a direct biological statement
of viability is to support and build trust that the presented biological viability is accurate.  Additional detail, at least for a
listing decision, is superfluous.  
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I know chapters 4 & 5 are still works in progress, so sorry if I'm just jumping ahead.  There is a lot here, and I think this is
actually quite close.  Working in the EE results shouldn't take much more than pasting in the figures and providing some
quick results summaries.  I might start here and then work backwards through the chapters to match up the details with those
results, or to include other important details the EE results didn't address.

Let me know if there are questions and how I can help!
Jonathan

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820
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From: Smith, Tamara
To: Peter Fasbender
Subject: subjects for Lori Nordstrom"s briefing paper
Date: Tuesday, June 28, 2016 9:44:09 AM

Hi Pete - 

In response to your request (at last week's staff meeting) for items to include in a briefing
paper for Lori Nordstrom - here are a few things on my list...the first two rank higher in terms
of office priorities. I can't remember when you said the briefing paper would be developed -
but here are some brief topics. Please let me know if you would like refined bullets, etc. for
any of these...

Rusty-patched bumble bee SSA is near completion. Based on a court order, a decision is due
Sept. 30, 2016. 

Poweshiek skipperling captive propagation plan has been developed in cooperation with the
MN Zoo, MNFI, and multiple other partners. Egg collection at two sites will occur in 2016 in
support of a head-start program. 

Canada lynx SSA is in preparation.  Draft recovery plan is due in  2018. 

Winged mapleleaf reintroductions will occur in 2016 in the St. Croix River at Hudson, WI, the
Mississippi River at Hidden Falls (St. Paul), and the Chippewa River in WI.

Spectaclecase - SSA ongoing for recovery planning

Thanks! 
-Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:tamara_smith@fws.gov
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From: Kurt Broderdorp
To: Peter McDonald (petermcdonald@fs.fed.us)
Subject: Lynx SSA
Date: Tuesday, July 05, 2016 7:39:00 AM

Peter, Ann Timberman asked to update you on the status of the lynx
species status assessment.  There is not very much to report.  Currently,
we are nearing completion of an internal draft of the document.  We
should begin assembling the document from the across the range this
week.  If you have any specific questions, please contact me.  Have a
good week.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
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From: Catton, Susan J -FS
To: Tamara_Smith@fws.gov
Cc: Belleman, Ann
Subject: RE: Estimate of lynx and hare habitat on the SNF
Date: Tuesday, July 05, 2016 11:09:42 AM

Sure!
 
1st tab  - total lynx habitat... is it NFS_HAB_AC? – Yes this is the total amount of lands capable of providing
suitable habitat for lynx on NFS lands within the LAU.  Not all may currently be in a suitable condition
currently.  On the second tab you will find the breakdown of NFS lynx habitat into currently suitable and
unsuitable foraging habitat
2nd tab -  foraging habitat... is it SS_HARE?  - SS_HARE is the acres of lynx habitat that is currently in a
suitable conditions for snowshoe hare and PCT_SSH is the percent.  UNS_SSHARE is the acres of snowshoe
hare habitat that is currently in an unsuitable condition.  PCT_CUH is percent unsuitable hare habitat. 
SQUIRREL is the amount of suitable squirrel habitat etc.  So depending on your definition of foraging
habitat you could use just suitable for Snowshoe hare or add snowshoe hare and red squirrel habitat together
to describe “foraging habitat”
3rd tab - denning... is it  DEN_ACRS? – yes and DHL5PLUS is the amount of denning habitat that is in patches
of 5 acres or greater
4th tab - connective habitat... is % connect habitat the PCT_CNHB? and the total acres the NFS_HAB_AC? –
PCT_CNHB is the percent of total lynx habitat that is in a condition to provide cover for travel. 
HFS_HAB_AC is total lynx habitat (same number as on tab 1)  If you want to know the acres of connective
habitat you can either add Col D (upland forest  acres) and Col F (lowland forest acres) or you can multiply 
col C by Col B
5th tab - 15%... is it UNSUIT15_A? – Yes.  However, we are taking another look at this because the way our
GIS model rule is currently written it reset the clock on the 15% last year with the roll over to the second
decade of forest plan implementation.  So this number does not reflect any thing that was made unsuitable in
2014 for example.  We are working on the best way to look at the “10 year period” timeline in the standard
and what it means.  Originally the Forest was using the decade 2005-2015 as the 10 year period however as
we got closer to the end of the first decade some district biologists started to use a rolling 10 year timeframe
to calculate this.  I would love to hear any thoughts you have on the best way to calculate this!
 
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Tuesday, July 05, 2016 9:41 AM
To: Catton, Susan J -FS <scatton@fs.fed.us>
Cc: Belleman, Ann <ann_belleman@fws.gov>
Subject: Re: Estimate of lynx and hare habitat on the SNF
 
Hi Susan, 
 
Thanks!  This is helpful - Can you tell me which column headings correlate to: 
 
1st tab  - total lynx habitat... is it NFS_HAB_AC?
2nd tab -  foraging habitat... is it SS_HARE? 
3rd tab - denning... is it  DEN_ACRS?
4th tab - connective habitat... is % connect habitat the PCT_CNHB? and the total acres the NFS_HAB_AC?
5th tab - 15%... is it UNSUIT15_A?
 
 No worries if you do not have the projections yet.
 
Thanks!

mailto:scatton@fs.fed.us
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-Tam
 
On Sat, Jul 2, 2016 at 3:06 PM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:

Hi Tam,
I have not had a chance to put the data into a more useful format yet.    In early August I
plan to work with this data and conduct our monitoring and evaluation of lynx habitat.  I’m
not sure what your timeframe is but will share that with you as soon as I have it.
 
In the meantime, I’ve attached the raw data (direct output from our GIS analysis) if this is
helpful for you. 
 
Please let me know if you need any help interpreting the tables.  Amount of total lynx
habitat can be found on the first tab, foraging habitat the second tab, denning on third tab,
connective habitat fourth tab and 15% on the fifth tab.  The data is presented by LAU so
you will need to sum it up if you want just one total. 
 
I’ll check with our GIS staff about projected acres.  I’ve requested it I’m just not sure if they
have completed it yet.
 
Cheers!
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Friday, July 01, 2016 11:21 AM
To: Catton, Susan J -FS <scatton@fs.fed.us>
Cc: Belleman, Ann <ann_belleman@fws.gov>

Subject: Re: Estimate of lynx and hare habitat on the SNF
 
Thank you Susan!  This is helpful.  Do you have any tables readily available that summarize
current lynx and hare habitat on the forest (e.g., % suitable, % unsuitable, etc.)? I am
interested in your future habitat projections also. Do you have any estimates of the degree of
fragmentation/contiguous forest on the SNF?
 
Have a great holiday, 
Tam
 
On Wed, Jun 29, 2016 at 12:39 PM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:

Hi Ann and Tam,
I recently receive data for lynx habitat on the forest. 
 
Here is the existing condition of lynx habitat in 2015:
Total lynx habitat – 1,277,734 ac
Suitable snowshoe hare habitat – 759,711 ac or 59.5% of total lynx habitat
Unsuitable for lynx -  23,808 ac or 1.9% of total lynx habitat
 
Here is my suggested update to your paragraph:
New
In 2015 (USDA 2016 unpublished) estimated that there was approximately 759,700acres
(60% of lynx habitat on the Superior National Forest) of suitable snowshoe hare habitat
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on the SNF and that only 23,800 acres of habitat on the SNF was in a condition
unsuitable to lynx.
 
Old
In 2011, (USDA 2011) estimated that there was approximately 789,900 acres (62% of the
SNF) of suitable snowshoe hare habitat on the SNF and that only 29,600 acres of habitat
on the SNF was in a condition unsuitable to lynx.  It was then estimated that by 2015,
snowshoe hare habitat would be 521,300 acres (42%) and that 48,000 acres (3.8%)
would be in unsuitable condition (USDA 2011).
 
We are working to publish a Monitoring and Evaluation Report this fall that will contain
updated lynx habitat for all our habitat indicator and also provide and evaluation of the
past 10 year of Forest Plan implementation.  It’s been a few years since we have
completed one of these reports.  I’m looking forward to working on this and sharing the
results with you.  In the meantime, let me know if you have needs for additional updated
lynx habitat data as I now have data current as of last year and a projection habitat with
proposal out to the year 2020.
 
Susan
From: Belleman, Ann [mailto:ann_belleman@fws.gov] 
Sent: Tuesday, June 28, 2016 3:30 PM
To: Tamara_Smith@fws.gov
Cc: Catton, Susan J -FS <scatton@fs.fed.us>
Subject: Re: Estimate of lynx and hare habitat on the SNF
 
I was waiting to see what, if any, new info was available from the Forest - based on your
info request - before diving into my question and/or lack of understanding. 
 
Ann

 
Ann Belleman
U.S. Fish and Wildlife Service
Twin Cities Field Office (TCFO)
4101 American Blvd. E
Bloomington, MN  55425-1665
 
ann_belleman@fws.gov
 
612-600-6122 (work cell) - This is my primary number!
952-252-0092 (TCFO) - Note: I work remotely. If you don't reach me on my work cell and need immediate
assistance, then please call this TCFO main number.
 
On Tue, Jun 28, 2016 at 3:20 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:

Hi Ann and Susan - Have you had any time to think about this?
 
Thanks! -Tam
 
On Fri, May 6, 2016 at 8:26 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
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Hi Susan,
 
I am trying to get a handle on the amount of suitable lynx and snowshoe hare habitat
across the SNF.  I used our 2011 BA/BO on the Forest Plan to write the paragraph
below - but wanted to check it for accuracy since the 2015 figures were estimated
based on modeling at the time.  Do you have more recent or updated acreage figures
than what was modeled back in 2011?
 
In 2011, (USDA 2011) estimated that there was approximately 789,900 acres (62%
of the SNF) of suitable snowshoe hare habitat on the SNF and that only 29,600 acres
of habitat on the SNF was in a condition unsuitable to lynx.  It was then estimated
that by 2015, snowshoe hare habitat would be 521,300 acres (42%) and that 48,000
acres (3.8%) would be in unsuitable condition (USDA 2011).
 
I'm not sure if you are the appropriate SNF person to ask this question - please
forward as appropriate.
 
Thanks!
-Tam
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator to



civil or criminal penalties. If you believe you have received this message in error, please
notify the sender and delete the email immediately.

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell



From: Smith, Tamara
To: Bush, Jodi
Cc: Mark McCollough; Bryon Holt; Kurt Broderdorp; Jim Zelenak
Subject: Re: Lynx SSA Peer Review Process-comments needed by COB TODAY
Date: Tuesday, July 12, 2016 4:06:25 PM
Attachments: Draft Final SOW Lynx SSA_July 15 2016_TS.doc

Hi Jodi - I've attached the document with just a few comments/edits/suggestions. Thank you
for the opportunity to provide feedback. 

Thanks, 
Tam

On Tue, Jul 12, 2016 at 12:38 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
As we discussed on Lynx Call today, we are moving forward with a outside contract to
conduct a PEER review for the Lynx SSA.  To meet contracting deadlines I need to do that
by Thursday.  Please look at attached SOW and questions.  I'm interested primarily in your
feedback on the questions (developed by your FIT crew), the stuff highlited and any other
high level comments you have.  Its only 6 pages.   JB

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

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell
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Order Statement of Work 
Peer Review (without attribution) of the Scientific Findings in  

U.S. Fish and Wildlife Service’s Species Status Assessment for the contiguous United States 
distinct population segment (DPS) of the Canada lynx (Lynx canadensis. 

 
Date: July 15, 2016 

 
1. Introduction/Background  
The U.S. Fish and Wildlife Service (Service) has conducted a species status assessment (SSA) as 
a first step to understand the current status of the contiguous United States distinct population 
segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened under the 
Endangered Species Act (Act).  The SSA is intended to inform and streamline the court-ordered 
recovery plan (due January15, 2018), assuming such a plan is deemed necessary . necessary. The 
SSA report will also serve as the basis for the five-year status review (initiated in 2007; 72 FR 
19549) required under the Act and would also provide the scientific foundation to support future 
rulemaking in accordance with the Act should the five-year review indicate that a change in the 
DPS’s listing status is warranted.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under the 
ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management of 
those forests included “...programs, practices, and activities within the authority and jurisdiction 
of Federal land management agencies that may threaten lynx or lynx habitat.  The lack of 
protection for lynx in these Plans render them inadequate to protect the species” (65 FR 16052).  
 
Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada and 
Alaska into southwest Colorado to establish the current resident population.  Additionally, the 
Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx  
 
As part of the Service peer review policy we are requesting peer review of this species status 
assessment (SSA). 
 
2.  Description of Review 
 
We are seeking peer review on this species status assessment (SSA). The purpose of the review 
is to help us ensure that we have used the best scientific and commercial information when we 
make our final decision as to the current status of the lynx. Thus, we are looking for independent 
scientific perspectives on the comprehensiveness and logic of the document, as well as how well 
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the technical conclusions are supported by the data and analyses. Peer Reviewers reviewers 
should be advised that they are not to provide advice on policy.  
 
3.  Methods, Protocols and/or Scientific Standards 
The independent peer reviewers shall be experienced senior-level ecologists, carnivore  
biologistscarnivore biologists, or population modelers, and furbearer managers who have 
previously conducted similar reviews or regularly provided reviews of research and conservation 
articles for the scientific literature. Reviewers must be well-versed in the demographic 
management of mammals, preferably lynx or other carnivores. Potential conflicts of interest 
include: employment or affiliation with the Service, the States, the Interagency Lynx 
Conservation Team, the Western Governors Association; peer reviewers who have offered a 
public opinion or a statement either for or against delisting; and peer reviewers directly or 
indirectly employed by or associated in any way with any organization that has either litigated 
the federal government concerning lynx or taken a position on one side or the other about 
recovery and listing of lynx. The contractor will be responsible for assigning an experienced, 
senior and well-qualified manager to lead this review and for the selection of 3-5 well-qualified, 
independent reviewers.  The expertise of qualified reviewers shall include at least 2 reviewers 
who meet 1 and 2 and 4, and at least one reviewer who meets 1 and 3 and 4: 
 
1. A Ph.D. or an M.S. (with significant experience) in Wildlife Biology/Ecology, Ecology, or 

Wildlife Management or other equivalent or related fields as long as they meet the other 
qualifications below. 

2. Demonstrated experience working with the management of large carnivores, especially lynx or 
other furbearers, and wildlife population management. 

3. Expert knowledge of wildlife biology, wildlife management, demographic management of 
mammals (especially carnivores), wildlife population dynamics, and/or wildlife 
population modeling, as well as being generally versed in available literature on lynx  and 
other carnivores, boreal forest systems, and changes in climate within boreal forest 
systems Andand/or, 3.   

4. Expert knowledge of boreal forest ecosystems and effects of climate change within those 
ecosystems within Canada and the U.S. is preferred.     

5. Experience as a peer reviewer for scientific publications. 
 
In addition, the reviewers must have no financial or other conflicts of interest with the outcome 
or implications of the report (reviewers should not be currently employed by the Service, the 
States or employed by or contracted by any organization that has either litigated or taken a 
position on lynx listing or recovery.  
  
The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 10 days, starting 60 days after the Service receives the 
reviews from the contractor. 
 
Peer Reviewers will provide individual, written responses. Peer Reviewers should be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
administrative record, and (2) will be made available to the public.  We will summarize and 
respond to the issues raised by the peer reviewers in the record.   

Comment [TAS1]: Capitalize or not? 

Comment [TAS2]: Carnivore population 
modelers or general population modelers? If the 
latter, remove “or” from the sentence. If the former, 
include the word carnivore before population 
modelers to qualify that. 

Comment [JB3]: Stay or go?  The States will 
have their own opportunity to review and provide 
comments on this document.  And since we are 
trying to have a review by folks who have no dogs in 
the fight this list might make sense… 

Comment [TAS4]: This sentence seems out of 
place here and if kept in, might be used as examples 
in the paragraph below that begins with “In 
addition…” 

Comment [TAS5]: Selection of 3-5 – does that 
mean that a minimum of three completed reviews are 
required or that just 3-5 persons will be asked to do 
the review? 

Comment [BH6]: I would then say something to 
the effect that if the contractor is considering 
scientists who work for any of the States in which 
lynx currently exist they should consider carefully if 
the sceintiest can be truly independent.  Perhaps they 
should all sign a statement anyway as to their ability 
to review the documents and provide comments 
without influence of their position or personal views.  

Comment [TAS7]: I think this type of language 
is pretty standard with peer reviews, so I think it is 
ok to keep in. This might be a good place for the 
highlighted sentence above. A statement like Heather 
mentions above for signature is a good idea – I think 
I’ve seen something like that before… 

Comment [JB8]: In or Out? 
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Please read the document carefully and evaluate it objectively.  Collectively, the review should 
cover, but not be limited to, the topics listed below. Individual reviewers should, at their own 
discretion, provide comments, criticisms, and ideas about any of the topics they feel qualified to 
comment on. The most valuable reviews will focus on how thoroughly and logically the topics 
have been treated, and how well the conclusions are supported by the data and analyses. Not all 
reviewers are required to address all issues noted below. Reviewers should comment on areas 
within their expertise, and may choose to abstain from other areas.   
 
Questions for Peer Review 
 

Available Data  
 

1. Please identify any oversights or omissions of data or information, and their relevance to 
the assessment. Are there others sources of information or studies that were not included 
that are relevant to assessing the viability of this species? What are they are how are they 
relevant?  

 
2. Provide advice on the overall strengths and limitations of the scientific data used in the 

document. Have the authors been explicit about concerns over the data, and are they 
qualified  correctly explained? Are there concerns that the Service should havedid not 
identify, identified, and if so, how relevant are these concerns to the assessment of 
viability of lynx in the contiguous U.S.? Are there any inconsistencies in how the data are 
presented or assessed?  

 
Analysis of Available Data 

 
3. Have the assumptions and methods used in the SSA report been clearly and logically 

stated in light of the best available information? If not, please identify the specific 
assumptions and methods that are unclear or illogical. 

 
4. Are there demonstrable errors of fact or interpretation? Have the authors of the SSA 

report provided reasonable and scientifically sound interpretations and syntheses from the 
scientific information presented in the report? Are there instances in the SSA report 
where a different but equally reasonable and sound interpretation might be reached that 
differs from that provided by the Service? If any instances are found where this is the 
case, please provide the specifics regarding those particular concerns. 

 
5. Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have 

the scientific uncertainties present, given the data and the analyses conducted, been 
clearly identified and has the degree of uncertainty been appropriately characterized? If 
not, please identify any the specific concernss. 

 
Text to be added to correspondence with Peer Reviewers:  
 

Comment [TAS9]: Here is an example of some 
language I saw in a recent review that I was asked to 
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…Restrict your technical comments to your area of 
expertise, but feel free to render opinions or raise 
questions about larger scientific issues that may be 
relevant.  To the extent possible, justify your 
comments with supporting evidence just as you 
would do when presenting your own scientific work.  
Please do not refrain from offering relevant opinions, 
but also label them as such.  Test your comments for 
fairness, objectivity and tone of delivery by asking 
yourself if you would be comfortable presenting 
your comments, face-to-face, to the author and a 
panel of your peers.  
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The Species Status Assessment process is a new tool the U.S. Fish and Wildlife Service is using 
to improve transparency while conducting listing determinations and other ESA actions, and 
peer review of our analyses of the viability of species is part of that new process.  As you will 
see, the attached draft SSA report is a rough draft; we are seeking your comments at this stage to 
ensure that we have time to incorporate any substantial comments as we finalize the report. 
 
As you review the document, please note that this draft SSA report does not result in or 
predetermine a decision by the Service on whether the Canada lynx warrants protections of the 
Endangered Species Act.  This document is strictly a characterization of the viability of the 
species. 
 
As a reminder, all peer reviews and comments will be public documents, and portions may be 
incorporated verbatim into the Service’s final decision Document, should there be one, with 
appropriate credit given to the author of the review.  If you do not want your name to appear in 
a final decision document, as published in the Federal Register, please inform us of this as soon 
as possible.   
 
In general we ask that your comments on the draft SSA report focus specifically on whether the 
best available information was used, the quality of the scientific information,  and, our 
interpretation and analyses of the data with regard to the species’ viability in the contiguous 
U.S.  We request that you direct your review to the scientific issues and assumptions related to 
your expertise. 
 
 
In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that services shall consist of 
unbiased assessments through proper management and enforcement of scientific integrity 
standards, to avoid any conflict of interest.   
 
 
4.  Required Service (Work) Items - Task Line Item Numbers (TLIN):  As described in the 
agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this requirement.  The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule: 
TLIN 001: Selecting for peer reviews or review panels, or for task orders to provide scientific 
support.  
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products.  
TLIN 003: Managing and producing a final product. 
TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 10 consecutive days)  
TLIN 005: Maintaining an official record for peer reviews or task orders.  
 
5.  Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement  
paragraph 3, which states, “The Contractor shall provide the COR with three key deliverables: 
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(1) Proposed Timeline, (2) Original individual scientific reviews and a transmittal letter to the 
Service (to Regional Director, Noreen Walsh), and (3) Complete Official Record.”  
  
There are no additional deliverables.  However, the contractor will be required to respond to 
questions, inquiries, or other related requests after the contract expiration date, and final 
acceptance, as needed.  These request(s) will be by the Contracting Officer Representative (in 
coordination with the Contracting Officer).  Inquiries or requests are limited to the products 
provided, and work performed under this contract (order).  Responses include, but not limited to: 
phone calls, written responses, and/or meetings.  
 
Review comments by the Contracting Officer Representative will be provided to the Contractor 
via the Contracting Officer. 
 
6. Task Schedule.   
The period of performance shall not exceed the contract expiration date without a contract 
modification.  In accordance with the terms of the contract, the contractor shall notify the 
Contracting Officer of any delays. Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early). Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 
 

TASK/DELIVERABLE CALENDAR 
DAYSAFTER 
AWARD 

Task 1:  Contracting Officer and COR will provide access 
to materials needed for the review  

 3 

Task 2:  The contractor(s) shall conduct a thorough, 
objective peer review of the Service Species Status 
Assessment for the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx 
Canadensis)  

 17 (14 days) 

Task 3:  The contractor(s) will provide 3-5 expert peer 
reviews and a transmittal letter to the Service (to Regional 
Director, Noreen Walsh)  

22 ( 5 days)  

Task 4:  The project manager facilitates specific follow-up 
questions/answers between the Service and the reviewers 
(task limited to a 10-day period, 60 days after delivering 
initial review comments to the Service).  

32 (10 days )   

Task 5: The project manager will provide all applicable 
official records to the project manager  

42 (10 days )  

  
   
7.  Official Administrative Record 
The preparation of an official administrative record is required. 
 

Comment [TAS10]:  You may want to state in 
the text that a minimum of three peer reviews is 
required for this contract.   
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8.  Information Sources 
The key information sources and links for this review will include the document referenced in 
the Notice of Availability published in the Federal Register:  (1) the Species Status Assessment 
for the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
Canadensis. Pertinent literature for each document will be provided.   
 
9.  Payment Schedule:   
 
The payment schedule is as follows:  100 percent upon completion of Task 5 above.   
 
 
10.  Points of Contact:   
Contracting Officer, Mr. Steve Gess.   Mr. Gess’s phone number is 303-236-4334 or email: 

steve_gess@fws.gov. 
 
Contracting Officer’s Technical Expert):  Marjorie Nelson, who can be reached at 303-236-
4258 or marjorie_nelson@fws.gov Project Leaders: Jim Zelenak, Mailing Address:  585 
Shepard Road, Suite 1, Helena, MT 59601 Telephone:  406.449.5225, ext. 220 Email:  
Jim_Zelenak@fws.gov 
 
11.  List of Enclosures/Attachments 

1. Species Status Assessment for the contiguous United States distinct population segment 
(DPS) of the Canada lynx (Lynx Canadensis);  

2. Final Report from the Canada Lynx Expert Elicitation Workshop 
3. Electronic copies of literature cited in each of the above documents 

 
 
12.  Evaluation Criteria (This paragraph will be deleted upon award) 
This requirement will be awarded based on best value.  Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (raptor or eagle 
ecologist/statistician/modeler having performed similar reviews) (reference paragraph 3).   
 
Price must detail cost in accordance with the agreement.  The approach must include a detailed/ 
proposed schedule (timeline), and the disciplines/skill mix of reviewers.  The approach should be 
no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs.  All 
contractors must propose five reviewers.  Be sure to include the discipline/skills of all reviewers 
(e.g., a resume or CV).   

Comment [JB11]: Anything else?  The 
workshop report… 

Comment [JB12]: Who should this be?  
Heather?  Someone else? 
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From: Kurt Broderdorp
To: Jim Zelenak
Subject: RE: Lynx SSA Report
Date: Wednesday, July 13, 2016 8:08:00 AM

Jim, Sorry I missed the call, I am going through another bout with
stomach issues.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, July 12, 2016 4:38 PM
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Jodi Bush
Subject: Lynx SSA Report
 
Hi Team,
 
We had a Core and FIT Teams call today that only Tam was able to make - I know some of
you had previously mentioned NCTC training and annual leave.
 
We discussed contracting out the peer review, and you should have seen Jodi's draft Scope of
Work for that and supplied comments.
 
We also discussed the schedule. I need to have the draft report ready for  review by the FIT
Team by Monday, July18.  Therefore, I need all of you to have your sections completed and as
tight and concise and well-cited as possible by COB this Friday, July 15.  Please try to address
missing template items in Ch. 4 and 5 if you have any.
 
I am working on the non-Federal part of the Regulatory Mechanisms section of Ch. 3 and I
need you to look at that section and see if there are any regs., etc. that influence lynx on non-
federal lands in your unit that are not addressed (or inadequately addressed).  If so, please
provide a brief addition of what you think is missing.  Most of that info comes from the CH
IEM with a few edits.  It does not have specific info for Colorado because we did not
designate CH there - that means, Kurt, I'll need you to supply any pertinent info for that part. 
The intent is to have a pretty broad brush approach in Ch. 3 and note that additional detail, if
necessary, will provided in the unit-specific parts of Ch. 4 and 5. I will also be working on the
fire mgmt. part of chapter 3 and completing my units in Ch. 4 and 5.  hopefully also getting to
the synthesis. 
 
We will have a Core Team call next Tuesday, usual time. We will also have a FIT Team call
on Monday, July 25 too see where they are with the review, and we will likely begin detailed
Core Team review, editing, and addressing FIT comments then.  While FIT is reviewing, Core
will need to continue working on pg. nos. for citations and adding full citations to the Lit Cited
part of the report.

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov


 
Let me know if you have questions.
 
Thanks,
 
Jim 
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Karl Halupka
To: Jim Zelenak; Bryon Holt
Subject: FW: FW: DNS 16-038: UPLISTING LYNX FROM A STATE THREATENED SPECIES TO A STATE ENDANGERED

SPECIES - Multiple Counties
Date: Friday, July 15, 2016 9:10:33 AM
Attachments: DNS 16-038 Uplist Lynx from ST to SE.pdf

checklist SEPAChecklist_Lynx_8July2016-signed.pdf
Lynx_PSR_PubRevDraft_12July2016wcov.pdf

Hi Jim and Bryon,
This is likely old news for you, but it caught me by surprise.
Passing along to make sure it’s on your radar.
Cheers,
k
 
Karl Halupka
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
Phone:  509-665-3508 x 2001
Fax:      509-665-3509
www.fws.gov/wafwo/
 
From: Krupka, Jeff [mailto:jeff_krupka@fws.gov] 
Sent: Thursday, July 14, 2016 3:20 PM
To: Karl Halupka; Cynthia Raekes; Sierra Franks; Stephen Lewis; Timothy McCracken; Judy Neibauer;
Greg Van Stralen; Heather McPherron; Steve Croci
Subject: Fwd: FW: DNS 16-038: UPLISTING LYNX FROM A STATE THREATENED SPECIES TO A STATE
ENDANGERED SPECIES - Multiple Counties
 
FYI - WDFW is proposing a state up-listing of the lynx
 
Jeff Krupka, Supervisory Fish and Wildlife Biologist
USFWS - Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
509.665.3508 x2008 (tel)
www.fws.gov/wafwo/
 
---------- Forwarded message ----------
From: Jessica Gonzales <jessica_gonzales@fws.gov>
Date: Tue, Jul 12, 2016 at 3:45 PM
Subject: FW: DNS 16-038: UPLISTING LYNX FROM A STATE THREATENED SPECIES
TO A STATE ENDANGERED SPECIES - Multiple Counties
To: Jeff Krupka <Jeff_Krupka@fws.gov>

FYI
 
From: SEPADesk2 (DFW) [mailto:SEPAdesk2@dfw.wa.gov] 
Sent: Tuesday, July 12, 2016 2:01 PM

mailto:karl_halupka@fws.gov
mailto:jim_zelenak@fws.gov
mailto:bryon_holt@fws.gov
http://www.fws.gov/wafwo/
mailto:jeff_krupka@fws.gov
http://www.fws.gov/wafwo/
mailto:jessica_gonzales@fws.gov
mailto:Jeff_Krupka@fws.gov
mailto:SEPAdesk2@dfw.wa.gov


To: SEPADesk2 (DFW)
Subject: DNS 16-038: UPLISTING LYNX FROM A STATE THREATENED SPECIES TO A STATE
ENDANGERED SPECIES - Multiple Counties
 
The Washington Department of Fish and Wildlife has prepared the attached DNS in
accordance with the State Environmental Policy Act regulation. This DNS is being circulated
for review by all agencies with jurisdiction.  
 
We appreciate your review of the proposal and return of comments no later than 5:00 pm on
October 10, 2016.  This proposal will not be acted upon before that time.
 
Lisa Wood
SEPA Responsible Official and HPA Appeals Coordinator
Habitat Program - Protection Division - Regulatory Services
WASHINGTON DEPARTMENT OF FISH AND WILDLIFE
600 Capitol Way N | Olympia, WA  98501
p (360) 902-2260 | f (360) 902-2946
Lisa.Wood@dfw.wa.gov
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Periodic Status Review for the Lynx
  STATE OF WASHINGTON                            June 2016

Washington Department of 
FISH AND WILDLIFE
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Jeffrey C. Lewis

DRAFT



The Washington Department of Fish and Wildlife maintains a list of endangered, threatened, and sensitive 
species (Washington Administrative Codes 232-12-014 and 232-12-011).  In 1990, the Washington Wildlife 
Commission adopted listing procedures developed by a group of citizens, interest groups, and state and fed-
eral agencies (Washington Administrative Code 232-12-297).  The procedures include how species listings 
will be initiated, criteria for listing and delisting, a requirement for public review, the development of recovery 
or management plans, and the periodic review of listed species.

The Washington Department of Fish and Wildlife is directed to conduct reviews of each endangered, threat-
ened, or sensitive wildlife species at least every five years after the date of its listing by the Washington Fish 
and Wildlife Commission.  The periodic status reviews are designed to include an update of the species status 
report to determine whether the status of the species warrants its current listing status or deserves reclassi-
fication.  The agency notifies the general public and specific parties who have expressed their interest to the 
Department of the periodic status review at least one year prior to the five-year period so that they may submit 
new scientific data to be included in the review.  The agency notifies the public of its recommendation at least 
30 days prior to presenting the findings to the Fish and Wildlife Commission.  In addition, if the agency de-
termines that new information suggests that the classification of a species should be changed from its present 
state, the agency prepares documents to determine the environmental consequences of adopting the recom-
mendations pursuant to requirements of the State Environmental Policy Act.

This document is the Draft Periodic Status Review for the Lynx.  It contains a review of information pertain-
ing to the status of the lynx in Washington.  It was reviewed by species experts and will be available for a 
90-day public comment period.  All comments received will be considered during the preparation of the final 
periodic status review.  

The Department intends to present the results of this periodic status review to the Fish and Wildlife Commis-
sion at a meeting in Olympia in November 2016.

Submit written comments by e-mail on this report by 10 October 2016 to:  
T&Epubliccom@dfw.wa.gov 

Or by mail to: 
Listing and Recovery Section Manager, Wildlife Program
Washington Department of Fish and Wildlife
600 Capitol Way North, Olympia, Washington 98501-1091

This report should be cited as:
Lewis, J. C. 2016. Draft periodic status review for the Lynx in Washington. Washington Department of Fish 

and Wildlife, Olympia, Washington.  10 + iii pp.

On the cover: Photo of lynx by U. S. Forest Service; background by Scott Fitkin.  
Black and white illustration on title page by Darrell Pruett

This work was supported in part by 
personalized and endangered species 
license plates
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EXECUTIVE SUMMARY 

 

The lynx is one of three wild felids that are native to Washington State.  It occurred historically in the 

boreal forests within the Cascade Range and northeastern Washington.  A number of factors, including 

trapping for fur, likely contributed to the contraction of the lynx range in Washington. The lynx is now 

largely restricted to the boreal forests in western Okanogan County in the northeastern Cascades, a 

fraction of its former range. To protect the species, lynx trapping in Washington was prohibited in 1991, 

and lynx were state and federally listed as a threatened species in 1993 and 2000, respectively.  The 

resident population in the northeastern Cascade Range has been impacted by numerous large wildfires in 

the past 20 years, which removed large areas of suitable habitat for lynx.  The loss and fragmentation of 

habitat as a result of wildfires and the direct and indirect effects of climate change are considered 

substantial threats. As a small population located at the margin of the species global range, the 

Washington lynx population is vulnerable to a number of demographic factors that could influence its 

likelihood of persistence including the stochastic effects of survival, reproduction, and sex ratio of litters, 

density dependence or Allee effects, and lack of immigration from British Columbia.  These factors are 

likely to work in concert with habitat loss and fragmentation to threaten the remaining lynx population in 

Washington.  Given the 1) observed range contraction Washington following protection efforts, 2) the 

substantial loss of habitat in the last 20 years, and 3) the ongoing and anticipated threats to lynx 

population persistence, we recommend that the status of the lynx in Washington be changed from 

threatened to endangered. 
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DESCRIPTION & LEGAL 

STATUS 

 

The lynx (Lynx canadensis) is the rarest of 

the three native felids that occur in 

Washington State, which also include bobcats 

(Lynx rufus) and mountain lions (Felis 

concolor).  Lynx are slightly larger than 

bobcats and smaller than cougars, with adults 

averaging 8.5-10.0 kg and males being 

slightly larger and heavier than females.  The 

lynx’s longer legs, larger paws, fuller facial 

ruff, longer ear tufts (Figure 1), and the 

entirely black tip of its tail distinguish it from 

bobcats.  Lynx were prized as a fur-bearing 

species but concern about decreasing 

population size led to protection from trapping or hunting in Washington in 1991.  The species was listed 

as a state threatened species in 1993 and a recovery plan was developed for the lynx in Washington 

(Stinson 2001); lynx were federally listed as a threatened species in 2000 (USFWS 2000).  A federal 

status review for the lynx is currently being conducted by the U.S. Fish and Wildlife Service (USFWS 

2015).  

DISTRIBUTION 

Figure 2.  Lynx management zones (LMZs) in Washington indicate the general 
areas historically occupied by lynx in northcentral and northeastern Washington. 

Figure 1. Lynx 
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The range of the lynx includes much of the boreal forest of North America, and its range extends south 

from northern Canada and Alaska to several areas of the contiguous United States including Washington, 

the northern and central Rocky Mountains (in Idaho, Montana, Wyoming, Utah, and Colorado), and the 

northern portions of Minnesota, Michigan, Vermont, New Hampshire and Maine (Anderson and Lovallo 

2003, Poole 2003).  Lynx once occurred throughout the high-elevation conifer forests of northcentral and 

northeastern Washington from the Cascade crest in western Okanogan and Chelan Counties east to Pend 

Oreille County (Figure 2).  Historical observations suggest that lynx may have also occupied portions of 

the southern Cascade Range and the Blue Mountains (Dalquest 1948).   

 

 

NATURAL HISTORY  

 

Habitat requirements. Lynx inhabit boreal, sub-boreal and subalpine forests in North America (Aubry et 

al. 2000, Mowat et al. 2000).  In Washington, lynx currently occur in mid to high-elevation forested 

habitats (generally >1400 m elevation) in the northeastern portion of the Cascade Range (Koehler et al. 

2008).  Forests dominated by Engelmann spruce (Picea engelmannii), subalpine fir (Abies lasiocarpa), 

and lodgepole pine (Pinus contorta) were selected by lynx, whereas those dominated by Douglas-fir 

(Pseudotsuga menziesii) or ponderosa pine (Pinus ponderosa) were avoided (Koehler 1990, Koehler et al. 

2008, Maletzke et al. 2008).  Koehler et al. (2008) found that lynx selected forest stands at elevations 

ranging from 1525 m to 1829 m with moderate canopy and understory cover, and avoided open areas, 

recently burned areas (<10 years after a burn), and areas with steep slopes. 

 

Lynx are highly specialized predators; snowshoe hares (Lepus americanus) generally comprise 50-100% 

of the lynx’s diet throughout its range (Aubry et al. 2000, Mowat et al. 2000, Roth et al. 2007).  A 

dependence on snowshoe hares was also indicated by the coincidence of the lynx range with that of the 

snowshoe hare (Anderson and Lovallo 2003, Murray 2003) and the synchronized population cycles of 

these two species in much of northern North America (Krebs et al. 2001).  Snowshoe hares were the 

dominant prey in the lynx diet in Washington as indicated by the detection of snowshoe hares in 23 of 29 

(79%) scats collected by Koehler (1990) and in 40 of 46 (87%) collected by von Kienast (2003); red 

squirrels (Tamiasciurus hudsonicus) were the second most important prey species in both studies.  The 

importance of snowshoe hares in the diet of Washington lynx was also apparent in the large proportion of 

prey chases (75% [Koehler 1990], 61% [von Kienast 2003]), and captures (81% [Maletzke et al. 2008]) of 

snowshoe hares found during lynx snowtracking studies.   

 

Lynx select early seral forest habitats because these forests frequently support the greatest densities of 

snowshoe hares (Aubry et al. 2000).  Snowshoe hares are closely tied to understory cover provided by 

shrubs or young trees, and hare density may increase with understory density (Hodges 2000).  A moderate 

to dense understory is commonly found in early seral-forests.  In northcentral Washington, Koehler 

(1990) found that snowshoe hares were most abundant in 20-year old lodgepole pine stands (i.e., early 

seral), and these same forests were commonly used by lynx, as well as Engelmann spruce and subalpine 

fir forests.  Lewis et al. (2011) found that sapling density was the best predictor (+ relationship) of 

snowshoe hare density in northcentral Washington and was strongly correlated to understory cover.  

Importantly, snowshoe hares can be found in older forests as well.  Although strong links between lynx 

and older forests have yet to be detected in Washington, studies in the nearby Rocky Mountains of 

Montana have documented selection for mature, multi-storied forests with high horizontal cover in winter 

(Squires et al. 2010).  
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In the southwestern portion of their global range (i.e., southwestern Canada, northwestern US), den sites 

of radio-collared lynx have been located within late seral forests (stands >200 years old) of Engelmann 

spruce, lodgepole pine and subalpine fir (Koehler and Brittell 1990, Koehler 1990, Aubry et al. 2000).  

Understory structure is likely the most important determinant for adequate denning cover as young-aged 

forests can also provide denning cover.  Den sites were commonly located in spaces under a pile of fallen 

trees (following windthrow, disease or a burn) that provide cover for kittens (Interagency Lynx Biology 

Team 2013).   

 

Movements and dispersal. Lynx make long distance movements (up to 1100 km) during juvenile 

dispersal or when individuals of both sexes and all ages leave established populations in northern boreal 

forests when snowshoe hare population are at the low phase of the population  cycle (Poole 1997, 2003;  

Mowat et al. 2000; Schwartz et al. 2002).  The long distance movements of lynx help to explain the 

limited genetic structure among lynx populations in North America (Schwartz et al. 2002).    

 

POPULATION AND HABITAT STATUS 

 

Occupied habitat. Washington’s lynx population now appears to be largely restricted to western 

Okanogan and northern Chelan Counties as well as the eastern edges of Whatcom and Skagit Counties 

and largely coincides with the Okanogan LMZ (Figure 3).  The Okanogan LMZ is dominated by federal 

lands including the Okanogan-Wenatchee National Forest, North Cascades National Park, and the Mount 

Baker-Snoqualmie National Forest.  The Loomis State Forest is managed by Washington Department of 

Natural Resources (WDNR; Figure 2) and comprises a significant portion of the lynx habitat in the 

Okanogan LMZ.  The Colville National Forest is located in Ferry, Stevens and Pend Oreille Counties and 

comprises the bulk of the land in the five eastern LMZs.  Lynx have been detected on three occasions in 

Stevens and Pend Oreille Counties since 2005 (Figure 3), however numerous systematic lynx surveys 

conducted in northeastern Washington since 2005 failed to detect lynx (Table 1) and indicate that resident 

lynx populations no longer occupy Ferry, Stevens and Pend Oreille Counties.  
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Figure 3.  Lynx detections (green circles) from track surveys, lynx captures, or photographs in 
Washington from 2005-2015. The red shaded area delineates portions of the Okanogan LMZ (grey 
shading) burned from 1992-2015 (33.5% of the LMZ). 
 
 
 
Population trend and viability.  There is little information available to estimate the size of the lynx 

population that was present in Washington historically.  In addition, even though recent telemetry and 

detection data indicate that lynx occupy the Okanogan LMZ, there are few data to indicate the distribution 

of lynx in this LMZ or the amount or configuration of suitable habitat required to support male or female 

lynx occupancy within this LMZ.  Koehler et al. (2008) estimated the number of lynx occurring in 

Washington at approximately 87 individuals based on estimates of home range size and available suitable 

habitat.  Revised estimates made in 2015 of average home range sizes of lynx in Washington and the 

Table 1.  Location, timing, techniques used, and results of lynx surveys conducted in northeastern 
Washington since 2005.   

LMZ Year(s) Survey technique
a
 Lynx 

detections
b
 

Surveyors
c
 

Little Pend Oreille 2014 Camera Stations (n=10) 0 Washington State Univ. 

Kettle 2009-11 Hair-snare stations (n=50) 0 USFS, WDFW & CNW 

Kettle 2008 Track surveys (158.5 miles) 0 WDFW & USFS 

Kettle 2007 Track surveys (150.5 miles)  0 WDFW & USFS 

Salmo-Priest 2006 Track surveys 0 WDFW & USFS 

Kettle 2005 Track surveys 0 WDFW 

Salmo-Priest 2005 Track surveys 0 USFS 
a Track surveys involve looking for and identifying lynx tracks in the snow while driving a snowmobile on trails and roads within 

LMZs. Total number of miles surveyed are listed when known.  
b Although lynx were not detected during these surveys, lynx were incidentally detected on 3 occasions in northeastern Washington 

since 2005 (Figure 3). 
c USFS = U.S. Forest Service (Colville National Forest), WDFW = Washington Department of Fish and Wildlife, CNW = 

Conservation Northwest. 
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extent of suitable habitat in the Okanogan LMZ (B. Maletzke, Washington Department of Fish and 

Wildlife, unpublished data) suggested that the carrying capacity for female lynx has declined from 43 in 

1996 to 27 in 2014 (Table 2).  The loss of suitable habitat has resulted largely from extensive wildfires 

that have occurred in this LMZ since 1992 (Figure 3).  No formal population viability assessment has 

been conducted to evaluate the likelihood of lynx persisting in the Okanogan LMZ.  However, the 

continued viability of this population is in question because of the risks associated with 1) the recent loss 

and fragmentation of suitable habitat (from wildfires), 2) the small estimated female carrying capacity, 

and 3) uncertainty about the extent that lynx immigration from British Columbia supports this population.   

 

 

FACTORS AFFECTING CONTINUED EXISTENCE 

 

Adequacy of Regulatory Protection 
 

Federal Listing.  The lynx has been federally listed as a threatened species since 2000, which protects the 

lynx from take or harassment. Throughout its range in the contiguous U.S. the lynx is threatened by 

human alteration of forests, low numbers as a result of past overexploitation, expansion of the range of 

competitors (bobcats (Felis rufus) and coyotes (Canis latrans)), and elevated levels of human access into 

lynx habitat (USFWS 2000, 2015).  In addition, the area of Washington State currently occupied by lynx 

is designated as critical habitat (USFWS 2014), providing an additional layer of evaluation to all proposed 

actions with a federal nexus.  Critical habitat for lynx is predominantly composed of National Forest lands 

that are managed under the federal lynx conservation strategy (Interagency Lynx Biology Team 2013) or 

Washington Department of Natural Resources (WDNR) lands that are managed under a lynx habitat 

management plan (WDNR 2006).   

 

State Listing. The lynx has been listed as a threatened species within Washington State since 1993 

(Stinson 2001).  This listing prompted the development of Washington Department of Natural Resources’ 

(WDNR) Lynx Habitat Management Plan (WDNR 1996, 2006), which was implemented on over 5 

million acres of state forest lands in lieu of a state-wide forest practices rule for the lynx.  There has been 

no trapping or hunting season for lynx in Washington since 1991 (Stinson 2001), and the state listing 

protects lynx from take or harassment.   

  

Loss and Fragmentation of Habitat. From 1992 to 2015, 3130 km
2
 of forest cover in the Okanogan LMZ 

has been burned by wildfires (Figure 3).  Given slow growing conditions in high-elevation forests where 

lynx occur, a regeneration period of 10-40 years is generally required to create suitable winter habitat for 

snowshoe hares and, consequently, foraging habitat for lynx (Interagency Lynx Biology Team 2013).  

Habitat may also be lost as a result of timber harvest within the Okanogan LMZ, but the bulk of habitat 

loss is due to large wildfires that burn subalpine fir, Engelmann spruce and lodgepole pine forests at mid 

and high-elevations.  For example, approximately 18% of the Okanogan LMZ was burned in 2006 (865 

km
2
; 9% of the LMZ) and 2015 (857 km

2
; also 9%), which resulted in the substantial loss of high-quality 

lynx habitat.  Given the small and isolated nature of the population, the recent loss of habitat from 

wildfires, and the anticipated effects of climate change (Interagency Lynx Biology Team 2013), 

additional loss (and fragmentation) of habitat due to large wildfires is a major threat to the population in 

the Okanogan LMZ.  

 

Demographic Factors. WDFW estimated that the Okanogan LMZ could support approximately 27 

female lynx (Table 2; and presumably a similar number of males for a total of 54 lynx) (WDFW 

unpublished data); however this does not indicate the actual number of lynx that currently occupy the 

LMZ, which could be significantly fewer than 54 due to the fact that all suitable habitat may not be 
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occupied.  As a small population located at the margin of the species range, the Washington lynx 

population is vulnerable to a number of demographic factors that could influence its likelihood of 

persistence.  These demographic factors include the stochastic effects of survival, reproduction, and sex 

ratio of litters (Lande 1993); density dependence or Allee effects (Gascoigne et al. 2009); and 

immigration from, or emigration to, British Columbia (Vanbianchi 2015).   

 
Table 2.  Estimated area of suitable habitat and female carry capacities of lynx management zones in 
northcentral and northeastern Washington in 1996 and in 2014 (B. Maletzke, WDFW, unpublished data).    
Lynx Management Zone 1996  2014 

Habitat 

(km
2
) 

Est.♀ carrying 

capacity 

 Habitat 

(km
2
) 

Est. ♀ 

carrying 

capacity 

Okanogan 2581 43  1630 27 

Kettle 404 8  376 7 

Wedge, Little Pend Oreille, and 

Salmo Priest 

785 7  784 7 

 

Lynx are currently trapped for their fur in the area just to the north of the Washington border. Trapping in 

British Columbia thus removes potential immigrants that could bolster the population in the Okanogan 

LMZ or could remove emigrants from this population that might have returned.  Moreover, immigration 

to Washington may be limited by the distribution of suitable habitats, as well as impediments and barriers 

to movement (e.g., highways, cities, rivers, and railroads) in southern British Columbia (Washington 

Wildlife Habitat Connectivity Working Group 2010). 

 

Climate Change.  Climate change is expected to have a significant influence on the continued existence 

of lynx in Washington by altering the extent and quality of habitats that can be successfully exploited and 

occupied by lynx (Interagency Lynx Biology Team 2013).  Specifically, climate change is expected to 

reduce the extent of suitable habitat by 1) increasing the frequency, intensity or distribution of wildfires 

(McKenzie et al. 2004, Westerling et al. 2006), 2) promoting forest types that provide lower quality 

habitat for lynx and snowshoe hares (e.g., Douglas fir, ponderosa pine; Gonzalez et al. 2007), and 3) 

altering the spatial/elevational extent and physical qualities (e.g., depth, density, consistency) of the 

snowpack required by lynx and snowshoe hares (Interagency Lynx Biology Team 2013).  In addition to 

eliminating suitable habitat, climate change effects could also decrease habitat quality (e.g., by reducing 

the availability of deep snow) and thereby diminish the competitive advantage lynx have over bobcats and 

coyotes for snowshoe hares that is conferred by lower foot-loading (Buskirk et al. 2000).  Reduced 

snowpack could also expose lynx to a greater risk of predation by wolves or mountain lions (Buskirk et 

al. 2000).  Climate change could also affect lynx by enabling novel disease-causing pathogens or parasites 

to become invasive or by increasing the prevalence of existing ones. The lynx management plan for 

British Columbia indicates that lynx populations in southern B.C. are likely to decline if climate change 

proceeds on its current trajectory (Apps and Kinley 2006). 
 

Other Factors Affecting Lynx. Lynx may avoid areas with high levels of winter recreational use (i.e., 

snowmobiling and snowmobile trails), but appear to consistently use areas with moderate or low levels of 

use (Interagency Lynx Biology Team 2013).  It has been hypothesized that snowmobile trails could 

improve the accessibility of lynx habitat to coyotes and bobcats, which are potential competitors of lynx 

for snowshoe hares (Buskirk et al. 2000); however, Kolbe et al. (2007) found that snowmobile trails did 

not appreciably influence the movements or foraging behaviors of coyotes.  Although incidental captures, 

illegal killing, vehicle collision mortalities, and disease events have been reported in the literature 

(Interagency Lynx Biology Team 2013), the effects of these factors do not appear significant enough to 

affect the persistence of lynx in Washington. 
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MANAGEMENT ACTIVITIES 

 
Habitat management. Lynx habitat management on National Forest lands follows the lynx conservation 

strategy as incorporated into specific National Forest management plans.  This management involves 

identifying and protecting high quality habitat mosaics occupied by reproductive populations of lynx (i.e., 

core areas: Interagency Lynx Biology Team 2013).  While the conservation strategy has been considered 

sound, the monitoring efforts associated with strategy implementation have been inadequate to determine 

if the strategy is successful in the Okanogan LMZ.  However, given the extensive protection of the federal 

landscapes occupied by lynx, it is unclear how additional measures could be employed to improve habitat 

conditions on federal lands if monitoring efforts indicate limited occupancy by lynx. 

 

On the Loomis State forest and other Washington state lands in northeastern Washington, WDNR lynx 

habitat management involves 1) providing a mosaic of forest successional stages over time that are 

suitable for lynx foraging, denning and travel within recognized lynx analysis units (i.e., units are 

approximately the size of an average female lynx home range), and 2) providing habitat connectivity 

between denning and foraging areas (WDNR 2006). In 2011, WDFW and WDNR created additional 

interim management guidelines for lynx habitat in the Okanogan LMZ to achieve “no net loss” of quality 

forage habitat for lynx (WDFW and WDNR, 2011, unpubl. guidelines). Monitoring efforts to detect lynx 

presence have been initiated in the Loomis in 2015, and these can provide an indication of the success of 

WDNR’s habitat plan, however additional monitoring efforts are required to evaluate its overall success.  

It will be important for the upcoming update of WDNR’s habitat management plan (i.e., due in 2016) to 

include findings from recent and ongoing research on the habitat use of snowshoe hares and habitat 

selection by lynx.  The plan should also incorporate monitoring results to show how habitat goals for lynx 

are being met, and to validate assumptions made in the plan to predict habitat availability at prescribed 

time-frames.     

 

Population monitoring. From 2005 to 2014 there were a number of formal surveys conducted in the 

Kettle, Little Pend Oreille and Salmo-Priest LMZs that resulted in no detections of lynx (Table 1); no 

formal surveys were conducted during this time in the Vulcan-Tunk, Wedge, or Okanogan LMZs. 

Consequently, we lack reliable information on the current status of the lynx population in the Okanogan 

LMZ; however, there have been a number of verifiable detections of lynx within this LMZ since 2005 

obtained during research studies or incidentally (Figure 3).  New surveys for lynx were initiated in 2015 

in the Kettle, Wedge, and Okanogan LMZs by Dan Thornton (Washington State Univ.) and his students; 

their preliminary results include only lynx detections within the Okanogan LMZ. 

 

Research. Since 1990, there has been a substantial amount of field research focused in the Okanogan 

LMZ to evaluate home range composition (Koehler and Brittell 1990), density (Koehler and Brittell 1990; 

Koehler et al. 2008; A. Scully and D. Thornton, WSU, ongoing), habitat selection (Von Kienast 2003, 

Maletzke 2004), and habitat connectivity (Vanbianchi 2015) of lynx.  Research has also focused on the 

habitat selection (Koehler 1990), habitat matrix and density (Koehler 1990; Walker 2005; Lewis et al. 

2011) and predation of snowshoe hares (A.Wirsing and students, UW, ongoing).   

 

Partners and Cooperators   
A number of state and federal agencies, tribes, universities, and conservation organizations have been 

conducting and contributing to lynx surveys (Table 1) and research in Washington.  These include, but are 

not limited to, the U.S. Forest Service, U.S. Fish and Wildlife Service, Washington Department of 

Natural Resources, Washington Department of Fish and Wildlife, Conservation Northwest, Colville 
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Confederated Tribes, University of British Columbia Okanagan, Washington State University, and 

University of Washington.  Representatives from these agencies and organizations have been involved in 

meetings/workshops at the 2014 and 2015 Wildlinks conferences (http://www.conservationnw.org/what-

we-do/wildlife-habitat/wildlinks) to discuss lynx status and recovery in Washington.   

 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

Available information indicates that the distribution of lynx in Washington has become more restricted 

recently and that western Okanogan County is the only area that currently supports a resident lynx 

population.  Estimates of population size, while rudimentary, suggest that this population may include 

approximately 54 individuals.  Threats to this population include loss and fragmentation of habitat due to 

wildfire, small population size, demographic stochasticity, and the unpredictable effects of climate 

change.  There has been no indication that the conservation status of Washington’s lynx population has 

improved since it was state (1993) or federally (2000) listed.  Given the reduced distribution, small and 

restricted population, and an increase in the number and severity of threats to lynx in Washington, 

WDFW recommends that the status of the lynx in the state be changed from threatened to endangered.  

Up-listing the lynx from threatened to endangered status at either the federal or state level could result in 

new efforts to conserve lynx habitats and populations, and it could focus greater attention on these efforts 

and lynx conservation in Washington and throughout North America.   

http://www.conservationnw.org/what-we-do/wildlife-habitat/wildlinks
http://www.conservationnw.org/what-we-do/wildlife-habitat/wildlinks
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WASHINGTON STATE STATUS REPORTS, PERIODIC STATUS REVIEWS, 

RECOVERY PLANS, AND CONSERVATION PLANS 

 

Status Reports    

 

2015 Tufted Puffin 

2007 Bald Eagle      

2005 Mazama Pocket Gopher,  

 Streaked Horned Lark, and 

 Taylor’s Checkerspot   

2005 Aleutian Canada Goose    

2004 Killer Whale      

2002 Peregrine Falcon     

2000 Common Loon     

1999 Northern Leopard Frog    

1999 Olympic Mudminnow    

1999 Mardon Skipper     

1999 Lynx Update 

1998 Fisher      

1998 Margined Sculpin    

1998 Pygmy Whitefish    

1998 Sharp-tailed Grouse    

1998 Sage-grouse     

1997 Aleutian Canada Goose    

1997 Gray Whale     

1997 Olive Ridley Sea Turtle     

1997 Oregon Spotted Frog    

1993 Larch Mountain Salamander 

1993 Lynx 

1993 Marbled Murrelet 

1993 Oregon Silverspot Butterfly 

1993 Pygmy Rabbit  

1993 Steller Sea Lion 

1993 Western Gray Squirrel 

1993 Western Pond Turtle 

Periodic Status Reviews 

 

2016 Killer Whale 

2016 Streaked horned Lark 

2016 Greater Sage-grouse 

2016 Snowy Plover 

2016 Northern Spotted owl 

2016 Western Gray Squirrel 

2015 Brown Pelican 

2015 Steller Sea Lion 

 

 

Recovery Plans    
      

2012 Columbian Sharp-tailed Grouse 

2011 Gray Wolf     

2011 Pygmy Rabbit: Addendum   

2007 Western Gray Squirrel    

2006 Fisher       

2004 Sea Otter     

2004 Greater Sage-Grouse    

2003 Pygmy Rabbit: Addendum   

2002 Sandhill Crane     

2001 Pygmy Rabbit: Addendum   

2001 Lynx      

1999 Western Pond Turtle    

1996 Ferruginous Hawk    

1995 Pygmy Rabbit      

1995 Upland Sandpiper    

1995 Snowy Plover 

 

Conservation Plans  

 

2013 Bats  

 

 

     Status reports and plans are available on the WDFW website at:   

http://wdfw.wa.gov/publications/search.php 

 

 

 

http://wdfw.wa.gov/publications/search.php
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SEPA ENVIRONMENTAL CHECKLIST 
JUNE 2015 

  
Purpose of checklist:  
Governmental agencies use this checklist to help determine whether the environmental impacts of your 
proposal are significant. This information is also helpful to determine if available avoidance, minimization 
or compensatory mitigation measures will address the probable significant impacts or if an environmental 
impact statement will be prepared to further analyze the proposal. 
  
Instructions for applicants:   
This environmental checklist asks you to describe some basic information about your proposal. Please 
answer each question accurately and carefully, to the best of your knowledge.  You may need to consult 
with an agency specialist or private consultant for some questions.  You may use “not applicable” or 
"does not apply" only when you can explain why it does not apply and not when the answer is unknown.  
You may also attach or incorporate by reference additional studies reports.  Complete and accurate 
answers to these questions often avoid delays with the SEPA process as well as later in the decision-
making process. 
 
The checklist questions apply to all parts of your proposal, even if you plan to do them over a period of 
time or on different parcels of land.  Attach any additional information that will help describe your proposal 
or its environmental effects.  The agency to which you submit this checklist may ask you to explain your 
answers or provide additional information reasonably related to determining if there may be significant 
adverse impact. 
 
Instructions for Lead Agencies: 
Please adjust the format of this template as needed.  Additional information may be necessary to 
evaluate the existing environment, all interrelated aspects of the proposal and an analysis of adverse 
impacts.  The checklist is considered the first but not necessarily the only source of information needed to 
make an adequate threshold determination.  Once a threshold determination is made, the lead agency is 
responsible for the completeness and accuracy of the checklist and other supporting documents. 
 
Use of checklist for nonproject proposals:  [help]  
For nonproject proposals (such as ordinances, regulations, plans and programs), complete the applicable 
parts of sections A and B plus the SUPPLEMENTAL SHEET FOR NONPROJECT ACTIONS (part D).  Please 
completely answer all questions that apply and note that the words "project," "applicant," and "property or 
site" should be read as "proposal," "proponent," and "affected geographic area," respectively. The lead 
agency may exclude (for non-projects) questions in Part B - Environmental Elements –that do not 
contribute meaningfully to the analysis of the proposal. 
 
A.  Background  [help] 
 
 
1.  Name of proposed project, if applicable:  
 

Uplisting of Lynx (Lynx canadensis) from a state threatened species to a state endangered species. 
 
2.  Name of applicant: 
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Washington Department of Fish and Wildlife 
 

 

3.  Address and phone number of applicant and contact person: [help]  
Hannah Anderson, Listing and Recovery Section Manager 
Diversity Division, Wildlife Program 
Washington Department of Fish and Wildlife 
600 Capitol Way North 
Olympia, WA 98502 
Tel: 360-902-8403 

 

4.  Date checklist prepared:  
8 July 2016 

 

5.  Agency requesting checklist:  
 

Washington Department of Fish and Wildlife 
 

 

6.  Proposed timing or schedule (including phasing, if applicable):  
 
Rule action by the Washington Fish and Wildlife Commission on November 4-5, 2016 
 

7.  Do you have any plans for future additions, expansion, or further activity related to or 
connected with this proposal?  If yes, explain. 
 
No other actions are related to this proposal 
 

8.  List any environmental information you know about that has been prepared, or will be 
prepared, directly related to this proposal.  
 

Draft periodic status review has been prepared and provides the rationale for uplisting 
Lynx under Washington law. The draft periodic status review will be available for a 3-
month public review (July 12, 2016 – October 10, 2016).  A copy of the draft periodic 
status review, which is titled Draft Washington State Periodic Status Review for the Lynx, 
is submitted with this checklist.  A final period status review will be prepared after the Fish 
and Wildlife Commission meets and makes a decision on the Department’s 
recommendations.  

 

9.  Do you know whether applications are pending for governmental approvals of other 
proposals directly affecting the property covered by your proposal?  If yes, explain.  

 
No other actions are pending that are related to this proposal. 

 

10.  List any government approvals or permits that will be needed for your proposal, if known.  
 

This rulemaking action must be approved by the Washington Fish and Wildlife 
Commission. 
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11.  Give brief, complete description of your proposal, including the proposed uses and the size 
of the project and site.  There are several questions later in this checklist that ask you to 
describe certain aspects of your proposal.  You do not need to repeat those answers on this 
page.  (Lead agencies may modify this form to include additional specific information on project 
description.) [help] 

 
The Washington Department of Fish and Wildlife (WDFW) has evaluated the population 
status of the Lynx, which is currently a state threatened species.  Two rules are proposed to 
be amended: WAC 232-12-014 and WAC 232-12-011.  WAC 232-12-014 identifies 
endangered species in Washington as those that are seriously threatened with extinction in 
the state and are in need of recovery actions to restore populations to healthy levels.  WAC 
232-12-011 identifies species classified as protected, which are designated into three 
subcategories: threatened, sensitive, and other. Threatened species are those that are likely 
to become endangered within the foreseeable future. 
 
Pursuant to WAC 232-12-297 (6.1.1) and (6.2), WDFW is proposing to amend WAC 232-12-
014 and WAC 232-12-011 and is requesting that the Washington Fish and Wildlife 
Commission adopt the Department’s recommendation to uplist the Lynx from a state 
threatened species to a state endangered species.  Rationale for this action are presented 
in the Draft Washington State Periodic Status Review for the Lynx.  The report provides an 
analysis of the factors cited in WAC 232-12-297(7.1.1) through (7.1.5) and considers all 
information relevant to the status of the species in Washington as well as in the nation.   
 
As described in the report, available information indicates that the distribution of Lynx in 
Washington has contracted significantly from its historic extent and that western Okanogan 
County is the only area in Washington that supports a resident Lynx population.  Estimates of 
population size, while rudimentary, suggest that this population may include approximately 54 
individuals. Threats to this population include loss and fragmentation of habitat due to 
wildfire, small population size, demographic stochasticity, and the unpredictable effects of 
climate change.  There has been no indication that the conservation status of Washington’s 
Lynx population has improved since it was state or federally listed.  Given the reduced 
distribution, small and restricted population, and an increase in the number and severity of 
threats to Lynx in Washington, WDFW recommends that the status of the Lynx in the state be 
changed from threatened to endangered.    
 
Draft versions of the Washington State Periodic Status Review for the Lynx were evaluated 
by the scientific community, including both WDFW scientists and external scientists.  
Members of the public are also invited to review the draft periodic status review during a 
public comment period that extends from July 12 to October 10, 2016.  After the close of the 
public review period, the Department will prepare the final periodic status review and delisting 
recommendation.   
 
The final listing recommendation is planned to be presented to the Washington Fish and 
Wildlife Commission on November 4-5, 2016 and the Commission is expected to take action 
on the recommendation on December 9-10, 2016.  

 
 

12.  Location of the proposal.  Give sufficient information for a person to understand the precise 
location of your proposed project, including a street address, if any, and section, township, and 
range, if known.  If a proposal would occur over a range of area, provide the range or 
boundaries of the site(s).  Provide a legal description, site plan, vicinity map, and topographic 
map, if reasonably available.  While you should submit any plans required by the agency, you 
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are not required to duplicate maps or detailed plans submitted with any permit applications 
related to this checklist. [help] 
 
 
The range of the lynx includes much of the boreal forest of North America, and its range extends south 
from northern Canada and Alaska to several areas of the contiguous United States including 
Washington, the northern and central Rocky Mountains (in Idaho, Montana, Wyoming, Utah, and 
Colorado), and the northern portions of Minnesota, Michigan, Vermont, New Hampshire and Maine.  
Hisotric occupation is outlined in Figure 1, and current distribution in Figure 2.  
 

 
Figure 1.  Lynx management zones (LMZs) in Washington indicate the general 
areas historically occupied by lynx in northcentral and northeastern Washington. 
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Figure 2. Lynx detections (green circles) in Washington from 2005-2015.  Grey shading is 
Okanogan Lynx Management Zone, and red shading are portions that burned.  

 
 

B.  ENVIRONMENTAL ELEMENTS  [help] 
 
 
1.  Earth  [help]  
a.  General description of the site: [help] 
 
(circle one):  Flat, rolling, hilly, steep slopes, mountainous, other _____________  
 

Not applicable. 
 

 
 
b.  What is the steepest slope on the site (approximate percent slope)? [help] 

Not applicable. 
 

 

 

c.  What general types of soils are found on the site (for example, clay, sand, gravel, peat,  
muck)?  If you know the classification of agricultural soils, specify them and note any 
agricultural land of long-term commercial significance and whether the proposal results in 
removing any of these soils. [help] 
Not applicable. 
 

 

d.  Are there surface indications or history of unstable soils in the immediate vicinity?  If so,  
describe. [help] 
Not applicable. 
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e.  Describe the purpose, type, total area, and approximate quantities and total affected area of 
any filling, excavation, and grading proposed. Indicate source of fill. [help] 
Not applicable. 

 

f.  Could erosion occur as a result of clearing, construction, or use?  If so, generally describe. 
[help] 
Not applicable. 

 

g.  About what percent of the site will be covered with impervious surfaces after project  
construction (for example, asphalt or buildings)? [help] 

Not applicable. 
 

h.  Proposed measures to reduce or control erosion, or other impacts to the earth, if any: [help] 
Not applicable. 

 

 

2. Air  [help] 
 
a.  What types of emissions to the air would result from the proposal during construction, 

operation, and maintenance when the project is completed? If any, generally describe and 
give approximate quantities if known. [help] 
Not applicable. 

 

b.  Are there any off-site sources of emissions or odor that may affect your proposal?  If so,  
generally describe. [help] 

Not applicable. 
 

c.  Proposed measures to reduce or control emissions or other impacts to air, if any: [help] 
 Not applicable. 

 

  

3.  Water  [help]  
a.  Surface Water:   

1) Is there any surface water body on or in the immediate vicinity of the site (including 
year-round and seasonal streams, saltwater, lakes, ponds, wetlands)?  If yes, describe 
type and provide names.  If appropriate, state what stream or river it flows into. [help] 

Not applicable. 
 

2) Will the project require any work over, in, or adjacent to (within 200 feet) the described 
waters?  If yes, please describe and attach available plans. [help] 

Not applicable. 
 

 

3) Estimate the amount of fill and dredge material that would be placed in or removed 
from surface water or wetlands and indicate the area of the site that would be affected.  
Indicate the source of fill material. [help] 

Not applicable. 
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4) Will the proposal require surface water withdrawals or diversions?  Give general  
description, purpose, and approximate quantities if known. [help] 

Not applicable. 
 

 
5) Does the proposal lie within a 100-year floodplain?  If so, note location on the site plan. 

[help] 
Not applicable. 

 

 

6) Does the proposal involve any discharges of waste materials to surface waters?  If so,  
describe the type of waste and anticipated volume of discharge. [help] 

Not applicable. 
 

b.  Ground Water:   
1) Will groundwater be withdrawn from a well for drinking water or other purposes? If so, 

give a general description of the well, proposed uses and approximate quantities 
withdrawn from the well. Will water be discharged to groundwater? Give general 
description, purpose, and approximate quantities if known. [help] 

Not applicable. 
 

 

 

2) Describe waste material that will be discharged into the ground from septic tanks or  
other sources, if any (for example:  Domestic sewage; industrial, containing the 
following chemicals. . . ; agricultural; etc.).  Describe the general size of the system, the 
number of such systems, the number of houses to be served (if applicable), or the 
number of animals or humans the system(s) are expected to serve. [help] 

 

Not applicable. 
 

  

c.  Water runoff (including stormwater):  
1)  Describe the source of runoff (including storm water) and method of collection 

and disposal, if any (include quantities, if known).  Where will this water flow?   
Will this water flow into other waters?  If so, describe. [help] 

 

Not applicable. 
 

2) Could waste materials enter ground or surface waters?  If so, generally describe. [help] 
 
Not applicable. 
 
 
3) Does the proposal alter or otherwise affect drainage patterns in the vicinity of the site? If 

so, describe. [help] 
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Not applicable. 
 
d. Proposed measures to reduce or control surface, ground, and runoff water, and drainage 
pattern impacts, if any: [help] 
 

Not applicable. 
 
 

4.  Plants  [help] 
 
a. Check the types of vegetation found on the site: [help] 

 
____deciduous tree:  alder, maple, aspen, other 
____evergreen tree:  fir, cedar, pine, other 
____shrubs 
____grass 
____pasture 
____crop or grain 
____ Orchards, vineyards or other permanent crops. 
____ wet soil plants:  cattail, buttercup, bullrush, skunk cabbage, other 
____water plants:  water lily, eelgrass, milfoil, other 
____other types of vegetation 
 

Not applicable. 
 
b.  What kind and amount of vegetation will be removed or altered? [help] 
 

Not applicable. 
 

c.  List threatened and endangered species known to be on or near the site. [help] 
Not applicable. 

 

 

d.  Proposed landscaping, use of native plants, or other measures to preserve or enhance 
 vegetation on the site, if any: [help] 

 

Not applicable. 
 

e.  List all noxious weeds and invasive species known to be on or near the site. [help] 
 

Not applicable. 
 
 
5.  Animals  [help]  
a.  List any birds and other animals which have been observed on or near the site or are known 

to be on or near the site.  [help]                                                                                       
 

Examples include:    
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 birds:  hawk, heron, eagle, songbirds, other:         
 mammals:  deer, bear, elk, beaver, other:         
 fish:  bass, salmon, trout, herring, shellfish, other ________ 
        

Not applicable. 
 

b. List any threatened and  endangered species known to be on or near the site. [help] 
 

Not applicable. 
 

c. Is the site part of a migration route?  If so, explain. [help] 
 

Not applicable. 
 

d. Proposed measures to preserve or enhance wildlife, if any: [help] 
Not applicable. 

  

e. List any invasive animal species known to be on or near the site. [help] 
Not applicable. 

 

 

6.  Energy and Natural Resources  [help] 
 
a.  What kinds of energy (electric, natural gas, oil, wood stove, solar) will be used to meet 

the completed project's energy needs?  Describe whether it will be used for heating,  
manufacturing, etc. [help] 
Not applicable. 

 

b.  Would your project affect the potential use of solar energy by adjacent properties?  
If so, generally describe.  [help] 
Not applicable. 

 

 

c.  What kinds of energy conservation features are included in the plans of this proposal? 
 List other proposed measures to reduce or control energy impacts, if any: [help] 
Not applicable. 

 

 

7.  Environmental Health  [help]  
a.  Are there any environmental health hazards, including exposure to toxic chemicals, risk 

of fire and explosion, spill, or hazardous waste, that could occur as a result of this proposal?  
If so, describe. [help] 
Not applicable. 

 

1) Describe any known or possible contamination at the site from present or past uses. 
[help] 
Not applicable. 

 
2) Describe existing hazardous chemicals/conditions that might affect project development 
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and design. This includes underground hazardous liquid and gas transmission pipelines 
located within the project area and in the vicinity. [help] 
Not applicable. 
 
 

3)  Describe any toxic or hazardous chemicals that might be stored, used, or produced 
during the project's development or construction, or at any time during the operating 
life of the project. [help] 
 

Not applicable. 

 
4) Describe special emergency services that might be required. [help] 

Not applicable. 

 
 

5) Proposed measures to reduce or control environmental health hazards, if any: [help] 

Not applicable. 
 

b.  Noise  [help]   
1) What types of noise exist in the area which may affect your project (for example: 

traffic, equipment, operation, other)? [help] 
Not applicable. 

 

2) What types and levels of noise would be created by or associated with the project on a  
short-term or a long-term basis (for example:  traffic, construction, operation, other)? Indi- 
cate what hours noise would come from the site. [help] 
Not applicable. 

 

3) Proposed measures to reduce or control noise impacts, if any: [help] 
Not applicable. 

 

 

8.  Land and Shoreline Use  [help] 
 
a. What is the current use of the site and adjacent properties? Will the proposal affect current 

land uses on nearby or adjacent properties? If so, describe. [help] 
Not applicable. 

 

 

b. Has the project site been used as working farmlands or working forest lands? If so, describe. 
How much agricultural or forest land of long-term commercial significance will be converted to 
other uses as a result of the proposal, if any? If resource lands have not been designated, 
how many acres in farmland or forest land tax status will be converted to nonfarm or 
nonforest use?  [help] 
 Not applicable. 
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1) Will the proposal affect or be affected by surrounding working farm or forest land normal 
business operations, such as oversize equipment access, the application of pesticides, 
tilling, and harvesting? If so, how: [help] 

Not applicable. 
 

 

c.  Describe any structures on the site. [help] 
Not applicable. 

 

 

d.  Will any structures be demolished?  If so, what? [help] 
Not applicable. 

 

 

e.  What is the current zoning classification of the site? [help] 
Not applicable. 

 

 

f.  What is the current comprehensive plan designation of the site? [help] 
Not applicable. 

 

 

g.  If applicable, what is the current shoreline master program designation of the site? [help] 
Not applicable. 

 

 

h.  Has any part of the site been classified as a critical area  by the city or county?  If so, specify. 
[help] 
Not applicable. 

 

 

i.  Approximately how many people would reside or work in the completed project? [help] 
 

Not applicable. 
 

 
j.  Approximately how many people would the completed project displace? [help] 

Not applicable. 
 

 

k.  Proposed measures to avoid or reduce displacement impacts, if any: [help]  
 

Not applicable. 
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L. Proposed measures to ensure the proposal is compatible with existing and projected land  
uses and plans, if any: [help] 
Not applicable. 

 

 

m. Proposed measures to ensure the proposal is compatible with nearby agricultural and forest 
lands of long-term commercial significance, if any: [help] 
Not applicable. 

 

 

9.  Housing  [help]  
a.  Approximately how many units would be provided, if any?  Indicate whether high, mid- 

dle, or low-income housing. [help] 
 

Not applicable. 
 

b.  Approximately how many units, if any, would be eliminated? Indicate whether high, 
middle, or low-income housing. [help] 

 

Not applicable. 
 

c.  Proposed measures to reduce or control housing impacts, if any: [help] 
Not applicable. 

 

 

10.  Aesthetics  [help] 
 
a.  What is the tallest height of any proposed structure(s), not including antennas; what is 

the principal exterior building material(s) proposed? [help] 
 

Not applicable. 
 

b.  What views in the immediate vicinity would be altered or obstructed? [help] 
Not applicable. 

 

 

b. Proposed measures to reduce or control aesthetic impacts, if any: [help] 
c. Not applicable. 

 

 

11.  Light and Glare  [help]  
a. What type of light or glare will the proposal produce?  What time of day would it mainly 

occur? [help] 
Not applicable. 
 

 

 

b.  Could light or glare from the finished project be a safety hazard or interfere with views? [help] 
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Not applicable. 
 

 

 
c.  What existing off-site sources of light or glare may affect your proposal? [help] 

Not applicable. 
 

 

d.  Proposed measures to reduce or control light and glare impacts, if any: [help] 
 

Not applicable. 
 
 

12.  Recreation  [help]  
a.  What designated and informal recreational opportunities are in the immediate vicinity? [help] 

Not applicable. 
 

 

b.  Would the proposed project displace any existing recreational uses?  If so, describe. [help] 
Not applicable. 

 

 

c.  Proposed measures to reduce or control impacts on recreation, including recreation 
opportunities to be provided by the project or applicant, if any: [help] 
Not applicable. 

 

 

13.  Historic and cultural preservation  [help] 
 
a.  Are there any buildings, structures, or sites, located on or near the site that are over 45 years 

old listed in or eligible for listing in national, state, or local preservation registers located on or 
near the site? If so, specifically describe. [help] 
Not applicable. 

 

 

b.  Are there any landmarks, features, or other evidence of Indian or historic use or occupation? 
This may include human burials or old cemeteries. Are there any material evidence, artifacts, 
or areas of cultural importance on or near the site? Please list any professional studies 
conducted at the site to identify such resources. [help] 
Not applicable. 

 
 

c.  Describe the methods used to assess the potential impacts to cultural and historic resources 
on or near the project site. Examples include consultation with tribes and the department of 
archeology and historic preservation, archaeological surveys, historic maps, GIS data, etc. 
[help] 
Not applicable. 
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d. Proposed measures to avoid, minimize, or compensate for loss, changes to, and disturbance 
to resources. Please include plans for the above and any permits that may be required. [help] 
Not applicable. 

 

 

 

14.  Transportation  [help] 
 
a.  Identify public streets and highways serving the site or affected geographic area and 

describe proposed access to the existing street system.  Show on site plans, if any. [help] 
Not applicable. 

 

 

b.  Is the site or affected geographic  area currently served by public transit?  If so, generally 
describe.  If not, what is the approximate distance to the nearest transit stop? [help] 
Not applicable. 

 

 

c.  How many additional parking spaces would the completed project or non-project proposal 
have?  How many would the project or proposal eliminate? [help] 
Not applicable. 

 

 

d.  Will the proposal require any new or improvements to existing roads, streets, pedestrian, 
bicycle or state transportation facilities, not including driveways? If so, generally describe 
(indicate whether public or private). [help]  
Not applicable. 

 

  

e.  Will the project or proposal use (or occur in the immediate vicinity of) water, rail, or air 
transportation?  If so, generally describe. [help] 
 Not applicable. 

 

 

f.  How many vehicular trips per day would be generated by the completed project or proposal? 
If known, indicate when peak volumes would occur and what percentage of the volume would 
be trucks (such as commercial and nonpassenger vehicles). What data or transportation 
models were used to make these estimates? [help] 
Not applicable. 

 

 

g. Will the proposal interfere with, affect or be affected by the movement of agricultural and 
forest products on roads or streets in the area? If so, generally describe. [help] 
Not applicable. 

 
 
h. Proposed measures to reduce or control transportation impacts, if any: [help] 

Not applicable. 
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15.  Public Services  [help]  
a.  Would the project result in an increased need for public services (for example: fire protection, 

police protection, public transit, health care, schools, other)?  If so, generally describe. [help] 
Not applicable. 

 

 

b.  Proposed measures to reduce or control direct impacts on public services, if any. [help] 
Not applicable. 

 

 

16.  Utilities  [help]  
a.   Circle utilities currently available at the site: [help]  

electricity, natural gas, water, refuse service, telephone, sanitary sewer, septic system,  
other ___________ 

Not applicable. 
 

 

b. Describe the utilities that are proposed for the project, the utility providing the service, 
and the general construction activities on the site or in the immediate vicinity which might 
be needed. [help] 
Not applicable. 
 

C.  Signature  [help] 
 
The above answers are true and complete to the best of my knowledge.  I understand that the 
lead agency is relying on them to make its decision.   
Signature:   ___________________________________________________ 

Name of signee _____Hannah Anderson______________________________ 

Position and Agency/Organization: Listing and Recovery Section Manager, Diversity Division, 

Widllife Program, WDFW 

Date Submitted:  8 July 2016 

 

  
 

D.  supplemental sheet for nonproject actions [help] 
 
  
(IT IS NOT NECESSARY to use this sheet for project actions)  
 Because these questions are very general, it may be helpful to read them in conjunction  

with the list of the elements of the environment.  
 When answering these questions, be aware of the extent the proposal, or the types of  

activities likely to result from the proposal, would affect the item at a greater intensity or  
at a faster rate than if the proposal were not implemented.  Respond briefly and in 
general terms. 
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1.  How would the proposal be likely to increase discharge to water; emissions to air; pro- 
duction, storage, or release of toxic or hazardous substances; or production of noise? 

 

 

 Proposed measures to avoid or reduce such increases are: 
Not applicable. 

 

 

2.  How would the proposal be likely to affect plants, animals, fish, or marine life? 
 

This proposal does not directly affect any plants, animals, fish, or marine life other than 
Lynx.  There is no direct effect on the Lynx population, as this action is consistent with 
recovering the species.  The Washington Department of Fish and Wildlife bases its 
proposal to uplist Lynx from threatened to endangered on scientific information 
contained in its report Draft Washington State Periodic Status Review for the Lynx.  
This report summarizes evidence that the Lynx population is declining and is seriously 
threatened with extinction throughout its range in the state. The report concludes that 
the species should be reclassified as an endangered species.    
 
Protective measures will remain in effect for Lynx in Washington if uplisting is approved.  
The species would become listed under the state’s list of endangered species and is 
protected from “take”, which includes hunting, fishing, and harrassement. Lynx would 
also remain on the list of Priority Habitats and Species (PHS).  

 

 

 Proposed measures to protect or conserve plants, animals, fish, or marine life are: 
 
Under this action, no additional protective measures are being proposed for Lynx or 
other plants, animals, fish, or marine life. 

 

 

3.   How would the proposal be likely to deplete energy or natural resources? 
 

 

 Proposed measures to protect or conserve energy and natural resources are: 
Not applicable. 

 

4.  How would the proposal be likely to use or affect environmentally sensitive areas or  
areas designated (or eligible or under study) for governmental protection; such as parks,  
wilderness, wild and scenic rivers, threatened or endangered species habitat, historic or  
cultural sites, wetlands, floodplains, or prime farmlands? 

Not applicable. 
 

 

 

 Proposed measures to protect such resources or to avoid or reduce impacts are: 
Not applicable. 
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5.  How would the proposal be likely to affect land and shoreline use, including whether it  
would allow or encourage land or shoreline uses incompatible with existing plans? 

 

Not applicable. 
 

 

Proposed measures to avoid or reduce shoreline and land use impacts are: 
Not applicable. 

 

Not applicable. 
 

 

 

6.  How would the proposal be likely to increase demands on transportation or public 
services and utilities? 

 

Not applicable. 
 

 

 Proposed measures to reduce or respond to such demand(s) are: 
Not applicable. 

 

 

 

7.  Identify, if possible, whether the proposal may conflict with local, state, or federal laws or 
requirements for the protection of the environment.  

 

While not a true conflict with any local, state, or federal laws, if the Lynx is uplisted to 
endangered, the state status will be different than the federal status, which is currently 
listed as threatened under the ESA.  

 



 

 

DETERMINATION OF NONSIGNIFICANCE (DNS) 
 

Name of Proposal: DNS 16-038: UPLISTING LYNX FROM A STATE THREATENED 

SPECIES TO A STATE ENDANGERED SPECIES 

 

Description of Proposal:  
The Washington Department of Fish and Wildlife (WDFW) has evaluated the population status of 

the Lynx, which is currently a state threatened species.  Two rules are proposed to be amended: 

WAC 232-12-014 and WAC 232-12-011.  WAC 232-12-014 identifies endangered species in 

Washington as those that are seriously threatened with extinction in the state and are in need of 

recovery actions to restore populations to healthy levels.  WAC 232-12-011 identifies species 

classified as protected, which are designated into three subcategories: threatened, sensitive, and 

other. Threatened species are those that are likely to become endangered within the foreseeable 

future. 

 

Pursuant to WAC 232-12-297 (6.1.1) and (6.2), WDFW is proposing to amend WAC 232-12-014 

and WAC 232-12-011 and is requesting that the Washington Fish and Wildlife Commission adopt 

the Department’s recommendation to uplist the Lynx from a state threatened species to a state 

endangered species.  Rationale for this action are presented in the Draft Washington State Periodic 

Status Review for the Lynx.  The report provides an analysis of the factors cited in WAC 232-12-

297(7.1.1) through (7.1.5) and considers all information relevant to the status of the species in 

Washington as well as in the nation.   

 

As described in the report, available information indicates that the distribution of Lynx in 

Washington has contracted significantly from its historic extent and that western Okanogan County 

is the only area in Washington that supports a resident Lynx population.  Estimates of population 

size, while rudimentary, suggest that this population may include approximately 54 individuals. 

Threats to this population include loss and fragmentation of habitat due to wildfire, small 

population size, demographic stochasticity, and the unpredictable effects of climate change.  There 

has been no indication that the conservation status of Washington’s Lynx population has improved 

since it was state or federally listed.  Given the reduced distribution, small and restricted 

population, and an increase in the number and severity of threats to Lynx in Washington, WDFW 

recommends that the status of the Lynx in the state be changed from threatened to endangered.    

 

Draft versions of the Washington State Periodic Status Review for the Lynx were evaluated by the 

scientific community, including both WDFW scientists and external scientists.  Members of the 

public are also invited to review the draft periodic status review during a public comment period 

that extends from July 12 to October 10, 2016.  After the close of the public review period, the 

Department will prepare the final periodic status review and delisting recommendation.   

 

The final listing recommendation is planned to be presented to the Washington Fish and Wildlife 

Commission on November 4-5, 2016 and the Commission is expected to take action on the 

recommendation on December 9-10, 2016. 

 

State of Washington 
DEPARTMENT OF FISH AND WILDLIFE 

Mailing Address:  600 Capitol Way N - Olympia, Washington 98501-1091 - (360) 902-2200, TDD (360) 902-2207 
Main Office location: Natural Resources Building - 1111 Washington Street SE - Olympia, WA 



Proponent/Applicant: Washington State Department of Fish and Wildlife (WDFW) 

       Contact: Hannah Anderson, Listing and Recovery Section Manager  

       600 Capitol Way North 

       Olympia, WA  98501 

       (360) 902-8403 

       Hannah.Anderson@dfw.wa.gov 

 

Location of Proposal, including street, if any: The range of the lynx includes much 

of the boreal forest of North America, and its range extends south from northern 

Canada and Alaska to several areas of the contiguous United States including 

northcentral and northeastern Washington. 
  

Lead Agency:  Washington Department of Fish and Wildlife (WDFW)  

 

WDFW has determined that this proposal will likely not have a significant adverse impact on the 

environment.  Therefore, state law
1
 does not require an environmental impact statement (EIS).  

WDFW made this determination of nonsignificance (DNS) after we reviewed the environmental 

checklist and other information on file with us.   
 

We issued this DNS according to state rules.
2
  We will not act on this proposal for 90 days 

from the date we issued the DNS. Agencies, affected tribes, and members of the public are 

invited to comment on this proposal or DNS. We must receive your comments within 14 days of 

the date of this letter.  The comment period will end at 5:00 pm on October 10, 2016.  

  

Method of Comment:  The following procedures shall govern the method to comment on 

agency SEPA proposals.  Comments received through these procedures are part of the official 

SEPA record for this proposal.  

 

You can submit your comments any one of the following ways: 

 Email to SEPAdesk2@dfw.wa.gov 

 Online at the WDFW SEPA website comment link at: http://wdfw.wa.gov/licensing/sepa/ 

 Fax to (360) 902-2946; 

 Mail to the address below.  

 

Responsible Official:  Lisa Wood        
 

Position/Title:  SEPA/NEPA Coordinator, WDFW Regulatory Services Section 
 

Address: 600 Capitol Way North, Olympia, WA 98501-1091 

 

After the comment period closes, applicants may view the updated status of this proposal on the 

WDFW SEPA website:  http://wdfw.wa.gov/licensing/sepa/.  Once the status is posted as final, 

applicants and permittees may take action on the proposal. When a proposal is modified or 

withdrawn, notice will be given in accordance with state law.
1
  

 

If you have questions about this DNS or the details of the proposal, contact Lisa Wood at the 

address, e-mail, or fax number above; you can also call her at (360) 902-2260.  

DATE OF ISSUE:     July 12, 2016             SIGNATURE:     

 
Footnotes 

1. RCW 43.21C.030(2)(c)  

2. WAC 197-11-340(2).   

SEPA Log Number: 16-038.dns   

mailto:Hannah.Anderson@dfw.wa.gov
mailto:SEPAdesk2@dfw.wa.gov
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From: Karl Halupka
To: Jeff Krupka
Subject: RE: FW: DNS 16-038: UPLISTING LYNX FROM A STATE THREATENED SPECIES TO A STATE ENDANGERED

SPECIES - Multiple Counties
Date: Friday, July 15, 2016 9:31:57 AM

I passed this along to the folks working on the SSA.
Cheers,
k
 
Karl Halupka
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
Phone:  509-665-3508 x 2001
Fax:      509-665-3509
www.fws.gov/wafwo/
 
From: Krupka, Jeff [mailto:jeff_krupka@fws.gov] 
Sent: Thursday, July 14, 2016 3:20 PM
To: Karl Halupka; Cynthia Raekes; Sierra Franks; Stephen Lewis; Timothy McCracken; Judy Neibauer;
Greg Van Stralen; Heather McPherron; Steve Croci
Subject: Fwd: FW: DNS 16-038: UPLISTING LYNX FROM A STATE THREATENED SPECIES TO A STATE
ENDANGERED SPECIES - Multiple Counties
 
FYI - WDFW is proposing a state up-listing of the lynx
 
Jeff Krupka, Supervisory Fish and Wildlife Biologist
USFWS - Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
509.665.3508 x2008 (tel)
www.fws.gov/wafwo/
 
---------- Forwarded message ----------
From: Jessica Gonzales <jessica_gonzales@fws.gov>
Date: Tue, Jul 12, 2016 at 3:45 PM
Subject: FW: DNS 16-038: UPLISTING LYNX FROM A STATE THREATENED SPECIES
TO A STATE ENDANGERED SPECIES - Multiple Counties
To: Jeff Krupka <Jeff_Krupka@fws.gov>

FYI
 
From: SEPADesk2 (DFW) [mailto:SEPAdesk2@dfw.wa.gov] 
Sent: Tuesday, July 12, 2016 2:01 PM
To: SEPADesk2 (DFW)
Subject: DNS 16-038: UPLISTING LYNX FROM A STATE THREATENED SPECIES TO A STATE
ENDANGERED SPECIES - Multiple Counties
 
The Washington Department of Fish and Wildlife has prepared the attached DNS in

mailto:karl_halupka@fws.gov
mailto:jeff_krupka@fws.gov
http://www.fws.gov/wafwo/
mailto:jeff_krupka@fws.gov
http://www.fws.gov/wafwo/
mailto:jessica_gonzales@fws.gov
mailto:Jeff_Krupka@fws.gov
mailto:SEPAdesk2@dfw.wa.gov


accordance with the State Environmental Policy Act regulation. This DNS is being circulated
for review by all agencies with jurisdiction.  
 
We appreciate your review of the proposal and return of comments no later than 5:00 pm on
October 10, 2016.  This proposal will not be acted upon before that time.
 
Lisa Wood
SEPA Responsible Official and HPA Appeals Coordinator
Habitat Program - Protection Division - Regulatory Services
WASHINGTON DEPARTMENT OF FISH AND WILDLIFE
600 Capitol Way N | Olympia, WA  98501
p (360) 902-2260 | f (360) 902-2946
Lisa.Wood@dfw.wa.gov
 
 

mailto:Lisa.Wood@dfw.wa.gov


From: Kurt Broderdorp
To: Jim Zelenak
Subject: RE: BLM plans there
Date: Monday, July 18, 2016 9:08:00 AM

I have revised the report to reflect updated information.  Several of the
FOs actually did revise, but I didn’t play a significant role, so was either
unaware at the time, or I forgot.  Anyway I am trying to verify with BLM
that the conservation agreement has expired.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, July 13, 2016 8:52 AM
To: Kurt Broderdorp
Subject: BLM plans there
 
Hey Kurt,
 
BLM lands play a pretty minor role in terms of contribution to SSA area, but the % BLM
lands and overall acreage are highest in your unit - 772 KM2, 3.1% of your unit, 3.4% of fed
lands in your unit.
 
Can you determine which BLM districts/offices have lands in the SSA area and whether they
have amended/revised plans for lynx, are still operating under the 2000 Conservation
Agreement (CA), or doing something else?
 
The only other units with much BLM are mine. NW MT/NE ID only has Garnets/Missoula
BLM - and they amended their plan in 2004.  In the GYA, BLM Pinedale amended their plan
in 2008, and Kemmerer did theirs in 2010.
 
Need to know which districts/offices are in in your unit and what is the status of their plans or
CAs.
 
Thanks.
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov




From: Kurt Broderdorp
To: Jim Zelenak
Subject: SSA Report
Date: Monday, July 18, 2016 1:23:00 PM

Jim,  I wanted to let you know that I will be on annual leave the
remainder of the week.  In regards to the SSA report, I am waiting for a
response from BLM on any current conservation agreement, but I do
not believe there is one in place for Colorado.
 
Second, I have put in a request to Peter McDonald with the Forest
Service regarding the number of LAUs that exceed 30 Percent
unsuitable condition.  I am not going to be able to quantify the amount
of potential lynx habitat has been hit be beetles before peer review, but
it may be something we can work towards.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov


From: Broderdorp, Kurt
To: petermcdonald@fs.fed.us
Subject: Annual Leave Re: Lynx SSA Information Request
Date: Wednesday, July 20, 2016 12:37:10 PM

I will be out of the office starting Monday afternoon July 18th thru Friday July 22nd. 

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186

mailto:kurt_broderdorp@fws.gov
mailto:petermcdonald@fs.fed.us


From: Karl Halupka
To: Jeff Krupka
Subject: RE: Request from the WDNR to amend the interim guideline for lynx management
Date: Monday, July 25, 2016 9:42:58 AM

Jeff,
I think your message covers the issue well.
 
I don’t think you need to pass on more technical info to Eric and Brad, but they may want to know
what the SSA will say about the Okanogan LMZ. 
The SSA hasn’t been released for internal review yet, but the report from the Canada Lynx Expert
Elicitation Workshop is available. 
This report addresses “representation,” “redundancy,” and “resiliency” of lynx populations across
the range.

·        Regarding “redundancy,” the ability of populations to withstand catastrophic events, the
experts felt the Okanogan LMZ was one of two most vulnerable units range-wide due to the
small geographic size of the unit, small population size, and high incidence of fire, drought,
and beetle kill.  Another year with fire impacts like recent years could lead to extirpation of
lynx in Washington (pg. 30 of final report). 

·        Regarding “resiliency:”  “Some the best lynx habitat in this unit occurs on plateaus that may
be more vulnerable to impacts of climate change because of the absence of higher-elevation
areas to which habitats, lynx, and hares could migrate in response to warming.  The
probability of lynx persistence in this unit could decrease sharply over the next 10 to 20
years because of extensive recent fires in lynx habitats and the time needed for these areas
to regenerate back to good lynx/hare habitat.  After that, the probability could rebound (or
decline more slowly) over the longer term as these large areas return to prime habitat
providing high hare densities.”  “Lynx in this unit are likely the southern portion of a larger
population in Canada.”  Maintaining current levels of connectivity with Canada is important
to long-term persistence (pgs. 43 to 45 of final report).

Thought it could be useful to have this info in mind if our status assessment comes up during your
conversation.
 
Last thought: it may be worth pondering what happens with DNR given different possible outcomes
of our status review.  If we decide to delist the lynx, do we try to maintain the same conservation
measures currently in place to avoid the need to re-list?  Alternatively, is there a short-list of must-
have conservation measures we’d ask for, and what’s on this list?  What if we uplist to endangered? 
Approving more impacts in lynx habitat before uplisting is a bad idea.  This leads to the argument
that perhaps we should maintain the status quo at least until the results of our status review are
known (original schedule for completing the status review – 30 May 2016 – R6 is working hard to get
draft out for review ASAP). 
Cheers,
k
 
Karl Halupka
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Central Washington Field Office

mailto:karl_halupka@fws.gov
mailto:jeff_krupka@fws.gov


215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
Phone:  509-665-3508 x 2001
Fax:      509-665-3509
www.fws.gov/wafwo/
 
From: Krupka, Jeff [mailto:jeff_krupka@fws.gov] 
Sent: Friday, July 22, 2016 11:58 AM
To: Eric Rickerson; Brad Thompson
Cc: Steve Croci; Carolyn Scafidi; Michelle Eames; Karl Halupka; Zachary Radmer
Subject: Request from the WDNR to amend the interim guideline for lynx management
 
Eric and Brad: I have a lynx issue that I need to discuss with one or both of you.  According to
the management landscape document, I should talk to Eric.  But I understand there is an
upcoming meeting with the state on July 28 that Brad will attend, so maybe that's a better fit if
this becomes an agenda item (I have not yet proposed this, but Carolyn said it was a
possibility).  For now, I figured I'd cover my bases and reach out to both of you.
 
Attached is a request from the WDNR to amend the interim guidelines for lynx management
in the Okanogan LMZ.  I've coordinated with Carolyn, Michelle, Karl (due to his involvement
with the lynx SSA), and Zach Radmer (who is responsible for NCNP issues and has carnivore
experience).  I don't feel this is a request I should approve or deny without involving
management.  Some of the key issues:

Approval of the amendment would make WDNR happy and give them more flexibility
in timber management.  They would manage the landscape in terms of "no net loss" of
habitat conditions, which is the current situation, but allows greater flexibility. 
However, managing the habitat at baseline essentially maintains a degraded condition. 
About the only "green" habitat remaining for lynx is on WDNR lands; most of the
USFS lands are burned.  These DNR lands support our only reproductive population in
the state.  Lynx are doing poorly, and WDFW has recently announced their intention to
uplist lynx to state endangered status.
Denial of the amendment may aggravate the WDNR and generate phone calls and
meetings. They would have to continue under their current management and they would
likely view a denial as a lost opportunity to harvest and better manage for forest health
reasons. It would have the effect though of increasing the overall forage base over the
current baseline, which can only be good for lynx.  The forage base would increase due
to 2 events: old harvest units that are regenerating and will develop into good foraging
habitat (they are precluded from harvest here) and areas classified as "Travel without
forage" that have >0.5 hares/Ha  cannot be harvested (this is the current situation but the
one they seek to change).  It's a odd name for a habitat classification, Travel without
forage does provide good foraging opportunities in many cases.
The WDNR is operating under a "take avoidance" agreement because their HCP does
not include coverage for the Canada lynx.  This take avoidance agreement with the
WDNR originated in 2002 and basically agrees that their actions conducted consistent
with the lynx management plan will avoid take.  There were updates in 2006 and then in
2010 interim guidelines (additional protections) were added in 2010 as a result of
extensive fires in the Okanogan.  Although there is a long history of how we got to
where are today, we have a much greater understanding of the ecology of lynx and a
much more refined position on what is incidental take.  Considering our current
standards, we may not agree that their current actions avoid incidental take.

After our technical discussions, I think as group we'd recommend the following course of

http://www.fws.gov/wafwo/
mailto:jeff_krupka@fws.gov


action pending your approval:
 
Deny the request, citing the current status of lynx is poor and is in fact is in decline. 
Reference both the WDFW proposal to uplist the species to endangered and the SSA which
suggests the expected probability of persistence of the lynx in the Okanogan is anticipated to
experience a sharp decline in the short-term, until burned areas recover and eventually
develops into lynx habitat.  We should not speak to whether we agree their current
management avoids take.
 
A side conversation with the WDNR would be appropriate, I'd like to talk about that with you
over the phone.  I would be available for further discussion at your convenience.
 
Michelle, Carolyn, Karl, and Zack: please jump in if I missed something.
 
Thanks,  jk
 
Jeff Krupka, Supervisory Fish and Wildlife Biologist
USFWS - Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
509.665.3508 x2008 (tel)
www.fws.gov/wafwo/

http://www.fws.gov/wafwo/


From: Ivan - DNR, Jake
To: Zelenak, Jim; Broderdorp, Kurt
Subject: New lynx papers
Date: Tuesday, July 26, 2016 5:08:48 PM
Attachments: Ivan_et_al-2016-The_Journal_of_Wildlife_Management.pdf

Baigas et al._2017_Landscape and Urban Planning.pdf

Hi Jim & Kurt,

I attached a couple of new papers about lynx in Colorado.  Not sure if they are
helpful in any way to the SSA or for general information, and you probably already
saw them.  Just figured I would forward in case they are useful and you haven't
seen them yet.  Hope all is well.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

mailto:jake.ivan@state.co.us
mailto:jim_zelenak@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jake.ivan@state.co.us
http://cpw.state.co.us/


R

U
C

P
E
a

b

c

h

•
•
•
•

a

A
R
R
A

K
H
L
H
H
C
H
C

1

t

(
e

h
0

Landscape and Urban Planning 157 (2017) 200–213

Contents lists available at ScienceDirect

Landscape  and  Urban  Planning

journa l homepage: www.e lsev ier .com/ locate / landurbplan

esearch  paper

sing  environmental  features  to  model  highway  crossing  behavior  of
anada  lynx  in  the  Southern  Rocky  Mountains

hillip  E.  Baigas a,  John  R.  Squires a, Lucretia  E.  Olson a,∗,  Jacob  S.  Ivan b,
lizabeth.  K.  Roberts c

USDA Forest Service, Rocky Mountain Research Station, 800 E. Beckwith, Missoula, MT 59801, USA
Colorado Parks and Wildlife, 317 W.  Prospect Rd., Fort Collins, CO 80526, USA
USDA Forest Service, White River National Forest, 900 Grand Ave, Glenwood Springs, CO 81601, USA

 i g  h  l  i  g  h  t  s

Lynx  crossed  two-lane  paved  highways  an  average  of  0.6 times  per  day.
Lynx  crossed  roads  more  at  dusk  and  night,  coincident  with  lower  traffic volumes.
Forest  cover  was  predictive  of lynx  highway  crossings  at fine  and  landscape  scales.
Predictions  from  remotely-sensed  covariates  validate  well  with  independent  data.

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 21 July 2015
eceived in revised form 25 March 2016
ccepted 7 June 2016

eywords:
ighway crossing
ynx canadensis
abitat connectivity
ighway crossing probability
olorado
ighway mitigation
anada lynx

a  b  s  t  r  a  c  t

Carnivores  are particularly  sensitive  to reductions  in population  connectivity  caused  by  human  distur-
bance  and  habitat  fragmentation.  Permeability  of  transportation  corridors  to carnivore  movements  is
central to species  conservation  given  the large  spatial  extent  of  transportation  networks  and  the  high
mobility  of  many  carnivore  species.  We  investigated  the degree  to which  two-lane  highways  were  perme-
able to  movements  of resident  Canada  lynx  in the Southern  Rocky  Mountains  based  on  highway  crossings
(n  = 593)  documented  with  GPS  telemetry.  All lynx  crossed  highways  when  present  in  home  ranges  at
an  average  rate of  0.6  crossings  per  day.  Lynx  mostly  crossed  highways  during  the  night  and  early  dawn
when  traffic  volumes  were  low.  Five  of 13 lynx  crossed  highways  less  frequently  than  expected  when
compared  to random  expectation,  but even  these  individuals  crossed  highways  frequently  in parts  of
their home  range.  We  developed  fine-  and  landscape-scale  resource  selection  function  (RSF)  models
with  field  and  remotely  sensed  data,  respectively.  At the fine  scale,  lynx  selected  crossings  with  low
distances  to vegetative  cover  and  higher  tree  basal  area;  we  found  no support  that  topography  or  road

infrastructure  affected  lynx  crossing.  At the  landscape  scale,  lynx  crossed  highways  in  areas  with  high
forest  canopy  cover  in  drainages  on  primarily  north-facing  aspects.  The  predicted  crossing  probabilities
generated  from  the  landscape-scale  RSF  model  across  western  Colorado,  USA,  were  successful  in iden-
tifying known  lynx  crossing  sites  as documented  with  independent  snow-tracking  and  road-mortality
data.  We  discuss  effective  mitigation  based  on model  results.

Published  by Elsevier  B.V.  This  is  an open  access  article  under  the  CC  BY-NC-ND  license  (http://
. Introduction
Road distribution and density can have a significant impact on
he connectivity of wildlife populations (Andrews, 1990; Forman &

∗ Corresponding author.
E-mail addresses: pebaigas@gmail.com (P.E. Baigas), jsquires@fs.fed.us

J.R. Squires), lucretiaolson@fs.fed.us (L.E. Olson), jake.ivan@state.co.us (J.S. Ivan),
kroberts@fs.fed.us (Elizabeth.K. Roberts).

ttp://dx.doi.org/10.1016/j.landurbplan.2016.06.007
169-2046/Published by Elsevier B.V. This is an open access article under the CC BY-NC-N
creativecommons.org/licenses/by-nc-nd/4.0/).

Alexander, 1998). Increased human activity, vehicle-related mor-
tality, and behavioral avoidance of roads can all contribute to
changes in movement, survival, and reproductive success of indi-
viduals and populations (Forman & Alexander, 1998; Ferreras,
Aldama, Beltran, & Delibes, 1992; Trombulak & Frissell, 2000).
Roads may  also reduce gene flow for some species (Jackson & Fahrig,

2011; Riley et al., 2006). In particular, carnivores are susceptible
to reduced population connectivity due to roads given their large
home ranges, long-distance movements, and low recruitment rates

D license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Noss, Quigley, Hornocker, Merrill, & Paquet, 1996; Woodroffe &
insberg, 2000).

Actions that promote highway permeability for carnivores
equire an empirical basis so that highway mitigation is most
ffective. Methods used to site animal-crossing structures and to
dentify animal crossing zones include expert opinion (Clevenger,

ierzchowski, Chruszcz, & Gunson, 2002), wildlife-vehicle colli-
ion patterns (Clevenger, Chruszcz, & Gunson, 2003; Malo, Suarez,

 Diez, 2004), remote cameras (Cain, Tuovila, Hewitta, & Tewes,
003), track surveys (Clevenger & Waltho, 2005; Grilo, Bissonette,

 Santos-Reis, 2009), and telemetry (Dodd, Gagnon, Boe, &
chweinsburg, 2007; Tigas, Van Vuren, & Sauvajot, 2002). How-
ver, the use of actual crossing locations to determine attributes
hat carnivores select at highway crossings ensures that already
imited funds are expended on conservation measures that truly
nhance highway permeability and reduce carnivore mortality.
hysical structures that increase permeability of highways to car-
ivores, such as underpasses and overpasses, must be placed in
reas that are consistent with the species’ resource-use (Clevenger

 Waltho, 2000).
For many species, crossing zones and vehicle-related mortali-

ies tend to be spatially clustered, an indication that animals may
ross highways non-randomly in response to habitat or road char-
cteristics (Malo et al., 2004; Neumann et al., 2012; Ramp, Caldwell,
dwards, Warton, & Croft, 2005). The types and spatial distribution
f these characteristics vary by species, depending on life history
nd habitat preferences (Chetkiewicz & Boyce, 2009; Ramp, Wilson,

 Croft, 2006). Vegetation characteristics tend to be important for
any species. For instance, Seiler (2005) found that moose (Alces

lces) and vehicle collisions were more likely to occur in areas with
reater forest cover and proximity to forest edge. Clevenger et al.
2003) found that small mammal  vehicle collisions tended to occur
long roads near vegetative cover, and Finder, Roseberry, and Woolf
1999) showed that white-tail deer (Odocoileus virginianus) colli-
ions were more likely in areas nearer to forest cover, gullies, or
iparian zones. Lewis et al. (2011) modeled black bear (Ursus amer-
canus) road-crossing probability and found that bears were more
ikely to cross in areas with less human development and greater
orest cover. Thus, species-specific models that predict highway
rossing zones should provide more accurate information on the
ikelihood of a given area to be used as a crossing, and therefore
ncrease our ability to manage highway permeability and reduce
irect vehicle-related mortality of rare carnivores.

The need for connectivity may  be particularly important for
eintroduced species at their range periphery, given low density
nd high degree of geographic isolation (Devineau, Shenk, Lukacs, &
ahn, 2010). Populations that are small and geographically isolated

rom their core range are generally vulnerable to local extinc-
ions (Harrison, 1991; Lawton, 1993) that may  be exacerbated by
ollision-mortality of dispersers and road avoidance (Forman et al.,
003). This concern is particularly acute for reintroduced popu-

ations of Canada lynx (Lynx canadensis)  at their southern range
eriphery. Canada lynx are a medium-sized felid that generally
ccupy spatially distinct home ranges, but are also capable of long-
istance exploratory or dispersal movements (Aubry, Koehler, &
quires, 2000; Squires & Oakleaf, 2005). Canada lynx are specialist
redators of snowshoe hare (Lepus americanus) and are associated
ith moist, high-elevation spruce-fir forests in the Rocky Moun-

ains of North America (McKelvey, Aubry, & Ortega, 2000). Vehicle
ollisions accounted for nearly half of mortalities for reintroduced
ynx in the Adirondack Mountains, New York (McKelvey et al.,
000). Vehicle collision was also an important mortality factor for

eintroduced lynx in Colorado (20% of mortalities; Devineau et al.,
010) and 45% of Eurasian lynx (Lynx lynx) mortalities in Germany
Kramer-Schadt, Revilla, & Wiegand, 2005).
n Planning 157 (2017) 200–213 201

Here we examine the road crossing characteristics of a reintro-
duced population of Canada lynx in the Southern Rocky Mountains
of Colorado, USA. We  first evaluated highway-crossing behav-
ior of Canada lynx in terms of diel timing and road avoidance.
We then evaluated the extent to which environmental variables
at two spatial scales (fine scale and landscape scale) could be
used to predict the probability of highway crossings by lynx. At
lynx highway crossings, we quantified fine-scale environmental
covariates in the field to evaluate crossings using variables not
easily evaluated with remote sensing, such as forest structure
and composition, presence of highway guard rails and barri-
ers, and the distance that oncoming traffic was  visible. Next,
given that lynx are highly mobile (Devineau et al., 2010), our
landscape-scale analysis evaluated if environmental heterogene-
ity quantified with remotely-sensed data could be used to predict
highway crossings throughout western Colorado for region-wide
planning. Given that lynx generally prefer spruce-fir forests with
high horizontal cover (Fuller & Harrison, 2010; Koehler et al.,
2008; Squires, DeCesare, Kolbe, & Ruggiero, 2010), we predicted
that lynx at both fine and landscape scales would preferentially
select forested crossing zones and generally avoid open habitat
types.

2. Material and methods

2.1. Study area

Our study areas were in western Colorado, USA and included
portions of the San Juan National Forest (37.6◦N, 108.0◦W)  (referred
to as SJNF hereafter) in Ouray, San Miguel, and Dolores counties,
and the White River National Forest (39.5◦N, 106.2◦W)  (referred
to as WRNF hereafter), in Summit County (Fig. 1). The SJNF area
occurred within the western San Juan Mountains and encompassed
portions of the upper Animas, Dolores, and San Miguel River water-
sheds. The San Juan Mountain range was the core area in which the
Colorado Division of Wildlife reintroduced lynx between 1999 and
2006 (Devineau et al., 2010). The SJNF included portions of two-
lane U.S. Highway 550 and State Highway 145, with average daily
traffic volumes between 2000 and 2500 vehicles per day (Colorado
Department of Transportation, 2014). In the WRNF, the primary
highways included Interstate 70 (I-70; 23,000 vehicles/day), a four-
lane highway, and two-lane State Highway 91 (4000 vehicles/day;
Colorado Department of Transportation, 2014).

Study areas were typical of the Southern Rockies with steep
mountains and narrow valleys at elevations ranging approximately
2000–4300 m asl. Steep elevation gradients and high topographic
variation across the study area produced a mosaic of conifer and
aspen forests extending to alpine tundra, with herbaceous and
shrub openings occurring as avalanche paths, meadows, and wet-
lands. Conifer-dominated forests, which provide most lynx habitat,
occur between 2500 m to 3500 m asl in elevation and were com-
posed primarily of Engelmann spruce (Picea engelmannii) and
subalpine fir (Abies lasiocarpa).  Aspen (Populus tremuloides) and wil-
low (Salix spp.) were common on disturbed slopes and intermixed
with conifers in mid-seral stands, while Douglas fir (Pseudotsuga
menziesii) occurred at low elevations. Lodgepole pine (Pinus con-
torta) dominated relatively drier forests on the WRNF but was
largely absent from the SJNF. Winters were relatively long and
cold; summers were drier but included monsoonal rain patterns
that resulted in regular but brief afternoon precipitation. Maxi-

mum snow depth averaged 138 cm (range = 97–201 cm;  Natural
Resources Conservation Service, 2015), and snow generally per-
sisted from November through May  (low elevations) or June (high
elevations and northerly aspects).
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.2. Lynx capture and highway-crossing behavior

During winters 2010–2012, we captured lynx in box traps
ccording to Kolbe, Squires, and Parker (2003). Lynx were captured
nd handled under the guidelines in Animal Care and Use Permit
DOW-ACUC File#13-2009. We  fitted captured lynx with global
ositioning system (GPS) collars (Sirtrack Ltd., Havelock North, New
ealand) programmed to collect locations every 20 or 30 min, from

anuary to April. We programmed collars to automatically drop off
etween April and May. Using GPS-collar data, we  defined lynx
ovement segments as straight-line vectors between consecutive
PS locations. We  identified lynx crossing segments as movement

egments intersecting highway centerlines (Laurian et al., 2008;
chwab & Zandbergen, 2011). We  limited analyses to crossing seg-
ents with at least one lynx location within 200 m of a highway to

nsure accuracy.
We investigated lynx avoidance of highways by quantifying

ovements within home ranges relative to simulated movements.
e created home ranges using package ‘adehabitatHR’ (Calenge,

006) in R (R Development Core Team, 2014) and calculated a
tilization distribution for each lynx with a 90% kernel density
stimate and reference bandwidth as the smoothing parameter
Worton, 1989). In each 90% home range, we compared the num-
er of times that lynx actually crossed a highway to the number
f random highway crossings simulated by correlated random
alks (CRW; Kareiva & Shigesada, 1983). We  used the Geospa-

ial Modeling Environment (GME; Beyer, 2012) to generate 500
RW simulations per lynx. Each CRW simulation started at the

ynx capture location and drew from the observed distribution of
ovement segment lengths and turning angles to create an equal

umber of random movement segments within the home range. At
ach CRW iteration, we tallied the number of movement segments

hat crossed highways and had either the start or end point within
00 m of a highway, to be consistent with how lynx crossings were
ounted. We then compared the empirical frequency distribution of
andom crossing segments generated for each lynx to the observed
nal Forest (WRNF) and the San Juan National Forest (SJNF). Major highways in the
.

number of highway crossing segments per lynx as a non-parametric
bootstrap test of highway avoidance. We  defined significant avoid-
ance of highways to have occurred when the observed number of
highway crossings was equal to or less than the bottom 5% of the
simulated crossing segment distribution (Shepard, Kuhns, Dreslik,
& Phillips, 2008).

Although lynx are active throughout diel periods (Kolbe &
Squires, 2007; Olson, Squires, DeCesare, & Kolbe, 2011), we
expected most highway crossings would occur at night or dur-
ing twilight periods when traffic volumes were low (Colorado
Department of Transportation, 2014). We  defined the time of high-
way crossing as the midpoint between the start and end times
of lynx crossing movements. We categorized crossing times into
four time periods: (1) dawn (2 h; sunrise ±1 h), (2) day (10 h;
sunrise + 1 h to sunset − 1 h), (3) dusk (2 h; sunset ±1 h), and (4)
night (10 h; sunset + 1 h to sunrise − 1 h); daily sunrise and sunset
times were obtained from the National Oceanic and Atmospheric
Earth Systems Research Laboratory (Cornwall, Horiuchi, & Lehman,
2015). We  tallied the number of crossing segments within each
time period for each lynx and then used a Poisson generalized lin-
ear mixed model to fit the number of crossings as a function of time
period. We  included time period as a fixed effect, individual lynx as
a random intercept, and an offset term of log(time period hours) to
account for differences in the length of each time period. We  fur-
ther qualitatively examined whether lynx crossed highways during
times when they were most active by plotting the temporal pat-
tern of lynx highway crossings relative to the temporal pattern of
active lynx movement segments. Active movement segments were
defined as those longer than the spatial error of stationary collars
(92.5 m;  Squires et al., 2013); segments shorter than this distance
were considered to be resting or stationary.
2.3. Modeling resource selection

We  developed resource selection functions (RSFs) at a fine
(field-collected variables) and a landscape (remotely-sensed vari-
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bles) scale to predict highway crossing probability by lynx (Manly,
cDonald, Thomas, McDonald, & Erickson, 2002). We  restricted

ur model-fitting to data from two-lane paved highways because
f their prevalence in lynx home ranges; however, we  did apply
he model predictions (see Model Validation section) to I-70, the
nly four-lane highway in lynx habitat in western Colorado. We
lso provide anecdotal observations of lynx crossing I-70 due to the
entral role that this high-volume, four-lane highway could have
n lynx population connectivity. At fine and landscape scales, we
sed the glmer function in package ‘lme4′ (Bates, Maechler, Bolker,

 Walker, 2014) in R to build RSF models using mixed-effects logis-
ic regression, and accounted for differences in crossing behavior
f individual lynx with a random intercept for individual. Predictor
ovariates were standardized by subtracting the mean and divid-
ng by the standard deviation to facilitate comparison between
ariables measured at different scales. We  developed plausible a
riori multivariate candidate models (Appendix A) with covariates
hat were more informative than the null model in a univariate
ense based on Akaike’s Information Criterion (AIC; Burnham &
nderson, 2002). We  excluded covariates with high collinearity

|r| > 0.6); if correlated, we retained the variable that was  most
iologically meaningful and available to managers. We  estimated

ogistic regression models describing the probability of lynx high-
ay crossing as:

ˆ  = exp
(

�0 + �1x1 + ... + �nxn
)
/
(

1 + exp
(

�0 + �1x1 + ... + �nxn
))

(1)

where ŵ is the probability of selection as a function of xn covari-
tes, ˇn are the parameter coefficients, and �0 is the intercept
Manly et al., 2002). We  evaluated candidate models using AIC and
dentified top models as those within 4 �AIC of the best perform-
ng model that did not contain uninformative parameters (Arnold,
010; Burnham & Anderson, 2002).

For fine-scale resource-use modeling, we quantified predictor
ovariates in the field at lynx highway crossings. We  buffered used
oints by 100 m then selected available points from outside the
uffers. This ensured that used and available points were non-
verlapping to reduce the potential of used crossings being also
onsidered as available (sample contamination; Johnson, Nielsen,
errill, McDonald, & Boyce, 2006; Keating & Cherry, 2004). We

andomly selected 15 actual crossing locations per lynx and 15
crossings” randomly available in each lynx home range. For three
ynx with <15 total highway crossings, we sampled all used cross-
ng points regardless of overlap. We  fit 13 multivariate candidate

odels (see Appendix A).
At the landscape scale, we evaluated lynx highway crossing

ehavior by comparing used lynx crossings (n = 593) to avail-
ble crossing locations (n = 4331) distributed across highways in
estern Colorado. Since a large available sample is required to min-

mize bias in RSF models (Hooten, Hanks, Johnson, & Alldredge,
013; Northrup, Hooten, Anderson, & Wittemyer, 2013), and to
llow prediction across all highways in western Colorado within
he elevation zone of lynx, we sampled available crossing points
ystematically spaced 1 km apart along all highways within the
levation zone used by lynx in our sample (2000–4183 m asl). We
onsidered 29 multivariate candidate models (see Appendix A). Our
ixed model framework required an available sample specific to

ach individual lynx; however, since our available landscape was
ommon to all lynx, we used a bootstrap procedure to refit the
odel with a different random sample of all systematic points

o verify model performance. We  performed 1000 bootstrap iter-
tions that randomly sampled each lynx’s used and all available

rossing points with replacement and fitted all 28 candidate mod-
ls at each iteration. We  used AIC values for model selection, and
erified this using the number of times each model was  ranked
est across bootstrap iterations. We  then spatially extrapolated
n Planning 157 (2017) 200–213 203

our best-performing model to predict probability of crossing along
major highways in western Colorado above 2000 m asl elevation.

2.4. Predictor covariates

We quantified fine-scale vegetation covariates at crossing points
with eight plots aligned in an “X” configuration (Appendix B1;
Fig. 2). At each vegetation plot, we quantified tree basal area with
a 10-factor prism and recorded diameter at breast height (DBH)
by species. We also measured vegetative horizontal cover in each
cardinal direction using a cover-board viewed at 10 m away, consis-
tent with Squires et al. (2010). We  measured distance to vegetative
cover as the shortest distance to continuous vegetation greater than
2 m tall and in patches >25 m2. We  measured roadside covariates at
three points to account for the spatial uncertainty of crossing loca-
tions (Appendix B1; Fig. 2). We  quantified the slope of approaches
to highways at 10 m perpendicular to the road with a clinometer.
We used a rangefinder to measure the length of highway visible to
a crossing animal, defined as the line-of-sight distance of contin-
uous pavement in both directions. Given that highway structures
can have physical or visual impact on wildlife crossings (Gunson,
Mountrakis, & Quackenbush, 2011), we  mapped the locations of
physical barriers (e.g., guard rails, jersey barriers, vertical cliffs).
We calculated the mean and standard deviation for all variables
across all eight vegetation or three roadside plots at each crossing
point.

At the landscape scale, we  used remotely-sensed topographic
and vegetation data (Appendix B2) at two spatial scales (200 m
and 500 m radii circular moving windows) that we  selected arbi-
trarily to capture the environment associated with highways. We
selected landscape-scale covariates that best represented impor-
tant variables associated with crossings identified during fine
scale sampling and those that we thought were most biologically
meaningful for landscape-level modeling. Topographic variables
including slope, aspect, and terrain roughness were obtained from
a 10 m digital elevation model (DEM; Gesch, 2007). Terrain rough-
ness was calculated from the standard deviation of elevation values
(Wilson & Gallant 2000). We  calculated an index of “northness”
using the percentage of cells in a 200 m or 500 m neighborhood with
slope >10% and northerly aspects (>270◦ and <90◦). Topographic
position index (TPI), a measure of terrain concavity or convexity
(Jenness, 2006), was calculated at a 1000 m scale, in addition to
200 and 500 m;  the 1000 m radii plot was  added to better char-
acterize drainages in mountainous topography. Euclidian distance
to hydrologic features was  determined using the National Hydrog-
raphy Dataset (NHD; United States Geological Survey, 2013). We
obtained six 30 m resolution Landsat 5 Thematic Mapper (http://
earthexplorer.usgs.gov/) scenes dated 8 June to 24 June 2011, each
with less than 1% cloud cover. From these images, we  derived the
Normalized Difference Vegetation Index (NDVI; Jensen, 2005), an
index of vegetation biomass, and performed tasseled cap transfor-
mations (Crist & Cicone, 1984), which created variables that index
soil reflectivity (brightness), vegetation presence (greenness), and
soil or surface moisture (wetness). We  calculated the mean and
standard deviation of NDVI, Brightness, Greenness, and Wetness.
Finally, we evaluated forest structure based on a 30 m LANDFIRE v.
1.2.0 (Rollins, 2009) layer of canopy cover.

2.5. Model validation

We evaluated our best fine-scale model using four-fold cross
validation (Boyce, Vernier, Nielsen, & Schmiegelow, 2002). We

randomly divided all used locations into four groups, sequen-
tially withheld each group, fit the model on the remaining three
groups, and used the model to predict the outcome of the
withheld group according to Boyce et al. (2002). This method

http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
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ig. 2. Configuration of fine-scale vegetation plots at lynx highway crossings in we
oints  were spaced across putative crossing zones to quantify roadside characterist

hould generate a high Spearman’s rank correlation coefficient
rs) between predictions from the withheld sample and the
in numbers generated from the entire dataset if the model is
redicting the relative probability of road crossings given the
ange of probabilities over the entire area sampled (Boyce et al.,
002).

We  evaluated the landscape-scale RSF model using two meth-
ds. First, we conducted a 10-fold cross validation according to
oyce et al. (2002), similar to the fine scale. Second, we used an

ndependent dataset of lynx highway crossings in Colorado that
onsisted of winter lynx back-tracks from 2000 to 2009 (n = 117;
olorado Parks and Wildlife, unpublished data) and lynx highway
ortalities from collisions with vehicles 1999–2015 (n = 11; Col-

rado Parks and Wildlife, unpublished data). We  believed these
ndependent data provided our best evaluation of model perfor-

ance that mimicked actual field application. We  extracted the
SF predicted probability value at each independent crossing loca-
ion using our landscape-scale model; higher crossing probabilities
ndicated better predictive performance.

. Results

We  collected an average of 4810 GPS locations (SD = 2415, range:
52–8300) on each of 14 lynx (7 M,  7 F). Data collection ranged
etween 27 Jan and 17 Jun (Appendix C). Home ranges of all
ut one lynx were bisected by 4.0–52.9 km of two-lane highway
x̄ = 18.7 km,  SD = 14.8). We  documented 735 total lynx highway
rossings; 88 of these were lower quality crossings (GPS locations
200 m off the highway and/or >40 min  between locations) that
ere eliminated from further analysis. We  used 11 of 13 lynx to

odel resource selection at 593 crossings; data from two  lynx were

ot available for resource-use modeling due to late collar drop-offs.
levation of lynx crossings averaged 3041 m (SD = 134 m,  range:
778–3451).
Colorado; eight plots in an “X” configuration were sampled. Three roadside sample

3.1. Highway crossing behavior

Lynx crossed highways more frequently during dusk and night
than during dawn and day (�dawn = −0.17, SE = 0.13, p = 0.18;
�dusk = 0.76, SE = 0.09, p < 0.001, �night = 1.31, SE = 0.05, p < 0.001).
Lynx crossed highways at increased frequency after sunset until
0100 h; crossing frequency remained relatively high until sunrise,
after which it declined (Fig. 3). Lynx crossed highways during all
hours, but crossings were 1.85 times more frequent during night
(n = 393) than day (n = 212). Also, observed diel pattern of lynx high-
way crossings appeared to deviate from the general pattern of lynx
activity (Fig. 3). For example, lynx movement activity generally
decreased from sunset (1800 h) to 2400 h, while the frequency at
which lynx crossed highways increased during this period.

Lynx crossed two-lane highways an average of 0.6 times per
day (SD = 0.4, range: 0.2–1.4; Appendix C). The mean number of
highway crossings per lynx was 50 (SD = 45.4; range: 6–148) com-
pared to CRW paths that crossed an average of 90 times (SD = 60.0;
range: 20–221; Appendix C). Correlated random walk simulations
suggested that 5 (3 F, 2 M)  of 13 lynx crossed highways significantly
less than expected (p < 0.05) whereas 8 lynx exhibited no highway
avoidance (0.07 < p < 0.52; Appendix C); all lynx with highways in
their home ranges crossed more than once (Fig. 4).

Three of 5 lynx with adjacent home ranges crossed the four-lane
interstate I-70 on 25 occasions. These crossings provided impor-
tant anecdotal observations of behavior associated with crossing
a high traffic volume highway, but the number of observations
was insufficient for statistical evaluation with a resource selection
function. These lynx mostly crossed I-70 near first- and second-
order stream tributaries where eastbound interstate lanes were
elevated by bridges 75–100 m long and 15–25 m in height with con-

tinuous tall woody vegetation underneath. The highway median
between east and west-bound traffic in these areas was  approx-
imately 150–200 m wide and included patches of forest cover.
Although traffic averaged approximately 1200 vehicles/hr during
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eviation)  per hour for Canada lynx (N = 13) in western Colorado.

he day, volume was reduced to <200 vehicles/hr between 0100 h
nd 0500 h (Colorado Department of Transportation, 2014). Seven
f 25 crossings occurred during this 0100–0500 h period of low
raffic, while 9 crossings occurred during other dark hours. Snow
racking data from an independent data set of lynx not included in
his study indicated that lynx successfully crossed I-70 on at least
hree occasions, all about 30 km east of where collared individuals
rossed. Large elevated bridges over natural habitat were absent
rom this stretch of the interstate and these crossings occurred at
rade, over the road surface. However, two lynx in the indepen-
ent data set were killed while attempting to cross at grade in
his area and two were killed attempting to cross at grade near
he underpasses described above. It is unclear whether those killed
hile attempting to cross I-70 had crossed successfully in previous

ttempts.

.2. RSF models at multiple scales

At the fine scale, lynx were most influenced by vegetation char-
cteristics. No topographic or highway infrastructure covariates
erformed better than null models in univariate analyses, so they
ere not considered further. Based on final multivariate models,

ynx selected highway crossing zones that were closer to veg-
tative cover (MaxDistCover) and had greater mean basal area
AvgBasalArea) (Table 1). There were five models within four �AIC;
ollowing Arnold (2010), we considered models that differed by one
xtra parameter but were within two AIC of the top-performing
odel to contain uninformative terms. Thus, only MaxDistCover

nd AvgBasalArea were meaningful predictors of lynx crossings,
lthough AvgBasalArea was only weakly predictive, as its 95%
onfidence interval slightly overlapped zero (Table 3). This sug-
ested that lynx were most sensitive to the amount of forest and
ther vegetative cover along roads when selecting highway cross-

ngs. The mean MaxDistCover for used lynx crossings was 17.8 m
SD = 16.3 m),  compared to 29.8 m (SD = 34.3 m)  for available high-

ay crossings. For every 1 m increase in distance to cover, the odds

f highway crossing declined approximately 1.9%. Lynx also tended
o select crossing zones with higher tree density compared to ran-
om: trees basal area was 78.3 m2/ha (SD = 31.3 m2/ha) at crossings
our, versus proportion of all active movement segments (black circles +/−standard

compared to 59.5 m2/ha (SD = 31.3 m2/ha) at available locations.
Mean horizontal cover and the proportion of spruce and fir trees at
a crossing appeared among the top models but did not contribute to
model performance. Lynx appeared insensitive to roadside slope,
the presence of barriers, or line-of-sight distances when selecting
highway crossing locations.

At the landscape scale, lynx selected crossings in areas of high
forest canopy cover within the surrounding 500 m (LfCanCvr 500),
concave topographic positions relative to the surrounding 1000 m
(TPI 1000), and predominately northerly aspects within 200 m of
the highway (PctNorth 200; Table 2). This top multivariate model
ranked best in 57% of bootstrap iterations and was four times
more likely than the next candidate model to explain the proba-
bility of where lynx crossed highways (Table 2). The second best
performing multivariate model ranked best in 42% of bootstrap
iterations and included canopy cover within the surrounding 500 m
(LfCanCvr 500) and the standard deviation of brightness within the
surrounding 500 m (StdBrt 500). All four predictors were strong
with 95% confidence intervals that did not overlap zero (Table 3).
We averaged predictions from the top 2 multivariate models (<4
�AIC) to produce a statewide RSF surface of potential lynx crossing
zones along 4359 km of highways (i.e., those above 2000 m eleva-
tion) in western Colorado (Fig. 5). Model results suggest that 80% of
highways within the elevation zone of lynx habitat in Colorado had
less than a 50% chance of being used by lynx for crossings. In con-
trast, high probability crossing areas were relatively few and were
concentrated in areas of high forest cover on north-facing slopes
(Fig. 6).

3.3. Model validation

Cross-validation of the fine- and landscape-scale models indi-
cated good model fit. A four-fold cross-validation of the best
performing fine-scale RSF model had a Spearman correlation
coefficient of |rs| = 0.94. The 10-fold cross-validation for the

landscape-scale averaged model yielded a Spearman correlation
coefficient of 0.95. The independent data that we used for the
landscape model validation consisted of 117 snow tracks of lynx
crossing highways and 11 road-killed lynx mortalities. These inde-
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Fig. 4. Examples that illustrate most avoidance (top) and least avoidance (bottom) of 2-lane highways by Canada lynx based on GPS locations, western Colorado. Night
locations (20:00 h–06:00 h) are shown in blue, while day locations (07:00 h–19:00 h) are shown in yellow. Even the individual exhibiting most highway avoidance (top)
frequently used habitats immediately adjacent to the road. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this
article.)

Table 1
Model selection results for fine-scale mixed-effects logistic regression models predicting Canada lynx highway crossings in western Colorado. The number of fixed effect
parameters (K), AIC score, �AIC, AIC weight, and log-likelihood (LL) are given. Model variables include maximum distance to cover (MaxDistCover), mean basal area
(AvgBasalArea), mean horizontal cover (AvgHorizCover), and the proportion of spruce and fir trees (PropSF). Only the 5 best performing models plus the null are reported.

Model K AIC �AIC AICwt LL

1 MaxDistCover + AvgBasalArea 4 409.79 0.00 0.36 −200.90
2  MaxDistCover 3 411.23 1.43 0.18 −202.62
3  MaxDistCover + AvgBasalArea + AvgHorizCover 5 411.29 1.50 0.17 −200.65
4  MaxDistCover + AvgBasalArea + PropSF 5 411.76 1.97 0.13 −200.88
5  MaxDistCover + AvgBasalArea + AvgHorizCover + PropSF 6 413.23 3.43 0.06 −200.62
6  NULL 2 424.77 14.84 0.00 −210.38
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Table  2
Model selection results for landscape-scale mixed-effects resource selection models predicting Canada lynx highway crossings in western Colorado, giving the number of
fixed  effect parameters (K), AIC score, �AIC, AIC weight, log-likelihood (LL), and proportion of bootstrap iterations each model was  ranked best (Prop Best). Variables included
in  the top models were mean percent canopy cover (LfCanCvr 500), topographic position index, percentage of area composed of north-facing aspects, standard deviation of
brightness (StdBrt 500), and mean wetness (MeanWet 200). The number after each covariate denotes the size of the radius at which each covariate was  calculated. Only the
5  best performing models plus the null are reported.

Model K AIC �AIC AICwt LL Prop Best

1 LfCanCvr 500 + TPI 1000 + PctNorth 200 5 828.03 0.00 0.80 −409.01 0.57
2  LfCanCvr 500 + StdBrt 500 4 830.80 2.78 0.20 −411.40 0.42
3  LfCanCvr 500 + MeanWet 200 + TPI 1000 5 839.22 11.19 0.00 −414.61 0.01
4  LfCanCvr 500 + TPI 1000 4 851.11 23.08 0.00 −421.56 0
5  LfCanCvr 500 + MeanWet 200 + PctNorth 200 5 868.10 40.07 0.00 −429.05 0
6  Null 2 1510.81 682.79 0 −753.41 0

Table 3
Model coefficients, with 95% confidence intervals, of covariates in top performing models within 4 �AIC used to predict Canada lynx highway crossings at two spatial scales
(fine  and landscape) in western Colorado. Model numbers correspond to Tables 1 and 2. Covariates included are maximum distance to cover (MaxDistCover), mean basal
area  (AvgBasalArea), mean percent canopy cover (LfCanCvr), topographic position index (TPI), percentage of an area composed of north-facing aspects (PctNorth), and the
standard deviation of brightness (StdBrt). Numbers after the landscape scale model covariates indicate the size of the radius at which each covariate was calculated.

Scale Model Variable Coefficient Lower 95% CI Upper 95% CI

Fine Scale Models Model 1 MaxDistCover −0.44 −0.80 −0.12
AvgBasalArea 0.24 −0.01 0.51

Model 2 MaxDistCover −0.57 −0.91 −0.27

Landscape Scale
Models

Model 1 LfCanCvr 500 1.82 1.66 2.01
TPI 1000 −0.56 −0.68 −0.45
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endent lynx crossings had a predicted average RSF value of 0.75
range 0.15–0.98; SD = 0.18) from the landscape-scale RSF model
Fig. 6). Additionally, the predicted RSF values associated with all
ndependent lynx crossings were largely between 0.6 and 0.8, with
nly 7% of independent data associated with modeled values less
han 0.5 (Fig. 6). In contrast, the distribution of RSF values at all
vailable locations across Colorado was largely between 0 and 0.1,
ith 78.82% of predicted probabilities less than 0.5. This suggested

he landscape model was effective at predicting the actual areas
hat lynx would use when crossing highways.

. Discussion

Canada lynx in the Southern Rocky Mountains of western Col-
rado crossed 2-lane highways (traffic volumes of 2000–4000
ehicles/day) approximately every other day. We  found that most
ynx (8 of 13) did not appear to avoid crossing roads, likely due to the
abitat configuration of lynx home ranges in our study area. Lynx
hose home ranges included extensive sections of highways lived

n close proximity to them and crossed frequently. Lynx mitigated
he risk of increased highway exposure by crossing roads at greater
requency during dusk and night, when traffic volume was lower.
ur resource selection models were successful at predicting the
robability of lynx crossing given fine- and landscape-scale envi-
onmental characteristics. At both spatial scales, lynx were more
ikely to cross highways in areas with greater vegetative cover,

hile at the landscape scale, lynx also preferred north-facing slopes
nd areas of topographical concavity, such as river drainages.

Despite the fact that all lynx crossed highways, we found that
 of 13 individuals (39%) exhibited some degree of road avoid-
nce behavior as defined by crossing significantly less than CRW
imulations. Other studies have documented highway-avoidance
ehavior by lynx (Apps, 2000; Squires et al., 2013), although the

ynx in our study that exhibited road avoidance behavior still

requently crossed roads in some regions of their home range,
epending on forest vegetation near crossing zones (Fig. 4). Lynx
eintroduced to the Southern Rocky Mountains occupied habitat
n high-elevation mountain valleys that were bounded at upper
0.38 0.28 0.48
2.38 0.86 1.05
0.86 0.67 1.05

elevations by open rock and tundra. Given the mountainous topog-
raphy, two-lane highways in western Colorado were present in
valley bottoms with vegetation too sparse for lynx, while other
sections were high on mountain passes in good lynx habitat. We
acknowledge that reintroduced lynx may  exhibit different crossing
behavior than native populations. However, of the 13 individuals in
our study, five were born in the Southern Rockies, and the remain-
ing eight were resident in the Southern Rocky Mountains for more
than 5 years and had established home ranges. Thus, we  believe our
results reflected behaviors of established individuals and were not
uninformed movements of naïve individuals in a new environment.

One way that lynx accommodated vehicle-related disturbance
was to cross highways more frequently at night when traffic vol-
umes were relatively low. The proclivity for lynx to cross highways
at night was similar to other wide-ranging felids such as bob-
cat (Lynx rufus; Cain et al., 2003) and European wildcat (Felis
silvestris; Klar, Herrmann, & Kramer-Schadt., 2009), as well as
other taxa such as grizzly bears (Ursus arctos;  Waller & Servheen,
2005) and elk (Cervus elaphus; Gagnon, Theimer, Dodd, Boe, &
Schweinsburg, 2007). Tigas et al. (2002) reported that bobcats and
coyote (Canis latrans)  tended to utilize areas with high human activ-
ity more often at night. Nighttime traffic volumes on highways
in western Colorado were generally <5% of peak early-afternoon
volumes of 200–400 vehicles per hour (Colorado Department of
Transportation, 2014). We  assumed that increased crossings at
night were an avoidance behavior to vehicle-related disturbance
because lynx were generally active across all diel periods (Fig. 3).
The tendency of lynx to preferentially traverse highways during
periods of low traffic volume may also reduce the risk of vehicle-
related mortality (Neumann et al., 2012). For example, Waller and
Servheen (2005) demonstrated that grizzly bears experience lower
risk in crossing highways at night compared to peak traffic volumes.

At a fine scale, lynx crossed highways in close proximity to
vegetative cover, similar to several other large mammal species

(Clevenger & Waltho, 2005). Vegetative cover was  primarily pro-
vided by conifers in stands with higher basal area compared to
randomly available along highways. We  assume that road-side
vegetation provided security cover and that higher horizontal
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ig. 5. Resource selection probability surface predicting Canada lynx crossings of
olorado.

over could support greater snowshoe hare densities (Fuller &
arrison, 2010; Hodges, 2000; Squires et al., 2010). Consistent
ith fine-scale results, lynx at the landscape scale selected north-

acing crossings in areas of high forest canopy cover primarily in
rainage bottoms. The landscape-scale model we  developed gen-
rally agreed with other studies of wildlife highway crossings that
dentified important crossing areas near drainages with forest cover
Clevenger et al., 2003; Grilo et al., 2009). Our landscape model
ased on remotely-sensed environmental covariates provides a
seful management tool to predict areas of high permeability to

ynx movement, as evidenced by performance with independent
rossing data. The fact that independent lynx crossing locations
ere generally associated with high-probability crossing zones

upports the use of model outputs by highway planners to evaluate
otential crossing zones in western Colorado.

Species with high adjacency to transportation corridors have a
eightened vulnerability to vehicle-related mortality compared to
hose with considerable spatial separation. The high frequency at
hich lynx crossed highways suggests that risk of vehicle-related

ortality was high, which in turn justifies appropriate highway
itigation. Model results at the landscape scale indicate that mit-

gation actions that promote forest cover immediately adjacent
ays (gray area indicates >2000 m elevation) at a landscape scale across western

to highways may  increase permeability by lynx, especially on
north-facing slopes and in drainage bottoms. In addition, the diel
crossing pattern of lynx suggests that lower nighttime speed lim-
its on highways in lynx habitat may  decrease collision mortality.
These suggested mitigation measures are based on resident lynx
in winter-spring home ranges that contain highways; we  did not
directly investigate movements of dispersers or individuals mak-
ing long distance movements from established territories. Thus, we
acknowledge that transient or dispersing felids, or those engaging
in exploratory movements, may  cross highways where few pre-
dictive factors occur (Tewes & Hughes, 2001); these lynx may  be
more susceptible to vehicle collision than resident animals due to
unfamiliar terrain (Beier, 1995; Ferreras et al., 1992).

Physical crossing structures, such as over/under passes and fenc-
ing, effectively facilitate safe wildlife crossings of major highways
(Foster & Humphrey, 1995; Ng, Dole, Sauvajot, Riley, & Valone,
2004; Yanes, Velasco, & Suárez, 1995). However, the extent to
which these improvements benefit lynx may  depend on size of
the highway and related traffic volume, as well as the landscape

structures around the passes. Our GPS locations at 20 min  inter-
vals were inadequate to provide detailed depictions of how lynx
responded to physical highway structures, like guard rails and cul-
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Fig. 6. Examples of the predicted resource selection function surface showing the probability of Canada lynx crossing a highway compared to independent known crossing
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rossing at all available locations in the landscape-scale RSF versus actual probabil
requency within the top deciles of binned crossing probabilities (panel D).

erts. In future studies, collars with greater temporal resolution,
uch as 10 or even 5 min  intervals, might be more successful in doc-
menting animal movement relative to highway structures at a fine
patial and temporal scale. However, the broad spatial distribution
nd sheer number of highway crossings that we documented indi-
ate that lynx mostly crossed two-lane highways at road grade, and
hey did not depend on physical highway improvements to traverse
wo-lane highways. Similarly, Tigas et al. (2002) reported a prefer-
nce by bobcats to cross highways at the surface and Crooks et al.
2008) failed to detect lynx using any of seven underpasses that
ere constructed specifically to reduce lynx highway mortalities

n Colorado.
Our anecdotal observations of lynx crossing I-70, a high traf-

c four-lane divided highway, suggested that resident lynx did
ocate safe, below-grade crossings at large underpasses and used
hem repeatedly. They were also capable of crossing I-70 at road-
rade during periods of low traffic volume. The use of underpasses
or crossing high volume roads was consistent with other stud-
es. For example, Beier (1995) observed numerous cougars crossing

nderneath major highway bridges over watercourses and Henke,
awood-Hellmund, and Sprunk (2001) showed that several mam-
alian species in Colorado, including bobcats, used below grade

ighway crossings on major interstate highways. We  assume lynx
rn Colorado (panels A, B). Panel C shows distribution of predicted probabilities of
t independent crossing locations; independent crossings occurred with increasing

cross high-volume, four-lane highways similar to other wildlife in
their proclivity to use larger underpasses with dense native veg-
etation close to passage entrances (Cain et al., 2003) in favorable
habitat with low human disturbance (Beier, 1995; Ng et al., 2004).

5. Conclusions

We demonstrated that, at a fine scale, lynx crossed two-lane
highways in forests with higher tree basal area and lower distance
to cover. At the landscape scale, lynx selected highway crossings
in areas of high forest canopy cover, especially in drainages and
on north-facing slopes. The presence of highway infrastructure
(guard rails and barriers) was  not predictive of crossing two-lane
highways. Model results indicated considerable individual varia-
tion in crossing behavior and the presence of multiple crossing
zones within home ranges when bisected by extensive highway
sections. Thus, appropriate mitigation to enhance connectivity for
Canada lynx across 2-lane highways may  include reduced speed
limits at night and vegetation management rather than inten-

sive investments for physical overpasses in few putative crossing
zones. However, our anecdotal observations (n = 25 crossings) of
lynx crossing a high-volume four-lane highway (I-70) suggest
that investment in large elevated underpasses across drainages,
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specially in highway sections with forested medians, may  be war-
anted.
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ppendix A. Candidate RSF models

Candidate fine- and landscape-scale resource selection func-
ion models considered to predict Canada lynx highway crossing
ocations in western Colorado.

cale Model # Model Structure

ine Scale Models 1 AvgDistCover
2 MaxDistCover
3 AvgBasalArea
4 AvgHorizCover
5 MinHorizCover
6 MaxDistCover + AvgBasalArea
7  MaxDistCover + AvgBasalArea + AvgHorizCover
8  MaxDistCover + AvgBasalArea + AvgHorizCover + PropSF
9  MaxDistCover + AvgBasalArea + PropSF
10 AvgDistCover + AvgHorizCover
11  AvgBasalArea + AvgHorizCover
12  AvgBasalArea + AvgHorizCover + PropSF
13  Null

road Scale Models 1 MEANBRT500
2 MEANWET200 + MEANBRT500
3  MEANWET200 + MEANBRT500 + STDBRT500
4  MEANBRT500 + STDBRT500
5  LFCNCVR500
6 MEANWET200 + LFCNCVR500
7  MEANWET200 + NDVI200 + LFCNCVR500
8  NDVI200 + STDBRT500 + LFCNCVR500
9  MEANBRT500 + PCTNRTH200
10  MEANBRT500 + TPI1000
11  MEANBRT500 + TPI1000 + PCTNRTH200
12  MEANBRT500 + ROUGH500
13  MEANBRT500 + MEANSLP500
14  MEANWET200 + MEANBRT500 + PCTNRTH200
15  MEANWET200 + MEANBRT500 + TPI1000
16  MEANWET200 + MEANBRT500 + TPI1000 + PCTNRTH200
17  MEANWET200 + MEANBRT500 + ROUGH500
18  MEANWET200 + MEANSLP500
19  MEANBRT500 + STDBRT500 + PCTNRTH200
20  MEANBRT500 + STDBRT500 + TPI1000
21  MEANBRT500 + STDBRT500 + TPI1000 + PCTNRTH200
22  MEANBRT500 + STDBRT500 + ROUGH500
23  MEANBRT500 + STDBRT500 + MEANSLP500
24  LFCNCVR500 + PCTNRTH200
25  LFCNCVR500 + TPI1000

26  L
27  M
28 M
29 N
FCNCVR500 + TPI1000 + PCTNRTH200
EANWET200 + LFCNCVR500 + PCTNRTH200
EANWET200 + LFCNCVR500 + TPI000
DVI200 + STDBRT500 + LFCNCVR500 + TPI1000
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ppendix B. Predictor variables

able B1

Variables aggregated from eight vegetation plots and three roadside sample points at used and available lynx highway crossing points,
sed to evaluate fine scale resource selection functions predicting Canada lynx highway crossing locations in western Colorado.

ype Variable Name Description

egetation Plots PropSpruceFir Percentage of “In” trees on plots that were Engelmann spruce or Subalpine fir.
AvgBasalArea Average basal area (sq. meters/ha) of plots, measured with a 10-BAF prism.
MaxBasalArea Maximum basal area among plots, measured with a 10-BAF prism.
AvgHorizCover Mean horizontal cover of plots.
MinHorizCover Minimum horizontal cover among plots.
AvgPlotSlope Average slope (%) of plots.
MaxPlotSlope Maximum slope (%) among plots.
PctTreesLess Percentage of “In” trees on plots with diameter <5”.
PctTreesGE5Less9 Percentage of “In” trees on plots with diameter ≥5 and <9”.
PctTreesGE9Less20 Percentage of “In” trees on plots with diameter ≥9 and <20”.
PctTreesGE20 Percentage of “In” trees on plots with diameter ≥20”.

oadside Sample Plots AvgRoadSlope Average roadside slope (%) at sample points.
MaxRoadSlope Maximum roadside slope (%) among sample points.
AvgRoadVisibility Average distance of continuous pavement visible from sample points.
AvgDistCover Average distance from sample points to the nearest stand of continuous trees or shrubs >2 m tall and ≥25 m2.
MaxDistCover Maximum distance among sample points to the nearest stand of vegetation >2 m tall and ≥25 m2.
MinDistCover Minimum distance among sample points to the nearest stand of vegetation >2 m tall and ≥25 m2.
RoadCliff Tally of vertical roadside cliffs >5 m high within 25 m of sample points
RoadManBarrier Tally of man-made structures, including guard rails and jersey barriers, within 25 m of sample points.

able B2

Variables extracted from GIS at used and available lynx highway crossings and used to evaluate landscape scale resource selection
unctions to predict Canada lynx highway crossing locations in western Colorado. Variables were calculated at two spatial scales: within

 200 or 500 m buffer around each crossing point.

Type Variable Name Description

Topography MEANSLOPE Average slope (%) from a 10 m digital elevation model.
ROUGH An index of terrain roughness, calculated as the standard deviation (SD) of elevations.
PCTNORTH Percentage of area composed of north-facing aspects (>270◦ and <90◦) for slopes >10%.
TPI  Relative topographic position index, where negative values represent topographic concavities and positive

values represent ridges.
DISTHYDRO Average distance to the nearest 14th-level (HUC) national hydrography dataset stream or waterbody.

Vegetation LFCANCVR Average of LANDFIRE canopy cover values, expressed as a percentage.
NDVI  Average Normalized Difference Vegetation Index values derived from Landsat 5 TM images.
MEANBRT Average spectral variations in soil background reflectance (Brightness) derived from a Tasseled Cap

transformation of Landsat 5 TM images.
STDBRT Standard deviation of spectral variations in soil background reflectance (Brightness) derived from a Tasseled

Cap transformation of Landsat 5 TM images.
MEANGRN Average spectral variations in the vigor of green vegetation (Greenness) derived from a Tasseled Cap

transformation of Landsat 5 TM images.
STDGRN Standard deviation of spectral variations in the vigor of green vegetation (Greenness) derived from a Tasseled

Cap  transformation of Landsat 5 TM images.
MEANWET Average spectral variations related to canopy and soil moisture (Wetness) derived from a Tasseled Cap

transformation of Landsat 5 TM images.
STDWET Standard deviation of spectral variations related to canopy and soil moisture (Wetness) derived from a
Tasseled Cap transformation o
MEANPCA1 Average of values from the fir

which generally correspond t
MEANPCA2 Average of values from the se

which generally describes var
f Landsat 5 TM images.
st Principal Component transformation of Landsat 5 TM image band ratios,
o image brightness.
cond Principal Component transformation of Landsat 5 TM image band ratios,
iations in vegetation cover.
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ppendix C. Lynx Highway Crossing Summary

able C1

Summary information for each Canada lynx used to assess highway crossing avoidance within a home range in western Colorado,
010–2012. Columns show the lynx ID, sex, start and end date of collaring, number of days the animal was collared, number of GPS  points
ollected during this time, percent of GPS fix attempts that were successful, number of road crossings exhibited during this time, number
f crossings per day, mean number of crossings as simulated by correlated random walk (Avg Sim Cross), and the non-parametric p-value
rom the comparison of actual crossings against the simulated distribution. Bold values indicate significantly fewer crossings than expected
y chance at � = 0.05.

ynx Sex Start Date End Date # Days # Points % Success # Cross Cross/Day Avg Sim Cross p-value

02 F 16-Mar-10 16-Apr-10 31 1925 86 24 0.77 64 0.01
03  F 28-Feb-12 31-May-12 92 5602 85 62 0.67 61 0.52
01  M 19-Feb-12 31-May-12 101 6730 93 68 0.67 88 0.35

04  F 22-Mar-10 10-Apr-10 19 1096 80 6 0.32 19 0.13
02  M 11-Mar-11 14-Apr-11 34 752 92 9 0.26 79 0.01

06  F 22-Feb-12 31-May-12 98 5693 81 33 0.34 114 0.04
04  M 25-Feb-12 31-May-12 95 6510 95 105 1.11 142 0.17

07  F 27-Jan-12 17-Jun-12 141 8300 82 106 0.75 221 0.02
05  M 12-Feb-12 31-May-12 108 7399 95 148 1.37 184 0.21
06  M 18-Feb-12 31-May-12 102 6658 91 27 0.26 53 0.29
07  M 28-Feb-12 31-May-12 92 5883 89 19 0.21 41 0.24
08  M 17-Feb-11 14-Jun-11 117 2611 93 29 0.25 71 0.01

08  F 5-Feb-11 15-Jun-11 130 2890 93 11 0.0 32 0.07
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Research Article

Winter Diet and Hunting Success of Canada
Lynx in Colorado

JACOB S. IVAN,1 Colorado Parks and Wildlife, 317 W. Prospect Rd., Fort Collins, CO 80526, USA

TANYA M. SHENK, National Park Service, Great Plains Cooperative Ecosystem Studies Unit, University of Nebraska, 515 Hardin Hall, 3310
Holdrege Street, Lincoln, NE 68583-0989, USA

ABSTRACT Information regarding the diet of Canada lynx (Lynx canadensis) at the southernmost extent of
its range is critical for managing the species under current and predicted climate conditions. Therefore, from
1999–2009, we investigated winter diet and hunting strategies of Canada lynx in Colorado, USA by tracking
individuals in the snow to identify sites where lynx encountered and killed prey. Similar to other parts of lynx
range, snowshoe hares (Lepus americanus) were the primary winter food in Colorado, especially when
considering total biomass consumed. Red squirrels (Tamiasciurus hudsonicus) comprised the bulk of the
remaining food items and were a substantial occurrence during several years, which is consistent with
previous hypotheses regarding the diet of lynx in southerly populations. Lynx successfully captured snowshoe
hares on 31% of attempts and red squirrels on 47% of attempts, similar to lynx in other regions. In contrast to
other populations, the majority of chases of both prey species were initiated while actively hunting rather than
by ambush and this behavior did not change through time. We found evidence for snowshoe hare refugia
during winter; hunting success for hares peaked at sites with approximately 3,000 stems/ha, but was lower in
more dense vegetation where hare densities were greater. Given this finding and the apparent importance of
red squirrels as alternate prey, we suggest that management for lynx in the southern RockyMountains, USA,
focus on maintenance of mature, uneven-aged Engelmann spruce (Picea engelmannii)-subalpine fir (Abies
lasiocarpa) stands. Such stands naturally provide patches of dense and open habitats juxtaposed closely
together that should simultaneously facilitate high hare densities (and refuge from predation) and
accessibility to hares by lynx. Mature trees in such stands also provide abundant cone crops to sustain
populations of red squirrels for use as alternate prey. � 2016 The Authors. Journal of Wildlife Management
published by Wiley Periodicals, Inc. on behalf of The Wildlife Society.

KEY WORDS Canada lynx, Colorado, diet, hunting success, Lepus americanus, Lynx canadensis, red squirrel, refugia,
snowshoe hare, stem density, Tamiasciurus hudsonicus.

The Canada lynx (Lynx canadensis) is a dietary specialist
whose occurrence and life history are intimately linked to its
primary prey, the snowshoe hare (Lepus americanus; Koehler
and Aubry 1994, Aubry et al. 2000, Mowat et al. 2000). The
relationship between the 2 species is thought to be strongest
in northern populations (i.e., those populations that occur
in boreal forests of Canada and Alaska) where lynx and hare
populations are strongly cyclic. In boreal forests, winter diet
of lynx is comprised almost exclusively of snowshoe hares
(e.g., frequency of occurrence in scats or kill sites is 85–
100%) when hares are abundant (Saunders 1963, Brand
et al. 1976, O’Donoghue et al. 1998b); lynx switch to
alternate prey, such as red squirrels (Tamiasciurus hudsoni-
cus), when hares become rare (e.g., frequency of occurrence
of hares in scats or kills drops to �10–83%; Brand et al.

1976, O’Donoghue et al. 1998a, b). Concurrently, when
hares become rare, lynx tend to switch their hunting
behavior from stalking prey to hunting from ambush beds
(O’Donoghue et al. 1998a), which may (Murray et al. 1995)
or may not (O’Donoghue et al. 1998a) improve their
hunting success, but probably serves to conserve energy
during periods of scarce resources (O’Donoghue et al.
1998a). Despite the switch in diet and hunting strategy,
snowshoe hares comprise the bulk of winter diet items in
most years, and by biomass they almost always comprise a
majority of the diet even during years when alternate prey
are consumed more often (Brand et al. 1976, O’Donoghue
et al. 1998b). Furthermore, lynx survival and productivity
decline sharply following declines in snowshoe hares,
illustrating the pivotal role hares play in the dynamics of
northern lynx populations despite the ability of lynx to use
alternate prey (Poole 1994, Mowat et al. 1996, Slough and
Mowat 1996, O’Donoghue et al. 2001).
Because snowshoe hare densities at the southern periphery

of lynx–hare range (i.e., southern Canada and the contiguous
United States) most resemble northern populations during
cyclic lows, Apps (2000) hypothesized that southern lynx
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populations should be characterized by a diet that includes
substantial alternate prey (i.e., red squirrels). Results from
snow tracking in southeast British Columbia and southwest
Alberta, Canada were consistent with this hypothesis; 47% of
kills were items other than snowshoe hares (Apps 2000).
Similarly, alternate prey comprised a significant portion of
scat contents during winter in Washington (24–28% red
squirrel; Koehler 1990, Von Kienast 2003). Based on a
range-wide analysis of stable isotopes, Roth et al. (2007)
concluded that lynx specialize more on snowshoe hares with
increasing latitude and use more alternate prey, such as red
squirrels, at southern localities. However, over 4 winters in
Montana, snowshoe hares comprised 96% of the biomass in
lynx diet; red squirrels and other alternate prey were
unimportant and taken only opportunistically (Squires and
Ruggiero 2007). Furthermore, in Nova Scotia, snowshoe
hares dominated lynx diet by occurrence during winter (93%
of items in scat samples were snowshoe hares; Parker et al.
1983), and in Maine, recent evidence suggests that
characteristics of the lynx–hare system align closely with
northern populations (Vashon et al. 2008a, b). Thus,
evidence that the winter diet of lynx is broader in southern
portions of its range, where they are listed as threatened by
the United States Fish andWildlife Service (2000), has been
somewhat inconsistent.
In northern populations, snowshoe hares persist in patches

of high-quality habitat as predation increases during
declining and low phases of the lynx–hare cycle (Keith
1966, Wolff 1980). These patches are typified by dense
vegetation that provides abundant food and cover. Addi-
tionally, these patches offer refuge from heavy predation by
lynx and serve as sources for population recovery after lynx
numbers subside (Wolff 1980). Thus, refugia for hares are a
critical component of lynx–hare ecology. In fact, although
empirical evidence suggests that the lynx–hare cycle is
influenced largely by predation and food limitation (Krebs
et al. 1995, 2001), recent theoretical work suggests that the
existence of hare refugia alone can lead to models of
predator–prey dynamics that account for all of the character-
istics of the dynamic lynx–hare relationship (Chivers et al.
2014). Refugia clearly exist in the southern population of
Maine also; hares select for stands with high stem density,
but lynx choose to forage in stands where stem density is
intermediate and hares are more accessible (Fuller et al.
2007). However, in Montana and Washington (also
southern populations), lynx hunted in stands where hare
densities were highest (Squires and Ruggiero 2007,Maletzke
et al. 2008), indicating a lack of refugia, at least with respect
to lynx predation. Perhaps, strong differences in stem
densities between the regions (3,496 stems/ha in Wash-
ington vs. >14,000 stems/ha in some stands in Maine)
accounts for the disparate evidence for refuge habitat among
southern populations.
Given that lynx and snowshoe hares are adapted to cold,

snowy, and high-elevation or high-latitude environments,
they are both species of concern with respect to climate
change. Current modeling suggests that the range of boreal
forests and persistent snow will diminish, especially at the

southern distributional limits for lynx and snowshoe hares
(Pierce and Cayan 2013, Fisichelli et al. 2014). However,
current models also predict that extensive areas of lynx
habitat in the southern Rocky Mountains, USA may persist
because impacts to these high-elevation subalpine forests are
expected to be moderate compared to impacts to lower
elevation systems (McKelvey et al. 2011, Decker and Fink
2014, Peers et al. 2014). Furthermore, the predicted effects
of climate change might be mitigated if lynx in this region
can successfully expand their diet, given that the range of red
squirrels is expected to remain somewhat robust to climate
change compared to that of snowshoe hares (Peers et al.
2014). Thus, an examination of lynx diet at their southern
range limit and a determination of their ability to use
alternate prey are important factors in conservation planning
for the species.
Lynx occurred historically in Colorado (McKelvey et al.

2000) but were apparently extirpated by the early 1970s
(Meaney 2002). The Colorado Division of Wildlife (now
Colorado Parks andWildlife) translocated lynx fromCanada
and Alaska into Colorado from 1999–2006 (Devineau et al.
2010). At the conclusion of the reintroduction effort in 2010,
Shenk (2010) estimated that the population would sustain
itself given survival and productivity patterns observed
during the previous decade. Furthermore, occupancy was
largely unchanged from the end of the reintroduction
through winter 2014–2015 (Ivan et al. 2015). Thus, we
presently consider the lynx population in Colorado to be
established and secure. Colorado represents an extreme
peninsular extension of the southern range limit for lynx and
snowshoe hares, but contains over 1.8million ha of habitat
(Ivan et al. 2011) that may resist climate change better than
expected because of its high elevation. Thus, Colorado could
prove to be important for recovery and resiliency of lynx, yet
no information exists regarding their local diet, hunting
patterns, or management actions that could optimize their
hunting efficiency.
Our goal was to describe winter diet and hunting habits of

lynx in Colorado for comparison with work conducted
throughout the species range and to provide local managers
with reliable information upon which to make decisions. We
focused on winter diet because most of the comparative
literature characterizes winter diet only and winter diet likely
contributes most directly to body condition during the
breeding season, which occurs in mid–late winter. In
addition to describing diet and hunting habits, we also
tested for the existence of refugia. Generally, we wanted to
differentiate among the following broad hypotheses: diet and
hunting characteristics of lynx in Colorado should 1) reflect
those of northern populations during cyclic lows (i.e., diet
contains significant portions of prey other than snowshoe
hares, refugia exist), especially because reintroduced individ-
uals were obtained from northern populations; 2) reflect lynx
populations in Montana, the closest Rocky Mountain
population, where evidence for refugia is lacking and lynx
do not make significant use of alternate prey; or 3) reflect a
blending of these characteristics that may have changed
through time as lynx from northern populations have
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acclimated and adapted to conditions in the southern Rocky
Mountains.

STUDY AREA

We assessed diet and hunting success of Canada lynx in
southwest and central Colorado, USA, primarily in the San
Juan and Sawatch mountain ranges. However, we also
tracked individuals that colonized the Central Front Range,
Elk Mountains, and Grand Mesa (Fig. 1). Lynx occurred
primarily on public lands managed by the United States
Forest Service and Bureau of Land Management.
Sagebrush (Artemisia spp.) parks dominated relatively low-

elevation (1,200–2,500m) valleys that heavily dissected the
study area. Montane forest vegetation (1,700–2,700m)
consisted largely of ponderosa pine (Pinus ponderosa) and
Douglas-fir (Pseudotsuga menziesii). Subalpine forests
(2,700–3,500m) in the San Juan Mountains and Grand
Mesa were comprised of Engelmann spruce (Picea engel-
mannii) and subalpine fir (Abies lasiocarpa) with aspen
(Populus tremuloides), high meadows, and willow (Salix spp.)
carrs intermixed. In addition, subalpine forests elsewhere in
the study area included significant stands of climax (drier
sites) or seral (moister sites) lodgepole pine (Pinus contorta).
Alpine tundra and rocky peaks topped the highest elevations
(3,500–4,200m). The majority of lynx use (and thus our
sampling efforts) occurred within forests composed of a
mixture of Engelmann spruce and subalpine fir.
Mean July temperature on the study area was 138C; mean

January temperature was �108C (National Oceanic and
Atmospheric Administration 2015). In the subalpine zone
where sampling occurred, snow cover generally persisted
from November through May or June and maximum snow
depth during the study averaged 146 cm (Natural Resources
Conservation Service 2015). Other predators in the study
area that may have directly or indirectly affected diet choices
of lynx included coyotes (Canis latrans), cougars (Puma
concolor), bobcats (Lynx rufus), red foxes (Vulpes vulpes), black

bears (Ursus americanus), American martens (Martes
americana), northern goshawks (Accipter gentilis), and
great-horned owls (Bubo virginanus).

METHODS

Sampling
From 1999–2006, the Colorado Division of Wildlife
(CDOW) released 218 wild-caught lynx from Canada
and Alaska into Colorado. Forty-six lynx released in 1999
and 2000 were instrumented with very high frequency
(VHF) transmitters (TelonicsTM, Mesa, AZ, USA). All
remaining lynx released in 2000 and those released from
2001 to 2006 were instrumented with dual platform
transmitter terminal (PTT) and VHF collars (SirtrackTM,
Havelock North, New Zealand). We made an annual effort
to trap and re-collar (using dual PTT and VHF collars)
individuals to maintain as many working telemetry trans-
mitters as possible. All capture and handling procedures were
approved by CDOW Animal Care and Use Committee
(ACUC Protocol #04-2000). The PTTs were active for a
single 12-hour block each week during which 1–21 locations
were recorded (�x¼ 2.7 locations/12-hr block). Aerial flights
to locate individuals via VHF typically occurred once per
week during winter.
Crews tracked lynx in the snow from February through

mid-May 1999, and approximately December through
March or April each winter from 1999–2000 through
2008–2009. We used weekly telemetry locations to deter-
mine where to search for tracks on the ground.Most tracking
areas were accessed via snowmobile 1–4 days following a
location. We used Argos locations of class 1–3, aerial VHF,
and ground-based VHF on the day of tracking to assign
known individuals to tracks. Lynx living primarily in
wilderness or roadless areas were rarely sampled due to
inaccessibility. We assumed that diet and hunting character-
istics did not differ appreciably between lynx living in
wilderness areas and those residing outside of wilderness
because management activity (e.g., timber harvest) in the
areas we sampled was relatively light. Each winter, we
attempted to sample as many individuals as possible and to
spread this effort evenly across individuals and throughout
the study area. However, because of differences in
accessibility, survival, collar life, long-distance movements,
and logistics, we were unable to sample individuals equally.
For example, 10 lynx (7%) were sampled on >30 occasions
and 12 (9%) only once. The majority (70 individuals, 53%),
however, were sampled on 5–25 occasions and overall,
individuals were sampled an average of 11.7 times. Thus, our
effort was representative of lynx hunting habits in the area
and was not overly influenced by outlier individuals tracked
very frequently or very infrequently.
Once crews discovered tracks, they generally back-tracked

but forward-tracked if telemetry signals indicated the lynx
was no longer in the area or distant enough that their
behavior would unlikely be influenced by trackers. When
crews encountered a site marking the start of a chase (i.e.,
where tracks indicated that the lynx had discovered prey and

Figure 1. Gray shaded area is the approximate area where we examined the
diet of Canada lynx in Colorado, USA. Open circles indicate where we
tracked lynx during February through mid-May 1999, and December 1999
through April 2009. Inset: Range of Canada lynx and approximate boundary
(dashed line) between northern and southern populations.
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both animals abruptly erupted into bounding gaits), they
recorded Universal Transverse Mercator (UTM) coordinates,
aspect, slope, and elevation. Chases were assumed to be
successful (i.e., ultimately ended in a kill) if tracks indicated
that the prey was overtaken by the lynx or if remains of dead
prey were discovered at the end of the chase. Prey species were
identifiedby tracks and/or remains at thekill site.At a subset of
sites where evidence was unambiguous, crews recorded
whether the chase was initiated from a bed (i.e., bounding
after prey started immediately from a crouched, stationary
position) or while the lynx was actively hunting. In addition to
sites of interest for this work (i.e., initiation of chases), crews
also recorded coordinates for the beginning and end of their
tracking session andother sites of interest (i.e., territorymarks,
road crossings, beds). We used locations of all such sites to
estimate the distance tracked each day.
From 2000–2006, crews sampled vegetation where chases

were initiated using a 5� 5 grid of sample points (3-m
spacing) centered at the site. At each of the 25 points, crews
recorded snow depth, understory cover (0 or 1 indicating
whether a tree, shrub, or coarse wood intersected a column
6-cm in diameter rising above the snow to 150 cm),
understory density (no. tree, shrub, or coarse wood branches
intersecting the 6-cm column at half-meter intervals above
the snow to 150 cm), and overstory cover (0 or 1 indicating
whether a tree, shrub, or coarse wood intersected the
crosshair of a densitometer at each point). Crews also tallied
the number of trees (stem density) that protruded through
the snow surface within the 144-m2 plot.
Crews initially tallied understory, understory cover, and

overstory measurements by species, but given that 90% of all
chase sites occurred within spruce-fir forests, we merged all
species together for analysis. The only exception was that we
noted the presence of a willow component when it occurred
at the site because previous anecdotal evidence from the area
(Shenk 2005) and elsewhere (Mowat and Slough 2003)
suggests that hares, and thus lynx, may select for willow
components where available. Also, we excluded 7 sites that
occurred in pure willow thickets so dense that they precluded
tracking and measurement. We recognize that exclusion of
the densest sites from our analysis may have introduced bias
into the results. However, these sites were relatively few
(0.9% of total sites where chases were initiated) and differed
markedly in structure and composition from the majority of
other sites. We assume that our results are informative and
pertinent to the majority of lynx habitat in the study area.

Analysis
To describe the winter diet and hunting patterns of lynx in
Colorado for comparison with other regions, we tallied the
frequency of occurrence of snowshoe hares and red
squirrels recorded at kill sites by year based on the pooled
number of kills across individuals. We also converted
occurrence data to percent biomass by assuming that the
average mass consumed from each snowshoe hare and red
squirrel was 1,250 g and 225 g, respectively (Armstrong
et al. 2011). Occasional other prey included mountain
cottontail (Sylvilagus nuttallii; n¼ 10), white-tailed

ptarmigan (Lagopus leucura; n¼ 2), gray jay (Perisoreus
canadensis; n¼ 2), American marten (Martes americana;
n¼ 2), mice (Peromyscus spp.; n¼ 2), white-tailed jackrab-
bit (Lepus townsendii; n¼ 1), mule deer (Odocoileus
hemionus; n¼ 1 hindquarter of a yearling), ermine (Mustela
erminea; n¼ 1), dusky grouse (Dendragapus obscures; n¼ 1),
and woodpeckers (Picoides spp.; n¼ 1). We included
published weights of these species in calculations of lynx
diet by biomass (Armstrong et al. 2011, Cornell Lab of
Ornithology 2016). We also calculated kill rate (kills
identified/km tracked), overall hunting success (no. kills/
no. chases), and hunting success from a bed compared to
stalking for both snowshoe hares and red squirrels.
To assess the existence and structure of refugia in the study

area, we used package lme4 (Bates et al. 2015) in R (R
Development Core Team 2015) to fit logistic regression
models relating hunting success to a suite of covariates
measured where the chase initiated. This analysis was limited
to 2000–2006 because these were the only years that we
collected vegetation data at chase sites. We initially
considered all vegetation measurements taken at each site
as potential predictors of success. However, understory cover
and understory density were highly correlated (r¼ 0.72), and
measure much the same phenomenon as stem density
(although we note that mature trees may count little toward
stem density but more toward understory if they have thick
lower branches near the snow surface). To simplify the
number of parameters (and models) under consideration and
avoid redundancy in model construction, we chose to retain
stem density as a broad representation of cover, and discarded
understory cover and understory density from further
analysis. Of these measurements, stem density is most
compatible with metrics routinely collected and used by
forest managers and by previous researchers. We also
considered (stem density)2 as a potential predictor variable to
allow for the possibility that hunting success may be highest
at intermediate stem densities, as reported elsewhere (e.g.,
Fuller et al. 2007). We retained overstory as a potential
predictor because it has a direct impact on understory, can
affect overall visibility at a site, and is a proxy for escape cover
for red squirrels. We included (overstory)2 to allow for the
existence of non-linear relationships. Because we sampled
individuals repeatedly but unequally and expected average
hunting success to vary by individual attributes (e.g., age, sex,
origin of translocation), we included individual lynx as a
random intercept in eachmodel.We included individual year
effects as potential predictor variables to allow for variation in
environmental conditions on an annual basis. We also
included year as a linear trend to allow for the possibility that
hunting success generally increased or decreased linearly as
the reintroduction progressed.
We initially considered a model set containing all possible

combinations of the 7 variables described above (year, trend
across years, stem density, [stem density]2, overstory,
[overstory]2, and willow). However, we omitted models in
which squared terms occurred without inclusion of lower
order terms, and we only allowed 1 type of year effect in any
given model. This resulted in a final set of 54 candidate
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models. We considered the same model set for both
snowshoe hare and red squirrel chases. However, willow
rarely occurred at sites where red squirrel chases were
initiated and including this effect caused model-fitting
algorithms to fail. Thus, for the red squirrel analysis, we
removed any model that included willow (27 candidate
models remained). For both snowshoe hare and red squirrel
data sets, we conducted model selection using Akaike’s
Information Criterion (AIC; Burnham and Anderson 2002)
and made inference based largely on those models within 2
AIC units of the top model.

RESULTS

We tracked 132 lynx for 4,612 km across 11 winters. We
documented 1,746 chases and 546 kills (Table 1). Overall,
snowshoe hares comprised the majority of winter diet by
occurrence (�x¼ 70%, range¼ 26–90%), but in 7 of 11 years,
red squirrels comprised at least 20% of the diet, and during
the final year of the study, lynx diet consisted of 72% red
squirrels (Table 1). By biomass, snowshoe hares were the
most significant prey species for lynx across all years
(�x¼ 89%, range¼ 65–98), even during winters when lynx
killed a higher proportion of red squirrels. Other species
comprised relatively insignificant portions of the diet (3%
occurrence, 3% biomass; Table 1).

Once a chase was initiated, lynx were more successful at
capturing red squirrels than hares (Table 2). Regardless of
prey species, lynx hunted via stalking more often than they
attempted to capture prey from a bed, and they were
generally more successful while stalking than from a bed
(Table 2). From year to year, hunting success was variable for
both snowshoe hares (range¼ 18–54%) and red squirrels
(range¼ 33–75%), but the primary hunting method
remained fairly consistent across years (lynx stalked hares
on 89–98% of hunting occasions; lynx stalked red squirrels on
76–100% of occasions; Table 2). We estimated that lynx
killed on average 0.08 (95% CI¼ 0.06–0.09) hares for
every km traveled (1 hare/12.5 km) and 0.03 (95% CI
¼ 0.01–0.05) red squirrels for every km traveled (1 red
squirrel/33.3 km; Table 2).
For snowshoe hares, the top model relating hunting success

to habitat included additive effects for year, stem density,
(stem density)2, and presence of willow (Table 3). Hunting
success was highest for the second winter analyzed
(2001–2002) and lowest for the last winter (2005–2006),
although confidence intervals slightly overlapped 0 for all
years. The presence of willow at the site where a chase began
was associated with an increase in hunting success (b¼ 0.67,
95% CI¼�0.05 to 1.39). Hunting success peaked at
approximately 3,000 stems/ha and declined dramatically

Table 1. Percent occurrence (% biomass) of snowshoe hares, red squirrels, and other prey items in the winter diet of Canada lynx in Colorado, USA,
1999–2009.

Winter No. lynx tracked Total km tracked Total kills Snowshoe hare (%) Red squirrel (%) Other (%)

1999 12 157 6 67 (92) 33 (8) 0 (0)
1999–2000 19 493 68 72 (84) 22 (5) 6 (12)
2000–2001 47 611 77 65 (84) 22 (5) 13 (11)
2001–2002 32 388 42 90 (97) 7 (1) 2 (2)
2002–2003 27 557 50 88 (97) 8 (2) 4 (2)
2003–2004 33 403 36 69 (91) 28 (7) 3 (3)
2004–2005 42 520 65 86 (97) 12 (2) 2 (1)
2005–2006 45 485 67 88 (98) 9 (2) 3 (1)
2006–2007 32 357 36 56 (87) 44 (13) 0 (0)
2007–2008 25 345 46 59 (89) 39 (11) 2 (0)
2008–2009 25 296 53 26 (65) 72 (32) 2 (4)
�x 31 419 50 70 (89) 27 (8) 3 (3)

Table 2. Hunting success (% of chases initiated) of Canada lynx for 2 primary prey items in Colorado USA, 1999–2009.

Snowshoe hare Red squirrel

% success % success

Winter Chases Kills/km Overall Stalking From bed Chases Kills/km Overall Stalking From bed

1999 21 0.03 19 21 (90) 0 (10) 6 0.01 33 33 (83) 100 (17)
1999–2000 113 0.10 43 46 (90) 27 (10) 29 0.03 52 68 (76) 29 (24)
2000–2001 129 0.08 39 38 (98) 50 (2) 22 0.03 77 84 (91) 0 (9)
2001–2002 72 0.10 53 54 (96) 0 (4) 4 0.01 75 75 (100) 0 (0)
2002–2003 145 0.08 30 31 (90) 21 (10) 12 0.01 33 36 (92) 0 (8)
2003–2004 86 0.06 29 30 (89) 11 (11) 21 0.02 48 59 (81) 0 (19)
2004–2005 208 0.11 27 27 (92) 31 (8) 14 0.02 57 55 (79) 67 (21)
2005–2006 189 0.12 31 32 (92) 20 (8) 15 0.01 40 46 (93) 0 (7)
2006–2007 102 0.06 20 18 (90) 20 (10) 32 0.04 50 48 (69) 50 (31)
2007–2008 113 0.08 24 25 (97) 0 (3) 49 0.05 37 39 (94) 33 (6)
2008–2009 80 0.05 18 18 (95) 0 (5) 86 0.13 44 43 (91) 63 (9)
�x 114 0.08 30 31 (93) 16 (7) 26 0.03 50 53 (86) 31 (14)
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beyond 6,000 stems/ha (Fig. 2; bstem density¼ 2.41, 95%
CI¼�0.79 to 5.62; bstem density

2¼�4.25, 95% CI¼�8.62
to 0.12). Other models within 2 AIC units of the top model,
and most of those within the top 10 models (�3.1 DAIC),
had structures that were nested within the top model
(Table 3). Two models in the top 10 included an effect for
overstory cover, but the addition of overstory actually
worsened the AIC score compared to the base model without
it, and the 95% confidence intervals for the coefficient for
overstory substantially overlapped 0 (e.g., when included
with stem density: b¼�0.40, 95% CI¼�1.35 to 0.55).
Thus, it added little information and was a poor predictor of
hunting success.
The top model relating red squirrel hunting success to

habitat included additive effects of year (linear trend) and
overstory cover (Table 4). Hunting success declined linearly
through time (b¼�0.36, 95% CI¼�0.64 to �0.08) and
was positively associated with overstory cover (b¼ 2.00, 95%
CI¼�0.51 to 4.51). Other models within 2 AIC units of
the top model included additional variables, but similar to

above, addition of these variables increased AIC scores
compared to base models without them indicating they
added little information.

DISCUSSION

In general, snowshoe hares comprised the bulk of Canada
lynx winter diet in Colorado by occurrence, and dominated
the diet by biomass in all years. Hare occurrence peaked in
the diet from 2001 to 2006, whereas red squirrels peaked in
occurrence opposite of hares during the first and last 3 years
of the study (but note 2003–2004 as an exception to this
pattern). During several winters, the red squirrel portion of
the diet topped 20% by occurrence and even comprised a
third of the diet by biomass during the last winter. In one
portion of the study area, Ivan et al. (2014) documented a
decline in snowshoe hare density in spruce-fir stands during
winters of 2006–2007 and 2007–2008 followed by a partial
recovery during 2008–2009. Thus, the apparent shift in
occurrence from hares to squirrels during the final years of
the study may have been precipitated by a reduction in their
primary prey source. Conversely, anecdotal evidence sug-
gested that red squirrel numbers peaked during these last
years, so lynx may have simply taken advantage of an
abundant resource. Although hunting success for snowshoe
hares was lower during these later years, the proportion of
chases initiated from beds remained low and did not change
throughout the study. Thus, lynx did not appear to alter their
hunting strategy in response to apparent changes in prey
abundance as has been shown in northern populations
(Murray et al. 1995, O’Donoghue et al. 1998a). Rather, they
simply adjusted their diet to include more alternate prey
items.
The winter diet of lynx in Colorado were heavily skewed

toward snowshoe hares as has been documented throughout
lynx range (Van Zyll de Jong 1966, Brand et al. 1976, More
1976, Parker et al. 1983, Squires and Ruggiero 2007).
However, the substantial proportion of red squirrel in winter
diet we observed also aligns with hypotheses regarding
increased dietary breadth of southern lynx populations (Apps
2000), and empirical results from diet studies in this part of
the range (Koehler 1990, Apps 2000, Roth et al. 2007).
Notably, our results stand in contrast to results from

Table 3. Model selection results for hunting success of Canada lynx on snowshoe hares as a function of vegetation attributes at the site where the chase
began, Colorado, USA, 2000–2006. We compared 54 models and present the top 10 based on Akaike’s Information Criterion (AIC). We also present the
difference between the AIC score of each model relative to the best (minimum score) model (DAIC), the probability that a model is the best in the set given
the data and model set under consideration (wi), and the number of parameters in the model (K), including the random intercept for individuals. T indicates
that a year effect was included as a linear trend through time, whereas t indicates that each year was allowed to have its own additive effect.

Model AIC DAIC wi K

Year(t)þ stem density þ stem density2 þ willow 877.0 0.0 0.16 10
Year(t) þ stem density þ stem density2 878.3 1.3 0.09 9
Year(t) þ stem density þ stem density2 þ overstory þ willow 878.3 1.3 0.08 11
Year(t) þ willow 879.1 2.1 0.06 8
Year(t) þ stem density þ stem density2 þ overstory 879.2 2.2 0.05 10
Year(t) þ stem density þ willow 879.3 2.2 0.05 9
Year(t) þstem density 879.7 2.7 0.04 8
Year(t) 879.7 2.7 0.04 7
Year(T) þ stem density þ stem density2 þ willow 879.9 2.9 0.04 6
Year(t) þ stem density þ stem density2 þ overstory þ overstory2 þ willow 880.1 3.1 0.03 12

Figure 2. Probability that a Canada lynx captured a snowshoe hare as a
function of the stem density (trees/ha) at the site where the chase began. The
relationship is based on the top model in the set we considered based on
Akaike’s Information Criterion; all other covariates in the model were fixed
to their mean level. The gray shaded area is the 95% confidence interval. We
sampled lynx throughout southwest and central Colorado during February
through mid-May 1999, and December 1999 through April 2009.
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Montana, the closest study area geographically to ours, where
red squirrels were taken by lynx more infrequently and nearly
half of predation attempts occurred from beds (Squires and
Ruggiero 2007). Our occurrence data suggested a shift from
relatively high (>20%) use of red squirrels, to relatively low
use (�12%), then back to high use, which reflects results
obtained from highly cyclic lynx–hare systems in Yukon
Territory (O’Donoghue et al. 1998b), although less dramatic.
Like O’Donoghue et al. (1998b), we also documented
consistent preference for snowshoe hares by biomass, even
through bouts of apparent prey switching as indexed by
percent occurrence.
Overall hunting success (31%) for snowshoe hares was

within the range of that reported elsewhere (Nellis and
Keith 1968, Koehler 1990, Murray et al. 1995, O’Donog-
hue et al. 1998b). However, high overall success rates (47%)
for red squirrels were matched only by lynx in Yukon
Territory, Canada (O’Donoghue et al. 1998b). The kill rate
of snowshoe hares in Colorado (0.08 kills/km) was lower
than that reported for lynx in central Alberta, Canada
(0.15–0.55 kills/km; Brand et al. 1976), Nova Scotia,
Canada (0.13 kills/km; Parker et al. 1983), and Montana,
USA (0.12 kills/km; Squires and Ruggiero 2007). Lower
kill rates in Colorado could be due to overall lower densities
of snowshoe hares in the region (mean winter hare densities
in spruce-fir forests from 2006–2009 were 0.05–0.21 hares/
ha; Ivan et al. 2014), which would require more travel to
obtain the same number of prey. Alternatively, perhaps the
increased patchiness of the southern Rocky Mountain
landscape (Dolbeer and Clark 1975, Wolff 1980) necessi-
tated more travel (across vegetation types that do not
provide habitat for snowshoe hares) to access a similar
number of hunting patches compared to more continuous
habitat farther north.
We found that the winter diet and hunting characteristics

of lynx in Colorado were a blend of characteristics common
to all lynx populations (e.g., snowshoe hares comprise the
majority of the diet in most years, especially by biomass),
characteristics more closely aligned to northern populations
(e.g., over the course of the 11-year study, lynx shifted the
proportion of their diet allocated to red squirrels and
snowshoe), and elements that have been hypothesized to be

unique to southern populations (e.g., in most years, red
squirrels comprised a substantial portion of the diet). It is
plausible that lynx in our study area exhibited this blending of
diet and hunting characteristics because they were trans-
located from northern populations (Quebec, Manitoba,
British Columbia, Yukon Territory, and Alaska) into the
extreme southern limit of lynx range. However, our study
occurred over a decade and included 14 Colorado-born
individuals, 3 winters of data collection after the release of
the last individual, and numerous cases in which individuals
were tracked >5 years after they were translocated. Thus, we
feel that the individuals in this study had ample time to
acclimate to local conditions in Colorado and their hunting
preferences likely reflect behavioral responses to those local
resources rather than hunting strategies formed prior to
being translocated. O’Donoghue et al. (1998b) documented a
lag of up to a year in prey-switching by lynx; individuals that
had grown used to preying on red squirrels continued to do so
for an extra winter, even when hare numbers began to
increase. That this strong focus on red squirrels lasted only
1 year supports our claim that our results reflect resident
animals responding to current, local conditions rather than
individuals exhibiting habits formed previously.
Peers et al. (2014) suggested that the ability of lynx to cope

with a changing climate will be in part related to their
capacity to successfully include red squirrels in their diet.
This is because the impacts of climate change on the
retraction of red squirrel habitat at the trailing edge of lynx
range is expected to be less dramatic than that of snowshoe
hares (Peers et al. 2014). Our findings indicate that lynx are
capable of exploiting red squirrels in Colorado when they are
readily available or when snowshoe hares are relatively sparse.
We also documented successful reproduction in 2009 after a
winter of heavy reliance on red squirrels (Shenk 2009).
However, prevailing evidence suggests that lynx reproduc-
tion and recruitment will suffer in the long term when their
diet is consistently skewed toward red squirrels and deficient
in snowshoe hares (Poole 1994, Mowat et al. 1996, Slough
and Mowat 1996, O’Donoghue et al. 2001). Furthermore, a
number of factors other than prey-switching will likely affect
the ability of lynx to cope with climate change. For instance,
extensive bark beetle outbreaks are currently affecting

Table 4. Model selection results for hunting success of Canada lynx on red squirrels as a function of vegetation attributes at the site where the chase began,
Colorado, USA, 2000–2006. We compared 27 models and present the top 10 based on Akaike’s Information criterion (AIC). We also present the difference
between the AIC score of each model relative to the best (minimum score) model (DAIC), the probability that a model is the best in the set given the data
and model set under consideration (wi), and the total number of parameters in the model (K), including the random intercept for individuals. T indicates that
a year effect was included as a linear trend through time, whereas t indicates that each year was allowed to have its own additive effect.

Model AIC DAIC wi K

Year(T) þ overstory 104.5 0.0 0.15 4
Year(T) 105.0 0.5 0.12 3
Year(T) þ stem density þ stem density2 þ overstory 105.0 0.5 0.11 6
Year(T) þ overstory þ overstory2 106.3 1.8 0.06 5
Year(t) þ stem density þ stem density2 þ overstory 106.4 1.9 0.06 10
Year(T) þ stem density 106.5 2.0 0.06 4
Year(T) þ stem density þ overstory 106.5 2.0 0.06 5
Year(t) 106.7 2.2 0.05 7
Year(T) þ stem density þ stem density2 106.8 2.3 0.05 5
Year(T) þ stem density þ stem density2 þ overstory þ overstory2 107.0 2.5 0.04 7
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spruce-fir systems in Colorado and beyond. This is likely to
have a large-scale, negative impact on red squirrels due to a
reduction in cone-producing trees (Ivan and Seglund 2015).
Also, prolongedmismatch between the environment and pelt
color of snowshoe hares due to diminished duration of snow
cover could have a drastic population-level impact on that
species, which may or may not be alleviated by evolutionary
adaption (Zimova et al. 2016). Thus, the ability of lynx to
cope with changing future conditions remains questionable.
Our logistic regression analysis for snowshoe hares

indicated a quadratic relationship between hunting success
and stem density such that capture success peaked at
2,000–4,000 stems/ha and dropped dramatically beyond
6,000 stems/ha. The highest snowshoe hare densities
documented by Ivan et al. (2014) in Colorado occurred
during summer in late-seral Engelmann spruce-subalpine fir
and early seral lodgepole pine stands, which had total stem
densities of 5,874 stems/ha and 6,231 stems/ha, respectively
(Ivan et al. 2014:Appendix A). During winter, the replicates
with the highest snowshoe hare densities averaged
5,828 stems/ha (J. S. Ivan, Colorado Parks and Wildlife,
unpublished data). These results suggest that snowshoe hare
refugia exist in Colorado; peak hunting success occurred at
stem densities below which peak hare density occurred. This
pattern stands in contrast to results from Montana, which
suggested that lynx select habitat with the highest densities
of hares (Squires and Ruggiero 2007). Our results are,
however, consistent with lynx hunting behavior documented
in Maine (Fuller et al. 2007) and Alaska (Wolff 1980).
We found that the presence of willow at a chase site was

positively associated with capture success of snowshoe hares.
Ivan et al. (2014) noted that snowshoe hare density on their
study site in central Colorado was positively associated with
the amount of willow present in the surrounding landscape
and negatively associated with distance to the nearest willow
patch, although both associations were relatively weak.
Shenk (2005) reported that riparian willow zones and edges
were a heavily used habitat by lynx, at least during summer.
Thus, that willow was associated with snowshoe hare activity
is unsurprising. Why willow would facilitate successful
capture of hares once a chase begins is unclear, however.
Hunting success for red squirrels was positively correlated

with overstory cover. As with snowshoe hares and willow, we
expected increased overstory cover (and presumably, in-
creased no. mature trees) to be positively associated with
increased abundance of red squirrels because of their reliance
on cone crops (Armstrong et al. 2011). However, more
mature trees seem likely to provide more escape cover for
squirrels, which should hinder capture success. Thus, we see
no clear biological mechanism for this relationship.
In summary, our results demonstrate that snowshoe hares

are a highly preferred prey item for Canada lynx inhabiting
the southern Rocky Mountains, just as they are in more
northerly lynx populations. However, we also demonstrated
that the diet of lynx in Colorado is flexible enough to
accommodate some fluctuation in snowshoe hare and red
squirrel abundance. Other diet and hunting patterns of lynx
in Colorado were a mix of elements thought to be

characteristic of southern populations and those indicative
of northerly populations.

MANAGEMENT IMPLICATIONS

Management of winter hunting habitat for Canada lynx in
Colorado should include a matrix of vegetation types in
which dense patches (>6,000 stems/ha) capable of support-
ing abundant snowshoe hares are closely juxtaposed with
less-dense patches (2,000–4,000 stems/ha) where lynx can
more successfully capture prey. Small (<5 ha), regenerating
clear cuts scattered within an untreated matrix could
produce this type of environment, albeit for a finite period
of time when the regenerating stand is of the appropriate
height and density. However, we suggest that optimal
conditions can be met most effectively by managing for
mature, uneven-aged spruce-fir stands, which tend to
naturally include small patches of both types juxtaposed at
finer scales. Additionally, the large trees within these
mature stands, especially subalpine fir, often exhibit a
growth form where dense lower branches fan out for some
distance along the ground, creating a microhabitat with
high horizontal cover in areas where stem density may
otherwise be relatively sparse. Thus, thick and moderate
cover can be intermingled at an even finer sub-patch scale
within mature stands. Finally, mature stands provide cone
crops necessary to support red squirrels, which is an
important alternate prey item in Colorado. We note that
other life-history requirements (e.g., denning habitat,
summer prey) may not be captured by these management
recommendations for winter hunting habitat.
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From: Cummings, Jonathan
To: Zelenak, Jim
Cc: Mark McCollough; Tamara Smith; Kurt Broderdorp; Bryon Holt; Jodi Bush; Mary Parkin; Heather Bell
Subject: Re: Lynx SSA Call
Date: Wednesday, July 27, 2016 8:16:11 PM
Attachments: 2016 07 20 DraftLynxSSAReport_JWC.docx

My comments on Ch. 3 are attached.  I did some of the editing on a plane, so different devises
resulted in different edit and comment colors/labels, sorry.  Hope that's not to hard to deal
with.

On Tue, Jul 26, 2016 at 2:26 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks for you time and contributions on the call today.

Heather asked that I follow up with an email about assignments we discussed for Core Team, so:

1. Make sure your unit parts of chapters 4 and 5 are as tight as you can make them, addressing the template items
for each.  In Ch. 5, the last part of the unit-specific sections should be "lynx viability" - where you should
summarize the expert workshop results and import the probability of persistence graph for your unit and discuss if
need be. Tam has already take a stab at this, so take a look at her Ch. 5/Unit 2.

2. Review and comment on Chapters 1-3 with an eye to anything that might be repeated in later chapters - if so,
look for opportunities to reduce redundancy by referring to the earlier sections if appropriate/applicable.

3. Review figures/conceptual models and make any comments/suggestions that you think might improve them
(except for the map, which we've already discussed and will work thru another time soon).

4. Also see (at link below to the drive) the spreadsheet Jonathan pulled together while we were working on a
current conditions table in Denver: Take a look at the various sheets and think about how we might generate a
table that would be useful in the SSA report (at the end of Ch. 4). I'd welcome thoughts on or efforts at turning it
into a table for the report.

https://docs.google.com/spreadsheets/d/1BkxJiAfXH4QyqXv86A-
Bj0VBfHyTJtwQXBd9Le0giZw/edit#gid=1917623158 

4. Provide bullets or general thoughts for the DPS-wide summaries at the ends of Ch. 4 and 5, and for the
synthesis section.

5. As Kurt mentioned, make sure you add any new citations to the list and move pdfs to the drive (only docs that
are not already in the LCAS 2013 lit cited file).

I'm probably forgetting something, but I think that's most of it.

I'll send out a reminder for the state coordination call tomorrow and hope you can join that, too.

Thanks again.

Jim   

On Mon, Jul 25, 2016 at 2:53 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Teams,

Seems like a while since more than a few of us were available for a lynx call/update, but I'm hoping most will
be able to join the call tomorrow, 7/26, at 10 AM Mountain Time.  We talked a while back about combining the
Core and FIT Team calls, and that's sort of what we did for the last few weeks.
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As folks who have been in the draft report on the drive can see, I'm still struggling to fill in remaining sections.
For the call tomorrow, I'd like to talk about Core Team review of the first 3 Chapters, with each member then
checking their Ch. 4 and 5 sections looking to remove and redundancy. I'd also like Core Team to ensure that
template topics for each section (Ch. 4 and 5) have been addressed and that expert workshop results for their
unit have been summarized and pulled into Ch. 5, along with the probability of persistence graph from the
workshop report.

I'd also like to talk about and settle on which figures (conceptual models and others) we should use and where,
whether any need to be changed/refined, and whether other tables are needed and where (e.g., some version of
the current conditions table that we worked on in Denver?).

I'm sure there are other things to talk about.  If you have specific issues you'e like to address, you can let me
know ahead of time or just bring up on the call.

Talk to you tomorrow.

866-857-8504
7620543 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
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Executive Summary 
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis). We considered the available scientific literature and formally elicited the 
professional judgments and opinions of recognized lynx experts to evaluate the historic and 
current distribution and status of resident lynx populations in the DPS, the factors that appear to 
influence those populations, and to assess the likely future viability of the DPS in terms of 
representation, redundancy, and the resiliency of its resident lynx populations (the “3 Rs”). The 
six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or recently supported resident lynx populations. We found…..   

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

Comment [1]: Heather & Mary, thoughts on 
SSA having a statement like this that is updated 
by version number to note the most recent 
decision being supported.  Past statements (& 
version #) with the supported decisions could be 
retained as well? 

Comment [2]: I think it's a good idea, and 
we'd simply change this introductory statement 
(including the decision application) for v. 2.0). 



1.1 Background 
The Canada lynx is a North American wild cat that is strongly associated with northern-latitude 
boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 2000, 
pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It relies heavily on its 
primary prey, the snowshoe hare (Lepus americanus), to support survival, reproduction, 
recruitment, and, therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 
2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; U.S. Fish and Wildlife Service 2005, 
p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx 
distribution is also influenced by snow conditions; it is generally restricted to areas that receive 
deep, powdery, and persistent snow that allows lynx, with their proportionately longer limbs and 
very large feet, to outcompete other hare predators that are less efficient in such conditions 
(McCord and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, 
pp. 89-94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, 
p. 75; Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 
2013, pp. 25-26; 79 FR 54809). 
 
Maybe insert simple resiliency conceptual model here as well as somewhere in Ch. 2? 
 
Lynx are distributed across approximately 5.5 million km2 (2.1 million mi2) in Canada 
(Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in Alaska (University of 
Alaska Center for Science Conservation, http://akgap.uaa.alaska.edu/species-data/canadian-
lynx-annual- 
distribution/#content, accessed 4/28/2016; Reimer 2016, pers. comm.). Lynx are generally 
considered secure, widespread, abundant, and distributed throughout most of their historic 
ranges in Canada and Alaska, which, combined, account for roughly 98 percent of the species’ 
distribution. The southern peripheries of the boreal forest and the distributions of snowshoe 
hares and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; 
McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA (Figure 1, Table 1) represent the remaining 2 percent of the species’ 
breeding distribution (approximately 131,168 km2 [50,644 mi2]). Lynx populations in the DPS 
appear to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below), and the demographic and genetic health and persistence of DPS populations are 
thought to be influenced by connectivity with, and immigration of lynx from, larger populations in 
Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 
79 FR 54815). 
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Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations relative to the general range of lynx in Canada. Range in Canada 
based on Poole (2003), Koen et al. (2014), and Vashon (2015).  
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada when hare populations crashed, many occurred in 
anomalous habitats, and lynx were unable to persist and establish populations in most of these 
areas (Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 
2006, pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2, below). Habitats capable of supporting 
persistent resident lynx populations in the contiguous U.S. (and, therefore, important to the 
conservation and recovery of the DPS) occur over a much smaller geographic area that 
includes parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; U.S. Fish and Wildlife Service 2005, p. 3; 79 FR 
54806-54807; Lynx SSA Team 2016, pp. 6-7). Although uncertainty remains regarding the 
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historic distribution of resident lynx in the contiguous U.S. and breeding populations may have 
been lost from some places, neither broad-scale breeding range contraction nor substantial 
population decline in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (U.S. Fish and Wildlife Service 2005, entire), designated critical habitat for the DPS in 
2006 (71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations 
of “significant portion of the range” and that all lynx in the contiguous U.S. constitute a single 
DPS (72 FR 1186). Also in 2007, the Service initiated a 5-year status review of the DPS (72 FR 
19549). The Service revised the critical habitat designation for the DPS in 2009 (74 FR 8616) 
and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based definition of 
the DPS boundary to formally extend ESA protection to lynx “where found” in the contiguous 
U.S., including New Mexico and other states that were not included in the original DPS range 
(79 FR 54804). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx 
populations. Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support lynx home ranges and occasional reproduction, and 
uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. Five of the six geographic units (with 
the exception of the Western Colorado Unit) encompass and closely mirror the areas the 
Service designated as critical habitat in 2014. The geographic units include Federal, private, 
State, and Tribal lands, and the amounts in each ownership vary among the units, with private 
and State lands predominating in the Maine and Minnesota, respectively, and Federal lands 
predominating in the remaining (western) units (Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 
 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent) 

Federal 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 0 0 0 0 91.6 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 
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3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

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

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

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

All Units 131,164  100 63.6 55.6 6.8 1.1 26.5 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of 
this effort, our Endangered Species Program developed a new 
framework, the Species Status Assessment (SSA) Framework 
to guide how we assess the best scientific and commercial 
data available when evaluating the biological status of 
species. In conducting an SSA, we take into consideration the 
life history and ecology of the species to understand how the 
species maintains itself over time, and the likely changes in 
the environment – past, current, and future – to help us 
understand what factors drive the viability of the species.   
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and future condition of the species. 
Briefly, resiliency describes the ability of the species to withstand stochasticity; redundancy 
describes the ability of the species to withstand catastrophic events; and representation 
describes the ability of the species to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain populations in the wild over time 
based on the best scientific understanding of current and future abundance and distribution 
within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions by the Service under the ESA. 
  
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time.  USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html    

1.3 Analytical Approach/Methods 
We used the SSA Framework (October 2015, version 3.3) described briefly in 1.2 above, as the 
analytical framework for the assessment process. We evaluated the current status of resident 
lynx populations in the contiguous U.S. as well as the likelihood that the geographic areas 
supporting resident lynx in the DPS would continue to do so in the near term and at mid- and 
end-of-century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs 
(Fig. 2) based on available published literature and other information regarding historic and 
current status of and threats to lynx populations in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgement (Lynx SSA Team 
2016, entire). 
 

 
Figure 2. Conceptual model of the factors influencing the 3 Rs as they pertain to lynx viability. 
 
 
We used the definitions from the SSA Framework 3.3 applied specifically for lynx (see the 
bullets under each “R” below). We evaluated representation and redundancy at the scale of the 
DPS as a whole, and resiliency at the scale of lynx populations within each of the six geographic 
units known or thought to support them in the contiguous U.S. (see Fig. 1 and Table 1, above).  
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Persistence refers to the ability of a population to sustain itself over time. 

Redundancy describes the ability of a species to withstand catastrophic events.  Measured by 
the number of populations, their resiliency, and their distribution (and connectivity), redundancy 
gauges the probability that the species has a margin of safety to withstand or can bounce back 
from catastrophic events; combined with resiliency and representation to form the three-pronged 
biodiversity principles. 
 

● For the lynx DPS, we are using the current and likely future (based on modeling 
projections and expert opinion) geographic distributions of resident breeding populations  
to evaluate redundancy. 

Representation describes the ability of a species to adapt to changing environmental 
conditions. Measured by the breadth of genetic or environmental diversity within and among 
populations, representation gauges the probability that a species is capable of adapting to 
environmental changes; combined with resiliency and redundancy to form the three-pronged 
biodiversity principles. 
 

● We are using  measures of genetic diversity and heterozygosity, the current and likely 
future geographic distributions of resident breeding populations, and the documented 
dispersal capabilities of the species to describe representation for the lynx DPS. 

 
Resiliency describes the ability of the populations to withstand stochastic events. Measured by 
the size and growth rate of each population, resiliency gauges the probability that the 
populations comprising a species are able to withstand or bounce back from environmental or 
demographic stochastic events; combined with representation and redundancy to form the 
three-pronged biodiversity principles. 
 

● Because we lack reliable estimates of population sizes and trends, growth rates, and 
other long-term demographic data for most populations in the DPS, our evaluation of the 
resiliency of lynx populations in the DPS is based largely on recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain 
viable into the future. 

Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
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ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Retrieved April 14, 2016, from the Integrated Taxonomic Information System online 
database, http://www.itis.gov). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with grayish-brown mixed of buff or pale 
brown fur on the back, and grayish-white or buff-white fur on the belly, legs and feet. In summer, 
its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long tufts of 
black hairs extending from the tips of its ears, a short, completely black-tipped tail, and often a 
distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 cm (30 to 
35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen et al. 
2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished data), 
and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s large 
feet and long legs make it highly adapted for traversing and hunting in deep, powdery snow, 
where its low foot-loading (weight per surface area of foot) is thought to provide a competitive 
advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other 
terrestrial predators of snowshoe hares (Lepus americanus), the lynx’s primary prey. In 
southern Canada and the northern contiguous U.S, where the southern edge of the lynx range 
overlaps the northern edge of the bobcat (Lynx rufus) range, the two species are easily 
confused because of their similar size and appearance. However, the lynx’s longer ear-tufts, 
larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear tufts, small 
feet, white on the underside of the tail, and is much more common and abundant in most of the 
contiguous U.S. than lynx. 
 
Overall, genetics research suggests high gene flow across the continental range of lynx, likely 
because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12, Fig XXXX). Genetic evidence also indicates interactions 
between lynx populations even where physical barriers appear most likely to restrict gene flow. 
For example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, 
pp. 1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx, there is evidence of genetic exchange between the two areas, 
indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Isle of Belle Strait that 
separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 

http://www.itis.gov/


eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 

 
Fig XXXX 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range. While recognizing that 
small changes in genetic variation can lead to large changes in population fitness, the authors 
noted that the differences between core and peripheral populations in their study were small 
enough to suggest a lack of significant population subdivision (i.e., no indication of genetic 
isolation, substantial genetic drift, or potential genetic ‘‘bottlenecks’’ among DPS populations; 
Schwartz et al. 2003, p. 1814; 79 FR 54793). This finding is consistent with their earlier work, 
which documented high levels of gene flow (the highest yet documented for any carnivore) 
between core and peripheral lynx populations despite large separation distances (Schwartz et 
al. 2002, pp. 520–522). Their results did not suggest that reduced genetic variation among 
peripheral populations was due to human disturbance (i.e., habitat loss/ fragmentation on the 
southern periphery of the geographic range; Schwartz et al. 2003, p. 1814), but they did imply 
that the persistence of lynx populations in the contiguous U.S. depends on dispersal from larger 
(core) populations (Schwartz et al. 2002, p. 522). Currently, there is no indication that the levels 
of connectivity and gene flow between lynx populations in the DPS and those in the core of the 
lynx’s range are inadequate to maintain the genetic health of DPS populations. Given the 
connectivity of most DPS units with lynx populations and habitats in Canada, the noted 
dispersal capabilities of lynx, evidence of dispersal in both directions across the Canada-U.S. 
border (Aubry et al. 2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and the small number of immigrants thought necessary to 
maintain genetic variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic 
isolation, biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely 
among most DPS populations in the future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Additionally, lynx-bobcat hybridization has been documented in Minnesota and Maine, as well 
as New Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male 
bobcats bred with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate 
foot-size, and bobcat-like fur (ILBT 2013, p. 35).  In Minnesota from 2000 to 2015, DNA 
analyses documented 13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016, 
pp. 13, 19); no hybrids have been documented in the western portion of the lynx’s range 
(Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Fig. 
3). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 5, Table 8), and hare abundance is the major driver of lynx 
population dynamics. Lynx den site selection, litter sizes, pregnancy, as well as recruitment, 
survival (kitten, subadult and adult) and dispersal rates, and population age structure, home 
range sizes, density, and distribution are all strongly influenced by hare abundance (Koehler 
and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, pp. 375-390; Mowat et 
al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 3. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 136-
140 and 2000b, pp. 183-191; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000b, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 136-140 
and 2000b, pp. 183-195). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000b, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Hodges et 
al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 2012, pp. 1483-1487). These 
mature forests may be a source of hares for other adjacent forest types (Griffin and Mills 2009, 
pp. 1492, 1495-1496), they may provide especially important winter foraging habitats for lynx 
(Squires et al. 2010, pp. 1655-1657), and they are more temporally-stable (i.e., provide high-
quality hare habitat for a longer period of time) than regenerating stands, which may foster high 
hare densities for a variable window of time between stand-initiation and stem-exclusion stages 
of succession, after which they may persist, in the absence of disturbance, for many years as 
lower-quality hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000a, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession (transition from one stage to another in the development of a mature 
forest) after natural or human-caused disturbances such as fire, insect epidemics, wind, ice, 
disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69).  As a 
result, lynx habitat within the boreal forest landscape is a shifting mosaic of habitat patches of 
variable and continually changing quality (68 FR 40077). That is, boreal forests contain stands 
of differing ages and conditions, some of which provide lynx foraging or denning habitat (or may 
provide these in the future depending on patterns of disturbance and forest succession) and 
some of which serve as travel routes for lynx moving between foraging and denning habitats 
(McKelvey et al. 2000c, pp. 427-434; Hoving et al. 2004, pp. 290-292). Lynx generally 
concentrate hunting activities in areas where snowshoe hare densities are high (Koehler et al. 
1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; O’Donoghue 
et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time as the stand undergoes 
succession, (i.e., as earlier successional stages with dense understories advance to more 
mature stands with reduced understory structure), hare habitat quality and corresponding hare 
densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000a, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
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less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., hare densities may exceed 2 hares/ha (0.8 hares/ac) (McCann 2006, p. 
15; Robinson 2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Vashon et al. 2012, p. 
14), but in many parts of the DPS, densities are lower, ranging from above to well below the 0.5 
hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and populations 
(Hodges 2000b, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and Ruggiero 
2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, pp. 910-
911; Hodges et al. 2009, pp. 873-877; Ivan 2011c, pp. 91-92, 95-102; Berg et al. 2012, p. 1483; 
ILBT 2013, pp. 24, 26, 90).   
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
appear to breed as yearlings and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810), and the amount of structure (e.g., 
downed, large, woody debris) appears to be more important than the age of the forest stand for 
lynx denning habitat (Mowat et al. 2000, pp. 274-275). Dens must be near foraging habitat to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den 
site and one or more alternate or maternal dens until kittens are about 6-10 weeks old (Squires 
et al. 2008, p. 1502; Vashon et al. 2012, p. 17; ILBT 2013, p. 29). Kittens remain with their 
mothers through winter and early spring, apparently learning from her how to hunt and capture 
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prey, initially on a small portion of her home range, but by fall on the larger area the female used 
before kittens were born (Mowat et al. 2000, pp. 269, 278). Juveniles remain closely associated 
with their mothers until February or March, when family groups begin to break up, with young 
typically dispersing in April and May (Mowat et al. 2000, pp. 278-279) to establish their own 
home ranges. Female offspring may establish home ranges overlapping or adjacent to their 
mother’s home range and maintain mother-daughter bonds throughout their lives (Mowat et al. 
2000, pp. 279-280). Otherwise, although there is often some overlap among adjacent lynx home 
ranges, with male home ranges typically overlapping one to three female home ranges, and 
female home ranges partially or completely encompassed by a male’s home range, core areas 
within home ranges appear to be exclusive except during the breeding season (Koehler and 
Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 2012, pp. 17, 22-23). 
Fidelity to home ranges over several years has been documented for both sexes, but shifts and 
abandonment of home ranges have also been documented (Koehler and Aubry 1994, p. 91; 
Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 years in the wild (Kolbe 
and Squires 2006, entire).    
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000a, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).   
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
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Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities declined from 2/ha (0.8/ac) to 1/ha (0.4/ac) 
(Vashon in Lynx SSA Team 2016, p. 18). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and all are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. appear to function as subpopulations of a larger 
metapopulation centered in northern Canada (McKelvey et al. 2000b, pp. 21, 25, 33; 65 FR 
16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641); they are 
connected to the core population by dispersal (Hanski and Gilpin 1991, entire; McKelvey et al. 
2000b, p. 25).  Populations in the DPS are generally small and isolated from one another, 
though most are directly connected to larger lynx populations in Canada (McKelvey et al. 2000b, 
pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2).  Lynx disperse in both directions across the 
Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon 
et al. 2012, p. 22), and this connectivity and interchange with lynx populations in Canada is 
thought to be important to the conservation of lynx populations in the contiguous U.S. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if (1) it is born to a female 
who occupies a home range with (a) secure denning habitat, (b) adequate hare abundance to 
support lactation during the early kitten stage and later provisioning of the kitten with hare meat, 
(c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and (d) a low likelihood of encounters with lynx mortality 
agents (predators, trappers, vehicles, etc.); (2) the mother’s home range occurs within a larger 
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landscape that also contains adequate hare abundance and available habitat into which the 
yearling lynx may disperse and establish its own home range after the period of maternal 
dependence, with low likelihood of adverse competition and mortality; and (3) the larger 
landscape also supports other secure lynx home ranges and ensures the opportunity to 
encounter a lynx of the opposite sex, breed successfully, and contribute to the recruitment of at 
least one offspring into the breeding population during its lifetime.  
 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met: during the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), where hare population 
cycles are of lower amplitude or absent (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 
870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016, pp. 16-17), and where hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367), the likelihood that an individual lynx 
will have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000, entire). These factors probably further 
reduce the likelihood that an individual lynx in the southern periphery of the range will survive, 
reproduce successfully, and have one or more offspring recruited into the resident breeding 
population. 
 
Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Den sites are typically located where 
coarse woody debris, such as downed logs and windfalls, or other dense horizontal structure 
provides security and thermal cover for lynx kittens (McCord and Cardoza 1982, pp. 743–744; 
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Koehler 1990, pp. 847–849; Slough 1999, p. 607; Squires and Laurion 2000, pp. 346–347; 
Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501–1505; Moen and Burdett 2009, 
entire). The amount of structure appears to be more important than the age of the forest stand 
for lynx denning habitat (Mowat et al. 2000, pp. 274–275), although in western Montana, 80 
percent of documented dens occurred in mature stands (Squires et al. 2008, p. 1497). 
 
The size of lynx home ranges is strongly influenced by the quality of the habitat, particularly the 
abundance of snowshoe hares, in addition to other factors such as gender, age, season, and 
density of the lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). 
Generally, females with kittens have the smallest home ranges, likely related to their need to 
stay close to dens and dependent kittens, and males have the largest home ranges (Moen et al. 
2005, p. 11; Burdett et al. 2007, p. 463; ILBT 2013, p. 24). The increased natural patchiness 
and fragmentation of high-quality hare habitat where boreal forest conditions transition to 
temperate forest types require individual lynx in many parts of the DPS to maintain relatively 
large home ranges that include patches of higher hare densities within a matrix of lower-quality 
habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 59434; also see 2.3.3, below). 
Larger home ranges likely require more energy output associated with greater foraging effort 
(Apps 2000, p. 364) and possibly increased exposure to predation and other mortality factors 
than lynx face in the core of their range (78 FR 59438). Annual home range sizes reported for 
lynx in the contiguous U.S. (Table1, below) vary greatly across the DPS but are generally larger 
in the west than the east; however, differences should be interpreted with caution because 
different methods, sample sizes, and estimators were used to generate them (ILBT 2013, pp. 
23-24).   
 
Table 1. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 

Reported Lynx Home Range Size 
km2 (mi2) 

 
References (pages) 

Female Male 

N Maine 26 (10) 54 (21) Vashon et al. 2012 (16-17) 

NE 
Minnesota 

17-21 (7-8) 160-267 (62-103) Burdett et al. 2007 (460-463); Moen et 
al. 2008 (17)  

NW Montana/ 
NE Idaho 

43-115 (17-44) 122-238 (47-91) Brainerd 1985 (20); Squires and 
Laurion 2000 (344); Squires et al. 

2004a (13) 

N-C 
Washington 

37-91 (14-35) 49-69 (19-27) Brittell 1989 in Stinson 2001 (5); 
Koehler 1990a (847); Maletzke in Lynx 

SSA Team 2016 (21) 

GYA 114 (44) 137 (53) Squires and Laurion 2000 (344) 



W Colorado 75-704 (29-272) 103-387 (40-149) Shenk 2008 (10) 

 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963a, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125 ). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but Voyageurs National Park, where hare 
density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et al. 
2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter predators (mountain lion [Puma concolor], coyote [Canis latrans], 
wolverine [Gulo gulo], gray wolf [Canis lupus], fisher [Pekania pennanti], and other lynx) (ILBT 
2013, pp. 33, 35). Although lynx have co-evolved with predators, the influence of predation on 
lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain lions and coyotes are now 
more widespread and abundant in the southern periphery of the lynx distribution than they 
appear to have been historically (Buskirk et al. 2000a, p. 83; Gompper 2002, entire). Lynx also 
need landscapes where they are unlikely to suffer reduced fitness because of competition with 
other hare predators, or encounter traps or other anthropogenic causes of mortality. Except for 
fisher and marten (Martes americana), lynx predators and potential terrestrial competitors for 
hares (the species above plus bobcat; maybe red fox [Vulpes vulpes] in some situations) all 
have higher foot-loading (weight per surface area of the foot), making them less efficient at 
traveling and hunting in the deep powdery snow conditions favorable for lynx (Buskirk et al. 
2000a, pp 86-95) and, therefore, likely limiting, at least seasonally, interactions between lynx 
and these species. Analysis of lynx occurrence data in the contiguous U.S. suggests that lynx 
require at least four months (December through March) of continuous snow coverage (Gonzalez 
et al. 2007, p. 7). Where snow conditions do not consistently favor lynx, increased potential for 
predation and competition would be expected. Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 

Comment [40]: Core Team - thought I 
remember a paper that documented bobcat 
predation on lynx, but cannot find/recall it, and 
LCAS does not include it on list of lynx 
predators on p. 33.  Let me know if you recall 
and we can add it here. 

Comment [41]: If we find the paper 
documenting bobcat predation on lynx, bobcat 
could also be added to this list as per Buskirk et 
al. p. 83 (where they are presented as a 
competitor whose distribution and abundance at 
the southern periphery of lynx range has 
increased in the last 50 years). 
 
Regardless, this sentence may be more 
appropriate in the "population needs" section 
below. 



breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow conditions for about 4 months are needed to support lynx 
occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, some 
places, including within the range of the DPS, appear naturally to barely meet these 
requirements or to do so inconsistently.  
 

 
Fig XX. Resiliency Influence diagram 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see section 2.2.1, 
above; Fig XX.), but on a larger landscape with hare densities and habitat conditions capable of 
consistently supporting multiple home ranges, breeding and dispersal opportunities, and 
reproductive and survival rates such that recruitment and immigration will, on average over the 
long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions recover or improve. As with 
individual lynx, populations are more likely to persist in landscapes where the effects of 
competition, predation, and human-caused mortality (e.g., trapping, vehicle collisions) are 
relatively lower. 
 
At the periphery of the range of a species with a mainland-island metapopulation structure, like 
that thought to govern lynx populations in the DPS (McKelvey et al. 2000b, p. 25), it is 
anticipated that, in addition to habitat islands that support persistent populations, there will be 
other islands that support resident lynx only occasionally, intermittently, or temporarily and 
which may sometimes act as “sources” that produce surplus animals that may disperse to other 
islands and, at other times, as “sinks” that depend on immigration from sources (McKelvey et al. 
2000b, p. 30; also see section 2.3.2, below). The persistence of lynx in each island type is 
determined by colonization and extinction rates - the former are driven by the number of islands, 
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the distances between them, and the species’ dispersal capabilities and timing; the latter by 
population size and demographic and environmental stochasticity, with extinction more likely in 
smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31; Fig XXX).    
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000a, pp. 22, 30). There are few and temporally-limited demographic 
data for most lynx populations in the contiguous U.S.; there remains uncertainty about whether, 
and if so to what extent, the demographic health of DPS populations relies on immigration from 
northern (Canadian) populations; and immigration rates are not known for DPS populations 
(McKelvey et al. 2000a, pp. 24-34). These factors likely preclude development of meaningful 
DPS-wide or unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in southern Yukon, followed by a rate of λ = 1.01 (stable) during the first year 
of a hare decline, and λ = 0.01 (note - this appears to be an error; the correct value for λ in a 
population in which the estimated number of individuals declined from 135 in 1992 to 13 in 1993 
should be 13/135 = 0.10 [rounded to two decimals]) and λ = 0.46 (rapid decline) during the first 
two years of the lynx population decline when hares were scarce. However, the natural range in 
λ that would be expected among peripheral, isolated, or semi-isolated and non-cyclic or weakly-
cyclic lynx populations in the DPS, thought to be subpopulations in a larger metapopulation 
structure, versus those that would signal long-term population decline or instability is unknown. 
Despite this, and the limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 
20) calculated population growth rates in northwestern Montana of λ = 0.92 for lynx in the 
Seeley Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the 
Purcell Mountains (increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; 
USFWS, Vortex10, deterministic population simulation) used demographic data from Vashon et 
al. 2012 (pp. XX-XX) to calculate finite growth rates during a period of high hare density (λ = 
1.16; increasing trend) and during a period of low hare density (λ = 0.88; decreasing trend) for 
the lynx population in northern Maine (see also section 4.1.1, below).     
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx  (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 square kilometers (USFWS 2005, p. 5). McKelvey et al. 
(2000b, p. 29) noted that extinction (extirpation) risk should decrease with increasing population 
size, and that extinction resulting from demographic stochasticity is very unlikely even for a 
population (generally; not specific to lynx) with as few as 20 reproducing females. Kramer-
Schadt et al. (2005, entire) developed a spatially explicit population model for Eurasian lynx in 
Germany which they combined with demographic scenarios to evaluate the likely success of 
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potential reintroduction efforts; they concluded that at least 10 females and 5 males would be 
required to establish a population with an extinction probability less than 5 percent over 50 
years. Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian 
lynx; they found that extinction occurred only in small populations that occupied habitats of less 
than 500 km2 and that extinction within 35 years was unlikely among populations occupying 
areas of at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789).    
 
 
 
 

 
Fig XXX 



2.3 Historic and Current Lynx Distribution 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Alaska 
Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historic range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Science Conservation, 
http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content, accessed 
4/28/2016; Reimer 2016, pers. comm.), which represents about 8.7 percent of the species’ 
distribution. Lynx in Alaska are apparently secure, with low to moderate threats, and populations 
appear stable statewide, although total abundance is unknown (Alaska Natural Heritage 
Program 2008, pp. 2-4). In both Alaska and Canada, lynx trapping is managed through 
regulated seasons and harvest levels, which are adjusted to avoid overexploitation, especially 
during the low phase of the hare-lynx population cycle (Alaska Natural Heritage Program 2008, 
pp. 2-6; Vashon 2015, pp. 5-6). Along the Canada-U.S. border in provinces adjacent to DPS 
lynx populations, lynx trapping is prohibited in New Brunswick (adjacent to northeastern Maine) 
but regulated trapping is permitted in Quebec (adjacent to northwestern Maine, northern New 
Hampshire, and northern Vermont), Ontario (adjacent to northeastern Minnesota), Alberta 
(adjacent to northwestern Montana), and British Columbia (adjacent to northwestern Montana, 
northern Idaho, and northern Washington). 
 

http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content


2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historic conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historic range of lynx in the contiguous 
U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Because of this, resident lynx populations never occurred everywhere boreal forest existed in 
the contiguous U.S. Where the boreal forest was naturally more patchy and marginal, the 
habitat was incapable of supporting an adequate snowshoe hare population that in turn was 
incapable of supporting a resident lynx population over time. As a result, only a few areas in the 
contiguous U.S. historically supported an adequate quantity and quality of habitat to support 
resident lynx populations over time, and many historical lynx occurrences across a large area of 
the contiguous U.S. were likely dispersers. The occurrence of dispersing lynx is unpredictable, 
and dispersing lynx will likely continue to periodically move into areas that are not lynx habitat 
(68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (U.S. Fish and Wildlife Service 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 
54812-54823). Many records of lynx in the contiguous U.S. appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 



numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16), suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous U.S.exist either as 
resident populations or as dispersers, that dispersing lynx are often found repeatedly and for 
variable amounts of time in habitats that cannot sustain breeding populations over time (though 
some breeding may occur occasionally in some of these areas), and that such areas probably 
contribute little to the persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated 
dispersal into habitats that ultimately cannot support the species (‘‘sink’’ habitats) often leads to 
confusion among scientists and the public about where lynx populations may be viable (74 FR 
66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the metapopulation structure thought 
to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see Section 2.2, 
above) and the transitional (and, therefore, increasingly fragmented and isolated) and spatially- 
and temporally-shifting nature of lynx habitat at the southern periphery of the range (Koehler 
and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 FR 54814) also 
present challenges in defining the distribution of lynx. Both factors suggest that some areas of 
the contiguous U.S. may naturally support resident lynx only temporarily or occasionally when 
habitat conditions (both boreal forest vegetation supporting abundant hares and snow 
conditions favoring lynx) are adequate and/or when immigration is sufficient to offset the lower 
productivity and recruitment rates expected among lynx populations in marginal or suboptimal 
habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... source-sink 
mosaics that shift with disturbance and succession,” and the contribution, if any, of these places 
(especially those that act more often as “sinks” than “sources”) to the maintenance and 
persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-
5). Because of the large effect that relatively few errors in identification can have on 
assessments of the distribution of rare animals, especially those that are easily confused with a 
similar and more common species, McKelvey et al. (2000a, p. 209; 2008, pp. 553-554) suggest 
that anecdotal information should be interpreted with caution, and only verified occurrence data 
should be used to assess historical and current lynx distributions. 
 



These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult to precisely delineate the historic or current extent of the range of lynx in the contiguous 
U.S. (68 FR 40084). While recognizing these limitations, we use our best professional 
judgement of the best scientific and commercial data available to make conclusions about the 
range of the lynx for the purposes of this SSA. In the following section, we describe the types 
and distributions of potential lynx habitats in the contiguous U.S., and our current understanding 
of the historical and current distributions of resident lynx populations in the DPS considering the 
factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6) and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077).  Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128).  As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
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Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods.  These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000b, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx.  Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Puma concolor; 
Squires and Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 
90; Krohn et al. 2005, p. 123), making them less efficient in deep, fluffy snow conditions.   
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historic or recent evidence of the habitat quality or 
quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 66940-
66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx in the 
DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and snow 
conditions, and that they were not capable historically and are not capable now of supporting 
resident lynx populations.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best historic 
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and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 40097-
40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.      
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historic and potential future occurrences of lynx in these states most likely 
represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident, 
breeding lynx, but that it’s ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historic lynx reports for the Southern Rockies, questioned its 
original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historic records were of periodic dispersing lynx during “extremely high populations cycles” 
and that a resident population never existed in southeastern Wyoming (68 FR 40081, 40091). 
The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now Colorado 
Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into southwestern 
Colorado (with plans to release an additional 186 lynx from 2003-2009) in an effort to 



reestablish a resident lynx population, that reproduction among some of the released lynx had 
been documented by 2003, but that it was too early to whether the program would be successful 
(68 FR 40091).  In that rule, the Service also concluded that, despite evidence of reproduction in 
northwestern Wyoming (part of the GYA), potential habitat there is naturally marginal (patchier 
and composed of drier forest types), may be incapable of supporting a resident lynx population, 
and that lynx in northern Wyoming are most likely dispersers (68 FR 40090). Also in 2003, the 
Service concluded that it was possible resident lynx occurred in northern New York prior to 1900 
but the potential habitat there is small, marginal, and likely has only supported dispersing lynx 
since then, and that an effort to reintroduce lynx there failed quickly, suggesting the habitat is 
incapable of supporting a resident population (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan, 2011a, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011a, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (CPW 2015, p.1; Ivan in Lynx SSA Team 2016, 
pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service concluded 
that the historic record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016, p. 47), and it is uncertain whether resident lynx occur outside the San 
Juan Mountains in the southwest part of the state. We continue to believe that available 
information suggests Colorado did not historically support a persistent resident lynx population 
and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historic occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historic records were most likely of dispersing lynx, and 
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dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

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

We concluded that the historic record and recent evidence of lynx occupancy and reproduction 
suggested the presence of a small but persistent resident lynx population in the GYA of 
northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 54825-54826); 
however, the consistency of occupancy over time remains uncertain (Lynx SSA Team 2016, pp. 
11, 45, 57). Uncertainty about whether this area consistently or only intermittently supported 
resident lynx historically makes it difficult to interpret their recent apparent absence from the 
area (Lynx SSA Team 2016, p. 57). If residency was intermittent historically, the current 
apparent absence of resident lynx might be a natural condition related to the area’s largely 
marginal or suboptimal habitat conditions - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. In that 
case, future intermittent residency would be expected, but only if lynx dispersing from a source 
population immigrate to the GYA when habitat conditions and hare densities return to more 
favorable levels.  Conversely, if the GYA always historically supported a small number of 
resident lynx but no longer does, it may suggest that some factor or factors have acted to tip the 
quality of the area’s habitat from just barely capable of supporting a small resident population to 
no longer capable of doing so, resulting in extirpation. We conclude that this uncertainty cannot 
be resolved based on the available information but, given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 



the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its historic inability to support a robust, persistent resident population 
and its apparent recent inability to support any resident lynx may be a reflection of naturally 
marginal and patchy habitats and relatively low hare abundance in much of the unit, resulting in 
only an intermittent ability of this unit to support resident lynx. We also note that extensive areas 
of the GYA were burned by the large, intense wildfires of 1988, and that these areas may soon 
(perhaps in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer 
structure favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the 
likelihood that it may support resident lynx again in the near future.  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx  detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in northern New Hampshire. We conclude that northern and central New 
Hampshire likely supported a small resident lynx population historically that was extirpated 
during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821) and temporarily 
favorable snow conditions that may have reduced bobcat numbers.        
  
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historic lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 

Comment [58]: Mark - can you help me out 
with a citation for this? 



anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historic record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court Idaho 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx appear to be confined to the Purcell, Selkirk, and possibly the Cabinet 
mountain ranges in the northern panhandle. The number of resident lynx in northern Idaho is 
unknown but certainly small based on the amount of potential habitat, and resident lynx here are 
part of a larger (sub?)population that occurs primarily in northwestern Montana and 
southeastern British Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state, which currently supports the largest lynx 
population in the DPS (McKelvey et al. 2000a, pp. 211-212; Hoving et al. 2003, entire; Vashon 
et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA Team 
2016, p. 18). The lynx population in Maine is much larger than was suspected at the time of 
listing or the 2003 remand (thought now to number 750-1,000+ individuals [Vashon in Lynx SSA 
Team 2016, p. 18], though a reliable population estimate is lacking). The current abundance of 
lynx is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
budworm outbreak (68 FR 40087; 79 FR 54792; also see section 4.1.1, below). As these 
regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35 years post-harvest, hare densities decline as cover and forage 
are reduced due to forest succession (Simons 2009, p. 217). The current lynx population is 
probably larger than the likely historic condition, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of young stands (Lorimer 1977, entire; 
68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting 
following enactment of the Maine Forest Practices Act of 1989, it is projected that lynx densities 
in Maine will decline by 55 to 65 percent by 2032 (Simons 2009, p. 217). Lynx in Maine likely 
represent the southern periphery of a larger population that occurs in western New Brunswick 
and southern Quebec south of the St. Lawrence Seaway/River, which appears to partially 
isolate lynx in this region, demographically and genetically, from populations in the core of the 
species’ range (Cite - Koen et al. 2014,  2015?). The extent to which lynx persistence in Maine 
relies on immigration from Canada is unknown.     
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that appears to be 
the southern periphery of a larger (sub?)population in southwestern Ontario (Moen in Lynx SSA 
Team 2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to 
be between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats (cite?). Although there are currently 
more lynx in Minnesota than suspected at the time of listing, it is unclear whether current 
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numbers and distribution are similar to the historical condition. The extent to which lynx 
persistence in Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016 pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally   (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008, p. 2). 
Recently, frequent and large-scale wildfires and insect outbreaks have resulted in the loss, at 
least temporarily, of nearly 40 percent of the lynx habitat in the Okanogan region, a more than 
doubling of the estimated average size of female lynx home ranges, and a roughly 50 percent 
decline in the resident lynx population to perhaps 50 individuals (Maletzke in Lynx SSA 2016, 
pp. 21, 43). Although these areas should regenerate into lynx and hare habitat, it may take 35-
40 years (Maletzke in Lynx SSA 2016, p. 21), during which time additional fire and insect 
impacts could further diminish habitat availability and the lynx population’s probability of 
persistence (Lynx SSA Team 2016, p. 44).    
  



In summary, although uncertainty remains regarding the historic distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire, though lynx persistence in New Hampshire is uncertain and lynx 
numbers in Maine are projected to decline over the next several decades. In the West, small 
breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined 
because of recent large fires and insect outbreaks, and the persistence of the breeding 
population there could be threatened if additional such impacts occur with similar magnitude 
and frequency over the next several decades. As a result of the release of 218 Canadian and 
Alaskan lynx from 1999-2006, resident lynx currently occur in western Colorado. Although the 
number of lynx in this population and its future persistence are uncertain, Colorado currently 
supports more lynx than it likely did, based on the historic record, for much of the previous 
century. The geographic units evaluated in this SSA include all areas in the contiguous U.S. 
with strong historical and recent evidence of persistent resident lynx populations. Detailed 
assessments of the current status and future viability of resident lynx populations and habitats in 
these areas are presented in chapters 4 and 5 below. 

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

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx - through impacts to lynx habitat suitability, 
productivity, mortality, and movement -s due tovia habitat loss or fragmentation, creation of 
barriers to movement, or that otherwise alterations of the vegetation mosaics and prey 
abundances maintained historically by natural disturbance processes, may occur in lynx 
habitats regardless of land ownership and management. The extent to which regulations guide 
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such activities to avoid, minimize, or mitigate impacts to lynx influences the current and future 
likelihoods that those habitats will provide the physical and biological features needed to support 
resident lynx populations. As described in more detail below, the lynx DPS was listed as 
threatened because of athe lack of specific conservation direction and associated regulations on 
Federal lands. At that time, the available information indicated that most lynx habitat in the DPS 
occurred on Federal lands, predominantly in the western U.S. (65 FR 16061). Since then, 
research and monitoring have revealed that non-Federal lands contribute more to the 
conservation of the DPS than was known at the time of listing, particularly in the Northeast and 
Great Lakes regions. Therefore, in the following sections we describe and compare the Federal 
regulatory environment for lynx in the DPS at the time of listing and currently, and we describe 
other regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat be designated for listed species and section 7 
prohibits the destruction or adverse modification of such designated habitats. Critical habitat 
was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 also 
requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet been 
completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those lands, roughly 87 percent is managed by the 
U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 percent by 
the Bureau of Land Management (BLM). The amount of Federal land varies by unit, ranging 
from 0 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Chapter 4 
below for ownership in each geographic unit). Federal lands management is guided by a 
number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices applied by managing agencies to meet legislative mandates and achieve 
agency missions (for a summary of relevant Acts and associated regulations and guidance, see 
USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some benefits to lynx 
and protect lynx habitats (USFWS 2014, pp. 24-34). For example, the conservation priority in 
the management of NPS lands in accordance with the National Park Service Organic Act (16 
USC 1 et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and 
the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However,  USFS ad BLM lands vary in their regulatory 
status as it pertains to lynx conservation. it was the absence of specific management direction 
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and conservation measures for lynx and lynx habitats in USFS and BLM land management 
plans that led the Service to conclude that the regulatory mechanisms in those plans at the time 
of listing were inadequate to provide for the conservation of the DPS. Therefore, the evaluation 
below focuses on the variation in regulatory practices on efforts of on USFS and BLM and their 
impacts to lynx viability, in collaboration with the Service, to address the regulatory inadequacy 
for which the DPS was listed.    
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms 
(Factor D as described in section 4(a)(1) of the ESA). Specifically, at that time the Service 
believed that most lynx populations and potential lynx habitats (broad forest vegetation classes 
defined as “lynx forest types” [65 FR 16071]) in the contiguous U.S. occurred on Federal 
(USFS, NPS, and BLM) lands in the western states, and that the plans that guided management 
of those lands (particularly USFS and BLM lands) included “...programs, practices, and activities 
within the authority and jurisdiction of Federal land management agencies that may threaten 
lynx or lynx habitat. The lack of protection for lynx in these Plans render them inadequate to 
protect the species” (65 FR 16052, 16082). At that time, the Service found that USFS and BLM 
management plans did not adequately address risks to lynx and, as identified in the LCAS 
(Ruediger et al. 2000, pp. 2-1 through 6-3), those plans allowed actions that cumulatively could 
result in significant detrimental effects to lynx in the contiguous U.S. As a result, the Service 
concluded in the final rule that the lack of Federal Land Management Plan guidance for the 
conservation of lynx and the potential for those plans to allow or direct actions that could 
adversely affect lynx constituted a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed a Lynx Biology Team to prepare a 
lynx conservation strategy applicable to Federal land management in the contiguous U.S. 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements, and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
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populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, Tthe LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historic conditions and landscape-scale disturbance patterns 
and to maintain or improve lynx and hare habitats at both local (project-level) and landscape 
scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM managers 
within the range of the DPS agreed to implement the standards and guidelines identified in the 
LCAS until management plans could be formally amended to specifically address lynx 
conservation. In 2000, the Service, USFS, and BLM developed and adopted Canada Lynx 
Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and USFWS 2000, 
entire) in which the BLM and USFS agreed to coordinate assessment and planning efforts with 
the Service to assure a comprehensive approach to lynx conservation and to use the LCAS, 
supporting science, and locally specific information as the basis for the approach and to 
streamline consultation under section 7 of the ESA. The USFS further committed to deferring 
any actions not involving third parties that would adversely affect lynx until such time as the 
Forest Plans were amended or revised to adequately conserve lynx (USFS and USFWS 2000, 
p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx, which 
identified and evaluated the potential effects to lynx of implementation of 57 USFS Land and 
Resource Management Plans and 56 BLM Land Use Plans throughout the 14 states in which 
the lynx DPS was proposed for listing (USFS and BLM 1999, entire). The BA concluded that the 
potential for adverse effects to lynx existed on each administrative unit in each geographic area 
and that, cumulatively, implementation of the existing plans was likely to adversely affect the 
DPS; it recommended that all of the plans be amended or revised to incorporate conservation 
measures to reduce or eliminate adverse effects to lynx (USFS and BLM 1999, p. 14). In its 
2000 biological opinion, the Service evaluated the plans described in the BA in conjunction with 
the CAs described above (USFWS 2000, p. 15) and concluded that implementation of the 
existing plans in accordance with the CAs until plans could be formally amended or revised was 
not likely to jeopardize the DPS, but that amendments or revisions to those plans were needed 
to further reduce or avoid the potential for adverse effects to lynx (USFWS 2000, pp. 48-50). 
 



In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the effects of Federal land management activities on lynx, but that amendment of USFS and 
BLM land management plans to conserve lynx would be the strongest mechanism to ensure 
long-term conservation of lynx and lynx habitat on Federal lands (68 FR 40096-97). It concluded 
that although Federal, State, and Tribal regulations and plans had reduced threats to the DPS, 
the inadequacy of existing regulatory mechanisms still posed a moderate, albeit lower-level 
threat, and would continue to do so until Federal land management plans were specifically 
amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, Mmost Forest Service units with lynx forest types have formally 
amended or revised to their land management plans to incorporate the conservation measures, 
standards, and guidelines identified in the LCAS. From 2004-2006, forest plans for seven 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the 
Northern Rockies Lynx Management Direction (NRLMD), which formally amended management 
plans to include lynx conservation measures, standards, and guidelines for 18 national forests 
covering over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 
72,000 km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 
79 FR 54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS 
similarly completed the Southern Rockies Lynx Amendment (SRLA), which formally amended 
forest plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decisionmaking process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
Over 99 percent of BLM lands in SSA geographic units occurs in Colorado (53 percent), 
Montana (27 percent), and Wyoming (19 percent). In the Western Colorado SSA unit, BLM Field 
Offices that contain potential lynx habitat  include the Colorado River Valley, Grand Junction, 
Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, 
and White River Field Offices. These BLM areas were subject to the 2000 interagency CA; 
however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed.  Since 
then, BLM Resource Management Plans (RMPs) have been revised on the Colorado River 
Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices.  The Gunnison, 
Royal Gorge, San Luis Valley, Uncompahgre, and White River Field Offices have not been 
revised and do not contain specific measures for the conservation of lynx.  BLM lands in the 



Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale districts in 
Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA geographic 
areas, respectively. These areas were also designated as lynx critical habitat. The RMP for the 
Garnet area was amended in 2004 to formally adopt the conservation measures of the LCAS 
(BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts were 
revised in 2008 and 2010, respectively, to adopt conservation measures and best management 
practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to limit potentially adverse effects and promote beneficial effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the the NRLMD, the Service concluded that its 
application “...would substantially reduce or eliminate adverse effects to lynx from Forest 
Service land management activities on at least 94 percent of this area, and more likely nearer to 
98 percent” (USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the 
Service concluded that vegetation management standards in the SRLA would prohibit 
treatments that could adversely affect essential components of lynx habitat on 95.5 percent of 
the mapped (potential) lynx habitat in the SRLA area (USFWS 2008, p. 52).       
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them, and they represent the agencies’ efforts, 
in collaboration with the Service, to address and ameliorate the singular threat for which the lynx 



DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively. The amount of private land varies by unit, 
ranging from 0.3 percent in the North-central Washington Unit to almost 92 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units (see Chapter 4 below for ownership in 
each geographic unit). Private, State, and Tribal lands, combined, constitute all of the lands in 
the Northern Maine Geographic Unit and over half of those in the Northeastern Minnesota Unit. 
Because both of these units support larger resident lynx populations than was known when the 
DPS was listed and, therefore, may contribute more substantially to the conservation of the DPS 
than was understood at the time of listing, we must evaluate the regulatory mechanisms that 
pertain to lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal 
lands constitute much smaller proportions of the other four (western) geographic units (from 
about 3 percent to 16 percent, combined), important lynx habitats occur on some of those lands, 
and regulatory mechanisms may influence their contributions to the conservation and 
persistence of DPS populations or parts of them. Therefore, iIn this section, we summarize the 
relevant regulatory frameworks and mechanisms that may affect lynx on private, State, and 
Tribal lands within the six geographic units of the DPS, but with a focus on those units with the 
greatest proportions of these lands and on activities on these lands with the greatest potential to 
impact lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
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2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take of lynx during legal trapping of other furbearers. These 
efforts benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations where lynx may occur which address 
specifics about traps types and sets that may be used to legally harvest other furbearers and 
that are intended to minimize the likelihood of incidentally trapping lynx 
(http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/). MDIFW 
also adopted and made available for download on its web page the interagency brochure How 
to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other Furbearers, and 
modified it to be more specific to Maine and to include a quick reference guide 
(http://www.maine.gov/ifw/hunting_trapping/pdfs/lynx_brochure_updated_october_2009_final.pd
f). MDIFW also set-up an incidental lynx capture hotline and requires that all incidentally trapped 
lynx be reported (http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm), and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. This program has resulted in the successful 
release of many lynx, uninjured, that were incidentally trapped in northern Maine. In 2014, the 
MDIFW obtained an incidental take permit from the Service for lynx trapped incidental to other 
legal furbearer trapping in Maine. After two lynx were killed in killer-type traps in 2014, MDIFW 
imposed additional trapping restrictions to further reduce mortality and injury of incidentally-
trapped lynx (see Other Factors in section 4.1.1 below). The MDIFW also is responsible for 
implementing the Maine Endangered Species Act 
(https://www.maine.gov/ifw/pdfs/listingHandbook.pdf). Although the lynx is not State-listed as 
threatened or endangered because its population is estimated to exceed the State’s listing 
threshold, it is considered a species of special concern 
(https://www.maine.gov/ifw/wildlife/pdfs/Canada_Lynx_2011.pdf). The MDIFW works 
collaboratively with the Service to conduct research and monitor lynx populations and habitats.  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
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conservation officers within 24 hours (pages 52-54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2013/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating  additional  restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Like Maine, Minnesota has a State Endangered Species Statute which requires 
the Minnesota DNR to adopt rules designating species meeting the statutory definitions of 
endangered, threatened, or species of special concern. The Statute also authorizes the DNR to 
adopt rules that regulate treatment of species designated as endangered and threatened. Also 
like Maine, Minnesota has designated the lynx a species of special concern 
(http://files.dnr.state.mn.us/natural_resources/ets/endlist.pdf), and coordinates with the Service 
and other agencies to conduct research and monitor lynx populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - The harvest of lynx was prohibited in Idaho 
and Montana in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2016, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court Idaho 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MFWP 2016, p. 5). 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was designated a State Endangered Species in 1993. Under the State’s Endangered 
Species Program, the Washington Department of Fish and Wildlife (DFW) developed a Lynx 
Recovery Plan (http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
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and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foot-hold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973. The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations.  Because these activities have 
the potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota, where State and private 
lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 92 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.1.1 and 5.1.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworn outbreak, which resulted in the recent, unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this excellent post-clear-cut excellent hare habitat 
likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage - 3 to 8 times higher than historic conditions, when only 3-7 percent of 
stands were likely in such condition at any given time (68 FR 40094). Current timber harvest 
and management on State and private lands in Maine are governed by the Maine Forest 
Practices Act of 1989 and administered by the Maine Forest Service within the Department of 
Agriculture, Conservation & Forestry to regulate the size, arrangement, regeneration, and 
management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, the extensive clear-cutting 



of the past has largely been replaced by partial harvest techniques that are unlikely to maintain 
the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this shift in forest management on Maine’s current lynx population, which is 
also much larger than was likely possible under the natural historic disturbance regime, are 
discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and state landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).   
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit, and almost all are in the Montana portion 
of the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution (http://dnrc.mt.gov/divisions/forestry/forestry-
assistance/forest-practices, accessed July 18, 2016). Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers over 63 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in sections 4.1.3 
and 5.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit.t, and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent state agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
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Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001; Washington DNR 2006). The WADNR LHMP guides 
timber harvest and other vegetation management on these lands, including the part of the 
Loomis State Forest that occurs in this unit, with the goal of creating and preserving quality lynx 
habitat through its forest management activities. Additional information on the LHMP are 
provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit aAnd, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent ) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.   
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (about 202 km2 [78 mi2] in Unit 
2), and the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead 
Reservation in Montana (about 958 km2 [370 mi2] in Unit 3). Tribal management of these lands 
is expected to benefit lynx and lynx habitats. No tribal lands occur within SSA units 4, 5 ,or 6. 
 
Unit 1: Northern Maine - Tribal lands represent just under 1 percent of the this unit. The 
Passamaquoddy Tribe’s stated  environmental mission is “...to protect the environment and 
conserve natural resources within all Passamaquoddy lands, waters, and the air we share” 
(http://www.passamaquoddy.com/?page_id=13). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (http://www.penobscotnation.org/DNR/DNR1.htm). Hunting, trapping or possessing  
lynx are prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and 
Game Regulations – Section 204. (http://www.penobscotnation.org/DNR/PDF/Chapter 
percent20VII/Chapter percent207 percent20Fish percent20& percent20Game 
percent20Regs.pdf). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
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2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation - Flathead Reservation in Montana represent nearly 4 
percent of this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and 
Conservation Division is “...to protect and enhance the fish, wildlife, and wildland resources of 
the Tribes for continued use by the generations of today and tomorrow” 
(http://www.cskt.org/tr/fwrc.htm). The Tribes’ 2014 Tribal Wildlife Management Program Plan 
provides guidance to develop and implement habitat management guidelines for Canadian lynx 
in coordination with the Tribes’ Forestry Department as specified in the Forest Management 
Plan (http://www.cskt.org/FWRC/docs/WILDLIFE.PROGRAM.PLAN.FY.2014.pdf).  
2000 Forest Management Plan (http://www.cskt.org/documents/forestry/fmp05.pdf). The Forest 
Management Plan (p. 285) indicates: “Standards for lynx management and habitat protection 
are set forth in the Canada Lynx Conservation Assessment and Strategy, 1999. This strategy 
guides land management activity in lynx foraging and denning habitat. Lynx occurrence and 
populations will continue to be monitored on the Reservation." 

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is due to 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
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The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service did not believe we had sufficient information to consider 
whether climate change affected lynx (FR 2000 pp. 16068-16069). In 2003 we determined that 
the best available science concerning climate change that we had at that time (Hoving 2001) 
was too uncertain (68 FR 40083, 40098).  In our 2006 critical habitat rule we indicated that the 
extent that climate change may affect lynx habitat was not known (71 FR 66014).  In the 2009 
critical habitat rule, the Service acknowledged that new science concerning climate change was 
available, and that climate change may pose a risk to the future conservation of lynx (74 FR 
8617, 8621).  In the 2014 critical habitat rule, we assembled the best available science 
concerning climate change stresses and how modeled projections may influence the primary 
physical and biological features of lynx critical habitat; snow, boreal forest, and snowshoe hares 
(79 FR 54783-54793, 54810-54811, 54822-54826) and.  We concluded that recent information 
on regional climate changes and potential effects to lynx habitat has been developed (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al.2012, pp. 6–13), which suggestsed that climate 
change is likely to be a significant issue of concern for the future conservation of the lynx DPS 
(79 FR 54811). Specifically, climate models projected reductions in the extent of  boreal forest 
habitats and snow conditions needed to support lynx throughout the DPS, with both features 
forecasted modeled to migrate to higher elevations (where possible) and northward in latitude, 
resulting in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx (XXX). Climate change also may also have synergistic effects with other stressors 
(e.g., forest insect outbreaks and wildfire frequency, size, and intensity) that could further 
reduce and  isolate lynx populations within the DPS and reduce connectivity to lynx in Canada. 
  
Lynx biologists identified climate change as the most important and overarching factor 
influencing resiliency of the DPS (Fig. X) (Workshop report 2016, Lynx BioTeam 2013).  Climate 
change is likely to be exacerbated at the southern edge of the range where habitat and snow 
conditions are patchy and becoming increasingly marginal for the continued existence of lynx 
(Gonzales et al. 2007).  Across North America, a significant decrease in winter snow cover 
extent and an increasing ratio of precipitation the for of rain relative to /snow precipitation, 
especially in winter, has resulted in reduced persistence of the winter snowpack (Dyer and Mote 
2006), increased snow density (Dudley and Hodgkins), and decrease in the extent of deeper 
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snowpacks (Dyer and Mote 2006, Brown 2000). Climate change models suggest that future 
snow cover in the contiguous U.S. will be further reduced in extent and distribution (McKelvey et 
al. 2011).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure; 
The character of the snowpack, namely harder, crustier snow conditions are occurring at higher 
latitudes (Callaghan et al. 2011, entire).  As the climate warms, winter temperatures are rising 
above freezing more often.  This results in more rain on snow events and winter thaws that 
change the structure of the snowpack; larger grain size, basal ice layers, depth hoar (weak 
layers in the snowpack), slip planes (crusts and ice layers within the snowpack)(Callaghan et al. 
2011, p. 23).  Various forms of snow compaction and structure within the snowpack give a 
competitive advantage to bobcats and other predators/competitors with higher foot loading that 
would normally have difficulty surviving in deep, fluffy snow conditions (Murray and Boutin 1991, 
Murray et al. 1994, Kolbe et al. 2010).  Lynx habitat (boreal forest with appropriate snow 
conditions) could decrease by up to two-thirds in the lower 48 U.S. and one-fifth across the 
continent by 2100 (Gonzales et al. 2007).  These trends indicate the range of the lynx in the 
DPS is likely to contract (see sections 4._.X and 5._.X).  Because of climate change and other 
stressors, lynx biologists believed three or four of the six units would not persist to the end of the 
century (Workshop report 2016, p. ). 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006).  Globally, greenhouse gas emissions are increasing and 
tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et al. 
2013, Friedlingstein et al. 2014, p. 709, 712. Fuss et al. 2014, p. 851, IPCC 2013).  Analysis of 
paleoclimate indicates 20th century warming is likely to have been the largest of any century 
within the last 1000 years (Folland et al. 2001).  
  
Climate change is manifested in different ways throughout the geographic area that includes the 
lynx DPS.  Observed and predicted increases in surface temperatures are greater in the 
northern Rockies and Northeast (much of the lynx DPS) than elsewhere in the U. S. (IPCC 
2014, pp. 12, 61, Workshop Report 2016, pp. 14-15). Climate history and projections from 
regional climate models for regions within the lynx DPS corroborate global models indicating 
that both eastern and western North America, including all portions of the lynx DPS, have 
warmed in the last century and are likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 
(IPCC 2007b, p. 889). For example, in the Northern Rocky Mountains at Glacier National Park, 
mean summer temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and 
Fagre 2003, pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional 
shifts in vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
  
These changes are predicted to continue and accelerate under future climate scenarios (Hall 
and Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 
°C) to 10.8 °F (6 °C) for North America, with warming higher than this average in areas that are 
inland, northerly, or mountainous. 
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Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS.  The strong warming in the 1980s corresponded to large 
decline of snow cover in North America (Mote et al. 2005), particularly in the western U.S.  In 
accordance, spring snowpack has decreased by about 11 percent.  Temperature has increased 
more in the winter than summer (Knowles et al. 2006), which has increased the amount of 
winter precipitation falling as rain instead of snow throughout the DPS (Feng and Hu 2007, 
entire; Knowles et al. 2006, entire, Huntington et al. 2004, entire).  An analysis of potential snow 
cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Based on a 
general circulation model, Kerr and Packer (1998) predicted that lynx would be among the 25 
mammal species in Canada likely to undergo significant loss of habitat, with accompanying 
decreases in population size. 
  
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Remaining lynx populations would likely be smaller than at present and, because 
of small population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
  
Near-term effects of climate warming on lynx are more certain than long-term effects.  Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six units 
primarily because of the effects of climate warming (Workshop report 2016 p. X).  The rates of 
change and magnitude of effects of climate warming is difficult to predict.  Climate change is 
anticipated to affect each unit differently as summarized below.   
 
Fig. X.  A simplified effects pathway depicting how climate change affects resiliency of lynx 
populations in the DPS. 
  
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS and in the core of their range in Canada and Alaska (Fig. X).  Climate warming 
will continue to stress populations into the foreseeable future. Effects to lynx, hares, and their 
habitat that are occurring or can be reasonably be anticipated include 1) range contraction, 2) 
reduction in the periodicity of and amplitude of the hare cycle, 3) reduction in snow conditions 
necessary to give lynx a competitive advantage, 4) reduction in hare habitat quality and 
populations, 5) reduction in the amount of lynx and hare habitat in the U.S., 6) changes in the 
frequency and pattern of disturbance events, 7) introduction of disease and parasites, and 8) 
reduced gene flow.  Synergistic effects between these factors and other stressors (e.g., forest 
management, trapping, development) may intensify their effects (Carroll 2007). Diminished 
snow, increasing drought and fire, and increased forest pests and disease are believed to 
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currently be the most important stressors for lynx in the DPS (Fig. X), but it is possible that other 
pathways are, or may become, equally important. Over the next decades, southern lynx 
populations will continue to be affected by climate change and associated shifts in habitat, prey 
base, and competition.  The extent of such changes and whether lynx are able to adapt to them 
will determine not how, but if, this species can persist in the contiguous U.S. (Murray et al. 
2008). 
  
Range Contraction - In response to climate change, lynx range in the DPS is expected to 
contract due tofrom upward shifts in elevation (Danby and Hik 2007) or northward shifts in 
latitudinal distribution of boreal habitat and snow conditions able to support lynx (Sturm et al. 
2001, Rosenzweig et al. 2007, Gonzales et al. 2007, Koen et al. 2014, Lynx Biology Team 
2013, p. 69).  For example, lynx distribution in southeastern Ontario has shifted northward >175 
km over the past 40 years (Koen et al. 2014, pp. 757-758).  Habitat patches will become 
smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et al. 2012, p. 
11) and lynx will become more vulnerable to stochastic and environmental and demographic 
effects because of smaller population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering major 
climate pathways such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect northern hemispheric temperature 
and snow.  Climate change-induced disruptions are believed to have caused the collapse of 
cycles in voles, lemming, and snowshoe hares (Ims et al. 2008, p. 81, Murray 2000).  The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extent of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances (Schmitz et al. 2003, Ims et al. 2008). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced cycle of 
snowshoe hares in its northern range of North America, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008). 
  
These changes have already influenced the climate and snow conditions throughout the 
geographic range of the lynx in North America (Stenseth et al. 1999, Krebs et al. 2001b, 
Huntington et al. 2003). Climate change has caused the dampening or disappearance of 
snowshoe hare and lynx cycles in Canada (Yan et al. 2013) noted in the Lynx Workshop Report 
(2016, p. 13) and reduced the synchronicity in hare cycles (Yan et al. 2013, p. 3264?).  With 
more pronounced troughs in hare abundance, lynx populations will decline (Hone et al. 2011, p. 
424).  Diminished lynx population in the core of the range in Canada is a concern because most 
of the populations of lynx in the DPS are believed to be dependent on periodic immigration from 
Canada for demographic persistence and genetic stability (68 FR 40091, 40097-40100).  The 
disrupted hare cycle will likely translate into a reduced potential for lynx to expand into new or 
unoccupied habitat in Canada or the adjoining U.S. (Lynx Biology Team 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage -  
Climate-induced changes in snow depth and quality are critical because they reduce the extent 

Comment [76]: This sounds very definitive. 

Comment [77]: and amplitude? 

Comment [78]: Cite Schwartz here, maybe 
also the 2000 science report. 



of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, Carroll 2007, McKelvey et al. 
2011, Lynx BioTeam 2012 p. 69, Gonzales et al. 2007).  Across their worldwide distribution, lynx 
rely on deep, powdery and persistent snow because they restrict potential lynx competitors such 
as bobcat or coyote and predators such as fishers and cougars from effectively encroaching on 
or hunting hares in winter lynx habitat (Peers et al. 2016, entire; 79 FR 54809).  
  
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549). 
This trend is expected to continue with future warming (Hamlet and Lettenmaier 1999, p. 1611; 
Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 2007b, p. 850). The IPCC (2007b, 
p. 850) concludes that ‘‘snow season length and snow depth are very likely to decrease in most 
of North America except in the northernmost part of Canada where maximum snow depth is 
likely to increase.’’ Shifts in the timing of the initiation of spring runoff toward earlier dates in 
western North America are also well documented (Hamlet and Lettenmaier 1999, p. 1609; 
Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et 
al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a feedback effect causes the loss of 
snow cover due to the reflective nature of snow and the relative heat-absorbing properties of 
non-snow-covered ground. This feedback effect leads to the highest magnitude of warming 
occurring at the interface of snow-covered and exposed areas, increasing the rate at which 
melting occurs in spring (Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 
198–200). This effect has led to the average date of peak snowmelt to shift 3 weeks earlier in 
spring in the Intermountain West (Fagre 2005, p. 4). Snow accumulation and duration are 
expected to decline generally in the geographic areas that contain the central and eastern 
portion of the lynx DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Due to the importance to 
lynx of prolonged periods of deep fluffy snow, current habitats that lose this feature would 
decline in value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, 
entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). Bobcat are the 
closest related species to lynx in North America, and they outcompete or displace lynx wherever 
the two species overlap at a broad geographic scale (Peers et al. 2016, entire) and local scale 
(Parker et al. 1983, Robinson 2006, pp. 120-129).  In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120).  Snow depth likely acts as a mediator of competition between the two species.  
Bobcats have a higher foot loading than lynx and are unable to hunt hares successfully in areas 
with deep, soft snow (Krohn et al. 2004, Hoving et al. 2005) and experience high mortality in 
deep snow winters (Litvaitis et al. 1986).  Lynx have a high foot loading and long legs (Buskirk 
et al. 2000, p. 90, Hoving et al. 2003) that give them a competitive advantage over bobcats in 
deep, fluffy snow conditions.  This has important implications for lynx persistence and range 



distribution at the southern edge of their range considering the current and projected changes in 
snow cover, stable or increasing bobcat populations in DPS (Roberts and Crimmins 2010, p. 
170) and the predicted northward expansion of bobcat into areas currently occupied by lynx 
(Lavoie et al. 2009, Roberts and Crimmins 2010, Anderson and Lovallo 2003). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other potential species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (Lynx Biology Team 2013, p. 36).  Cougars are also 
predators of lynx in the West (Lynx Biology Team 2013, p. 35), but like bobcats also have high 
foot loading in deep, fluffy snow (Buskirk et al. 2000, p. 90).  Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2004, entire).   
  
Introgression of lynx and bobcats are an uncertain threat to lynx conservation. Bobcats have 
hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, Homyack 
et al. 2008), where low topographic relief and variability in winter severity may allow more 
interaction between the two species during the breeding season (Lynx Biology Team 2013, p. 
34).  Hybrids were capable of reproducing successfully (Homyack et al. 2008).  The rates of 
hybridization are currently low between the species (0.24 percent) but could increase as bobcat 
populations move north with climate change (Koen et al. 2014).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations by several other mechanisms 
especially at the southern extent of the range.  Changing snow conditions may influence lynx 
hunting behavior and effectiveness.  For example, hard-packed snow is reported to be 
associated with a higher kill rate of hares by lynx than soft snow (Stenseth et al. 2004, p. 
10633).  The higher kill rate could generate higher lynx abundance as a numeric response 
(Hone et al. 2011). This increased functional and numeric response by lynx and other predators 
could drive hare populations to lower levels (Stenseth et al. 2004, p. 10633), and could explain 
why hare populations have declined and seem to remain low in Maine (Scott 2009, p. 43).  
Climate change is causing increased summer precipitation in eastern North America (Jacobson 
et al. 2009, Yan et al. 2013).  Damp, cold summers in the Northeast reduce the survival of 
young hares (citation in Yan et al.) and anticipated decreased summer precipitation in central 
and western North America (Inkley et a. 2004) has a similar effect on hare survival (citation).  
Finally, the shortened duration and diminished snow cover in the DPS may lead to a mismatch 
in the phenology of hare pelage change that reduces hare survival (Mills et al. 2013, 2014). 
  
Incremental changes in climate would affect lynx directly or indirectly through effects on prey 
abundance. Annual weather patterns are known to affect survival and reproduction of snow-



shoe hares, which in turn would influence lynx productivity and survival. Reductions in lynx 
population size and the amount of available habitat possibly could decrease the likelihood of 
persistence of smaller subpopulations and successful genetic interchange between 
subpopulations (Gonzalez et al. 2007). 
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species (see Reduction in Snow Conditions that are 
Necessary to Provide Lynx a Competitive Advantage), and b) reducing the amount of spruce-fir 
habitat required by snowshoe hares.  An analysis of potential snow cover and vegetation, under 
a range of IPCC future climate scenarios and modeling of vegetation using a dynamic 
vegetation model, indicates that potential lynx habitat could decrease by as much as two-thirds 
in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). 
McKelvey et al. (2011) estimated that contiguous areas of spring snow cover would become 
smaller and more isolated throughout the Columbia, Upper Missouri, and Upper Colorado 
Basins, with greatest losses at the southern periphery, which likely is an indicator of the 
trajectory of lynx habitat. According to Carroll (2007), climate change could result in dwindling of 
potential lynx habitat in the northern Appalachians to small areas in the Canadian Maritime 
Provinces.   
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
supporting northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby 
and Hik 2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, 
these ecosystems that support lynx are likely to shift, tracking the change of temperature, but 
with a time lag depending on the migration rate ability of individual plant and animal species to 
migrate (McDonald and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, 
p. 652). On the basis of the best existing data distribution and associated climate information for 
130 tree species in North America, including those making up the forests supporting lynx and 
associated climate information, and assuming no limitations to individual tree growth, McKenney 
et al.(2007) predicted that the average range for a given tree species will decrease in size by 12 
percent and will shift northward by 700 kilometers (km) during this century.  In the contiguous 
U.S., researchers expect that lynx in mountainous habitat will, to some extent, track these 
climate induced vegetation changes climate changes by using higher elevations on mountain 
slopes, assuming that vegetation communities supportive of lynx and hare habitats also move 
upslope (Gonzalez et al. 2007, p. 7).  Some areas of the DPS (e.g., Maine, Minnesota) lack 
altitudinal refugia and climate change and lynx populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102). 
  
In particular, tThese studies predict lynx and hare habitats—boreal spruce-fir and subalpine 
forests—and,  therefore, lynx distribution, are likely to shift upward in elevation within its 
currently occupied range and recede northward as temperatures increase (Gonzalez et al. 
2007, pp. 7, 13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; 
Vashon et al. 2012, pp. 60, 64; ILBT 2013, p. 69). Lienard et al. (2016, p. 7) assessed forests in 
New England, Northern Great Plains, and higher elevations in the Rockies, including spruce-fir 
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types, as vulnerable to drought-related stress from climate change during the next century.  The 
boreal spruce-fir forests that provide habitat for lynx and snowshoe hares is thought to be 
limited by summer temperatures and drought (Iverson and Prasad 2001, pp.192–196) and, 
under a suite of emissions and climate change scenarios, is projected to diminish dramatically 
or disappear from much of the eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 
2008, pp. 390–400). Within the last 20 to 25 years, widespread mortality and reduced growth in 
red spruce in the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, 
p. 501, Johnson et al. 1988, p. 5373.).   Climate modeling suggests that lynx habitat and 
populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may 
disappear completely from parts of the range of the DPS by the end of this century (Johnston et 
al. 2012, pp. 6–13). 
  
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11).  Remaining lynx populations would likely be smaller than at present and, because 
of small population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is also disproportionately affecting the boreal forest in Canada, source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Millar 2004).  Boreal forests have been identified as a critical `tipping 
element' of the Earth's climate system and are believed to be more sensitive to drought than 
other forests (Lenton et al. 2008).  Global temperatures are increasing and snowfall is declining 
at the fastest rate in higher latitudes within the boreal forest region of Canada and Eurasia 
(Budyko et al. 1991, IPCC 2014).  Climate change predictions to the boreal forest are already 
occurring, and much of the climate-induced change is occurring faster than originally predicted, 
suggesting rapid change as opposed to slow linear change (Soja et al. 2007, pp. 5-6).  General 
circulation models are in agreement that winter warming across the circumboreal region will be 
in excess of 40 percent above the global mean (Soja et al. 2007).  Increases in precipitation are 
expected in the boreal region of Canada, particularly during the winter, but may be offset with 
increases in summer drought, heat stress and evapotranspiration (Stocks et al. 2000).  Thus, 
boreal forest are experiencing rapid increases in tree mortality (Peng et al. 2011, entire). Boreal 
forest Several authors have suggested that grasslands, aspen parklands, and temperate forest 
will expand northward resulting in decreases in boreal forest (Rizzo and Wilken 1992, Smith and 
Shugart 1993, Starfield and Chapin 1996, Rupp et al. 2000), which could further more 
fragmented spruce-fir habitat (Prasad et al. 2007, Iverson et al. 2008, Olinger et al. 2008, Tang 
and Beckage 2010, Seymour 1992, Simons 2009, Rustad et al. 2012).   This is expected to 
further fragment boreal forest in southern Canada (Hogg 1994), and would reduce habitat 
connectivity between lynx metapopulations in the U. S. and southern Canada, and limit the 
ability of lynx to disperse into the DPS. 
  
Changes in the Frequency and Pattern of Disturbance Events - An increasing occurrence and 
persistence of drought, along with associated insect outbreaks and wildfires, could rapidly and 
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dramatically affect the distribution, amount, and composition of lynx habitat (Lynx Biology Team 
2013, p. 70). Cohen and Miller (2001) suggested climate change could alter both the nature and 
extent of wildfire and beetle outbreaks. With warming climate, fire seasons in the western U.S. 
will likely be extended and the total area burned may increase (McKenzie et al. 2004). 
Westerling et al. (2006) predicted that warmer springs could increase the frequency and 
duration of wildfires, which in turn could reduce the resistance of surviving trees to bark beetle 
attack. Raffa et al. (2008) suggested that increasing temperatures and forest homogeneity likely 
will result in bark beetle outbreaks that exceed natural disturbance thresholds; this may set the 
landscape for additional outbreaks since there will be even-aged forests over a larger area. 
  
Westerling et al. (2006) compiled information on large wildfires in the western U.S. from 1970–
2004; large wildfire activity increased suddenly and markedly in the mid-1980s, with higher 
large-wildfire frequency, longer wildfire durations, and longer wildfire seasons. The greatest 
increases occurred in mesic, middle- and high-elevation forest types (such as lodgepole pine 
and spruce-fir) in the northern Rocky Mountains. Fire exclusion has had little impact on natural 
fire regimes of these higher-elevation forest types in this area; rather, cli-mate appears to be the 
primary driver of forest wildfire risk. Large wildfires were strongly associated with increased 
spring and summer temperatures and an earlier spring snowmelt. 
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests that affect disturbance patterns in spruce-fir forests.  For example, native 
bark beetles, such as the spruce beetle and mountain pine beetle, are a key agent of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009).  Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609).  In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire).  However, widespread clearcutting following the 
most recent spruce budworm outbreak in Maine was the primary driver creating widespread lynx 
habitat (Hoving et al. 2005, Vashon et al. 2012). 
 
Paragraph on the results of fire and insects on boreal forests in terms of Lynx impacts, I.e., loss 
of boreal forest as per presentation at EE workshop about boreal forest being replaced following 
disturbance, and impact of succession caused by fire/insects.     
  
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire).  Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-born diseases (Daszak et al. 2000).  
  



No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but experts believed this was difficult to predict and a 
possibility (Workshop Report 2016, p. XXXXX).  A few pathogens have been documented in 
lynx in the DPS.  For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, none 
of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed to plague by 
infected prey after their release in Colorado.  Exposure of some lynx to feline parvovirus was 
detected in six areas in western North America (Montana-Alaska)(Biek et al. 2002).   
Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats (Sarmiento 
1956, Van Zyll de Jong 1966, Kumar 1974, and Reichard 2004) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24).  Lynx with heavy infestations have difficulty breathing and succumb 
to starvation as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
  
Reduction in Gene Flow - Koen et al. (2014) hypothesized that climate change would create 
increasingly unsuitable environmental conditions for lynx (e.g., milder winters with reduce snow 
quality, declining and fragmented boreal forest), which was associated with low genetic diversity 
and high genetic differentiation at the trailing (southern) edge of the range.  Furthermore, high 
winter temperature, low snow depth, and low proportion of suitable habitat were strongly 
correlated with neutral genetic diversity, low allelic richness, and high genetic differentiation 
(Koen et al. 2014, p. 757).  They surmised that genetic structuring in southern lynx populations 
could be caused by northward shift in optimal conditions causing isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes of snowshoe hare or 
bobcats causing lynx to shift northward. Lynx with the greatest allelic richness were found in 
areas with the deepest snow in the core of their range in northern Ontario (Koen et al. 2014, p. 
758).  The authors conclude that climate warming has reduced gene flow at the receding 
(southern) edge of the lynx’s range, and that southward gene flow from Canada into threatened 
U.S. population is unlikely (Koen et al. 2014, p. 760). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations.  For example, gene flow between eastern Canada and Maine 
lynx populations depend on an ice bridge for dispersal across the St. Lawrence River.  Although 
some lynx currently cross the river, Koen et al. (2014, entire) found genetic structuring on either 
side of the river.  Thus, the river already restricts gene flow.  Climate-induced deteriorating ice 
conditions on the St. Lawrence River could further restrict gene flow between lynx populations 
north and south of the river (Koen et al. 2014, p. 528).  Between 1969 and 2002 there was a 20 
to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the St. Lawrence 
(Johnston et al. 2005).  Conversely, reduced ice on the St. Lawrence may prevent bobcats from 
dispersing northward into lynx areas in central Quebec (Koen et al. 2014, p. 528). 



3.3 Vegetation Management 
Forest management is the most prevalent land use throughout the lynx DPS and can have 
beneficial, neutral, or adverse effects on lynx and snowshoe hare habitat and populations.  
Forest management affects stand structure, composition, and arrangement on the landscape, 
which are important elements of habitat for snowshoe hares and lynx.  At the home range scale, 
lynx throughout the DPS select landscapes having the greatest snowshoe hare densities 
(citation).  In Maine and Minnesota these are young, regenerating spruce-fir forests (Hoving et 
al. 2004, McCann and Moen 2011) and in the West regenerating lodgepole pine (Koehler, 
Maletzke, Berg et al. 2012) and dense mature conifer forest (Griffin 2004, Squires et al. , Berg 
et al.).  Silvicultural prescriptions and cutting practices in boreal forest types vary widely 
throughout the lynx DPS depending on the landowner, forest ecology and ecoregion, tree 
species, site conditions (e.g. moisture, slope, aspect), disturbance regimes (e.g., fire, insect 
outbreaks), forest policy and regulations, logging equipment, and markets for forest products. 
Forest management that creates habitat for hares and lynx in one geographic area may not be 
beneficial to hares and lynx in another. 
  
Nevertheless, snowshoe hares throughout the region respond to one common denominator. 
Dense understory (horizontal cover) is the most important forest structural characteristics for 
hares throughout their range (Ferron and Ouellet 1992, Wolfe et al. 1982, Litvaitis et al. 1985).  
Dense, horizontal cover provides hares with a source of browse and cover from predation.  
Softwood (e.g., spruce-fir) has about three times more cover value as hardwoods (Litvaitis et al. 
1985).  Thus, stem density (or stem cover units) and snowshoe hare density are directly and 
positively correlated (Conroy et al. 1979, Sullivan and Sullivan 1988, Koehler 1990b, Koehler 
and Brittell 1990, Thomas et al. 1997, Hodges 2000a, Mowat et al. 2000, Homyack et al. 2006, 
Robinson 2006, Scott 2009, Fuller and Harrison 2013).  Forest practices that promote high stem 
density and dense horizontal cover can increase snowshoe hare densities (Keith and Surrendi 
1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 1983; Livaitis et al. 1985; Bailey et 
al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; Fuller et al. 2007; Homyack et al. 
2007; Scott 2009; McCann and Moen 2011).  Forest practices that reduce dense understory 
generally are a stressor to hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979, Sullivan and Sullivan 1988, Koehler 1990b, Thomas et al. 1997, 
Homyack et al. 2005, Robinson 2006, Griffin and Mills 2007, Berg 2010, Ivan 2011a, Lewis et 
al. 2011, McCann and Moen 2011, Robinson 2006, Scott 2009).  Similarly, the effects of forest 
management on lynx habitat use, movements, and home range have been investigated by 
Koehler (1990a), Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et 
al. (2008), Vashon et al. (2008b), Squires et al. (2010), Simons (2009), Simons-Legaard et al. 
(2013), Simons-Legaard et al. (2016). The results of these studies show... 
  
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
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negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (Federal Register, July 3, 2003, vol. 68, no. 28, pp. 40076-40101). 
  
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, 
Seymour et al. 2002, Lorimer and White 2003).  In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S.  After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event.  Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 meters depending on tree species) the tree crowns lift and lower 
branches self-prune, thus reducing the live horizontal branches providing food and cover for 
snowshoe hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where 
mature trees die or fall down) and food and cover may again become available to support 
snowshoe hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction).  The 
culmination of the process (or a forest rotation) is harvesting of forest products.  Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

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

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



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

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

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

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



new climate and markets.  Many strategies have been evaluated to increase the quantity of 
carbon stored in North American forests (Irland et al. 2003) including discontinuing or greatly 
reducing harvest in some forests to build carbon reserves, increased recycling to reduce use of 
forest products, converting agricultural lands to forests, and substituting wood products for more 
energy-intensive products.  Increased atmospheric carbon will increase forest growth slightly, 
except for softwood (Irland et al. 2001, p. 757-758).  Sawtimber production, which sequesters 
more carbon, is expected to increase (Irland et al. 2001, p. 758).  Expanding landscapes with 
older growth conifer forest to sequester carbon could benefit lynx in the West and be to the 
detriment of lynx in the East. 
  
Climate change will affect forest-related recreation.  Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759).  
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001).  These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting)(Swanson and Loomis 1996).  At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affect many of the requirements necessary for the 
continued existence of lynx in the DPS.  Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire).  Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal 
lands).  Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably 
be anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and 
pattern of disturbance events.  Synergetic effects between forest management and other 
stressors (e.g., climate change, trapping, development) may intensify their effects (Carroll 
2007). Habitat loss and fragmentation are believed to currently be the most important stressors 
for lynx in the DPS (Fig. X), but it is possible that other pathways for forest management are, or 
may become, equally important.  Hares and lynx will continue to be affected (both positively 
and negatively) by forest management into the foreseeable future.  Forest management 
stressors primarily affect lynx by lowering landscape hare densities, which in turn reduce lynx 
reproduction and lower 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
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to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees.  Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). 
  
Precommercial thinning has been shown to reduce hare numbers by as much as 2- and 3-fold 
(Griffin and Mills 2004, 2007; Homyack et al. 2007) because of reduced cover and decreased 
availability of browse. Griffin and Mills (2007) reported that, if their results were representative, 
the practice of precommercial thinning could significantly reduce snowshoe hares across the 
range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support snowshoe hare densities to the level that were present pre-
treatment. At this time, no other data are available to quantify the re-establishment of snowshoe 
hare habitat and over what time period, or the response by snowshoe hares, as compared with 
sites that were not precommercially thinned, so this remains an unproven management 
technique. As an alternative to standard precommercial thinning (i.e., complete thinning 
resulting in a homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 
percent of the patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare 
habitat in the short term. However, Lewis et al. (2011) found that landscapes with patches of 



high-quality habitat surrounded by similar vegetation supported more hares than did more 
fragmented landscapes composed of high-quality patches in a matrix of poorer-quality habitat. 
Further long-term studies of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2008 the USFS amended Forest Plans to incorporate management that would conserve lynx, 
including direction that minimized (or eliminated?) the impacts of precommercial thinning in lynx 
habitat. However, precommercial thinning is not regulated on private forest lands throughout the 
remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat and reduces fuels. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand.  Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management.  Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed).  Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire).  In recent years, about 
425,000 acres of Maine forest are harvested annually and 96 percent of this land is partially 
harvested (Maine Forest Service 2016? Check).  After 17 years of extensive partial harvests, 
much of the northern Maine landscape has been influenced by this form of forestry, and will 
continue to be into the future. The popularity of this form of harvesting extends beyond Maine.  
From the mid-1980s to mid-1990s, partial harvesting comprised 62 percent of the harvest in the 
U. S., and clearcuts comprised the other 38 percent.  Partial harvested stands result in a wide 
range of residual stand conditions, but many have lower conifer stem densities and higher 
hardwood density than regenerating clearcuts (Robinson 2006).  On average, partial harvested 
stands supported about 50 percent of the hare densities observed in regenerating clearcuts 
(Robinson 2006).  Shelterwood cuts, a form of even-aged management, are the exception and 
have maintained densities similar to regenerating clearcut stands (D. Harrison, UMaine, unpubl. 
data).  Current hare densities in partial harvested stands in Maine average about 0.4 hares/ha 
(Simons 2009, p. XXX, check), which is below the landscape hare densities (0.5 hares/ha 
(Ruggiero et al. 2000b, Simons-Legaard et al. 2013) needed to support lynx. 
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In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types (Plate 4.4). In these instances there is a short-term (10–30 years) impact on snowshoe 
hare habitat. In the western U.S., prescribed fire for ecosystem restoration is most applicable to 
the dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir 
forests are generally composed of thinner-barked trees that are easily killed even with light fire, 
this technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (Plate 4.3). These types of projects 
are becoming more common. In the western U.S., projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest.  In fact, forested landscapes have increased in 
some parts of the DPS (especially in the Northeast) because of farm abandonment and 
recolonization by second-growth forest.  However, some forms of forest management such as 
selective harvesting and fire suppression can intentionally (or not) alter tree species composition 
away from boreal forest types that support snowshoe hare and lynx.  Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest.  For example, in northern New England clearcutting leads to drying of the 
forest floor and consequent heavy mortality in spruce and fir regeneration and increased light 
levels that increase hardwood competition (White and Cogbill in Eagar and Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare.  Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition.  
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44).  Hare densities may increase after trees in a plantation reach the sapling stage 
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and branches intermingle at the ground level creating horizontal cover if the lateral branches are 
not pruned (Parker 1984, p. 163, Parker 1986 p. 160, Roy et al. 2010, p. 285).  However, the 
period of time that that spruce plantations may support high hare densities in Maine and eastern 
Canada may be relatively short (10 to 17 years post-harvest) compared to regenerating 
softwood clearcuts (15-35 years post-harvest)(Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus reducing food, 
cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et al. 
2003 p. 462).  Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10).  In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013).  In Maine and northern Washington, landscapes where habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
(Simons 2009, Lewis et al. 2011).  Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that land-scapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016).  In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx (FR 74(36)). 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range.  For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 



quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northeast Geographic Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands.  In some 
instances, forest management has greatly altered the disturbance regime.  For example, the 
Acadian forest in Maine and eastern Canada was driven by gap dynamics (similar to some parts 
of the West today) and true stand-replacing disturbances were quite uncommon with recurrent 
intervals of thousands of years.  After several centuries of forest management, stand age 
structures have become simplified, and commercial timber rotations are a fraction (15 to 40 
percent) of the lifespan of boreal tree species (Seymour 2002).  Whereas prevalent, these 
younger even-aged  forest stands on the landscape may benefit hares and lynx in Maine, 
forestry has shifted the species composition of Maine’s forest to species favored by frequent 
harvest disturbance, such as red-maple, paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
65 FR 16076 - “we further conclude that 
timber harvest and fire suppression may 
have regional or local impacts but do 
not currently threaten the contiguous 
United States population.” 
 
Same - We conclude that timber 
harvest and fire suppression may be 
impacting lynx and prey habitat in the 
Great Lakes Region. 
 
68 FR 40093-94 - The final (2000) rule explained that natural fire plays a significant role in 
creating the mosaic of vegetation patterns, forest stand ages and structure that provide good 
lynx and snowshoe hare habitat in the western mountain ranges of the United States. The final 
rule also explained that fire suppression in the Northern Rocky Mountains/Cascades and 
Southern Rocky Mountains during the past 50 years has likely had little impact on lynx, because 
most forests where lynx habitat occurs have natural fire return intervals that are longer than the 
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period of time of human fire suppression or because fires that do occur in lynx habitat are large, 
high-intensity fires that are difficult to suppress. Where fire suppression does occur in lynx 
habitat, it can reduce the quality of habitat by reducing the amount of younger forests or by 
changing the species composition and structure of forests. As in the final rule, we conclude that 
past fire suppression has had limited impact in lynx habitat in the Northern Rocky 
Mountains/Cascades and Southern Rocky Mountains; however, it may affect lynx habitat quality 
at some local scales, particularly on non-Federal lands. Although increased interest in fire 
suppression and reduction of heavy fuels has the potential to affect snowshoe hare habitat, we 
conclude the threat to lynx in the Northern Rocky Mountains/Cascades and Southern Rocky 
Mountains as a result of the current effects of fire suppression is currently low. 
 
40094 - in the Northeast forests fire return intervals are very long as a result of the moist 
maritime influence. Thus, fire did not historically play a significant role in creating early 
successional habitats. While current fire suppression may have localized minor effects, it is not 
likely affecting lynx habitat overall in the Northeast. 
 
40095 - The final rule described natural fire regimes and the history of fire suppression in the 
Great Lakes. Fire suppression policies across all land ownerships in the Great Lakes are such 
that fire is unlikely to assume its natural role in creating a mosaic of vegetation communities and 
age classes across the landscape. However, the final rule established that on some Federal 
lands in northeastern Minnesota, where the region’s highest quality and quantity of lynx habitat 
is found, and where numerous lynx have been documented in the past 3 years (Minnesota 
Department of Natural Resources in litt. 2003), fires are allowed to burn. The LCAS 
recommends that on Federal lands fire be restored as an ecological process. Locally, fire 
suppression may reduce the quality of lynx habitat in the Great Lakes. 
 
USFS and BLM 1999 (BA), p. 34: “Continued fire suppression, over time, can also alter 
vegetation mosaics and stand composition, and may reduce foraging habitat for hare (Ruediger 
et al. in press 1999). Fire exclusion may have permanently changed the dominant successional 
pathways and stand composition in jack pine forests of the Great Lakes geographic area. 
However, in western ecosystems, the removal of fire from high elevation boreal forests has not 
been as significant as in lower elevation warm/dry forests, such as ponderosa pine (Agee in 
press 1999).” 
 
Same, p. 58: LCAS identified risk factors to lynx in Cascades geographic area including “Fire 
exclusion that changes the vegetation mosaic maintained by natural disturbance processes.” 
  
 
 
 
 



3.5 Habitat Fragmentation 
 
Natural fragmentation of habitat limits lynx populations throughout the DPS and largely explains 
their patchy distribution in the contiguous United States.  In contrast, lynx habitat in Canada and 
Alaska is comprised of large expanses of contiguous boreal spruce-fir forests in gentle, rolling 
topography, with favorable deep, fluffy snow conditions (Section 2.3.2, Aubrey et al. 2000, Poole 
XXXX).  
 
In lynx units in the western contiguous United States (Cascades, northern Rockies, Greater 
Yellowstone, Colorado), boreal forest occurs in a relatively narrow elevational band in the Rocky 
Mountains.  These “islands” of habitat can be extensive (e.g. the Okanagan or northern 
Montana) or small (e.g. Garnet Range, southern Montana) depending on topography and 
precipitation.  Sometimes areas of boreal forest are separated by inhospitable habitats in the 
valleys (e.g., sage flats) that may restrict dispersal between habitat patches.  In other areas, 
matrix forest in the valleys facilitates lynx movements between suitable habitats.  
 
Lynx habitat is also naturally fragmented  in the eastern contiguous United States (Minnesota 
and northern Maine).  In these areas there is comparably little topographic relief, and the 
extensive forests  in these regions are characterized as an ecotone between northern hardwood 
and spruce-fir forests.   Spruce-fir habitat is patchily distributed and often associated with low-
lying areas (peatlands, fens, riparian corridors, and low topography “flats”) and sometimes at 
higher elevations.   Patches of spruce-fir become progressively larger at higher latitudes where 
they eventually become contiguous with boreal forest in Canada.  Patches of spruce-fir become 
progressively smaller and more widely-spaced with decreasing latitude to a point where there is 
no longer sufficient landscape hare densities to support lynx. 
 
Throughout the DPS, human activities exacerbate natural fragmentation effects.  Anthropogenic 
activities such as forest management, development, and highways further alter natural 
landscape patterns.  They cumulatively reduce the total area of habitat, diminish the quality of 
habitat, increase the isolation of habitat patches, and impair the ability of lynx and other wildlife 
to effectively move between patches of habitat. Fragmentation may be permanent, for example 
by converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. 
Fragmentation of habitat (both natural and anthropogenic) increase the risk of extirpation of 
small lynx populations.   
 
Lynx populations are clearly most viable in areas having extensive, unfragmented habitats with 
large patches of high-quality foraging habitat.  Both lynx and hares are influenced by the spatial 
arrangement of preferred habitat. In Maine and northern Washington, landscapes where habitat 
was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Several studies (Koehler 1990a, Mowat et al. 
2000, von Kienast 2003, Maletzke 2004, Squires and Ruggiero 2007, Squires et al. 2010) have 
reported that lynx avoid large openings, especially during winter. Mowat et al. (2000) suggested 
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that relatively few snowshoe hares use large openings, and consequently lynx spend little time 
hunting in these areas. Koehler (1990a) speculated that vegetation management prescriptions 
that result in distance to cover >100 m (328 ft) may change lynx movement and use patterns 
until such time as sufficient reestablishment of forest vegetation occurs. Opening size can also 
influence seedling regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat.  Within their home ranges, lynx 
strongly select for habitat patches that enhance their foraging opportunities (Moen et al. 2008, 
Vashon et al. 2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter 
movements of lynx in Maine indicated that lynx responded to habitat heterogeneity at a coarse 
scale within their home ranges, by maximizing their access to snowshoe hare prey (Fuller and 
Harrison 2010). In Montana, lynx selected homogeneous spruce-fir patches that supported 
snowshoe hares and avoided recent clearcuts or other open patches (Squires et al. 2010). 
Similarly, in Washington, Lewis et al. (2011) reported that landscapes in which hare habitat was 
more contiguous, or surrounded by a mosaic of similar habitat quality, supported more hares 
than did more fragmented landscapes. 
 
Additional human-caused fragmentation of the already naturally patchy pattern of lynx habitat in 
the contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (Lynx Biology Team 2013, p. 77). 
 
Roads Paved highways fragment lynx habitat.  In the West, they typically follow natural features 
such as rivers, valleys, and mountain passes that may have high value for lynx in providing 
habitat or connectivity.  They surround large blocks of lynx habitat in Minnesota and northern 
Maine.  Various studies have documented lynx crossings of highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). In Colorado, lynx successfully and 
repeatedly crossed major highways, including I-70 (J.Squires, personal communication 2012; 
Ivan 2011b, c, 2012). However, in Alberta, Canada, high road densities, human activity, and 
associated developments appeared to reduce the habitat quality based on decreased 
occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 13 times less likely to 
cross the Trans-Canada Highway relative to random expectation, but only 2.2 and 3.1 times 
less likely to cross Highway 93 and Highway 1A, respectively, compared to random expectation. 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 



of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
As the standard of roads increases from gravel to 2-lane or 4-lane highways, traffic volumes and 
the degree of impact are expected to increase. Four-lane highways, such as the interstate 
highway system, commonly have fences on both sides, service roads, parallel railroads or 
power lines, and impediments like "Jersey barriers" that make successful crossing more difficult, 
or impossible, for wildlife (Lynx Biology Team 2013, p. 78). Alexander et al. (2005) suggested 
traffic volumes between 3,000 and 5,000 vehicles per day may be the threshold above which 
successful crossings by carnivores are impeded. 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 3 in 
Montana (compiled by K. Broderdorp, U.S. Fish and Wildlife Service, unpub. data 2016). 
Between 1995 and 2011, 15 lynx were reported killed on British Columbia highways (British 
Columbia Wildlife Accident Reporting System 2012).  Most of these mortalities are on higher 
speed paved highways.  However, in Maine, about 41 percent (22 of 54) were killed on lower 
speed dirt logging roads. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 mortalities of translocated animals were attributed to road kills (Brocke et al. 
1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of translocated lynx 
were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado highways where 
the 13 lynx mortalities occurred were estimated to range from about 2,300 to >25,000 vehicles 
per day (K. Broderdorp, personal communication 2012). 
 
Although some forest management can benefit lynx by creating a shifting mosaic of lynx habitat, 
it can also have deleterious effect by fragmenting habitat into small, widely-spaced parcels.  In 
Maine, the shift to partial harvesting forms of forest management  is increasing the number of 
patches of high quality hare habitat, but the size of patches is greatly diminished and patches 
are becoming more isolated (Simons-Legaard et al. 2016, pp. 5-6).  This is diminishing 
landscape conditions conducive to supporting lynx. 
 
Residential and commercial development Other sources of fragmentation pose unique or 
unknown effects on lynx.  Residential and commercial development (see Maine section 5.1.1) is 
increasing on private lands.  It is uncertain to what degree lynx can tolerate habitat 
fragmentation from roads and forest clearing, and how human and pet activity affect lynx use of 
habitats.  Some anecdotal information suggests that lynx are quite tolerant of humans, although 



given differences in individuals and contexts, a variety of behavioral responses to human 
presence may be expected (Staples 1995, Mowat et al. 2000). 
 
Ski resorts  Ski areas have similar effects on permanent habitat loss and fragmentation.  One 
ski run is often separated from the next only by small inter-trail forest is ands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreation use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (J. Squires, personal communication 2012). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous United States 
(Lynx Biology Team 2013, pp 82-83). Most ski areas are located on north-facing slopes, where 
ample snow conditions provide for extended ski/snowboard recreational seasons. In the western 
states, many of these landscapes feature spruce-fir forests. While ski resorts occupy a small 
proportion of the landscape, spruce-fir forests provide important stable habitat for snowshoe 
hares and lynx at the southern extent of their range. In winter, alpine and Nordic skiing and 
snowboarding are the primary uses. Most of these resorts offer year-round recreation, with 
summer activities typically including hiking and mountain biking.  
 
Mining Leasable minerals. Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS.  Very little mining development occurs in 
Minnesota and northern Maine.  Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable minerals. Only a fraction of the historical number of mines is operating today.  Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation.  The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 



consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable minerals. In general, salable minerals are found close to the surface. During exploration 
activities, equipment is moved to the site and a number of test pits are dug or holes drilled to 
determine the quality of material. If desired minerals are found in suitable quantity, then 
vegetation is removed and materials are excavated.  For example, gravel pits are needed for 
logging road development and maintenance and are common occurrences throughout areas of 
the DPS that are in active forest management.  Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind energy. Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities would likely continue 
through the life of the project, which may exceed 20 years. 
 
Utility corridors. Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation, likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Corridor areas connecting lynx metapopulations in the DPS with those in Canada are poorly 
documented.  In some cases, these corridors are broad (i.e., northern Maine connecting to 
southern Quebec) while others are relatively narrow (high mountain passes in northern Montana 
and Idaho).  Given the perceived importance of lynx immigration from Canada to the DPS 
metapopulations during the peak hare cycle, roads and other forms of habitat fragmentation that  
impede lynx movements in the border regions of Canada and the United States are of concern.   
 
At this time, there is little coordination or discussion of maintaining effective lynx corridors with 
Canada.  Coordination of management across international, federal, state, county, and private 
land boundaries is essential to minimize fragmentation. Connectivity to source populations in 



Canada is considered critical to persistence of populations in most parts of the range in the 
United States (Federal Register Vol. 68 pp. 40076– 40101, Squires et al. 2013). 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts throughout the range of the 
DPS, of the current status of lynx populations and habitats in each geographic unit and the 
factors influencing them. Based on these unit-specific assessments, we then provide our 
assessment of the current status of lynx and their habitats throughout the DPS. Where 
appropriate, we compare our current understanding to what was known or believed when the 
DPS was listed under the ESA in 2000. 
 
The geographic units evaluated below and in Chapter 5 are those with the strongest historical 
and recent evidence of an ability to support persistent resident lynx populations. Five of the 
units are larger than 20,000 km2 (7,722 mi2); the other is over 5,000 km2 (1,931 mi2) (See Figure 
1 and Table 1 in section 1.1, above). Land ownership within the units varies from mostly private 
in Maine, to a mix of private, State, and Federal in Minnesota, to mostly Federal lands in the 
West (Table 1). Overall, Federal lands account for nearly 64 percent of the areas encompassed 
by the SSA units, with USFS managing almost 88 percent of Federal lands and 56 percent of all 
SSA areas, followed by the NPS and BLM, which manage about 7 percent and 1 percent of all 
SSA lands, respectively. Of non-Federal areas, private lands make up almost 27 percent of the 
total followed by State and Tribal lands, which represent almost 9 percent and just over 1 
percent of the total area (Table 1). 

4.1 Current Conditions by Geographic Unit 
4.1.1 Unit 1 - Northern Maine 
The “Northern Maine unit” includes areas where lynx have recently occurred in northern New 
Hampshire and Vermont. To be consistent with the Workshop Report, we refer to this collective 
region as the northern Maine unit.   
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont.  Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S; a function of latitude, elevation, and 
distance from the ocean.  The average terrain rises in northern Maine  to 1000-1500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet.  This region is far enough inland to be unaffected by marine influences.  
Annual precipitation is 41 inches (104 cm), with greatest precipitation in winter in the form of 
snow 228 cm to 280 cm (90 to 110-plus inches), with higher amounts at higher elevations.  
Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 square kilometers (11,162 square miles) all in 
northern Maine (79 FR pp. 54823-54828).  Land ownership in the critical habitat unit boundary 
is about 0 percent Federal, 1 percent tribal (Passamaquoddy Tribe, Penobscot Indian Nation), 7 
percent State (primarily Baxter State Park), and 92 percent private.  Lynx regularly occur 
outside of the designated critical habitat boundary.  The Service considers the range of the lynx 
for regulatory review (section 7, ESA) to be approximately  46,796 square kilometers (18,068 
square miles).  Land ownership in this area is about 0.4 percent Federal (Aroostook National 
Wildlife Refuge) 1 percent tribal (Passamaquoddy Tribe, Penobscot Indian Nation, Aroostook 
Band of Micmacs, Houlton Band of Maliseets), 7 percent State, and 92 percent private. Private 
lands are almost entirely commercial forestlands. 
 
New Hampshire  - The habitat in northern New Hampshire is not within the designated critical 
habitat.  Habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). 
Hoving estimated approximately 1000 square kilometers (386 square miles) of potential habitat 
having a greater than 50 percent probability of being occupied by lynx . Litvaitis and Tash (2005, 
p. A–298) estimated that New Hampshire contains about 342 km2 (888 km2) of Canada lynx 
habitat.  Historic distribution in New Hampshire included Coos and northern Carroll and Grafton 
counties (i.e. White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 2003).  
Habitats with the highest probability of occurrence are in Pittsburg in northern New Hampshire 
and the White Mountain National Forest in the central area of the state (Siren 2014, p. 34). The 
majority of the habitat in northern New Hampshire is located on the Connecticut Lakes Natural 
Area WMA which is owned and managed by NHFG. Surrounding habitat is owned and 
managed by the Connecticut Lakes Timber Company under a conservation easement held by 
the State of NH. Occurrence records from the past 10 years have been centered on these two 
ownerships (Kilborn 2015, App. A pp. 42-43).  Habitat on the Connecticut Lakes Natural Area 
has a conservation easement with 15,000 acres of the core lynx habitat also being part of an 
unmanaged area of the 25,000 acre property. As a result these core 15,000 acres will be 
allowed to mature to a climax forest type potentially allowing for good denning habitat but 
restricting the amount of snowshoe hare habitat in the foreseeable future. Current conditions are 
in a transition state, and portions of the 15,000 acres are supporting higher densities of 
snowshoe hare because of past forest management (Kilborn 2015, App. A pp. 42-43).  
Regional-scale modeling suggests that habitat and snow conditions in New Hampshire are likely 
insufficient to support viable lynx populations over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont  - The habitat in northern Vermont is not within the designated critical habitat.  Recent 
modeling to determine lynx habitat connectivity in the Northeast suggests that the Nulhegan 
River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530 square kilometer (205 
square mile area) is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 
percent State (Vermont Department of Natural Resources), and 63 percent private commercial 
timber lands (with easement).  The future of lynx and their habitat is unlikely because of the 
patchy and limited amount of habitat, climate change (decreasing snow), trends toward 
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hardwood management, and increasing human disturbance (Vermont Fish and Wildlife 2015, 
Appendix A5 p. 127).  
 
New York - The habitat in the Adirondack region of New York is not within the designated critical 
habitat.  Potential habitat occurs in an island of boreal forest types in the Adirondack Mountains 
of northeastern New York. Hoving estimated approximately 190 km2 (73 mi2) of potential 
habitat having a greater than 50 percent probability of being occupied by lynx (68 FR 40086–
40087).  The boreal forest in New York is protected as Adirondack State Park, however much of 
the forest is mature without the understory necessary to support a snowshoe hare population 
capable of sustaining lynx (G. Batcheller, New York State Division of Fish, Wildlife and Marine 
Resources, pers. Comm. 2003; 68 FR 40087). It seems that habitat quality is marginal and 
isolated from occupied lynx habitat in Canada and Maine.  
 
Collectively, the “Northern Maine” unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada.  Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km north of Maine).  Lynx populations in Maine and eastern Canada are 
geographically isolated from other lynx populations on the island of Newfoundland (900 km east 
of Maine), and on Cape Breton Island, Nova Scotia (650 km southeast of Maine)(Koen et al. 
2015, entire).  The closest lynx population in the DPS is located in northeastern Minnesota, 
about 1,700 km west of Maine.  
 
Habitat Description:  In the northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR, p. 40086). 
This habitat type occurs along the northern Appalachian Mountain range from southeastern 
Quebec, western New Brunswick, and western Maine, south through northern New Hampshire. 
This habitat type becomes naturally fragmented and begins to diminish to the south and west, 
with a disjunct segment running north-south through Vermont, and a patch of habitat in the 
Adirondacks of northern New York (McKelvey et al. 2000b, pp. 248-250).  This area is part of 
the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between northern 
boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and Hunter 
1992, pp. 3-4).  Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations up to 1600 meters (Katahdin highlands, western Maine, White Mountains in central 
New Hampshire).  Higher elevations support a predominantly coniferous forest (white, red, and 
black spruce; balsam fir; eastern white pine) intermixed with northern hardwoods (red maple, 
aspen, white birch, sugar maple, beech, and yellow birch).  Lowland areas include spruce-fir 
flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitat are associated with spruce-fir stands repeatedly harvested for 
forest products.  Hares and lynx are associated with stands of regenerating sapling (15–35 
years old) spruce-fir forest that provide dense cover are preferred (Robinson 2006, pp. 26–36; 
Vashon et al. 2012, p. 15). Lynx are more likely to occur in large (100 square kilometer, 40 
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square mile) landscapes having a high percentage (>27 percent) of regenerating forest, and 
less likely to occur in landscapes with very recent clearcut or partial harvest (Hoving et al. 2004, 
pp. 291–292, Simons-Legaard et al. 2013, entire). Regenerating stands used by lynx generally 
develop after forest disturbance (almost exclusively logging) and are characterized by dense 
horizontal structure and high stem density within a meter of the ground. These habitats support 
the highest snowshoe hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 
719; Vashon et al. 2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected 
older (11- to 26-year-old), tall (15 to 24 feet (ft) (4.6 to 7.3 meters (m)) regenerating clearcut 
stands and older (11- to 21-year-old) partially harvested stands (Fuller et al. 2007, pp. 1980, 
1983–1985). At the home range scale, lynx also select landscapes having some mature conifer 
forest (Simons-Legaard et al. 2013b, pp. 572–573). Lynx may select partial harvested and 
mature conifer stands because of increased ease of travel and prey access along the extensive 
edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013b, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Some of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56).  Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem cycle at 10-year intervals, but have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44, D. Harrison, UMaine, unpub. data, Vashon et al. 2012, p. 14).  Prior to 2006, several 
estimates of  hare densities in the highest quality, regenerating conifer or mixed forest averaged 
1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,).  After 2006, hare 
densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109, D. Harrison, UMaine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire).  In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61).  More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only (0.19 to 0.28 hares/ha).  Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100 km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the northern Maine 
unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 



peatlands.  USFS forest inventory data indicate that four million acres of forestland are 
classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in 
northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is in areas 
occupied by lynx.  In a 10 million acre area area in northern Maine (approximately 50 percent of 
the designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 
950,000 acres (9.5 percent) of spruce-fir was in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741).  
The current range of lynx in the northern Maine unit is associated with areas of deep snowfall, 
extensive (100 km2 [40 mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; (Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; 
Federal Register Vol. 74 pp. 8616–8701).  Patches of boreal forest in New Hampshire, Vermont, 
and New York are more highly fragmented than in northern Maine.  These more southerly 
forests also contain a higher proportion of northern hardwood.  These forests are believed to 
lack the conifer component needed to produce sufficient snowshoe hare densities to 
consistently support viable populations of lynx (Hoving et al. 2005, p. 749, Carroll 2007, p. 
1100). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, pp. 1984-
1985). Lynx avoided mature stands (>40 years old) and short (3.4–4.3 m [11–14 ft]) 
regenerating clear-cut or partially harvested stands <10 years post-harvest (Fuller et al. 2007, 
pp. 1275-1278). Further research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx 
tended to forage in areas with intermediate to high snowshoe hare densities (tall regenerating or 
older partial harvest stands), which afforded lynx with greater mobility and where snowshoe 
hares were more vulnerable to predation, rather than in the densest stands (short regenerating 
stands; Fuller and Harrison 2010, pp. 1276-1278). 
 
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008a, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
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>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008a, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008a, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008a, pp. 1492-1493).  
 
Historically lynx habitat in the northern Maine unit was likely uncommon.  Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56).  In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
are often characterized by an even-aged wind-throw phenomenon known as fir-waves (Sprugel 
1976, entire). Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are 
rare (interval of several hundred to several thousand years) and highly variable in size 
(Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce 
beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). In this 
geographic area, wildfire is less significant as a natural agent of disturbance. The typical fire 
regime is infrequent surface fires in the dormant season in the hardwood forests, and slightly 
more frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; 
Seymour et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several 
decades, early successional forests in northern Maine, New Brunswick, and southern Quebec 
have been created almost exclusively by forest management (Lorimer and White 2003, pp. 42-
43). 
 
In contrast, current habitat is likely peaking and at historical highs.  Favorable habitat conditions 
for snowshoe hare and lynx in Maine resulted from large-scale salvage cutting (clearcutting) 
following a spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, p. 291). After 
salvage harvest of the affected trees, a portion of the area was sprayed with herbicide to reduce 
deciduous competition (Scott 2009, pp. 7, 14). The resulting vegetation was dominated by 



balsam fir and red or black spruce (Scott 2009, p. 60). This created favorable habitat conditions 
for snowshoe hares and lynx.  Habitat conditions for hares and lynx in the unit improved from 
the late-1980s to present,  benefitting from stand-replacing salvage harvests during the last 
budworm outbreak (Simons 2009, pp. 122-229; Simons-Legaard et al. 2016, entire).   During 
this time period, the percentage of forestland with an average landscape hare density greater 
than 0.5 hares/ha increased 400 percent (Simons-Legaard et al. 2016, p. 7).    
 
Lynx habitat will decline in the near future. In response the widespread clearcutting in the 
1980s, in 1989 Maine passed the Forest Practices Act.  This Act regulated clearcutting.  Various 
forms of partial harvesting replaced clearcutting as the predominant form of forest management 
in northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27).   
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act.  Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime supports lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009) and is projected to result in reduced habitat and 
lynx populations in Maine (Simons 2009, pp. 206, 209, 217; Simons-Legaard et al. 2016, p. 8, 
Simons-Legaard 2016, entire). 
 
Long-term, binding land management commitments are lacking in the northern Maine unit.  
Unlike, Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a federal nexus for review of projects is almost nonexistent.  
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005, 
Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work with private 
landowners.  As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 100,000 acres including the State, Federal government (White Mountain National 
Forest south of lynx range), a conservation group (The Nature Conservancy), two tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006,  p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit.  In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon 
sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, Arkansas, 
and Mississippi were chosen as pilot States to receive funding through their respective Natural 
Resources Conservation Service (NRCS) State offices. Based on a successful pilot program, in 
2008, the HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final 
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rule in the Federal Register (75 FR 6539) amending regulations for the HFRP based on 
provisions amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management 
plans. Since that time four private landowners, The Nature Conservancy, the Passamaquoddy 
Tribe, Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program.  
Collectively, these land ownerships comprised 943.2 mi2 (2,443 km2), or 9.3 percent of the total 
designated critical habitat in northern Maine. 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation 
benefit for lynx, which was achieved by employing the lynx guidelines, identifying baseline 
habitat conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP 
criteria and guidelines and complied with numerous environmental standards. Plans were 
reviewed and approved by the NRCS with assistance from the Service. The details of the plans 
are proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management are soon to expire.  Unlike lynx forest plans on 
Federal lands, HFRP plans lack long term commitments.  Plans were prepared for a forest 
rotation (70 years) and include a decade-by-decade assessment of the location and anticipated 
condition of lynx habitat on the ownership. However, landowners are only committed to a 10-
year contract, and long-term commitments to lynx management are voluntary.  Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All four plans have been completed and contracts with NRCS 
will expire in 2016 and 2017.  Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit have commitments to 
endangered species management through forest certification programs. For example, The 
Nature Conservancy land enrolled in the HFRP is also enrolled in the Forest Stewardship 
Council (FSC) forest certification program, which requires safeguards for threatened and 
endangered species. Other landowners are certified under the Sustainable Forestry Initiative 
(SFI).  Both certification programs require planning for threatened and endangered species. 
However, certification programs are also voluntary and may not be long-term commitments.  
Given the frequent turnover in Maine forest lands, new landowners do not always renew 
certification or resume the certification programs initiated by the previous landowner. 
 



Lynx Status:  At the time of listing, lynx were known to be present in northern Maine but little 
was known about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge.  Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire).  Population size and trends are still uncertain. 
  
The Northern Maine unit Unit currently supports a breeding population of lynx that encompasses 
northern Maine, New Hampshire and Vermont and is part of a larger, contiguous 
metapopulation that extends into northern New Brunswick and the Gaspe region of southern 
Quebec.  Extensive areas of contiguous forestland in this region provide high connectivity 
between the population in Maine with Canadian populations.  Although potential lynx habitat in 
New Hampshire and Vermont is fragmented, there is 100 percent connectivity for lynx 
movement between these areas and habitats in northern Maine (Farrell 2013 personal 
communication, FR 54821).  Breeding lynx in New Hampshire and Vermon are not directly 
connected to Canadian populations, but they are connected to the larger population in northern 
Maine via habitat in western Maine.   
 
Lynx in the northern Maine unit and adjacent populations in southern Quebec and northern New 
Brunswick are separated from lynx populations in the interior of Canada.  The St. Lawrence 
River restricts lynx dispersal and demographically isolates this metapopulation from those in 
northern Quebec, Labrador, and Ontario.  However, sufficient numbers of individuals cross the 
river on the ice each generation to prevent genetic drift of this metapopulation (Koen et al. 
2015). 
 
At the time of listing, the northern Maine unit was not believed to contribute significantly to the 
DPS. However, we now know that a significant populations exists because of extensive young, 
regenerating spruce-fir habitat created by clearcutting in the 1970s and 1980s.  Habitat in 
northern Maine can support lynx densities in localized areas of high quality habitat that are 
substantially higher than elsewhere in the DPS (LCAS 2013, p. 23).  In 2003 when hare 
populations were high, lynx density (juveniles and adults) in one of Maine’s highest quality 
habitats was estimated to be 9.2-13.0 lynx/100km2 (Vashon et al. 2008, Vashon et al. 2012, p. 
15). At about the same time, the density of lynx in nearby Gaspe Peninsula, Quebec was 
estimated to be 10 lynx/100km2 (Ray et al. 2002).  These densities are intermediate to those in 
Canada during the high (17.0-44.9/100km2) and low periods (2.3 – 3.0/100km2) of the lynx-hare 
cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997).  Simons (2009, p. 102) 
estimated the potential for a population of about 236 to 355 adult lynx to occur on a 3.56 million 
acre study area (about half of the critical habitat area) in northern Maine, and Vashon et al. 



(2012, appendix IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of 
northern Maine in 2006.  The actual number of lynx is unknown because there are no methods 
available to measure and produce true population estimates over such a large geographic area. 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals, although 
breeding has occurred in both locations in recent years. Most historic lynx records from New 
Hampshire are from trapping records from the 1930s to the 1960s (Brocke et al. 1993, 
McKelvey et al. 2000).  There were only two records in the 1990s.  In 2003, the Service 
determined that, despite a lack of breeding records, a small resident population likely occurred 
historically in New Hampshire but not longer exists (68 FR 40087).  Lynx were detected in 
northern New Hampshire in 2006 and have occurred there annually since (Siren 2014 pp. 53, 
55). In 2011, 4 lynx kittens were observed in Pittsburg and considered evidence of breeding in 
New Hampshire (Kilborn 2015 Appendix A p.44).  There are only four historic records of lynx in 
Vermont prior to 2003.  Since then, nine lynx sightings have been confirmed.  Reproduction was 
first documented in 2012 in the Nulhegan Basin when the tracks of three lynx, a presumed 
family group, were observed travelling together in late February (Vermont Fish and Wildlife 
2015, Appendix A5 p. 126). 
 
Lynx do not presently occur in the Adirondacks region of New York. A resident lynx population 
reportedly occurred in the northern region of New York, particularly in the Adirondack 
Mountains, but it was considered extirpated by 1900 (Brocke 1982, McKelvey et al. 2000b). 
However, there are 23 verified lynx occurrences since 1900, primarily from the Adirondack 
Mountains (McKelvey et al. 2000b). The most recent verified record was from 1973 (McKelvey 
et al. 2000b), which correlates to an extreme cyclic population high. Habitat and prey conditions 
were deemed suitable for a lynx reintroduction in 1989–1991 (Brocke 1982). The reintroduction 
was unsuccessful in establishing a population.  In 2003 the Service concluded that a resident 
population may have existed in New York prior to 1900, however, records of lynx since 1900 are 
of dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997).  Maine lynx had among the smallest home ranges in the DPS (LCAS 
2013, p. 24).  During the period when snowshoe hare populations were highest, Maine lynx had 
among the highest reproductive rates (average litter size 2.74, 89 percent of adult females 
producing litters) in the DPS (Vashon et al. 2012, pp. 18-19).  During periods of low hare 
density, litter size was smaller, only 30 percent of females have litters, and mortality is greater.  
Home ranges are among the smallest in the DPS (54 + 5 km2 males; 26 + 4 km2 females, 
LCAS p. 24, Vashon et al. 2008a).  Home range size were similar during periods of high and low 
hare density (Mallett 2014).  Lynx populations likely increased during the period of high hare 
density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) (USFWS, 
Vortex10, deterministic population simulation 2016; demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitat are at historical highs.  In the Northeast prior to 
European settlement, lynx habitat was created and maintained by small-scale, frequent forest 
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gap dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour 
et al. 2002, Lorimer and White 2003).  Historically, lynx distribution was patchy, and lynx 
populations were likely low and dependent on immigration from Canada.  Current habitat is the 
result of widespread clearcutting and herbiciding to salvage spruce and fir damaged by a spruce 
budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 2008).  Maine lynx 
at multiple scales select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) 
spruce-fir stands 15 to 35 years after clearcut or other even-aged harvest (Hoving et al. 2005, 
Fuller et al. 2007, Vashon et al. 2008, Simons-Legaard et al. 2013).  Lynx habitat is expected to 
remain stable for the next few years soon, then decline (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions: Climate Change - Climate change is affecting the 
Northeast, and the rate of change is faster than expected (Rustad et al. 2014).  Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
reduced persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are 
increasing 0.42-0.46o C/decade with the greatest warming occurring in the coldest months of 
winter (January, February)(Burakowski et al. 2008).  Climate change has, and will continue to 
affect lynx by reducing snow and boreal forest (see section 5.1.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx require at least four months 
(120 days) of continuous snow coverage (Gonzales et al. 2007).  Snow cover days in northern 
New England (1965-2005) ranged from 60-121 days and declined an average of 3.6 
days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 days in 
the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another two weeks in 
Maine by mid-century (Fernandez et al. 2015).   Thus, conditions in Maine are at or below the 
snow persistence thresholds needed to support lynx (Gonzales et al. 2007). 
  
Lynx in the Northeast and eastern Canada require a threshold of 270 cm/yr (106 in/yr; Hoving et 
al. 2005), which defines the distribution of lynx and bobcat in this region (Hoving et al. 2005, 
Carroll 2007, Peers et al. 2013).  Average annual snow depth at 5 weather stations within the 
range of the lynx in northern Maine (1981-2010) was below this threshold, 228-263 cm (NOAA 
2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced reduce 
depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-2005) 
declined an average of 4.6 cm/decade (Burakowski et al. 2008).  Thus, conditions in Maine are 
at or below the snow depth threshold needed to support lynx (Hoving et al. 2005). 
 
As noted in chapter 2, lynx and snowshoe hare require deep, fluffy snow (FR XXX) that provides 
lynx with a competitive advantage over bobcats (XXXXX) and hares the ability to reach winter 
browse (XXXXX). Snow quality (‘fluffiness”) has deteriorated in the Northeast. Unlike other 
units, annual precipitation in Maine is increasing because of climate change, but primarily as 
rain (A. Siren, Workshop Notes 2016, XXXX, Fernandez et al. 2016), and especially rain on 
snow events in winter in northern Maine (Huntington and Hodgkins 2004, Deser et al. 2013, 
Fernandez et al. 2015).  Snow density and compaction (caused by wet, heavy snow or rain on 
snow events in winter) has increased in northern New England (Dudley and Hodgkins 2002, 
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Huntington et al. 2004, Huntington 2005, Hodgkins and Dudley 2006) and southern Canada 
(Karl et al. 1993).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzales et al. 2007, entire).  Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, 
Whitman et al. 2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, 
pp. 192-193, Prasad et al. 2007) because of climate change.  Thus, boreal forest will become 
increasingly fragmented in northern New England (Iverson et al. 2008, Ollinger et al. 2008, 
Whitman et al. 2013) as will lynx habitat (Simons 2009).  Even under the lowest emissions 
scenarios, spruce-fir forest would be greatly reduced by 2100 (Williams and Liebhold 1997, 
Prasad et al. 2007), although some may persist at highest elevations (Tang and Beckage 2010) 
and along the eastern coast (Jacobson et al. 2009).   
 
The spruce-fir forest type has come and gone from New England during the post-glacial period.  
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes  et al. 2000).  Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.   
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species  
in the Northeast and will be affected by climate change in different ways.  Mechanisms of injury 
to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of reduced 
snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010).  Thus, the 
summer boundary of spruce-fir is limited by summer heat and drought.  Mohan et al. 2009 
projected that suitable habitat for balsam fir would decline by 80 percent in 2100 under an 
average to high emissions scenario. In contrast, Ollinger et al. (2008) projected growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.    
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, and synergistic effects with other pollutants). 
Arguments in favor of an accelerated decline include studies indicating that spruce-fir is already 
in decline (Seymour 1992, Simons 2009) and is being replaced in Maine by northern hardwoods 
(oak, pine, red maple).  The decline of the spruce-fir forest type is accelerated by forest 
disturbances.  A pending spruce budworm outbreak and frequent disturbance from forest 
management could accelerate conversion to northern hardwoods in northern Maine and eastern 
Canada (Flannigan et al. 2001, Gauthier et al. 2015).  Climate-induced forest disturbances 
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(forestry, pests, diseases)could further accelerate conversion to northern hardwoods (Iverson et 
al. 2008, p. 404).   
 
In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may be expected in shifting forest composition from spruce-fir to northern hardwoods 
(Mohan et al. 2009, Zhu et al. 2012).  Furthermore, some northern Maine industrial forest 
landowners could “adapt” to climate change by intentionally favoring spruce-fir (e.g., by 
plantations and herbicides).  McWilliams et al. 2005 (p. 8) noted that balsam fir actually 
increased in Maine forest inventory in the 2000s.  Models (Simons-Legaard  et al.2013) 
projected increases in  spruce-fir biomass over the next century because of partial harvesting 
and periodic budworm outbreaks, but did not take climate change into consideration.     
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine.  Annual precipitation is comparatively greater in this unit 
than others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval), small (several acres) surface fires in the dormant season and less frequent 
interval (800- to 9000-year), large (up to 80,000 acre) stand-replacing fires (Seymour et al. 2002 
p. 360).  In contrast, spruce budworm outbreaks cause stand-replacement over large areas 
every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping season has been closed in the northern Maine unit (including New 
Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). In 
2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) obtained an incidental 
take permit from FWS for lynx trapped incidental to other furbearer trapping in Maine.  From 
2000 to 2015, 108 lynx have been reported captured in traps set for other species and 7 of 
those were killed (Vashon et al. 2012, MDIFW 2014, p. 75).  No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000.  In Maine, after two lynx were 
killed in killer-type traps in 2014, MDIFW imposed additional trapping restrictions (e.g., requiring 
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killer-type traps be placed in  exclusion boxes, eliminating the use of drag sets for foothold 
traps) to further reduce mortality and injury of incidentally-trapped lynx.  
 
Trapping of Canada lynx can be additive to other sources of mortality and have population-level 
effects (Brand and Keith 1979, Koehler and Qubrey 1994). Thus, harvest regulations for lynx 
are modified when hare and lynx populations are low (Bailey et al. 1986).  Trapping mortality is 
not likely to have a great effect on lynx populations in northern Maine and adjacent Canada 
when lynx are at historically high numbers, but trapping could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development -  In response to climate change, interest in wind development has 
escalated in northern and western Maine increasing threats to high elevation and potential 
spruce-fir refugia (Whitman et al. 2013). Climate conditions are at or falling below threshold 
values needed to support lynx in Maine. 
Maine has experienced a rapid increase in wind energy development (citation), and there is 
increased interest in unpopulated areas throughout northern Maine, New Hampshire, and 
Vermont. Wind energy is an increasingly appealing source of income for investment companies 
and other landowners who own forestland in the northern Maine unit.   As of 2016, at least 11 
wind projects have been proposed in northern Maine and 5 projects are in operation; 2 have 
been proposed in northern New Hampshire and 2 are in operation; and 3 have been proposed 
for northeast Vermont and 2 are in operation or under construction.  Maine largest wind project 
(120 turbines covering 180 mi2) is proposed entirely within Maine’s lynx critical habitat. The 
effects of wind energy projects on lynx, hares and their habitat are undocumented.  Potential 
direct effects include disturbance or displacement of resident lynx and loss and fragmentation of 
habitat from turbines, roads, transmission lines. Increasing power infrastructure associated with 
these projects could greatly change development potential and patterns in northern Maine by 
bringing electricity into the interior of Maine’s vast, undeveloped forest region.  Extensive road 
construction further fragments habitat and increases access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped, industrial forestland, but land ownership patterns have changed 
significantly in the last 15 years (Nadeau-Drillen and Ippoliti 2006).  Some investment-oriented 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts.  Two large residential and resort areas have 
been proposed on forestlands within the Maine critical habitat area.  Both would result in 
substantial (100,000s of acres) of conservation easements or surrounding forestland.  Another 
private landowner proposes donation of a 87,000 acres within the lynx critical habitat for a 
Federally-designated national monument.  This area currently has a legacy of young-
regenerating spruce-fir habitat from previous industrial forest landowners, but a park or 
monument designation would forego future forest management.  Another conservation 
landowner, The Nature Conservancy, continues forest management on about half of its 185,000 
acre ownership, including managing part of the area for Canada lynx.  
 



Construction or expansion of developed areas such as residential areas and resorts, as well as 
smaller recreational sites like nordic ski huts or campgrounds, may directly remove forest cover. 
Such removal in lynx habitat could decrease prey availability, affect lynx movement within home 
ranges, or result in a more fragmented landscape.  Development further fragments habitat from 
road and highway construction (along with associated increases in traffic volumes and/or 
speeds). 
  
Northern Maine Unit Summary - In summary, lynx are currently widespread throughout northern 
Maine and in small patches of habitat in northern New Hampshire and Vermont. Habitat created 
by extensive clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the 
next 15 to 20 years (Simons-Legaard 2016).  Furthermore, hare populations declined by 50 
percent starting in about 2006 and have remained at lower levels.  Future fluctuations or cycles 
are uncertain.  Active management of forest lands can produce lynx habitat, but no landowners 
have long-term commitments for doing so.  Land ownership has dramatically changed in 
northern Maine to investment companies who wish to diversify income from their investments.  
Greatest stressors are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
climate change (diminishing snow depth, quality and duration; competition from bobcats and 
fishers; loss of spruce-fir to northern hardwoods; and future isolation of the metapopulation 
because of diminishing ice conditions on the St. Lawrence River). 
 
4.1.2 Unit 2 - Northeastern Minnesota 
Unit Description:  This unit encompasses approximately 21,100 square kilometers (8,147 
square miles) in northeastern Minnesota.  It includes the area designated as critical habitat in 
2014 (79 FR 54782) and an additional relatively small area of tribal land northern Minnesota that 
was excluded from critical habitat.  Land ownership in this unit is about 47 percent Federal 
(USFS, NPS, and BLM); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation).  This unit includes most of Superior National Forest (SNF; including the 
Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park.   This unit 
is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 mi) east 
of the Northwest Montana/Northeast Idaho Unit  and about 1,610 km (1000 mi) west of the 
Northeastern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000) within the Laurentian Mixed Forest Province 
(McNab et al. 2005). Most of this province is characterized by low-relief hilly landscapes with 
glacial features and an elevation from sea level to 2,400 feet (730 meters), including many lakes 
and rivers.  This unit contains a mix of upland conifer and hardwood interspersed with lowland 
conifer, alder or willow shrub swamps and black spruce or tamarack bogs.  Coniferous and 
mixed-coniferous/deciduous vegetation types are dominated by balsam fir; black and white 
spruce; northern white cedar; Jack, white and red pine; hemlock; and tamarack; mixed with 
aspen and paper birch (Burdett 2008, Moen et al. 2009, McCann and Moen 2011). Burdett 
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(2008) reported that lynx in Minnesota selected regenerating forest, dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites were associated with 
regenerating and mixed forest. McCann and Moen (2011) found snowshoe hare densities were 
highest in regenerating forests. Females selected large woody debris and dense horizontal 
cover in lowland conifer cover for denning in northern Minnesota (Moen et al. 2008), but other 
cover types were used if recent blowdowns were present (Moen and Burdett 2008). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008), ranging between 0.3–2.0 hares/ha (0.12–0.8 hares/ac; McCann 
2006). Hare populations in northeastern Minnesota appear to be patchily distributed, but are 
most consistently abundant in 10-30 year old regenerating forests (McCann 2006).  Pellet count 
data prior to the 1990s show evidence of density fluctuations of snowshoe hare populations 
occupying Minnesota (Fuller and Heisey 1986), but these fluctuations were not observed during 
the 1990s (Hodges 2000b).  Snowshoe hare habitat in Minnesota primarily consists of conifer 
forests with dense low-growing understories, lowland shrub and conifer bogs.  Conifer bogs or 
lowland conifer forests may be especially important during low points in hare cycles by acting as 
refugia for hares. Early regenerating or pole-sized stands are not used as much as in other 
portions of their range, although older regeneration stands were used frequently in Minnesota 
(McCann 2006). Sapling-sized aspen adjacent to conifer cover may also provide functional 
snowshoe hare habitat. McCann and Moen (2011) mapped the distribution of predicted 
snowshoe hare habitat across northeastern Minnesota. In northeastern Minnesota, edge 
habitats and regenerating conifer stands appeared to be important for snowshoe hare 
populations (Burdett 2008, McCann 2006), as were dense habitats containing balsam fir, white 
spruce, and cedar (Fuller and Heisey 1986). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2007; Hanson & Moen 
2008). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit.  More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey.  The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990.  White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 



percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015 (USDA 2016, unpublished data) estimated that there was approximately 759,700acres 
(60 percent of lynx habitat on the Superior National Forest) of suitable snowshoe hare habitat 
on the SNF and that only 23,800 acres of habitat on the SNF was in a condition unsuitable to 
lynx. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USDA 2004, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits (USDA 2004, entire). The Forest Plan 
includes many objectives, standards, and guidelines for the protection of lynx and enhancement 
of lynx habitat that are based on recommendations in the 2000 Lynx Conservation Assessment 
and Strategy (LCAS). Lynx Analysis Units (LAUs) were delineated on the SNF in 2000 as the 
smallest landscape scale on which to analyze effects to lynx. The boundaries have remained in 
place since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District; designating the BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based –radio-telemetry has documented lynx 
movements between Minnesota and Ontario (Moen et al. 2008, Moen 2009, Moen et al. 2010b, 
Terwilliger and Moen 2012). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota.   Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota.  In 2008, Moen et al. 
(2008b), estimated the number of lynx that might be resident in northeastern Minnesota at a 
given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.    
 
Home range sizes in Minnesota were reported as 194 km2 (75 mi2) males and 87 km2 (34 mi2) 
females (Mech 1980).  Later radio-collar data show that males had much larger home ranges 
267 km2 (103 mi2) than females 21 km2 (8 mi2); and that females with kittens had the smallest 
home range (Burdett 2007). A study of radio-collared lynx in Minnesota documented 
approximately 40 percent of male and female lynx making long distance movements outside of 
their home range between Ontario, Canada and Minnesota (Moen et al. 2010). Of those lynx 



that made long-distance movements, females tended to move 62-124 miles (100-200 km) and 
did not return to their original home range, while males moved 31-49 miles (50-80km) back and 
forth between Ontario and Minnesota (Moen et al. 2010). While topographic features may 
influence lynx movements in mountainous western states, lynx in Minnesota tended to move 
nearly straight paths (Moen et al. 2010). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1).  Of the 1,306 DNA 
samples, 1,039 were identified as lynx, however 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1).  Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000 the U.S. Fish and Wildlife Service has been tracking incidental take of lynx; 49 lynx 
mortalities have been reported.  Thus far, 26 lynx have been incidentally trapped in Minnesota, 
11 of the 26 have resulted in mortalities, while 15 of the 26 were released alive (U.S. Fish and 
Wildlife Service, unpublished database 2016). The documented incidents largely occurred 
during legal trapping that targeted bobcat, coyote, fox, and marten, and involved a variety of 
traps including foot-holds, body gripping traps, and snares (U.S. Fish and Wildlife Service, 
unpublished database 2016). In addition, seven lynx mortalities as a result of being incidentally 
shot have been documented in Minnesota and 16 died of unknown causes (U.S. Fish and 
Wildlife Service, unpublished database 2016). Lynx emigrating from Minnesota to Ontario 
exposes them to trapping and shooting that is allowed in accordance with regulated harvest in 
Canada. At least a third of the animals radio-collared in Minnesota spent time in Ontario; 4 
radio-collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 
two died of unknown causes (U.S. Fish and Wildlife Service, unpublished database 2016). 
Furthermore, nine lynx mortalities due to vehicle collisions have been documented in Minnesota 
since 2000 (U.S. Fish and Wildlife Service, unpublished database 2016).  Minnesota has 
relatively high forest road and highway densities that intersect lynx habitat and several radio-
collared lynx in Minnesota inhabited home ranges that were bisected by highways. In addition to 
road mortalities, two railroad mortalities have been documented since 2000 (U.S. Fish and 
Wildlife Service, unpublished database 2016). It is probable that there are additional incidental 
catches that are not reported each year (Moen 2009). 
   
Factors Affecting Current Conditions:  Identified factors affecting to the current conditions of lynx 
in Minnesota include reduction in habitat quality or quantity, habitat fragmentation, climate 
change, increased access for competing carnivores, and human-caused mortality. The SNF is 
currently implementing the 2004 SNF Plan (USDA 2004), which has direction based on the 
LCAS and Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (2000), for all forest activities that occur within LAUs. Active management of forest 
lands can produce lynx habitat, the Superior National Forest has a long-term commitment for 
doing so, and however private landowners do not. Under the Sustainable Forest Resource Act 



of 1995, the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-
level timber harvesting and forest management (MFRC 2012, p. 1) - these voluntary guidelines 
are intended for private and state landowners and include some general recommendations for 
wildlife including lynx. The implementation of the MFRC guidelines is monitored annually (e.g., 
MDNR 2015, entire). Thus, the several risk factors are being minimized and managed to 
promote the conservation of lynx within the SNF, however privately owned lands, is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the Superior National Forest and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Mineral exploration and development is 
increasing in portions of Minnesota, particularly for hard rock (non-ferrous) minerals. Some of 
the area of interest for minerals overlaps with lynx habitat in northeastern Minnesota. Mineral 
exploration may result in short-term displacement of lynx. Mining activities and associated 
development may result in an irreversible loss of habitat or increased mortality risk. The specific 
effects to lynx and their habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012). Where lynx and bobcat overlap, there is potential for 
accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all have the effect of compacting snow. Outside the BWCAW, snowmobile activity is extensive 
and increasing significantly. The Superior National Forest has 705 miles of snowmobile trails 
and 1,562miles on all ownerships within the proclamation boundary (USDA 2011). Advances in 
snowmobile capabilities have raised concerns about intrusion and new snow compaction in 
areas previously not vulnerable to high levels of snowmobile use. In addition, new road 
construction in lynx habitat has made more areas accessible during winter. These routes could 
be used by snowmobiles even if new roads are designated as closed to motorized public travel 
during other seasons. The Superior National Forest has 1,927miles of low standard roads (OML 
1 and 2) and 158 miles of temporary roads (USDA 2011). All of these factors have potential to 
reduce the deep and fluffy winter snow conditions and to reduce the competitive advantage of 
lynx in areas that typically receive deep snows. 
 
Lynx are morphologically and physiologically adapted for hunting snowshoe hares and surviving 
in areas that have cold winters with deep, fluffy snow for extended periods. These adaptations 



provide lynx a competitive advantage over potential competitors, such as bobcats (Lynx rufus) 
or coyotes (Canis latrans) (Buskirk et al. 2000; McCord & Cardoza. 1982; Ruediger et al. 2000). 
Long-term snow conditions presumably limit the winter distribution of potential lynx competitors 
such as bobcats (McCord & Cardoza. 1982), wolves, or coyotes.  The geographical distribution 
of bobcat harvest in Minnesota has remained relatively static with a lack of harvest in the 
Arrowhead region of Minnesota (the region encompassed by Cook, Lake and St. Louis counties 
in northeastern Minnesota) (Erb 2009 cited in Kapfer 2012, p. 16, Erb 2012, pp. 7-9) and annual 
snow track and scent stations surveys support the conclusion that bobcats are as rare in the 
Arrowhead as harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). 
However, this may change with decreased snow conditions predicted to occur due to climate 
change (Kapfer 2012, p.25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40).  If snow depth and duration decrease in the Arrowhead, deer 
mortality may be reduced which may potentially increase bobcat densities and bobcat 
expansion into northeast Minnesota (Kapfer 2012, p. 25).  According to annual track surveys, 
wolf populations in Minneosta are currently stable (Erb 2014, p. 40), however, similar to bobcat, 
wolf populations may increase with changing snow conditions and prey availability as influenced 
by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014, p. 113).  
 
4.1.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal . Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit likely represent the southern 



extent of a larger cross-border population, most of which occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245).  
The dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10).  Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Apps 2000, p. 352; Squires et 
al. 2013, pp. 187, 191). Lynx use large landscapes that include a temporally- and spatially-
shifting mosaic of forest age classes, where natural or anthropogenic disturbances may reset 
forest succession (ILBT 2013, p. 28).  Early successional stages that often provide dense 
horizontal cover at ground/snow level and support high hare densities (Griffin 2004, pp. 53-54, 
70; Squires et al. 2010, pp. 1654-1656) may be created and maintained by natural disturbance 
processes including wildfire, insect infestations, tree diseases, and wind events (ILBT 2013, p. 
28).  Timber harvest, other silvicultural treatments, wildfire management, or other vegetation 
management, which may be beneficial, benign, or adverse to lynx and hare habitats depending 
on prescription, extent, and implementation, can also influence the amount and distribution of 
early successional stands (ILBT 2013, pp. 28, 71-76).  Likewise, natural disturbance regimes 
and forest management can also influence the amount and distribution of mature multistoried 
spruce-fir stands, which can include dense horizontal structure, support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 
1483-1485), and provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 
1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Berg 2009, p. 20; Squires et al. 2010, p. 1655).  As elsewhere in the western portion of the 
DPS, this elevational pattern contributes, along with the transition from boreal to more 
temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than in 
the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77;  Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
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km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely-distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189) This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656).  In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.).  Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests.  In the central (Seeley Lake study area) part of this unit 
when hare populations appeared stable (1999-2003), summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in mature dense stands and 0.64/ha and 
0.47/ha in young dense stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
mature open stands and 0.18/ha and 0.12/ha in young open stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314).  Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90).  Nonetheless, hares accounted for 96 percent of the biomass in lynx 
diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016). Gonzalez et al. (2007, pp. 4-
7) compared the highest-precision lynx occurrence data in the contiguous U.S. from 1966-1998 



with snow-cover data available for those locations and concluded that lynx require nearly 
continuous snow cover from December through March. The authors modeled the probability of 
suitable snow across North America, showing that this geographic unit has a 90-95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12).    
 
Habitat Status: Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal ownership, 
including 18,695 km2 (7,218 mi2) in national forests under USFS management, 3,658 km2 (1,412 
mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) managed by BLM in its 
Garnet Resource Area. As described above under Habitat Description, potential lynx habitat in 
this unit is patchily-distributed and interspersed with areas of non-habitat. Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of of the total national forest area (both inside and outside this SSA unit). 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with conservation of lynx. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components (USFWS 2007, 
p. 77), and these areas contain large portions of wilderness or other natural areas. Timber 
harvest and construction of roads or fire suppression typically do not occur or are very limited in 
lands managed in non-developmental allocations. Among all 18 national forests covered by the 
NRLMD, which includes all six national forests that contribute to this SSA unit, about 56 percent 
of the areas mapped as potential lynx habitat occurs in nondevelopmental allocations (USFS 
2007, p. 39).    
 
In this unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead, the 139-km2 (54-
mi2) Rattlesnake Wilderness Area on the Lolo, and the 371-km2 (143-mi2) Mission Mountain 
Tribal Wilderness on the Flathead Reservation. Management of both NPS lands and wilderness 
areas provide restrictions on land use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-
29), and adverse effects of management activities on lynx habitats in these areas are unlikely. 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30) that were developed based on the scientific findings and 
recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). Similarly, the BLM in 
2004 amended the Resource Management Plan (RMP) that covers the Garnets Resource Area 
to incorporate the conservation measures identified in the LCAS (Sparks 2016, pers. comm.). 
Both documents provide guidance on the kinds of activities that can and cannot be implemented 
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in important lynx habitats and thresholds for the proportions of lynx habitat in lynx analysis units 
(LAUs) that can be in an unsuitable state at any given time and how much can be converted 
from suitable to (temporarily) unsuitable over particular time frames.  
 
Montana - MTDNRC HCP: State of Montana Department of Natural Resources and 
Conservation Forested State Trust Lands Habitat Conservation Plan (Montana DNRC HCP): 
Units 3 and 5 
The Montana DNRC worked closely with the Service in developing and completing NEPA 
analysis on this multi-species HCP (Montana DNRC and U.S. Fish and Wildlife Service 2010). It 
includes a Lynx Conservation Strategy that minimizes impacts of forest management activities 
on lynx, complements lynx conservation objectives set forth in the State’s Comprehensive Fish 
and Wildlife Conservation Strategy (Montana Department of Fish, Wildlife and Parks 2005), and 
describes conservation commitments that are based on recent information from lynx research in 
Montana. It also commits to active lynx monitoring and adaptive management programs. 
In our biological opinion regarding potential impacts to lynx of implementation of the HCP, the 
Service concluded that the HCP “…promotes the conservation of lynx and their habitat through 
increased conservation commitments by DNRC for forest management practices, maintenance 
of the habitat mosaic, structure, and components required to support lynx and their primary 
prey, the snowshoe hare, monitoring, and adaptive management.” We determined that the 
proposed action is not likely to jeopardize the continued existence of Canada lynx within the 
contiguous U.S. DPS and that forest management activities managed under the conservation 
commitments of the DNRC HCP would not appreciably reduce the likelihood of survival and 
recovery of Canada lynx. Therefore, we are considering excluding 271.4 mi2 of forested State 
Trust lands in western Montana managed in accordance with the DNRC HCP from the revised 
lynx critical habitat designation in Unit 3, and 1.3 mi2 in southwest Montana from designation in 
Unit 5. Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area . The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
 
Tribal - Most lynx and lynx habitat on the Confederated Salish and Kootenai Tribes Flathead 
Reservation occur in areas with formal protective status, including: (1) The long-designated 
Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely roadless and 
managed for wilderness qualities; and (2) the South Fork/Jocko Primitive Area, which is open to 
use only by Tribe members and in which commercial timber harvest is prohibited (79 FR 
54831). 
 
 
AS described above in section 3.1, State trapping regulations; efforts to avoid/minimize 
incidental take. - expected to benefit lynx 
 
This unit is directly connected to lynx habitats and populations in southwestern Alberta and 
southeastern British Columbia (BC), where lynx are considered “sensitive” and “secure,” 



respectively (Environment Canada 2014, entire).  Modeling lynx resource selection and 
movement behavior, Squires et al. (2013, pp. 187, 191-193) concluded that connectivity 
between this unit and lynx habitats and populations in Canada may be facilitated by only a 
relatively few predicted corridors that extend south from the international border. 
 
Lynx Status:  (distribution [current v. historic v. time of listing] and demographic rates/trends [if 
available - specify dates of data collection/surveys], single population v. several subpopulations, 
home range size [relative to/compared with other areas], connectivity, genetics [e.g., sub-
structuring if demonstrated], sources of mortality/levels of incidental take, etc.): 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016 pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). 
 
Lynx are known to be widely distributed throughout this unit occupying X area, and breeding has 
been documented in multiple locations (Gehman et al. 2004, pp. 24–29; Squires et al. 2004a, 
pp. 8–10, 2004b, entire, and 2004c, pp. 7–10; Squires et al. 2008, entire). This area appears to 
support the highest density lynx populations in the Northern Rocky Mountain region of the lynx’s 
range. It likely acts as a source for lynx and provides connectivity to other portions of the lynx’s 
range in the Rocky Mountains, particularly the Greater Yellowstone Area (79 FR 54825). This 
area is believed to support the largest lynx population in the western U.S., but minimum 
population size has not been calculated.  The Forest Service’s Rocky Mountain Research 
Station in Missoula initiated a lynx research program in 1998 to investigate lynx resource and 
prey selection, competition, activity patterns, detection and monitoring, and connectivity.  From 
1998 to 2007, researchers trapped and radio-marked 175 lynx in northwestern Montana and 
collected nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx 
movements, resource use, survival, and productivity.  From 1999-2007, litter sizes averaged 
2.24 kittens/litter (N = 33) in the Seeley Lake area (the central portion of this geographic unit) 
and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains (the northwestern 
portion of the unit).  In Seeley Lake, 61 percent of breeding-age females (N = 52) produced 
kittens; in the Purcells, 83 percent of females (N = 28) produced kittens.  Recent research 
(Kosterman 2014, entire) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
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subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.   
 
Factors Affecting Current Conditions:  Regulatory mechanisms, climate warming, vegetation 
management, fire management, habitat fragmentation, other factors  
 
Timber harvest and management are 
dominant land uses (68 FR 40075); 
therefore, special management may be 
required depending on the silvicultural 
practices implemented. Timber 
management practices that provide for a 
dense understory are beneficial for lynx 
and snowshoe hares. In this area, 
climate change is expected to result in 
the potential loss of snow conditions 
suitable for lynx by the end of this 
century (Gonzalez et al. 2007, p. 14). 
Therefore, climate change represents a 
potential habitat-related threat to lynx 
in this unit. Fire suppression or fuels 
treatment, habitat fragmentation 
associated with road-building (and 
associated increases in traffic volumes 
and/or speeds), and commercial, 
recreational, and energy/mineral 
development pose other potential 
habitat-related threats to lynx in this 
Unit. 
 
4.1.4 Unit 4 - North-central Washington 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
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Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825).  The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825).  It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands.  This area was occupied at the time lynx was 
listed and is currently occupied by the species.  Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented.  Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx.  Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult.  This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx.  Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46).  According to the LCAS, connectivity currently appears functional, as lynx 
dispersal from Washington into Canada was recently documented.  A male lynx radio-collared in 
2008 in the Loomis State Forest remained there until late winter in 2009, when it dispersed 
north into Canada toward Hope, British Columbia, and then headed north-east toward 
Kamloops where it appeared to establish a home range just southeast of Kamloops. This 
individual was later trapped and killed in British Columbia, highlighting the need for cooperation 
and shared management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently.  One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18).  Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523).  For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s.  In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986.  One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977.  A single lynx was taken 
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each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63).  Prior to 1961, lynx trapping 
records were not maintained in Washington.  Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month.  In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (Service 
2008).  Lynx habitat in the Kettle Range is limited in size and capable of supporting few lynx.  
According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 10 to 23 
lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) 
of lynx habitat.  It should be noted that the lynx density estimate was derived from research 
conducted in the Cascade Range within a large area of contiguous, high quality habitat (Koehler 
1990, pp. 845, 847).  Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2.  The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia.  The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523).  These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult.  Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000, p. 322; 
Stinson 2001, p. 9).  Within this area lynx primarily use forests dominated by Engelmann spruce 
(Picea engelmannii), subalpine fir (Abies lasiocarpa), or lodgepole pine (Pinus contorta) on mild 
to moderate slopes (less than 30 degrees), and avoid Douglas-fir (Pseudotsuga menziesii) and 
ponderosa pine (Pinus ponderosa) forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17).  Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523).  Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47).  Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75).  
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268).  Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 



23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice.  
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446).  In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities reach approximately 4-6 hares/ha (1.6-2.4 hares/ac), and cycle 
as low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000, pp. 119-120).  In the southern 
portion of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in 
northern regions (Aubry et al. 2000, p. 375).  Walker (2005, p. 20) estimated an average 
snowshoe hare density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha 
(0.01 to 1.94 hares/ac) in north central Washington (i.e., the Cascades).  The Washington 
Department of Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 
0.7 hares/ha (0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84).  Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448).  Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest.  However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historic range of lynx in the 
U.S. (68 FR 40084).  McKelvey et al. (2000, pp. 245-246) described the historic range of lynx in 
the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with the 
Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests.  These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46).  The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63).  In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit.  Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23).  Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
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this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
studies conducted from 2002 through 2004.  More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx Workshop Report 2016, p. 21).  
Cumulatively, over the past 2 decades these wildfires have burned greater than 50 percent of 
the suitable lynx habitat within this geographic unit (Koehler et al. 2008, p. 1523).  These acres 
are expected to regenerate back into suitable lynx habitat, but it may take several decades for 
this to occur. 
 
State lands protected by WADNR lynx Habitat Management Plan - see 2014 IEM for CH - The 
objectives and strategies of the LHMP are developed for multiple planning scales (ecoprovince 
and ecodivision, Lynx Management Zone, Lynx Analysis Unit (LAU), and ecological community), 
and include: 
(1) Encouraging genetic integrity at the species level by preventing bottlenecks between British 
Columbia and Washington by limiting size and shape of temporary non-habitat along the border 
and maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; 
(3) Maintaining the integrity of requisite habitat types within individual home ranges by 
maintaining connectivity between and integrity within home ranges used by individuals and/or 
family groups; and 
(4) Providing a diversity of successional stages within each LAU and connecting denning sites 
and foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. 
The LHMP identifies specific guidelines to achieve the objectives and strategies at each scale; it 
also describes how WDNR will monitor and evaluate the implementation and effectiveness of 
the LHMP. WDNR has been managing for lynx for almost two decades, and the Service has 
concluded that the management strategies implemented are effective. 
In the final revised critical habitat designation, published in the Federal Register on February 25, 
2009 (74 FR 8657–8658), we determined that the benefits of excluding lands managed in 
accordance with the WDNR LHMP outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WDNR LHMP from 
the revised lynx critical habitat designation. 
 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13).  From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13).  
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14).  In 2001, the WDFW 
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considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).   
  
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16).  However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16).  More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx.  This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847).  However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”.  During the time of Koehler’s 
(1990, entire) study the Meadows provided some of the best lynx habitat in Washington, 
whereas most other lynx habitat in Washington is lower in elevation and more highly fragmented 
(Walker 2005, pp. 3, 6).  Thus, the lynx densities Koehler observed in his study area in the 
Meadows may not translate to lynx densities throughout the rest of lynx habitat in Washington, 
because as habitat becomes more fragmented and isolated (i.e., marginal), the carrying 
capacity for a particular species declines.  Thus, applying Koehler’s estimated lynx density 
uniformly throughout Washington, may overestimate the overall lynx population capable of 
being supported in Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16).  This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16).  The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat.  
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc.  Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 



the suitability of lynx habitat.  They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522).  Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington.  During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847).  Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2).  Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2.  Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53).  Maletzke assessed the effects of recent fires 
in the Cascades and their potential impacts to the lynx population there as follows: 
  

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

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population.   Note:  while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable.  However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population.  Further informing the effects of these recent fires in the Cascades on lynx 



habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires.  Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21).  The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted.  The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition:  Within Washington, the vast majority of lynx habitat is 
administered by the Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests.  The 
North Cascades (aka the Okanogan LMZ in north-central Washington), which supports the only 
known, long-term persistent lynx breeding population in Washington, and within which critical 
habitat was designated for lynx in 2014 (79 FR 54782), is administered by the OWNF.  
Subsequent to listing lynx under the ESA, the Forest Service entered into a Conservation 
Agreement (CA) with the Service in 2000 (USFS and USFWS 2000, entire), which was revised 
and extended in 2006 (USFS and USFWS 2006, entire).  The CA committed the ONWF and 
CNF to use the Lynx Conservation Assessment and Strategy (LCAS) for management of lynx 
and its habitat on their ownerships, and will remain in place until the forests amend or revise 
their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation.  To promote conservation 
of lynx and its habitat the LCAS contains conservation measures addressing the identification 
and maintenance of lynx habitat (foraging, denning, habitat connectivity) on federal lands.  
Toward this end, the LCAS recommends that federal land managers identify and map lynx 
habitat on their ownerships, and delineate lynx analysis units (LAUs) containing the mapped 
lynx habitat, within which the effects of management actions on lynx habitat will be monitored 
and analyzed.  The LCAS also recommends that the size of LAUs should be based on the 
average size of a female lynx home range and contain year-round habitat components (i.e., 
foraging and denning habitat).  Thus, in Washington, and the north Cascades specifically, it 
appears that the single threat for which lynx were listed under the ESA (i.e., inadequacy of 
regulatory mechanisms) has largely been addressed through the development of the LCAS, and 
CA between the Forest Service and Service which commits the Forest Service, specifically for 
Washington the OWNF and CNF, to use the LCAS in the management of lynx habitat on their 
ownerships and when designing and implementing projects within LAUs. 
  
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades, which has significantly affected the status of and current 
viability of the lynx population within this geographic unit.  As discussed below under Potential 
Threats/Stressors/Factors Influencing Viability, there is significant risk of potential future 



wildfires to further affect the viability of lynx in this geographic unit.  Recent wildfire severity, 
extent, and intensity in lynx habitat within this geographic unit may have been influenced by 
climate change (Westerling et al. 2006, pp. 942-943), and as discussed below, climate change 
may similarly affect the future viability of lynx within this geographic unit. 
 
4.1.5 Unit 5 - Greater Yellowstone Area 
1.  Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826).  It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State.  This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton,Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts.  It also 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges.  This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (see Devineau et al 2010, p. 526).  Relative to other 
DPS lynx populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

2.  Habitat Description: In northwestern Wyoming and the GYA, lynx are generally associated 
with the Rocky Mountain Conifer Forest vegetation class, as described above (Section 4.1.3) for 
the Northwestern Montana/Northeastern Idaho area, although this habitat and, thus, lynx 
typically occur at higher elevations (2,250-3,000 m [7,380-9,850 ft]) in the GYA (McKelvey et al. 
2000a, p. 245). Lynx habitat in much of the GYA is naturally marginal (patchier and composed 
in many places of drier forest types) and hare densities low to marginal, resulting in a spatially-
limited distribution of lynx with large home ranges (68 FR 40090; 71 FR 66010, 66029; 74 FR 
8624, 8643–8644; Hodges et al. 2009, entire; 79 FR 54796; Lynx SSA Team 2016, p. 45). 
However, some pockets of high hare density - Wyoming Range, see Berg’s work.  

3.  Habitat Status (current v. historical v. time-of-listing distribution/mapping/understanding of 
influencing factors, trends [losses/gains], management strategies/protections/conservation 
measures [by ownership if available]): 

Much of unit in national parks, wilderness areas, and other non-development land-use 
designations - mgmt. should preserve lynx/hare habitats.  Other areas (Fed) are managed in 
accordance with NRLMD or conservation agreements that incorporate the 
recommendations/standards and guidelines form the LCAS (2000). 

BLM plans revised in 2008 (Pinedale) and 2010 (Kemmerer) - formally adopted conservation 
measures and BMPs for lynx based on LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. 
A-9 - A-12).4.  Lynx Status (distribution [current v. historic v. time of listing] and demographic 
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rates/trends [if available - specify dates of data collection/surveys], single population v. several 
subpopulations, home range size [relative to/compared with other areas], connectivity, genetics 
[e.g., sub-structuring if demonstrated], evidence of immigration/emigration, sources of 
mortality/levels of incidental take, etc.):    

5. Factors Affecting Current Conditions - e.g., of the influencing factors described above in 
Chapter 3, those that appear currently to influence lynx and lynx/hare habitats in this geographic 
unit include….. (then explain why/how [cause-and-effect pathways]; be as concise as possible).  
It is OK to foreshadow a bit here - e.g., if climate impacts have not been demonstrated to be 
currently affecting lynx, but are expected to do so in the future, note here that future impacts of 
this or other influencing factor will be discussed below in Chapter 5. 

4.1.6 Unit 6 - Southern Rockies Geographic Area 
 
Unit Description - The overall geographic unit includes Colorado, south-central Wyoming, and 
north-central New Mexico.  However, within the southern Rockies, since we currently have no 
evidence of resident lynx in southern Wyoming or northern New Mexico, and we question the 
ability of these two areas to support breeding populations we are not including these two areas 
in the unit description.  Lynx habitat  in Colorado totals approximately 25,294 km2 (9,766 mi2), 
and is distributed west of US Interstate-25.  We excluded the northwest part of the state 
bounded on the south by US Interstate-70 and the east by Colorado State Highway 13, because  
it lacks sufficient habitat to support lynx.  Lynx habitat in Colorado falls within the following land 
ownerships, USFS 21,555 km2 (8,322 mi2), BLM 772 km2, (298 mi2), NPS 452 km2 (174 mi2), 
Private 2,350 km2 (907 mi2), State 164 km2 (63 mi2).   
 
The southern Rockies are separated from the rest of the Rocky Mountain chain, and thus lynx 
habitat in northern and western Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.   
 
Habitat Description - Lynx habitat in the southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009 page 
10).  In the upper elevations of the subalpine zone, forests are typically dominated by subalpine 
fir and Engelmann spruce.  As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen.  On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir.  Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains.  The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites.  Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  



Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, page 15).  Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December.  Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012 page 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands).  We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan’s EE 
presentation), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975 page 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within 
their study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 2008, 
p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains 
Geographic Unit, which limits their abundance.  Zahratka and Shenk (2008) found densities of 
snowshoe hares to be greatest in mature Engelmann spruce-subalpine fir stands when 
compared to mature lodgepole pine stands in Taylor Park, Colorado.  Their density estimates 
were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in Engelmann spruce-subalpine fir 
habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 hares/ac) in lodgepole pine habitats 
(Zahratka and Shenk 2008). 
  
Ivan (2011a) compared snowshoe hare density, survival, and recruitment in mature uneven-
aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) stands (20–25 
years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned lodgepole pine 
stands (40–60 years old) in Colorado.  During summer, Ivan (2011a) recorded densities of 
0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small lodgepole pine forest, 0.01+0.04 
to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium lodgepole forest, and 0.01±0.002 to 
0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir forest; densities were more similar across 
the 3 forest types during the winter months.  He concluded that “hares reached their highest 
densities and recruited juveniles most consistently in stands of small lodgepole, followed closely 
by spruce/fir, but survival was highest in spruce/fir stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the southern Rockies (i.e. Colorado and southern Wyoming) [65 FR 16052).  In 
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2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the southern Rockies (68 
FR 40076).  As stated above, our focus here is limited to the state of Colorado.  In 2008, the 
USFS reported that most of their LAUs in the Southern Rockies fell within a range of 3-8 percent 
in a currently unsuitable condition, with only one LAU exceeding 30 percent unsuitable (USFS 
2008 page 19).   
 
Ivan et al. (2012 page 6), developed a predictive map of lynx habitat use by using lynx location 
data collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx.  Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use.  Therefore, we 
selected the top 30 percent of the Ivan et al. (2012 entire) predictions and the associated habitat 
to represent the amount of potential lynx habitat in Colorado totaling 25,294 km2 (9,766 mi2).  
This habitat estimate falls between the Ivan et al. (2012, page 6) estimate and the USFS’s 
habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008 page 18), while retaining a greater than 
60 percent probability of detecting lynx as described by Ivan et al. (2012).   
 
Conservation management within lynx habitat in Colorado is largely accomplished through 
Forest Service planning documents.  All USFS Land Management plans were amended in 2008 
to provide for the conservation of lynx.  Three BLM plans in Colorado have been amended or 
revised to conserve lynx following the 2013 LCAS, totalling approximately 126 km2 (49 mi2).  
One additional plan provides conservation measures for timber management actions only, but 
the FO contains only about 1 km2 (0.39 mi2).  The remaining FOs currently have not amended 
or revised their plans specifically to provide conservation for lynx (approximately 1,128 km2 (436 
mi2),  Since the 2000 listing however, all BLM Field Offices in Colorado have been conserving 
lynx through application of conservation measures provided in the Lynx Conservation 
Assessment and Strategy (Ruediger et al. 2000, entire; ILBT 2013, entire).  Rocky Mountain 
National Park has a fire management plan that includes conservation measures for lynx.  We 
are not aware of any specific conservation planning guiding activities on non-federal lands. 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado.  
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
state of Colorado (Odell pers comm. April 4, 2016), and Rocky Mountain National Park (Shenk 
2008, page 3).  The CPW is developing a minimally-invasive, long-term, statewide monitoring 
program to track the distribution, stability, and persistence of lynx in Colorado (Ivan J. 2012 
entire). 
  
As of 2015, anecdotal evidence of recent lynx reproduction is provided through kittens captured 
on game cameras accompanying adult females at three locations during 2014-2015 monitoring 
effort (Ivan presentation 2015).  In addition 38 percent of lynx captured during recent (2010-
2015) USFS Rocky Mountain Research Station research projects in Colorado have been young 
and/or unmarked cats (Ivan EE Presentation 2015), suggesting continued reproduction within 
Colorado.  However, reproductive rates are currently unknown. 
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As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, page 5).  Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996 entire, O’Donoghue et al. 1997, page 155) or in the Northwest 
Territories (~0.90; Poole 1994, page 612).  Successful reproduction, including by females born 
in Colorado, has been documented (Shenk 2008, page 2), and kitten survival was 0.2260 (Jake 
Ivan, pers comm. March 9, 2016). 
  
Factors Affecting Current Conditions - Colorado is currently experiencing major bark beetle 
epidemics in lodgepole pine and spruce-fir forests.  Although bark beetles are native insects, 
and forests in the western U.S. have experienced regular insect infestations throughout their 
history, the current bark beetle epidemic is notable for its intensity and extensive geographic 
range.  The causes of this epidemic include: relatively even-aged, dense, and homogenous 
forest conditions, which are highly susceptible to beetle attack, and which were created by 
large-scale logging in the late 1800s and subsequent fire suppression efforts; warmer winters 
due to climate change (cold winters typically reduce beetle populations); and a multi-year 
drought that occurred in the mid-1990s through early 2000s, stressing the trees and making 
them more susceptible to beetle attack (USFS 2011, pp. 4). 

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

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



Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 
  

Table of Current Condition 
4.2 DPS-wide Current Conditions  - Jim summarize above. 
 

Chapter 5: Future Conditions 
In this chapter, we evaluate the potential effects of the influencing factors described in Chapter 
3, above, on the persistence and future viability of lynx populations in each geographic unit and 
the DPS as a whole. We also present and summarize the professional judgments and opinions 
of lynx experts and their estimates of the probability that each of the SSA units will continue to 
support resident breeding populations of lynx into the future (at years 2025, 2050, and 2100). 

5.1 Future Conditions by Geographic Unit 
 
5.1.1 Unit 1 - Northern Maine 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Forest Practices Act (FPA).  The FPA 
regulates maximum size of clear cuts (250 acres), separation zones between clearcuts, harvest 
plans, and notification to the Maine Forest Service.  As a result, the number of clearcuts 
completed annually has declined significantly and have been replaced by various forms of 
partial harvesting (Sader et al. 2003, p. 349-350, McWilliams et al. 2003, p. 35).  In general (with 
exception of shelterwood harvests), partial harvested stands support significantly lower 
densities of snowshoe hares (Robinson 2006, entire), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons-Legaard et al. 2016, p. 7-8, 
Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems.  The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-FPA to 550,000 
acres post-FPA (McWilliams et al. 2003, p. 35).  Seventeen years post-FPA, much of the 10 
million-acre northern Maine landscape has been influenced by partial harvesting, which 
combined with aging of the spruce budworm-era clearcuts, will reduce landscape hare densities 
(Simons-Legaard et al. 2016, 9-10).  If current landowners continue to use similar methods of 
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harvesting and harvest at current rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10).  After 2030, projected outcomes for lynx habitat 
become more dependent on assumptions about habitat definitions and harvest rates.  If one 
defines lynx habitat as stands having greater than 75 percent spruce fir, then habitat will decline 
by about 50 percent by 2030 and remain at about at this level through 2060.  With more 
generous definitions of habitat (stands that are 25 to 50 percent spruce-fir), lynx habitat could 
rebound after 2030, perhaps to about 75 percent of current levels by 2050 (Simons-Legaard 
2016, pp. 9,16). 
 
These projections do not consider the next outbreak of spruce budworm.  After being low for the 
last 20 years, numbers are again building in Maine, southern Quebec, and northern New 
Brunswick towards epidemic levels.  Defoliation in Maine is expected in the next 2 to 5 years 
(Wagner et al. 2014).  Although Maine research has clearly demonstrated that landowner 
response to the last outbreak resulted in unintended, positive benefits for lynx from one to three 
decades later, our ability to project what effects the next outbreak will have on lynx habitat is still 
limited.  Land ownership has changed dramatically since the last outbreak.  Some financial 
investment owners may be more inclined to pre-salvage spruce-fir stands that are nearing 
financial maturity, but still support elevated hare populations.  Some may be less inclined to 
intensively manage for spruce-fir.  The FPA may serve as an additional constraint on motivation 
to clearcut infested stands, even with recently-enacted changes intended to reduce the 
regulatory burden for landowners.  Widespread use of herbicide is unlikely in partially harvested 
stands.  Landowner response to the pending outbreak will have important implications for the 
short- and long-term persistence of lynx habitat in the northern Maine unit (Simons-Legaard 
2016, pp. 16-17).   
 
Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in the northern Maine unit more severely than other units (A. Siren, Workshop report 2016 p.XX) 
and could further restrict their range (Hoving 2002, Hoving et al. 2005).  A recent elicitation of 
wildlife experts in Maine ranked lynx as highly vulnerable to climate change (>66 percent loss in 
species range/population and extirpation within 50 to 100 years) (Whitman et al. 2013, p. 19, 
74).  Similarly, Carroll (2007, entire) used the Hoving et al. (2005) lynx model, non-cycling hare 
populations, and snow conditions under intermediate to high emissions climate models (Kiehl 
and Gent 2004, entire) and predicted a 59 percent decline in the lynx population (non-cycling 
hare populations in Maine and eastern Canada) by mid-century because of climate change 
alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 2007, p. 
1102), except for the mountains in western Maine where snow refugia may only persist as very 
small, isolated “sky islands” that would be unlikely to support lynx.  Gonzales et al. (2007, entire) 
modeled distribution of boreal forest and future snow conditions under nine different low, 
medium, and high emission scenarios (IPCC 2007) and predicted loss of forest and snow 
conditions able to support lynx in Maine by the end of the century.  Although there are 
uncertainties about future climate warming, lynx populations in Maine are expected to recede 
northward and decline substantially over the next century (Vashon et al. (2012, p. 60).    
 



Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Worskshop Notes 2016, Rawlins et al. 2012) where temperatures may 
increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios 
predict a loss of snow and boreal forest conditions able to support lynx by the end of the century 
(Carroll 2007, Gonzales et al. 2007).  
 
Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) fromof current conditions by the end of the century (Hayhoe et al. 2006).  Similarly, 
Notaro et al. (2014) projected an average decrease of 28 days (low emission) to 47 days of 
snow cover (high emissions) by the end of the century.  
 
By the end of the century, large areas of the Northeast will experience 15 percent (low 
emission) to 25 percent (high emissions) reduced snowfall (Ning and Bradley 2015).  Similarly, 
by the end of the century Notaro et al. (2014) projected average snow declines in the North 
Atlantic LCC of 59 cm (31 percent) (low emissions) to 92 cm (48 percent) (high emissions) as a 
higher proportion of winter precipitation falls in the form or rain than snow. 
 
Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end of the century 
(Hayhoe et al. 2006) with a greater proportion of winter precipitation falling as rain (Huntington 
et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015). 
   
The direct and indirect effects of climate warming are expected to affect lynx in the Northeast 
more severely than other units (A. Siren, Workshop report 2016 p.XX) and could further restrict 
their range (Hoving 2002, Hoving et al. 2005).  A recent elicitation of wildlife experts in Maine 
ranked lynx as highly vulnerable to climate change (>66 percent loss in species 
range/population and extirpation within 50 to 100 years) (Whitman et al. 2013, p. 19, 74).  
Similarly, Carroll (2007, entire) used the Hoving et al. (2005) lynx model, non-cycling hare 
populations, and snow conditions under intermediate to high emissions climate models (Kiehl 
and Gent 2004, entire) and predicted a 59 percent decline in the lynx population (non-cycling 
hare populations in Maine and eastern Canada) by mid-century because of climate change 
alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 2007, p. 
1102), except for the mountains in western Maine where snow refugia may only persist as very 
small, isolated “sky islands” that would be unlikely to support lynx.  Gonzales et al. (2007, entire) 
modeled distribution of boreal forest and future snow conditions under nine different low, 
medium, and high emission scenarios (IPCC 2007) and predicted loss of forest and snow 
conditions able to support lynx in Maine by the end of the century.  Although there are 
uncertainties about future climate warming, lynx populations in Maine are expected to recede 
northward and decline substantially over the next century (Vashon et al. (2012, p. 60).    
  
Climate change is affecting the Northeast, and the rate of change is faster than expected 
(Rustad et al. 2014).  Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 



2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008).  
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Worskshop Notes 2016, Rawlins et al. 2012) where temperatures may 
increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios 
predict a loss of snow and boreal forest conditions able to support lynx by the end of the century 
(Carroll 2007, Gonzales et al. 2007).  In response to climate change, interest in wind 
development has escalated in northern and western Maine increasing threats to high elevation 
and potential spruce-fir refugia (Whitman et al. 2013). Climate conditions are at or falling below 
threshold values needed to support lynx in Maine. 
 
Snow duration. Lynx require at least four months (120 days) of continuous snow coverage 
(Gonzales et al. 2007).  Snow cover days in northern New England (1965-2005) ranged from 
60-121 days and declined an average of 3.6 days/decade (Burakowski et al. 2008). Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected 
to diminish another two weeks in Maine by mid-century (Fernandez et al. 2015).  Snow duration 
is expected to diminish by 25 percent (low emissions) to 50 percent (high emissions) from 
current conditions by the end of the century (Hayhoe et al. 2006).  Similarly, Notaro et al. (2014) 
projected an average decrease of 28 days (low emission) to 47 days of snow cover (high 
emissions) by the end of the century.  Thus, conditions in Maine are at or below the snow 
persistence thresholds needed to support lynx (Gonzales et al. 2007) and are projected to 
continue to decline. 
  
Snow depth. Lynx in the Northeast and eastern Canada require a threshold of 270 cm/yr. (106 
in/yr; Hoving et al. 2005), which defines the distribution of lynx and bobcat in this region (Hoving 
et al. 2005, Carroll 2007, Peers et al. 2013).  Average annual snow depth at 5 weather stations 
within the range of the lynx in northern Maine (1981-2010) was below this threshold, 228-263 
cm (NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html last accessed 
31 March, 2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduce depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (Burakowski et al. 2008). By the 
end of the century, large areas of the Northeast will experience 15 percent (low emission) to 25 
percent (high emissions) reduced snowfall (Ning and Bradley 2015).  Similarly, by the end of the 
century Notaro et al. (2014) projected average snow declines in the North Atlantic LCC of 59 cm 
(31 percent) (low emissions) to 92 cm (48 percent) (high emissions) as a higher proportion of 
winter precipitation falls in the form of rain rather than snow.  Thus, conditions in Maine are at or 
below the snow depth threshold needed to support lynx (Hoving et al. 2005) and are projected 
to continue to decline. 
 
Snow quality. Lynx and snowshoe hare require deep, fluffy snow (FR XXX) that provides lynx 
with a competitive advantage over bobcats (XXXXX) and hares the ability to reach winter 
browse (XXXXX). Snow quality (‘fluffiness”) has deteriorated in the Northeast. Unlike other 
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units, annual precipitation in Maine is increasing because of climate change, but primarily as 
rain (A. Siren, Workshop Notes 2016, XXXX, Fernandez et al. 2016), and especially rain on 
snow events in winter in northern Maine (Huntington and Hodgkins 2004, Deser et al. 2013, 
Fernandez et al. 2015).  Winter precipitation in Maine is likely to increase by 10 to 15 percent by 
the end of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015).  Snow 
density and compaction (caused by wet, heavy snow or rain on snow events in winter) has 
increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Loss of boreal forest. Climate change is projected to cause a northward contraction of spruce-fir 
forest in the Northeast with potential negative consequences for both lynx and snowshoe hares 
(Gonzales et al. 2007, entire).  Spruce-fir forest is expected to decline substantially in Maine and 
the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, Whitman et al. 
2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, pp. 192-193, 
Prasad et al. 2007) because of climate change.  Thus, boreal forest will become increasingly 
fragmented in northern New England (Iverson et al. 2008, Ollinger et al. 2008, Whitman et al. 
2013) as will lynx habitat (Simons 2009).  Even under the lowest emissions scenarios, spruce-fir 
forest would be greatly reduced by 2100 (Williams and Liebhold 1997, Prasad et al. 2007), 
although some may persist at highest elevations (Tang and Beckage 2010) and along the 
eastern coast (Jacobson et al. 2009).   
 
The spruce-fir forest type has come and gone from New England during the post-glacial period.  
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes  et al. 2000).  Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.   
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species  
in the Northeast and will be affected by climate change in different ways.  Mechanisms of injury 
to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of reduced 
snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010).  Thus, the 
summer boundary of spruce-fir is limited by summer heat and drought.  Mohan et al. 2009 
projected that suitable habitat for balsam fir would decline by 80 percent in 2100 under an 
average to high emissions scenario. In contrast, Ollinger et al. (2008) projected growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.    
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, and synergistic effects with other pollutants). 
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Arguments in favor of an accelerated decline include studies indicating that spruce-fir is already 
in decline (Seymour 1992, Simons 2009) and is being replaced in Maine by northern hardwoods 
(oak, pine, red maple).  The decline of the spruce-fir forest type is accelerated by forest 
disturbances.  A pending spruce budworm outbreak and frequent disturbance from forest 
management could accelerate conversion to northern hardwoods in northern Maine and eastern 
Canada (Flannigan et al. 2001, Gauthier et al. 2015).  Climate-induced forest disturbances 
(forestry, pests, diseases)could further accelerate conversion to northern hardwoods (Iverson et 
al. 2008, p. 404).   
 
In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may be expected in shifting forest composition from spruce-fir to northern hardwoods 
(Mohan et al. 2009, Zhu et al. 2012).  Furthermore, some northern Maine industrial forest 
landowners could “adapt” to climate change by intentionally favoring spruce-fir (e.g., by 
plantations and herbicides).  McWilliams et al. 2005 (p. 8) noted that balsam fir actually 
increased in Maine forest inventory in the 2000s.  Models (Simons-Legaard  et al.2013) 
projected increases in  spruce-fir biomass over the next century because of partial harvesting 
and periodic budworm outbreaks, but did not take climate change into consideration.   
 
Finally, there is disagreement concerning the outcomes of climate change on balsam fir, a 
short-lived (~100 years), shade-tolerant, conifer that dominates much of the understory in the 
Acadian forest and is an important component of lynx habitat in the northern Maine unit.  
Climate change will influence precipitation and temperature, forest management strategies, and 
forest disturbance (fire frequency and spruce budworm), all of which will interact in complex 
ways to influence the spruce-fir forest at the southern edge of its range.  Carter (1996), Iverson 
et al. (1999), and Goldblum and Rigg (2005) documented balsam fir growth rates and growth 
potential would decline under likely climate warming scenarios (~4 to 5 degree temperature 
increase by the end of the century and reduced snow conditions).  Some have projected the 
extirpation of spruce-fir forest types in the Great Lakes States (Scheller and Mladenoff 2005) 
and New England (Iverson and Prasad 2000).  In contrast, balsam fir has prolific seed 
production following current forest disturbance such as harvesting (Seymour 1992), and has 
proliferated under the current climate and forest management regime dominated by partial 
harvesting (Olson et al. 2013, entire).  However, balsam fir is a relatively short-lived tree (~100 
years). If climate thresholds occur (especially early snow melt and low spring precipitation), fir is 
unlikely to regenerate in the future Maine forest (E. Simons-Legaard, pers. comm. 5/31/2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the near future as 
1970s and early 1980s-era clearcuts grow out of conditions that support high densities of 
snowshoe hares.  Partial harvesting has replaced clearcutting as the primary means of forest 
management in northern Maine.  Between 2000 and 2009 clearcuts accounted for only 4 
percent of the average acreage harvested (Simons-Legaard et al. 2013, p. 568). Although 
partially harvested forests with well-developed understory structure may provide foraging 
opportunities via increased prey access (Fuller et al. 2007), snowshoe hare densities are 
substantially less in partially harvested stands than in regenerating clearcuts (Robinson 2006, 
entire; Fuller and Harrison 2010). Partial harvests affect more land area than clearcuts.  Thus, 



much of the unit has been influenced by partial harvesting in the 17 years since the Maine 
Forest Practices Act. Changing forest management practices have reduced landscape hare 
density and lynx habitat in this unit. Much of the lynx and hare habitat in this unit is the result of 
broad-scale clearcut timber harvest in the 1970s and 1980s in response to a spruce budworm 
outbreak and the subsequent treatment of some clearcuts with herbicide to promote conifer 
regeneration. These clear-cut stands are now at a successional (regrowth) stage (about 35 
years postharvest) that features very dense conifer cover and provides optimal hare and lynx 
habitats, likely supporting many more hares and lynx than occurred historically.  
 
The Maine Forest Practices Act (1989) limited the size of clearcuts, resulting in a near complete 
shift away from clearcuts to partial harvesting. This transition to partial harvest timber 
management is unlikely to create or maintain the extensive tracts of hare and lynx habitats that 
currently exist as a result of previous clearcutting. As the clear-cut stands continue to age,their 
habitat value to hares and lynx is expected to decline resulting in diminished habitat and lynx 
populations.. Therefore, the potential for forest management practices to result in reduced 
quantity and quality of lynx and hare habitats represents a habitat-related threat to lynx in this 
unit.  
 
There are many sources of uncertainty concerning future habitat conditions in northern Maine 
including changes in forest policy, timber harvesting methods, changing timberland ownership, 
response to budworm outbreaks, and timber markets - all of which have occurred in the recent 
past and will undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, 
p. 8).  Currently, the landscape is owned primarily by  financial investors, and few of the 
industrial landowners of the 1980s remain (Hagan et al. 2005).  Investment landowners may be 
less inclined to intensively manage for spruce and fir after the next outbreak of the spruce 
budworm, which is expected to start in the next 3 to 10 years in northern Maine (Wagner et al. 
2014).  The dramatic shift from clearcutting to partial harvesting since the early 1990s will 
present a challenge for lynx conservation in this unit for the next several decades.  Landscape 
hare densities are projected to diminish and habitat will become more fragmented (Simons-
Legaard et al. 2016, p. 8).  Overall, habitat is expected to peak and remain stable through about 
2020, then decline (Simons 2009, Simons-Legaard et al. 2016 (p. 6), however the habitat will 
shift southward where it will be at greater risk from climate change and greater interspecific 
competition with mesocarnivores having higher foot loading (e.g., bobcats and fisher; Krohn et 
al. 2004) and by 2030 may support less than half the lynx population as it does today (Simons 
2009, p. 209, 217).  Under the most likely forestry scenario, high quality hare habitat will decline 
by 50 percent (9.5 percent of the landscape to 4.5 percent) from 2010 to 2030.  Beyond 2030 
assumptions concerning future climate change, land ownership, and harvest rates introduce 
greater uncertainty.  The most optimistic models (greatest harvest rates) project and increase of 
habitat to about 10 percent of northern Maine by 2060, whereas the most pessimistic models 
(lowest harvest rates) project about 5 percent of the area in high quality hare habitat (Simons-
Legaard 2016, entire).    
 
Changes in forest management will reduce lynx habitat substantially.  The Maine Forest 
Practices Act (1989) limited the size of clearcuts, and over 95 percent of cutting that occurs now 
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in northern Maine in 2005 is partial harvesting (selective cutting, patch cuts).  This new cutting 
regime supports lower densities of snowshoe hares and has affected most of northern Maine 
(Fuller 1999, Homyack 2003, Robinson 2006, Scott 2009), thus lower landscape hare densities 
(Simons-Legaard et al. 2016).  Aging of the former clearcuts and trends in forest management 
are projected to result in a 50-65 percent decline in habitat by 2032, fragmenting high quality 
hare habitat into smaller, isolated parcels, and result in habitat shifting southward into areas 
occupied by bobcats and fishers where snow conditions are unlikely to support lynx (Simons 
2009, Simons-Legaard et al. 2016, Simons-Legaard 2016).   
  
Changes in forest ownership reduce the Service’s ability to influence forest management to 
benefit lynx. Lynx habitat in the Northeast Unit is over 95 percent privately owned and managed 
for forest products.  Few of the long-term industrial landowners from the 1980s remain, and they 
have been replaced by financial investors who are less inclined to intensively manage for 
spruce and fir after the next outbreak of spruce budworm, which is expected to start in the next 
3 to 10 years.  In 2006-2007, four landowners (total ownership of 600,000 acres) enrolled in the 
Natural Resource Conservation Service’s Healthy Forest Reserve Program and developed lynx 
management plans based on the Service’s lynx management guidelines for Maine (McCollough 
2007).  However, these plans will expire in 2016-2017.  No other Maine landowners have long-
term management commitments for lynx management. 
 
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004).  
A spruce budworm outbreak is projected to occur in Maine in the next two to five years and has 
already affected 10 million acres of spruce-fir in southern Quebec, immediately north of Maine 
(Wagner et al. 2014, entire).  The last outbreak in the 1970s and 1980s killed millions of acres of 
spruce and fir forests in the northern Maine unit.  Maine’s 5.8 million acres of spruce-fir stands 
across the state are at risk of some level of defoliation.  The intensity of the next outbreak is 
uncertain, although some project a weaker outbreak because spruce and fir trees are younger 
and less susceptible and there is a higher hardwood component in northern Maine forests 
(Wagner et al. 2014, p. 21-27).  A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2014, pp. 5-6).  An 
aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1).  The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir.  The nature of 
landownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons.  The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
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Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987), although there were no large fires after the last outbreak.  However, fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, Flannigan et al. 1998).  Climate is expected to become more 
variable during the next century (Gregory & Mitchell 1995; Gregory et al. 1997), which could 
create fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region.  Notable large fires in Maine include a 3 million acre fire in 1825 and 200,000-acre 
fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre, sparsely populated “North Woods” of 
Maine is highly uncertain and the subject of intense public debate (Baldwin et al. 2007).  Land 
use and zoning in the state’s “unorganized townships” are the responsibility of the Land Use 
Planning Commission in the Maine Department of Conservation.  The Commission revised its 
Comprehensive Land Use Plan (De2010), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation.  The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9).  This land was traditionally owned by a few large timber companies, 
but in the 1980s there has been rapid turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005).  Financial investors, such as REITS and 
TIMOs focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they will generate a higher return.  If left unchecked, these 
pressures may continue to promote dispersed residential development throughout this region.  
Parcelization and subdivision has increased, particularly in the southern third of the jurisdiction 
(Maine Department of Conservation 2010, p. 72-73).   
 
The Commission’s has limited ability to address stressors on Maine’s North Woods, including 
resale and subdivision trend. This trend is likely to continue into the foreseeable future and will 
make management of large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps.  Between 1971 and 2005, the 
Commission permitted 8,136 new dwellings in unorganized townships — an increase of 66 
percent in the housing stock during this time period (Maine Department of Conservation 2010, 
p.80).  Between 1971 and 2005, the Commission issued 1,353 development permits for new 
uses scattered throughout the unorganized townships (Maine Department of Conservation 
2010, pp. 97-99); most (42 percent) being recreational facilities (boat launches, campsites, 
gatehouses, recreational lodges).  Most development has occurred in areas that abut organized 
communities and near public roads.  Within the interior most development has occurred on long 
lakeshores and waterfront.  However  the amount of hillside and ridge development is growing 



and this trend is likely to continue (Maine Department of Conservation 2010, p. 136), which will 
further fragment habitat.   
 
Further fragmentation of forest stands is anticipated because of the continued, extensive use of 
partial harvesting.  By 2022, the number of patches of high quality hare habitat will increase by 
57 percent, but the average size of patches will be diminished by 87 percent, and patches will 
become more isolated (Simons-Legaard et al. 2016, pp. 5-6).  The proximity index of high 
quality habitat patches will decline by 78 percent within lynx home ranges.  This will diminish the 
ability of the landscape to support lynx. 
 
The effects of outdoor recreation on lynx and their habitat is incomplete (Lynx Biology Team 
2013, p. 80).  Future trends in outdoor recreation in northern Maine are also uncertain (Vail 
2007, entire).  The North Maine Woods is a gated road system that encompasses about 3.5 
million acres in the northern Maine unit.  Visitorship by outdoor recreationists are currently about 
175,00 per year and declining.  Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107).  Aside from a vigorous discussion of a 
proposed national park or monument, national heritage area, or a master tourism plan for the 
area (Vail 2007, pp. 112-113), there is likely to be stagnant or declining participation in 
traditional outdoor recreational activities (Vail 2007, p. 107).  Snowmobiling may be an 
exception, however, declining snow (see climate change section) make future trends uncertain. 
Impacts of downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit, on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township.  
Further development of ski areas is unlikely in the western Maine mountains.  Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development hundreds of house lots and resort development within the lynx critical habitat.  
Although these developments have not been built, they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic force in the jurisdiction, with 
grid-scale industrial wind power, biomass, biofuels, and other energy sources offering new 
opportunities to utilize natural resources. Wind energy resources are high within the lynx critical 
habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016) and are likely to accelerate in the foreseeable future.  Mining is not a 
traditional land use but is being considered at one location in the lynx critical habitat.  Extraction 
operations for gravel (for road building) are widely-scattered throughout the jurisdiction.    
 
The lynx critical habitat is heavily roaded, particularly with logging roads.  While accurate 
numbers are difficult to obtain, approximately 1,500 miles of public  roads and over 20,000 miles 
of private roads exist within unorganized areas of Maine (Maine Department of Conservation 
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2010).  There has been discussion of an east-west limited access highway through northern 
Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if constructed, 
would further fragment habitat (Maine Department of Transportation 1999, Beck et al. 2012, p. 
38).   
 
An increasing area of the lynx critical habitat area is likely to be placed under conservation 
easements that will limit future development and fragmentation of lynx habitat.  Maine has the 
largest amount of land under easement of any state, and there are about 2 million acres of 
conservation easements in lynx habitat in northern Maine (Pidot 2011).  Continued expansion of 
areas under conservation easement is uncertain and will depend on willing landowners and 
funding available for purchase of easements  
 
All of development trends portend increased fragmentation of lynx habitat in the Maine unit. As 
habitat is fragmented, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Lynx Expert Opinion - Experts enumerated similar stressors for lynx in the northern Maine unit 
(Lynx Workshop Report 2016, pp. 35-38).  Climate change was an overriding near- and long-
term stressor.  Increased winter precipitation in the form of rain, reduced snow depth, and 
reduced snow durations were discussed.  Changes in snow conditions will favor bobcats and 
fisher (a predator of lynx that is limited by deep snow).  Experts believed that the effects of 
climate change would continue to increase as a stressor by mid- to the end of the century 
(2050, 2100).  Snow conditions would continue to deteriorate (especially in the northern Maine 
unit compared to other areas in the DPS) resulting in increased competition with bobcats and 
predation by fisher.  Climate-induced loss of spruce-fir forest will occur slowly, but an increase in 
northern hardwood composition of the forest is already occurring.  Loss of spruce-fir could be 
accelerated by forest disturbance (budworm outbreak, forest management affecting large 
acreages of lynx habitat annually).  
 
Experts expressed a number of near-term stressors (in the next 15 years) related to forest 
management in northern Maine.  Land management objectives were uncertain because of 
changes in private forest land ownership.  Changes in forestry management because of the 
Maine Forest Practices Act (shift to partial harvesting, increasing acreage harvest, habitat 
shifting to south) would result in declining lynx and snowshoe hare habitat (succession of 
previous clearcuts from young, dense regenerating stands to mature stands less conducive to 
high hare densities).   
 
There was uncertainty concerning the severity and response by new landowners to the next 
spruce budworm outbreak.  Experts were concerned that investment landowners would not 
respond to the pending spruce budworm outbreak like they did in the 1970s (extensive 
clearcuts, herbicide application).  Experts also acknowledged concerns about the effects of the 
current clearcuts aging past conditions that support hares and lynx.   
 



Hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded.  In response, lynx initially had lower 
reproduction (lower proportion of females breeding, slightly lower litter sizes), but this has not 
affected home range sizes.  Lower landscape hare densities are likely to support lower lynx 
populations.  It is uncertain how hare numbers will cycle or fluctuate in the future. 
 
All experts indicated an initially high and subsequently declining probability of persistence of 
resident lynx in Maine through the end of the century, with uncertainty (range between lowest 
and highest probabilities) also increasing over time.  Experts generally agreed that climate 
change will likely create unfavorable conditions (e.g., insufficient snow, loss [northward 
migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the probability of lynx 
persistence will decline over the longer term.  Although uncertainty increases with time from the 
present, climate-related loss of favorable snow conditions (amount, consistency, and duration), 
loss of spruce-fir, and bobcat competition will likely reduce the probability of lynx persistence in 
this unit. 
      
5.1.2 Unit 2 - Northeastern Minnesota 
 
Regulatory mechanisms - In Minnesota, the vast majority of lynx habitat that supports long-term 
persistent lynx breeding population is administered by the Superior National Forest.  This area 
includes designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 
SNF Plan (USDA 2004), which has direction based on the LCAS and Canada Lynx 
Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, entire), 
for all forest activities that occur within LAUs.  Active management of forest lands can produce 
lynx habitat and the Superior National Forest has a long-term commitment for doing so.  If the 
SNF continues to follow vegetation and wildland fire management and other applicable 
recommendations under the 2000 LCAS (or the updated 2013 LCAS or subsequent updates) in 
their Forest Plan, we expect that several risk factors will continue to be minimized and managed 
to promote the conservation of lynx within the SNF into the future.  Management of lynx and its 
habitat on SNF land will remain in place until the forest amends or revise their individual 
LRMPs.  We expect that management direction for lynx addressing vegetation management, 
wildland fire management, and habitat fragmentation on national forest system lands will be 
incorporated into the revised or amended Forest Plans (LPMPs). 
  
Although outside of areas considered to be core lynx area (i.e., where lynx are persistent and 
are reproducing) in the Great Lakes, the Chippewa National Forest and the Chequamegon-
Nicolet National Forest Forest Plans also include direction based on the LCAS and Canada 
Lynx Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, 
entire), for all forest activities that occur within LAUs (USDA CNF 2004, USDA CNNF 2004). 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit and private landowners make up about 
16  percent of unit.  Under the Sustainable Forest Resource Act of 1995, the Minnesota Forest 
Resources Council (MFRC) has developed guidelines for site-level timber harvesting and forest 
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management (MFRC 2012, p. 1) - these voluntary guidelines are intended for private and state 
landowners and include some general recommendations for wildlife including lynx.  It is 
expected that the MFRC guidelines will remain in place into the future and that voluntary actions 
will continue. Private landowners, however, do not have an official commitment to land 
management.  We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen 2012, p. 348), but does not have lynx specific direction in its 
management plan (NPS 2002, entire).  The National Park consults with the FWS to consider the 
effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as long as the 
species is listed under the ESA.  Lynx documented on and near Voyageurs National Park are 
probably transient animals (Moen 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004.  On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses.  The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota.  This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (LCAS 2013, p. 49). 
 
Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range.  Since the time of listing, new information on regional 
climate changes and potential effects to lynx habitat has been developed (e.g., Danby & Hik 
2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new information 
suggests that climate change may be an issue of concern for the future conservation of lynx 
because lynx distribution and habitat is likely to shift upward in elevation within its currently 
occupied range as temperatures increase (Gonzalez et al. 2007, entire).  Greatest stressors of 
climate change include diminishing snow depth, quality and duration; competition from bobcats 
and other carnivores, hybridization with bobcat (Schwartz et al. 2002); loss of spruce-fir to 
northern hardwoods; and future isolation of the metapopulation because of diminishing forest 
conditions in Ontario. 
  
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007) and predicted loss 
of forest and snow conditions able to support lynx in Minnesota by the end of the century. 
Notaro et al. (2015) projected changes in lake effect snowfall using downscaled climate models 



(Abdus Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model 
version 4 (RegCM4; Elguindi et al. 2011; Giorgi et al. 2012) for the Great Lakes Basin. Siren (in 
Lynx SSA Team 2016, p. 15) stated that climate models show an increase in lake effect snow in 
the eastern Great Lakes until 2050, with a decline later in the century, with an overall decline in 
the amount and duration of pack in the Midwest. 
  
Although there are uncertainties about future climate warming, lynx populations in Minnesota 
are expected to recede northward and decline over the next century (Lynx SSA Team 2016, pp. 
37-38).   
  
Lynx require at least four months (120 days) of continuous snow coverage (Gonzales et al. 
2007, p. 7).  Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9).   In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow.  The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro 2015, pp. 1676-1678). The Minnesota 
unit may be more vulnerable to snowpack loss due to lack of elevational refugia (Siren in Lynx 
SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes.  
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century.  Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzales et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the state (Gonzales et al. p. 2007, p. 19).  According to Frelich (in Lynx 
SSA 2016, p. 14) Minnesota is likely to lose boreal biome, potentially within the next 60 to 70 
years, with unmitigated climate change.  According to Gonzales et al. (2007, p. 8), the Superior 
National Forest is a potential refugia for lynx in the lower 48 states, however, when compared to 
other regions.   
 
Vegetation Management - Vegetation management conducted under the Forest Plan currently 
will likely continue into the future on Forest Service lands in Minnesota. These activities include 



timber harvest, such as thinning, clear-cutting, shelterwood, partial cut, and uneven-aged 
cutting; wildlife restoration projects that involve tree cutting, shearing, burning, seeding, and 
planting; prescribed burning for ecological purposes, hazardous fuel reduction, and site 
preparation; mechanical site preparation. 
 
Vegetation, timber, and minerals management authorized under the Forest Plan has the 
potential to adversely affect lynx and lynx critical habitat by reducing habitat quality for denning, 
foraging, and dispersal; disrupting travel, resting, and foraging patterns; disturbing denning 
females and reducing habitat quality for lynx prey species, especially snowshoe hare. 
Depending on the timing, frequency, intensity, extent, amount, or other conditions, impacts may 
be variable among similar projects. Using the LCAS as a basis, the Forest Plan has 
incorporated a number of components that would reduce the risk of those impacts into the 
future. We expect that management direction for lynx addressing vegetation management on 
national forest system lands will be incorporated into the revised or amended future plans, using 
LCAS as a basis. 
  
Future Forest Plan revisions will likely maintain broad direction to design and implement 
vegetation management projects to maintain or restore conditions for lynx foraging and denning 
habitat and to maintain or improve juxtaposition of required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. ). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USDA 2004). Further, unsuitable habitat for lynx would vary only slightly 
with continued implementation of the Forest Plan and would remain distinctly below the 
maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated into 
the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in the 
2004 (USDA 2004). Because suitable habitat on National Forest lands alone is such a high 
percentage within LAUs and the Superior National Forest is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks.  Measurable defoliation due to spruce 
budworm has occurred in Northeastern Minnesota continuously since 1954 (MN DNR) and is 
expected to continue into the future.  Modeling to evaluate the relative strength of interactions 
between spruce budworm outbreaks and fire disturbances in the BWCA showed that budworm 
disturbance can partially mitigate long-term future fire risk by periodically reducing live ladder 



fuel within the forest types of the BWCA but will do little to reverse the compositional trends 
caused in part by reduced fire rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The Superior National Forest manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are and 
are expected to continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada.  Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USDA 2011, p. 119).  The Forest Plan (USDA 2004) provides 
direction on limiting lynx habitat fragmentation and the Forest actively consolidates habitat 
through land acquisitions and exchanges.  
 
Lynx Viability - The probability of persistence of the lynx population in Minnesota is projected to 
decrease over time with increasing uncertainty through the end of the century (Lynx SSA Team 
2016, pp. 37-38 and Figure xx, below).  Near term drivers of the projected decline were reduced 
the quality, quantity, and persistence of snow, competition from bobcats, disease (e.g., 
lungworm, liver fluke, feline leukemia), and forest insects.  Long term drivers of the projected 
decline were reduced the quality, quantity, and persistence of snow, competition from bobcats, 
loss of spruce-fir forests, fires, and climate change.  Climate change was primarily associated 
with loss of boreal forest but could potentially also increase disease or insect outbreaks, and is 
likely to affect the amount of precipitation falling as good quality snow in the area of the state 
supporting lynx habitat.  The connection to lynx in Ontario reduces the likelihood of local 
extirpation in this geographic unit, but the likelihood would increase if connectivity was 
compromised. Taking all factors into consideration (i.e., loss of boreal forest, competitions, 
disease and insect outbreaks, loss of snow), the experts projected the mean probability 
persistence to the year 2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 
60 to 90 percent), and would decline to approximately 35 percent (ranging from 10 to 60 
percent) by 2100 (Lynx SSA Team 2016, pp. 37- 38). 
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Figure xx.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

 
5.1.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
Regulatory mechanisms 
 
Climate warming 
 
Vegetation Management 
 
Wildland Fire Management 
 
Habitat Fragmentation 
 
Lynx Viability 
 
5.1.4 Unit 4 - North-central Washington 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit.  Looking to the future, relative to the 
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regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish.  We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming.  These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007.  The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx.  Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs.  We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMPs. 
  
Additionally, the WADNR manages approximately 4 percent of the lynx habitat within portions of 
each of the delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis 
State Forest that is located in the north Cascades of north-central Washington within the 
Okanogan LMZ.  In 1996, the WADNR developed and implemented a Lynx Habitat 
Management Plan (1996 Lynx Plan) in response to listing of the lynx as a state threatened 
species by Washington State (WADNR 1996, entire).  Subsequent to federally listing the lynx as 
threatened under the ESA, in 2006 the WADNR implemented a modified Lynx Habitat 
Management Plan (2006 Lynx Plan) incorporating new science into its 1996 Lynx Plan 
pertaining to lynx management (WADNR 2006, entire).  Among other things, the WADNR 2006 
Lynx Plan contains management standards and guidelines to avoid the incidental taking (as 
defined by the ESA) of lynx.  These standards and guidelines address maintenance of lynx 
denning and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada.  The WADNR commits to implementing 
the 2006 Lynx Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6).  Thus, it appears the regulatory future of lynx management, and thus, lynx habitat 
management, is largely secure on both federal and state managed lands within Washington 
State. 
 
Climate Warming - The one risk factor identified by the LCAS over which the Forest Service, or 
the WADNR for that matter, has little ability to control or influence is climate change.  Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx Workshop Report 2016, p. 56).  
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change.  
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat.  Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons.  The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat).  They also found that 
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fire exclusion had little impact on natural fire regimes.  Rather, climate appeared to be the 
primary driver of increasing wildfire risk.  As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington).  Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades.  Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington.  The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires due to its small size and current lynx population (Lynx Workshop 
Report 2016, p. 27).  However, the experts felt the potential extirpation of lynx, should it occur 
from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), may be 
ameliorated to some extent due to Washington’s juxtaposition and connectivity to Canadian lynx 
populations.  The experts felt that lynx immigration from Canada may rapidly recolonize 
Washington as the habitat recovers from fires or other impacts (Lynx Workshop Report 2016, p. 
43).  Climate change, in addition to potentially affecting fire return intervals, fire severity 
(intensity, size), and insect outbreaks, is likely to affect the amount of precipitation falling as 
snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75).  
Snowshoe hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 
448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades.  
Mote (2003, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft).  Additionally, Mote (2003, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades.  Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack.  Corroborating Mote’s 
speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures.   Furthermore, predicted continued increasing temperature changes of 



2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48).  Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades.  Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42).  Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced due to decreasing quantity 
and quality of snow. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44).  Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx Workshop Report 
2016, p. 43). 
 
Vegetation Management Fed - Okanogan plan, USFS/USFWS conservation agreement. State 
lands - Loomis/WADNR HCP/lynx mgmt. plan? 
 
Wildland Fire Management - what is strategy on these lands?  How does it affect lynx 
 
Habitat Fragmentation 
 
Lynx Viability - see Minnesota unit above, bring in results from expert workshop report. 
 
5.1.5 Unit 5 - Greater Yellowstone Area 
Regulatory mechanisms 
 
Climate warming 
 
Vegetation Management 
 
Wildland Fire Management 
 
Habitat Fragmentation 
 
Lynx Viability 
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5.1.6 Unit 6 - Western Colorado 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming, and 
Colorado.  We concluded that the Southern Rockies Lynx Amendment substantively reduced 
the inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
Service land management on lynx (Service 2008, p 70-71).   
 
Lynx habitat on all other ownerships makes up the remaining 15 percent of lynx habitat in 
Colorado, of which, only five percent is in Federal ownership.  Other ownerships include state, 
county, municipal, etc., and private lands.  The BLM resource management plans have not been 
amended to include conservation specifically for lynx and, with a few exceptions.  Lynx habitat 
on BLM ownership mostly consists of narrow forest extensions connected to larger blocks of 
habitat on adjacent USFS lands.  Generally these extensions are insufficient on their own to 
support a lynx home range.  However, the Gunnison Field Office is the only BLM unit that 
contains sufficient habitat to map and identify LAU’s. 
 
The State of Colorado manages lynx as a state endangered species, prohibiting take of the 
species with exceptions for protection of human life and incidentally during depredation 
management (not caused by lynx) [Chapter 10, art. II, #1002, B 1 and 3, Colorado Wildlife 
Regulations]. 
  
Climate Warming - Interagency Lynx Biology Team (2013 p. 61) – “Climate change generally is 
expected to result in warmer winters, earlier spring snowmelt, and a reduction in the extent of 
snow cover in the southern Rockies. McKelvey et al. (2011) used a variety of climate models to 
predict snow depth and the persistence of spring snow across the western United States.  The 
models predicted an overall decline in persistent snow of 40 percent, but large areas of 
persistent snow would continue to be retained late in the 21st century, including the high 
elevations of Colorado.” 
 
“All of the climate models under all representative concentration pathway (RCP) project that 
Colorado’s climate will warm substantially by 2050.  Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline.  Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs.  Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline.  Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014 page 61] 
 



An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014 page 63]).  “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014 page 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, page 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate.  Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities.  Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historic vegetative patterns.  This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity.  It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years).  Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years.  Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008 page 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire.  Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation.  Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to be 
developed and expended.  While these linear features already exist on the landscape, widening 
of the cleared right-of-way, as well as behavioral avoidance of highway rights-of-way due to 
traffic reduces available habitat.  Many ski areas in Colorado are located within lynx habitat and 
will likely be expanded in the future through permanent removal of vegetation  to create 



conventional ski runs, reducing tree density and clearing understory vegetation to create glade 
conditions, reduces lynx habitat.  The magnitude of fragmentation caused by these sources of 
fragmentation has not been quantified, but is unlikely to remove enough habitat to eliminate the 
possibility of lynx persistence in Colorado. 
 
Lynx Viability – EE Final Report: The majority of the experts suggested an initially high 
probability of persistence in Colorado, declining gradually with increasing uncertainty through 
the end of the century.  Experts predicted near-term (year 2025) persistence probabilities of 60 
percent to 100 percent (median = 90 percent), and mid-century persistence at 50 percent to 85 
percent (median = 80 percent).  Experts predicted end-of-century persistence probabilities of 20 
percent to 70 percent for this unit, with a median of 50 percent, by 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats.  Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types.  Although 8 of 10 experts 
graphed 50 percent to 70 percent probability of persistence at 2100, during subsequent 
discussions, several expressed greater uncertainty about whether resident lynx will persist in 
the unit at the end of the century.  Higher-quality lynx habitat occurs primarily in two areas and 
is patchily-distributed.  Lynx in this unit may occur as several smaller, relatively isolated 
subpopulations, which are likely more vulnerable to stochastic events.  This unit’s relative 
isolation may limit exchange with other lynx populations, increasing the likelihood of genetic drift 
and reducing the chance of demographic rescue or recolonization if lynx in the unit become 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 
 
Add Figure (graph) from expert workshop. 
 

5.2 DPS-wide Future Conditions - Jim summarize above and 
results of EE 
 
5.2.1 Results of Expert Elicitation (workshop report, Summary table of 
probabilities of persistence) 
 



5.2.2 Narrative 3 R Summary (workshop report and work session) 

5.2.2.1 Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

5.2.2.2 Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
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disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of -acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

5.2.2.3 Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 



(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
  
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic unitareas.  The GYA had 
a MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50 percent of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0 percent to 100 percent probability of 
persistence) of possible outcomes. 
  
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 



used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
  
Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70 percent 
expectation of doing so by mid-century, but a declining likelihood and greater uncertainty of 
doing so by the end of the century.  It is uncertain whether the remaining geographic unit (the 
GYA) currently supports resident lynx, and expert responses indicate a lower probability that it 
will do so in the future compared to the other units.  Responses also suggest that the 
overarching threat to the long-term persistence of lynx populations in the DPS is climate 
change, which is anticipated to result first in loss of snow conditions favorable for lynx and, after 
an uncertain lag time following continued climate warming, loss (northward and upslope 
migration) of boreal forest habitats, although the timing and magnitude of such losses are 
uncertain. 

Chapter 6:  Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at the expert elicitation workshop 
(Lynx SSA Team 2016, entire), as well as ongoing research, conservation, and management 
efforts, we have a much better understanding of the distribution and status of populations 
throughout the DPS range.  For example, in 2000, it was unclear whether Maine and Minnesota 
supported resident populations or were only occasionally visited by lynx dispersing from Canada 
during and after northern hare population crashes (65 FR 16056-16057).  We now know that 
both northern Maine and northeastern Minnesota support resident lynx populations, and both 
are likely larger now than they were historically (Maine), or before they were protected by State 
and Federal regulations (Minnesota). 
 
In contrast, resident lynx appear to be naturally less abundant and more patchily-distributed in 
some parts of the DPS than thought at the time of listing, including the West (ILBT 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS. 
  
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
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populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9 percent in Maine; 51.7 percent in 
Minnesota), an assessment of the adequacy of regulatory mechanisms on those State and 
private lands will be a necessary component of the status assessment.  Likewise, our 
understanding of lynx genetics also has improved, with evidence of continued high levels of 
gene flow range-wide, despite fine-scale genetic sub-structuring in some populations and 
additional evidence of lynx hybridization with bobcats.  Bobcats appear to be encroaching at the 
edge of the lynx range in Minnesota (Appendix 3, p. 9) and their numbers appear to have 
increased recently in New Hampshire, Vermont, and southern Quebec (Lavoie et al. 2009, 
entire; Roberts and Crimmins 2010, p. 170; Broman et al. 2014, p. 230) adjacent to the northern 
Maine lynx distribution.  Whether this represents a threat to lynx populations in Minnesota and 
Maine via increased hybridization, behavioral mechanisms, or competition for hares is not 
documented at this time; however, encroachment of bobcats in the southern periphery of lynx 
range may result in lynx displacement or niche contraction (Peers et al. 2013, entire). 
  
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
  
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

6.1 Representation 
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6.2 Redundancy 
 

6.3 Resiliency 
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From: Kurt Broderdorp
To: "McDonald, Peter M -FS"
Subject: RE: Lynx SSA Information Request
Date: Tuesday, August 02, 2016 7:15:00 AM
Attachments: image001.png

image002.png
image003.png
image004.png

Thanks Peter.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: McDonald, Peter M -FS [mailto:petermcdonald@fs.fed.us] 
Sent: Monday, August 01, 2016 3:50 PM
To: kurt_broderdorp@fws.gov
Subject: RE: Lynx SSA Information Request
 
Kurt as requested, see attached. The forests with the higher unsuitability numbers are not
surprisingly primarily due to the effects of beetles, to fire in a limited number of other cases. As
you can expect, the forests affected by beetles are in a very dynamic situation with their
vegetation conditions/habitat suitability, so numbers are best estimate at this point in time. Let me
know if you have further questions.
 
 
Peter

Peter McDonald
Regional Program Leader
Threatened, Endangered and Sensitive Species

Forest Service
Rocky Mountain Region

p: 303-275-5029 (primary)
c: 303-475-3515 (travel & telework)
petermcdonald@fs.fed.us

740 Simms Street
Golden, CO 80401
Program website: www.fs.usda.gov/detail/r2/landmanagement/?cid=stelprdb5188017
Intranet (FS only): fsweb.r2.fs.fed.us/rr/R2_TES_Site_2007
Interagency ESA site: www.fs.usda.gov/detail/r2/landmanagement/?cid=stelprdb5341949

Caring for the land and serving people

 
 
 
 
From: Kurt Broderdorp [mailto:Kurt_Broderdorp@fws.gov] 

mailto:kurt_broderdorp@fws.gov
mailto:petermcdonald@fs.fed.us
mailto:petermcdonald@fs.fed.us
http://www.fs.usda.gov/detail/r2/landmanagement/?cid=stelprdb5188017
http://fsweb.r2.fs.fed.us/rr/R2_TES_Site_2007
http://www.fs.usda.gov/detail/r2/landmanagement/?cid=stelprdb5341949
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112
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Sent: Monday, July 18, 2016 8:46 AM
To: McDonald, Peter M -FS <petermcdonald@fs.fed.us>
Subject: Lynx SSA Information Request
 

Hello Peter, I hope you had a good weekend.  I wanted to know if you
had up-to-date statistics for the LAUs in Colorado that would inform me
of the number of them that currently exceed 30 percent unsuitable
condition.  If so, could you please provide me with that information as
soon as you can so we can include it in the SSA.  Thanks a bunch.  Let
me know if you have any questions.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

mailto:petermcdonald@fs.fed.us


From: Kurt Broderdorp
To: Jim Zelenak
Subject: FW: Latest Lynx SSA Map with ellipses instead of range polygons
Date: Wednesday, August 03, 2016 7:14:00 AM
Attachments: Lynx_SSA_Map_080116_v5.pdf

Jim,  Dan and I sat down and based on the previous ellipse style map,
came up with the attached map.   
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Daniel Reinkensmeyer [mailto:daniel_reinkensmeyer@fws.gov] 
Sent: Monday, August 01, 2016 11:48 AM
To: Kurt Broderdorp
Subject: Latest Lynx SSA Map with ellipses instead of range polygons
 
Hi Kurt.  Here’s a copy of the map we worked on this morning.
 
Dan
 
 
Dan Reinkensmeyer
U.S. Fish and Wildlife Service
Western Colorado Ecological Services Field Office
445 West Gunnison Avenue, Suite 240
Grand Junction, CO 81501-5711
970-628-7193
 

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
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From: Smith, Tamara
To: Zelenak, Jim
Cc: Parkin, Mary; Mark McCollough; Kurt Broderdorp; Bryon Holt; Jodi Bush; Heather Bell; Jonathan Cummings; Seth

Willey
Subject: Re: Lynx Core Team call?
Date: Tuesday, August 16, 2016 10:36:23 AM

Sounds good. I'll work on on pp#s, etc. today...

On Tue, Aug 16, 2016 at 10:02 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Having heard back from only a few, I recommend we cancel today's Core Team call and plan on catching up next
Tuesday.

On Tue, Aug 16, 2016 at 7:53 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
I think our time can best be used by finishing our FIT review and filling in gaps.  If the
core team would like an update on our review, that may be reason for a call, but I'm not
sure how productive that would be!

I vote for either a very quick update or tabling the call until next week.

Cheers,
Mary

On Tue, Aug 16, 2016 at 9:34 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Not sure we need a call today, I'm thinking that it might be better for folks reviewing to continue doing that
and for me to get back to filling in some of the remaining gaps.

Core Team members who feel their sections are completed or nearly so could work on making sure they
have page numbers for citations in the doc and that they have pdfs of all citations they used (if they are not
already in the LCAS 2013 folder in the Literature folder on the drive).

Wanted to get you thoughts on whether a call is needed or would be useful.

Let me know.

Thanks. 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
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Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:mary_parkin@fws.gov
mailto:jim_zelenak@fws.gov


From: Bell, Heather
To: JODI_BUSH
Cc: Mary_Parkin; Cummings, Jonathan
Subject: Fwd: FIT feedback on lynx SSA report
Date: Wednesday, August 17, 2016 1:20:27 PM

Jodi, thank you for the opportunity to review the draft document.
 Mary, Jonathan and I have had discussed a way to move forward with the Lynx SSA Report
that meet some but not all of our objectives.  In the end we put more emphasis on timing and
minimizing team disruption than we did on getting a product that meets SSA report objectives
such as update-ability and readability.  Our thought was that we could do this in a future
version if that becomes necessary.  Our suggestions therefore focus on what must be done in
order to meet the minimum for a document that is designed to provide forecasting of future
conditions in such a way that the reader and decision makers can understand our process, our
results of forecasting, and the uncertainty surrounding that forecasting.  

The FIT recommends the minimum before moving on to peer review:

1. The team produces a medium to high quality future condition section.  The FIT will
provide comments and have a discussion with the team asap on what is needed in order
to complete this section.

2. If time permits (i.e. you can get split up duties so that it is done concurrently with the
#1) The team adds a Paragraph to intro section on the purpose of the models and how
they were developed prior to the workshop (Mary is drafting).  The team works together
to Update the Models to reflect knowledge gained during the EE and the Literature
review time that followed the EE meeting and then place these in future conditions with
brief narrative - again Mary can assist with the narrative once the chapter is drafted and
models are inserted)

3. Organization remains As Is. 

I hope this is helpful.  We will plan to be on the call on Tuesday during the normal time in
order to discuss what is needed for the future condition section.   

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/. 
For audiences outside FWS visit http://www.fws.gov/endangered/improving_ESA/SSA.html.

---------- Forwarded message ----------
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From: Cummings, Jonathan <jwcummings@usgs.gov>
Date: Wed, Aug 17, 2016 at 12:32 PM
Subject: Re: FIT feedback on lynx SSA report
To: "Parkin, Mary" <mary_parkin@fws.gov>
Cc: "Bell, Heather" <heather_bell@fws.gov>

Well then.

Our Decision: What to provide as a review(s) to the Lynx SSA team given our availability?

Based on what I've heard the concerns that have been expressed lead to something like the
below objectives.
Objectives: 

Minimize time to SSA report completion
Minimize hurt feelings
Maximize readability and logic in the SSA report (as a means to a logical and well
supported decision)
Maximize fit of the SSA to the decision context
Minimize distance between lynx SSA report quality and an ideal SSA report (Is there a
minimum acceptable level, and are we below it?)

Review Alternatives:
Provide a FIT review composed of:

1. Overview comments only (I think we already have reviewed this and all agree to it so
it might as well go to them from all of us?)
2. Overview comments & recommendations for achieving completion
3. Overview comments & report edits 

Provide individual reviews composed of:
4. Overview comments & brief individual recommendations for achieving completion
5. Overview comments & individual recommendations for report edits and achieving
report completion

Recommended Completion Alternatives:

Future Condition, 3R summary, and overall summary
F1. As Is
F2. SSA team adds the minimum necessary to the future condition section (out of
context cut and paste of EE report figures)
F3. SSA team produces a middling future condition section
F4. SSA team produces a high quality future condition section 

Logic and Narrative Story
L1. As is
L2. Add conceptual models as framework for story
L3. Add summaries up front in each section and subsection

Organization
O1. As is
O2. Eliminate redundancies across chapters
O3. Adopt reorganization and movement to appendices

mailto:jwcummings@usgs.gov
mailto:mary_parkin@fws.gov
mailto:heather_bell@fws.gov


I'm not going to guess at the consequences or your availability/willingness to adopt one of
these alternatives, but I'll share my view and let you both decide how you want to proceed.

If we provide reviews individually the minimum I would provided is our overview comments
and strong request that a middling at minimum future condition section is developed and
summaries are provided up front in each section.  If this does not occur I would either like to
be present at the decision making briefing to ensure the decision makers are given an
opportunity to understand what the expert elicitation says and does not say, or not to have my
the SSA report associated with my name.  So for my participation that removes review
alternative 1 and completion alternative F1, F2 and requires L3.  This means I put more
emphasis on report quality and logic that time to completion and feelings, but I'm rather an
stickler for scientific intergrity, and I believe being in USGS actual requires that I hold that
opinion to some degree.

In an ideal world where time and feelings don't limit us I'd go for review Alt 3, F4, L2 & L3,
and O2 & O3.  I can put another hour into this today, and maybe up to 8 hours at most
between now and when I presume they need to be done to help with conceptual models and
future conditions sections, so that's my time limit.  I'm going to work a bit on the edits to the
future condition section of the report in the next hour and then send the edits back to you
unless I'm told to stop.

Cheers,
Jonathan

On Wed, Aug 17, 2016 at 1:29 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Not sure how to proceed.  I'm completely on board with the re-organized draft and overview
comments.  Still wondering how we can best expedite conclusion of SSA v1.  

On Wed, Aug 17, 2016 at 12:39 PM, Bell, Heather <heather_bell@fws.gov> wrote:
Look here is the gig, I am disappointed that the document is not what I anticipated and not
what i believe an SSA report should be.  I think it has aspects of it, but it does not meet all
of the objectives of an SSA report.  I spent two days on it and really i need to be spending
that time working on a contract to come up with a module so that the next person or team
has a tool to help them write the document in an update-able, scientifically robust,
streamllined, logical and efficient way.  This is my number one priority right now.  

I am perfectly happy to let this go.  You know what my concerns are and if the team is
going to get too shook up by my suggestions, which i agree, i think they are,  then lets just
keep the document in its original format and fix THE most Important stuff, like the future
conditions and get it DONE.   

 

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at

mailto:mary_parkin@fws.gov
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134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/.  For audiences outside
FWS visit http://www.fws.gov/endangered/improving_ESA/SSA.html.

On Wed, Aug 17, 2016 at 10:07 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
No, Heather!  As Jonathan indicated, there's a good reason for the number of pages. 
Let's just make sure we convey this to the team.  The edits are excellent, and if they can
be incorporated within Jodi's time frame, I'm totally supportive.

I've been on a call re project funding with Lew for the past hour and am now jumping
onto the SSA-REV call.  Could we talk this afternoon?

Don't despair!!
Mary

On Wed, Aug 17, 2016 at 12:03 PM, Cummings, Jonathan <jwcummings@usgs.gov>
wrote:

If not sure if it addresses your concern or not Mary, but a lot of the page total was due
to formatting a whole chapter as a header.  If you fix that the track changes document
is somewhere around 240 pages, and if all changes are accepted it is 172 pages, 127
before the appendix.

On Wed, Aug 17, 2016 at 11:24 AM, Bell, Heather <heather_bell@fws.gov> wrote:
Mary, I understand your concern.  I think then that I will back out of the process
again, and my comments will be limited to the few page directive we developed
yesterday.  

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/.  For audiences
outside FWS visit http://www.fws.gov/endangered/improving_ESA/SSA.html.

On Wed, Aug 17, 2016 at 9:07 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
OK ... I'm attaching my few comments on the SSA report you sent yesterday,
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Heather.  Added a bit of language about the use of conceptual models in the
assessment, and mostly just read the draft with both your comments.

Here's what I'm concerned the core team and Jodi might find scary ...

The track-changes version is 437 pp!  This leaves the impression that a whole
bunch of work needs to be done to bring the report up to par.  

It almost leads me to believe that we should provide the overview comments
without the edits (but totally keeping them in hand for version 2 of the SSA).  The
caveat on this is that, if decision makers decide to delist, the SSA needs to be as
tight as possible.  This may require an up-front discussion with DMs, i.e., if the
decision is to delist, then we have plenty of time to refine the report, but if the
decision is to retain the T listing, then we should get through this report ASAP and
refine v2.  The big problem is that we've promised to send it out for peer and State
review ... I think the nightmare for Jim will continue.

I'm attaching the version I looked at, but don't bother to go beyond the first few
chapters to look for my comments.  Generally, I think the re-organization is good
and necessary, but unless it leads to: (1) a different conclusion on the part of DMs,
or (2) a significantly more reviewable report for peer/State reviewers, I'd vote in
favor of limiting edits in this version but providing the team with our general
feedback.

I hope this doesn't appear to dismiss the work you've already done in terms of
tightening up the writing and the logic chain in the report!  I do agree with your
edits, and I did add a bit of language about the use of conceptual models.  I'm just
worried about the effect on the core team regarding another round of agonizing
about the report.

I have to get on a couple of calls now, but I'm free to talk after 11 MT.

Mary 

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Jonathan W. Cummings, PhD

mailto:mary_parkin@fws.gov


Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

mailto:jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings
mailto:mary_parkin@fws.gov
mailto:mary_parkin@fws.gov
mailto:jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings


From: Bell, Heather
To: Jim Zelenak
Cc: JODI_BUSH; Justin Shoemaker
Subject: NEW Lynx future condition for Team"s use. AND our agenda for today.
Date: Tuesday, August 23, 2016 11:55:20 AM
Attachments: Future Conditions Chapter_mp_jc_hb .docx

Lynx Agenda for FIT recommended report completion_8_23_2016.docx

Jim, the FITS comments and recommended organization is in this version.  Please use this
version.  AND we have to figure out how people will work on it as a group or sequentially to
keep track of what we are doing.  

ALSO, please include Justin so that he can see the changes we are making.  

HERE also is the Agenda WHICH WE DID NOT COMPLETE.  AND THERE ARE
AGENDA ITEMS FOR NEXT WEEKS CALL.  

I have to run to another call in a few minutes.  

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/. 
For audiences outside FWS visit http://www.fws.gov/endangered/improving_ESA/SSA.html.
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8/23/16  Lynx SSA Core Team call 

1. 2025 crept into current condition.  Let’s move it to Future.   
a. Remove from Table in Current 
b. Remove from narrative in Current.  

2. Conceptual models done in future condition.   
a. Viability as a whole.   
b. More specific resiliency. 
c. Do we want a resiliency model for each Unit.  Factors affecting differently?  Is it enough 

to make separate diagrams OR do we just make clear in narrative that there is less or 
more emphasis on a particular factor?  Variance will be reflected in the Table as well. 

3. Team MORE pessimistic? Toward the lower end of the graph??? And what does that mean to 
the numbers of populations. 

4. Each Unit Author needs to bring in and edit the EE workshop (I did it for Maine) and OUR 
assessment and DO we AGREE or NOT.   

a. EE Narrative 
b. EE Graph 
c. USFWS Lit Review and Assessment  
d. Summary includes support or not for EE info.  Where do we differ and why. 

5. Regulatory Mechanisms – JUSTIN to follow up with team. 

 

NEXT CALL  

Discuss what this all means to the Summary and likewise the Decision Phase and preparing a briefing for 
Decision Makers.  3R discussion.   

Suggestions for  Logic Chain Readability: Summary Narrative, Table, Diagrams. 

 

 



Chapter 5. Future Conditions 
In this chapter, we present and summarize the professional judgments and opinions of lynx 
experts and their estimates of the probability that each of the SSA units will continue to support 
resident breeding populations of lynx into the future (at years 2025, 2050, and 2100).  
Subsequent to the expert elicitation workshop the Lynx SSA Core Team reviewed and assessed 
the best available literature;, that summarization is also presented here.  If the Service found 
that the literature was inconsistent with the information from the experts as elicited during the 
workshop, that is noted and the Services opinion or approach articulated.   
 
In summary, expert elicitation indicate that all five of the geographic units known to currently 
support resident lynx populations have a greater than 70 percent expectation of doing so by 
mid-century, but a declining likelihood and greater uncertainty of doing so by the end of the 
century.  It is uncertain whether the remaining geographic unit (the GYA) currently supports 
resident lynx, and expert responses indicate a lower probability that it will do so in the future 
compared to the other units.  Responses also suggest that the overarching threat to the long-
term persistence of lynx populations in the DPS is climate change, which is anticipated to result 
first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 
 
 

 
 

Comment [BH1]: TEAM there is 
inconsistency about how this year is used, is it 
Current or Future.  DECIDE and make changes 
accordingly.   

Comment [BH2]: This should be changed to 
“the assessment” indicates OR the expert 
elicitation and the Service’s literature review 
and assessment….., if in fact the FWS did not 
find anything different than the experts did.  
THE TEAM needs to decide this .  Then update 
the rest of the paragraph as well. 

Comment [PM3]: This only expresses median 
of  “most likely” projections, right?  Refer to 
range in table below. 

Comment [PM4]: Quantify like you did for 
mid-century and reference table YY. 



Figure X. Conceptual model of the factors influencing the 3 Rs as they pertain to lynx 
viability. 
 DO TEXT TO EXPLAIN HOW THE TEAMS THINKING CHANGED OVER TIME. 
 
 
 

Table YY.  Future (2050 to 2100) resiliency of individual populations of the Canada lynx 
DPS. 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 Maine 2050 mean 80% 
(range 20 to 100%) 

  
2100 mean 50% 

(range 0 to 100%) 

● 50% decline in habitat expected by 
2032, habitat will occur in south edge 
of range 

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

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

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

● Future forest management trends and habitat 
conditions in Maine and Canada 

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

● Extent and pace of deteriorating snow 
conditions perhaps more severe than other 
units; little elevation gradient 

● Response of bobcat and fisher to changing 
snow regime 

● Extent and pace of loss of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 mean 80% 
(range 35 to 100%) 

  
2100 mean 35% 

(range 0 to 100%) 

● Lower population could be susceptible 
to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

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

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

● Extent and pace of deteriorating snow 
conditions; little elevation gradient; lake-effect 
snow may retain refugia to 2050 but not 2100 

● Response of bobcat and fisher to changing 
snow regime 

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

Unit 3 
Northwestern 
Montana 

2050 mean 90% 
(range 40 to 100%) 

  
2100 mean ~78% 

(range 10 to 100%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

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

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Mismatch in elevation between appropriate 

snow regime for lynx and spruce-fir 
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● Future trends in hare populations 

Unit 4 North-
central 
Washington 

2050 mean 70% 
(range 10 to 100%) 

  
2100 mean ~38% 
(range 0 to 90%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

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

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Future trends in hare populations 

Unit 5 Greater 
Yellowstone 

2050 mean 35% 
(range 0 to 90%) 

  
2100 mean 15% 
(range 0 to 90%) 

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

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

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

● Low quality habitat/low hare 
abundance 

● Small population size?????? 
● Burned landscape with revegetation 

occurring.  

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

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

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Future trends in hare populations 
● Extent to which high elevation may provides 

climate and snow refugia 
● Extent to which area will be repopulated by 

from the north and or the south 

Unit 6 
Western 
Colorado 

2050 mean 80% 
(range 20 to 100%) 

  
2100 mean 50% 

(range 0 to 100%) 

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

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

deteriorating snow quality, depth and 
duration 

●  

● Demographic and genetic effects of isolated 
population 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of future insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

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

● Extent and pace of elevational migration of 
spruce-fir 

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

● Future trends in hare populations 
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5.1 Future Conditions by Geographic Unit 
5.1.1 Unit 1 - Northern Maine 

Summary Unit 1 Future Conditions:   
Although the Northern Maine Unit currently has extensive lynx habitat, it may be one of the units 
in the DPS at greatest risk.  Forestry and climate change will be the greatest future drivers of 
hare and lynx habitat.  Lynx habitat and populations are expected to decline by 50 to 60 percent 
by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years of 
extensive partial harvesting.  In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated thus making the landscape less suitable for lynx.  For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are greatest.  Absent long-term lynx 
management agreements, the future of lynx habitat is uncertain.  Wood products markets will 
continue to change, and could be affected by interest in carbon sequestration in response to 
climate change. Rapid changes and parcelization of forest land ownership is likely to continue.  
Changing land uses (wind energy development, transmission line corridors, residential and 
development, national park) will compete with forest management as the primary land use.  
Conservation easements will help keep some lands as working forest.  Climate change is 
expected to affect the Maine unit more than others in the DPS because there is little elevational 
refugia.  In the near term (to 2050), snow quantity and quality will continue to deteriorate likely 
causing the range of lynx to begin contracting northward, and in the long term (to 2100) some 
believe lynx could become extirpated from the unit. Climate change, demand for hardwood 
forest products, spruce-budworm, and frequent disturbance of the forest all will contribute the 
trend in the converting spruce-fir forest to northern hardwoods, although the timeframe for 
conversion is uncertain. Lynx experts indicate the probability of persistence will decline to about 
50% by the end of the century.  The USFWS core team was more pessimistic after reviewing 
climate change projections. 

Expert Elicitation  
All but one expert indicated an initially high and subsequently declining probability of 
persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time (Lynx SSA Team 2016, pp. 
33-36 and Fig. XX below).  Climate change was an overriding near- and long-term stressor.   
Experts enumerated similar lynx status and stressors for the Northern Maine Unit (Lynx 
Workshop Report 2016, pp. 35-38).    
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed.  Changes in snow conditions will favor bobcats and fisher (a predator 
of lynx that is limited by deep snow).  Experts believed that the effects of climate change would 
continue to increase as a stressor by mid- to the end of the century (2050, 2100).  Snow 
conditions would continue to deteriorate (especially in the northern Maine unit compared to 
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other areas in the DPS) resulting in increased competition with bobcats and predation by fisher.  
Climate-induced loss of spruce-fir forest will occur slowly, and an increase in northern hardwood 
composition of the forest is already occurring.  Loss of spruce-fir could be accelerated by forest 
disturbance (budworm outbreak, forest management affecting large acreages of lynx habitat 
annually).  
 
Experts expressed a number of near-term stressors (in the next 15 years) related to forest 
management in northern Maine.  Land management objectives were uncertain because of 
changes in private forest land ownership.  Changes in forestry management because of the 
Maine Forest Practices Act (shift to partial harvesting, increasing acreage harvest, habitat 
shifting to south) would result in declining lynx and snowshoe hare habitat (succession of 
previous clearcuts from young, dense regenerating stands to mature stands less conducive to 
high hare densities).   
 
There was uncertainty concerning the severity and response by new landowners to the next 
spruce budworm outbreak.  Experts were concerned that investment landowners would not 
respond to the pending spruce budworm outbreak like they did in the 1970s (extensive 
clearcuts, herbicide application).  Experts also acknowledged concerns about the effects of the 
current clearcuts aging past conditions that support hares and lynx.   
 
Hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded.  In response, lynx initially had lower 
reproduction (lower proportion of females breeding, slightly lower litter sizes), but this has not 
affected home range sizes.  Lower landscape hare densities are likely to support lower lynx 
populations.  It is uncertain how hare numbers will cycle or fluctuate in the future. 
 
Lynx Viability -   All but one expert indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. XX below).  Although uncertainty increases with time from 
the present, experts generally agreed that climate-related loss of favorable snow conditions 
(amount, consistency, and duration), loss of spruce-fir, and bobcat competition are likely to 
reduce the probability of lynx persistence in this unit.  Modeling of current lynx habitat and future 
habitat trends was more advanced for the Northern Maine Unit than other units.  Models 
indicate that aging of past clearcuts and changes in forest practices to partial harvesting will 
diminish the current lynx habitat by half in coming decades.  Experts and the core team 
expressed uncertainty about the severity of a pending spruce budworm outbreak, forestry 
response by investment company landowners, and how this will affect future lynx habitat.  More 
is known about long-term trends in snowshoe hare populations in this unit than others.  Hares 
seem to have declined by half since about 2006 and have remained low.  Experts and the core 
team were uncertain about whether hare numbers would rebound or remain at this lower level, 
but lower hare densities are affecting demographics (especially percentage of females 
breeding), which could contribute to population declines.  Taking all of these factors into 
consideration, the experts projected the mean probability of persistence to the years 2025 was 
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greater than 95 percent, to 2050 was about 80 percent (range from 20 to 100 percent), and to 
2100 was about 50 percent (range from 0 to 100%)(Lynx SSA Team 2016, pp. 33-34, Fig. XX). 
The USFWS lynx core team generally agreed with this prognosis with the exception that some 
were less optimistic about the persistence of this population, especially after reviewing the 
literature pertaining to climate change in this region.  

 

Figure xx.  Expected probability of persistence for the Northern Maine Geographic Unit at 
present (2015), and in 2025, 2050 and 2100. 
 
 
 



USFWS Literature Review and Assessment 

Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Forest Practices Act (FPA).  The FPA 
regulates maximum size of clear cuts (250 acres), separation zones between clearcuts, harvest 
plans, and notification to the Maine Forest Service.  Clearcuts are not banned, but require 
varying levels of permitting depending on their size.  As a result, the number of clearcuts 
completed annually has declined significantly and have been replaced by various forms of 
partial harvesting (Sader et al. 2003, p. 349-350, McWilliams et al. 2003, p. 35).  In general (with 
exception of shelterwood harvests), partial harvested stands support significantly lower 
densities of snowshoe hares (Fuller 1999, Homyack 2003, Robinson 2006, entire, Scott 2009), 
thus reducing landscape hare density and presenting a challenge for future lynx conservation 
(Simons 2009, pp. 206, 209, 217, Simons-Legaard et al. 2016, p. 7-8, Simons-Legaard 2016, 
entire). 

 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems.  The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-FPA to 550,000 
acres post-FPA (McWilliams et al. 2003, p. 35).  Currently, 27 years post-FPA, much of the 10 
million-acre northern Maine landscape has been influenced by partial harvesting.  Extensive 
partial harvesting and aging of the spruce budworm-era clearcuts will reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10).  If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10).  After 2030, projected outcomes for lynx habitat 
become more uncertain and depend on assumptions about habitat definitions and harvest rates.  
If one defines lynx habitat as stands having greater than 75 percent spruce-fir, then habitat will 
decline by about 50 percent by 2030 and remain at about at this level through 2060.  With more 
generous definitions of habitat (stands that are 25 to 50 percent spruce-fir), after an initial 
decline lynx habitat could rebound after 2030, perhaps to about 75 percent of current levels by 
2050 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the next outbreak of spruce budworm.  After being low for the 
last 20 years, spruce budworm numbers are again building toward epidemic levels in Maine, 
southern Quebec, and northern New Brunswick.  Significant defoliation in Maine is expected to 
begin between 2018 and 2021 (Wagner et al. 2014).  Although Maine research has clearly 
demonstrated that landowner response to the last outbreak resulted in unintended, positive 
benefits for lynx from one to three decades later, our ability to project what effects the next 
outbreak will have on lynx habitat is still limited.  Land ownership has changed dramatically 
since the last outbreak.  To reduce risk from spruce budworm, some financial investment 
owners may cut younger spruce-fir stands that still support elevated hare populations.  Some 
may be less inclined to intensively manage for spruce-fir.  It is unlikely that current landowners 
will use widespread use of pesticides to control spruce budworm and herbicides to promote 
spruce-fir regeneration after stands are defoliated.  The FPA may serve as an additional 
constraint on motivation to clearcut infested stands, even with recently-enacted changes 
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intended to reduce the regulatory burden for landowners.  Landowner response to the pending 
outbreak will have important implications for the short- and long-term persistence of lynx habitat 
in the northern Maine unit (Simons-Legaard 2016, pp. 16-17).   
 

Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in the northern Maine unit more severely than other units (A. Siren, Workshop report 2016 p.XX) 
and could further restrict their range (Hoving 2002, Hoving et al. 2005, Carroll 2007).  Wildlife 
experts in Maine ranked lynx as highly vulnerable to climate change (>66 percent loss in 
species range/population and extirpation within 50 to 100 years) (Whitman et al. 2013, p. 19, 
74).  Similarly, Carroll (2007, entire) modeled Maine lynx population assuming non-cycling hare 
populations and snow conditions expected under intermediate to high emissions climate models 
(Kiehl and Gent 2004, entire).  He predicted a 59 percent decline in the lynx population (non-
cycling hare populations in Maine and eastern Canada) by mid-century because of climate 
change alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 
2007, p. 1102), except for the mountains in western Maine where snow refugia may only persist 
as very small, isolated “sky islands” that would be unlikely to support lynx.   
 
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007) and predicted loss 
of forest and snow conditions able to support lynx in Maine by the end of the century.  Although 
there are uncertainties about future climate warming, lynx populations in Maine are expected to 
recede northward and decline substantially over the next century (Vashon et al. (2012, p. 60).    

 
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Workshop Notes 2016, Rawlins et al. 2012) where temperatures may increase 
4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios predict a 
loss of snow and boreal forest conditions able to support lynx by the end of the century (Carroll 
2007, Gonzales et al. 2007).  
 
Climate change is affecting the Northeast, and the rate of change is faster than expected 
(Rustad et al. 2014).  Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008).  
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Worskshop Notes 2016, Rawlins et al. 2012) where temperatures may 
increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios 
predict a loss of snow and boreal forest conditions able to support lynx by the end of the century 
(Carroll 2007, Gonzales et al. 2007).  In response to climate change, interest in wind 
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development has escalated in northern and western Maine increasing threats to high elevation 
and potential spruce-fir refugia (Whitman et al. 2013). Climate conditions are at or falling below 
threshold values needed to support lynx in Maine. 
 

Snow duration. The current average snow duration in Maine is at or below the 4 month snow 
persistence thresholds believed needed to support lynx (section 4.1.1, Gonzales et al. 2007) 
and is projected to decline.  Snow duration is project to continue to deteriorate.  Snow duration 
declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to 
diminish another two weeks in Maine by mid-century (Fernandez et al. 2015).  Snow duration is 
expected to diminish by 25 percent (low emissions) to 50 percent (high emissions) from current 
conditions by the end of the century (Hayhoe et al. 2006).  Similarly, Notaro et al. (2014) 
projected an average decrease of 28 days (low emission) to 47 days of snow cover (high 
emissions) by the end of the century.   

  

Snow depth. The current average snow depth is at or below the 270 cm/yr. (106 in/yr) 
thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005) and is expected 
to decline.  By the end of the century, large areas of the Northeast will experience 15 percent 
(low emission) to 25 percent (high emissions) reduced snowfall (Ning and Bradley 2015).  
Similarly, by the end of the century Notaro et al. (2014) projected average snow declines in the 
North Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 
cm (48 percent) (high emissions) as a higher proportion of winter precipitation falls in the form of 
rain rather than snow.   Winter precipitation in Maine is likely to increase by 10 to 15 percent by 
the end of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015). 

 

Snow quality.  Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation falling as rain 
(Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015).  Snow density and 
compaction (caused by wet, heavy snow or rain on snow events in winter) will continue to 
increase in the region in the future (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006, Karl et al. 1993).  
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Loss of boreal forest. Climate change is projected to cause a northward contraction of spruce-fir 
forest in the Northeast with potential negative consequences for both lynx and snowshoe hares 
(Gonzales et al. 2007, entire).  Spruce-fir forest is expected to decline substantially in Maine and 
the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, Whitman et al. 
2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, pp. 192-193, 
Prasad et al. 2007) because of climate change.  Climate change is anticipated to increasingly 
fragment boreal forest in northern New England (Iverson et al. 2008, Ollinger et al. 2008, 
Whitman et al. 2013).  Lynx habitat will decline as boreal forest diminishes (Simons 2009).  
Even under the lowest emissions scenarios, spruce-fir forest would be greatly reduced by 2100 
(Williams and Liebhold 1997, Prasad et al. 2007), although some spruce-fir may persist at 
highest elevations (Tang and Beckage 2010) and along the eastern coast (Jacobson et al. 
2009) where cooler conditions will prevail.   

 
The spruce-fir forest type has come and gone from New England during the post-glacial period.  
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes  et al. 2000).  Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.   
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways.  Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010).  
Thus, the range of spruce-fir is limited by summer heat and drought.  Mohan et al. 2009 
projected that suitable area for balsam fir would decline by 80 percent in 2100 under an average 
to high emissions scenario. In contrast, Ollinger et al. (2008) projected growth rates for balsam 
fir and red spruce to mid-century, after which they would decline.    
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, and synergistic effects with other pollutants). 
Arguments in favor of an accelerated decline include evidence that spruce-fir is already in 
decline (Seymour 1992, Simons 2009) and is being replaced in Maine by northern hardwoods 
(oak, pine, red maple).  The decline of the spruce-fir forest type is accelerated by forest 
disturbances.  A pending spruce budworm outbreak and frequent disturbance from forest 
management could accelerate conversion to northern hardwoods in northern Maine and eastern 
Canada (Flannigan et al. 2001, Gauthier et al. 2015).  Other climate-related forest disturbances 
(forest pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et 
al. 2008, p. 404).   
 



In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may occur in shifting forest composition from spruce-fir to northern hardwoods (Mohan et al. 
2009, Zhu et al. 2012).  Some northern Maine industrial forest landowners could “adapt” to 
climate change by intentionally favoring spruce-fir (e.g., by plantations and use of herbicides).  
McWilliams et al. 2005 (p. 8) noted that balsam fir increased in Maine’s forest inventory in the 
2000s.  Forest models projected increases in  spruce-fir biomass over the next century because 
of partial harvesting and periodic budworm outbreaks, but did not take climate change into 
consideration (Simons-Legaard  et al.2013).   
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit.  Climate change will 
influence precipitation and temperature, forest management strategies, and forest disturbance 
(fire frequency and spruce budworm), all of which will interact in complex ways to influence the 
spruce-fir forest at the southern edge of its range.  Carter (1996), Iverson et al. (1999), and 
Goldblum and Rigg (2005) documented balsam fir growth rates and growth potential would 
decline under likely climate warming scenarios (~4 to 5 degree temperature increase by the end 
of the century and reduced snow conditions).  Some have projected the extirpation of spruce-fir 
forest types in the Great Lakes States (Scheller and Mladenoff 2005) and New England (Iverson 
and Prasad 2000).  In contrast, balsam fir has prolific seed production following forest 
disturbance such as harvesting (Seymour 1992), and has proliferated under the current climate 
and forest management regime dominated by partial harvesting (Olson et al. 2013, entire).  
Balsam fir is a relatively short-lived tree (~100 years), and is unlikely to persist long if climate 
change affects seed and germinations rates.  Given, anticipated climate changes, especially 
early snow melt and low spring precipitation, fir is unlikely to regenerate in the future Maine 
forest (E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 

Vegetation Management - Habitat suitable for lynx is expected to decline in the future 
(Regulatory Mechanisms section above).  By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no support high hare densities.  
For the foreseeable future, partial harvesting will continue as the primary means of forest 
management.  Although partially harvested forests with well-developed understory structure 
may provide foraging opportunities via increased prey access (Fuller et al. 2007), snowshoe 
hare densities are substantially less in landscapes dominated by partially harvested stands 
(Robinson 2006, entire; Fuller and Harrison 2010). Thus changing forest management practices 
will continue to reduce landscape hare density below levels that can support lynx.  

 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8).  
Currently, the landscape is owned primarily by  financial investors who may be less inclined to 



intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2014).   
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades.  Lynx, habitat is expected to peak and 
remain stable through about 2020 (Simons 2009, Simons-Legaard et al. 2016 p. 6).  After 2020, 
aging of the former clearcuts and extensive partial harvesting are projected to result in a 50 to 
65 percent decline in lynx habitat by 2032.  Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 4.5 percent of the landscape (Simons-Legaard 2016).   
By 2032, the Northern Maine Unit may support less than half the lynx population as it does 
today (Simons 2009, p. 209, 217).   
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
support lynx (Simons 2009, Simons-Legaard et al. 2016, Simons-Legaard 2016).  By 2022, the 
number of patches of high quality hare habitat will increase by 57 percent, but the average size 
of patches will be diminished by 87 percent, and patches will become more isolated (Simons-
Legaard et al. 2016, pp. 5-6).  The proximity index of high quality habitat patches will decline by 
78 percent within lynx home ranges.  Although lynx habitat is peaking, fragmentation is 
diminishing its ability to support lynx (Simons-Legaard et al. 2016). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty.  The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060.  The most 
most pessimistic models (lowest harvest rates, no climate change, no spruce budworm) project 
about 5 percent of northern Maine will have high quality hare habitat (Simons-Legaard 2016, 
entire), although the habitat will be much more fragmented and smaller patch size (Simons-
Legaard et al. 2016)..    
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004).  
A spruce budworm outbreak is projected to reach epidemic proportions in 2018 to 2021.  The 
epidemic has already affected 10 million acres of spruce-fir in southern Quebec, immediately 
north of Maine (Wagner et al. 2014, entire).  The last outbreak in the 1970s and 1980s killed 
millions of acres of spruce and fir forests in the northern Maine unit.  Maine’s 5.8 million acres of 
spruce-fir stands across the state are at risk of some level of defoliation.  The intensity of the 
next outbreak is uncertain, although some project a weaker outbreak because spruce and fir 
trees are younger and less susceptible and there is a higher hardwood component in northern 
Maine forests (Wagner et al. 2014, p. 21-27).  A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 



commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2014, pp. 5-6).  An 
aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1).  The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir.  The nature of 
landownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons.  The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 

Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987), although there were no large fires after the last outbreak.  Fire risk is currently 
very low in this unit and a continuous decrease in fire frequency is predicted with climate 
change in eastern Canada because of increased precipitation and decreased drought (Bergeron 
and Flannigan 1995, Flannigan et al. 1998).  Climate is expected to become more variable 
during the next century (Gregory & Mitchell 1995; Gregory et al. 1997), which could create fire 
conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region.  Notable large fires in Maine include a 3 million acre fire in 1825 and 200,000-acre 
fire in 1947. 

 

Habitat Fragmentation - The future of the 10 million-acre, sparsely populated “North Woods” of 
Maine is highly uncertain and the subject of intense public debate (Baldwin et al. 2007).  Land 
use and zoning in the state’s “unorganized townships” are the responsibility of the Land Use 
Planning Commission in the Maine Department of Conservation.  The Commission revised its 
Comprehensive Land Use Plan (De2010), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation.  The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9).  This land was traditionally owned by a few large timber companies, 
but in the 1980s there has been rapid turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005).  Financial investors, such as REITS and 
TIMOs focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they will generate a higher return.  If left unchecked, these 
pressures may continue to promote dispersed residential development throughout this region.  
Parcelization and subdivision has increased, particularly in the southern third of the jurisdiction 
(Maine Department of Conservation 2010, p. 72-73).   

 
The Commission’s has limited ability to address stressors on Maine’s North Woods, including 
resale and subdivision trend. This trend is likely to continue into the foreseeable future and will 
make management of large, forested landscapes for Canada lynx even more difficult.  
 



Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps, but this could change in the 
future.  Between 1971 and 2005, the Commission permitted 8,136 new dwellings in unorganized 
townships — an increase of 66 percent in the housing stock during this time period (Maine 
Department of Conservation 2010, p.80).  Between 1971 and 2005, the Commission issued 
1,353 development permits for new uses scattered throughout the unorganized townships 
(Maine Department of Conservation 2010, pp. 97-99); most (42 percent) being recreational 
facilities (boat launches, campsites, gatehouses, recreational lodges).  Most development has 
occurred in areas that abut organized communities and near public roads.  Within the interior 
most development has occurred on long lakeshores and waterfront.  However  the amount of 
hillside and ridge development is growing and this trend is likely to continue (Maine Department 
of Conservation 2010, p. 136), which will further fragment lynx habitat.   
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat i(ILBT 2013, p. 80).  Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire).  The North Maine Woods is a gated road system that 
encompasses about 3.5 million acres in the Northern Maine Unit.  Visitorship by outdoor 
recreationists are currently about 175,00 per year and declining.  Likewise, visitors to Baxter 
State Park and the Allagash Wilderness Waterway have declined (Vail 2007, p. 107).  Aside 
from a vigorous discussion of a proposed national park or monument, national heritage area, or 
a master tourism plan for the area (Vail 2007, pp. 112-113), there is likely to be stagnant or 
declining participation in traditional outdoor recreational activities in the future (Vail 2007, p. 
107).  Snowmobiling may be an exception, however, declining snow (see climate change 
section) make future trends uncertain. Impacts of downhill ski development on fragmentation of 
lynx habitat are expected to be minimal. Three alpine ski resorts occur within the unit, on the 
southern margin of lynx habitat: Saddleback Mountain Ski Area in Sandy River Plantation near 
Rangeley, Sugarloaf Mountain Ski Area in Carrabassett Valley, and Sunday River Skiway in 
Newry and Riley Township.  Further development of ski areas is unlikely in the western Maine 
mountains.  Future trends in outdoor recreation and associated effects on lynx, hares, and their 
habitat are uncertain in the northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development hundreds of house lots and resort development within the lynx critical habitat.  
Although these developments have not been built, they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic force in the jurisdiction, with 
grid-scale industrial wind power, biomass, biofuels, and other energy sources offering new 
opportunities to utilize natural resources. Wind energy resources are high within the lynx critical 
habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016) and are likely to accelerate in the foreseeable future.  Mining is not a 
traditional land use but is being considered at one location in the lynx critical habitat.  Extraction 
operations for gravel (for road building) are widely-scattered throughout the jurisdiction.    
 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation


The lynx critical habitat is heavily roaded, particularly with logging roads.  While accurate 
numbers are difficult to obtain, approximately 1,500 miles of public  roads and over 20,000 miles 
of private roads exist within unorganized areas of Maine (Maine Department of Conservation 
2010).  There has been discussion of an east-west limited access highway through northern 
Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if constructed, 
would further fragment habitat (Maine Department of Transportation 1999, Beck et al. 2012, p. 
38).   
 
An increasing area of the lynx critical habitat area is likely to be placed under conservation 
easements that will limit future development and fragmentation of lynx habitat.  Maine has the 
largest amount of land under easement of any state, and there are about 2 million acres of 
conservation easements in lynx habitat in northern Maine (Pidot 2011).  Continued expansion of 
areas under conservation easement is uncertain and will depend on willing landowners and 
funding available for purchase of easements  
 
All of development trends portend increased fragmentation of lynx habitat in the Maine unit. As 
habitat is fragmented, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
 
5.1.2 Unit 2 - Northeastern Minnesota 
 

Summary Unit 2 Future Conditions:   
The direct and indirect effects of climate change are expected to affect lynx into the future in 
Minnesota, specifically, there is an expected decline in the quantity, quality, and duration of 
snow; increased competition and hybridization with bobcats; northward contraction of boreal 
conifer forest, and increased isolation due to diminishing forest conditions in Ontario.The 
probability of persistence of the lynx population in Minnesota is projected to decrease over time 
with increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects and drive in the long 
term from the some of the same reasons with the addition of climate change, loss of spruce-fir 
forests, and wildfires. If the SNF in Minnesota continues to follow vegetation management and 
other recommendations under the LCAS in their Forest Plan, we expect that several risk factors 
will continue to be minimized and managed to promote the conservation of lynx within the SNF 
into the future.  It is expected that the MFRC guidelines will remain in place into the future and 
that voluntary actions will continue on state and private lands. Taking all factors into 
consideration (i.e., loss of boreal forest, competitions, disease and insect outbreaks, loss of 
snow), the experts projected the mean probability persistence of lynx in Minnesota to the year 
2025 was greater than 90 percent, to 2050 was 80 percent, and would decline to approximately 
35 percent by 2100. Comment [PM20]: Reference table YY. 



Expert Elicitation 
The probability of persistence of the lynx population in Minnesota is projected to decrease over 
time with increasing uncertainty through the end of the century (Lynx SSA Team 2016, pp. 37-
38 and Figure xx, below).  Near term drivers of the projected decline were reduced the quality, 
quantity, and persistence of snow, competition from bobcats, disease (e.g., lungworm, liver 
fluke, feline leukemia), and forest insects.  Long term drivers of the projected decline were 
reduced the quality, quantity, and persistence of snow, competition from bobcats, loss of 
spruce-fir forests, wildfires, and climate change.  Climate change was primarily associated with 
loss of boreal forest but could potentially also increase disease or insect outbreaks, and is likely 
to affect the amount of precipitation falling as good quality snow in the area of the state 
supporting lynx habitat.  The connection to lynx in Ontario reduces the likelihood of local 
extirpation in this geographic unit, but the likelihood would increase if connectivity was 
compromised. Taking all factors into consideration (i.e., loss of boreal forest, competitions, 
disease and insect outbreaks, loss of snow), the experts projected the mean probability 
persistence to the year 2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 
60 to 90 percent), and would decline to approximately 35 percent (ranging from 10 to 60 
percent) by 2100 (Lynx SSA Team 2016, pp. 37- 38). 
 

 

Figure xx.  Expected probability of persistence for the Minnesota Geographic Unit at present 
(2015), and in 2025, 2050 and 2100. 
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Regulatory mechanisms - In Minnesota, the vast majority of lynx habitat that supports long-term 
persistent lynx breeding population is administered by the Superior National Forest.  This area 
includes designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 
SNF Plan (USDA 2004), which has direction based on the LCAS and Canada Lynx 
Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, entire), 
for all forest activities that occur within LAUs.  Active management of forest lands can produce 
lynx habitat and the Superior National Forest has a long-term commitment for doing so.  If the 
SNF continues to follow vegetation and wildland fire management and other applicable 
recommendations under the 2000 LCAS (or the updated 2013 LCAS or subsequent updates) in 
their Forest Plan, we expect that several risk factors will continue to be minimized and managed 
to promote the conservation of lynx within the SNF into the future.  Management of lynx and its 
habitat on SNF land will remain in place until the forest amends or revises their individual 
LRMPs.  We expect that management direction for lynx addressing vegetation management, 
wildland fire management, and habitat fragmentation on national forest system lands will be 
incorporated into the revised or amended Forest Plans (LPMPs). 

  
Although outside of areas considered to be core lynx area (i.e., where lynx are persistent and 
are reproducing) in the Great Lakes, the Chippewa National Forest and the Chequamegon-
Nicolet National Forest Forest Plans also include direction based on the LCAS and Canada 
Lynx Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, 
entire), for all forest activities that occur within LAUs (USDA CNF 2004, USDA CNNF 2004). 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit and private landowners make up about 
16  percent of unit.  Under the Sustainable Forest Resource Act of 1995, the Minnesota Forest 
Resources Council (MFRC) has developed guidelines for site-level timber harvesting and forest 
management (MFRC 2012, entire; MFRC 2014, entire) - these voluntary guidelines are intended 
for private and state landowners and include some general recommendations for wildlife 
including lynx (MFRC 2014, pp. 4-5).  It is expected that the MFRC guidelines will remain in 
place into the future and that voluntary actions will continue. Private landowners, however, do 
not have an official commitment to land management.  We cannot say with any certainty what 
proportion of privately owned land will follow those guidelines into the future, because following 
the guidelines is voluntary. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen 2012, p. 348), but does not have lynx specific direction in its 
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management plan (NPS 2002, entire).  The National Park consults with the FWS to consider the 
effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as long as the 
species is listed under the ESA.  Lynx documented on and near Voyageurs National Park are 
probably transient animals (Moen 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004.  On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses.  The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota.  This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (LCAS 2013, p. 49). 
 

Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range.  Since the time of listing, new information on regional 
climate changes and potential effects to lynx habitat has been developed (e.g., Danby & Hik 
2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new information 
suggests that climate change may be an issue of concern for the future conservation of lynx 
because lynx distribution and habitat is likely to shift upward in elevation within its currently 
occupied range as temperatures increase (Gonzalez et al. 2007, entire).  Greatest stressors of 
climate change include diminishing snow depth, quality and duration; competition from bobcats 
and other carnivores, hybridization with bobcat (Schwartz et al. 2002); loss of spruce-fir to 
northern hardwoods; and future isolation of the metapopulation because of diminishing forest 
conditions in Ontario. 

  
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007) and predicted loss 
of forest and snow conditions able to support lynx in Minnesota by the end of the century. 
Notaro et al. (2015) projected changes in lake effect snowfall using downscaled climate models 
(Abdus Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model 
version 4 (RegCM4; Elguindi et al. 2011; Giorgi et al. 2012) for the Great Lakes Basin. Siren (in 
Lynx SSA Team 2016, p. 15) stated that climate models show an increase in lake effect snow in 
the eastern Great Lakes until 2050, with a decline later in the century, with an overall decline in 
the amount and duration of pack in the Midwest. 
  
Although there are uncertainties about future climate warming, lynx populations in Minnesota 
are expected to recede northward and decline over the next century (Lynx SSA Team 2016, pp. 
37-38).   



  
Lynx require at least four months (120 days) of continuous snow coverage (Gonzales et al. 
2007, p. 7).  Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9).   In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow.  The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro 2015, pp. 1676-1678). The Minnesota 
unit may be more vulnerable to snowpack loss due to lack of elevational refugia (Siren in Lynx 
SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes.  
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century.  Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzales et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the state (Gonzales et al. p. 2007, p. 19).  According to Frelich (in Lynx 
SSA 2016, p. 14) Minnesota is likely to lose boreal biome, potentially within the next 60 to 70 
years, with unmitigated climate change.  According to Gonzales et al. (2007, p. 8), the Superior 
National Forest is a potential refugia for lynx in the lower 48 states, however, when compared to 
other regions. 
 

Vegetation Management - Vegetation management conducted under the Forest Plan currently 
will likely continue into the future on Forest Service lands in Minnesota. These activities include 
timber harvest, such as thinning, clear-cutting, shelterwood, partial cut, and uneven-aged 
cutting; wildlife restoration projects that involve tree cutting, shearing, burning, seeding, and 
planting; prescribed burning for ecological purposes, hazardous fuel reduction, and site 
preparation; mechanical site preparation. 

 
Vegetation, timber, and minerals management authorized under the Forest Plan has the 
potential to adversely affect lynx and lynx critical habitat by reducing habitat quality for denning, 
foraging, and dispersal; disrupting travel, resting, and foraging patterns; disturbing denning 
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females and reducing habitat quality for lynx prey species, especially snowshoe hare. 
Depending on the timing, frequency, intensity, extent, amount, or other conditions, impacts may 
be variable among similar projects. Using the LCAS as a basis, the Forest Plan has 
incorporated a number of components that would reduce the risk of those impacts into the 
future. We expect that management direction for lynx addressing vegetation management on 
national forest system lands will be incorporated into the revised or amended future plans, using 
LCAS as a basis. 
  
Future Forest Plan revisions will likely maintain broad direction to design and implement 
vegetation management projects to maintain or restore conditions for lynx foraging and denning 
habitat and to maintain or improve juxtaposition of required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. ). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USDA 2004). Further, unsuitable habitat for lynx would vary only slightly 
with continued implementation of the Forest Plan and would remain distinctly below the 
maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated into 
the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in the 
2004 (USDA 2004). Because suitable habitat on National Forest lands alone is such a high 
percentage within LAUs and the Superior National Forest is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 

Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks.  Measurable defoliation due to spruce 
budworm has occurred in Northeastern Minnesota continuously since 1954 (MN DNR) and is 
expected to continue into the future.  Modeling to evaluate the relative strength of interactions 
between spruce budworm outbreaks and fire disturbances in the BWCA showed that budworm 
disturbance can partially mitigate long-term future fire risk by periodically reducing live ladder 
fuel within the forest types of the BWCA but will do little to reverse the compositional trends 
caused in part by reduced fire rotations there (Sturtevant et al. 2012, pp. 1286-1292).  

 
The Superior National Forest manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are and 
are expected to continue to be the dominant force in ecosystems on the BWCAW. 
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Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada.  Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USDA 2011, p. 119).  The Forest Plan (USDA 2004) provides 
direction on limiting lynx habitat fragmentation and the Forest actively consolidates habitat 
through land acquisitions and exchanges.  

 
 
 
5.1.3 Unit 3 - Northwestern Montana/Northeastern Idaho 

Summary Unit 3 Future Conditions 
 
 
 
 

Expert Elicitation 
As for previous units, all expert graphs showed an initially high and subsequently decreasing 
probability of persistence for this unit, with increasing uncertainty over time, but a higher 
probability of persistence at all time frames than other units. All experts predicted near-term 
(year 2025) persistence probability >= 95%, and all predicted mid-century persistence at 70% to 
100% (median = 90%). All experts predicted end-of-century persistence probabilities >= 50%, 
with a median of 78%, by 2100 (Figure 7). 
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Figure XX. Expected probability of persistence for the Northwestern Montana/Northeastern 
Idaho Geographic Unit at present, 2015, and in 2025, 2050 and 2100. 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
two units discussed thus far. Most lynx habitats in this unit occur on Federal lands that are 
managed for lynx conservation, but one expert noted that little has been done to document 
whether lynx are responding to this management. The recent sale of large tracts of private 
commercial timberlands in the central part of this unit to The Nature Conservancy has increased 
protection for lynx via conservation easements managed for lynx. Habitats in some areas should 
improve in the near future as previously cut or burned areas mature into dense stands. Unlike 
the Maine and Minnesota geographic units (but similar to most other western units), high 
elevations in this unit could buffer the effects of climate change by providing for the upslope 
migration of lynx habitats and snow conditions that climate models predict. However, this would 
result in even patchier and more isolated islands of habitat in high elevation areas that would be 
more prone to extirpation due to catastrophic or stochastic events. Competition from coyotes 
and bobcats seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 



demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to 2050 and beyond, 
some experts felt there may be more pressure on lynx populations in this unit from continued 
increases in fire extent and severity. Other experts expressed a different opinion of the overall 
effect of fire in this unit, indicating that it may actually improve habitat over time, and that 
whether fires improve or degrade habitat depends on the frequency, intensity, size and spatial 
extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future. 
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5.1.4 Unit 4 - North-central Washington 
 

Summary Unit 4 Future Conditions 
 

Expert Elicitation 
Lynx Viability - see Minnesota unit above, bring in results from expert workshop report. 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 8). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 8). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
 
 

 
 



Figure XX. Expected probability of persistence for the North-central Washington Geographic 
Unit at present, 2015, and in 2025, 2050 and 2100. 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit.  Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish.  We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming.  These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007.  The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx.  Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs.  We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP.  Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan.  The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6).  Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both federal and 
state managed lands within Washington State. 
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Climate Warming - The one risk factor identified by the LCAS over which the Forest Service, or 
the WADNR for that matter, has little ability to control or influence is climate change.  Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx Workshop Report 2016, p. 56).  

  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change.  
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat.  Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons.  The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat).  They also found that 
fire exclusion had little impact on natural fire regimes.  Rather, climate appeared to be the 
primary driver of increasing wildfire risk.  As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington).  Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades.  Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington.  The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires due to its small size and current lynx population (Lynx Workshop 
Report 2016, p. 27).  However, the experts felt the potential extirpation of lynx, should it occur 
from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), may be 
ameliorated to some extent due to Washington’s juxtaposition and connectivity to Canadian lynx 
populations.  The experts felt that lynx immigration from Canada may rapidly recolonize 
Washington as the habitat recovers from fires or other impacts (Lynx Workshop Report 2016, p. 
43).  Climate change, in addition to potentially affecting fire return intervals, fire severity 
(intensity, size), and insect outbreaks, is likely to affect the amount of precipitation falling as 
snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75).  
Snowshoe hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 
448). 
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Climate change may impact the quantity, quality, and temporality of snow in the Cascades.  
Mote (2003, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft).  Additionally, Mote (2003, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades.  Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack.  Corroborating Mote’s 
speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures.   Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48).  Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades.  Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42).  Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced due to decreasing quantity 
and quality of snow. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44).  Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx Workshop Report 
2016, p. 43). 
 

Vegetation Management Fed - Okanogan plan, USFS/USFWS conservation agreement. State 
lands - Loomis/WADNR HCP/lynx mgmt. plan? 

 

Wildland Fire Management - what is strategy on these lands?  How does it affect lynx 

 

Habitat Fragmentation 
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5.1.5 Unit 5 - Greater Yellowstone Area 
 

Summary Unit 5 Future Conditions 
 
DO    

Expert Elicitation 
 
This unit has a long history of lynx presence, but the consistency of occupancy over time is 
uncertain. Research and surveys since 1997 have detected few lynx in this unit. Lynx are likely 
spatially limited within the unit because of the patchy distribution of high-quality habitat and the 
generally low or marginal hare densities in much of the unit. Lynx have large home ranges in 
this area, an indicator of lower habitat quality. Nevertheless, until recently, this unit appears to 
have supported a small resident lynx population. The current lynx population in this unit is very 
small - likely fewer than 10 lynx, and possibly zero. This population may have been somewhat 
larger in the past; however, there is some uncertainty about this. Recent surveys and trapping 
efforts have not detected resident lynx, only several that were previously released in Colorado. 
Several Colorado-released lynx have established home ranges in the GYA unit, and there is 
evidence of overlapping male and female home ranges. In the late 1800s and early 1900s, there 
was notable predator control in some parts of this unit. There currently is oil and gas exploration 
and development activity in parts of this unit, but potential impacts to lynx are uncertain, and 
projects are attempting to minimize impacts to lynx habitat. 
 
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 9). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure XX. Expected probability of persistence for the GYA geographic unit at present, 2015, 
and in 2025, 2050 and 2100. 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
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5.1.6 Unit 6 - Western Colorado 
 

Summary Unit 6 Future Conditions 
Climate change is expected to affect vegetation, and influence snow conditions within the 
Western Colorado unit.   
 
 

Expert Elicitation 
Lynx Viability – EE Final Report: The majority of the experts suggested an initially high 
probability of persistence in Colorado, declining gradually with increasing uncertainty through 
the end of the century.  Experts predicted near-term (year 2025) persistence probabilities of 60 
percent to 100 percent (median = 90 percent), and mid-century persistence at 50 percent to 85 
percent (median = 80 percent).  Experts predicted end-of-century persistence probabilities of 20 
percent to 70 percent for this unit, with a median of 50 percent, by 2100. 
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Figure 10. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats.  Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types.  Although 8 of 10 experts 
graphed 50 percent to 70 percent probability of persistence at 2100, during subsequent 
discussions, several expressed greater uncertainty about whether resident lynx will persist in 
the unit at the end of the century.  Higher-quality lynx habitat occurs primarily in two areas and 
is patchily-distributed.  Lynx in this unit may occur as several smaller, relatively isolated 
subpopulations, which are likely more vulnerable to stochastic events.  This unit’s relative 
isolation may limit exchange with other lynx populations, increasing the likelihood of genetic drift 
and reducing the chance of demographic rescue or recolonization if lynx in the unit become 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 



is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 
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Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming, and 
Colorado.  We concluded that the Southern Rockies Lynx Amendment substantively reduced 
the inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
Service land management on lynx (Service 2008, p 70-71).  Lynx habitat on all other 
ownerships makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five 
percent is in Federal ownership.  Other ownerships include state, county, municipal, etc., and 
private lands.  The BLM resource management plans have not been amended to include 
conservation specifically for lynx and, with a few exceptions.  Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands.  Generally these extensions are insufficient on their own to support a lynx home 
range.  However, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAU’s. 

 
The State of Colorado manages lynx as a state endangered species, prohibiting take of the 
species with exceptions for protection of human life and incidentally during depredation 
management (not caused by lynx) [Chapter 10, art. II, #1002, B 1 and 3, Colorado Wildlife 
Regulations]. 
  

Climate Warming - Interagency Lynx Biology Team (2013 p. 61) – “Climate change generally is 
expected to result in warmer winters, earlier spring snowmelt, and a reduction in the extent of 
snow cover in the southern Rockies. McKelvey et al. (2011) used a variety of climate models to 
predict snow depth and the persistence of spring snow across the western United States.  The 
models predicted an overall decline in persistent snow of 40 percent, but large areas of 
persistent snow would continue to be retained late in the 21st century, including the high 
elevations of Colorado.” 

 
“All of the climate models under all representative concentration pathway (RCP) project that 
Colorado’s climate will warm substantially by 2050.  Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline.  Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs.  Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
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to the 1971–2000 baseline.  Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014 page 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014 page 63]).  “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014 page 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, page 65). 
 

Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate.  Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities.  Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 

 
Vegetation management on non-federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 

Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historic vegetative patterns.  This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity.  It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years).  Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years.  Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008 page 36) 
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Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire.  Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation.  Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to be 
developed and expended.  While these linear features already exist on the landscape, widening 
of the cleared right-of-way, as well as behavioral avoidance of highway rights-of-way due to 
traffic reduces available habitat.  Many ski areas in Colorado are located within lynx habitat and 
will likely be expanded in the future through permanent removal of vegetation  to create 
conventional ski runs, reducing tree density and clearing understory vegetation to create glade 
conditions, reduces lynx habitat.  The magnitude of fragmentation caused by these sources of 
fragmentation has not been quantified, but is unlikely to remove enough habitat to eliminate the 
possibility of lynx persistence in Colorado. 

 

5.2 DPS-wide Future Conditions & Combined Probabilities of 
Persistence  

The assessment indicates that neither Redundancy nor Representation are primary DPS-wide 
risk factors.  Therefore, the central concern is Resiliency of each defined unit, i.e., the six 
geographic units.  

 
 

As stated above, the future condition of the Lynx DPS as assessed in this version of the SSA 
report identifies resiliency of each defined unit, and the combined probabilities of persistence as 
the focus of our assessment process.  This section extrapolates from the probability of 
persistence responses for each geographic unit in the sections above, i.e., from results show in 
figures 5-10.  In this section we show the combined probabilities of persistence for those 
geographic units to provide a sense of what the DPS-wide results could be when the results for 
the individual geographic units are combined.  This is shown as a summary of the probability 
that a given number of geographic units persist into the future (See Figure 11), and the 
probability that a given number or more of geographic units persist into the future (See Figure 
12) using the probabilities provided for each individual unit.  Note that no additional information 
was elicited to produce this summary; rather, the probabilities for each geographic unit were 
treated as independent probabilities of persistence and used to determine the probability of 
persistence for a given number of geographic units in total.  These probabilities were 
determined using the statistical software R (See Appendix 6 of the EE workshop report).  The 
resulting probabilities are shown both for a particular number of geographic units persisting and 
at least a given number of geographic units persisting. 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each 
grid.  Moving from top to bottom the grids show the probabilities of a specific number of 
geographic units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to 
right the grids show the range of expert responses by probability response.  The leftmost 
column shows the median of the highest probability predictions from the experts, and the 
rightmost the lowest probability predictions. Therefore looking down a column of grids provides 
a view of the trend in persistence through time and looking across a row of grids provides a view 
of the range of uncertainty in persistence experts had for a given time period.  The summarized 
probabilities presented here are provided to aid understanding of the implications of the 
individual persistence probabilities provided above, are derived directly from those responses 
and therefore should be not be interpreted as a separate result from  those figures.. 

Combining the individual probabilities from each geographic unit into a prediction of the total 
persisting geographic units presumes that the probabilities of persistence of the geographic 
units are independent of each other.  The factors supporting this independence assumption are 
the distance between the geographic units, and the lack of evidence for migration between the 
units as a factor in the production of resident lynx in these geographic units.  This separation 



would likely result in the abundance in each geographic unit acting largely independently from 
each other.  However, there are some factors identified in the future condition assessment that 
could result in dependent persistent probabilities (i.e., increased likelihood of all or none of the 
units persisting rather than a mix).  The factors that could lead to shared probabilities of 
persistence are the potential for migration between the Montana, GYA, and Colorado units, 
shared migration rates to or from Canada, and shared habitat status across units due to climate 
change. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by probability response as in Figure 11.  Therefore looking 
down a column of grids provides a view of the trend in persistence through time and looking 
across a row of grids provides a view of the range of uncertainty in persistence for a given time 
period.  The summarized probabilities presented here are provided to aid understanding of the 
implications of the individual persistence probabilities provided above, are derived directly from 
those responses and therefore should be not be interpreted as a separate result from  those 
figures. 
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Expert Assumptions during Persistence Graphing Exercises 
Experts were asked to summarize the assumptions that informed their resiliency responses 
(See EE workshop report).     The main assumptions that were considered related to climate 
change, regulatory protections, population size effects, and irruptions of lynx from 
Canada.Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate consideration of an explicit 
emissionscenario).  However, in discussions following the graphing exercise, experts indicated 
that the confidence intervals around their persistence probabilities were likely to capture the 
variance associated with different emission scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current federal and state 
land management policies).  Others indicated their persistence probabilities were not influenced 
by regulatory considerations but that doing so would not have altered their projections.  Their 
focus was on the biology and ecology of the species, not listing status-related impacts or 
regulatory scenarios in the future, and they felt that factors influencing lynx persistence on the 
landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

DPS wide factors influencing resiliency and updated conceptual models 
Expert responses and assessment of the best available science by the USFWS core team 
indicate that continued climate warming and associated direct and indirect effects will likely 
exert the greatest negative influence on the probability of persistence for lynx in the DPS 
regardless of which climate emissions scenario is used to model future conditions, although the 
timing, extent, and magnitude of impacts is uncertain and will likely vary by scenario. 
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Other summaries for factors influencing the individual units that apply DPS wide and are 
important to summarize… 
 
 
DO UPDATED CONCEPTUAL MODELS AND NARRATIVE 
 
 
5.2.2 Narrative 3 R Summary (workshop report and literature review and 
assessment) 

5.2.2.1 Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

5.2.2.2 Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
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extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period rather than to any single event over the next 10 years (see Figure 
2 above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of -acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
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of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

5.2.2.3 Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of units, individual populations, 
or the DPS as a whole.  Efforts to understand resiliency are also confounded by the 
metapopulation structure thought to govern lynx populations at the southern margin of their 
continental range (i.e., populations and subpopulations in the DPS), the related uncertainty 
about the extent to which DPS populations may rely on cyclic immigration of lynx from Canada 
during population irruptions, and the ambiguity in the historic record that limits our 
understanding of the relative persistence of lynx in various geographical areas of the contiguous 
U.S. and, thus, the contribution of those areas to the viability of the DPS.  Our evaluation of the 
resiliency of lynx populations in the DPS is limited, therefore, to a largely qualitative assessment 
of the current status of populations in each of the six geographic units along with the 
quantitative summary of expert professional judgment of their likelihood of persistence over time 
given known or perceived potential threats. 
  
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic units.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50 percent of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0 percent to 100 percent probability of 
persistence) of possible outcomes. 
  
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
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insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
  
Summary 
 
Based on our assessment of the ecology, the current status, and the projected future status of 
lynx in the DPS neither representation nor redundancy are primary concerns for the viability of 
the DPS.  The assessment of population genetics and the assessment of events that could be 
compensated for by redundancy indicated that the viability of the lynx DPS is unlikely to be 
primarily driven by these factors, and therefore by representation or redundancy.  Given this 
assessment the primary driver of lynx viability is resiliency of the individual geographic units. 
 
Overall, the assessment indicates that, based on the average expectation from the elicited 
experts, all five of the geographic units known to currently support resident lynx populations 
have a greater than 70 percent expectation of doing so by mid-century, but a declining likelihood 
and greater uncertainty of doing so by the end of the century.  It is uncertain whether the 
remaining geographic unit (the GYA) currently supports resident lynx, and expert responses 
indicate a lower probability that it will do so in the future compared to the other units.  Taken 
together these average probabilities of persistence result in an expectation that 5 geographic 
units persist in 2050, and 3 in 2100, but the uncertainty is sufficient to expect a greater than 20 
percent chance that the realized number of persisting units will be between 6 and 2 geographic 
units in 2050 and between 5 and 0 in 2100 (see Figure 11 and accompanying discussion for the 
full assessment).  This assessment of DPS wide counts of persisting geographic units presumes 
that the units have independent persistence probabilities.  This presumption is based on the 
geographic isolation of the units from each other and the limited evidence of migration between 
units, but the possibility of migration between the Montana, GYA, and Colorado units, or 
concurrent impacts of climate change across units could result in shared probabilities of 
persistence for some or all of the geographic units. 
 
This assessment suggests that the overarching factor influencing the long-term viability of lynx 
populations in the DPS is climate change, which is anticipated to result first in loss of snow 
conditions favorable for lynx and, after an uncertain lag time following continued climate 
warming, loss (northward and upslope migration) of boreal forest habitats, although the timing 
and magnitude of such losses are uncertain (see ecology section for the full assessment). 
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From: Holt, Bryon
To: Cummings, Jonathan
Subject: Re: Conceptual Model Status
Date: Wednesday, August 24, 2016 8:45:37 AM

Jonathan,

Disregard previous email.  I went into Google Drive and viewed models there.

Bryon

On Wed, Aug 24, 2016 at 8:30 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Hi Jonathan,

When I downloaded and tried to open one of the attachments you sent a pop-up window
asked what program to open the file with.  Do you know off hand which program I would
use to open the doc?

Bryon

On Wed, Aug 24, 2016 at 6:33 AM, Cummings, Jonathan <jwcummings@usgs.gov> wrote:
Hi Mark,
Sorry, I should have included instructions...

If you would like to edit them yourselves here is the protocol.
1. go to mentalmodeler.org
2. scroll down to the section called download
3. Clink on the "Use the online Mental Modeler Suite... (password required)
4. The online version of the program will open and a pop-up will ask for a username and
password, which are always the same.  After entering these you now have access to the
model editor. 
Username: mentalmodeler
Password: mentalmodeler
5. Click the load button along the top (See To load .mmp files below)
6. Select the file you want to edit
7. Make your edits
8. Click save to save your edit, and/or click the camera icon to create an image of the
edited model.

To load .mmp files
1. Download the .mmp files you want to edit from google drive (the .mmp file contains
code to create the model image - which is what Mark was seeing when he tried to open it
in the drive) OR download the attached files here

On Wed, Aug 24, 2016 at 9:12 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jonathan and Jim:
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It does not seem that we have the ability to edit these conceptual models from the new
folder and files that you created.  What is the most efficient way to suggest edits?  I
don't understand the files in the 08232016 folder that contain all computer script.  Is this
where we would edit labels, etc.?

Jim:  Perhaps this is something we can discuss among ourselves today?

Mark

On Tue, Aug 23, 2016 at 4:02 PM, Cummings, Jonathan <jwcummings@usgs.gov>
wrote:

Hi All,

I know we didn't quite get through a full discussion of the conceptual models, but we
made a lot of progress on them today.  Looking back at the various versions and
thinking about it after our call I'm going to make a suggestion for how you proceed. 
This just comes from me, so if it doesn't match with what you want to do based on our
call proceed as you see best.

My Suggestion:

Introduction - Ch 1
Present an early form of the conceptual models as the initial state of knowledge when
the assessment began.  

Text along the lines of: We began our assessment by quickly formulating our
understanding of lynx viability using conceptual models to diagram the factors
contributing to viability.  Figure 1 (my #1 in the list below) displays the 3Rs and the
factors we initially hypothesized drive the status of the 3Rs for lynx.  Because of the
additional complexity of factors influencing resiliency we developed a more specific
conceptual model for resiliency (Figure 2).

Use two models only:
Figure 1. Ch1 Lynx Species Viability CM 08232016
Figure 2. Ch1 Resiliency

Commentary: I think you can leave the early versions of representation and
redundancy out and communicate the key representation and redundancy topics by
discussing the subsequent species level model of the 3Rs

Ecology - Ch 2
Present the simplified resiliency conceptual model that highlights the most important
factors influencing lynx resiliency.

Text along the lines of:  As we conducted our assessment of Lynx ecology we honed
in on the key factors influencing the status of lynx in the geographic units making up
the DPS.  We summarized those factors in Figure 3.

Use one model only:
Figure 3. Copy of Simple Resilience

mailto:jwcummings@usgs.gov


Commentary: You could also put the more complex resiliency conceptual diagram
developed for Ch 5 into this chapter if the role of drought, fire, etc. is important to
note in this chapter as well as Ch 5.  

I think the description under Snow Amount in this Copy of Simple Resilience still
needs to be edited to match the other descriptions.  

Future Condition - Ch 5
Present our updated form of the conceptual models as the final state of your
knowledge as it pertains to predicting future viability following the assessment.  

Text along the lines of:  After assessing the future condition of lynx in the DPS we
adjusted our understanding of the key factors likely to influence the status of the DPS
until 2100.  Figure 4 displays our assessment of the role of the 3Rs and the factor that
are likely to negatively influence viability in the future.  Because the assessment
pointed to Resiliency as the major measure of viability that will vary in the future we
present a more specific conceptual model for resiliency (Figure 5).

Use one model only:
Figure 4. Lynx Species Viability CM 08232016
Figure 5. Lynx Resiliency CM 08232016

Commentary: I don't think you need specific figures for the other Rs because you can
discuss them with the species viability CM.

To Do items:
1. Edit the description under Snow Amount in the Copy of Simple Resilience
2. Review Lynx Resiliency CM 08232016 to determine how well it represents the
Core team's understanding of DPS wide factors influencing resiliency and review the
SSA report text to ensure consistency between narrative text and this diagram.
3. Update Lynx Resiliency CM 08232016 if necessary (I can help with this if needed,
just schedule a time to do so)
4. Consider above suggestions and edit SSA report to match, or develop an alternative
plan for conceptual model use (again, I can discuss ideas if needed)

I put all of the conceptual models and png images of those models in a new folder:
SSA\Conceptual Model\08232016 (link), so you should be able to edit those images
(crop/resize as needed) and insert them into the SSA report from there.

I know your all eager to wrap this up and it feels far away, but this is one of the big
ticket items remaining and I think this can can be completed pretty quickly.

Jonathan

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA

https://drive.google.com/drive/u/1/folders/0BxeUAgASF6g0OVUyTUUzcGNnVjQ


jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED!!!!  On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
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email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: steveloch07@gmail.com
To: Ryan, Daniel; Barber-meyer, Shannon; john.erb@state.mn.us; phil_delphey@fws.gov
Cc: tamara_smith@fws.gov
Subject: Re: possible hybrid / possible lynx capture on USFS 174 Road today
Date: Wednesday, August 24, 2016 12:54:40 PM
Attachments: DSCF2086.JPG

DSCF2094.JPG
DSCF2089.JPG
DSCF2098.JPG

Yes, given the circumstances, I wonder why employees of federal agencies working in
Minnesota rather consistently play that "possible hybrid" card?   (After trappers in Minnesota
have taken a lynx, enforcement personnel in MnDNR & USFWS have presented a similar
stance; i.e., suggesting the animal could be a F1 hybrid despite available evidence to the
contrary.) 

If a wild Minnesota felid specimen is in good shape, there is no valid reason to submit
potential confusion to a scenario by suggesting the animal in question could be a hybrid;
unless, of course, that specimen actually is an F1 hybrid.   In this instance, the specimen is
clearly NOT an F1 bobcat X lynx hybrid; rather, it is a mature male lynx.  Glancing at the pale
color of the fur on the underfoot provides all the information that is necessary to make that
determination.  (Also, the ventral aspect of the tip of the tail provides no hint the specimen is a
hybrid.)
-----------------

218-827-2727

-------- Forwarded Message --------
Subject:FW: possible hybrid / possible lynx capture on USFS 174 Road today

Date:Wed, 24 Aug 2016 13:12:08 +0000
From:Ryan, Daniel C -FS <dcryan@fs.fed.us>

To:Steve Loch (steveloch07@gmail.com) <steveloch07@gmail.com>

Thoughts?
 
 
 
From: Barber-meyer, Shannon [mailto:sbarber-meyer@usgs.gov] 
Sent: Tuesday, August 23, 2016 6:29 PM
To: Malick Wahls, Sarah - FS <smalickwahls@fs.fed.us>; Catton, Timothy J -FS <tcatton@fs.fed.us>;
Ryan, Daniel C -FS <dcryan@fs.fed.us>
Subject: possible hybrid / possible lynx capture on USFS 174 Road today
 
Hello,
 
The USGS wolf trapping crew captured a possible hybrid / possible lynx today on the USFS
174 Road.  It was drugged and subsequently released after processing.
 
Capture location is T 60 N, R 7W, Section 6.  UTM is 15 N 0629881 5286102 (WGS 84).
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Crew sexed it as a male.  It weighed 25 lb.  They noted it was in "very good body condition".

Based on staining of teeth they did not think it was a young of the year but the teeth were still
"sharp" so they didn't think it was very old.
 
This particular set was outfitted with one of our 6 trap "transmitter" devices that helps us
estimate when an animal was captured - this one appears to have been caught just before 11
pm last night.  
 
We collected a hair sample that I will leave on Sarah's desk in a coin envelope with the date
and location written on it.
 
I will attach pictures that the crew snapped while processing the animal that might help you in
visually getting a feel for whether it is a hybrid or not.  Looks pretty lynx-ish to me with the
tufts and huge feet and black-ink dipped tail all around - but I am reluctant to hazard a guess
without genetics to say for sure one way or the other when they're this brown and spotty. 
Guess it depends too on "how much" of a hybrid if / when back crossing occurs.
 
I think that's everything that we were requested to try to determine if we every actually catch
one (except of course if the animal is lactating because this was sexed as a male).
 
Thanks,
Shannon
 
--
Shannon Barber-Meyer, Ph.D.
Wildlife Biologist
USGS Wolf and Deer Project
1393 Hwy 169
Ely, MN 55731
 
218-365-2087
sbarber-meyer@usgs.gov
https://profile.usgs.gov/sbarber-meyer

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.
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From: Smith, Tamara
To: Holt, Bryon
Cc: Zelenak, Jim; Kurt Broderdorp; Mark McCollough
Subject: Re: FW: Latest Lynx SSA Map with ellipses instead of range polygons
Date: Thursday, August 25, 2016 10:03:07 AM

MN looks good. Thanks!

On Wed, Aug 24, 2016 at 9:33 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Jim,

I am good with the blue lines depicted on the map as representing a very rough
approximation of lynx range in north-central Washington, and northern Idaho/north-eastern
Washington.  Thanks for considering my recommendations.

Bryon

On Tue, Aug 23, 2016 at 12:07 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hey Kurt et al. - decided to send this to the whole team to see if they are OK with the changes to the map we
discussed.  Team - please take a look at the attached and see if the blue lines are a better reflection for your
units - if no changes are indicated but you think some are necessary, please make them and then scan and send
to me and Kurt.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Aug 3, 2016 at 7:42 AM
Subject: Re: FW: Latest Lynx SSA Map with ellipses instead of range polygons
To: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>

Thanks, Kurt.

I made some changes (hand-drawn blue marker lines) based on earlier discussions with Mark and Bryon. Could
you and Dan take a look at attached and see if you can incorporate them?  I know it may complicate some
things (e.g., "Northern Maine Unit" will also include N NH and VT, and NW MT/NE ID will now include
northern [not just northeastern] Idaho and northeastern WA...).  But oh well.

If you can make these changes and the polygon identifier to the key, we will share with the rest of the team, get
their feedback, and discuss whether our units should be renamed.

Thanks again.

On Wed, Aug 3, 2016 at 7:14 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jim,  Dan and I sat down and based on the previous ellipse style
map, came up with the attached map.   

 

Kurt Broderdorp
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US Fish and Wildlife Service

(970) 628-7186

 

From: Daniel Reinkensmeyer [mailto:daniel_reinkensmeyer@fws.gov] 
Sent: Monday, August 01, 2016 11:48 AM
To: Kurt Broderdorp
Subject: Latest Lynx SSA Map with ellipses instead of range polygons

 

Hi Kurt.  Here’s a copy of the map we worked on this morning.

 

Dan

 

 

Dan Reinkensmeyer

U.S. Fish and Wildlife Service

Western Colorado Ecological Services Field Office

445 West Gunnison Avenue, Suite 240

Grand Junction, CO 81501-5711

970-628-7193

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell
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From: steveloch07@gmail.com
To: Barber-meyer, Shannon
Cc: Ryan, Daniel; Erb, John D (DNR); phil_delphey@fws.gov; tamara_smith@fws.gov; L. David Mech; Malick Wahls,

Sarah - FS; Timothy Catton
Subject: Re: possible hybrid / possible lynx capture on USFS 174 Road today
Date: Thursday, August 25, 2016 10:27:23 AM
Attachments: top F1 lynx-bobcat hybrid. bottom Canada Lynx.jpg

left Canada Lynx; right F1 lynx-bobcat hybrid.jpg
front paw -- left F1 lynx-bobcat hybrid, right Canada Lynx.jpg
F1 lynx-bobcat hybrid.jpg

Shannon,

Four photographs are attached.  Three depict a specimen of an F1 bobcat/lynx hybrid
compared to a Canada Lynx (both cats show winter pelage).  If it is not apparent, the file name
of the photo assists with the identification of the two animals.

Note the color of the plantar surface of the paws of the two cats.  As with bobcats, the fur of
the underfoot of the hybrid is dark, though not as black as generally occurs on a bobcat.   By
contrast, lynx paws are pale or light-colored.  When there's a question regarding the possibility
that a specimen might be a hybrid, the pale color of the fur on the underfoot of a lynx is
particularly useful and diagnostic.   There are other field characteristics for hybrids, which are
helpful in alerting one to the fact they have indeed encountered a hybrid - but none of the other
characteristics are so clear as the one I have just described.

Hope this helps,
Steve

Subject:Re: possible hybrid / possible lynx capture on USFS 174 Road today
Date:Wed, 24 Aug 2016 13:31:23 -0500

From:Barber-meyer, Shannon <sbarber-meyer@usgs.gov>
To:Steve Loch <steveloch07@gmail.com>

CC:Ryan, Daniel <dcryan@fs.fed.us>, John Erb <john.erb@state.mn.us>,
phil_delphey@fws.gov, tamara_smith@fws.gov, L. David Mech
<mechx002@umn.edu>, Malick Wahls, Sarah - FS <smalickwahls@fs.fed.us>,
Timothy Catton <tcatton@fs.fed.us>

Thanks for your email, Steve.

I think I might be able to help you regarding your question as to "why employees of federal agencies
working in Minnesota rather consistently play that "possible hybrid" card".  As a scientist, I prefer to
explicitly indicate my uncertainty.  Knowing that the USFS uses DNA to confirm suspected
lynx leads me to believe that it cannot always be based on visual inspection alone when known
hybrids are in the area. 

In the email I stated "I will attach pictures that the crew snapped while processing the animal that might help you in
visually getting a feel for whether it is a hybrid or not.  Looks pretty lynx-ish to me with the tufts and huge feet and black-ink
dipped tail all around - but I am reluctant to hazard a guess without genetics to say for sure one way or the other when they're
this brown and spotty.  Guess it depends too on "how much" of a hybrid if / when back crossing occurs." 
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I am, of course, familiar with some of the typical signs of a lynx (longer ear tufts, big furry
feet, neck ruff, tail tip black all the way around) - but I was under the impression that some of
these features also appear in varying degrees in hybrids.  Thus, when uncertain, I prefer to
report it as I did in this case and let the experts decide.

So hopefully you can see I wasn't trying to "play any card" - but appropriately leaving it up to folks with greater expertise than
I to make the determination.

Thanks,
Shannon

On Wed, Aug 24, 2016 at 12:46 PM, <steveloch07@gmail.com> wrote:
Yes, given the circumstances, I wonder why employees of federal agencies working in
Minnesota rather consistently play that "possible hybrid" card?   (After trappers in
Minnesota have taken a lynx, enforcement personnel in MnDNR & USFWS have presented
a similar stance; i.e., suggesting the animal could be a F1 hybrid despite available evidence
to the contrary.) 

If a wild Minnesota felid specimen is in good shape, there is no valid reason to submit
potential confusion to a scenario by suggesting the animal in question could be a hybrid;
unless, of course, that specimen actually is an F1 hybrid.   In this instance, the specimen is
clearly NOT an F1 bobcat X lynx hybrid; rather, it is a mature male lynx.  Glancing at the
pale color of the fur on the underfoot provides all the information that is necessary to make
that determination.  (Also, the ventral aspect of the tip of the tail provides no hint the
specimen is a hybrid.)
-----------------

218-827-2727

-------- Forwarded Message --------
Subject:FW: possible hybrid / possible lynx capture on USFS 174 Road today

Date:Wed, 24 Aug 2016 13:12:08 +0000
From:Ryan, Daniel C -FS <dcryan@fs.fed.us>

To:Steve Loch (steveloch07@gmail.com) <steveloch07@gmail.com>

Thoughts?

 

 

 

From: Barber-meyer, Shannon [mailto:sbarber-meyer@usgs.gov] 
Sent: Tuesday, August 23, 2016 6:29 PM
To: Malick Wahls, Sarah - FS <smalickwahls@fs.fed.us>; Catton, Timothy J -FS
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<tcatton@fs.fed.us>; Ryan, Daniel C -FS <dcryan@fs.fed.us>
Subject: possible hybrid / possible lynx capture on USFS 174 Road today

 

Hello,

 

The USGS wolf trapping crew captured a possible hybrid / possible lynx today on the USFS
174 Road.  It was drugged and subsequently released after processing.

 

Capture location is T 60 N, R 7W, Section 6.  UTM is 15 N 0629881 5286102 (WGS 84).

 

Crew sexed it as a male.  It weighed 25 lb.  They noted it was in "very good body
condition".

Based on staining of teeth they did not think it was a young of the year but the teeth were
still "sharp" so they didn't think it was very old.

 

This particular set was outfitted with one of our 6 trap "transmitter" devices that helps us
estimate when an animal was captured - this one appears to have been caught just before 11
pm last night.  

 

We collected a hair sample that I will leave on Sarah's desk in a coin envelope with the date
and location written on it.

 

I will attach pictures that the crew snapped while processing the animal that might help you
in visually getting a feel for whether it is a hybrid or not.  Looks pretty lynx-ish to me with
the tufts and huge feet and black-ink dipped tail all around - but I am reluctant to hazard a
guess without genetics to say for sure one way or the other when they're this brown and
spotty.  Guess it depends too on "how much" of a hybrid if / when back crossing occurs.

 

I think that's everything that we were requested to try to determine if we every actually catch
one (except of course if the animal is lactating because this was sexed as a male).

 

Thanks,

mailto:tcatton@fs.fed.us
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Shannon

 

--

Shannon Barber-Meyer, Ph.D.

Wildlife Biologist

USGS Wolf and Deer Project

1393 Hwy 169

Ely, MN 55731

 

218-365-2087

sbarber-meyer@usgs.gov

https://profile.usgs.gov/sbarber-meyer

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Shannon Barber-Meyer, Ph.D.
Wildlife Biologist
USGS Wolf and Deer Project
1393 Hwy 169
Ely, MN 55731

218-365-2087
sbarber-meyer@usgs.gov
https://profile.usgs.gov/sbarber-meyer
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From: Kurt Broderdorp
To: Jim Zelenak
Subject: RE: FW: Latest Lynx SSA Map with ellipses instead of range polygons
Date: Thursday, August 25, 2016 2:32:00 PM

Dan has been out of the office all week.  I will try and touch base with
him tomorrow and try and make the adjustments.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, August 25, 2016 12:56 PM
To: Kurt Broderdorp
Subject: Re: FW: Latest Lynx SSA Map with ellipses instead of range polygons
 
Do you think you or someone there can make the other changes (ME/NH/VT, MT/ID/WA)?
 
On Thu, Aug 25, 2016 at 12:42 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
Western Colorado is Ok.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, August 23, 2016 1:07 PM
To: Kurt Broderdorp; Mark McCollough; Tamara Smith; Bryon Holt
Subject: Fwd: FW: Latest Lynx SSA Map with ellipses instead of range polygons
 
Hey Kurt et al. - decided to send this to the whole team to see if they are OK with the changes
to the map we discussed.  Team - please take a look at the attached and see if the blue lines are
a better reflection for your units - if no changes are indicated but you think some are
necessary, please make them and then scan and send to me and Kurt.
 
 
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Aug 3, 2016 at 7:42 AM
Subject: Re: FW: Latest Lynx SSA Map with ellipses instead of range polygons
To: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>

Thanks, Kurt.
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I made some changes (hand-drawn blue marker lines) based on earlier discussions with Mark
and Bryon. Could you and Dan take a look at attached and see if you can incorporate them?  I
know it may complicate some things (e.g., "Northern Maine Unit" will also include N NH and
VT, and NW MT/NE ID will now include northern [not just northeastern] Idaho and
northeastern WA...).  But oh well.
 
If you can make these changes and the polygon identifier to the key, we will share with the
rest of the team, get their feedback, and discuss whether our units should be renamed.
 
Thanks again.
 
On Wed, Aug 3, 2016 at 7:14 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
Jim,  Dan and I sat down and based on the previous ellipse style map,
came up with the attached map.   
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Daniel Reinkensmeyer [mailto:daniel_reinkensmeyer@fws.gov] 
Sent: Monday, August 01, 2016 11:48 AM
To: Kurt Broderdorp
Subject: Latest Lynx SSA Map with ellipses instead of range polygons
 
Hi Kurt.  Here’s a copy of the map we worked on this morning.
 
Dan
 
 
Dan Reinkensmeyer
U.S. Fish and Wildlife Service
Western Colorado Ecological Services Field Office
445 West Gunnison Avenue, Suite 240
Grand Junction, CO 81501-5711
970-628-7193
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Barber-meyer, Shannon
To: Smith, Tamara
Cc: Steve Loch; Ryan, Daniel; Erb, John D (DNR); Phil Delphey; L. David Mech; Malick Wahls, Sarah - FS; Timothy

Catton
Subject: Re: possible hybrid / possible lynx capture on USFS 174 Road today
Date: Thursday, August 25, 2016 3:08:56 PM

Hi Tamara,

1) trap was EZ Grip #7 foothold trap, 
2) Lake County, 
3) based on the trap transmitter device we think capture probably happened around 11 pm on
August 22, the lynx was detected and released the following morning (August 23).

Thank you,
Shannon

On Thu, Aug 25, 2016 at 2:58 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi All - Thank you for forwarding this email string. I've entered this into our incidental take
database. I may need a few more pieces of information from you, Shannon.  What type of
trap was used?  What county was this in? Was the date of the capture/release August 23rd?  
Thank you. -Tam

On Thu, Aug 25, 2016 at 11:47 AM, Barber-meyer, Shannon <sbarber-meyer@usgs.gov>
wrote:

Thank you, the images and description are very helpful. Sarah also shared some other
intermediate characteristics with me yesterday to help me visually differentiate the two. 

Thank you,
Shannon

On Thu, Aug 25, 2016 at 10:27 AM, <steveloch07@gmail.com> wrote:

Shannon,

Four photographs are attached.  Three depict a specimen of an F1 bobcat/lynx hybrid
compared to a Canada Lynx (both cats show winter pelage).  If it is not apparent, the file
name of the photo assists with the identification of the two animals.

Note the color of the plantar surface of the paws of the two cats.  As with bobcats, the
fur of the underfoot of the hybrid is dark, though not as black as generally occurs on a
bobcat.   By contrast, lynx paws are pale or light-colored.  When there's a question
regarding the possibility that a specimen might be a hybrid, the pale color of the fur on
the underfoot of a lynx is particularly useful and diagnostic.   There are other field
characteristics for hybrids, which are helpful in alerting one to the fact they have indeed
encountered a hybrid - but none of the other characteristics are so clear as the one I have
just described.

Hope this helps,
Steve
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Subject:Re: possible hybrid / possible lynx capture on USFS 174 Road today
Date:Wed, 24 Aug 2016 13:31:23 -0500

From:Barber-meyer, Shannon <sbarber-meyer@usgs.gov>
To:Steve Loch <steveloch07@gmail.com>

CC:Ryan, Daniel <dcryan@fs.fed.us>, John Erb <john.erb@state.mn.us>,
phil_delphey@fws.gov, tamara_smith@fws.gov, L. David Mech
<mechx002@umn.edu>, Malick Wahls, Sarah - FS <smalickwahls@fs.fed.us>,
Timothy Catton <tcatton@fs.fed.us>

Thanks for your email, Steve.

I think I might be able to help you regarding your question as to "why employees of federal
agencies working in Minnesota rather consistently play that "possible hybrid" card".  As a scientist, I prefer to
explicitly indicate my uncertainty.  Knowing that the USFS uses DNA to confirm
suspected lynx leads me to believe that it cannot always be based on visual inspection
alone when known hybrids are in the area. 

In the email I stated "I will attach pictures that the crew snapped while processing the animal that might help
you in visually getting a feel for whether it is a hybrid or not.  Looks pretty lynx-ish to me with the tufts and huge feet
and black-ink dipped tail all around - but I am reluctant to hazard a guess without genetics to say for sure one way or
the other when they're this brown and spotty.  Guess it depends too on "how much" of a hybrid if / when back
crossing occurs." 

I am, of course, familiar with some of the typical signs of a lynx (longer ear tufts, big
furry feet, neck ruff, tail tip black all the way around) - but I was under the impression
that some of these features also appear in varying degrees in hybrids.  Thus, when
uncertain, I prefer to report it as I did in this case and let the experts decide.

So hopefully you can see I wasn't trying to "play any card" - but appropriately leaving it up to folks with greater
expertise than I to make the determination.

Thanks,
Shannon

On Wed, Aug 24, 2016 at 12:46 PM, <steveloch07@gmail.com> wrote:
Yes, given the circumstances, I wonder why employees of federal agencies working in
Minnesota rather consistently play that "possible hybrid" card?   (After trappers in
Minnesota have taken a lynx, enforcement personnel in MnDNR & USFWS have
presented a similar stance; i.e., suggesting the animal could be a F1 hybrid despite
available evidence to the contrary.) 

If a wild Minnesota felid specimen is in good shape, there is no valid reason to submit
potential confusion to a scenario by suggesting the animal in question could be a
hybrid; unless, of course, that specimen actually is an F1 hybrid.   In this instance, the
specimen is clearly NOT an F1 bobcat X lynx hybrid; rather, it is a mature male lynx. 
Glancing at the pale color of the fur on the underfoot provides all the information that
is necessary to make that determination.  (Also, the ventral aspect of the tip of the tail
provides no hint the specimen is a hybrid.)
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-----------------

218-827-2727

-------- Forwarded Message --------
Subject:FW: possible hybrid / possible lynx capture on USFS 174 Road today

Date:Wed, 24 Aug 2016 13:12:08 +0000
From:Ryan, Daniel C -FS <dcryan@fs.fed.us>

To:Steve Loch (steveloch07@gmail.com) <steveloch07@gmail.com>

Thoughts?

 

 

 

From: Barber-meyer, Shannon [mailto:sbarber-meyer@usgs.gov] 
Sent: Tuesday, August 23, 2016 6:29 PM
To: Malick Wahls, Sarah - FS <smalickwahls@fs.fed.us>; Catton, Timothy J -FS
<tcatton@fs.fed.us>; Ryan, Daniel C -FS <dcryan@fs.fed.us>
Subject: possible hybrid / possible lynx capture on USFS 174 Road today

 

Hello,

 

The USGS wolf trapping crew captured a possible hybrid / possible lynx today on the
USFS 174 Road.  It was drugged and subsequently released after processing.

 

Capture location is T 60 N, R 7W, Section 6.  UTM is 15 N 0629881 5286102 (WGS
84).

 

Crew sexed it as a male.  It weighed 25 lb.  They noted it was in "very good body
condition".

Based on staining of teeth they did not think it was a young of the year but the teeth
were still "sharp" so they didn't think it was very old.
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This particular set was outfitted with one of our 6 trap "transmitter" devices that helps
us estimate when an animal was captured - this one appears to have been caught just
before 11 pm last night.  

 

We collected a hair sample that I will leave on Sarah's desk in a coin envelope with
the date and location written on it.

 

I will attach pictures that the crew snapped while processing the animal that might
help you in visually getting a feel for whether it is a hybrid or not.  Looks pretty lynx-
ish to me with the tufts and huge feet and black-ink dipped tail all around - but I am
reluctant to hazard a guess without genetics to say for sure one way or the other when
they're this brown and spotty.  Guess it depends too on "how much" of a hybrid if /
when back crossing occurs.

 

I think that's everything that we were requested to try to determine if we every
actually catch one (except of course if the animal is lactating because this was sexed
as a male).

 

Thanks,
Shannon

 

--

Shannon Barber-Meyer, Ph.D.

Wildlife Biologist

USGS Wolf and Deer Project

1393 Hwy 169

Ely, MN 55731

 

218-365-2087

sbarber-meyer@usgs.gov

https://profile.usgs.gov/sbarber-meyer
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This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator to
civil or criminal penalties. If you believe you have received this message in error,
please notify the sender and delete the email immediately.

-- 
Shannon Barber-Meyer, Ph.D.
Wildlife Biologist
USGS Wolf and Deer Project
1393 Hwy 169
Ely, MN 55731

218-365-2087
sbarber-meyer@usgs.gov
https://profile.usgs.gov/sbarber-meyer

-- 
Shannon Barber-Meyer, Ph.D.
Wildlife Biologist
USGS Wolf and Deer Project
1393 Hwy 169
Ely, MN 55731

218-365-2087
sbarber-meyer@usgs.gov
https://profile.usgs.gov/sbarber-meyer

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
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Shannon Barber-Meyer, Ph.D.
Wildlife Biologist
USGS Wolf and Deer Project
1393 Hwy 169
Ely, MN 55731

218-365-2087
sbarber-meyer@usgs.gov
https://profile.usgs.gov/sbarber-meyer
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From: Kurt Broderdorp
To: Jim Zelenak; Bryon Holt; Tamara Smith; Mark McCollough
Subject: Updated Lynx SSA Unit Map
Date: Thursday, September 01, 2016 9:20:00 AM
Attachments: Lynx_SSA_Map_09016.pdf

Let me know if this works.  I will be leaving at 11 today, back in next
Tuesday.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
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From: Smith, Tamara
To: Barbara Hosler; Ann Belleman
Cc: Laura Ragan; Peter Fasbender
Subject: Fwd: Court loss - lynx critical habitat
Date: Friday, September 09, 2016 8:30:20 AM
Attachments: 2016 09 07 Lynx opinion and order 2014 final CH.pdf

fyi - in case you have not seen this yet...

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Sep 7, 2016 at 2:41 PM
Subject: Court loss - lynx critical habitat
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>
Cc: Mary Parkin <mary_parkin@fws.gov>, Heather Bell <heather_bell@fws.gov>, Jodi Bush
<jodi_bush@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Jonathan
Cummings <jwcummings@usgs.gov>, "Jackson, Scott -FS" <sjackson03@fs.fed.us>,
"Hanvey, Gary -FS" <ghanvey@fs.fed.us>, James Sparks <jrsparks@blm.gov>

Unfortunate but not entirely unanticipated....

I haven't read the order carefully yet but will soon, and at some point we'll all get to talk about next steps.

Please share with your others who need to know.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:tamara_smith@fws.gov
mailto:barbara_hosler@fws.gov
mailto:ann_belleman@fws.gov
mailto:laura_ragan@fws.gov
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF MONTANA

MISSOULA DIVISION

WILDEARTH GUARDIANS, a non-
profit organization; CONSERVATION
NORTHWEST, a non-profit organization;
OREGON WILD, a non-profit
organization; CASCADIA WILDLANDS,
a non-profit organization; and
WILDERNESS WORKSHOP,

                                 Plaintiffs,

            vs.

U.S. DEPARTMENT OF THE
INTERIOR, a federal department;
SALLY JEWELL, in her official capacity
as Secretary of the Interior; DANIEL
ASHE, in his official capacity as Director 
of the U.S. Fish and Wildlife Service; and
U.S. FISH AND WILDLIFE SERVICE, a
federal agency,

                                 Defendants.

Before the Court are cross-motions for summary judgment  in these1

CV 14–270–M–DLC

(Consolidated with Case No.
14–272–M–DLC)

ORDER

Also pending is Defendants’ motion to strike extra-record materials appended to1

Plaintiffs’ summary judgment briefs, as well as alleged improper legal arguments included in
Plaintiffs’ statement of facts.  Because the Court’s decision in no way relied upon those materials
and arguments, the Court will grant Defendants’ motion to strike.
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consolidated cases challenging the United States Fish & Wildlife Service’s (the

“Service”) revised designation of critical habitat for the Canada lynx (“lynx”),

published in the Federal Register on September 12, 2014 (the “September 2014

final rule”).  (FR-005239  et seq.).  The Court held a hearing on the motions on2

March 9, 2016.  For the reasons explained below, the Court grants the motions in

part, denies the motions in part, and remands this matter to the Service for further

consideration consistent with this order.

BACKGROUND

The Service’s effort to designate lynx critical habitat in the contiguous

United States has consumed sixteen years and frequently overlapped with the

federal court system.  On March 24, 2000, the Service published a final rule listing

the lynx as a threatened species in fourteen states.  (LIT-012981 et seq.)  However,

due to budgetary concerns, the Service deferred critical habitat designation and

pledged to “develop a proposal to designate critical habitat . . . as soon as feasible,

considering . . . workload priorities.”  (LIT-013013.)  When the process

languished, a collection of environmental groups sued the Service in the United

States District Court for the District of Columbia, and obtained a court order

The Court will employ the government’s method of citing to the administrative record in2

this case, which consists of a directory code (“FR” for Final Rule Development, “PR” for
Proposed Rule Development, etc.) followed by a page number specific to that directory.
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directing the Service to publish a final rule designating lynx critical habitat by

November 1, 2006.  (LIT-013081.)  The Service published the final rule on

November 9, 2006, and with it designated 1,841 square miles over four “units”

nationwide .  (LIT-013102.)  Less than a year later, faced with “questions . . .3

about the integrity of scientific information used and whether the decision made

The Service included the following description of the “procedural and resource3

difficulties” it confronted leading up to the 2006 final rule:
“We have been inundated with lawsuits for our failure to designate
critical habitat, and we face a growing number of lawsuits
challenging critical habitat determinations once they are made. 
These lawsuits have subjected the Service to an ever-increasing
series of court orders and court-approved settlement agreements,
compliance with which now consumes nearly the entire listing
program budget.  This leaves the Service with little ability to
prioritize its activities to direct scarce listing resources to the
listing program actions with the most biologically urgent species
conservation needs.  The consequence of the critical habitat
litigation activity is that limited listing funds are used to defend
active lawsuits, to respond to Notices of Intent (NOIs) to sue
relative to critical habitat, and to comply with the growing number
of adverse court orders.  As a result, listing petition responses, the
Service’s own proposals to list critically imperiled species, and
final listing determinations on existing proposals are all
significantly delayed.  The accelerated schedules of court ordered
designations have left the Service with limited ability to provide
for public participation or to ensure a defect-free rulemaking
process before making decisions on listing and critical habitat
proposals, due to the risks associated with noncompliance with
judicially imposed deadlines.  This in turn fosters a second round
of litigation in which those who fear adverse impacts from critical
habitat designations challenge those designations.  The cycle of
litigation appears endless, and is very expensive, thus diverting
resources from conservation actions that may provide relatively
more benefit to imperiled species.

(LIT-013080–81.)

-3-

Case 9:14-cv-00270-DLC   Document 62   Filed 09/07/16   Page 3 of 30



was consistent with the appropriate legal standards,” the Service announced it

would revisit its lynx critical habitat designation.  (LIT-013187.)  The Service

published a final rule revising its earlier lynx critical habitat designation on

February 25, 2009, this time identifying approximately 39,000 square miles of

critical habitat over five units in Maine, Minnesota, Montana, Wyoming, Idaho,

and Washington.  (LIT-013186.)

Three months later, four environmental groups—including several of the

plaintiffs in these two cases—filed suit challenging the Service’s designation. 

This Court granted the plaintiffs’ motion for summary judgment in part, and found

that the Service ran afoul of the ESA with regard to its treatment of occupied

critical habitat.  Alliance for the Wild Rockies v. Lyder, 726 F. Supp. 2d 1126,

1145 (D. Mont. 2010) [hereinafter, Lyder].  Specifically, the Court found that: (1)

with respect to Montana and Idaho, the Service impermissibly relied upon a lack

of reproductive data to support its conclusion that certain areas did not contain the

“primary constituent elements” (“PCE”) of lynx critical habitat; and (2) with

respect to Colorado, the Service impermissibly concluded that the PCE was not

present because the available data did not suggest that the lynx population in

Colorado was self-sustaining.  Id. at 1134, 1137.  The Court remanded the

February 2009 final rule to the Service for further consideration, but also ordered
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that the rule would remain in place until superseded by a revised designation.  Id.

at 1145.  The subsequently-revised designation, published September 12, 2014, is

the subject of the instant lawsuit.

Plaintiffs in CV 14–270–M–DLC and CV 14–272–M–DLC filed their

respective Complaints on November 17, 2014.  In their joint case management

plans, Plaintiffs asserted that the cases shared common questions sufficient to

justify consolidating the two matters, and the Court so ordered under case number

CV 14–270–M–DLC on January 12, 2015.  The parties stipulated that Plaintiffs in

each case would file separate summary judgment briefing, while Defendants

would file consolidated briefing.  Plaintiffs filed their opening briefs in late July

2015, briefing concluded in December 2015, and the Court held a hearing on the

motions on March 9, 2015.

LEGAL STANDARDS

I. Summary Judgment

A party is entitled to summary judgment if it can demonstrate that ‘there is

no genuine dispute as to any material fact and the movant is entitled to judgment

as a matter of law.”  Fed. R. Civ. P. 56(a).  Summary judgment is warranted where

the documentary evidence produced by the parties permits only one conclusion. 

Anderson v. Liberty Lobby, Inc., 477 U.S. 242, 251 (1986).  Only disputes over
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facts that might affect the outcome of the lawsuit will preclude entry of summary

judgment; factual disputes that are irrelevant or unnecessary to the outcome are

not considered.  Id. at 248.  “[S]ummary judgment is an appropriate mechanism for

deciding the legal question of whether [an] agency could reasonably have found

the facts as it did” based upon the “evidence in the administrative record.”  City &

Cnty. of San Francisco v. United States, 130 F.3d 873, 877 (9th Cir. 1997)

(citations omitted).

II. Administrative Procedure Act

Courts review claims regarding the ESA under the Administrative

Procedure Act (“APA”), 5 U.S.C. §§ 701 et seq.  See Native Ecosystems Council v.

Dombeck, 304 F 3d 886, 891 (9th Cir. 2002).  Under the APA, a “reviewing court

shall hold unlawful and set aside agency action . . . found to be . . . arbitrary,

capricious, an abuse of discretion, or otherwise not in accordance with law.” 

5 U.S.C. § 706(2)(A).  The Court’s scope of review is narrow, and the Court

should “not substitute its judgment for that of the agency.”  Motor Vehicle Mfrs.

Ass’n of U.S., Inc. v. State Farm Mut. Auto. Ins. Co., 463 U.S. 29, 43 (1983).  A

decision is arbitrary and capricious:

only if the agency relied on factors Congress did not
intend it to consider, entirely failed to consider an
important aspect of the problem, or offered an
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explanation that runs counter to the evidence before the
agency or is so implausible that it could not be ascribed
to a difference in view or the product of agency
expertise.

Gardner v. U.S. Bureau of Land Mgmt., 638 F3d 1217, 1224 (9th Cir. 2011).  An

agency’s actions are valid if it “considered the relevant factors and articulated a

rational connection between the facts found and the choices made.”  Id. (internal

quotation marks omitted).  If the record supports the agency’s decision, that

decision should be upheld even if the record could support alternative findings. 

Arkansas v. Oklahoma, 503 U.S. 91, 112-113 (1992).  Review of the agency’s

action is “highly deferential, presuming the agency action to be valid.” 

Buckingham v. Sec’y of U.S. Dep’t of Agric., 603 F.3d 1073, 1080 (9th Cir. 2010).

However, this presumption does not require courts to “rubber stamp”

administrative decisions “they deem inconsistent with a statutory mandate or that

frustrate the congressional policy underlying a statute.”  Bureau of Alcohol,

Tobacco & Firearms v. Fed. Labor Relations Auth., 464 U.S. 89, 97 (1983)

(internal quotation marks omitted).  Judicial review under the APA is “narrow but

searching and careful,” and courts need not uphold agency actions where “there

has been a clear error of judgment.”  Gifford Pinchot Task Force v. U.S. Fish &

Wildlife Serv., 378 F.3d 1059, 1065 (9th Cir. 2004) (citations and internal
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quotation marks omitted).

ANALYSIS

I. The ESA

The ESA was enacted to “provide a program for the conservation of . . .

endangered species and threatened species” and to “provide a means whereby the

ecosystems upon which endangered species and threatened species depend may be

conserved.”  16 U.S.C. § 1531(b).  To receive the full protections of the ESA, a

species must first be listed by the Service as “endangered” or “threatened.”  Id.

§ 1533.  Under the ESA, an “endangered” species “means any species which is in

danger of extinction throughout all or a significant portion of its range.”  Id.

§ 1532(6).  A “threatened” species “means any species which is likely to become

an endangered species within the foreseeable future throughout all or a significant

portion of its range.”  Id. § 1532(20).

Upon listing a species under the ESA, the Service must, “to the maximum

extent prudent and determinable,” designate critical habitat for such species.  Id. §

1533(a)(3).  Under the ESA, “critical habitat” means “the specific areas within the

geographical area occupied by the species, at the time it is listed . . . , on which are

found those physical or biological features (I) essential to the conservation of the

species and (II) which may require special management considerations or
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protection; and . . . specific areas outside the geographical area occupied by the

species at the time it is listed . . . , upon a determination by the [Service] that such

areas are essential for the conservation of the species.”  Id. § 1532(5)(A).  These

two varieties of habitat are generally referred to as “occupied” and “unoccupied.”

In determining whether occupied habitat constitutes “critical habitat,” the

Service is directed to “[i]dentify [the] physical and biological features essential to

the conservation of the species at an appropriate level of specificity using the best

available scientific data.”  50 C.F.R. § 424.12(b)(1)(ii) (2016).  “This analysis will

vary between species and may include consideration of the appropriate quality,

quantity, and spatial and temporal arrangements of such features in the context of

the life history, status, and conservation needs of the species.”  Id.  These

“physical or biological features” constitute the primary constituent elements

(“PCEs”), and are defined as “[t]he features that support the life-history needs of

the species, including but not limited to, water characteristics, soil type, geological

features, sites, prey, vegetation, symbiotic species, or other features.”  Id. § 424.02 

“A feature may be a single habitat characteristic, or a more complex combination

of habitat characteristics,” and “may include habitat characteristics that support

ephemeral or dynamic habitat conditions.”  Id.  Moreover, “[t]he [ESA]

contemplates the inclusion of areas that contain PCEs essential for occupation by
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the [particular species], even if there is no available evidence documenting current

activity.”  Alaska Oil & Gas Ass’n v. Jewell, 815 F.3d 544, 556 (9th Cir. 2016)

As with determinations regarding whether a species is “threatened” or

“endangered,” the Service is directed to designate critical habitat “on the basis of

the best scientific data available.”  16 U.S.C. § 1533(b)(2).  This requirement

reflects the ESA’s “concern[] with protecting the future of [a listed] species, not

merely the preservation of existing [members of the species].”  Alaska Oil & Gas

Ass’n, 815 F.3d at 555.  The Service “may not base its [decisions] on speculation

or surmise,” but “where there is no superior data, occasional imperfections do not

violate the ESA.”  Id. (citing Bldg. Indus. Ass'n of Super. Cal. v. Norton, 247 F.3d

1241, 1247 (D.C. Cir. 2001)).  “The best available data requirement . . . prohibits

[the Service] from disregarding available scientific evidence that is in some way

better than the evidence it relies on.”  Kern Cnty. Farm Bureau v. Allen, 450 F.3d

1072, 1080 (9th Cir. 2006) (citations and alterations omitted).

II. The Lynx PCE

The lynx PCE in the contiguous United States, first developed in the

Service’s 2009 listing decision and subsequently confirmed in its 2013 proposed

listing rule, consists of “[b]oreal forest landscapes supporting a mosaic of differing

successional forest stages and containing: (a) [p]resence of snowshoe hares and
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their preferred habitat conditions, which include dense understories of young trees,

shrubs or overhanging boughs that protrude above the snow, and mature

multistoried stands with conifer boughs touching the snow surface; (b) [w]inter

conditions that provide and maintain deep fluffy snow for extended periods of

time; (c) [s]ites for denning that have abundant coarse woody debris, such as

downed trees and root wads; and (d) [m]atrix habitat (e.g., hardwood forest, dry

forest, non-forest, or other habitat types that do not support snowshoe hares) that

occurs between patches of boreal forest in close juxtaposition (at the scale of a

lynx home range) such that lynx are likely to travel through such habitat while

accessing patches of boreal forest within a home range.”  (FR-005269–70.)

III. Plaintiffs’ Motions

In their motions for summary judgment, Plaintiffs focus on particular

geographical areas that the Service excluded from its final critical habitat

designation, including the Southern Rockies, particularly Colorado; the Kettle

Range of northeastern Washington; the state of Oregon; and certain National

Forest lands in Montana and Idaho.  Plaintiffs in CV 14–272–M–DLC also

challenge the Service’s decision against designating any unoccupied critical

habitat, as well as the elements of the PCE itself.  The Court will address each

argument in turn, and ultimately agrees with Plaintiffs only with respect to

-11-

Case 9:14-cv-00270-DLC   Document 62   Filed 09/07/16   Page 11 of 30



Colorado and the National Forest lands in Montana and Idaho.

A. Colorado

Plaintiffs contend that the Service’s exclusion of Colorado from the

September 2014 final rule was erroneous for the following reasons: (1) the

Service’s decision conflicts with the best available science regarding lynx

presence and persistence in Colorado; (2) the Service employed an undefined

metric in excluding Colorado; and (3) the Service analyzed Colorado’s critical

habitat content using criteria not enumerated in the PCE.  The Service counters, as

it explained in the final rule, that though the PCE may be present in Colorado to

some degree, the area does not contain the individual elements “in the quantity and

spatial arrangement necessary to provide for the conservation of the species.” 

(Doc. 44 at 25.)  The government translates this to mean that the PCE is only

actually present in a given area when there is enough of it to meet certain

thresholds.  Because the final rule at once fails to clearly articulate these

thresholds yet appears to suggest they are met in Colorado, the Court will grant

Plaintiffs’ motion for summary judgment with respect to the Service’s treatment of

lynx critical habitat in Colorado.

Notwithstanding the parties’ various detailed citations to the administrative

record on this issue, the Court finds the final rule itself most illuminating.  First, in
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the section describing the lynx PCE, the Service stated the following:

Many places in the contiguous United States have (1)
some amount of boreal forest supporting a mosaic of
successional stages, (a) snowshoe hares and their
habitats, (b) deep, fluffy snow for extended periods, (c)
denning habitat, and (d) other habitat types interspersed
among boreal forest patches, but which do not and
cannot support lynx populations.  That is, not all boreal
forest landscapes supporting a mosaic of differing
successional forest stages contain the physical and
biological features essential to lynx in adequate
quantities and spatial arrangements on the landscape to
support lynx populations over time.  Lynx may
occasionally (even regularly, if intermittently) occur
temporarily in places that do not contain all of the
elements of the PCE, especially during “irruptions” of
lynx into the northern contiguous United States
following hare population crashes in Canada . . . .  Other
areas may contain all the essential physical and
biological features but in quantities and spatial
arrangements that are inadequate to support lynx over
time.  For example, although evidence of lynx
reproduction confirms the presence of the essential
physical and biological features, short-term, sporadic, or
inconsistent reproduction that is inadequate to maintain a
population over time (i.e., where reproduction and
recruitment are too low to consistently offset mortality
and emigration over the long term) suggests that the
quantity or spatial arrangement (or both) of one or more
of the essential features is inadequate.  These areas do
not contain the PCE, are likely population “sinks,” and
as such do not contribute to lynx conservation or
recovery.

(FR-005270.)  Then, in a section entitled “Criteria Used to Identify Critical
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Habitat,” the Service stated the following:

To delineate critical habitat for lynx, [the Service] must
be able to distinguish across the extensive range of the
species in the contiguous United States, areas that
contain all essential physical and biological features in
adequate quantity and spatial arrangement to support
lynx populations over time . . . from other areas that may
contain some or all of the features but in inadequate
quantities and/or spatial arrangements of one or more
feature (and which, therefore, by definition do not
contain the PCE).  However, the scientific literature does
not confer precisely what quantities and spatial
arrangements of the physical and biological features are
needed to support lynx populations throughout the range
of the DPS.  We lack range-wide site-specific
information or tools that would allow us to analyze
boreal forests across much of the range of the DPS and
determine which specific areas contain the spatial and
temporal mosaic of habitats and hare densities that lynx
populations need to persist.

(FR-005272 (emphasis added).)  In other words, lynx have different habitat needs

in different parts of the country, regardless of the literal textual uniformity of the

PCE as written by the Service.  Finally, in the section applying the habitat criteria

to the Southern Rockies and Colorado, the Service stated the following:

In 1999, just prior to lynx being listed under the [ESA],
the Colorado Division of Wildlife (now Colorado Parks
and Wildlife (CPW)) began an intensive effort to
establish a lynx population in Colorado, eventually
releasing 218 wildcaught Alaskan and Canadian lynx
from 1999 to 2006 . . . .  At least 122 (56 percent) of the
introduced lynx died by June of 2010 . . . , but others
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survived and established home ranges in Colorado,
produced kittens in some years, and now are distributed
throughout forested areas of western Colorado.  Some
lynx from this introduced population have also traveled
into northern New Mexico, eastern Utah, and southern
and western Wyoming, though no reproduction outside
of Colorado has been documented by these dispersers.

The CPW has determined the lynx introduction effort to
be a success based on attainment of several benchmarks
(e.g., high post-release survival, low adult mortality
rates, successful reproduction, recruitment equal to or
greater than mortality over time . . .), but acknowledges
that the future persistence of the population is uncertain
and hinges on the assumption that patterns of annual
reproduction and survival observed as of 2010 repeat
themselves during the next 20 or more years . . . .  
However, CPW has discontinued the intensive
monitoring necessary to determine if these patterns of
reproduction and survival will persist over that time . . . ,
instead embarking on a passive monitoring program to
detect lynx presence . . . .

Although parts of Colorado and the Southern Rocky
Mountains clearly contain some (perhaps all) of the
physical and biological features lynx need, available
evidence does not indicate that the area, or any parts of
it, contain the features in the quantity and spatial
arrangement necessary to provide for the conservation of
the species.  That is, the PCE is the elements of the
[physical and biological features] in adequate quantity
and spatial arrangement on a landscape scale.  Some
areas may contain some amounts of all the [physical and
biological features], but with one or more in inadequate
quantity and/or spatial arrangement and, therefore, does
not contain the PCE.
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(FR-005274–75 (emphasis added).)  The Service then discussed what appears to

be the only feature of the PCE it considered “inadequate” in Colorado—snowshoe

hare density.  The Service cited various studies estimating anywhere from 0.004

hares per acre in lodgepole pine stands to 0.5 hares per acre in mature Engelmann

spruce-subalpine fir stands in west-central Colorado, to 0.3 hares per acre in

Summit County, Colorado.  (FR-005275.)  The Service also cited one study which

“concluded that a snowshoe hare density greater than 0.2 hares per [acre] . . . may

be necessary for lynx persistence,” and another study which “determined that a

hare density of 0.4–0.7 hares per [acre] . . . would be needed for persistence of

lynx translocated . . . to the southern portion of the [lynx] range.”  (Id.) 

Ultimately, the Service concluded that: (1) “[t]he generally low hare densities

reported in most cases in what is considered good hare habitat in western Colorado

and the very large [lynx] home ranges . . . suggest that even the best potential lynx

habitat in the Southern Rocky Mountains is marginal and unlikely to support lynx

populations over time”; (2) “the Southern Rocky Mountains likely do not possess

the physical and biological features essential to lynx in sufficient quantity and

spatial arrangement to sustain lynx populations over time”; and (3) “the habitat in

Colorado and elsewhere in the Southern Rocky Mountains does not contain the

PCE [and] is not essential for the conservation of the lynx.”  (Id.)
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Plaintiffs essentially contend that the Service added to or otherwise

qualified the PCE with respect to Colorado by requiring the elements of the PCE

to be present and arranged in undefined ways and for undefined periods of time. 

They also contend that the best available science, which indicates that the

introduced lynx population in Colorado is reproducing, undercuts the Service’s

conclusion that the PCE is not present in Colorado.  The Court agrees on both

fronts.

First, the plain language of the PCE leaves no room for the sort of

qualifying the Service engaged in here.  The Court views the overriding purpose

of PCEs, with respect to any listed species, as tools for objectively identifying

critical habitat in a binary fashion—the elements of a species’ PCE either are or

are not present in a particular area.  While the ESA’s implementing regulations

expressly contemplate agency discretion in the formulation of a PCE, see 50

C.F.R. §§ 424.02, 424.12(b)(1)(ii) , that discretion is curtailed when it comes to4

mapping where the PCE is located.  In the case of Colorado, where “most if not

all” of the elements of the PCE are “clearly” present, the evidence in the final rule

compels the designation of critical habitat in that state.  While the Court

For these same reasons, the Court rejects Plaintiff’s challenge to the PCE, which is4

clearly an agency decision within the scientific expertise of the Service.  
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understands the Service’s point at oral argument that there must be measurable

quantities of the PCE’s elements present before the Service can safely conclude

that an area in fact contains the PCE, the terms of the PCE itself require only the

“presence of snowshoe hares and their preferred habitat.”  The September 2014

final rule sets out hare density data suggesting that parts of Colorado support hare

densities at or near those thought necessary for supporting lynx populations,

meaning snowshoe hares are certainly “present.”  In such a close call on a single

element of the PCE, where the Service tacitly acknowledges that all other elements

are present, the ESA demands that the tie go to the species.  See Ariz. Cattle

Growers Ass’n v. Salazar, 606 F.3d 1160, 1166–67 (9th Cir. 2010).

Moreover, the ESA’s phrasing establishes that the Service’s role is to

determine which “physical and biological features [are] essential to the

conservation of the species,” not to determine which lands are essential to the

conservation of the species.  16 U.S.C. § 1532(5)(A)(i).  The latter presents the

risk of interposing subjectivity into the task of identifying critical habitat, because

the Service could objectively find a species’ PCE in a location yet look to extra-

PCE factors in determining whether the location held conservation value.  This

dovetails with the point immediately above—the Service should simply be asking

whether an area contains a species’ PCE, exactly as enumerated, not weighing
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conservation value based on other considerations that may apply in some areas but

not in others.  Indeed, in this case, the Service looked not only for the presence of

the PCE, but an amount of the PCE it decided was necessary to support lynx over

some undisclosed amount of time.

Second, by failing to acknowledge that lynx reproduction in Colorado likely

signals the presence of the PCE in at least some parts of the state, the Service’s

contrary conclusion “runs counter to the evidence before the agency” and

frustrates the purpose of the ESA.  Gardner, 638 F3d at 1224.  The Court in Lyder

specifically found, and agreed with the Service, that “evidence of breeding

populations is the best way to verify that the physical and biological features

essential to lynx are present in sufficient quantity and spatial configuration to meet

the needs of the species.”  728 F. Supp. 2d at 1134.  The same holds true for

“evidence of a self-sustaining population.”  Id. at 1137.  These are eminently

logical concepts—no species will breed in the absence of sufficient resources for

both parent and offspring, and no population sustains itself, absent immigration,

without some level of reproduction.  Yet, in the September 2014 final rule, the

Service abandoned these ideas when it came to Colorado.  Instead, the Service

concluded that notwithstanding the successful seventeen-year campaign to

reintroduce lynx to Colorado, the state’s less-than-ideal hare densities mean not a

-19-

Case 9:14-cv-00270-DLC   Document 62   Filed 09/07/16   Page 19 of 30



single acre of critical habitat exists there, and that “the lynx population in

Colorado is beneficial, but not essential, for recovery.”  (FR-005275.)  Given that

evidence cited by the Service in the September 2014 final rule shows that a

reproducing lynx population exists in Colorado, the Service’s failure, on account

of marginal hare densities, to designate critical habitat to protect that population

and aid in its maintenance is arbitrary, capricious, and “offends the ESA.”  Gifford

Pinchot Task Force v. U.S. Fish & Wildlife Serv., 378 F.3d 1059, 1070 (9th Cir.

2004).

Based on the foregoing, the Court grants Plaintiffs’ motions for summary

judgment with respect to lynx critical habitat designation in Colorado, and

remands the September 2014 final rule to the Service for reconsideration.  The

Service’s own representations suggest that parts of Colorado constitute suitable

critical habitat, appropriate for designation.

B. The Kettle Range

Plaintiffs in CV 14–270–M–DLC contend that the Service erred by

excluding the Kettle Range, a relatively small north-south oriented mountain range

in northeastern Washington, from the critical habitat designation at issue. 

Plaintiffs allege that the Kettle range “contains boreal forest landscapes with

sufficient snowshoe hare densities and winter snow, making it ideal for lynx.” 
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(Doc. 32 at 21.)  More importantly, given the Service’s determination that the

Kettle Range was unoccupied by lynx at the time of listing in 2000, Plaintiffs

claim that record evidence shows the Kettle Range was in fact occupied at the time

of listing.  The Service counters that the best available science regarding

occupancy in this area, which appears relatively scant, simply does not support the

conclusion that lynx occupied the Kettle Range in 2000.  Because the Court must

defer to the Service’s reasonable interpretation of “evidence for and against its

decision,” Modesto Irrigation Dist. v. Gutierrez, 619 F.3d 1024, 1036 (9th Cir.

2010), the Court will grant Defendants’ motion for summary judgment with

respect to the Service’s exclusion of the Kettle Range.

The primary record evidence which could support a conclusion that the

Kettle Range was occupied by lynx at the time of listing derives from materials

submitted by the Washington Department of Fish and Wildlife (“WDFW”) to the

Service in regards to the 2009 critical habitat designation.  Most notably, in a

comment letter to the Service regarding the 2009 proposed rule, WDFW refuted

the Service’s conclusion that only two lynx detections occurred in the Kettle

Range in the 1990's, and instead claimed to have received reports of twenty-six

lynx detections between 1990 and 2007.  (FR-018780.)  Also, using suitable

habitat and predicted lynx density as proxies, WDFW estimated in its 2001 Lynx
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Recovery Plan that the Kettle Range hosted an estimated twelve lynx, though the

margin of error equaled two-thirds that number.  (LIT-011189.)  Indeed, as of

April 2008, the Service considered WDFW’s position that the Kettle Range was

occupied to be credible and—despite a lack of “thorough and comprehensive lynx

surveys”—the “more appropriate conservative and defensible position.”  (FR-

018828.)

However, by July 2014, WDFW had changed its position relative to lynx

occupancy in the Kettle Range, and instead urged the Service to designate the area

as critical habitat pursuant to the “essential to the conservation of the species”

standard attendant unoccupied habitat.  (PI-002683.)  Echoing an opinion offered

by numerous parties in response to the most recent proposed rule (see, e.g. FR-

018769; FR-018777), WDFW noted that the Kettle Range may be important as a

movement link between lynx populations in the Northern Rockies to the east and

the North Cascades to the west. (PI-002683.)  Just as others had noted though,

WDFW indicated that the area’s importance in terms of linkage was

theoretical—no commenter appears to have provided scientific evidence of lynx

utilizing the Kettle Range to travel from Montana and Idaho to western

Washington.  The Service stated as much in the September 2014 final rule, and

indicated that absent any other feature elevating the importance of the Kettle

-22-

Case 9:14-cv-00270-DLC   Document 62   Filed 09/07/16   Page 22 of 30



Range, it could not conclude “that this area is essential to the conservation and

recovery of the” lynx.  (FR-005255.)  These were reasonable interpretations of the

evidence before the agency, and consequently the Court will not second guess the

Service’s evaluation of the science.  See San Luis & Delta-Mendota Water Auth. v.

Jewell, 747 F.3d 581, 602 (9th Cir. 2014).  The Court grants Defendants’ motion

for summary judgment with respect to the Kettle Range.

C. Montana and Idaho

Plaintiffs in CV 14–272–M–DLC contend that the Service erred by

excluding the Beaverhead-Deerlodge, Bitterroot, Nez Perce, Clearwater, and Idaho

Panhandle National Forests, as well as portions of the Lolo and Helena National

Forests, from the September 2014 final rule .  They primarily allege that the5

Service failed to comply with the Court’s remand instructions in Lyder by

neglecting to consider whether the above lands contained the physical and

biological features essential to lynx recovery.  The Service counters that its

analysis was reasonable in that prior to analyzing those features, the agency

conducted a thorough occupancy analysis.  Moreover, at least as to the

Beaverhead-Deerlodge, Bitterroot, and Clearwater National Forests, the Service

Plaintiffs’s argument does not include any points specific to the Idaho Panhandle5

National Forest, nor did the Court address it in Lyder.  Consequently, the Court will focus on the
other enumerated National Forests, as it did in the previous order.

-23-

Case 9:14-cv-00270-DLC   Document 62   Filed 09/07/16   Page 23 of 30



claims to have examined the physical and biological features along with

occupancy.  The Court agrees with Plaintiffs that Service largely failed to comply

with Lyder, and will grant their motion for summary judgment on this issue.

As mentioned above, in Lyder the Court found that the Service improperly

used the absence of evidence of reproduction as a proxy for determining that

portions of Montana and Idaho did not contain the PCE.  728 F. Supp. 2d at

1134–35.  That the question of whether the PCE was or was not present on the

lands at issue indicates that the Court and the parties understood those lands to be

occupied at the time of listing—otherwise, the question would be whether the

lands themselves were essential for lynx conservation.  On remand, the Court

directed the Service to “consider the physical and biological features of the

occupied areas to determine whether they should be designated as critical habitat

under the ESA.”  Id. at 1135.

However, in the September 2014 final rule, the Service focused more

intently on whether the forests were occupied in the first instance.  As to the

Beaverhead-Deerlodge, the Service cited numerous data suggesting a post-listing

absence of lynx, and in a single line addressed the PCE by stating that “most of the

Beaverhead-Deerlodge National Forest was and appeared to be dry lodgepole

pine, which likely is not good lynx habitat.”  (FR-005276 (quotation marks
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omitted).)  As to the Bitterroot, the Service again cited mostly occupancy-related

data, and only addressed the PCE by citing a 2012 study that found only 16.1% of

223 forest vegetation plots “met minimum horizontal cover standards for

snowshoe hare/lynx habitat.”  (Id.)  As to the Clearwater, the Service cites two

studies—one specific to forest carnivore presence, which speaks to occupancy,

and another specific to hare habitat and density, which speaks to the PCE.  (FR-

005277.)  The Service’s analyses of the Nez Perce, Helena, and Lolo National

Forests mention only lynx tracking data, and include no study-based examination

of the PCE.  (FR-005276–77.)  Yet, with respect to each National Forest, the

Service found “no scientific evidence that [the particular] area contains the

physical and biological features essential to lynx in adequate quantity and spatial

arrangement,” and that therefore none contained the PCE.

The Service clearly failed to comply with the remand order with respect to

the Nez Perce, Helena, and Lolo National Forests—the September 2014 final rule

contains no specific analyses of the PCE in these forests, and instead exchanges

occupancy for lack of reproductive data as an impermissible proxy for the

presence of the PCE.  The Service approached compliance with the remand order

with respect to the Beaverhead-Deerlodge and Bitterroot National Forests by

considering forest types and horizontal cover, but ultimately failed to justify why
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each forest was excluded in its entirety from the critical habitat designation.  The

Service specifically noted that most, but not all, of the Beaverhead-Deerlodge was

dry lodgepole, and that a portion of the plots in the Bitterroot study did meet

horizontal cover standards.  Rather than designating those areas that apparently

could serve as lynx habitat—the “but not all” on the Beaverhead-Deerlodge and

the 16.1% of the Bitterroot—the Service simply resorted to the same extra-PCE

“quantity and spatial arrangement” metric relied upon to exclude all of Colorado. 

As discussed in detail above, the Service may not qualify the PCE in this manner. 

Thus, only with respect to the Clearwater National Forest did the Service comply

with the Court’s order in Lyder and actually analyze the PCE, specifically the

element of snowshoe hare habitat and density.  Consequently, the Court will grant

Plaintiffs’ motion for summary judgment on this issue, and remand the September

2014 final rule to the Service to perform an analysis of the PCE—not through

reproduction or occupancy-based proxies—in the Beaverhead-Deerlodge,

Bitterroot, Nez Perce, Lolo and Helena National Forests.

D. Oregon

Plaintiffs in CV 14–270–M–DLC allege that the Service erred in excluding

the state of Oregon from the September 2014 critical habitat designation, claiming

that the Service ignored the best available science in doing so.  However, Plaintiffs
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recognize in their brief that “the existence of a self-sustaining [lynx] population is

unlikely” in Oregon, and that lynx presence there is intermittent.  (Doc. 32 at 31.) 

They nevertheless cite an unpublished Service white paper indicating that lynx

were historically present on the east and west slopes of the Cascade Range in

Washington and Oregon.  (PI-007830 et seq.)  While the paper stands for the

propositions Plaintiffs raise, there is no information accompanying the document

to indicate its author or date of publication.  Moreover, the paper appears more a

solicitation for comments regarding issues surrounding lynx in this part of the

west than a definitive study.  This is insufficient to overcome the Service’s

reasonable interpretation and application of what the Court agrees is the best

available science regarding lynx presence in Oregon, including its determinations

from previous Federal Register publications and the comments of United States

Forest Service wildlife biologist Keith Aubry, who noted a total of twelve verified

records of lynx occurring in Oregon between 1897 and 1993.  (LIT-014469.)  For

these reasons, the Court will grant Defendants’ motion for summary judgment

with respect to the Service’s exclusion of Oregon from the September 2014 final

rule.

E. Plaintiffs’ remaining arguments

Fore the reasons articulated in the Court’s order in Lyder, the Court rejects
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Plaintiffs arguments in CV 14–272–M–DLC related to whether the Service erred

by not designating unoccupied habitat that nevertheless could serve as lynx travel

corridors and climate change refugia in the future.  The Court agrees with

Defendants that the purported distinctions between Plaintiffs’s arguments as

articulated in Lyder and those in the instant case are negligible, and therefore

subject to the same analysis.  See 728 F. Supp. 2d at 1138–40.

CONCLUSION

When it published the September 2014 final rule designating lynx critical

habitat in the United States, the Service erred by: (1) excluding the state of

Colorado from the designation, based upon an improper application of the lynx

PCE and ignoring the best available science; and (2) failing to comply with the

Court’s remand order in Lyder with respect to the Beaverhead-Deerlodge,

Bitterroot, Nez Perce, Lolo and Helena National Forests.  In all other respects, this

most recent critical habitat designation is lawful and satisfies the Service’s

statutory mandate under the ESA.  As the multi-year effort to protect the

landscapes required by the lynx continues, the Court is confident that the final

product will, as the ESA demands, “conserve to the extent practicable” the Canada

lynx.

Accordingly, IT IS ORDERED that:
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(1) Plaintiffs’ motion for summary judgment (Doc. 31) is GRANTED IN

PART.  The motion is GRANTED with respect to the Service’s

failure to designate the state of Colorado as occupied lynx critical

habitat in the September 2014 final rule.  The motion is DENIED in

all other respects.

(2) Plaintiffs’ motion for summary judgment (Doc. 34) is GRANTED IN

PART.  The motion is GRANTED with respect to the Service’s

failure to designate the state of Colorado as occupied lynx critical

habitat in the September 2014 final rule, and its failure to comply

with the Court’s remand order in Alliance for the Wild Rockies v.

Lyder, 726 F. Supp. 2d 1126 (D. Mont. 2010) regarding the the

Beaverhead-Deerlodge, Bitterroot, Nez Perce, Lolo and Helena

National Forests of Montana and Idaho.  The motion is DENIED in

all other respects.

(3) Defendants’ motion for summary judgment (Doc. 42) is GRANTED

IN PART.  The motion is GRANTED with respect to the Service’s

determinations in the September 2014 final rule regarding the Kettle

Range of northeastern Washington, the state of Oregon, unoccupied

habitat designations related to travel corridors and climate change,
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and the lynx PCE.  The motion is DENIED in all other respects.

(4) Defendants’ motion to strike (Doc. 40) is GRANTED.

(5) The September 2014 final rule, 79 Fed. Reg. 54,782 et seq., is hereby

REMANDED to the Service for further action consistent with this

order.  The final rule shall remain in effect until the Service issues a

new final rule on lynx critical habitat, at which time the September

2014 final rule will be superseded.

DATED this 7  day of September, 2016.th
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From: Holt, Bryon
To: Shoemaker, Justin
Subject: Re: Lynx - WA Future Condition Summary
Date: Friday, September 09, 2016 1:34:24 PM

Justin and Jim,

Done.

Bryon

On Fri, Sep 9, 2016 at 9:25 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Bryon,

I'm helping Jim Zelenak w/ finishing up the lynx SSA report.  We currently have summaries
of future condition for each unit except for Unit 4 - North-central WA. Could you go into
the document on google drive (link below) and add in a short summary of future condition
for this unit.  You can see where it goes and the summaries for the other units in Ch 5.1.1. 
The longer discussion of future condition for this unit is in Ch 5.2.4, might be helpful to see
that.  We need this done in a few days if possible. 

https://docs.google.com/document/d/1twxQvhsvI4sFJ1dx05ac_HqTtO1-_
Li_okPCzkKkFZI/edit

Thanks.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Kurt Broderdorp
To: Jim Zelenak; Bryon Holt; Tamara Smith; Mark McCollough
Cc: Heather Bell; Jonathan Cummings; Justin Shoemaker; Jodi Bush; Mary Parkin
Subject: Lynx SSA literature citations
Date: Wednesday, September 14, 2016 7:34:00 AM

All,  I have created a folder under lynx SSA/SSA/literature/SSA Report
Literature Citations PDF files, on the shared drive please upload a PDF
of the entire journal article, book chapter, email (pers comm.), etc., as
appropriate into this folder.  If you cite literature from the LCAS, please
copy a version of the literature into the SSA report citation folder.  If
you have questions, please let me know.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:bryon_holt@fws.gov
mailto:tamara_smith@fws.gov
mailto:mark_mccollough@fws.gov
mailto:heather_bell@fws.gov
mailto:jwcummings@usgs.gov
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mailto:mary_parkin@fws.gov


From: Kurt Broderdorp
To: Jim Zelenak; Mark McCollough; Tamara Smith; Bryon Holt
Subject: Working Literature Citation list
Date: Monday, September 19, 2016 1:00:00 PM

All,  I have combined the SSA Report literature citations list (current as
of today) with a list of citations that Jim Z. had from some previous lynx
work.  I have created a new folder in the SSA Report Literature Citations
PDF files folder.  I uploaded the combined list.  Please cross-walk your
respective sections in the Report with this list.  Please add your citation
if it does not appear on the list.  Please highlight in yellow those
citations that you used in the report, including those that you added to
the list.  Please do not attempt to add anything to the list in the report. 
If you have any questions, please let me know.  Thank You.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
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From: Holt, Bryon
To: Shoemaker, Justin
Cc: Mark McCollough; Kurt Broderdorp; Jim Zelenak; Tamara Smith; Heather Bell; Mary Parkin; Jonathan Cummings
Subject: Re: Lynx SSA report - Chapter 6 Synthesis reveiw
Date: Monday, September 19, 2016 3:16:59 PM
Attachments: Lynx SSA report_Ch 6_Synthesis_09192016_Bryon"s cmmts.docx

Hi Justin,

Looks good from my perspective.  Just one minor comment.

Bryon

On Mon, Sep 19, 2016 at 2:14 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Core team,

Attached is the synthesis section of the Canada lynx SSA report.  It wraps up and
summarizes our assessment of the 3 Rs and viability in our report.  We need you to take a
quick look at it so we can finish up this section and move closer to having a full report that
is ready for Service review.  

Please make comments and edits as necessary in track changes and send the word document
back to me by Thursday this week.  We can also discuss on the team call tomorrow if
needed.  There is also a table suggestion at the end of this section, feedback on that would be
appreciated.  

Thanks.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.   Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests with 
dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive advantage for 
exploiting its primary prey, the snowshoe hare.   Lynx in the contiguous U.S. have the same ecological 
requirements as lynx in Canada and Alaska, and throughout the species’ range hare abundance is the 
primary driver of lynx population dynamics.  However, the DPS is at the southernmost margin of the 
species’ range, where boreal forests transition to temperate conifer and hardwood forests, and where 
snow conditions and hare abundance generally become less favorable with decreasing latitude.  Because 
of this, habitat is less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska.  As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. 

Current Condition and Threats 

Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 
lynx populations and their broad distribution across the geographic scope of the DPS.  Available 
information indicates that five out of six geographic units in the DPS contain resident breeding lynx 
populations.  Although we have no reliable population-size estimates for any of the geographic units, 
Northern Maine (Unit 1) is believed to currently support the largest resident population in the DPS.  In 
Northeastern Minnesota (Unit 2), a resident population occupies the Arrowhead Region of the State.  
Northwestern Montana and northeastern Idaho (Unit 3) continue to support resident lynx, although a 
small subpopulation in the Garnet Mountains on the southern periphery of this unit may have been 
extirpated recently.   In North-central Washington (Unit 4), recent extensive wildfires have temporarily 
reduced the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  
Since the release of Canadian and Alaskan lynx in 1999-2006,  resident lynx currently occupy western 
Colorado (Unit 6).  No lynx were detected during recent research in the Greater Yellowstone Area (GYA, 
Unit 5), which is thought to have historically supported a small resident population.   

Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and environmental diversity within and among populations 
(USFWS 2016).  Information provided by lynx experts and geneticists indicates a generally low level of 
genetic differentiation and relatively similar ecological settings across the DPS, suggesting little life 
history variability or niche differentiation among DPS populations (USFWS 2016, p. 51).  This suggests 



that the current level of representation in the DPS is similar to the historical condition and is not 
indicative of current risks to the genetic health or adaptive capacity of the DPS.   

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely addressed by formal and binding amendments or revisions to most federal land 
management plans within the DPS range.  Although questions remain about the efficacy of this 
improved regulatory framework, federal lands are now being managed specifically to protect and 
restore lynx habitats, with the goal of supporting continued lynx presence on these lands.  Most federal 
lands, which constitute 64 percent of lynx habitat evaluated in this SSA, are found in the western U.S.   

Other stressors affect lynx in one or more geographic units.  For instance, in northern Maine, where 
most high-quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that govern 
private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of nearly 450 percent of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its current 
ability to support a resident population until habitats recover.  Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern Montana/Northeastern 
Idaho, the GYA, and Western Colorado), but the extent to which it has influenced the current condition 
of lynx populations in those units is uncertain. 

Climate change is occurring at a global and, thus, a DPS-wide scale.  Increased wildfire frequency, size, 
and severity (as described above) are among a number of climate-mediated factors that have likely 
influenced current lynx numbers and habitats in the DPS.  For example, climate warming has reduced 
snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been linked to 
increased magnitude and severity of forest insect outbreaks, and it likely has already resulted in some 
changes in vegetative communities.  However, whether, and if so to what extent, these factors have 
influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below). 

Future Condition and Threats 

The resiliency of individual geographic units, which appear to function independently of each other, is 
the primary determinant of the future viability of the lynx DPS.  Overall, expert opinion and our analyses 
suggest a declining probability of persistence for each of the geographic units within the DPS throughout 
the rest of this century (noting that the analysis did not extend beyond 2100), with the potential 
permanent loss (functional extirpation of resident lynx populations) of two to four of the six units, i.e., 
loss of resiliency, by the end of the century. 

Comment [HB1]: The 40 percent estimate 
comes from Ben Maletzke’s presentation at the 
expert elicitation workshop, and is based on a more 
qualitative analysis.  Whereas, the 50 percent 
threshold I cite to in my assessment of the current 
condition of lynx habitat in this geographic unit 
comes from Koehler et al. (2008, p. 1523), which is 
quantitative analysis published in a peer reviewed 
journal.  Thus, I suggest the 50 percent number is 
stronger scientifically.  



Although the loss of one or more geographic units would reduce redundancy and could diminish 
representation, neither redundancy nor representation appears likely to influence the viability of the 
DPS through the end of the century, for several reasons.  Although lynx populations in the DPS units are 
demographically isolated from each other, there appears to be little risk of significant genetic drift 
within the DPS.  This is due to the currently-observed and likely future high level of gene flow across the 
species’ range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity between 
most parts of the DPS and lynx populations in Canada.  Furthermore, based on expert input, there is no 
indication that the relatively low level of genetic diversity among lynx populations is likely to reduce DPS 
viability in the future (USFWS 2016, p. 51).  This information suggests the current and likely future 
relative genetic health of the DPS, and we do not expect representation to become a concern through 
the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any single catastrophic event could cause extirpation of any one geographic unit.  It is 
even less likely that a single catastrophic event will eliminate all populations in the DPS.  It is important 
to note, however, that a sequence of catastrophic events over a short time could increase the potential 
for functional extirpation of one or more of the individual geographic units (e.g., fires in north-central 
Washington, as described above), thereby reducing redundancy within the DPS. 

The likelihood of persistence of individual populations, and thus continued presence of resident lynx in 
each geographic unit, is expected to decrease by 2100 primarily because of climate change effects on 
snow conditions and boreal forests.  Based on climate change models, the effects of climate change on 
snow and boreal forest conditions are foreseen as the primary stressor limiting future viability of lynx in 
the DPS.  The southernmost boreal habitats are predicted to retreat northward and upslope, 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS (although some 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts).  As 
habitat conditions decline, mortality rates are likely to increase and reproductive rates decrease.  This in 
turn will reduce abundance and density of individuals within populations, making lynx populations more 
susceptible to stochastic events.   

Given the high percentage of federal land ownership, regulatory commitments that these lands will 
continue to be managed in accordance with lynx conservation principles, and the existence of potential 
high-elevation climate refugia to which lynx habitats and some lynx might move, western geographic 
units are more likely to support resident lynx longer under projected climate change scenarios.  
Nonetheless, we are unaware of any management action that can abate the long-term retreat of boreal 
forests and diminished snow conditions projected by climate models.  Further, the size, frequency, and 
intensity of wildfires and  forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such events in-
and-of-themselves likely to cause the permanent loss of breeding lynx populations in any geographic 
unit. 



Given similar projections of climate-mediated losses of boreal forests and snow conditions favorable for 
lynx, persistence of lynx populations in Maine and Minnesota may be relatively lower given the smaller 
percent of federal lands and associated regulatory commitments to lynx conservation, and the lack of 
potential elevational refugia.  Additionally, as noted above, changes to regulations governing timber 
harvest on private forest lands in Maine are unlikely to maintain the current historically-high amount 
and distribution of good lynx habitat or the current large population of resident lynx.  These changes, 
which may affect over 90 percent of lynx habitats in northern Maine, are projected to result in 
substantial declines in habitat quality and distribution, and lynx numbers, over the next 10-30 years, 
primarily through restrictions on clearcutting and subsequent forest succession detrimental to 
snowshoe hare and lynx needs. 

DPS viability 

Although the historical record does not suggest broad-scale loss of resident lynx populations in the 
contiguous U.S., a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century.  While 
it is more likely than not that any given individual unit—northern Maine, northeastern Minnesota, 
northwestern Montana, western Colorado, and possibly north-central Washington—will persist to mid-
century, it is unlikely all that five will persist to that point.  By the end of the century, we expect 
populations to persist primarily in units having high-elevation refugia, e.g., northwestern Montana and 
possibly western Colorado, although Colorado would be an isolated unit.  Lynx may also persist at the 
end of the century in Maine and Minnesota, depending on the severity of climate change effects and, in 
Maine, on trends in development and private forest management.  Uncertainty increases at mid- to late-
century concerning the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change.  However, review of the best available science 
in concert with input from lynx experts suggests that the probability of the persistence of resident 
breeding populations will decline in all units beginning as early as 2025, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond that time 
frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx U.S. DPS at increasing risk of extinction. 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 

[insert table here]  

[Core Team, below is an example from Arkansas darter, something like this maybe? Thoughts?]



 

3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 
Resiliency: 
Population 
(Populations able 
to withstand 
stochastic events) 

• Sections of HUC 10 
watershed w/ year-round 
water for regufia (most 
influential)  

• Sufficient water quality 
• Appropriate habitat - 

substrate and aquatic 
vegetation for breeding, 
feeding, sheltering. 
 

• Muliple populations 
with high level of 
resiliency (Table 3) 

• Dewatering potentially 
decreasing refugia (and 
in turn resiliency) in 
25% of the range 
 

Projections based on a combination of water 
depletion and watershed impacts (30Yrs): 

• Expected scenario:  Little change on a 
range-wide basis.  Loss of a low number 
of subpopulations (HUC 12s) in the 
western Cimarron and upper 
Rattlesnake Creek basin, KS.  Possible 
loss of a low number of isolated 
subpopulations in the Colorado range.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects.    

• Worst case scenario: Little change 
throughout the eastern range and most 
of the central range. Water depletion 
increases in western portions of the 
Kansas range and portions of the 
Colorado range, in combination with 
long term drought, resulting in loss of 
stream flows and multiple 
subpopulations (HUC 12s) and some 
populations (HUC 10s) in these areas.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects. 



Redundancy 
(Number and 
distribution of 
populations to 
withstand 
catastrophic events) 

• Multiple populations 
and metapopulations 
throughout the range 
of the species 

• 80 populations*spread 
across CO, KS, OK, MO, 
AR 

• 15 metapopulations**, 
are disjoint from one 
another 

• Some populations are 
widely distributed within 
their drainage area 

• Some populations are 
isolated to varying 
degrees 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected scenario:  Minimal if any 
significant reduction in redundancy at 
the species level.  

• Worst case scenario: Some loss of 
redundancy expected if populations are 
lost on the margins of the range in CO 
and western KS and OK. 

 

Representation 
(genetic and/or 
ecological diversity to 
maintain adaptive 
potential) 

• Occupy a range of 
ecologically diverse 
drainages and 
physiogeographic 
areas  

• Retain current 
genetic diversity 
 

• The breadth of 
physiogeograhical 
diversity known 
historically for this 
species is retained.  

• Genetic variation exists 
within Colorado  
populations; and 
between Arkansas and 
Missouri populations 
 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected Scenario:  Minimal if any 
significant reduction in representation 
at the species level.  

• Worst case scenario:  Potentially 
some reduction in representation, but 
all 3 physiogeographic areas expected 
to have multiple populations.  
 

 



From: Cummings, Jonathan
To: Holt, Bryon
Cc: Shoemaker, Justin; Mark McCollough; Kurt Broderdorp; Jim Zelenak; Tamara Smith; Heather Bell; Mary Parkin
Subject: Re: Lynx SSA report - Chapter 6 Synthesis reveiw
Date: Tuesday, September 20, 2016 8:20:39 AM
Attachments: Lynx SSA report_Ch 6_Synthesis_09192016_Jonathan"s cmmts.docx

I added my three very minor changes and one comment to Bryon's.  Very well done on the
synthesis!

Jonathan

On Mon, Sep 19, 2016 at 6:16 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Hi Justin,

Looks good from my perspective.  Just one minor comment.

Bryon

On Mon, Sep 19, 2016 at 2:14 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Core team,

Attached is the synthesis section of the Canada lynx SSA report.  It wraps up and
summarizes our assessment of the 3 Rs and viability in our report.  We need you to take a
quick look at it so we can finish up this section and move closer to having a full report that
is ready for Service review.  

Please make comments and edits as necessary in track changes and send the word
document back to me by Thursday this week.  We can also discuss on the team call
tomorrow if needed.  There is also a table suggestion at the end of this section, feedback
on that would be appreciated.  

Thanks.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748

mailto:jwcummings@usgs.gov
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mailto:justin_shoemaker@fws.gov


email:         bryon_holt@fws.gov

*************************************************

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

mailto:bryon_holt@fws.gov
mailto:jwcummings@usgs.gov
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Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.   Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests with 
dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive advantage for 
exploiting its primary prey, the snowshoe hare.   Lynx in the contiguous U.S. have the same ecological 
requirements as lynx in Canada and Alaska, and throughout the species’ range hare abundance is the 
primary driver of lynx population dynamics.  However, the DPS is at the southernmost margin of the 
species’ range, where boreal forests transition to temperate conifer and hardwood forests, and where 
snow conditions and hare abundance generally become less favorable with decreasing latitude.  Because 
of this, habitat is less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska.  As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. 

Current Condition and Threats 

Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 
lynx populations and their broad distribution across the geographic scope of the DPS.  Available 
information indicates that five out of six geographic units in the DPS contain resident breeding lynx 
populations.  Although we have no reliable population-size estimates for any of the geographic units, 
Northern Maine (Unit 1) is believed to currently support the largest resident population in the DPS.  In 
Northeastern Minnesota (Unit 2), a resident population occupies the Arrowhead Region of the State.  
Northwestern Montana and northeastern Idaho (Unit 3) continue to support resident lynx, although a 
small subpopulation in the Garnet Mountains on the southern periphery of this unit may have been 
extirpated recently.   In North-central Washington (Unit 4), recent extensive wildfires have temporarily 
reduced the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  
Since the release of Canadian and Alaskan lynx in 1999-2006,  resident lynx currently occupy western 
Colorado (Unit 6).  No lynx were detected during recent research in the Greater Yellowstone Area (GYA, 
Unit 5), which is thought to have historically supported a small resident population.   

Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and environmental diversity within and among populations 
(USFWS 2016).  Information provided by lynx experts and geneticists indicates a generally low level of 
genetic differentiation and relatively similar ecological settings across the DPS, suggesting little life 
history variability or niche differentiation among DPS populations (USFWS 2016, p. 51).  This suggests 



that the current level of representation in the DPS is similar to the historical condition and is not 
indicative of current risks to the genetic health or adaptive capacity of the DPS.   

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely addressed by formal and binding amendments or revisions to most federal land 
management plans within the DPS range.  Although questions remain about the efficacy of this 
improved regulatory framework, federal lands are now being managed specifically to protect and 
restore lynx habitats, with the goal of supporting continued lynx presence on these lands.  Most federal 
lands, which constitute 64 percent of lynx habitat evaluated in this SSA, are found in the western U.S.   

Other stressors affect lynx in one or more geographic units.  For instance, in northern Maine, where 
most high-quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that govern 
private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of nearly 450 percent of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its current 
ability to support a resident population until habitats recover.  Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern Montana/Northeastern 
Idaho, the GYA, and Western Colorado), but the extent to which it has influenced the current condition 
of lynx populations in those units is uncertain. 

Climate change is occurring at a global and, thus, a DPS-wide scale.  Increased wildfire frequency, size, 
and severity (as described above) are among a number of climate-mediated factors that have likely 
influenced current lynx numbers and habitats in the DPS.  For example, climate warming has reduced 
snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been linked to 
increased magnitude and severity of forest insect outbreaks, and it likely has already resulted in some 
changes in vegetative communities.  However, whether, and if so to what extent, these factors have 
influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below). 

Future Condition and Threats 

The resiliency of individual geographic units, which appear to function independently of each other, is 
the primary determinant of the future viability of the lynx DPS.  Overall, expert opinion and our analyses 
suggest a declining probability of persistence for each of the geographic units within the DPS throughout 
the rest of this century (noting that the analysis did not extend beyond 2100), with the potential 
permanent loss (functional extirpation of resident lynx populations) of two to four of the six units, i.e., 
loss of resiliency, by the end of the century. 

Comment [HB1]: The 40 percent estimate 
comes from Ben Maletzke’s presentation at the 
expert elicitation workshop, and is based on a more 
qualitative analysis.  Whereas, the 50 percent 
threshold I cite to in my assessment of the current 
condition of lynx habitat in this geographic unit 
comes from Koehler et al. (2008, p. 1523), which is 
quantitative analysis published in a peer reviewed 
journal.  Thus, I suggest the 50 percent number is 
stronger scientifically.  

Comment [JWC2]: I suggest removing this 
statement.  While it is mostly true, it isn’t fully true, 
and could cause confusion because the units aren’t 
independent of Canadian populations (north-south 
dispersal) and the Rockies populations (Montana, 
Colorado, GYA) likely are at least connected 
genetically.  I think the detail in the next paragraph 
better addresses the dependencies of populations. 



Although the loss of one or more geographic units would reduce redundancy and could diminish 
representation, neither redundancy nor representation appears likely to influence the viability of the 
DPS through the end of the century, for several reasons.  Although lynx populations in the DPS units are 
demographically isolated from each other, there appears to be little risk of significant genetic drift 
within the DPS.  This is due to the currently-observed and likely future high level of gene flow across the 
species’ range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity between 
most parts of the DPS and lynx populations in Canada.  Furthermore, based on expert input, there is no 
indication that the relatively low level of genetic diversity among lynx populations is likely to reduce DPS 
viability in the future (USFWS 2016, p. 51).  This information suggests the current and likely future 
relative genetic health of the DPS, and we do not expect representation to become a concern through 
the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any single catastrophic event could cause extirpation of any one geographic unit.  It is 
even less likely that a single catastrophic event will eliminate all populations in the DPS.  It is important 
to note, however, that a sequence of catastrophic events over a short time could increase the potential 
for functional extirpation of one or more of the individual geographic units (e.g., fires in north-central 
Washington, as described above), thereby reducing redundancy within the DPS. 

The likelihood of persistence of individual populations, and thus continued presence of resident lynx in 
each geographic unit, is expected to decrease by 2100 primarily because of climate change effects on 
snow conditions and boreal forests.  Based on climate change models, the effects of climate change on 
snow and boreal forest conditions are foreseen as the primary stressor limiting future viability of lynx in 
the DPS.  The southernmost boreal habitats are predicted to retreat northward and upslope, 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS (although some 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts).  As 
habitat conditions decline, mortality rates are likely to increase and reproductive rates decrease.  This in 
turn will reduce abundance and density of individuals within populations, making lynx populations more 
susceptible to stochastic events.   

Given the high percentage of federal land ownership, regulatory commitments that these lands will 
continue to be managed in accordance with lynx conservation principles, and the existence of potential 
high-elevation climate refugia to which lynx habitats and some lynx might move, western geographic 
units are more likely to support resident lynx longer under projected climate change scenarios.  
Nonetheless, we are unaware of any management action that can abate the long-term retreat of boreal 
forests and diminished snow conditions projected by climate models.  Further, the size, frequency, and 
intensity of wildfires and  forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such events in-
and-of-themselves likely to cause the permanent loss of breeding lynx populations in any geographic 
unit. 



Given similar projections of climate-mediated losses of boreal forests and snow conditions favorable for 
lynx, persistence of lynx populations in Maine and Minnesota may be relatively lower than the more 
western units given the smaller percent of federal lands and associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia.  Additionally, as noted above, changes to 
regulations governing timber harvest on private forest lands in Maine are unlikely to maintain the 
current historically-high amount and distribution of good lynx habitat or the current large population of 
resident lynx.  These changes, which may affect over 90 percent of lynx habitats in northern Maine, are 
projected to result in substantial declines in habitat quality and distribution, and lynx numbers, over the 
next 10-30 years, primarily through restrictions on clearcutting and subsequent forest succession 
detrimental to snowshoe hare and lynx needs. 

DPS viability 

Although the historical record does not suggest broad-scale loss of resident lynx populations in the 
contiguous U.S., a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century.  While 
it is more likely than not that any given individual unit—northern Maine, northeastern Minnesota, 
northwestern Montana, western Colorado, and possibly north-central Washington—will persist to mid-
century, it is unlikely all that all five will persist to that point.  By the end of the century, we expect 
populations to persist primarily in units having high-elevation refugia, e.g., northwestern Montana and 
possibly western Colorado, although Colorado would be an isolated unit.  Lynx may also persist at the 
end of the century in Maine and Minnesota, depending on the severity of climate change effects and, in 
Maine, on trends in development and private forest management.  Uncertainty increases at mid- to late-
century concerning the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change.  However, review of the best available science 
in concert with input from lynx experts suggests that the probability of the persistence of resident 
breeding populations will decline in all units beginning as early as 2025, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond that time 
frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx U.S. DPS at increasing risk of extinction. 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 

[insert table here]  

[Core Team, below is an example from Arkansas darter, something like this maybe? Thoughts?]



 

3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 
Resiliency: 
Population 
(Populations able 
to withstand 
stochastic events) 

• Sections of HUC 10 
watershed w/ year-round 
water for regufia (most 
influential)  

• Sufficient water quality 
• Appropriate habitat - 

substrate and aquatic 
vegetation for breeding, 
feeding, sheltering. 
 

• Muliple populations 
with high level of 
resiliency (Table 3) 

• Dewatering potentially 
decreasing refugia (and 
in turn resiliency) in 
25% of the range 
 

Projections based on a combination of water 
depletion and watershed impacts (30Yrs): 

• Expected scenario:  Little change on a 
range-wide basis.  Loss of a low number 
of subpopulations (HUC 12s) in the 
western Cimarron and upper 
Rattlesnake Creek basin, KS.  Possible 
loss of a low number of isolated 
subpopulations in the Colorado range.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects.    

• Worst case scenario: Little change 
throughout the eastern range and most 
of the central range. Water depletion 
increases in western portions of the 
Kansas range and portions of the 
Colorado range, in combination with 
long term drought, resulting in loss of 
stream flows and multiple 
subpopulations (HUC 12s) and some 
populations (HUC 10s) in these areas.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects. 



Redundancy 
(Number and 
distribution of 
populations to 
withstand 
catastrophic events) 

• Multiple populations 
and metapopulations 
throughout the range 
of the species 

• 80 populations*spread 
across CO, KS, OK, MO, 
AR 

• 15 metapopulations**, 
are disjoint from one 
another 

• Some populations are 
widely distributed within 
their drainage area 

• Some populations are 
isolated to varying 
degrees 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected scenario:  Minimal if any 
significant reduction in redundancy at 
the species level.  

• Worst case scenario: Some loss of 
redundancy expected if populations are 
lost on the margins of the range in CO 
and western KS and OK. 

 

Representation 
(genetic and/or 
ecological diversity to 
maintain adaptive 
potential) 

• Occupy a range of 
ecologically diverse 
drainages and 
physiogeographic 
areas  

• Retain current 
genetic diversity 
 

• The breadth of 
physiogeograhical 
diversity known 
historically for this 
species is retained.  

• Genetic variation exists 
within Colorado  
populations; and 
between Arkansas and 
Missouri populations 
 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected Scenario:  Minimal if any 
significant reduction in representation 
at the species level.  

• Worst case scenario:  Potentially 
some reduction in representation, but 
all 3 physiogeographic areas expected 
to have multiple populations.  
 

 



From: Holt, Bryon
To: Kit Hershey
Cc: Sarah Hall; Rebecca Migala; Grant Canterbury
Subject: Re: FW: Lynx SSA
Date: Tuesday, September 20, 2016 10:47:50 AM

Yes, I am on the core team and one of the authors of the SSA.  I'm thinking the SSA may be
ready for internal review in a couple of weeks.  I imagine R-6 will want a quick turn around (a
week or two probably at most) as we are already way behind on the schedule.

On Tue, Sep 20, 2016 at 10:44 AM, Kit Hershey <kit_hershey@fws.gov> wrote:

Thanks for the update – I’ll kick your question to Sarah Hall, RO Recovery Manager.  Do you know
when R6 will forward the SSA and when they need concurrence?  Were you part of the CoreTeam
producing the SSA (if not, was anyone from R1)?  thanks

 

Kit Hershey

Chief, Branch of Listing and Critical Habitat

US Fish and Wildlife Service

Portland Regional Office

911 NE 11th Avenue

Portland, OR 97232

(503) 231-6869

 

From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Tuesday, September 20, 2016 10:38 AM
To: Kit Hershey
Cc: Rebecca Migala
Subject: Re: FW: Lynx SSA

 

Kit,

 

The Lynx SSA is being completed to inform the decision of whether or not to develop a
court-ordered recovery plan (due January 15, 2018) for lynx, assuming a recovery plan is
necessary.
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On Tue, Sep 20, 2016 at 10:27 AM, Kit Hershey <kit_hershey@fws.gov> wrote:

Bryon,

What Lynx SSA?  This is news to me.  Kit

 

Kit Hershey

Chief, Branch of Listing and Critical Habitat

US Fish and Wildlife Service

Portland Regional Office

911 NE 11th Avenue

Portland, OR 97232

(503) 231-6869

 

From: Migala, Rebecca [mailto:rebecca_migala@fws.gov] 
Sent: Tuesday, September 20, 2016 10:13 AM
To: Kit Hershey
Subject: Fwd: Lynx SSA

 

Please see Bryon's note.

________________________

Rebecca L. Migala

Endangered Species Biologist

U.S. Fish and Wildlife Service

911 N.E. 11th Ave
Portland, OR  97232

work: 503-231-2011

mailto:kit_hershey@fws.gov
mailto:rebecca_migala@fws.gov


cell: 503-915-7541

 

"Tell me, what is it you plan to do with your one wild and precious life."  Mary Oliver

 

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Tue, Sep 20, 2016 at 9:31 AM
Subject: Lynx SSA
To: Rebecca Migala <rebecca_migala@fws.gov>

Rebecca,

 

We are getting close to sending the Lynx SSA out for internal review.  R-6 wants R-1
concurrence.  Who at RO will review and concur?

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

 

 

--

mailto:bryon_holt@fws.gov
mailto:rebecca_migala@fws.gov
mailto:bryon_holt@fws.gov


**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov


From: Smith, Tamara
To: Ragan, Laura
Subject: Re: Lynx SSA Report - Regional Concurrence
Date: Tuesday, September 20, 2016 1:58:12 PM

Okay - sounds good. I'm glad that subject came up in discussions this week. 

On Tue, Sep 20, 2016 at 1:43 PM, Ragan, Laura <laura_ragan@fws.gov> wrote:
Tam -

Mary received a similar message from Mark for R5.  Marty, Mary, Seth, Marj and I are all at
the same meeting this week.  We began a discussion about this, which we will continue later
today.  Bottom line is there is concern about requesting regional concurrence and signature
on the SSA itself (the science document rather than the decision document). I'll be in touch.

-Laura

On Tue, Sep 20, 2016 at 11:37 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Laura -

We are getting close to having our Canada lynx SSA report for internal FWS review. R6
would like to have regional concurrences before we send it out for state agency and peer
review.  I'm asking you for your advice on how to move this through the chain of R3
Regional review - who would be the one to review & sign off?   I'm guessing that Lori
Nordstrom would be interested in looking at this document because of her past experience
with lynx.  

We don't have a definitive timeline yet, but I think the document will be ready for internal
review within the next week or two. 

Thanks!
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Laura Ragan
U.S. Fish and Wildlife Service
Division of Endangered Species

mailto:tamara_smith@fws.gov
mailto:laura_ragan@fws.gov
mailto:laura_ragan@fws.gov
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5600 American Blvd. West, Suite 990
Bloomington, MN 55437
Tel:  612-713-5157
Laura_Ragan@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:Laura_Ragan@fws.gov


From: Holt, Bryon
To: Shoemaker, Justin
Cc: Mark McCollough; Kurt Broderdorp; Tamara Smith; Jim Zelenak
Subject: Re: lynx ssa - Ch 6 synopsis table
Date: Tuesday, September 20, 2016 3:03:58 PM

Justin,

OK with table except for one correction.  Please change 40 to 50 under current condition for
resiliency.

Thanks,

Bryon

On Tue, Sep 20, 2016 at 2:20 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Core team,

Attached is a synopsis table for inclusion at the end of chapter 6 in the SSA report.  I tried to
just capture the high points of our assessment in the table so that it gives a quick recap of the
synopsis. Please take a look and let me know if you have edits/comments/additions. Thanks.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Holt, Bryon
To: Dennis Mackey
Cc: Kim Garner; Kit Hershey; Sarah Hall; Grant Canterbury
Subject: Fwd: FW: Lynx SSA
Date: Wednesday, September 21, 2016 7:25:44 AM

Dennis,

See my email exchanges with Kit. Our our lynx core team call yesterday, Jodi Bush ask us to
find out who in each RO would review and provide concurrence on the lynx SSA.  How (or)
does IFWO want to be involved the the review of the lynx SSA as well?

Bryon

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Tue, Sep 20, 2016 at 10:47 AM
Subject: Re: FW: Lynx SSA
To: Kit Hershey <kit_hershey@fws.gov>
Cc: Sarah Hall <sarah_hall@fws.gov>, Rebecca Migala <rebecca_migala@fws.gov>, Grant
Canterbury <grant_canterbury@fws.gov>

Yes, I am on the core team and one of the authors of the SSA.  I'm thinking the SSA may be
ready for internal review in a couple of weeks.  I imagine R-6 will want a quick turn around (a
week or two probably at most) as we are already way behind on the schedule.

On Tue, Sep 20, 2016 at 10:44 AM, Kit Hershey <kit_hershey@fws.gov> wrote:

Thanks for the update – I’ll kick your question to Sarah Hall, RO Recovery Manager.  Do you know
when R6 will forward the SSA and when they need concurrence?  Were you part of the CoreTeam
producing the SSA (if not, was anyone from R1)?  thanks

 

Kit Hershey

Chief, Branch of Listing and Critical Habitat

US Fish and Wildlife Service

Portland Regional Office

911 NE 11th Avenue

Portland, OR 97232

(503) 231-6869
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From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Tuesday, September 20, 2016 10:38 AM
To: Kit Hershey
Cc: Rebecca Migala
Subject: Re: FW: Lynx SSA

 

Kit,

 

The Lynx SSA is being completed to inform the decision of whether or not to develop a
court-ordered recovery plan (due January 15, 2018) for lynx, assuming a recovery plan is
necessary.

 

 

  

 

On Tue, Sep 20, 2016 at 10:27 AM, Kit Hershey <kit_hershey@fws.gov> wrote:

Bryon,

What Lynx SSA?  This is news to me.  Kit

 

Kit Hershey

Chief, Branch of Listing and Critical Habitat

US Fish and Wildlife Service

Portland Regional Office

911 NE 11th Avenue

Portland, OR 97232

(503) 231-6869

 

From: Migala, Rebecca [mailto:rebecca_migala@fws.gov] 
Sent: Tuesday, September 20, 2016 10:13 AM
To: Kit Hershey

mailto:bryon_holt@fws.gov
mailto:kit_hershey@fws.gov
mailto:rebecca_migala@fws.gov


Subject: Fwd: Lynx SSA

 

Please see Bryon's note.

________________________

Rebecca L. Migala

Endangered Species Biologist

U.S. Fish and Wildlife Service

911 N.E. 11th Ave
Portland, OR  97232

work: 503-231-2011

cell: 503-915-7541

 

"Tell me, what is it you plan to do with your one wild and precious life."  Mary Oliver

 

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Tue, Sep 20, 2016 at 9:31 AM
Subject: Lynx SSA
To: Rebecca Migala <rebecca_migala@fws.gov>

Rebecca,

 

We are getting close to sending the Lynx SSA out for internal review.  R-6 wants R-1
concurrence.  Who at RO will review and concur?

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

mailto:bryon_holt@fws.gov
mailto:rebecca_migala@fws.gov


Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

 

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov


-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: Holt, Bryon
To: Karen Cathey
Cc: Kathleen Hendricks
Subject: Re: Lynx SSA
Date: Wednesday, September 21, 2016 8:49:13 AM

No it is not out yet, and R-6 wants to keep it under wrap until is it ready for internal review.

On Wed, Sep 21, 2016 at 8:42 AM, Karen Cathey <karen_cathey@fws.gov> wrote:

Good morning, Bryon.  I see the potential for a week turnaround.  Is there anything we can
start reviewing now, to get started?  Is it close enough yet?

K

Sent from my iPad

On Sep 21, 2016, at 8:21 AM, Mackey, Dennis <dennis_mackey@fws.gov> wrote:

Bryon:

Yes, we should have IFWO review. Please coordinate with Karen and she can
discuss internal review with Kathleen. Thanks.

Dennis

On Wed, Sep 21, 2016 at 8:25 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Dennis,

See my email exchanges with Kit. Our our lynx core team call yesterday, Jodi
Bush ask us to find out who in each RO would review and provide
concurrence on the lynx SSA.  How (or) does IFWO want to be involved the
the review of the lynx SSA as well?

Bryon

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Tue, Sep 20, 2016 at 10:47 AM
Subject: Re: FW: Lynx SSA
To: Kit Hershey <kit_hershey@fws.gov>
Cc: Sarah Hall <sarah_hall@fws.gov>, Rebecca Migala
<rebecca_migala@fws.gov>, Grant Canterbury <grant_canterbury@fws.gov>

Yes, I am on the core team and one of the authors of the SSA.  I'm thinking
the SSA may be ready for internal review in a couple of weeks.  I imagine R-
6 will want a quick turn around (a week or two probably at most) as we are
already way behind on the schedule.
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On Tue, Sep 20, 2016 at 10:44 AM, Kit Hershey <kit_hershey@fws.gov>
wrote:

Thanks for the update – I’ll kick your question to Sarah Hall, RO Recovery
Manager.  Do you know when R6 will forward the SSA and when they need
concurrence?  Were you part of the CoreTeam producing the SSA (if not, was
anyone from R1)?  thanks

 

Kit Hershey

Chief, Branch of Listing and Critical Habitat

US Fish and Wildlife Service

Portland Regional Office

911 NE 11th Avenue

Portland, OR 97232

(503) 231-6869

 

From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Tuesday, September 20, 2016 10:38 AM
To: Kit Hershey
Cc: Rebecca Migala
Subject: Re: FW: Lynx SSA

 

Kit,

 

The Lynx SSA is being completed to inform the decision of whether or not
to develop a court-ordered recovery plan (due January 15, 2018) for lynx,
assuming a recovery plan is necessary.

 

 

  

 

On Tue, Sep 20, 2016 at 10:27 AM, Kit Hershey <kit_hershey@fws.gov>

mailto:kit_hershey@fws.gov
mailto:bryon_holt@fws.gov
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wrote:

Bryon,

What Lynx SSA?  This is news to me.  Kit

 

Kit Hershey

Chief, Branch of Listing and Critical Habitat

US Fish and Wildlife Service

Portland Regional Office

911 NE 11th Avenue

Portland, OR 97232

(503) 231-6869

 

From: Migala, Rebecca [mailto:rebecca_migala@fws.gov] 
Sent: Tuesday, September 20, 2016 10:13 AM
To: Kit Hershey
Subject: Fwd: Lynx SSA

 

Please see Bryon's note.

________________________

Rebecca L. Migala

Endangered Species Biologist

U.S. Fish and Wildlife Service

911 N.E. 11th Ave
Portland, OR  97232

work: 503-231-2011

cell: 503-915-7541

 

"Tell me, what is it you plan to do with your one wild and precious life."
 Mary Oliver

mailto:rebecca_migala@fws.gov


 

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Tue, Sep 20, 2016 at 9:31 AM
Subject: Lynx SSA
To: Rebecca Migala <rebecca_migala@fws.gov>

Rebecca,

 

We are getting close to sending the Lynx SSA out for internal review.  R-6
wants R-1 concurrence.  Who at RO will review and concur?

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

 

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

mailto:bryon_holt@fws.gov
mailto:rebecca_migala@fws.gov
mailto:bryon_holt@fws.gov


Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Dennis Mackey
Deputy State Supervisor
United States Fish and Wildlife Service
Boise, Idaho  
Office: 208-378-5267
Cell: 208-860-1970 

mailto:bryon_holt@fws.gov
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-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: Kurt Broderdorp
To: Justin Shoemaker; Mark McCollough; Jim Zelenak; Bryon Holt; Tamara Smith
Cc: Heather Bell; Mary Parkin; Jonathan Cummings
Subject: RE: Lynx SSA report - Chapter 6 Synthesis review
Date: Wednesday, September 21, 2016 10:35:00 AM
Attachments: Lynx SSA report_Ch 6_Synthesis_09192016KB_comments.docx

 
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Shoemaker, Justin [mailto:justin_shoemaker@fws.gov] 
Sent: Monday, September 19, 2016 3:14 PM
To: Mark McCollough; Kurt Broderdorp; Jim Zelenak; Bryon Holt; Tamara Smith
Cc: Heather Bell; Mary Parkin; Jonathan Cummings
Subject: Lynx SSA report - Chapter 6 Synthesis reveiw
 
Core team,
 
Attached is the synthesis section of the Canada lynx SSA report.  It wraps up and summarizes
our assessment of the 3 Rs and viability in our report.  We need you to take a quick look at it
so we can finish up this section and move closer to having a full report that is ready for
Service review.  
 
Please make comments and edits as necessary in track changes and send the word document
back to me by Thursday this week.  We can also discuss on the team call tomorrow if needed. 
There is also a table suggestion at the end of this section, feedback on that would be
appreciated.  
 
Thanks.
 
Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov
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Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.   Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests with 
dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive advantage for 
exploiting its primary prey, the snowshoe hare.   Lynx in the contiguous U.S. have the same ecological 
requirements as lynx in Canada and Alaska, and throughout the species’ range hare abundance is the 
primary driver of lynx population dynamics.  However, the DPS is at the southernmost margin of the 
species’ range, where boreal forests transition to temperate conifer and hardwood forests, and where 
snow conditions and hare abundance generally become less favorable with decreasing latitude.  Because 
of this, habitat is less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska.  As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. 

Current Condition and Threats 

Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 
lynx populations and their broad distribution across the geographic scope of the DPS.  Available 
information indicates that five out of six geographic units in the DPS contain resident breeding lynx 
populations.  Although we have no reliable population-size estimates for any of the geographic units, 
Northern Maine (Unit 1) is believed to currently support the largest resident population in the DPS.  In 
Northeastern Minnesota (Unit 2), a resident population occupies the Arrowhead Region of the State.  
Northwestern Montana and northeastern Idaho (Unit 3) continue to support resident lynx, although a 
small subpopulation in the Garnet Mountains on the southern periphery of this unit may have been 
extirpated recently.   In North-central Washington (Unit 4), recent extensive wildfires have temporarily 
reduced the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  
Since the release of Canadian and Alaskan lynx in 1999-2006,  resident lynx currently occupy western 
Colorado (Unit 6).  No lynx were detected during recent research in the Greater Yellowstone Area (GYA, 
Unit 5), which is thought to have historically supported a small resident population.   

Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and environmental diversity within and among populations 
(USFWS 2016).  Information provided by lynx experts and geneticists indicates a generally low level of 
genetic differentiation and relatively similar ecological settings across the DPS, suggesting little life 
history variability or niche differentiation among DPS populations (USFWS 2016, p. 51).  This suggests 



that the current level of representation in the DPS is similar to the historical condition and is not 
indicative of current risks to the genetic health or adaptive capacity of the DPS.   

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely addressed by formal and binding amendments or revisions to most federal land 
management plans within the DPS range.  Although questions remain about the efficacy of this 
improved regulatory framework, federal lands are now being managed specifically to protect and 
restore lynx habitats, with the goal of supporting continued lynx presence on these lands.  Most federal 
lands, which constitute 64 percent of lynx habitat evaluated in this SSA, are found in the western U.S.   

Other stressors affect lynx in one or more geographic units.  For instance, in northern Maine, where 
most high-quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that govern 
private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of nearly 40 percent of lynx 
habitat, likely reducing this unit’s current lynx population and potentially compromising its current 
ability to support a resident population until habitats recover.  Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern Montana/Northeastern 
Idaho, the GYA, and Western Colorado), but the extent to which it has influenced the current condition 
of lynx populations in those units is uncertain. 

Climate change is occurring at a global and, thus, a DPS-wide scale.  Increased wildfire frequency, size, 
and severity (as described above) are among a number of climate-mediated factors that have likely 
influenced current lynx numbers and habitats in the DPS.  For example, climate warming has reduced 
snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been linked to 
increased magnitude and severity of forest insect outbreaks, and it likely has already resulted in some 
changes in vegetative communities.  However, whether, and if so to what extent, these factors have 
influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below). 

Future Condition and Threats 

The resiliency of individual geographic units, which appear to function independently of each other, is 
the primary determinant of the future viability of the lynx DPS.  Overall, expert opinion and our analyses 
suggest a declining probability of persistence for each of the geographic units within the DPS throughout 
the rest of this century (noting that the analysis did not extend beyond 2100), with the potential 
permanent loss (functional extirpation of resident lynx populations) of two to four of the six units, i.e., 
loss of resiliency, by the end of the century. 



Although the loss of one or more geographic units would reduce redundancy and could diminish 
representation, neither redundancy nor representation appears likely to influence the viability of the 
DPS through the end of the century, for several reasons.  Although lynx populations in the DPS units are 
demographically isolated from each other, there appears to be little risk of significant genetic drift 
within the DPS.  This is due to the currently-observed and likely future high level of gene flow across the 
species’ range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity between 
most parts of the DPS and lynx populations in Canada.  Furthermore, based on expert input, there is no 
indication that the relatively low level of genetic diversity among lynx populations is likely to reduce DPS 
viability in the future (USFWS 2016, p. 51).  This information suggests the current and likely future 
relative genetic health of the DPS, and we do not expect representation to become a concern through 
the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any single catastrophic event could cause extirpation of any one geographic unit.  It is 
even less likely that a single catastrophic event will eliminate all populations in the DPS.  It is important 
to note, however, that a sequence of catastrophic events over a short time could increase the potential 
for functional extirpation of one or more of the individual geographic units (e.g., fires in north-central 
Washington, as described above), thereby reducing redundancy within the DPS. 

The likelihood of persistence of individual populations, and thus continued presence of resident lynx in 
each geographic unit, is expected to decrease by 2100 primarily because of climate change effects on 
snow conditions and boreal forests.  Based on climate change models, the effects of climate change on 
snow and boreal forest conditions are foreseen as the primary stressor limiting future viability of lynx in 
the DPS.  The southernmost boreal habitats are predicted to retreat northward and upslope, 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS (although some 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts).  As 
habitat conditions decline, mortality rates are likely to increase and reproductive rates decrease.  This in 
turn will reduce abundance and density of individuals within populations, making lynx populations more 
susceptible to stochastic events.   

Given the high percentage of federal land ownership, regulatory commitments that these lands will 
continue to be managed in accordance with lynx conservation principles, and the existence of potential 
high-elevation climate refugia to which lynx habitats and some lynx might move, western geographic 
units are more likely to support resident lynx longer under projected climate change scenarios.  
Nonetheless, we are unaware of any management action that can abate the long-term retreat of boreal 
forests and diminished snow conditions projected by climate models.  Further, the size, frequency, and 
intensity of wildfires and  forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such events in-
and-of-themselves likely to cause the permanent loss of breeding lynx populations in any geographic 
unit. 



Given similar projections of climate-mediated losses of boreal forests and snow conditions favorable for 
lynx, persistence of lynx populations in Maine and Minnesota may be relatively lower given the smaller 
percent of federal lands and associated regulatory commitments to lynx conservation, and the lack of 
potential elevational refugia.  Additionally, as noted above, changes to regulations governing timber 
harvest on private forest lands in Maine are unlikely to maintain the current historically-high amount 
and distribution of good lynx habitat or the current large population of resident lynx.  These changes, 
which may affect over 90 percent of lynx habitats in northern Maine, are projected to result in 
substantial declines in habitat quality and distribution, and lynx numbers, over the next 10-30 years, 
primarily through restrictions on clearcutting and subsequent forest succession detrimental to 
snowshoe hare and lynx needs. 

DPS viability 

Although the historical record does not suggest broad-scale loss of resident lynx populations in the 
contiguous U.S., a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century.  While 
it is more likely than not that any given individual unit—northern Maine, northeastern Minnesota, 
northwestern Montana, western Colorado, and possibly north-central Washington—will persist to mid-
century, it is unlikely all that five will persist to that point.  By the end of the century, we expect 
populations to persist primarily in units having high-elevation refugia, e.g., northwestern Montana and 
possibly western Colorado, although Colorado would be anremain an isolated unit, and may become 
more isolated by loss of the GYA unit.  Lynx may also persist at the end of the century in Maine and 
Minnesota, depending on the severity of climate change effects and, in Maine, on trends in 
development and private forest management.  Uncertainty increases at mid- to late-century concerning 
the timing and extent of various stressors that will affect lynx and hare habitat and snow regimes, 
especially those related to climate change.  However, review of the best available science in concert 
with input from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all units beginning as early as 2025, with the negative DPS-wide trajectory 
continuing to the end of the century, and (with no evidence to the contrary) beyond that time frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx U.S. DPS at increasing risk of extinction. 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 

[insert table here]  

[Core Team, below is an example from Arkansas darter, something like this maybe? Thoughts?]

Comment [BK1]: Isolated from what?  How 
would this be different than current conditions?   



 

3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 
Resiliency: 
Population 
(Populations able 
to withstand 
stochastic events) 

• Sections of HUC 10 
watershed w/ year-round 
water for regufia (most 
influential)  

• Sufficient water quality 
• Appropriate habitat - 

substrate and aquatic 
vegetation for breeding, 
feeding, sheltering. 
 

• Muliple populations 
with high level of 
resiliency (Table 3) 

• Dewatering potentially 
decreasing refugia (and 
in turn resiliency) in 
25% of the range 
 

Projections based on a combination of water 
depletion and watershed impacts (30Yrs): 

• Expected scenario:  Little change on a 
range-wide basis.  Loss of a low number 
of subpopulations (HUC 12s) in the 
western Cimarron and upper 
Rattlesnake Creek basin, KS.  Possible 
loss of a low number of isolated 
subpopulations in the Colorado range.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects.    

• Worst case scenario: Little change 
throughout the eastern range and most 
of the central range. Water depletion 
increases in western portions of the 
Kansas range and portions of the 
Colorado range, in combination with 
long term drought, resulting in loss of 
stream flows and multiple 
subpopulations (HUC 12s) and some 
populations (HUC 10s) in these areas.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects. 



Redundancy 
(Number and 
distribution of 
populations to 
withstand 
catastrophic events) 

• Multiple populations 
and metapopulations 
throughout the range 
of the species 

• 80 populations*spread 
across CO, KS, OK, MO, 
AR 

• 15 metapopulations**, 
are disjoint from one 
another 

• Some populations are 
widely distributed within 
their drainage area 

• Some populations are 
isolated to varying 
degrees 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected scenario:  Minimal if any 
significant reduction in redundancy at 
the species level.  

• Worst case scenario: Some loss of 
redundancy expected if populations are 
lost on the margins of the range in CO 
and western KS and OK. 

 

Representation 
(genetic and/or 
ecological diversity to 
maintain adaptive 
potential) 

• Occupy a range of 
ecologically diverse 
drainages and 
physiogeographic 
areas  

• Retain current 
genetic diversity 
 

• The breadth of 
physiogeograhical 
diversity known 
historically for this 
species is retained.  

• Genetic variation exists 
within Colorado  
populations; and 
between Arkansas and 
Missouri populations 
 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected Scenario:  Minimal if any 
significant reduction in representation 
at the species level.  

• Worst case scenario:  Potentially 
some reduction in representation, but 
all 3 physiogeographic areas expected 
to have multiple populations.  
 

 



From: Holt, Bryon
To: Hendricks, Kathleen
Subject: Re: Lynx SSA
Date: Wednesday, September 21, 2016 12:27:43 PM

Good question,

I think Dennis suggested you and/or Karen.  Perhaps Kim might have a suggestion as to who
in Boise might be a good technical reviewer.

Bryon

On Wed, Sep 21, 2016 at 11:52 AM, Hendricks, Kathleen <kathleen_hendricks@fws.gov>
wrote:

ok now I'm clear....I tried to follow the string of emails but got lost.  But it sounded like one
of Dennis' emails said that IFWO needs to review.....who then?

Kathleen G. Hendricks
Assistant State Supervisor
1387 South Vinnell Way
Boise, Idaho 83709
208-378-5742 work
208-866-7467 cell 

On Wed, Sep 21, 2016 at 12:50 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:
I'm one of the authors of the SSA.  So, I don't think I need to review it.

On Wed, Sep 21, 2016 at 11:49 AM, Hendricks, Kathleen
<kathleen_hendricks@fws.gov> wrote:

to review the SSA.....just trying to be considerate of dumping a bunch of stuff on your
plate, if you're cool with it great!

Kathleen G. Hendricks
Assistant State Supervisor
1387 South Vinnell Way
Boise, Idaho 83709
208-378-5742 work
208-866-7467 cell 

On Wed, Sep 21, 2016 at 12:45 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Kathleen,

Time for what?

Bryon

mailto:bryon_holt@fws.gov
mailto:kathleen_hendricks@fws.gov
mailto:kathleen_hendricks@fws.gov
mailto:bryon_holt@fws.gov
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On Wed, Sep 21, 2016 at 11:44 AM, Hendricks, Kathleen
<kathleen_hendricks@fws.gov> wrote:

Bryon
when the SSA arrives will you have time?  Let Karen and I know how we can help
though I will be a slow study on SSAs

Kathleen G. Hendricks
Assistant State Supervisor
1387 South Vinnell Way
Boise, Idaho 83709
208-378-5742 work
208-866-7467 cell 

On Wed, Sep 21, 2016 at 9:49 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
No it is not out yet, and R-6 wants to keep it under wrap until is it ready for
internal review.

On Wed, Sep 21, 2016 at 8:42 AM, Karen Cathey <karen_cathey@fws.gov>
wrote:

Good morning, Bryon.  I see the potential for a week turnaround.  Is there
anything we can start reviewing now, to get started?  Is it close enough yet?

K

Sent from my iPad

On Sep 21, 2016, at 8:21 AM, Mackey, Dennis <dennis_mackey@fws.gov>
wrote:

Bryon:

Yes, we should have IFWO review. Please coordinate with Karen
and she can discuss internal review with Kathleen. Thanks.

Dennis

On Wed, Sep 21, 2016 at 8:25 AM, Holt, Bryon
<bryon_holt@fws.gov> wrote:

Dennis,

See my email exchanges with Kit. Our our lynx core team call
yesterday, Jodi Bush ask us to find out who in each RO would
review and provide concurrence on the lynx SSA.  How (or) does
IFWO want to be involved the the review of the lynx SSA as
well?

Bryon
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---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Tue, Sep 20, 2016 at 10:47 AM
Subject: Re: FW: Lynx SSA
To: Kit Hershey <kit_hershey@fws.gov>
Cc: Sarah Hall <sarah_hall@fws.gov>, Rebecca Migala
<rebecca_migala@fws.gov>, Grant Canterbury
<grant_canterbury@fws.gov>

Yes, I am on the core team and one of the authors of the SSA. 
I'm thinking the SSA may be ready for internal review in a couple
of weeks.  I imagine R-6 will want a quick turn around (a week or
two probably at most) as we are already way behind on the
schedule.

On Tue, Sep 20, 2016 at 10:44 AM, Kit Hershey
<kit_hershey@fws.gov> wrote:

Thanks for the update – I’ll kick your question to Sarah Hall, RO
Recovery Manager.  Do you know when R6 will forward the SSA and
when they need concurrence?  Were you part of the CoreTeam
producing the SSA (if not, was anyone from R1)?  thanks

 

Kit Hershey

Chief, Branch of Listing and Critical Habitat

US Fish and Wildlife Service

Portland Regional Office

911 NE 11th Avenue

Portland, OR 97232

(503) 231-6869

 

From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Tuesday, September 20, 2016 10:38 AM
To: Kit Hershey
Cc: Rebecca Migala
Subject: Re: FW: Lynx SSA
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Kit,

 

The Lynx SSA is being completed to inform the decision of
whether or not to develop a court-ordered recovery plan (due
January 15, 2018) for lynx, assuming a recovery plan is
necessary.

 

 

  

 

On Tue, Sep 20, 2016 at 10:27 AM, Kit Hershey
<kit_hershey@fws.gov> wrote:

Bryon,

What Lynx SSA?  This is news to me.  Kit

 

Kit Hershey

Chief, Branch of Listing and Critical Habitat

US Fish and Wildlife Service

Portland Regional Office

911 NE 11th Avenue

Portland, OR 97232

(503) 231-6869

 

From: Migala, Rebecca [mailto:rebecca_migala@fws.gov] 
Sent: Tuesday, September 20, 2016 10:13 AM
To: Kit Hershey
Subject: Fwd: Lynx SSA

 

Please see Bryon's note.

________________________

mailto:kit_hershey@fws.gov
mailto:rebecca_migala@fws.gov


Rebecca L. Migala

Endangered Species Biologist

U.S. Fish and Wildlife Service

911 N.E. 11th Ave
Portland, OR  97232

work: 503-231-2011

cell: 503-915-7541

 

"Tell me, what is it you plan to do with your one wild and
precious life."  Mary Oliver

 

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Tue, Sep 20, 2016 at 9:31 AM
Subject: Lynx SSA
To: Rebecca Migala <rebecca_migala@fws.gov>

Rebecca,

 

We are getting close to sending the Lynx SSA out for internal
review.  R-6 wants R-1 concurrence.  Who at RO will review
and concur?

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

mailto:bryon_holt@fws.gov
mailto:rebecca_migala@fws.gov
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*************************************************

 

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA

mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov


Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Dennis Mackey
Deputy State Supervisor
United States Fish and Wildlife Service
Boise, Idaho  
Office: 208-378-5267
Cell: 208-860-1970 

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
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Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Smith, Tamara
To: McCollough, Mark
Cc: Shoemaker, Justin; Bryon Holt; Kurt Broderdorp; Jim Zelenak
Subject: Re: lynx ssa - Ch 6 synopsis table
Date: Wednesday, September 21, 2016 4:22:39 PM
Attachments: Smith_McCollough comments 9.21.2016 Lynx SSA Ch 6 synopsis table.docx

Hi Justin - I added some comments on top of the version of the table with Mark's comments. 

Thanks, 
Tam

On Wed, Sep 21, 2016 at 12:17 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Justin:  Here are a few comments/suggestions.  Mark

On Tue, Sep 20, 2016 at 5:20 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Core team,

Attached is a synopsis table for inclusion at the end of chapter 6 in the SSA report.  I tried
to just capture the high points of our assessment in the table so that it gives a quick recap
of the synopsis. Please take a look and let me know if you have edits/comments/additions.
Thanks.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED!!!!  On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell



 

3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 

Resiliency: 
Population 
(Population
s able to 
withstand 
stochastic 
events) 

• Specialist 
requiring boreal 
forests with dense 
horizontal cover, 
long winters, and 
deep, fluffy snow, 
which gives it a 
competitive 
advantage for 
exploiting its 
primary prey, the 
snowshoe hare  

• DPS believed to be 
dependent on 
periodic influx of 
lynx from Canada 
after peak of hare 
cycles 

• Five out of six geographic units in the 
DPS contain resident breeding lynx 
populations; population numbers 
unknown; Maine currently largest 
population  

• Federal lands are now being managed 
specifically to protect and restore 
lynx habitats, with the goal of 
supporting continued lynx presence  

• No long-term commitments to 
management plans on private forest 
lands 

• Changes in forest management may 
currently be causing decreases in 
habitat quantity, quality, and 
distribution, and in lynx numbers in 
Maine 

• In North-central Washington, recent 
large-scale wildfires have resulted in 
the temporary loss of nearly 40 
percent of lynx habitat 

• Recent hare cycles are diminished in 
amplitude 

Projections based on impacts of stressors to turn of 
the century (2100): 
• The likelihood of persistence of individual 

populations, and thus continued presence 
of resident lynx in each geographic unit, is 
expected to decrease by 2100 primarily 
because of climate change effects on snow 
conditions and boreal forests.   

• We expect populations to persist 
primarily in units having high-elevation 
refugia, e.g., northwestern Montana and 
possibly western Colorado, although 
Colorado would be an isolated unit.   

• Lynx may also persist at the end of the 
century in Maine and Minnesota, 
depending on the severity of climate 
change effects and, in Maine, on trends in 
development and private forest 
management on private lands. 

• Habitat and snow conditions move north 
and/or to higher elevation   

• Hare cycles may diminish because of 
climate change 

• Size, frequency, and intensity of wildfires 
and forest insect outbreaks are expected to 
increase with climate change. 

• Moderate to high likelihood of declines (i.e., 
loss of two to four units) by the turn of the 
century resulting in reduced resiliency. 

Formatted Table

Comment [TAS1]: Are these three essentially 
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Redundancy 
(Number and 
distribution 
of 
populations 
to withstand 
catastrophic 
events) 

• Multiple 
populations 
throughout the 
range of the 
DPS 

• Redundancy similar to historic levels.  
• No lynx were detected during recent 

research in the Greater Yellowstone 
Area (GYA, Unit 5), which is thought to 
have historically supported a small 
resident population.   

Projections based on impacts of stressors to turn of 
the century (2100): 

• Moderate to high likelihood of declines 
(i.e., loss of two to four units) by the turn 
of the century resulting in reduced 
redundancy. 

 
 

Representatio
n (genetic 
and/or 
ecological 
diversity to 
maintain 
adaptive 
potential) 

• Occupy a 
range of 
ecologically 
diverse areas  

• Retain 
current 
genetic 
diversity 
 

• The breadth of ecological diversity 
and genetic diversity known 
historically for this DPS is retained. 
No indication of current risks to the 
genetic health or adaptive capacity of 
the DPS 

Projections based on impacts of stressors to turn of 
the century (2100): 

• Moderate to high likelihood of declines 
(i.e., loss of two to four units) by the turn 
of the century resulting in reduced 
representation. 

• Loss of two to four units will reduce 
resiliency and redundancy of the DPS 
 

 

Comment [TAS2]: This is different from what 
we say in the synthesis text p. 1 last paragraph 
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From: Smith, Tamara
To: Justin Shoemaker
Cc: Mark McCollough; Kurt Broderdorp; Jim Zelenak; Bryon Holt; Heather Bell; Mary Parkin; Jonathan Cummings
Subject: Re: Lynx SSA report - Chapter 6 Synthesis review
Date: Wednesday, September 21, 2016 4:24:19 PM
Attachments: Lynx SSA report_Ch 6_Synthesis_09192016KB_comments_TSmith_comments.docx

Hi Justin - I added just a couple of comments - most of my comments were on the table (sent
to you in an email a few minutes ago). 

Thanks!
-Tam

On Wed, Sep 21, 2016 at 11:35 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

 

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Shoemaker, Justin [mailto:justin_shoemaker@fws.gov] 
Sent: Monday, September 19, 2016 3:14 PM
To: Mark McCollough; Kurt Broderdorp; Jim Zelenak; Bryon Holt; Tamara Smith
Cc: Heather Bell; Mary Parkin; Jonathan Cummings
Subject: Lynx SSA report - Chapter 6 Synthesis reveiw

 

Core team,

 

Attached is the synthesis section of the Canada lynx SSA report.  It wraps up and
summarizes our assessment of the 3 Rs and viability in our report.  We need you to take a
quick look at it so we can finish up this section and move closer to having a full report that
is ready for Service review.  

 

Please make comments and edits as necessary in track changes and send the word document
back to me by Thursday this week.  We can also discuss on the team call tomorrow if
needed.  There is also a table suggestion at the end of this section, feedback on that would be
appreciated.  
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Thanks.

 

Justin Shoemaker

Senior Listing Biologist

U.S. Fish and Wildlife Service, Region 6

1511 47th Avenue, Moline, IL 61265

Phone: 309-757-5800 ext. 214

Email: justin_shoemaker@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:justin_shoemaker@fws.gov


Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.   Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests with 
dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive advantage for 
exploiting its primary prey, the snowshoe hare.   Lynx in the contiguous U.S. have the same ecological 
requirements as lynx in Canada and Alaska, and throughout the species’ range hare abundance is the 
primary driver of lynx population dynamics.  However, the DPS is at the southernmost margin of the 
species’ range, where boreal forests transition to temperate conifer and hardwood forests, and where 
snow conditions and hare abundance generally become less favorable with decreasing latitude.  Because 
of this, habitat is less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska.  As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. 

Current Condition and Threats 

Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 
lynx populations and their broad distribution across the geographic scope of the DPS.  Available 
information indicates that five out of six geographic units in the DPS contain resident breeding lynx 
populations.  Although we have no reliable population-size estimates for any of the geographic units, 
Northern Maine (Unit 1) is believed to currently support the largest resident population in the DPS.  In 
Northeastern Minnesota (Unit 2), a resident population occupies the Arrowhead Region of the State.  
Northwestern Montana and northeastern Idaho (Unit 3) continue to support resident lynx, although a 
small subpopulation in the Garnet Mountains on the southern periphery of this unit may have been 
extirpated recently.   In North-central Washington (Unit 4), recent extensive wildfires have temporarily 
reduced the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  
Since the release of Canadian and Alaskan lynx in 1999-2006,  resident lynx currently occupy western 
Colorado (Unit 6).  No lynx were detected during recent research in the Greater Yellowstone Area (GYA, 
Unit 5), which is thought to have historically supported a small resident population.   

Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and environmental diversity within and among populations 
(USFWS 2016).  Information provided by lynx experts and geneticists indicates a generally low level of 
genetic differentiation and relatively similar ecological settings across the DPS, suggesting little life 
history variability or niche differentiation among DPS populations (USFWS 2016, p. 51).  This suggests Comment [TAS1]: This sounds different from 

what we are saying in the table that Justin just sent 
out. I flagged it there too. 



that the current level of representation in the DPS is similar to the historical condition and is not 
indicative of current risks to the genetic health or adaptive capacity of the DPS.   

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely addressed by formal and binding amendments or revisions to most federal land 
management plans within the DPS range.  Although questions remain about the efficacy of this 
improved regulatory framework, federal lands are now being managed specifically to protect and 
restore lynx habitats, with the goal of supporting continued lynx presence on these lands.  Most federal 
lands, which constitute 64 percent of lynx habitat evaluated in this SSA, are found in the western U.S.   

Other stressors affect lynx in one or more geographic units.  For instance, in northern Maine, where 
most high-quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that govern 
private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of nearly 40 percent of lynx 
habitat, likely reducing this unit’s current lynx population and potentially compromising its current 
ability to support a resident population until habitats recover.  Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern Montana/Northeastern 
Idaho, the GYA, and Western Colorado), but the extent to which it has influenced the current condition 
of lynx populations in those units is uncertain. 

Climate change is occurring at a global and, thus, a DPS-wide scale.  Increased wildfire frequency, size, 
and severity (as described above) are among a number of climate-mediated factors that have likely 
influenced current lynx numbers and habitats in the DPS.  For example, climate warming has reduced 
snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been linked to 
increased magnitude and severity of forest insect outbreaks, and it likely has already resulted in some 
changes in vegetative communities.  However, whether, and if so to what extent, these factors have 
influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below). 

Future Condition and Threats 

The resiliency of individual geographic units, which appear to function independently of each other, is 
the primary determinant of the future viability of the lynx DPS.  Overall, expert opinion and our analyses 
suggest a declining probability of persistence for each of the geographic units within the DPS throughout 
the rest of this century (noting that the analysis did not extend beyond 2100), with the potential 
permanent loss (functional extirpation of resident lynx populations) of two to four of the six units, i.e., 
loss of resiliency, by the end of the century. 



Although the loss of one or more geographic units would reduce redundancy and could diminish 
representation, neither redundancy nor representation appears likely to influence the viability of the 
DPS through the end of the century, for several reasons.  Although lynx populations in the DPS units are 
demographically isolated from each other, there appears to be little risk of significant genetic drift 
within the DPS.  This is due to the currently-observed and likely future high level of gene flow across the 
species’ range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity between 
most parts of the DPS and lynx populations in Canada.  Furthermore, based on expert input, there is no 
indication that the relatively low level of genetic diversity among lynx populations is likely to reduce DPS 
viability in the future (USFWS 2016, p. 51).  This information suggests the current and likely future 
relative genetic health of the DPS, and we do not expect representation to become a concern through 
the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any single catastrophic event could cause extirpation of any one geographic unit.  It is 
even less likely that a single catastrophic event will eliminate all populations in the DPS.  It is important 
to note, however, that a sequence of catastrophic events over a short time could increase the potential 
for functional extirpation of one or more of the individual geographic units (e.g., fires in north-central 
Washington, as described above), thereby reducing redundancy within the DPS. 

The likelihood of persistence of individual populations, and thus continued presence of resident lynx in 
each geographic unit, is expected to decrease by 2100 primarily because of climate change effects on 
snow conditions and boreal forests.  Based on climate change models, the effects of climate change on 
snow and boreal forest conditions are foreseen as the primary stressor limiting future viability of lynx in 
the DPS.  The southernmost boreal habitats are predicted to retreat northward and upslope, 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS (although some 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts).  As 
habitat conditions decline, mortality rates are likely to increase and reproductive rates decrease.  This in 
turn will reduce abundance and density of individuals within populations, making lynx populations more 
susceptible to stochastic events.   

Given the high percentage of federal land ownership, regulatory commitments that these lands will 
continue to be managed in accordance with lynx conservation principles, and the existence of potential 
high-elevation climate refugia to which lynx habitats and some lynx might move, western geographic 
units are more likely to support resident lynx longer under projected climate change scenarios.  
Nonetheless, we are unaware of any management action that can abate the long-term retreat of boreal 
forests and diminished snow conditions projected by climate models.  Further, the size, frequency, and 
intensity of wildfires and  forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such events in-
and-of-themselves likely to cause the permanent loss of breeding lynx populations in any geographic 
unit. 



Given similar projections of climate-mediated losses of boreal forests and snow conditions favorable for 
lynx, persistence of lynx populations in Maine and Minnesota may be relatively lower given the smaller 
percent of federal lands and associated regulatory commitments to lynx conservation, and the lack of 
potential elevational refugia.  Additionally, as noted above, changes to regulations governing timber 
harvest on private forest lands in Maine are unlikely to maintain the current historically-high amount 
and distribution of good lynx habitat or the current large population of resident lynx.  These changes, 
which may affect over 90 percent of lynx habitats in northern Maine, are projected to result in 
substantial declines in habitat quality and distribution, and lynx numbers, over the next 10-30 years, 
primarily through restrictions on clearcutting and subsequent forest succession detrimental to 
snowshoe hare and lynx needs. 

DPS viability 

Although the historical record does not suggest broad-scale loss of resident lynx populations in the 
contiguous U.S., a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century.  While 
it is more likely than not that any given individual unit—northern Maine, northeastern Minnesota, 
northwestern Montana, western Colorado, and possibly north-central Washington—will persist to mid-
century, it is unlikely all that five will persist to that point.  By the end of the century, we expect 
populations to persist primarily in units having high-elevation refugia, e.g., northwestern Montana and 
possibly western Colorado, although Colorado would be anremain an isolated unit, and may become 
more isolated by loss of the GYA unit.  Lynx may also persist at the end of the century in Maine and 
Minnesota, depending on the severity of climate change effects and, in Maine, on trends in 
development and private forest management.  Uncertainty increases at mid- to late-century concerning 
the timing and extent of various stressors that will affect lynx and hare habitat and snow regimes, 
especially those related to climate change.  However, review of the best available science in concert 
with input from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all units beginning as early as 2025, with the negative DPS-wide trajectory 
continuing to the end of the century, and (with no evidence to the contrary) beyond that time frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx U.S. DPS at increasing risk of extinction. 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 

[insert table here]  

[Core Team, below is an example from Arkansas darter, something like this maybe? Thoughts?]

Comment [BK2]: Isolated from what?  How 
would this be different than current conditions?   

Comment [TAS3]: I added some comments on 
the table that Justin sent 



 

3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 
Resiliency: 
Population 
(Populations able 
to withstand 
stochastic events) 

• Sections of HUC 10 
watershed w/ year-round 
water for regufia (most 
influential)  

• Sufficient water quality 
• Appropriate habitat - 

substrate and aquatic 
vegetation for breeding, 
feeding, sheltering. 
 

• Muliple populations 
with high level of 
resiliency (Table 3) 

• Dewatering potentially 
decreasing refugia (and 
in turn resiliency) in 
25% of the range 
 

Projections based on a combination of water 
depletion and watershed impacts (30Yrs): 

• Expected scenario:  Little change on a 
range-wide basis.  Loss of a low number 
of subpopulations (HUC 12s) in the 
western Cimarron and upper 
Rattlesnake Creek basin, KS.  Possible 
loss of a low number of isolated 
subpopulations in the Colorado range.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects.    

• Worst case scenario: Little change 
throughout the eastern range and most 
of the central range. Water depletion 
increases in western portions of the 
Kansas range and portions of the 
Colorado range, in combination with 
long term drought, resulting in loss of 
stream flows and multiple 
subpopulations (HUC 12s) and some 
populations (HUC 10s) in these areas.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects. 



Redundancy 
(Number and 
distribution of 
populations to 
withstand 
catastrophic events) 

• Multiple populations 
and metapopulations 
throughout the range 
of the species 

• 80 populations*spread 
across CO, KS, OK, MO, 
AR 

• 15 metapopulations**, 
are disjoint from one 
another 

• Some populations are 
widely distributed within 
their drainage area 

• Some populations are 
isolated to varying 
degrees 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected scenario:  Minimal if any 
significant reduction in redundancy at 
the species level.  

• Worst case scenario: Some loss of 
redundancy expected if populations are 
lost on the margins of the range in CO 
and western KS and OK. 

 

Representation 
(genetic and/or 
ecological diversity to 
maintain adaptive 
potential) 

• Occupy a range of 
ecologically diverse 
drainages and 
physiogeographic 
areas  

• Retain current 
genetic diversity 
 

• The breadth of 
physiogeograhical 
diversity known 
historically for this 
species is retained.  

• Genetic variation exists 
within Colorado  
populations; and 
between Arkansas and 
Missouri populations 
 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected Scenario:  Minimal if any 
significant reduction in representation 
at the species level.  

• Worst case scenario:  Potentially 
some reduction in representation, but 
all 3 physiogeographic areas expected 
to have multiple populations.  
 

 



From: Holt, Bryon
To: Sarah Hall
Subject: Fwd: FW: Lynx SSA
Date: Friday, September 23, 2016 7:51:34 AM

Hi Sarah,

Any word on R-1 review and concurrence process for the Lynx SSA?

Bryon

---------- Forwarded message ----------
From: Kit Hershey <kit_hershey@fws.gov>
Date: Tue, Sep 20, 2016 at 10:44 AM
Subject: RE: FW: Lynx SSA
To: Bryon Holt <bryon_holt@fws.gov>, Sarah Hall <sarah_hall@fws.gov>
Cc: Rebecca Migala <rebecca_migala@fws.gov>, Grant Canterbury
<grant_canterbury@fws.gov>

Thanks for the update – I’ll kick your question to Sarah Hall, RO Recovery Manager.  Do you know
when R6 will forward the SSA and when they need concurrence?  Were you part of the CoreTeam
producing the SSA (if not, was anyone from R1)?  thanks

 

Kit Hershey

Chief, Branch of Listing and Critical Habitat

US Fish and Wildlife Service

Portland Regional Office

911 NE 11th Avenue

Portland, OR 97232

(503) 231-6869

 

From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Tuesday, September 20, 2016 10:38 AM
To: Kit Hershey
Cc: Rebecca Migala
Subject: Re: FW: Lynx SSA

 

mailto:bryon_holt@fws.gov
mailto:sarah_hall@fws.gov
mailto:kit_hershey@fws.gov
mailto:bryon_holt@fws.gov
mailto:sarah_hall@fws.gov
mailto:rebecca_migala@fws.gov
mailto:grant_canterbury@fws.gov
mailto:bryon_holt@fws.gov


Kit,

 

The Lynx SSA is being completed to inform the decision of whether or not to develop a court-
ordered recovery plan (due January 15, 2018) for lynx, assuming a recovery plan is necessary.

 

 

  

 

On Tue, Sep 20, 2016 at 10:27 AM, Kit Hershey <kit_hershey@fws.gov> wrote:

Bryon,

What Lynx SSA?  This is news to me.  Kit

 

Kit Hershey

Chief, Branch of Listing and Critical Habitat

US Fish and Wildlife Service

Portland Regional Office

911 NE 11th Avenue

Portland, OR 97232

(503) 231-6869

 

From: Migala, Rebecca [mailto:rebecca_migala@fws.gov] 
Sent: Tuesday, September 20, 2016 10:13 AM
To: Kit Hershey
Subject: Fwd: Lynx SSA

 

Please see Bryon's note.

________________________

Rebecca L. Migala

mailto:kit_hershey@fws.gov
mailto:rebecca_migala@fws.gov


Endangered Species Biologist

U.S. Fish and Wildlife Service

911 N.E. 11th Ave
Portland, OR  97232

work: 503-231-2011

cell: 503-915-7541

 

"Tell me, what is it you plan to do with your one wild and precious life."  Mary Oliver

 

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Tue, Sep 20, 2016 at 9:31 AM
Subject: Lynx SSA
To: Rebecca Migala <rebecca_migala@fws.gov>

Rebecca,

 

We are getting close to sending the Lynx SSA out for internal review.  R-6 wants R-1
concurrence.  Who at RO will review and concur?

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

mailto:bryon_holt@fws.gov
mailto:rebecca_migala@fws.gov
mailto:bryon_holt@fws.gov


 

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov


From: Catton, Timothy J -FS
To: Tamara_Smith@fws.gov
Subject: Lynx take database
Date: Friday, September 23, 2016 10:36:51 AM
Attachments: image001.png

image002.png
image003.png
image004.png

Hi Tam,
 
That time of year when I am updating our Canada lynx DNA database and providing the most current
lynx data to our biologists.  Would it be possible to get a copy of the most current Take database? 
Once again I will provide any of the missing DNA data that I can when I get it back to you. 
 
Thanks!  Hope things are going well!
 
Tim

Timothy J. Catton 
Wildlife/Reforestation

Forest Service
Superior National Forest

p: 218-626-4376 
tcatton@fs.fed.us

8901 Grand Ave Pl
Duluth, MN 55808-1122
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:tcatton@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112


From: Kurt Broderdorp
To: Jim Zelenak; Mark McCollough; Tamara Smith; Bryon Holt; Justin Shoemaker; Jonathan Cummings; Heather Bell;

Mary Parkin; Jodi Bush
Subject: RE: Revised Synthesis (Ch. 6)
Date: Monday, September 26, 2016 11:59:00 AM

Looks good Jim,  I did have a question about the difference between
these two citations (Lynx SSA Team 2016) and  (USFWS 2016).  Just
want to make sure we are not citing the same document in different
ways.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Monday, September 26, 2016 9:04 AM
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Justin Shoemaker; Jonathan
Cummings; Heather Bell; Mary Parkin; Jodi Bush
Subject: Revised Synthesis (Ch. 6)
 
I've incorporated comments from Core and FIT Teams into the synthesis chapter and
reorganized content for consistency between current and future conditions sections.
 
I'm attaching a track changes version so you can see how your comments were addressed, and
a clean version that I would like Core Team to review quickly before I pull it into the SSA
report.
 
Don't review the table - I still need to address comments/edits to that - the table in the attached
is the first one that Justin fleshed out.  I will send a revised table around for review shortly.
 
Let me know if you have questions.
 
Thanks,
 
Jim
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jwcummings@usgs.gov
mailto:heather_bell@fws.gov
mailto:mary_parkin@fws.gov
mailto:jodi_bush@fws.gov
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From: Nathan Hostetter
To: Tamara_Smith@fws.gov; Timothy Catton; Beth Gardner; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Catton,

Susan J -FS
Subject: Lynx Occupancy - Winters "14-15 and "15-16
Date: Monday, September 26, 2016 7:27:27 PM
Attachments: DraftLynxResultsWinters14and15_26Sep2016.docx

Hi Everyone,

Attached is a draft summary of the lynx occupancy results from Winter 2014-15 and 2015-16. It is a bulleted list of results,
tables, and figures for your review. A full report will be submitted soon.

Dave, Dan, and Tim put together two Lidar covariates they were interested in evaluating. Based on these, we analyzed the
winter 2015-16 data and re-analyzed the 2014-15 data. I think the results are really interesting. I look forward to some
feedback, suggestions, and questions.

My time on this contract has expired, but I am still around and really interested in this work!

Thank you again for all the hard work in collecting and putting these data together. I hope this information is useful and
contributes to the great work you are already doing with lynx monitoring.

-Nathan
 
--
Nathan J. Hostetter
P: 1-541-410-1453
njhostet@ncsu.edu

mailto:njhostet@ncsu.edu
mailto:tamara_smith@fws.gov
mailto:tcatton@fs.fed.us
mailto:bagardne@ncsu.edu
mailto:dcryan@fs.fed.us
mailto:dgrosshuesch@fs.fed.us
mailto:scatton@fs.fed.us
mailto:scatton@fs.fed.us
mailto:njhostet@ncsu.edu


LYNX OCCUPANCY DURING WINTER 2014-15 AND 2015-16: 

DRAFT RESULTS 
 

METHODS AND DATA 

• Study area included Superior National Forest and designated Lynx Critical Habitat in 
Minnesota (Figure 1) 

• Snow tracking surveys were conducted in winter 2014-15 and winter 2015-16 with 
>3,000 km surveyed each winter (Table 1). 

• Observers recorded all detections of lynx tracks, scat, or other sign 
• The study area was divided into 5x5 km grid cells matching the NABat grid (Figure 1). 

 

 
Figure 1. Survey routes and lynx detections (blue dots) in winter 2014-15 and winter 2015-16. 
The study area includes Superior National Forest and designated Lynx Critical Habitat in 
Minnesota (green). The study area was divided into 5x5 km grid cells for analysis (grey grid). A 
few cells in the northwest section of the study area were removed due to missing covariates. 

 

  



SURVEY SUMMARY 

Table 1. Summary of snow tracking effort in winter 2014-15 and winter 2015-16. Data for each 
winter are summarized as first and last survey dates, the total number of days surveyed, total 
kilometers surveyed (km), total number of 5x5 km grid cells surveyed (Cells) and total number 
of surveyed cells with at least one lynx detection (cells with detection). Naïve occupancy is the 
proportion of surveyed cells with at least one lynx detection. 

Winter Start End Survey Days km Cells 
Cells with 
a detection 

Naïve 
Occupancy 

2014-15 11/20/2014 3/11/2015 48 3,169 242 68 0.28 
2015-16 11/20/2015 4/7/2016 48 3,712 255 42 0.16 
  



ANALYSIS 

• Occupancy probability –  
o Covariates (Lidar data was provided by Dave, Dan, and Tim with specific interest in 

these covariates)  
1. LidarMid – Mid-story vegetation density  
2. Lidar12m – Density of >12m trees 
3. Evergreen – percent evergreen 

• I included Evergreen due to importance in last year’s analysis 
 

o These covariates address interesting hypotheses regarding the influence of landscape-
level metrics (percent evergreen) and stand-level metrics (Lidar) 
 

o Model comparison using AIC  
 Models included each covariate independently and all additive combinations  
 8 models (Table 2) 

 
o Occupancy was predicted across the forest and areas of critical habitat  
 
 

• Detection probability – 
o All models included detection covariates for survey length, snow conditions, date, 

and date2. 
 No model selection was used for detection covariates as these variables were 

believed to be important and detection probability was not the primary interest 
 This could be investigated in future analyses 

 

  



RESULTS 
 
MODEL COMPARISON 
 

• Multiple competing models in winter 2014-15 
o All covariates were included in at least one competing model  
o Percent evergreen was included in all competing models 

 
• In winter 2015-16 there were two competing models 

o Percent evergreen and Lidar12m were included in both competing models 
 

 

Table 2. Model comparison results for models estimating lynx occupancy and detection in winter 
2014-15 and 2015-16. Covariates on the occupancy component of the model included (i) percent 
evergreen (Evergreen), (ii) density of midstory vegetation (LidarMid), and (iii) density of trees 
>12 meters (Lidar12m). All models included detection covariates of survey length, snow 
conditions, date, and date2.  Models within two AIC of the top model in each winter are bolded. 

  
 

Winter 2014-15 
 

Winter 2015-16 
Model K AIC ΔAIC AICw 

 
AIC ΔAIC AICw 

Everg+LidarMid+Lidar12m 10 645.66 0.03 0.28 
 

443.36 1.89 0.28 
Everg+Lidar12m 9 645.68 0.04 0.27 

 
441.47 0.00 0.72 

Everg+LidarMid 9 645.63 0.00 0.28  461.03 19.56 0.00 
LidarMid+Lidar12m 9 655.75 10.12 0.00 

 
456.10 14.63 0.00 

Everg 8 646.70 1.07 0.16 
 

461.73 20.26 0.00 
Lidar12m 8 677.72 32.09 0.00 

 
462.91 21.44 0.00 

LidarMid 8 654.24 8.61 0.00 
 

464.65 23.18 0.00 
Null 7 675.80 30.17 0.00 

 
472.62 31.15 0.00 

 

  



PARAMETER ESTIMATES 
 

• 2014-15: Occupancy increased as percent evergreen increased 
• 2015-16: Occupancy increased as percent evergreen increased, but decreased as >12m 

tree density increased. 

 

Table 3. Model averaged parameter estimates (logit scale) estimating lynx occupancy and 
detection in winter 2014-15 and winter 2015-16. Estimates with a 95% confidence interval that 
does not overlap zero are bolded.  

  Winter 2014-15   Winter 2015-16 
Parameter Mean 2.5% 97.5%   Mean 2.5% 97.5% 
OCCUPANCY       Int. -0.47 -1.13 0.19 

 
-2.03 -2.89 -1.18 

Everg 1.73 0.63 2.85 
 

1.73 0.74 2.72 
LidarMid 0.37 -0.18 1.54 

 
0.04 -0.73 1.02 

Lidar12m -0.33 -1.44 0.21 
 

-1.43 -2.24 -0.61 

     
   

DETECTION 
      Int. -1.20 -1.91 -0.50 

 
-1.68 -2.62 -0.74 

length 0.62 0.35 0.89 
 

0.39 0.12 0.66 
snow:fair -0.15 -0.73 0.43 

 
0.75 -0.12 1.62 

snow:poor -1.14 -1.76 -0.53 
 

-0.13 -1.07 0.82 
date 0.19 -0.01 0.40 

 
0.41 0.11 0.71 

date2 0.04 -0.18 0.26   -0.16 -0.39 0.06 
 

 

 

  



PREDICTED OCCUPANCY 

• Predicted occupancy was noticeably higher in winter 2014-15 compared to winter 2015-
16 

 

 

Figure 2. Predicted lynx occupancy in winter 2014-15 (left) and 2015-2016 (right) using year-
specific model-averaged parameter estimates.   



DETECTION PROBABILITY 

• Detection probability increased with the amount of area surveyed 
• In 2014-15, detection probability was higher during good and fair snow conditions.  
• In 2015-16, there was no difference between good and poor snow conditions. 

o Any idea why?  
 

 

Figure 3. Effect of survey length and snow condition on lynx detectability during snow-tracking 
surveys. 

 

 

 

 

 



From: Holt, Bryon
To: Zelenak, Jim
Cc: Mark McCollough; Tamara Smith; Kurt Broderdorp; Jonathan Cummings
Subject: Re: DRAFT REPORT FOR REVIEW: Climate Change Impacts on U.S. Northern Rockies Wildlife Connectivity
Date: Thursday, October 06, 2016 1:36:54 PM

Thanks Jim.

On Thu, Oct 6, 2016 at 11:24 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Sorry you feel that way, Bryon.  I knew from some of the earlier correspondence and a phone conversation with
Karen H. that there were some issues - kind of a "lessons learned" opportunity - but I thought the approach and
even the difficulties/challenges would be of interest to our SSA group.

However, given Bryon's concerns, I'll ask others not to share these further, and we can all wait to see what the
final document will say, and considering sharing that at some point.

On Thu, Oct 6, 2016 at 11:46 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Jim,

I wish you would not have sent this around.  At the meeting we identified many many
problems with the analysis, discussion, and projections.  As a result of our meeting, the
draft reports and analysis are going to be significantly altered.

Bryon

On Thu, Oct 6, 2016 at 10:36 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

I haven't been able to look closely at this and I was unable to attend the recent meeting of the author's and
several experts this past Tuesday, but I thought you all might find this of interest given the confluence of
climate change, vegetation modeling, and expert elicitation in a connectivity/vulnerability assessment for
lynx and other species in the N. Rockies.

When this is finalized, I will send it around to others in USFWS who work with lynx issues, but I thought the
draft results for lynx might be of interest to this group given our similar efforts with regard to the lynx SSA.

 
---------- Forwarded message ----------
From: Meredith McClure <meredith@largelandscapes.org>
Date: Wed, Sep 28, 2016 at 11:15 AM
Subject: DRAFT REPORT FOR REVIEW: Climate Change Impacts on U.S. Northern
Rockies Wildlife Connectivity
To: Meredith McClure <meredith@largelandscapes.org>

Good morning all,

You are each receiving this email because you have contributed at some point in time to
our climate change vulnerability assessment of U.S. Northern Rockies wildlife corridors
and/or have expressed interest in reviewing a draft of the final report. 

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jwcummings@usgs.gov
mailto:jim_zelenak@fws.gov
mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:meredith@largelandscapes.org
mailto:meredith@largelandscapes.org


The draft report is now available for review here:
Body of Final Report 
Appendix A. Vegetation Model Validation
Appendix B. Focal Species Expert Questionnaire
Appendix C. Bighorn Sheep Detailed Results
Appendix D. Canada Lynx Detailed Results
Appendix E. Fisher Detailed Results
Appendix F. Greater Sage Grouse Detailed Results
Appendix G. Grizzly Bear Detailed Results
Appendix H. Mountain Goat Detailed Results
Appendix I. Mule Deer Detailed Results
Appendix J . Wolverine Detailed Results

As partners, advisors, and expert contributors on this project, we’d greatly appreciate
any feedback you may have to offer on relevant sections of the draft that you feel would
improve the quality of the final report. In particular, we’d appreciate your perspectives
on the relevance and/or limitations of the reported information for use in a management
context. 

We hope to receive all comments by October 28 so that we may incorporate them into
the final document, which we expect to release in November. Comments may be
submitted in any format you’d prefer (e.g., word document with page/line number
references, commented pdf, or discussion by phone). 

Please feel free to contact me with any questions, and thank you all for your assistance
in completing this assessment!

Meredith

Meredith McClure, Ph.D.
Spatial Ecologist
Center for Large Landscape Conservation
www.largelandscapes.org | 406.586.8082

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

https://drive.google.com/file/d/0B3fGQOKVoUbdR3ZPZlBoWnBjWFk/view?usp=sharing
https://drive.google.com/file/d/0B3fGQOKVoUbdQWw2YmMtU05IYkU/view?usp=sharing
https://drive.google.com/file/d/0B3fGQOKVoUbda0poZkZsaGJHZmM/view?usp=sharing
https://drive.google.com/file/d/0B3fGQOKVoUbdS2dhSGRjVldSaTg/view?usp=sharing
https://drive.google.com/file/d/0B3fGQOKVoUbdYnJRbFpScnJCYmM/view?usp=sharing
https://drive.google.com/file/d/0B3fGQOKVoUbdenl5VzU1dExuSUE/view?usp=sharing
https://drive.google.com/file/d/0B3fGQOKVoUbdY1FKblZPRUZZRGM/view?usp=sharing
https://drive.google.com/file/d/0B3fGQOKVoUbdZUdDZ0gzZ2lMNFU/view?usp=sharing
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https://drive.google.com/file/d/0B3fGQOKVoUbdMjR0YVZOcThncTg/view?usp=sharing
https://drive.google.com/file/d/0B3fGQOKVoUbdUnFIeDlJWmJPdW8/view?usp=sharing
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-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: White, Rollie
To: Marilet Zablan
Subject: Fwd: Lynx SSA Internal FWS coordination call - rescheduled
Date: Tuesday, October 11, 2016 8:48:28 AM

Is anyone tracking these from our group?

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Oct 11, 2016 at 7:00 AM
Subject: Re: Lynx SSA Internal FWS coordination call - rescheduled
To: Seth Willey <Seth_Willey@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Brady McGee
<brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Anthony Tur
<Anthony_Tur@fws.gov>, Brad Thompson <brad_thompson@fws.gov>, Chris Mensing
<chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>, Drue DeBerry
<drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>, Grant Canterbury
<Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, Karl Halupka
<Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Kim Garner
<kim_garner@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, Laura Ragan
<Laura_Ragan@fws.gov>, Leslie Ellwood <leslie_ellwood@fws.gov>, Mark Maghini
<mark_maghini@fws.gov>, Martin Miller <Martin_Miller@fws.gov>, Megan Kosterman
<megan_kosterman@fws.gov>, Michelle Eames <michelle_eames@fws.gov>, Paul Casey
<paul_casey@fws.gov>, Paul Henson <paul_henson@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, Rollie White <rollie_white@fws.gov>, Sarah Hall
<sarah_hall@fws.gov>, Scott Hicks <scott_hicks@fws.gov>, Sue Livingston
<sue_livingston@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>, Tyler Abbott
<Tyler_Abbott@fws.gov>, Wally Murphy <wally_murphy@fws.gov>, Dennis Mackey
<Dennis_Mackey@fws.gov>, Patricia Zenone <patricia_zenone@fws.gov>, Gary Miller
<gary_miller@fws.gov>, Karen Cathey <karen_cathey@fws.gov>, Steve Spangle
<steve_spangle@fws.gov>, Tom McDowell <tom_mcdowell@fws.gov>

Hi All:

We will have a quick update/ coordination call at 10 AM Mountain Time.

866-857-8504
passcode: 7620543
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Thanks.

On Tue, Oct 4, 2016 at 9:04 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Sorry for the late notice, but we need to cancel the lynx SSA call normally scheduled for today (first Tues.
monthly) and reschedule for next Tues., Oct. 11 - same time, 10 AM Mountain Time.

I will send a reminder along with number and pass code before then.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Smith, Tamara
To: Catton, Timothy J -FS
Subject: Re: Lynx take database
Date: Tuesday, October 11, 2016 11:22:29 AM
Attachments: image001.png

image004.png
image003.png
image002.png
LYCA Incidental Take 2001-present.accdb

Hi Tim - I apologize for the delay in getting back to you. I've attached the latest take database.
Please let me know if you have any questions. 

I hope all is well! 

-Tam

On Fri, Sep 23, 2016 at 10:36 AM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Hi Tam,

 

That time of year when I am updating our Canada lynx DNA database and providing the
most current lynx data to our biologists.  Would it be possible to get a copy of the most
current Take database?  Once again I will provide any of the missing DNA data that I can
when I get it back to you. 

 

Thanks!  Hope things are going well!

 

Tim

Timothy J. Catton 
Wildlife/Reforestation

Forest Service

Superior National Forest

p: 218-626-4376 
tcatton@fs.fed.us

8901 Grand Ave Pl
Duluth, MN 55808-1122
www.fs.fed.us 

Caring for the land and serving people
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This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell



From: Tamara Smith
To: Jim Zelenak
Cc: Jodi Bush
Subject: RE: Lynx SSA Call
Date: Tuesday, October 11, 2016 10:15:40 PM

Hi Jim- As I mentioned on the call today, I'm tied up at an expert elicititation much of this
week but will be back and can help on Friday. Out again much of next week. Thanks! Tam 

Sent from my Verizon, Samsung Galaxy smartphone

-------- Original message --------
From: "Bush, Jodi" <jodi_bush@fws.gov>
Date: 10/11/16 8:53 PM (GMT-06:00)
To: "Zelenak, Jim" <jim_zelenak@fws.gov>, Tamara Smith <tamara_smith@fws.gov>,
Bryon Holt <bryon_holt@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Mary
Parkin <mary_parkin@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Heather
Bell <heather_bell@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Mark
McCollough <mark_mccollough@fws.gov>
Cc: Seth Willey <seth_willey@fws.gov>
Subject: Re: Lynx SSA Call

-------- Original message --------
From: "Bush, Jodi" <jodi_bush@fws.gov>
Date: 10/11/16 8:53 PM (GMT-06:00)
To: "Zelenak, Jim" <jim_zelenak@fws.gov>, Tamara Smith <tamara_smith@fws.gov>,
Bryon Holt <bryon_holt@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Mary
Parkin <mary_parkin@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Heather
Bell <heather_bell@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Mark
McCollough <mark_mccollough@fws.gov>
Cc: Seth Willey <seth_willey@fws.gov>
Subject: Re: Lynx SSA Call

next week is too late folks.  We have go to wrap this up.  Jim needs an hour or 2 of your time. 
Please work with him to get that scheduled asap ie THIS WEEK.  JB

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

On Tue, Oct 11, 2016 at 10:25 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Because some Core and FIT Team folks appear unavailable, based on attendance to the 10AM call that just
ended, we will reschedule a working session, probably for next week.  I will send out date/time as soon as I can. 
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On Tue, Oct 11, 2016 at 8:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Teams:

These weekly calls are no longer showing up on my calendar.

Regardless, after the update call at 10, I'm hoping the Core and FIT Teams can remain on the line or call back
in for some discussion.  As most of you know, Google Drive crashed on us - began denying access and not
accepting edits,etc. - and we've had no luck getting fixed through the help desk.  That means I downloaded
what I think is the most current version from the drive as a Word Doc and am trying to get through edits,
including the major adjustments to Chapters 4 and 5 that Justin has been helping with, and comments that he
and others submitted on the previous draft.

I'd like all who can attend to go through part of the document with me on screen and see if we all feel we have
the right figures, and discuss what to do about some of the tables later in the doc.

I hope to finish the edits to chapters 4 and 5 today and tomorrow and then have this ready to send around for
internal FWS review, then turn it around as quickly as possible and get out for peer and partner review.  Also
need to talk to Mary about whether most recent edits/additions to Exec. Summary show up on the drive.

Please attend if you can.  Same call in number, and I will forward the webinar link so we cal all be looking at
the current doc. together.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Holt, Bryon
To: Karl Halupka
Subject: Fwd: FW: Lynx SSA
Date: Wednesday, October 12, 2016 7:39:26 AM

Karl,

In response to your email, see email from Sarah Hall below. Let me know if you have
additional questions.

Bryon

---------- Forwarded message ----------
From: Hall, Sarah <sarah_hall@fws.gov>
Date: Tue, Oct 11, 2016 at 9:32 AM
Subject: Re: FW: Lynx SSA
To: "Zablan, Marilet" <marilet_zablan@fws.gov>, Dennis Mackey
<dennis_mackey@fws.gov>
Cc: Rollie White <rollie_white@fws.gov>, Grant Canterbury <Grant_Canterbury@fws.gov>,
Kit Hershey <Kit_Hershey@fws.gov>, Bryon Holt <bryon_holt@fws.gov>

Just got off a quick update call hosted by Jim Zelenak in R6.

Due to some Google Drive glitches, they are behind on completing the draft SSA report (the system shut several
people out, not sure what edits have been saved, which version of the document is current, etc.).  Jim and folks are
working on putting things back together and completing the updates.

They hope to have a draft ready to forward for internal review by the end of this week.

Jodi Bush will be reaching out to Managers to set up a call soon to discuss review.

R6 does have a briefing for their RD scheduled for this Friday at 3pm Mountain time (Robyn, Terry, and Marilet
and now I have been invited to this).  Apparently there has been some concern about briefing at the RD level before
the SSA is peer reviewed.  Seth wanted to assure us that the briefing is for information only (not a decision making
meeting) as they want their RD informed before the SSA goes out to State partners for their review/input.

Seth expects any decision  meeting won't happen until January at this point.

As Marilet indicated, we'll know more after this Friday's call.

Thanks

Sarah Hall
Endangered Species Recovery Program Manager
USFWS Pacific Region
503-231-6868

On Tue, Oct 11, 2016 at 9:15 AM, Zablan, Marilet <marilet_zablan@fws.gov> wrote:
FYI re: lynx SSA -- after the briefing this Friday afternoon. Sarah & I will know more.

~MAZ
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Marilet A. Zablan, Program Manager for Restoration & Endangered Species Classification
  US Fish & Wildlife Service, Pacific Regional Office, Ecological Services - 911 NE 11th Avenue, Portland, Oregon 97232
  phone: 503-231-2345    email: marilet_zablan@fws.gov

---------- Forwarded message ----------
From: Canterbury, Grant <grant_canterbury@fws.gov>
Date: Thu, Sep 22, 2016 at 12:55 PM
Subject: Fwd: FW: Lynx SSA
To: Marilet Zablan <marilet_zablan@fws.gov>

FYI Marilet

---------- Forwarded message ----------
From: Mackey, Dennis <dennis_mackey@fws.gov>
Date: Wed, Sep 21, 2016 at 8:20 AM
Subject: Re: FW: Lynx SSA
To: "Holt, Bryon" <bryon_holt@fws.gov>, Karen Cathey <karen_cathey@fws.gov>,
Kathleen Hendricks <kathleen_hendricks@fws.gov>, Gregory Hughes
<greg_m_hughes@fws.gov>
Cc: Kim Garner <kim_garner@fws.gov>, Kit Hershey <Kit_Hershey@fws.gov>, Sarah
Hall <sarah_hall@fws.gov>, Grant Canterbury <grant_canterbury@fws.gov>

Bryon:

Yes, we should have IFWO review. Please coordinate with Karen and she can discuss
internal review with Kathleen. Thanks.

Dennis

On Wed, Sep 21, 2016 at 8:25 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Dennis,

See my email exchanges with Kit. Our our lynx core team call yesterday, Jodi Bush ask us
to find out who in each RO would review and provide concurrence on the lynx SSA.  How
(or) does IFWO want to be involved the the review of the lynx SSA as well?

Bryon

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Tue, Sep 20, 2016 at 10:47 AM
Subject: Re: FW: Lynx SSA
To: Kit Hershey <kit_hershey@fws.gov>
Cc: Sarah Hall <sarah_hall@fws.gov>, Rebecca Migala <rebecca_migala@fws.gov>,
Grant Canterbury <grant_canterbury@fws.gov>

Yes, I am on the core team and one of the authors of the SSA.  I'm thinking the SSA may
be ready for internal review in a couple of weeks.  I imagine R-6 will want a quick turn

mailto:marilet_zablan@fws.gov
mailto:grant_canterbury@fws.gov
mailto:marilet_zablan@fws.gov
mailto:dennis_mackey@fws.gov
mailto:bryon_holt@fws.gov
mailto:karen_cathey@fws.gov
mailto:kathleen_hendricks@fws.gov
mailto:greg_m_hughes@fws.gov
mailto:kim_garner@fws.gov
mailto:Kit_Hershey@fws.gov
mailto:sarah_hall@fws.gov
mailto:grant_canterbury@fws.gov
mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov
mailto:kit_hershey@fws.gov
mailto:sarah_hall@fws.gov
mailto:rebecca_migala@fws.gov
mailto:grant_canterbury@fws.gov


around (a week or two probably at most) as we are already way behind on the schedule.

On Tue, Sep 20, 2016 at 10:44 AM, Kit Hershey <kit_hershey@fws.gov> wrote:

Thanks for the update – I’ll kick your question to Sarah Hall, RO Recovery Manager.  Do you
know when R6 will forward the SSA and when they need concurrence?  Were you part of the
CoreTeam producing the SSA (if not, was anyone from R1)?  thanks

 

Kit Hershey

Chief, Branch of Listing and Critical Habitat

US Fish and Wildlife Service

Portland Regional Office

911 NE 11th Avenue

Portland, OR 97232

(503) 231-6869

 

From: Holt, Bryon [mailto:bryon_holt@fws.gov] 
Sent: Tuesday, September 20, 2016 10:38 AM
To: Kit Hershey
Cc: Rebecca Migala
Subject: Re: FW: Lynx SSA

 

Kit,

 

The Lynx SSA is being completed to inform the decision of whether or not to develop a
court-ordered recovery plan (due January 15, 2018) for lynx, assuming a recovery plan
is necessary.

 

 

  

 

On Tue, Sep 20, 2016 at 10:27 AM, Kit Hershey <kit_hershey@fws.gov> wrote:

mailto:kit_hershey@fws.gov
mailto:bryon_holt@fws.gov
mailto:kit_hershey@fws.gov


Bryon,

What Lynx SSA?  This is news to me.  Kit

 

Kit Hershey

Chief, Branch of Listing and Critical Habitat

US Fish and Wildlife Service

Portland Regional Office

911 NE 11th Avenue

Portland, OR 97232

(503) 231-6869

 

From: Migala, Rebecca [mailto:rebecca_migala@fws.gov] 
Sent: Tuesday, September 20, 2016 10:13 AM
To: Kit Hershey
Subject: Fwd: Lynx SSA

 

Please see Bryon's note.

________________________

Rebecca L. Migala

Endangered Species Biologist

U.S. Fish and Wildlife Service

911 N.E. 11th Ave
Portland, OR  97232

work: 503-231-2011

cell: 503-915-7541

 

"Tell me, what is it you plan to do with your one wild and precious life."  Mary Oliver

 

mailto:rebecca_migala@fws.gov


---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Tue, Sep 20, 2016 at 9:31 AM
Subject: Lynx SSA
To: Rebecca Migala <rebecca_migala@fws.gov>

Rebecca,

 

We are getting close to sending the Lynx SSA out for internal review.  R-6 wants R-1
concurrence.  Who at RO will review and concur?

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

 

 

--

**************************************************

Bryon Holt

U.S. Fish and Wildlife Service

Northern Idaho Field Office, Spokane, WA

mailto:bryon_holt@fws.gov
mailto:rebecca_migala@fws.gov
mailto:bryon_holt@fws.gov


Telephone:  (509) 893-8014

Fax:           (509) 891-6748

email:         bryon_holt@fws.gov

 

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Dennis Mackey
Deputy State Supervisor
United States Fish and Wildlife Service
Boise, Idaho  
Office: 208-378-5267
Cell: 208-860-1970 

mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov


-- 
Grant Canterbury
Fish and Wildlife Biologist
Ecological Services
Pacific Regional Office
U.S. Fish and Wildlife Service

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: Odell - DNR, Eric
To: Zelenak, Jim
Cc: Patricia Zenone; Kurt Broderdorp; Jake Ivan - DNR
Subject: Re: Lynx Article, NM
Date: Wednesday, October 12, 2016 10:25:48 AM

Thanks for forwarding. She contacted CPW, and I left her 2 messages trying to
respond to her questions, but she never replied.

On Wed, Oct 12, 2016 at 10:06 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI.

http://www.sfreporter.com/santafe/article-12584-linked-to-lynx.html

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

mailto:eric.odell@state.co.us
mailto:jim_zelenak@fws.gov
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From: Zenone, Patricia
To: Zelenak, Jim
Cc: Odell - DNR, Eric; Kurt Broderdorp; Jake Ivan - DNR
Subject: Re: Lynx Article, NM
Date: Wednesday, October 12, 2016 11:09:17 AM

Hi Jim,

Thanks very much for forwarding the article on lynx and New Mexico.  Thus far, I haven't
located or received any recent reports of lynx surveys in New Mexico.  I will certainly relay
any information I receive.

Best regards,
Patricia

Patricia G. Zenone, Ph.D.
Senior Fish and Wildlife Biologist
New Mexico Ecological Services Field Office
U.S. Fish and Wildlife Service
2105 Osuna, N.E.
Albuquerque, New Mexico 87113
Email: patricia_zenone@fws.gov
Phone: (505) 761-4718; Fax: (505) 346-2542

On Wed, Oct 12, 2016 at 10:35 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
She contacted me, too, and I passed her along to our external affairs folks in Denver, as we are instructed to do.

Would be nice to know if there are any lynx in NM these days - not sure if the USFS does any surveys there;
pretty sure the State of NM does not.

On Wed, Oct 12, 2016 at 10:25 AM, Odell - DNR, Eric <eric.odell@state.co.us> wrote:
Thanks for forwarding. She contacted CPW, and I left her 2 messages trying to
respond to her questions, but she never replied.

On Wed, Oct 12, 2016 at 10:06 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI.

http://www.sfreporter.com/santafe/article-12584-linked-to-lynx.html

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell

mailto:patricia_zenone@fws.gov
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Species Conservation Program Manager
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

tel:970.472.4340
tel:970.472.4458
tel:970.217.3915
mailto:eric.odell@state.co.us
http://www.cpw.state.co.us/
mailto:jim_zelenak@fws.gov


From: Smith, Tamara
To: Zelenak, Jim
Cc: Heather Bell; Mary Parkin; Broderdorp, Kurt; Jonathan Cummings; Mark McCollough; Bryon Holt; Jodi Bush
Subject: Re: Lynx SSA Update/Briefing
Date: Friday, October 14, 2016 9:11:36 AM

Hi Jim - Unfortunately, I will also be unavailable. I will be in Maryland for a pollinator
meeting at that time.  Thanks! - Tam

On Thu, Oct 13, 2016 at 12:05 PM, Broderdorp, Kurt <kurt_broderdorp@fws.gov> wrote:
I will be in training all week and unavailable.

On Thu, Oct 13, 2016 at 10:38 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
You all should have received a calendar invite for the just-scheduled RD/ARD briefing/update next Tuesday,
Oct. 18, 1-2 PM Mountain Time.  I hope you all can make it a priority to be on the call/webinar.

RDs and ARDs from Regions 1, 2, 3, 5, and 6 are invited.

The intent is to let Regions know where we are at with the SSA and that it will go out soon for internal Service
Review, likely with a short turnaround time, followed by simultaneous peer and partner reviews (and that
RDs/ARDs may get calls during the latter).

Webinar info to follow.

Thanks

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
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612-600-1599 Cell



From: Catton, Timothy J -FS
To: Tamara_Smith@fws.gov
Subject: RE: Lynx take database - Take 2
Date: Monday, October 17, 2016 12:58:53 PM
Attachments: image001.png

image002.png
image003.png
image004.png
LYCA Incidental Take 2001-present_10_17_2016.xlsx

Hi Tam,
 
As I was making a new shapefile to share with the bio’s here I made some additional tweaks.  Here is
the updated Excel file, sorted by date, again I can update your database and return that if you prefer.
 
Tim
 

From: Catton, Timothy J -FS 
Sent: Monday, October 17, 2016 12:22 PM
To: 'Smith, Tamara' <tamara_smith@fws.gov>
Subject: RE: Lynx take database
 
Hi Tam,
 
I updated a couple of records via Excel and have attached.  If you would like I can update the
database that you provided directly, just let me know if you would prefer that.
 
There are a couple of old DNA Verification Pendings, I don’t know if we’ll ever get those.  There is
also a road kill I added from 10/27/2014, I have repeatedly emailed the CO and MN DNR Wildlife
staff as to the disposition of the pelt/carcass to no avail, so I think that one will remain a mystery as
well.
 
Tim
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Tuesday, October 11, 2016 11:22 AM
To: Catton, Timothy J -FS <tcatton@fs.fed.us>
Subject: Re: Lynx take database
 
Hi Tim - I apologize for the delay in getting back to you. I've attached the latest take database.
Please let me know if you have any questions. 
 
I hope all is well! 
 
-Tam
 
On Fri, Sep 23, 2016 at 10:36 AM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Hi Tam,

mailto:tcatton@fs.fed.us
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That time of year when I am updating our Canada lynx DNA database and providing the
most current lynx data to our biologists.  Would it be possible to get a copy of the most
current Take database?  Once again I will provide any of the missing DNA data that I can
when I get it back to you. 
 
Thanks!  Hope things are going well!
 
Tim

Timothy J. Catton 
Wildlife/Reforestation

Forest Service
Superior National Forest

p: 218-626-4376 
tcatton@fs.fed.us

8901 Grand Ave Pl
Duluth, MN 55808-1122
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell

mailto:tcatton@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112


Summary Unit 4 Current Conditions- North-central Washington:  This geographic unit 
encompasses approximately 5,176 km2 (1,988 mi2), 91.5 percent Federally owned.  It contains 
extensive boreal forest vegetation types and the components essential to the conservation of 
the lynx.  Additionally, lynx populations exist in British Columbia, directly north of this unit, and 
maintaining connectivity with Canada is considered important to maintaining lynx populations in 
this unit.  There are no reliable estimates of current or historic resident lynx numbers in this unit, 
but recent habitat and home range analyses (summarized in Lewis 2016) suggest that it may 
have been capable of supporting 65-90 lynx prior to recent large wildfires.  Those fires affected 
about 450 percent of the potential lynx habitat, led to increased home range size, and may have 
reduced the current carrying capacity of this unit to 40-55 lynx.  Recent wildfire severity, extent, 
and intensity in lynx habitat within this geographic unit may have been influenced by climate 
change (Westerling et al. 2006, pp. 942-943).  There is significant risk of for potential future 
wildfires to further affect the viability of lynx in this geographic unit.  These Burned habitats are 
expected to regenerate back into suitable lynx habitat, but this may take 35-40 years.  The 
Kettle Range to the east of this unit was suspected to have supported a small (likely fewer than 
20 individuals) resident population until about 30 years ago when over-trapping may have 
resulted in its extirpation (Koehler et al. 2008, p.1523).  Potential impediments (e.g., major 
highway corridors, fences, low elevation and populated valley bottoms) to lynx movement 
between the Kettle Range and the Cascades and British Columbia may make natural 
recolonization of the Kettle Range unlikely.   

 

Results of snowshoe hare research suggest that the hare population density in Washington 
exists at the low end of the range thought necessary to support lynx reproduction . Walker 
(2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 hares/ac) 
with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in north central Washington (i.e., 
the Cascades).  The Washington Department of Natural Resources (WADNR) found snowshoe 
hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 hares/ac) on the Loomis State Forest 
(WADNR 2006, p. 87). (>= 0.5 hares/ha), ranging on average less than 1.0 hares/ha (0.4 
hares/ac).  The OWNF and CNF, which administer greater more than 90 percent of lynx habitat 
in Washington, continue to manage lynx habitat on their forests in accordance with the LCAS.  
Additionally, the WADNR, which manages approximately 4 percent of lynx habitat in 
Washington, has developed and is implementing its 2006 Lynx Plan, thatwhich is also largely 
based on the LCAS. 



From: Holt, Bryon
To: Jim Zelenak
Subject: Draft Lynx SSA
Date: Wednesday, October 19, 2016 3:27:42 PM
Attachments: Summary Unit 4 Current Conditions.docx

Jim,

I reviewed the write-up for WA in the SSA.  Looks good to me, but I had a couple of edits in
Unit 4 for section 4.1.1.

For your convenience, I attached a separate word doc with my edits.  For some reason, the
track changes edits feature would not copy so I highlighted the additions/deletions for you.

Bryon

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Baker, Richard (DNR)
To: Kieweg, Heather (DNR); Crowell, Wendy J (DNR); Smith, Kathleen J (DNR)
Cc: Norris, Jane C (DNR); Delphey, Phil (phil_delphey@fws.gov); Smith, Tamara
Subject: Updated Section 7 Phase 1 Evaluation Form
Date: Friday, October 21, 2016 2:52:50 PM
Attachments: 20161021 Section 7 Phase I template.docx

I have updated the attached Form to:
·         Remove Eastern Massasauga Rattlesnake
·         Add Rusty Patch Bumble Bee
·         Update the narratives for Karner blue butterfly, Poweshiek Skipperling, and Dakota Skipper

to reflect our current knowledge of these species’ distributions.
 
Please use this new form for completing Section 7 compliance.
 
Thanks,
 
Rich
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><> 
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REGION 3 FEDERAL ASSISTANCE SECTION 7 EVALUATION FORM 
 

PHASE 1: COMPLETED BY STATE 
(See Phase 1 Instructions for completing this form) 

 
 
State:   Minnesota  Grantee:  Natural Resources Grant Program(s): XXX  
 
 
Grant Title and Number (add amendment no.): XXX 
  
I.   Location: 
 A. List counties where grant activities will occur: 
 
 
 B. Describe the action area: 
 
 
II.  Species/Critical Habitat: 

A. Species Information 
1. Using the FWS website (http://www.fws.gov/midwest/Endangered/), list any listed, candidate, or 

proposed species that may be present in the county(ies) listed in I.A.: 
 
 

2. Of the species listed above, list those that are not in the action area, and explain why: 
 
 

B.  Critical Habitat Information.  Using the FWS website, list any designated or proposed critical 
habitat that is present within the action area: 

 
 

(NOTE: If II.A. and II.B. identify no species or critical habitat, skip to Section V.) 
 
III.  Description of Proposed Action: Describe the action(s) in sufficient detail so that the potential effects of 
the action can be identified and fully evaluated:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.fws.gov/midwest/Endangered/


Minnesota Grant # XXX                                  Section 7 Phase 1 Evaluation Form                                                               Page 2 of 7 
 
IV. Description of Effects:  On the following pages describe the effects, including beneficial, of the project 
actions on any species (including those species’ habitats) and/or critical habitats identified in II.A. and II.B.  For 
species or habitats that may be affected by the proposed action, describe strategies that will avoid or minimize 
adverse effects. 
 
V.  Recommended Determination(s) of Effect(s):  For all species and critical habitat identified in Section II, 
mark (X) the appropriate determination(s) on this and the following pages.   
 
A. Listed, Proposed and Candidate Species 
 
_ __ a) “No Effect” 

On the following page, indicate those species for which this recommendation is applicable. 
 
_   _ b) “May Affect, but is Not Likely to Adversely Affect” 

On the following page, indicate those species for which this recommendation is applicable. 
 
_   _ c) “May Affect, and is Likely to Adversely Affect” 

On the following page, indicate those species for which this recommendation is applicable. 
 

B. Designated and Proposed Critical Habitat 
 
___ a) “No Effect” to Critical Habitat 

On the following page, indicate those species for which this recommendation is applicable. 
 

___ b) “May Affect, but is not likely to Adversely Affect” 
On the following page, indicate those species for which this recommendation is applicable. 

 
___ c) “May Affect, and is Likely to Adversely Affect” 

On the following page, indicate those species for which this recommendation is applicable. 
 
 
State Signatures:  
 
 Prepared by: 
  Name/Title  XXX, Federal Aid Coordinator 
 
  Signature:    _____________________________________ Date: _____________ 
  Telephone No.                     email: XXX@state.mn.us 
 
 Reviewed by: 
  Name/Title: Richard Baker, Minnesota Endangered Species Coordinator 
 
  Signature:    _____________________________________ Date: _____________ 
  Telephone No. 651-259-5073 mail:  richard.baker@state.mn.us 
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Summary of Minnesota’s recommendations for Minnesota Grant #XXX  
  
Species                                                                              Status* Minnesota’s Section 7 Recommendation** 
 
Gray Wolf (Canis lupus)     T XXX 
        CH XXX 
 
Canada Lynx (Lynx canadensis)     T XXX 
        CH XXX 
 
Northern Long-Eared Bat (Myotis septentrionalis)  T XXX 
 
Piping Plover (Charadrius melodus) Great Plains Pop’n  T XXX 
        CH XXX 
 
Piping Plover (Charadrius melodus) Great Lakes Pop’n  E XXX 
        CH XXX 
 
Rufa Red Knot (Calidris canutus rufa)    T XXX 
 
Topeka Shiner (Notropis topeka)    E  XXX 
        CH XXX 
 
Higgins’ Eye Pearlymussel (Lampsilis higginsii)   E XXX 
 
Sheepnose Mussel (Plethobasus cyphyus)   E XXX 
 
Snuffbox Mussel (Epioblasma triquetra)       E XXX 
 
Spectaclecase Mussel (Cumberlandia monodonta)  E XXX 
 
Winged Mapleleaf Mussel(Quadrula fragosa)   E XXX 
 
Dakota Skipper (Hesperia dacotae)    T XXX 
        CH XXX 
 
Karner Blue Butterfly (Lycaeides melissa samuelis)  E XXX 
 
Poweshiek Skipperling (Oarisma poweshiek)   E XXX 
        CH XXX 
 
Rusty Patched Bumble Bee (Bombus affinis)   C XXX 
 
Leedy’s Roseroot (Rhodiola integrifolia ssp. leedyi)  T XXX 
 
Minnesota Dwarf Trout Lily (Erythronium propullans)     E XXX  
 
Prairie Bush Clover (Lespedeza leptostachya)   T XXX 
 
Western Prairie Fringed Orchid (Platanthera praeclara)  T XXX 
 
* E: endangered    T: threatened   CH: critical habitat designated   CHP: critical habitat proposed   C: candidate  P: proposed for listing  
 
**  For each species on this page, and in associated the “Recommendation” section on the following pages, replace XXX with one of the following: 
 No Effect  May Affect, but is not likely to Adversely Affect  May Affect, and is likely to Adversely Affect 
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Canis lupus – Gray Wolf  (T) (CH) 
Gray wolves occupy the northern third of Minnesota, and the state’s population is connected to populations in northern and central 
Wisconsin and the upper peninsula of Michigan.  Current estimates of approximately 2,500 individuals make this the largest state 
population in the lower 48 states.  Gray wolves are habitat generalists; distribution and abundance of large prey (deer, moose, elk and 
caribou) are primary determinants of wolf distribution and density.  Gray wolf abundance and distribution are also affected by human-
caused mortality.  The gray wolf was classified as endangered in the continental 48 states in 1974 and was downgraded to threatened 
in 1978.  Population goals established in the wolf recovery plan, last updated in 1992, were fully achieved in 1999. The Great Lakes 
population was delisted in 2009 but this decision was reversed by court order, effective December 19, 2014.   
Recommendation for Species:  XXX 
Recommendation for Critical Habitat:  XXX 
Strategy: XXX 
 
Lynx canadensis – Canada Lynx (T) (CH) 
The Canada lynx inhabits northern forests with downed timber that provides den sites, escape cover, and protection from severe 
weather.  Lynx feed primarily on snowshoe hares that inhabit dense thickets of younger trees and shrubs.  Lynx are currently 
documented as reproducing and resident in Minnesota, but in some years, sightings of lynx in Minnesota may be the result of migrant 
animals moving down from Canada as their prey base, the snowshoe hare, nears its cyclic lows.  More than one recent lynx sighting 
has come from each of the following 19 counties: Aitkin, Becker, Beltrami, Carlton, Cass, Chisago, Clearwater, Cook, Hubbard, 
Isanti, Itasca, Koochiching, Lake, Lake of the Woods, Marshall, Pine, Roseau, St. Louis, Stearns, and Wadena.  On September 12, 
2014 the USFWS issued the Final Revised Critical Habitat designation for the contiguous U.S. distinct population segment of the 
Canada Lynx. In Minnesota, this designation includes 20,899 sq. km in portions of Koochiching, St. Louis, Cook, and Lake Counties . 
Recommendation for Species:  XXX 
Recommendation for Critical Habitat:  XXX 
Strategy:  XXX 
 
Myotis septentrionalis - Northern Long-Eared Bat (T) 
The northern long-eared bat spends the winter hibernating primarily in tight crevices of caves and mines with constant temperatures 
and high humidity.  During the summer, the species roosts singly or in colonies beneath bark, in cavities, and in crevices of both living 
and dead trees.  Summer maternity colonies may be occupied from late May through late July, and may comprise as many as 60 or 
more females and young within a small area.  Entry into winter hibernacula is preceded by a period of swarming in wooded areas 
outside of hibernacula entrances.  During spring, summer, and fall, northern long-eared bats forage at night on flying or perching 
insects in the understory of forested hillsides and ridges.  The northern long-eared bat is known from throughout Minnesota. 
Recommendation: XXX 
Strategy: XXX 
 
Charadrius melodus - Piping Plover (T) (E) (CH) 
In Minnesota, the piping plover prefers sandy beaches or sparsely vegetated shorelines that have a gravel or pebbly mud substrate.  
Only the Great Plains Population has recently nested in Minnesota, where 1-2 pairs have been observed consistently on Lake of the 
Woods shoreline in recent years.  Critical habitat has been designated for this population in Lake of the Woods county.  No nesting of 
the Great Lakes population has been documented in Minnesota for many years, although critical habitat has been designated for this 
population in St. Louis county. 
Recommendation for Species (Great Plains Population):  XXX 
Recommendation for Critical Habitat (Great Plains Population):  XXX 
Recommendation for Species (Great Lakes Population):  XXX 
Recommendation for Critical Habitat (Great Lakes Population):  XXX 
Strategy:  XXX 
 
Calidris canutus rufa - Rufa Red Knot (T) 
The rufa red knot is a medium-sized shorebird that is a rare and occasional migrant in Minnesota.  A few individuals are observed in 
the state each year during spring and fall migration, particularly on Park Point, Duluth.  Nesting has never been documented within 
Minnesota.   
Recommendation: XXX 
Strategy: XXX 
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Notropis topeka  - Topeka Shiner (E) (CH) 
The Topeka shiner occurs primarily in channels and off-channel pools of small prairie (or former prairie) streams. Most Topeka shiner 
streams are perennial (i.e., flow year-round), but some are small enough to stop flowing during dry summer months. In these 
circumstances, water levels must be maintained by groundwater seepage for the fish to survive. In Minnesota, the Topeka shiner is 
restricted in its distribution to the streams that are tributary to the Missouri River in Lincoln, Murray, Nobles, Pipestone, and Rock 
counties in southwest Minnesota.  It reproduces in quiet, off-channel pools of these creeks and rivers.  In August 2004, the USFWS 
designated critical habitat for Topeka shiners on 83 stream segments in 5 southwestern Minnesota counties (Lincoln, Pipestone, 
Murray, Rock and Nobles).  This includes all of the Missouri River Watershed within Minnesota. 
Recommendation for Species:  XXX 
Recommendation for Critical Habitat:  XXX 
Strategy:  XXX 
 
Lampsilis higginsii - Higgins Eye Pearlymussel (E)  
Higgins’ eye pearlymussel occurs in large river habitats.  Its preferred microhabitat within river systems includes stable substrates 
ranging from sand to boulders in deep water and in moderate to swift currents in association with its host species, which include 
sauger, bluegill, green sunfish, largemouth and smallmouth bass, northern pike, walleye, yellow perch, and fresh water drum.  Its 
distribution in Minnesota is restricted to the lower reaches of the St Croix, the Minnesota and Mississippi rivers.  Its range in the 
Mississippi contracted historically, but habitat areas in the upper pools are now improving, and propagation and restoration efforts are 
underway to restore the species to Pool 2. 
Recommendation: XXX 
Strategy: XXX 
 
Plethobasus cyphyus  - Sheepnose Mussel (E) 
The sheepnose mussel occurs in large rivers, in areas with sand and gravel substrates.  Reproduction is believed to be similar to other 
unionid mussels, except that it is believed to be a short-term breeder, and is believed to be gravid primarily in early summer.   
Reproduction requires a stable, undisturbed habitat and a sufficient population of hosts to complete the mussel's larval development. 
Various minnow species have been shown to be host organisms for the sheepnose. Although there are historical records from the 
Minnesota River in Dakota and Scott counties and at least one from every county along the Mississippi, the only recent (1979-present) 
live specimens were from the Mississippi in Wabasha and Winona counties.  Threats to this species include invasive species 
(especially zebra mussels), impoundments, fluctuating flow releases from dams, sedimentation, small population size, isolated 
populations, and nutrient enrichment. 
Recommendation: XXX 
Strategy: XXX 
  
Epioblasma triquetra – Snuffbox mussel (E) 
The snuffbox is a small freshwater mussel found in swift-flowing streams with sand and gravel substrates.  In Minnesota, it is known 
from only the St. Croix River upstream of Lake St. Croix in Chisago and Washington Counties, and from a reintroduced population in 
the Mississippi River between Lock and Dam 1 and the confluence with the Minnesota River in Hennepin and Ramsey Counties.  The 
only documented host for snuffbox glochidia is the logperch.  Threats to the snuffbox include dams, water pollution, and zebra mussel 
infestation. 
Recommendation: XXX 
Strategy: XXX 
 
Cumberlandia monodonta - Spectaclecase mussel (E) 
The spectaclecase mussel occurs in large rivers in areas with fast current velocity. It is most often found among patches of boulders, 
and under large rocks, intermixed with sand and gravel substrates.  Reproduction is believed to be similar to other unionid mussels, 
except that it has been speculated that in some parts of the range this species may produce two broods of young per season. The host 
organism for the spectaclecase is currently unknown.  In Minnesota the spectaclecase historically inhabited the Mississippi River, but 
recent observations have come only from the mainstem of the St. Croix River in 3 counties (Pine, Chisago and Washington).  Threats 
to this species include invasive species (especially zebra mussels), delivery and deposition of fine sediments, small population sizes, 
isolation of populations, point and nonpoint pollution, unstable and coldwater flows downstream of dams, gravel mining, and channel 
dredging. 
Recommendation: XXX 
Strategy: XXX 
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Quadrula fragosa  - Winged mapleleaf mussel (E)   
The winged mapleleaf mussel occurs in large rivers with clean swift flows and substrates of gravel, sand, or rubble.  In Minnesota, the 
only known occurrence is in the reach of the St. Croix River below Taylors Falls (Chisago, Ramsey, and Washington counties).  The 
blue catfish and the channel catfish have been identified as hosts of the winged mapleleaf mussel.  Threats to this species include 
invasive species (especially zebra mussels), delivery and deposition of fine sediments, population isolation, point and nonpoint 
pollution, unstable and coldwater flows downstream of dams, gravel mining, and channel dredging. 
Recommendation: XXX 
Strategy: XXX 
 
Hesperia dacotae – Dakota skipper (T) (CH) 
The Dakota skipper butterfly was historically found in high quality remnants of tallgrass and mixed grass prairie in Minnesota, North 
Dakota, South Dakota and two Canadian provinces.  Until recently, Dakota skippers were documented in the 14 Minnesota counties.  
Experts believe that the likelihood of significant unrecorded populations in Minnesota is low.  Dakota skippers are sensitive to several 
types of artificial and natural disturbances and are almost always absent from prairie remnants that are overgrazed or otherwise 
degraded.  The isolation of remaining populations and threats to their habitat makes them highly vulnerable to disturbance.  Without 
the availability of immigrants from nearby undisturbed prairie, Dakota skippers are likely to disappear permanently when isolated 
prairie remnants are subjected to untimely and intensive disturbance.  In Minnesota, fourteen units of critical habitat in Chippewa, 
Clay, Kittson, Lincoln, Murray, Norman, Pipestone, Polk, Pope, and Swift Counties were designated on October 1, 2015. 
Recommendation: XXX 
Recommendation for Critical Habitat:  XXX 
Strategy: XXX 
 
Lycaeides melissa samuelis – Karner blue butterfly (E) 
The Karner blue always occurs in close association with its only known larval host plant, wild blue lupine.  Typical habitats, sandy 
barrens and oak savannas, are dependent on periodic fire to maintain the open character that both the host plant and butterfly need.  
Karner blue butterfly is like extirpated from the only recently extant metapopulation known in Minnesota, which was located on the 
Whitewater WMA (Winona county) in southeast Minnesota.  
Recommendation: XXX 
Strategy: XXX  
 
Oarisma poweshiek – Poweshiek skipperling (E) (CH) 
Until recently, the Poweshiek skipperling butterfly was known from high quality remnants of tallgrass and mixed grass prairie in 
Minnesota, Iowa, North Dakota, South Dakota and Manitoba.  Disjunct populations have also been identified in Wisconsin and 
Michigan.  In Minnesota, the Poweshiek skipperling has been historically documented in 22 western counties.  Surveys since 2006 
have failed to relocate the species at any site in Minnesota, but it is possible that remnant populations still exist in the state and any 
effects analysis should assume that the species may be extant in counties with historic records.  Threats to Poweshiek skipperlings 
include habitat loss, habitat degradation due to artificial or natural disturbance (e.g., overgrazing, prescribed fire without refugia, 
pesticide spray drift, invasive species, succession) and population isolation.  In Minnesota, twenty units of critical habitat in 
Chippewa, Clay, Cottonwood, Douglas, Kittson, Lac Qui Parle, Lincoln, Lyon, Mahnomen, Murray, Norman, Pipestone, Polk, Pope, 
Swift, and Wilkin Counties were designated on October 1, 2015. 
Recommendation: XXX 
Recommendation for Critical Habitat:  XXX 
Strategy: XXX 
 
Bombus affiinis – Rusty Patched Bumble Bee (C) 
The rusty patched bumble bee is a social insect once widely known from the eastern, central, and upper Midwest regions of the U.S., 
but now restricted to relatively few locations within that historic range. This species overwinters as a solitary queen that produces a 
hive of workers throughout the summer, with new queens mating with males in the fall and hibernating through the next winter. Rusty 
patched bumble bees are known from a wide variety of habitats, including prairies, woodlands, marshes, agricultural lands, and 
residential areas. The species requires nectar and pollen from diverse floral resources and undisturbed nesting sites in proximity to 
those resources. Nests are typically in abandoned rodent nests or similar cavities. In Minnesota, recent records are reported from a few 
locations within Cass, Dakota, Hennepin, Itasca, Ramsey, and Washington Counties. 
Recommendation: XXX 
Strategy: XXX 
 
Rhodiola integrifolium ssp. leedyi – Leedy’s roseroot (T) 
This rare cliff plant occurs on shallow ledges on north-facing limestone cliffs in the Root River drainage.  The plants are restricted to 
specific strata where groundwater seeps through the rock resulting in a constantly wet, dripping habitat.  There are four geographically 
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separated Minnesota populations in Fillmore and Olmsted Counties, and it is unlikely that other populations exist in the state.  The 
cliff faces on which these populations grow are largely safe from human alteration and the four populations appear to be 
demographically stable. 
Recommendation: XXX 
Strategy: XXX 
 
Erythronium propullans - dwarf trout lily (E) 
The Minnesota dwarf trout lily is a Minnesota endemic wildflower known from 46 locations in Rice, Goodhue, and Steele Counties.  
Within these counties, the species appears to be confined to the watersheds of the Straight, Cannon, Little Cannon, and Zumbro 
Rivers, and Prairie Creek. Preferred habitat is rich north-northwest or northeast-facing slopes dominated by maple and basswood and 
adjoining floodplains dominated by elm and cottonwood.  Principal threats include habitat loss, invasive species (including buckthorn, 
garlic mustard, reed canary grass, and earthworms), deer over-population, and flooding and erosion. 
Recommendation: XXX 
Strategy: XXX 
 
Lespedeza leptostachya - prairie bush clover (T) 
Prairie Bush Clover is a long-lived perennial prairie legume endemic to four Midwestern states, and in Minnesota is known from 15 
counties.  In southeastern Minnesota, the species occurs most frequently on the slopes of bluff prairies and its habitat can grade into 
oak savanna.  In southwestern Minnesota, the species most commonly occurs on slopes of hill prairies developed on glacial till, but it 
is also found on hill prairies that occur over bedrock.  The species is known to occur in fairly disturbed native prairie and be tolerant of 
grazing.  Threats include habitat loss and degradation. 
Recommendation: XXX 
Strategy: XXX 
 
Platanthera praeclara – western prairie fringed orchid (T) 
Western prairie fringed orchid (WPFO) is a declining tallgrass prairie species that is currently know from six states and Manitoba, and 
in Minnesota has been documented in 11 southern and western counties.  This species is only conspicuous during its July flowering 
period, and plants are capable of remaining dormant for a period of several years.  Although most areas of potential habitat have been 
searched at least once, new groups of plants continue to be found.  Western prairie fringed orchid is a wet prairie species, but may also 
occur in other settings in which local hydrology is appropriate.  WPFO may appear in formerly grazed lands following the cessation of 
grazing, and may persist in shrubby portions of brush prairie, and in swales in formerly cultivated ground.  This species is is sensitive 
to subtle hydrologic changes, including those resulting from off-site activities with the potential to alter the hydrology at occupied 
sites.  Pollination rates appear to be fairly low.  Flower production and pod maturation can be impacted by random climatic events 
such as standing water, late frost, hailstorms, and mid-summer drought, and by spring prescribed burns.  
Recommendation: XXX 
Strategy: XXX 

10/21/2016 



From: Karl Halupka
To: Michelle Eames; Jeff Krupka
Cc: Carolyn Scafidi
Subject: RE: WildLinks conference: Reminder and final details
Date: Monday, October 24, 2016 1:41:11 PM
Attachments: Lynx backgrounder bullets - Oct 24 2016.docx

Hi Michelle and Jeff,
I haven’t responded to this yet.  Attached are a few bullets I put together to get things started. 
These bullets cover topics with which I’m fairly familiar.  They don’t include other activities you know
more about, like discussions with DNR about their proposed amendment to the Okanogan LMZ rules
(Jeff), and current status of the SSA (Michelle).
Hope this helps.  Let me know if you want me to add what I know about these other topics and send
it to Eric, or some other approach to finishing up this “backgrounder.”.
Cheers,
k
 
Karl Halupka
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
Phone:  509-665-3508 x 2001
Fax:      509-665-3509
www.fws.gov/wafwo/
 

From: Michelle Eames [mailto:michelle_eames@fws.gov] 
Sent: Monday, October 24, 2016 8:41 AM
To: Karl Halupka; Jeff Krupka
Subject: FW: WildLinks conference: Reminder and final details
 
Karl, did you answer this?  I will give a brief summary of our consultation efforts… but not sure about
items 2 and 3. 
 
michelle
 

From: Eric Rickerson [mailto:eric_rickerson@fws.gov] 
Sent: Thursday, October 13, 2016 10:41 AM
To: karl_halupka@fws.gov; Jeff_Krupka@fws.gov; michelle_eames@fws.gov
Cc: russ_macrae@fws.gov; carolyn_scafidi@fws.gov
Subject: Fwd: WildLinks conference: Reminder and final details
 
Jeff, Karl, and Michelle,
 
Please see the email below. I would like a short backgrounder on:
1. Your involvement on Lynx conservation issues (consultations and conservation planning efforts, if
any) to date; 2. what conservation/recovery opportunities do we have in WA, and; 3. What are our
biggest challenges recovering Lynx (e.g. Climate change impacts such as increasing fire intensities
and snow amounts and snow pack characteristics ((excessive crusting)).

mailto:karl_halupka@fws.gov
mailto:michelle_eames@fws.gov
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mailto:carolyn_scafidi@fws.gov
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A series of bullets will work and I need your summaries by COB Friday, October 28th.
 
Thanks
 
EVR
 
Sent from my iPhone

Begin forwarded message:

From: Jen Watkins <jwatkins@conservationnw.org>
To: "Eric_Rickerson@fws.gov" <Eric_Rickerson@fws.gov>
Cc: "Mejia, Kandi" <kandi_mejia@fws.gov>
Subject: WildLinks conference:  Reminder and final details

Hi Eric,
 
WildLinks is less than a month away so I wanted to reach out with a reminder and a few
details for you about the event.  Please see attached the final agenda for the event
including the meetings framing question and objectives.  Also, see attached the current
attendee list which we will continue to update as registrations are still being finalized.
 
You are registered for attending the conference and lodging on November 1st and 2nd.  You
have a private room booked at the Talaris meeting center, so your lodging will be on site.
 
Please note all meals are being provided during the meeting along with coffee and snack
breaks.  Let us know by the end of this week if you have any special diet considerations we
should be aware of.
 
On November 2nd, we have you speaking during the Managers Roundtable from 10am to
11am.  We are hoping for this session to have an informal and discussion style, so you do
not need to have a Powerpoint but instead will make 10 minute remarks and be available
for Q&A with the audience.  In your remarks we hope you introduce yourself and the land
base/resources that you help in overseeing.  Then we hope you can inform the audience
about one or more planning efforts that you are engaged in that require you to think about
climate change and spatial priorities.  What are the opportunities and challenges you see in
those efforts to integrating climate science and information into your work?  And in focusing
investments and/or attention on priority areas important to climate change.
 
For the evening of November 2nd after the reception and dinner, you are invited to an
evening presentation and discussion on a modelling effort being conducted by Andrea
Lyons (Washington Conservation Science Institute) on the carrying capacity for Canada
lynx in the Cascades and Kettle River Range.  This will take place on site in one of the
deluxe guest suites.
 
On November 3rd, we have you attending the closed session to form a Transboundary Lynx
Working Group from 11-4pm.
 
We’ll be in touch one more time before the meeting with final details and helpful reading

mailto:jwatkins@conservationnw.org
mailto:Eric_Rickerson@fws.gov
mailto:Eric_Rickerson@fws.gov
mailto:kandi_mejia@fws.gov


materials before the meeting.  Until then, let me know if you have any questions and if you
have any correction to the information included in this email.
 
Thanks, and look forward to seeing you next month.  Let me know if you have any
questions.
 
Jen Watkins
Conservation Northwest
206.940.7914
 
www.conservationnw.org

http://www.conservationnw.org/


 

 

Lynx “Backgrounder” bullets for Eric for WildLinks 

K. Halupka 

24 October 2016 

 

• Camera survey – completed grant award with Dr. Dan Thornton at WSU to do a large-scale 
remote camera survey of lynx in the Okanogan Lynx Management Zone to  determine: 

o Area of occupancy and evidence of reproduction, 
o Test the accuracy of WDFW’s model of lynx habitat suitability, 
o Determine the influence of wildfire characteristics (e.g., size and severity) as well as 

climatic and biotic variables on patterns of lynx occupancy, and 
o Determine the efficacy and cost-effectiveness of large-scale camera surveys as a means 

for long-term monitoring of lynx. 
Final report expected on or before December 31, 2019.  

• Habitat modeling effort by Andrea Lyons – Jeff and I provided review comments on an early 
draft report (June 2016).  We both thought this effort would be useful to the Service in many 
programs because it summarizes available info about lynx in WA and will provide an updated 
habitat assessment after extensive recent fires in WA.  This habitat modeling in combination 
with potential for model validation using camera surveys (described above) could provide a 
reliable estimate of current lynx status in the state. 

• In recent consultations with the USFS, we have acknowledged that recent large fires increase 
our uncertainty about patterns of lynx movement and distribution (we do not know how lynx 
might respond to large burned areas).  We encourage the USFS to increase lynx monitoring 
efforts, especially by participating in or augmenting camera surveys. 

• I (Halupka) participate regularly in the monthly conference calls led by Jim Zelenak (R6 Lynx 
listing lead) providing updates about work on the lynx SSA, 5-year review, and potential 
recovery plan. 

• I (Halupka) was not engaged at all with WDFW regarding their decision to uplist the lynx to State 
Endangered. 



From: Karl Halupka
To: Michelle Eames; Jeff Krupka
Cc: Russ MacRae; Carolyn Scafidi
Subject: RE: WildLinks conference: Reminder and final details
Date: Tuesday, October 25, 2016 10:25:46 AM

Hi Michelle and Jeff
If you send your lynx bullets to me by Thursday, mid-day, I’ll mash them together and send to Eric.
I’ll use the latest update I got from Bryon (12 Oct) to cover SSA status.
Cheers,
k
 
Karl Halupka
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
Phone:  509-665-3508 x 2001
Fax:      509-665-3509
www.fws.gov/wafwo/
 
From: Scafidi, Carolyn [mailto:carolyn_scafidi@fws.gov] 
Sent: Monday, October 24, 2016 5:42 PM
To: Michelle Eames
Cc: Karl Halupka; Jeff Krupka; Russ MacRae
Subject: Re: WildLinks conference: Reminder and final details
 
Sounded like he was expecting "summaries" (plural), so I'm guessing individual
responses are OK.  

_______________________________________________________
Carolyn R. Scafidi, Acting Assistant Project Leader 
Central Washington Fish and Wildlife Office
U.S. Fish and Wildlife Service
215 Melody Lane, Suite 103
Wenatchee, WA 98801-8122
(509) 665-3508  ext. 2005
carolyn_scafidi@fws.gov
 
 
 
On Mon, Oct 24, 2016 at 2:18 PM, Michelle Eames <michelle_eames@fws.gov> wrote:
Okay, I will get bullets out later this week (or maybe today) regarding consultation on lynx
with the Colville NF.  I know nothing about the SSA, and have not attended any of those
conference calls for a year or more.
 
Do we plan to merge our bullets, or send to Eric directly?
 
Michelle
 
From: Karl Halupka [mailto:karl_halupka@fws.gov] 
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Sent: Monday, October 24, 2016 1:41 PM
To: Michelle Eames; Jeff Krupka
Cc: Carolyn Scafidi
Subject: RE: WildLinks conference: Reminder and final details
 
Hi Michelle and Jeff,
I haven’t responded to this yet.  Attached are a few bullets I put together to get things started. 
These bullets cover topics with which I’m fairly familiar.  They don’t include other activities
you know more about, like discussions with DNR about their proposed amendment to the
Okanogan LMZ rules (Jeff), and current status of the SSA (Michelle).
Hope this helps.  Let me know if you want me to add what I know about these other topics and
send it to Eric, or some other approach to finishing up this “backgrounder.”.
Cheers,
k
 
Karl Halupka
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
Phone:  509-665-3508 x 2001
Fax:      509-665-3509
www.fws.gov/wafwo/
 
From: Michelle Eames [mailto:michelle_eames@fws.gov] 
Sent: Monday, October 24, 2016 8:41 AM
To: Karl Halupka; Jeff Krupka
Subject: FW: WildLinks conference: Reminder and final details
 
Karl, did you answer this?  I will give a brief summary of our consultation efforts… but not
sure about items 2 and 3. 
 
michelle
 
From: Eric Rickerson [mailto:eric_rickerson@fws.gov] 
Sent: Thursday, October 13, 2016 10:41 AM
To: karl_halupka@fws.gov; Jeff_Krupka@fws.gov; michelle_eames@fws.gov
Cc: russ_macrae@fws.gov; carolyn_scafidi@fws.gov
Subject: Fwd: WildLinks conference: Reminder and final details
 
Jeff, Karl, and Michelle,
 
Please see the email below. I would like a short backgrounder on:
1. Your involvement on Lynx conservation issues (consultations and conservation planning
efforts, if any) to date; 2. what conservation/recovery opportunities do we have in WA, and; 3.
What are our biggest challenges recovering Lynx (e.g. Climate change impacts such as
increasing fire intensities and snow amounts and snow pack characteristics ((excessive
crusting)).
 
A series of bullets will work and I need your summaries by COB Friday, October 28th.
 
Thanks

http://www.fws.gov/wafwo/
mailto:michelle_eames@fws.gov
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EVR
 
Sent from my iPhone

Begin forwarded message:

From: Jen Watkins <jwatkins@conservationnw.org>
To: "Eric_Rickerson@fws.gov" <Eric_Rickerson@fws.gov>
Cc: "Mejia, Kandi" <kandi_mejia@fws.gov>
Subject: WildLinks conference:  Reminder and final details

Hi Eric,
 
WildLinks is less than a month away so I wanted to reach out with a reminder and a few
details for you about the event.  Please see attached the final agenda for the event
including the meetings framing question and objectives.  Also, see attached the current
attendee list which we will continue to update as registrations are still being finalized.
 
You are registered for attending the conference and lodging on November 1st and 2nd.  You
have a private room booked at the Talaris meeting center, so your lodging will be on site.
 
Please note all meals are being provided during the meeting along with coffee and snack
breaks.  Let us know by the end of this week if you have any special diet considerations we
should be aware of.
 
On November 2nd, we have you speaking during the Managers Roundtable from 10am to
11am.  We are hoping for this session to have an informal and discussion style, so you do
not need to have a Powerpoint but instead will make 10 minute remarks and be available
for Q&A with the audience.  In your remarks we hope you introduce yourself and the land
base/resources that you help in overseeing.  Then we hope you can inform the audience
about one or more planning efforts that you are engaged in that require you to think about
climate change and spatial priorities.  What are the opportunities and challenges you see in
those efforts to integrating climate science and information into your work?  And in focusing
investments and/or attention on priority areas important to climate change.
 
For the evening of November 2nd after the reception and dinner, you are invited to an
evening presentation and discussion on a modelling effort being conducted by Andrea
Lyons (Washington Conservation Science Institute) on the carrying capacity for Canada
lynx in the Cascades and Kettle River Range.  This will take place on site in one of the
deluxe guest suites.
 
On November 3rd, we have you attending the closed session to form a Transboundary Lynx
Working Group from 11-4pm.
 
We’ll be in touch one more time before the meeting with final details and helpful reading
materials before the meeting.  Until then, let me know if you have any questions and if you
have any correction to the information included in this email.
 
Thanks, and look forward to seeing you next month.  Let me know if you have any
questions.
 
Jen Watkins

mailto:jwatkins@conservationnw.org
mailto:Eric_Rickerson@fws.gov
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mailto:kandi_mejia@fws.gov


Conservation Northwest
206.940.7914
 
www.conservationnw.org

 

http://www.conservationnw.org/


From: Smith, Tamara
To: Ragan, Laura
Subject: Re: Canada lynx SSA draft report review
Date: Tuesday, October 25, 2016 4:42:43 PM

okay yes - Give me a call when you can. I'll be working from home 612-600-1599.

On Tue, Oct 25, 2016 at 4:36 PM, Ragan, Laura <laura_ragan@fws.gov> wrote:
Tam -

Yes, lets talk tomorrow if we can.  I don;t think anyone here will be able to meet the
requested deadline from R6.  Alisa, Tom and I were on the briefing call last week.

-Laura

On Tue, Oct 25, 2016 at 3:52 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Laura -  As you are aware, the lynx SSA draft report was sent out to for regional
internal review. Were you (or anyone else at the RO) planning on reviewing the
document?  You can give me a call sometime to discuss if you like. 

Thanks!
-Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Laura Ragan
U.S. Fish and Wildlife Service
Division of Endangered Species
5600 American Blvd. West, Suite 990
Bloomington, MN 55437
Tel:  612-713-5157
Laura_Ragan@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
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4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell



From: Smith, Tamara
To: Belleman, Ann
Subject: Re: copies of CNNF and CNF plans?
Date: Wednesday, October 26, 2016 4:50:57 PM

Either way works for me - whatever is the easiest! The files will probably have to go through
Google Drive, I assume, because of their size.

On Wed, Oct 26, 2016 at 2:12 PM, Belleman, Ann <ann_belleman@fws.gov> wrote:
If you want me to request entire digital versions, let me know. One question though is would
they be too big to email? I'd have to look at the size of the existing files on their websites to
get an idea. If they're too big, sometimes they can post them in other ways that I'm sure
you're familiar with!  It would probably be faster if I just download them piecemeal, as
sometimes the bios are busy/out of office, but if not acceptable, then I'll contact the
respective bios. 

 
Ann Belleman
U.S. Fish and Wildlife Service
Twin Cities Field Office (TCFO)
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
612-600-6122 (work cell) - This is my primary number!
952-252-0092 (TCFO) - Note: I work remotely. If you don't reach me on my work cell and need immediate assistance, then
please call this TCFO main number.

On Wed, Oct 26, 2016 at 1:36 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Thanks Ann. I'm trying to gather literature for the lynx SSA.  I'll probably have to
download all of the sections, unless you can get a complete digital copy of them from the
forests....

On Wed, Oct 26, 2016 at 9:03 AM, Belleman, Ann <ann_belleman@fws.gov> wrote:
P.S. The CNNF is also available in sections at:
http://www.fs.usda.gov/detail/cnnf/landmanagement/planning/?cid=stelprdb5117262

 
Ann Belleman
U.S. Fish and Wildlife Service
Twin Cities Field Office (TCFO)
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
612-600-6122 (work cell) - This is my primary number!
952-252-0092 (TCFO) - Note: I work remotely. If you don't reach me on my work cell and need immediate assistance,
then please call this TCFO main number.

On Wed, Oct 26, 2016 at 9:01 AM, Belleman, Ann <ann_belleman@fws.gov> wrote:
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Hi Tam,

I only have a hard copy of the CNNF FP but if you'd like me to, I can contact the
CNNF Forest Bio and request a digital version. The CNF FP is on-line by individual
sections at: http://www.fs.usda.gov/detail/chippewa/landmanagement/planning/?
cid=fsm9_016569

It you're unable to download it, let me know and I'll forward whatever sections you
want.

 
Ann Belleman
U.S. Fish and Wildlife Service
Twin Cities Field Office (TCFO)
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
612-600-6122 (work cell) - This is my primary number!
952-252-0092 (TCFO) - Note: I work remotely. If you don't reach me on my work cell and need immediate
assistance, then please call this TCFO main number.

On Tue, Oct 25, 2016 at 3:23 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Ann - Do you have digital copies of the CNNF and CNF Forest Plans that you
can send to me?  Thanks!
-Tam
-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

http://www.fs.usda.gov/detail/chippewa/landmanagement/planning/?cid=fsm9_016569
http://www.fs.usda.gov/detail/chippewa/landmanagement/planning/?cid=fsm9_016569
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-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell



From: Catton, Timothy J -FS
To: Tamara_Smith@fws.gov
Subject: RE: Lynx take database - Take 2
Date: Thursday, October 27, 2016 4:03:59 PM
Attachments: image001.png

image002.png
image003.png
image004.png

You got it, I’ll try and get that done tomorrow.
 
Will we be seeing you in December at the joint USFS/USFWS meeting up here December 14?
 
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, October 27, 2016 3:53 PM
To: Catton, Timothy J -FS <tcatton@fs.fed.us>
Subject: Re: Lynx take database - Take 2
 
Thanks, Tim!  I apologize for the delay in my response. If you could update the access
database that I sent to you, that would be most helpful. 
 
Thank you!!!
-Tam
 
On Mon, Oct 17, 2016 at 12:56 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Hi Tam,
 
As I was making a new shapefile to share with the bio’s here I made some additional tweaks.  Here
is the updated Excel file, sorted by date, again I can update your database and return that if you
prefer.
 
Tim
 

From: Catton, Timothy J -FS 
Sent: Monday, October 17, 2016 12:22 PM
To: 'Smith, Tamara' <tamara_smith@fws.gov>
Subject: RE: Lynx take database
 
Hi Tam,
 
I updated a couple of records via Excel and have attached.  If you would like I can update the
database that you provided directly, just let me know if you would prefer that.
 
There are a couple of old DNA Verification Pendings, I don’t know if we’ll ever get those.  There is
also a road kill I added from 10/27/2014, I have repeatedly emailed the CO and MN DNR Wildlife
staff as to the disposition of the pelt/carcass to no avail, so I think that one will remain a mystery

mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov


as well.
 
Tim
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Tuesday, October 11, 2016 11:22 AM
To: Catton, Timothy J -FS <tcatton@fs.fed.us>
Subject: Re: Lynx take database
 
Hi Tim - I apologize for the delay in getting back to you. I've attached the latest take
database. Please let me know if you have any questions. 
 
I hope all is well! 
 
-Tam
 
On Fri, Sep 23, 2016 at 10:36 AM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Hi Tam,
 
That time of year when I am updating our Canada lynx DNA database and providing the
most current lynx data to our biologists.  Would it be possible to get a copy of the most
current Take database?  Once again I will provide any of the missing DNA data that I can
when I get it back to you. 
 
Thanks!  Hope things are going well!
 
Tim

Timothy J. Catton 
Wildlife/Reforestation

Forest Service
Superior National Forest

p: 218-626-4376 
tcatton@fs.fed.us

8901 Grand Ave Pl
Duluth, MN 55808-1122
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator to

mailto:tamara_smith@fws.gov
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mailto:tcatton@fs.fed.us
mailto:tcatton@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112


civil or criminal penalties. If you believe you have received this message in error, please
notify the sender and delete the email immediately.

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell



From: Karl Halupka
To: Eric Rickerson
Cc: Russ MacRae; Carolyn Scafidi; Jeff Krupka; Michelle Eames; Heather Fuller
Subject: Lynx backgrounder for WildLinks
Date: Thursday, October 27, 2016 7:30:45 PM
Attachments: Lynx backgrounder - Oct 27 2016.docx

Hi Eric,
Attached backgrounder combines everyone’s input.
Cheers,
k
 
Karl Halupka
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
Phone:  509-665-3508 x 2001
Fax:      509-665-3509
www.fws.gov/wafwo/
 

From: Eric Rickerson [mailto:eric_rickerson@fws.gov] 
Sent: Thursday, October 13, 2016 10:41 AM
To: karl_halupka@fws.gov; Jeff_Krupka@fws.gov; michelle_eames@fws.gov
Cc: russ_macrae@fws.gov; carolyn_scafidi@fws.gov
Subject: Fwd: WildLinks conference: Reminder and final details
 
Jeff, Karl, and Michelle,
 
Please see the email below. I would like a short backgrounder on:
1. Your involvement on Lynx conservation issues (consultations and conservation planning efforts, if
any) to date; 2. what conservation/recovery opportunities do we have in WA, and; 3. What are our
biggest challenges recovering Lynx (e.g. Climate change impacts such as increasing fire intensities
and snow amounts and snow pack characteristics ((excessive crusting)).
 
A series of bullets will work and I need your summaries by COB Friday, October 28th.
 
Thanks
 
EVR
 
Sent from my iPhone

Begin forwarded message:

From: Jen Watkins <jwatkins@conservationnw.org>
To: "Eric_Rickerson@fws.gov" <Eric_Rickerson@fws.gov>
Cc: "Mejia, Kandi" <kandi_mejia@fws.gov>
Subject: WildLinks conference:  Reminder and final details

mailto:karl_halupka@fws.gov
mailto:eric_rickerson@fws.gov
mailto:russ_macrae@fws.gov
mailto:carolyn_scafidi@fws.gov
mailto:jeff_krupka@fws.gov
mailto:michelle_eames@fws.gov
mailto:heather_fuller@fws.gov
http://www.fws.gov/wafwo/
mailto:eric_rickerson@fws.gov
mailto:karl_halupka@fws.gov
mailto:Jeff_Krupka@fws.gov
mailto:michelle_eames@fws.gov
mailto:russ_macrae@fws.gov
mailto:carolyn_scafidi@fws.gov
mailto:jwatkins@conservationnw.org
mailto:Eric_Rickerson@fws.gov
mailto:Eric_Rickerson@fws.gov
mailto:kandi_mejia@fws.gov


Hi Eric,
 
WildLinks is less than a month away so I wanted to reach out with a reminder and a few
details for you about the event.  Please see attached the final agenda for the event
including the meetings framing question and objectives.  Also, see attached the current
attendee list which we will continue to update as registrations are still being finalized.
 
You are registered for attending the conference and lodging on November 1st and 2nd.  You
have a private room booked at the Talaris meeting center, so your lodging will be on site.
 
Please note all meals are being provided during the meeting along with coffee and snack
breaks.  Let us know by the end of this week if you have any special diet considerations we
should be aware of.
 
On November 2nd, we have you speaking during the Managers Roundtable from 10am to
11am.  We are hoping for this session to have an informal and discussion style, so you do
not need to have a Powerpoint but instead will make 10 minute remarks and be available
for Q&A with the audience.  In your remarks we hope you introduce yourself and the land
base/resources that you help in overseeing.  Then we hope you can inform the audience
about one or more planning efforts that you are engaged in that require you to think about
climate change and spatial priorities.  What are the opportunities and challenges you see in
those efforts to integrating climate science and information into your work?  And in focusing
investments and/or attention on priority areas important to climate change.
 
For the evening of November 2nd after the reception and dinner, you are invited to an
evening presentation and discussion on a modelling effort being conducted by Andrea
Lyons (Washington Conservation Science Institute) on the carrying capacity for Canada
lynx in the Cascades and Kettle River Range.  This will take place on site in one of the
deluxe guest suites.
 
On November 3rd, we have you attending the closed session to form a Transboundary Lynx
Working Group from 11-4pm.
 
We’ll be in touch one more time before the meeting with final details and helpful reading
materials before the meeting.  Until then, let me know if you have any questions and if you
have any correction to the information included in this email.
 
Thanks, and look forward to seeing you next month.  Let me know if you have any
questions.
 
Jen Watkins
Conservation Northwest
206.940.7914
 
www.conservationnw.org

http://www.conservationnw.org/


Lynx “Backgrounder” for WildLinks – responses to Eric’s questions  
Michelle Eames, Heather Fuller, Jeff Krupka, and Karl Halupka 
27 October 2016 
 
1. Your involvement on Lynx conservation issues (consultations and conservation planning efforts, if any) 
to date?  

A draft Lynx SSA will be circulated for internal review within the next few weeks.  Review of the draft 
SSA by state partners is the next step. Byron Holt represents both Washington and Idaho on the core 
team preparing the SSA.  Jim Zelenak (R6) is leading the lynx listing project, and he provides updates 
about work on the lynx SSA, 5-year review, and potential recovery plan to state partners and internally 
through monthly conference calls.   

JK -My involvement primarily has been technical assistance to the WDNR regarding their timber sale 
program on the Loomis State Forest.  Although WDNR has a HCP, it does not exempt any incidental take 
of lynx.  Spokane (who was lead for lynx at the time, POC: via Bryon Holt) negotiated an agreed-upon 
“take avoidance" approach to timber management in 2001.  This ensures that if timber sales were 
implemented as per the agreed upon conditions (e.g., methods, habitat types, etc.), the Service would 
agree that incidental take was unlikely to occur.  About once a year, the WDNR proposes a slight 
deviation in a timber sale that requires Service and WDFW engagement, interpretation, and assessment 
as to whether WDNR is still consistent with "take avoidance" and the interim guidelines of the Lynx 
Management Plan.  We typically document this determination through a technical assistance letter. 

HF 
• The Eastern Washington Field Office consults with the Colville National Forest on any activities 

that may affect Lynx on the Forest.  Generally these are timber sales, habitat restoration 
activities, and sometimes thins to decrease risk of catastrophic fire or to ensure evacuation 
zones in the event of a fire (such as along Highway 20 between Republic and Kettle Falls).  To 
date these consultation have been informal, and consistent with the Lynx Conservation 
Assessment and Strategy (LCAS; revised 2013). 

• We have conducted informal consultations for various road or highway improvements with 
FHWA and WDOT.   

• We have contributed comments on the draft revised Colville National Forest Plan, and will 
consult on the final proposed action.  The draft plan included commitments to follow the LCAS. 

 

KH - In recent lynx consultations (all informal) with the Okanogan – Wenatchee NF, we have 
acknowledged that recent large fires increase our uncertainty about patterns of lynx movement and 
distribution (we do not know how lynx might respond to large burned areas).  We’ve been encouraging 
the USFS to increase lynx monitoring efforts, especially by participating in or augmenting camera 
surveys. 

At WildLinks you’ll hear more about lynx habitat modeling effort by Andrea Lyons.  JK and KH provided 
review comments on an early draft report (June 2016).  We both thought this effort would be useful to 
the Service in many programs because it will summarize available info about lynx in WA and will provide 



an updated habitat assessment after extensive recent fires.  This habitat modeling in combination with 
potential for model validation using camera surveys could provide a reliable estimate of current lynx 
status in WA. 

 

2. What conservation/recovery opportunities do we have in WA?  

JK -The current recovery project being conducted by Dr. Dan Thornton (camera surveys and habitat 
assessments) is our best example of taking advantage of a conservation opportunity (see details 
below).  Future opportunities may include preventing large-scale habitat removal due to fire.  Lynx in 
Washington appear to be habitat/prey limited following extensive wildfires since 2006.  However, once 
these burned areas recover, they should provide excellent habitat for snowshoe hare prey.  Another 
conservation opportunity would be to work with the Canadian government to limit or even ban trapping 
of lynx.  Once considered a source population, Canada may now be a sink population due to trapping. 

 

3. What are our biggest challenges to recovering lynx (e.g. Climate change impacts such as increasing 
fire intensities and snow amounts and snow pack characteristics ((excessive crusting))? 

Climate change and wildfire are likely to remain the biggest threats to lynx in North-Central Washington. 
HF -As you suggest in your question, changes in fire and hydrologic regimes have the potential to change 
habitat structure, quality, distribution, and amount.  Up-to-date occupancy and population data are 
critical information needs.   Limited habitat connectivity and protections on private lands likely impede 
lynx recovery.    

 

Camera Survey Details: 

• Completed grant award (about $19,000) with Dr. Dan Thornton at WSU to help support a large-
scale remote camera survey of lynx in the Okanogan Lynx Management Zone. The objectives of 
the survey are to  determine: 

o Area of occupancy and evidence of reproduction, 
o Test the accuracy of WDFW’s model of lynx habitat suitability, 
o Determine the influence of wildfire characteristics (e.g., size and severity) as well as 

climatic and biotic variables on patterns of lynx occupancy, and 
o Determine the efficacy and cost-effectiveness of large-scale camera surveys as a means 

for long-term monitoring of lynx. 
Final report expected on or before December 31, 2019.  



From: Karl Halupka
To: Bryon Holt
Cc: Michelle Eames
Subject: Lynx "backgrounder" for Eric Rickerson
Date: Thursday, October 27, 2016 7:38:26 PM
Attachments: Lynx backgrounder - Oct 27 2016.docx

Hi Bryon,
I just responded to Eric’s request with the attached file.
I really wish I’d remembered to get your input as Michelle suggested before I pushed “send.”
If you have any input, especially about the conservation/recovery opportunities question, please
send them directly to Eric (I won’t be in tomorrow).
I’m sorry about my oversight, and I appreciate any input you can offer.
Cheers,
k
 
Karl Halupka
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
Phone:  509-665-3508 x 2001
Fax:      509-665-3509
www.fws.gov/wafwo/
 

From: Eric Rickerson [mailto:eric_rickerson@fws.gov] 
Sent: Thursday, October 13, 2016 10:41 AM
To: karl_halupka@fws.gov; Jeff_Krupka@fws.gov; michelle_eames@fws.gov
Cc: russ_macrae@fws.gov; carolyn_scafidi@fws.gov
Subject: Fwd: WildLinks conference: Reminder and final details
 
Jeff, Karl, and Michelle,
 
Please see the email below. I would like a short backgrounder on:
1. Your involvement on Lynx conservation issues (consultations and conservation planning efforts, if
any) to date; 2. what conservation/recovery opportunities do we have in WA, and; 3. What are our
biggest challenges recovering Lynx (e.g. Climate change impacts such as increasing fire intensities
and snow amounts and snow pack characteristics ((excessive crusting)).
 
A series of bullets will work and I need your summaries by COB Friday, October 28th.
 
Thanks
 
EVR
 
Sent from my iPhone

Begin forwarded message:
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From: Jen Watkins <jwatkins@conservationnw.org>
To: "Eric_Rickerson@fws.gov" <Eric_Rickerson@fws.gov>
Cc: "Mejia, Kandi" <kandi_mejia@fws.gov>
Subject: WildLinks conference:  Reminder and final details

Hi Eric,
 
WildLinks is less than a month away so I wanted to reach out with a reminder and a few
details for you about the event.  Please see attached the final agenda for the event
including the meetings framing question and objectives.  Also, see attached the current
attendee list which we will continue to update as registrations are still being finalized.
 
You are registered for attending the conference and lodging on November 1st and 2nd.  You
have a private room booked at the Talaris meeting center, so your lodging will be on site.
 
Please note all meals are being provided during the meeting along with coffee and snack
breaks.  Let us know by the end of this week if you have any special diet considerations we
should be aware of.
 
On November 2nd, we have you speaking during the Managers Roundtable from 10am to
11am.  We are hoping for this session to have an informal and discussion style, so you do
not need to have a Powerpoint but instead will make 10 minute remarks and be available
for Q&A with the audience.  In your remarks we hope you introduce yourself and the land
base/resources that you help in overseeing.  Then we hope you can inform the audience
about one or more planning efforts that you are engaged in that require you to think about
climate change and spatial priorities.  What are the opportunities and challenges you see in
those efforts to integrating climate science and information into your work?  And in focusing
investments and/or attention on priority areas important to climate change.
 
For the evening of November 2nd after the reception and dinner, you are invited to an
evening presentation and discussion on a modelling effort being conducted by Andrea
Lyons (Washington Conservation Science Institute) on the carrying capacity for Canada
lynx in the Cascades and Kettle River Range.  This will take place on site in one of the
deluxe guest suites.
 
On November 3rd, we have you attending the closed session to form a Transboundary Lynx
Working Group from 11-4pm.
 
We’ll be in touch one more time before the meeting with final details and helpful reading
materials before the meeting.  Until then, let me know if you have any questions and if you
have any correction to the information included in this email.
 
Thanks, and look forward to seeing you next month.  Let me know if you have any
questions.
 
Jen Watkins
Conservation Northwest
206.940.7914
 
www.conservationnw.org
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Lynx “Backgrounder” for WildLinks – responses to Eric’s questions  
Michelle Eames, Heather Fuller, Jeff Krupka, and Karl Halupka 
27 October 2016 
 
1. Your involvement on Lynx conservation issues (consultations and conservation planning efforts, if any) 
to date?  

A draft Lynx SSA will be circulated for internal review within the next few weeks.  Review of the draft 
SSA by state partners is the next step. Byron Holt represents both Washington and Idaho on the core 
team preparing the SSA.  Jim Zelenak (R6) is leading the lynx listing project, and he provides updates 
about work on the lynx SSA, 5-year review, and potential recovery plan to state partners and internally 
through monthly conference calls.   

JK -My involvement primarily has been technical assistance to the WDNR regarding their timber sale 
program on the Loomis State Forest.  Although WDNR has a HCP, it does not exempt any incidental take 
of lynx.  Spokane (who was lead for lynx at the time, POC: via Bryon Holt) negotiated an agreed-upon 
“take avoidance" approach to timber management in 2001.  This ensures that if timber sales were 
implemented as per the agreed upon conditions (e.g., methods, habitat types, etc.), the Service would 
agree that incidental take was unlikely to occur.  About once a year, the WDNR proposes a slight 
deviation in a timber sale that requires Service and WDFW engagement, interpretation, and assessment 
as to whether WDNR is still consistent with "take avoidance" and the interim guidelines of the Lynx 
Management Plan.  We typically document this determination through a technical assistance letter. 

HF 
• The Eastern Washington Field Office consults with the Colville National Forest on any activities 

that may affect Lynx on the Forest.  Generally these are timber sales, habitat restoration 
activities, and sometimes thins to decrease risk of catastrophic fire or to ensure evacuation 
zones in the event of a fire (such as along Highway 20 between Republic and Kettle Falls).  To 
date these consultation have been informal, and consistent with the Lynx Conservation 
Assessment and Strategy (LCAS; revised 2013). 

• We have conducted informal consultations for various road or highway improvements with 
FHWA and WDOT.   

• We have contributed comments on the draft revised Colville National Forest Plan, and will 
consult on the final proposed action.  The draft plan included commitments to follow the LCAS. 

 

KH - In recent lynx consultations (all informal) with the Okanogan – Wenatchee NF, we have 
acknowledged that recent large fires increase our uncertainty about patterns of lynx movement and 
distribution (we do not know how lynx might respond to large burned areas).  We’ve been encouraging 
the USFS to increase lynx monitoring efforts, especially by participating in or augmenting camera 
surveys. 

At WildLinks you’ll hear more about lynx habitat modeling effort by Andrea Lyons.  JK and KH provided 
review comments on an early draft report (June 2016).  We both thought this effort would be useful to 
the Service in many programs because it will summarize available info about lynx in WA and will provide 



an updated habitat assessment after extensive recent fires.  This habitat modeling in combination with 
potential for model validation using camera surveys could provide a reliable estimate of current lynx 
status in WA. 

 

2. What conservation/recovery opportunities do we have in WA?  

JK -The current recovery project being conducted by Dr. Dan Thornton (camera surveys and habitat 
assessments) is our best example of taking advantage of a conservation opportunity (see details 
below).  Future opportunities may include preventing large-scale habitat removal due to fire.  Lynx in 
Washington appear to be habitat/prey limited following extensive wildfires since 2006.  However, once 
these burned areas recover, they should provide excellent habitat for snowshoe hare prey.  Another 
conservation opportunity would be to work with the Canadian government to limit or even ban trapping 
of lynx.  Once considered a source population, Canada may now be a sink population due to trapping. 

 

3. What are our biggest challenges to recovering lynx (e.g. Climate change impacts such as increasing 
fire intensities and snow amounts and snow pack characteristics ((excessive crusting))? 

Climate change and wildfire are likely to remain the biggest threats to lynx in North-Central Washington. 
HF -As you suggest in your question, changes in fire and hydrologic regimes have the potential to change 
habitat structure, quality, distribution, and amount.  Up-to-date occupancy and population data are 
critical information needs.   Limited habitat connectivity and protections on private lands likely impede 
lynx recovery.    

 

Camera Survey Details: 

• Completed grant award (about $19,000) with Dr. Dan Thornton at WSU to help support a large-
scale remote camera survey of lynx in the Okanogan Lynx Management Zone. The objectives of 
the survey are to  determine: 

o Area of occupancy and evidence of reproduction, 
o Test the accuracy of WDFW’s model of lynx habitat suitability, 
o Determine the influence of wildfire characteristics (e.g., size and severity) as well as 

climatic and biotic variables on patterns of lynx occupancy, and 
o Determine the efficacy and cost-effectiveness of large-scale camera surveys as a means 

for long-term monitoring of lynx. 
Final report expected on or before December 31, 2019.  



From: Catton, Timothy J -FS
To: Tamara_Smith@fws.gov
Subject: RE: Lynx take database - Take 2
Date: Monday, October 31, 2016 4:07:30 PM
Attachments: image001.png
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I’m pretty sure she is along with her replacement.  The reason I ask is that we have a number of
researchers, both government and academia, that are really starting to show an interest in our lynx
work.  We are going to have an internal FS conference call at the beginning of December to discuss
what our data and research needs are with relation to lynx, and which of these researchers can help
us answer those questions and fill in our data gaps.  We were then hoping to bring that discussion to

a meeting we have scheduled on December 14th with the Chequamegon-Nicolet, Chippewa,
Superior and USFWS (I’m pretty sure it’s mostly NEPA related).  Since you are our lynx person I
thought it would be great if you were in attendance.
 
Maybe Susan can talk to Phil and you can get an invite.
 
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, October 31, 2016 12:04 PM
To: Catton, Timothy J -FS <tcatton@fs.fed.us>
Subject: Re: Lynx take database - Take 2
 
Thank you, Tim!  I had not heard of the Dec. meeting, so I assume Ann B. will be attending?  
 
On Fri, Oct 28, 2016 at 9:21 AM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Here is the updated version, I added the date to the title.  I am also attaching the CO reports from
the take incidents that I added just in case you want them for your records.
 
Tim
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, October 27, 2016 3:53 PM
To: Catton, Timothy J -FS <tcatton@fs.fed.us>
Subject: Re: Lynx take database - Take 2
 
Thanks, Tim!  I apologize for the delay in my response. If you could update the access
database that I sent to you, that would be most helpful. 
 
Thank you!!!
-Tam
 
On Mon, Oct 17, 2016 at 12:56 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Hi Tam,
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As I was making a new shapefile to share with the bio’s here I made some additional tweaks. 
Here is the updated Excel file, sorted by date, again I can update your database and return that
if you prefer.
 
Tim
 

From: Catton, Timothy J -FS 
Sent: Monday, October 17, 2016 12:22 PM
To: 'Smith, Tamara' <tamara_smith@fws.gov>
Subject: RE: Lynx take database
 
Hi Tam,
 
I updated a couple of records via Excel and have attached.  If you would like I can update the
database that you provided directly, just let me know if you would prefer that.
 
There are a couple of old DNA Verification Pendings, I don’t know if we’ll ever get those.  There
is also a road kill I added from 10/27/2014, I have repeatedly emailed the CO and MN DNR
Wildlife staff as to the disposition of the pelt/carcass to no avail, so I think that one will remain
a mystery as well.
 
Tim
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Tuesday, October 11, 2016 11:22 AM
To: Catton, Timothy J -FS <tcatton@fs.fed.us>
Subject: Re: Lynx take database
 
Hi Tim - I apologize for the delay in getting back to you. I've attached the latest take
database. Please let me know if you have any questions. 
 
I hope all is well! 
 
-Tam
 
On Fri, Sep 23, 2016 at 10:36 AM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Hi Tam,
 
That time of year when I am updating our Canada lynx DNA database and providing
the most current lynx data to our biologists.  Would it be possible to get a copy of the
most current Take database?  Once again I will provide any of the missing DNA data
that I can when I get it back to you. 
 
Thanks!  Hope things are going well!
 
Tim
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Timothy J. Catton 
Wildlife/Reforestation

Forest Service
Superior National Forest

p: 218-626-4376 
tcatton@fs.fed.us

8901 Grand Ave Pl
Duluth, MN 55808-1122
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator to
civil or criminal penalties. If you believe you have received this message in error,
please notify the sender and delete the email immediately.

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell

mailto:tcatton@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112


 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell



From: Smith, Tamara
To: Catton, Timothy J -FS
Subject: Re: Lynx take database - Take 2
Date: Monday, October 31, 2016 4:26:24 PM
Attachments: image004.png
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Hi Tim - Interesting!  I'd be interested in the data/research aspect for sure. I'll try to catch Phil
tomorrow...

On Mon, Oct 31, 2016 at 4:07 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

I’m pretty sure she is along with her replacement.  The reason I ask is that we have a number of
researchers, both government and academia, that are really starting to show an interest in our
lynx work.  We are going to have an internal FS conference call at the beginning of December to
discuss what our data and research needs are with relation to lynx, and which of these researchers
can help us answer those questions and fill in our data gaps.  We were then hoping to bring that

discussion to a meeting we have scheduled on December 14th with the Chequamegon-Nicolet,
Chippewa, Superior and USFWS (I’m pretty sure it’s mostly NEPA related).  Since you are our lynx
person I thought it would be great if you were in attendance.

 

Maybe Susan can talk to Phil and you can get an invite.

 

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, October 31, 2016 12:04 PM

To: Catton, Timothy J -FS <tcatton@fs.fed.us>
Subject: Re: Lynx take database - Take 2

 

Thank you, Tim!  I had not heard of the Dec. meeting, so I assume Ann B. will be attending?
 

 

On Fri, Oct 28, 2016 at 9:21 AM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Here is the updated version, I added the date to the title.  I am also attaching the CO reports
from the take incidents that I added just in case you want them for your records.
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mailto:tcatton@fs.fed.us
mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:tcatton@fs.fed.us
mailto:tcatton@fs.fed.us


Tim

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, October 27, 2016 3:53 PM
To: Catton, Timothy J -FS <tcatton@fs.fed.us>
Subject: Re: Lynx take database - Take 2

 

Thanks, Tim!  I apologize for the delay in my response. If you could update the access
database that I sent to you, that would be most helpful. 

 

Thank you!!!

-Tam

 

On Mon, Oct 17, 2016 at 12:56 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Hi Tam,

 

As I was making a new shapefile to share with the bio’s here I made some additional tweaks. 
Here is the updated Excel file, sorted by date, again I can update your database and return
that if you prefer.

 

Tim

 

From: Catton, Timothy J -FS 
Sent: Monday, October 17, 2016 12:22 PM
To: 'Smith, Tamara' <tamara_smith@fws.gov>
Subject: RE: Lynx take database

 

Hi Tam,

 

I updated a couple of records via Excel and have attached.  If you would like I can update the

mailto:tamara_smith@fws.gov
mailto:tcatton@fs.fed.us
mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov


database that you provided directly, just let me know if you would prefer that.

 

There are a couple of old DNA Verification Pendings, I don’t know if we’ll ever get those. 
There is also a road kill I added from 10/27/2014, I have repeatedly emailed the CO and MN
DNR Wildlife staff as to the disposition of the pelt/carcass to no avail, so I think that one will
remain a mystery as well.

 

Tim

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Tuesday, October 11, 2016 11:22 AM
To: Catton, Timothy J -FS <tcatton@fs.fed.us>
Subject: Re: Lynx take database

 

Hi Tim - I apologize for the delay in getting back to you. I've attached the latest take
database. Please let me know if you have any questions. 

 

I hope all is well! 

 

-Tam

 

On Fri, Sep 23, 2016 at 10:36 AM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Hi Tam,

 

That time of year when I am updating our Canada lynx DNA database and providing
the most current lynx data to our biologists.  Would it be possible to get a copy of the
most current Take database?  Once again I will provide any of the missing DNA data
that I can when I get it back to you. 

 

Thanks!  Hope things are going well!
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Tim

Timothy J. Catton 
Wildlife/Reforestation

Forest Service

Superior National Forest

p: 218-626-4376 
tcatton@fs.fed.us

8901 Grand Ave Pl
Duluth, MN 55808-1122
www.fs.fed.us 

Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator
to civil or criminal penalties. If you believe you have received this message in error,
please notify the sender and delete the email immediately.

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Boulevard East

Bloomington, MN 55425

952-252-0092, Ext. 219  (new number)

952-646-2873  (new fax number)
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http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112


 

612-600-1599 Cell

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Boulevard East

Bloomington, MN 55425

952-252-0092, Ext. 219  (new number)

952-646-2873  (new fax number)

 

612-600-1599 Cell

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Boulevard East

Bloomington, MN 55425

952-252-0092, Ext. 219  (new number)

952-646-2873  (new fax number)

 

612-600-1599 Cell



-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell



From: Smith, Tamara
To: Ragan, Laura
Subject: Re: Lynx SSA Internal Review
Date: Tuesday, November 01, 2016 11:52:19 AM

Okay - Thanks for letting me know. I will wait to hear from you about Lori. I'd guess that
Jim/Jodi will make an exception on the timeline to accept Lori's comments, if she had any.

On Tue, Nov 1, 2016 at 11:39 AM, Ragan, Laura <laura_ragan@fws.gov> wrote:
Sorry, Tam.  I never did get a response from Lori (I could not catch her in her office so sent
an email).  I'll resend the message to her, but if I don't get a response today, let's assume no,
since the deadline is already well past.

-Laura

On Tue, Nov 1, 2016 at 11:34 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Laura - Have you heard from Lori if she plans on reviewing the lynx SSA? Jodi
reminded me today that they have not received any comments from R3 and I'd like to tell
her either way.  Thanks! Tam

On Thu, Oct 27, 2016 at 10:35 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Laura -  It looks like you were not on this email request for lynx SSA review. Please
let me know if Lori is thinking of reviewing it.

Thanks! -Tam

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Fri, Oct 14, 2016 at 5:22 PM
Subject: Lynx SSA Internal Review
To: Paul Phifer <paul_phifer@fws.gov>, Ted Koch <ted_koch@fws.gov>, Rollie White
<rollie_white@fws.gov>, Lori Nordstrom <lori_nordstrom@fws.gov>, Michael
Thabault <michael_thabault@fws.gov>
Cc: Martin Miller <martin_miller@fws.gov>, Patricia Zenone
<patricia_zenone@fws.gov>, Kurt Broderdorp <Kurt_Broderdorp@fws.gov>, Justin
Shoemaker <justin_shoemaker@fws.gov>, Marjorie Nelson
<Marjorie_Nelson@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>,
Sarah Hall <Sarah_Hall@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Peter
Fasbender <peter_fasbender@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>

Folks.  Attached is the draft SSA for internal review.  We have a very short timeline to
review the document and hope you can make the time to review.  

Please focus your review on the science review in the document and feel free to
have other individuals in your region provide comments.  
Please make your suggested edits or revisions in track changes.  
We also ask you to compile your comments by Region and submit one set of
comments per Region.  
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We ask that you provide us your comments by October 24.  If this is not doable
please let us know immediately so we can work out it out. 
Neither the literature cited nor the appendices are included at this time.

Thank you.  JB

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

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Laura Ragan
U.S. Fish and Wildlife Service
Division of Endangered Species
5600 American Blvd. West, Suite 990
Bloomington, MN 55437
Tel:  612-713-5157
Laura_Ragan@fws.gov
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-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell



From: Smith, Tamara
To: Ragan, Laura
Subject: Re: Response requested: Review of Lynx SSA?
Date: Tuesday, November 01, 2016 12:48:53 PM

Thanks, Laura!

On Tue, Nov 1, 2016 at 12:21 PM, Ragan, Laura <laura_ragan@fws.gov> wrote:
see Lori's response below....
---------- Forwarded message ----------
From: Nordstrom, Lori <lori_nordstrom@fws.gov>
Date: Tue, Nov 1, 2016 at 12:19 PM
Subject: Re: Response requested: Review of Lynx SSA?
To: "Ragan, Laura" <laura_ragan@fws.gov>

No - unfortunately I haven't even looked at it.  But I do leave tonight for a few days of
vacation in Montana and I'll probably see the folks who are working on it. I can give them
verbal input!  

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Tue, Nov 1, 2016 at 11:41 AM, Ragan, Laura <laura_ragan@fws.gov> wrote:
Lori -

Just a quick check to see if you intended to provide comments to R6 on the lynx SSA.  I
assume not, since the deadline was last week, but wanted to check, because I know you
interest in the species.  

Tam Smith has been involved in the SSA team.  Alisa and I both decided not to review the
draft report, since Tam has been closely involoved and they were seeking a quick turn
around.

-Laura

-- 
Laura Ragan
U.S. Fish and Wildlife Service
Division of Endangered Species
5600 American Blvd. West, Suite 990
Bloomington, MN 55437
Tel:  612-713-5157
Laura_Ragan@fws.gov
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-- 
Laura Ragan
U.S. Fish and Wildlife Service
Division of Endangered Species
5600 American Blvd. West, Suite 990
Bloomington, MN 55437
Tel:  612-713-5157
Laura_Ragan@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell
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From: Zelenak, Jim
To: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark

McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann Timberman; Anthony Tur;
Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant Canterbury; Jeff Krupka; Karl
Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan
Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks;
Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey; Patricia Zenone; Gary Miller; Karen
Cathey; Steve Spangle

Subject: Lynx SSA State Coordination Update
Date: Wednesday, November 2, 2016 1:22:34 PM
Attachments: 2016 11 02 State Update Lynx SSA Final.pdf

Hi All:

We just finished our monthly coordination call with State (and some Federal) partners, where we gave essentially
the same presentation via webinar as we did for the internal FWS coordination call yesterday.  In addition to
removing a few slides that were irrelevant for our partners or that reflected internal deliberations, I also wanted to let
folks know that I changed some text and the order of the bullets on one of the slides (slide #11 in the attached PDF)
to better (I think) reflect what we've been trying to do with the draft SSA report.  Jodi wanted you all to have a copy
of what we presented today in case you receive calls from partners in your area.

Partner attendance on today's call included:

Colorado - Jake Ivan and Craig McLaughlin;
Idaho - Rex Sallabanks and Dustin Miller;
Minnesota - Richard Baker;
New Mexico - Jim Stuart and Shawn Murphy;
Oregon - Derek Broman;
Wyoming - Nichole Bjornlie.

NPS HQ -  Rick Kahn

Let me know if you have questions or need additional information.    

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Update on Canada Lynx  
Species Status Assessment 

 
 

November 2, 2016 



 What are we doing?  
 Completing  SSA to inform recovery planning  

Court order to finalize RP by Jan. 2018 
Unless we determine RP not needed (i.e., the 

DPS is recovered) 
 

  Why? 
 SSA provides analysis needed to re-evaluate the 

status of the DPS  
 SSA will then be used in decision context of 5-year 

review (before proceeding with recovery planning) 

Overview 



 Share Status of the SSA 
 

 Discuss Timeline 
 
  Identify Next Steps 
 

Objectives 



Lynx Basics 

 Boreal forest species dependent on snowshoe hares 
and favorable snow conditions 

 

 At southern periphery of ranges in contiguous US 
 

 Habitat becomes patchy; hare densities and snow 
conditions become suboptimal/marginal for 
supporting lynx populations 

 

 Mainland-island metapopulation structure (?) 
 

 Historical cyclic “irruptions” of lynx from Canada 
into northern U.S. when hares crashed (currently?) 



 Contiguous U.S. lynx DPS listed as T in 2000 
 Factor D - inadequacy, at that time, of existing 

regulatory mechanisms on federal lands 
 

 CH designated 2006, revised 2009 and 2014 
 Sept. 2016 - Court remanded 2014 CH rule 

 Ruled Service was arbitrary and capricious in not designating 
CH in Colorado 

 Inadequate evaluation of PCE on 5 NFs in MT and ID 
 We have not determined next steps in our response to this 

litigation 

 

Background 



 2005 Recovery Outline focused on interim 
conservation measures in 6 “Core” areas 
 Historic/current resident population(s); 

reproduction; 0.5 hares/ha; >= 1,250 km2 habitat 
 S. Rockies (western CO and south central WY) - 

“provisional” core area 
 

 

Background 



 6 geographic areas known or thought to support 
resident lynx populations in the DPS:   
 1. Northern Maine (& northernmost NH and VT) 
 2. Northeastern Minnesota  
 3. Northwestern Montana/Northeastern Idaho  
 4. North-central Washington 
 5. GYA of southwest Montana/northwest Wyoming 
 6. Western Colorado – introduced population 

Current DPS Distribution 



Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct 
population segment of  Canada lynx (Lynx canadensis) that currently support or 
recently supported (GYA) resident lynx populations.  



Key Points  

 January 2015 - announced re-initiation of five-year 
status review 

 March 2015 – determined need to complete SSA 
 Information in the SSA will be used by FWS 

decision makers to inform: 
 Recovery planning direction 
 Classification decisions 
 Other determinations required by the ESA  



Potential Findings 

DPS remains T 

DPS warrants 
Delisting 

Final Recovery Plan 
due 1/15/2018 

Future Uplisting/ 
Delisting Rule 

Formal Memo 
Exempting DPS 
from Recovery 

Planning 

 

DPS warrants E 



 Through the SSA process we have: 
 Compiled and summarized the best available 

scientific and commercial data, including empirical 
data, published literature, and expert input 

 Assessed the historical distribution, current status of, 
threats to, and future viability of resident lynx 
populations in the DPS  

 Evaluated the current and likely future conditions 
for the DPS in terms of the “3 Rs” 

Key Points 



Key Points 

 We continue to coordinate with State, Tribal and 
other Federal, and Canadian partners and other 
stakeholders  

 We continue to work and coordinate with other 
regions across DPS range  

 Monthly State and internal FWS coordination 
calls/webinars 



Expert Elicitation Workshop 

 October 2015 – Lynx SSA Team (FWS & USGS) 
convened a workshop with lynx experts to address 
current and likely future status of lynx populations 
in the DPS   
 10 members of expert panel included state and federal 

biologists and academic researchers across the range of 
the DPS and southern Canada  

 The resultant workshop report is one component of 
the SSA   



 Responses:  Representation 
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS 
High gene flow; no major barriers to dispersal 
 

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations 
 

Expert Elicitation Workshop 



 Responses:  Redundancy 
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event 
No catastrophic event that could result in the 

functional extirpation of the entire DPS 
 
 

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event 
 

Expert Elicitation Workshop 



 Responses:  Resiliency – expert panel predicted 
persistence of lynx in each geographic unit, e.g.:  

 

Expert Elicitation Workshop 



 Responses:  Resiliency 
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050 
 

 Declining likelihood and greater uncertainty by 2100 
– only one unit has >50% probability of persistence 

 

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change 
 Loss of snow conditions favorable for lynx 
 Subsequent (lagged) loss of boreal forest habitats 
 Timing and magnitude of such losses are uncertain 

 

Expert Elicitation Workshop 



 Overall message of the expert workshop report 
 

Expert Elicitation Workshop 



Draft SSA Report 
 Compiles information on historic and current 

DPS distribution 
 Assesses needs of individuals and populations 
 Describes factors with potential population-level 

influences on the DPS (LCAS 2013) 
 Evaluates current and likely future conditions of 

lynx populations in each geographic unit in terms 
of those factors and the 3 Rs 
 SSA Team generally agrees with lynx experts; 

perhaps less optimistic about some areas 



Next Steps 

 DRAFT SSA Report is undergoing internal Service 
scientific review 

 After that review and revision, a final draft SSA will be 
provided to peer reviewers through our contractor 

 Concurrent with peer review, we will share with State, 
Federal and Tribal partners; invite their review/ 
comments 

 All reviewers (FWS, peer reviewers, partners) will be 
asked to focus their comments on the science of the 
SSA Report 



Next Steps 
 Once comments and peer reviews are in, we will 

complete the FINAL SSA Report 
 A FWS Decision Team will meet to discuss SSA results  
 Based on the SSA Report and results of the Decision 

Team meeting, a DRAFT five year review document 
will be developed 

 After internal review, a FINAL five year review 
document will be completed, wrapping up the updated 
status review 

 Depending on the RDs decision, recovery planning will 
proceed from that point or not  



Revised Timeline 
 Expert Workshop Report      April 2016 
 DRAFT SSA Report             October 14, 2016 

 Internal Review Complete          ~October 31, 2016 
 Peer & Partner Review Complete   ~December 31, 2016 

 FINAL SSA Report Complete    ~January 15, 2017 
 Decision Meeting                        ~January 30, 2017 
 Five-year Review  

 Draft                     ~February 7, 2017 
 Final          ~February 28, 2017 

 Draft Recovery Plan (if necessary)   MAY 2017?? 
 Final Recovery Plan (if necessary)     JANUARY 2018 



Questions? 



From: Holt, Bryon
To: Hendricks, Kathleen
Cc: Kosterman, Megan; Garner, Kim; Cathey, Karen
Subject: Re: Lynx SSA meeting notes (November 1, 2016)
Date: Wednesday, November 02, 2016 4:07:19 PM

Yes, we will be talking about this on our next core team call.

On Wed, Nov 2, 2016 at 4:06 PM, Hendricks, Kathleen <kathleen_hendricks@fws.gov>
wrote:

Valid concern....so have we expressed it to the team?  

Kathleen G. Hendricks
Assistant State Supervisor
1387 South Vinnell Way
Boise, Idaho 83709
208-378-5742 work
208-866-7467 cell 

On Wed, Nov 2, 2016 at 10:51 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Thanks for the notes Megan.  As Megan noted, concern was expressed by two individuals
that the current time-line indicates a listing decision might be made prior to completion of
a 5-year review.  I agree with these concerns. Making a listing decision prior to
completing the 5-year review (which considers threats to the species in relation to the 5
listing factors) could be construed by some as being arbitrary and capricious.  Recall that,
while the SSA may contain information relative to the 5 listing factors in various places
within it, the SSA does not specifically address threats to the species in a fashion specific
to the listing factors.  One would need to synthesize the SSA to compile an analysis
specific to the 5 listing factors for the 5-year review.  However, a 5-year review could be
much abbreviated as the information relative to the review is contained in the SSA. 
Additionally, the SSA is specifically not a decision document, and as such does not
contain any recommendations relative to listing status.

Bryon

On Tue, Nov 1, 2016 at 3:57 PM, Kosterman, Megan <megan_kosterman@fws.gov>
wrote:

Hi Bryon, Kathleen and Kim,

Attached are my notes from the lynx SSA meeting today.  Please let me know if you
have any questions!  

-- 
Megan Kosterman
Endangered Species Biologist
U.S. Fish and Wildlife Service
Northern Idaho Field Office
11103 East Montgomery Drive

mailto:bryon_holt@fws.gov
mailto:kathleen_hendricks@fws.gov
mailto:megan_kosterman@fws.gov
mailto:kim_garner@fws.gov
mailto:karen_cathey@fws.gov
mailto:kathleen_hendricks@fws.gov
mailto:bryon_holt@fws.gov
mailto:megan_kosterman@fws.gov


Spokane Valley, WA 99206
megan_kosterman@fws.gov
Office: 509-893-8013

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:megan_kosterman@fws.gov
mailto:bryon_holt@fws.gov
mailto:bryon_holt@fws.gov


From: Smith, Tamara
To: Bush, Jodi
Cc: Paul Phifer; Lori Nordstrom; Ted Koch; Mark McCollough; Patricia Zenone; Jim Zelenak
Subject: Re: Lynx SSA Internal Review
Date: Thursday, November 03, 2016 8:10:47 AM

Hi Jodi -  I heard from Laura Ragan that R3 RO will not be submitting comments. I have a
few minor edits that I will be sending to Jim today. 

Thanks!
-Tam

On Wed, Nov 2, 2016 at 5:36 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Folks.  I have not received comments from your Regions on the attached document.  I
realize the comment period was short but time is of the essence.  Can you please confirm
that you WILL NOT be providing comments or attach them in response to this email?  As of
this date we are 10 days over the requested due date for comments and we need to proceed
with getting this document to Peer Review.  Thank you.  JB

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

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Oct 17, 2016 at 8:09 AM
Subject: Re: Lynx SSA Internal Review
To: Paul Phifer <paul_phifer@fws.gov>, Ted Koch <ted_koch@fws.gov>, Rollie White
<rollie_white@fws.gov>, Lori Nordstrom <lori_nordstrom@fws.gov>, Michael Thabault
<michael_thabault@fws.gov>
Cc: Martin Miller <martin_miller@fws.gov>, Patricia Zenone <patricia_zenone@fws.gov>,
Kurt Broderdorp <Kurt_Broderdorp@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>, Sarah Hall <Sarah_Hall@fws.gov>, Bryon
Holt <Bryon_Holt@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, Tamara Smith
<Tamara_Smith@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>

Apparently there were folks that may have been having trouble opening the document I sent
out on Friday.  Please replace with this one.  JB

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

On Fri, Oct 14, 2016 at 4:22 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Folks.  Attached is the draft SSA for internal review.  We have a very short timeline to
review the document and hope you can make the time to review.  

Please focus your review on the science review in the document and feel free to
have other individuals in your region provide comments.  
Please make your suggested edits or revisions in track changes.  
We also ask you to compile your comments by Region and submit one set of
comments per Region.  
We ask that you provide us your comments by October 24.  If this is not doable
please let us know immediately so we can work out it out. 
Neither the literature cited nor the appendices are included at this time.

Thank you.  JB

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

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:jodi_bush@fws.gov


From: Smith, Tamara
To: Jim Zelenak
Cc: Bush, Jodi
Subject: Fwd: Response requested: Review of Lynx SSA?
Date: Thursday, November 03, 2016 10:30:51 AM
Attachments: 2016 10 14 DRAFT Lynx SSA Report _CLEAN_R3_TSv2.docx

fyi -  See Lori's response to Laura's email below.

I had a few minor edits in the attached (in track changes). 

I think uploaded all of my literature onto the lit folder on Drive -  I still need to triple check
that everything is in there. The only documents that I did not upload to the literature folder are
the Chippewa NF and the Chequamegon Nicolet NF Plans - both available online by
individual chapters. Here are the links (CNF CNNF). I wasn't sure if you preferred putting
those links directly into the document or if you preferred that I upload all the pieces into the
Drive folder. I uploaded the SNF plan to Drive but is also available here SNF.

I'll be out of town for the next two weeks, but then I'll be back for a long stretch before I have
to travel again. 

Thank you for all of your hard work on this!
-Tam

---------- Forwarded message ----------
From: Ragan, Laura <laura_ragan@fws.gov>
Date: Tue, Nov 1, 2016 at 12:21 PM
Subject: Fwd: Response requested: Review of Lynx SSA?
To: Tamara Smith <Tamara_Smith@fws.gov>

see Lori's response below....
---------- Forwarded message ----------
From: Nordstrom, Lori <lori_nordstrom@fws.gov>
Date: Tue, Nov 1, 2016 at 12:19 PM
Subject: Re: Response requested: Review of Lynx SSA?
To: "Ragan, Laura" <laura_ragan@fws.gov>

No - unfortunately I haven't even looked at it.  But I do leave tonight for a few days of
vacation in Montana and I'll probably see the folks who are working on it. I can give them
verbal input!  

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov
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On Tue, Nov 1, 2016 at 11:41 AM, Ragan, Laura <laura_ragan@fws.gov> wrote:
Lori -

Just a quick check to see if you intended to provide comments to R6 on the lynx SSA.  I
assume not, since the deadline was last week, but wanted to check, because I know you
interest in the species.  

Tam Smith has been involved in the SSA team.  Alisa and I both decided not to review the
draft report, since Tam has been closely involoved and they were seeking a quick turn
around.

-Laura

-- 
Laura Ragan
U.S. Fish and Wildlife Service
Division of Endangered Species
5600 American Blvd. West, Suite 990
Bloomington, MN 55437
Tel:  612-713-5157
Laura_Ragan@fws.gov

-- 
Laura Ragan
U.S. Fish and Wildlife Service
Division of Endangered Species
5600 American Blvd. West, Suite 990
Bloomington, MN 55437
Tel:  612-713-5157
Laura_Ragan@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:laura_ragan@fws.gov
mailto:Laura_Ragan@fws.gov
mailto:Laura_Ragan@fws.gov
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States distinct population segment (DPS) of Canada lynx (Lynx canadensis). 
The DPS was listed in 2000 as threatened under the Endangered Species Act (ESA) because 
of the inadequacy of regulatory mechanisms on federal lands. The SSA will provide the 
scientific basis for the statutorily required 5-year status review for this listed species and other 
decisions the Service is required to make in accordance with the ESA. The SSA provides an 
evaluation of the current and future status of lynx in six geographic units within the DPS that 
currently support or recently supported resident breeding populations. The units are distributed 
across the northern contiguous U.S. from Maine to Washington and south along the Rocky 
Mountains to western Colorado. These geographic units combined represent approximately the 
southern two percent of the species’ entire breeding range (ninety-eight percent occurs in 
Canada and Alaska). The units are relatively isolated from each other, although four of the six 
units are directly connected to lynx populations and habitats in Canada. These SSA geographic 
units are:   
  

Unit No. Name Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5  Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 

  
The SSA relied on both the available scientific literature and the professional judgments and 
opinions of recognized lynx experts to (1) describe the ecological requirements and population 
dynamics of the species, (2) evaluate the historic and current status lynx populations in the six 
geographic units and the factors that appear to have influenced these populations, and (3) 
assess the likely future viability of the DPS through the end of the century in terms of 
representation, redundancy, and resiliency (the “3 Rs”). 
 
Lynx are habitat and prey specialists and require boreal forests having long winters with deep, 
fluffy snow. These conditions provide lynx with a competitive advantage over other predators for 
exploiting their primary prey, the snowshoe hare. Lynx habitat and, thus, lynx are naturally less 
abundant and more patchily distributed in the DPS than in the core of the species’ range in 
Canada and Alaska. This is because the DPS occurs at the southernmost margin of the 



species’ range and of the environmental thresholds of snow quality, depth, and persistence; 
hare density; and boreal forest conditions that lynx require.  Maintaining connectivity between 
the DPS and lynx populations in Canada is thought to be important, but whether DPS 
populations rely on intermittent immigration of lynx from Canada, and if so to what extent, 
remain uncertain. 
 
Research and surveys undertaken since the listing of the DPS in 2000 have significantly 
improved our knowledge of the distribution, habitats, and status of resident breeding lynx 
populations. For example, although we knew there were resident lynx in Maine, we did not have 
an understanding of population size or trend. We now know that northern Maine currently 
supports the largest resident population in the DPS; we also understand that past timber 
management has created the current abundance of high-quality lynx habitat, and we believe 
that there are many more lynx in Maine now than was likely under historic natural disturbance 
regimes and habitat distributions. Similarly, when the DPS was listed, we were uncertain as to 
whether Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research also suggests that lynx and 
habitats in the western U.S. are naturally less abundant and more patchily distributed than was 
thought at the time of listing, and lynx may have been recently extirpated from several areas 
thought to have previously supported small resident populations (the Kettle Mountains in 
northeastern Washington, the Garnet Mountains in western Montana, and the Greater 
Yellowstone Area). We also know that recent extensive wildfires in north-central Washington 
have temporarily reduced the amount of high-quality lynx habitat and have probably caused a 
decline in lynx numbers there. Finally, as a result of the release of 218 Canadian and Alaskan 
lynx from 1999 to 2006, and their subsequent survival and reproduction, resident lynx currently 
occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time.  Relative 
to the ecological requirements of the lynx within the DPS, we assessed current conditions at the 
individual, population, and range-wide levels, and the likely changes in the environment that 
may influence the future condition of individuals, populations, and the DPS and thus the viability 
of the DPS.  
 
The SSA uses the conservation biology principles of representation, redundancy, and resiliency 
(the “3 Rs”) as the framework for assessing current and future conditions. Resiliency describes 
the ability of the species to withstand stochasticity, redundancy describes the ability of the 
species to withstand catastrophic events, and representation describes the ability of the species 
to adapt over time to long-term changes in the environment. The 3 Rs can be influenced by any 
number of factors. For the lynx, these factors included the original reason for listing the lynx 
DPS as threatened:  inadequacy of regulatory mechanisms. Other factors included climate 
change, vegetation management, wildfires, and habitat connectivity 
 



SSA Assumptions and Uncertainties 
 
A fundamental hypothesis underlying the SSA is that the ability of lynx to persist in the DPS is a 
function of metapopulation dynamics with Canada, i.e., the DPS is infused intermittently with 
lynx from Canada following high hare cycles. 
 
Overall, uncertainties abound with regard to lynx demography and effects of various stressors 
on DPS populations. The primary sources of uncertainty for this analysis include a lack of 
empirical data regarding population sizes and trends, the extent of immigration of lynx from 
Canada to the persistence of U. S. populations, trends in hare populations, and effects of 
habitat management on lynx. Most importantly given the importance of climate change as a 
stressor, we lack information on the pace and extent of changes in snow quality, depth, and 
persistence and how this affects the relationship between lynx and their competitors.     
 
For purposes of the SSA, we forecasted potential effects and trends through the end of this 
century. This time frame is based on the level of uncertainty about climate change and other 
effects on lynx populations; it is also a long enough time frame to detect lynx population trends 
across the DPS.  
  
Current Conditions 
 
Currently, four of the six DPS units (Northern Maine, Minnesota, Northwestern Montana, and 
Western Colorado) demonstrate high levels of resiliency. North-central Washington (Unit 4) was 
also considered resilient until recent wildfires consumed an extensive amount of habitat, likely 
resulting in a diminished population that may be susceptible to stochastic events. The Greater 
Yellowstone area historically supported resident lynx, but it is unclear whether the area still 
supports a breeding population due to the distance and relative isolation of the unit from 
Canada as well as the less than favorable habitat conditions and snowshoe hare densities.  
 
As shown in the table above, five of the six units are larger than 20,000 km2; the other is over 
5,000 km2. Land ownership within the units varies from mostly private in Maine, to a mix of 
private, State, and federal lands in Minnesota, to mostly federal lands in the West. Overall, 
federal lands account for nearly 64 percent of the areas encompassed by the SSA units. Of 
non-federal areas, private lands make up almost 27 percent of the total followed by State and 
Tribal lands. Available data indicate that distribution within the DPS remains similar to historical 
patterns and that the number of units across the DPS has not been meaningfully diminished 
from historical levels, given the uncertainty about the past occupancy of the Greater 
Yellowstone area by a resident breeding lynx population.  
 
Given the resiliency of most geographic units and the improbability that any imminent 
catastrophic event will cause the extirpation of an entire unit or, especially, the DPS as a whole, 
redundancy is not currently at issue for the lynx DPS. Also, because lynx are genetically similar 
throughout the entire range of the species, and because we did not find any diminishment of 



adaptability and evolutionary capacity of DPS populations based on the known historical record, 
we do not consider representation to be a current issue for lynx. 
 
The original reason for which the DPS was listed, inadequacy of regulatory mechanisms has 
been largely ameliorated on public lands within the western geographic units. Climate change, 
vegetation management, wildfires, and habitat fragmentation are now stressors of more 
heightened concern. We know that wildfires are causing depletion of lynx in some areas in the 
West, particularly in the North-Central Washington Unit. We also know that past vegetation 
management in the northern Maine Unit has resulted in a lynx population that is currently the 
largest in the DPS. Conversely, stressors such as climate change and associated habitat 
alterations, while currently occurring, may not demonstrate demographic effects on lynx within 
the next decade. 
 
Future Conditions 
 
Resiliency of individual geographic units, which function independently of each other, is the 
primary determinant of future lynx DPS viability. Overall, our analysis indicates a reduced 
probability of persistence for all geographic units within the DPS over the rest of the century 
(noting that the analysis did not extend beyond that 2100 time frame). It further indicates a 
consequent permanent loss of two to four of the six units, i.e., loss of resiliency, by the end of 
the century. 

Representation and redundancy are lesser factors for DPS viability, for several reasons. 
Although the populations in the DPS units are demographically isolated from each other, there 
is little risk of significant genetic drift within the DPS, likely due to most areas being relatively 
well connected with Canadian populations; this is indicative of relative genetic health through 
the end of the century. Furthermore, based on expert input, there is no indication that the 
relatively low level of genetic diversity is likely to reduce DPS viability in the future (USFWS 
2016, p. 51). Because of the ability of lynx to widely disperse, and because it is unlikely that 
insurmountable barriers to lynx dispersal between Canada and the DPS will emerge, we do not 
expect representation to become a concern through the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any catastrophic event could cause extirpation of any one geographic unit. It is 
even less like that a single catastrophic event will eliminate all populations in the DPS. It is 
important to note, however, that a sequence of events could extirpate individual units over time, 
thereby reducing redundancy within the DPS. 

The likelihood of persistence of individual populations, and thus geographic units, is expected to 
decrease by 2100 primarily because of climate change effects on snow conditions and boreal 
forests. The other long-term threat is forest management practices that are not conducive to 
landscape hare densities able to support lynx, although this stressor may be limited to one 
geographic unit. Threats affecting the future condition of the DPS are summarized below. 



Based on climate change models, the effects of climate change on snow and boreal forest 
conditions are foreseen as the primary stressor limiting future viability of lynx in the DPS. The 
southernmost boreal habitats are predicted to retreat northward and upslope, fragmenting and 
diminishing the quality of lynx and hare habitat within the DPS (although some uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts). As habitat 
conditions decline, mortality rates are likely to increase and reproductive rates decrease. This in 
turn will reduce abundance and density of individuals within populations, making lynx 
populations more susceptible to stochastic events.  

Given the percent of federal land ownership,  regulatory assurances that these lands will be 
managed in accordance with lynx conservation, and a stronger possibility that lynx populations 
will be able to relocate to higher elevations, western geographic units are more likely to support 
lynx longer under projected climate change scenarios. Nonetheless, we are unaware of any 
management action that can abate the long-term retreat of boreal forests and changed snow 
conditions. Further, climate-induced frequency and intensity of wildfires and disease events is 
expected to increase, particularly in the western portion of the DPS, although we do not 
anticipate such events in and of themselves to cause the permanent loss of breeding lynx 
populations in the Northwest or any other unit. 

With regard to the eastern geographic units (Minnesota and Maine), suitable boreal forest and 
snow conditions are projected to decline more severely than in the western units. Lynx habitat 
conditions in Maine are also likely to decline significantly by the end of the century as private 
forest management practices, particularly a decline in clearcutting, result in succession 
detrimental to snowshoe hare and lynx needs. 

DPS viability 

Although there is no evidence from the historical record that Canada lynx have declined within 
the DPS, a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century. 
While it is more likely than not that any given individual unit—northern Maine, northeastern 
Minnesota, northwestern Montana, western Colorado, and possibly north-central Washington—
will persist to mid-century, it is unlikely all that five will persist to that point. By the end of the 
century, we expect populations to persist primarily in units having high-elevation refugia, e.g., 
northwestern Montana and possibly western Colorado, although Colorado would be an isolated 
unit. Lynx may also persist at the end of the century in Maine, depending on the severity of 
climate change effects and trends in development and private forest management. Uncertainty 
increases at mid- to late-century concerning the timing and extent of various stressors that will 
affect lynx and hare habitat and snow regimes, especially those related to climate change. 
However, review of the best available science in concert with input from lynx experts indicates 
that all units will exhibit declines by 2025, with the negative DPS-wide trajectory continuing to 
the end of the century, and (with no evidence to the contrary) beyond that time frame.   

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will 
also reduce redundancy and, possibly, representation. These losses in resiliency, redundancy, 



and representation will put the Canada lynx U.S. DPS at increasing risk of extinction over the 
course of this century, and in all probability, the risk will continue to increase after that point. 

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

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It relies heavily on 
adequate populations of its primary prey, the snowshoe hare (Lepus americanus), to support 
survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et al. 
2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; U.S. Fish 
and Wildlife Service 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 
54808-54809). Lynx survival and distribution is also influenced by snow conditions. It is 
generally restricted to areas that receive deep, powdery, and persistent snow that allows lynx, 
with their proportionately longer limbs and very large feet, to outcompete other terrestrial hare 
predators that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; 
Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-
401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; 
Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historic ranges in Canada and Alaska, which, combined, account for roughly 98 percent 
of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 (2.1 million 
mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in Alaska 
(University of Alaska Center for Science Conservation 2016, entire; Reimer 2016, pers. comm.). 
The southern peripheries of the boreal forest and the distributions of snowshoe hares and lynx 
extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord and 
Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 2000, pp. 
163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units evaluated in this 



SSA represent the remaining 2 percent of the species’ breeding distribution (approximately 
131,168 km2 [50,644 mi2]; see Figure 1 and Table 1, below). Lynx populations in the DPS seem 
to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below), and the demographic and genetic health and persistence of DPS populations are 
thought to be influenced by connectivity with, and immigration of lynx from, larger populations in 
Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 
79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada when hare populations crashed; many of these 
occurrences were  in anomalous habitats, and lynx were unable to persist and establish 
populations in most of these areas (Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2, below). 
Habitats capable of supporting persistent resident lynx populations in the contiguous U.S. occur 
over a much smaller geographic area that includes parts of the Northeast (primarily northern 
Maine), western Great Lakes (northeastern Minnesota), Rocky Mountains (northern Idaho, 
northwestern Montana; perhaps also parts of northeastern Washington, the Greater 
Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming, and parts of 
western Colorado), and the eastern Cascade Mountains of northern Washington (68 FR 40077-
40080; U.S. Fish and Wildlife Service 2005, p. 3; 79 FR 54806-54807; Lynx SSA Team 2016, 
pp. 6-7). Although uncertainty remains regarding the historic distribution of resident lynx in the 
contiguous U.S., and breeding populations may have been lost from some places, neither 
broad-scale breeding range contraction nor substantial population decline in the contiguous 
U.S. has been documented based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 
FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (U.S. Fish and Wildlife Service 2005, entire), designated critical habitat for the DPS in 
2006 (71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations 
of “significant portion of the range” and that all lynx in the contiguous U.S. constitute a single 
DPS (72 FR 1186). Also in 2007, the Service initiated a 5-year status review of the DPS (72 FR 
19549). The Service revised the critical habitat designation for the DPS in 2009 (74 FR 8616) 
and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based definition of 
the DPS boundary to formally extend ESA protection to lynx “where found” in the contiguous 
U.S., including New Mexico and other states that were not included in the original DPS range 
(79 FR 54804). The Service reinitiated the 5-year status review in 2015 
(https://www.fws.gov/mountain -
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php), and that 
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review will be informed by this SSA report. On September 7, 2016, the U.S. District Court for the 
District of Montana remanded the 2014 critical habitat designation to the Service for further 
consideration. 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1). Five of the six geographic units were designated as “Core Areas” in the Recovery 
Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a “Provisional 
Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, these units 
also encompass and closely mirror the areas the Service designated as critical habitat in 2014 
(79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support lynx home ranges and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations relative to the general range of lynx in Canada. Range in Canada 
based on Poole (2003), Koen et al. (2014), and Vashon (2015). 
 



The six geographic units include federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and federal lands predominating in the western units (Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 0 0 0 0 91.6 7.3 0.9 

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

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

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

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

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

All Units 131,164  100 63.6 55.6 6.8 1.1 26.5 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 

1.2 SSA Framework and Report 



The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of 
this effort, our Endangered Species Program has developed 
the Species Status Assessment (SSA) Framework to guide 
how we assess the best scientific and commercial data 
available when evaluating the biological status of species. In 
conducting an SSA, we take into consideration the life history 
and ecological requirements of the species to understand how 
the species maintains itself over time (captured under the 
broad heading of “species needs”); the current condition of the 
species at the individual, population, and range-wide levels in 
terms of meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the assessment, the SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (collectively known 
as the “3 Rs”) as a lens to evaluate the current and future condition of the species. Briefly, 
resiliency describes the ability of the species to withstand stochastic events; redundancy 
describes the ability of the species to withstand catastrophic events; and representation 
describes the ability of the species to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain populations in the wild over time 
based on the best scientific understanding of current and future abundance and distribution 
within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions by the Service under the ESA. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach/Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time.  USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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terms of the 3 Rs using conceptual modeling (Figure 2) based on available published literature, 
other information on the historic and current status of and threats to lynx in the DPS and, where 
empirical data are lacking, on formally-elicited expert opinion and best professional judgment 
(Lynx SSA Team 2016, entire). 
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation due to catastrophic event or would be in the future. Figure 3 shows 
examples of relationships among factors that may influence redundancy within the lynx DPS. 
 



 
Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
 
Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 



populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 

Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 



three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S, where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, white on the underside of 
the tail, and is much more common and abundant than lynx in most of the contiguous U.S.. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx, there is evidence of genetic exchange between the two areas, indicating 
that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle that separates 
them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional genetic 
markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in eastern 
Canada, which suggest the potential for evolutionarily significant differences in those areas, 
recent analyses reveal genetic exchange among lynx on either side, indicating that some lynx 
successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 
2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
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population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids 
have been documented in the western portion of the lynx’s range (Schwartz in Lynx SSA Team 
2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 



 

 
Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 136-
140 and 2000b, pp. 183-191; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000b, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 136-140 
and 2000b, pp. 183-195). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000b, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 



2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000a, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 



less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., stand-level hare densities may exceed 2 hares/ha (0.8 hares/ac) 
(Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; Homyack et 
al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but in many parts 
of the DPS, landscape-level densities are lower, ranging from just above to well below the 0.5 
hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and populations 
(Hodges 2000b, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and Ruggiero 
2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, pp. 910-
911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, p. 1483; 
ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al. p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS (Moen et 
al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 1505; ILBT 
2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to adequately 
provision dependent kittens, and females seem to select den sites near prey sources to 
minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; Vashon et al. 



2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and one or more 
alternate or maternal dens until kittens are about 6-10 weeks old (Squires et al. 2008, p. 1502; 
Vashon et al. 2012, p. 17; ILBT 2013, p. 29). Thereafter, kittens remain with their mothers 
through their first winter, apparently learning from her how to hunt and capture prey, initially on a 
small portion of her home range, but by fall on the larger area the female used before kittens 
were born (Mowat et al. 2000, pp. 269, 278). Juveniles remain closely associated with their 
mothers until February or March, when family groups begin to break up, with young typically 
dispersing in April and May (Mowat et al. 2000, pp. 278-279) to establish their own home 
ranges. Female offspring may establish home ranges overlapping or adjacent to their mother’s 
home range and maintain mother-daughter bonds throughout their lives (Mowat et al. 2000, pp. 
279-280). Male home ranges may slightly overlap adjacent male home ranges. While male 
home ranges typically overlap one to three female home ranges, and female home ranges are 
partially or completely encompassed by a male’s home range, core areas within home ranges 
appear to be exclusive except during the breeding season (Koehler and Aubry 1994, pp. 90-91; 
Mowat et al. 2000, pp. 276-280; Vashon et al. 2012, pp. 17, 22-23). Fidelity to home ranges 
over several years has been documented for both sexes, but shifts and abandonment of home 
ranges have also been documented (Koehler and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). 
Lynx have been documented to live up to 16 years in the wild (Kolbe and Squires 2006, entire).   
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000a, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 



952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities declined from 2/ha (0.8/ac) to 1/ha (0.4/ac) 
(Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx home ranges 
larger at the southern periphery of the lynx’s range, including most of the contiguous U.S., and 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 



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

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

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

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

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

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

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
 



Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 2, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 2. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Reported Lynx Home Range Size km2 
(mi2) 

 
References (pages) 

Female Male 

N Maine 26 (10) 54 (21) Vashon et al. 2012 (16-17) 

NE Minnesota 17-21 (7-8) 160-267 (62-103) Burdett et al. 2007 (460-463); Moen et al. 
2008a (17)  

NW Montana/ 
NE Idaho 

43-115 (17-44) 122-238 (47-91) Brainerd 1985 (20); Squires and Laurion 
2000 (344); Squires et al. 2004a (13) 

N-C 
Washington 

37-91 (14-35) 49-69 (19-27) Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 

GYA 50 (19) 824 (318) Squires et al. 2003 (12-13) 

Comment [1]: Some of these home ranges 
seem to be presented as a range of values and 
others (e.g., ME, GYA) are a single value (a 
mean?).  We should be consistent and present 
a mean and range, if these data are available. 



W Colorado 75-704 (29-272) 103-387 (40-149) Shenk 2008 (10) 

 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac). Voyageurs National Park, where hare density 
was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et al. 2012, 
pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter predators (mountain lion [Puma concolor], coyote [Canis latrans], 
wolverine [Gulo gulo], gray wolf [Canis lupus], fisher [Pekania pennanti], and other lynx) (ILBT 
2013, pp. 33, 35). Although lynx have co-evolved with predators, the influence of predation on 
lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain lions and coyotes are now 
more widespread and abundant in the southern periphery of the lynx distribution than they seem 
to have been historically (Buskirk et al. 2000a, p. 83; Gompper 2002, entire). Lynx also need 
landscapes where they are unlikely to suffer reduced fitness because of competition with other 
hare predators, or encounter traps or other anthropogenic causes of mortality. Except for fisher 
and marten (Martes americana), lynx predators and potential terrestrial competitors for hares 
(the species above plus bobcat; maybe red fox [Vulpes vulpes] in some situations) all have 
higher foot-loading (weight per surface area of the foot), making them less efficient at traveling 
and hunting in the deep powdery snow conditions favorable for lynx (Buskirk et al. 2000a, pp 
86-95, Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions 
between lynx and these species. Analysis of lynx occurrence data in the contiguous U.S. 
suggests that lynx require at least four months (December through March) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor lynx, 
increased potential for predation and competition would be expected (Peers et al. 2013, p. 8). 
Finally, individual lynx are more likely to survive, breed, and replace themselves in the breeding 
population if they occupy home ranges where trapping is prohibited or trapping pressure is low 
(Slough and Mowat 1996, entire), high-speed/ high-volume roadways are absent (ILBT 2013, 
pp. 77-78), and other potential anthropogenic causes of lynx mortality are minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 



1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about 4 months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or to do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions recover or improve. As with 
individual lynx, populations are more likely to persist in landscapes where the effects of 
competition, predation, and human-caused mortality (e.g., trapping, vehicle collisions) are 
relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.   
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000a, pp. 22, 30). Although some demographic data are available for 
most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 



populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000a, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in southern Yukon. This period of rapid growth was followed by a rate of λ = 
1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below).    
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 square kilometers (USFWS 2005, p. 5). McKelvey et al. 
(2000b, p. 29) noted that extinction (extirpation) risk should decrease with increasing population 
size, and that extinction resulting from demographic stochasticity is very unlikely even for a 
population (generally; not specific to lynx) with as few as 20 reproducing females. Kramer- 
Schadt et al. (2005, entire) developed a spatially explicit population model for Eurasian lynx in 
Germany which they combined with demographic scenarios to evaluate the likely success of 
potential reintroduction efforts; they concluded that at least 10 females and 5 males would be 
required to establish a population with an extinction probability less than 5 percent over 50 
years. Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian 
lynx; they found that extinction occurred only in small populations that occupied habitats of less 
than 500 km2 and that extinction within 35 years was unlikely among populations occupying 
areas of at least 500 km2 of adequate habitat quality. 
 



In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789). 

2.3 Historic and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Alaska 
Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historic range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 



Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Science Conservation, 
http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content, accessed 
4/28/2016; Reimer 2016, pers. comm.), which represents about 8.7 percent of the species’ 
distribution. Lynx in Alaska are apparently secure, with low to moderate threats, and populations 
appear stable statewide, although total abundance is unknown (Alaska Natural Heritage 
Program 2008, pp. 2-4). In both Alaska and Canada, lynx trapping is managed through 
regulated seasons and harvest levels, which are adjusted to avoid overexploitation, especially 
during the low phase of the hare-lynx population cycle (Alaska Natural Heritage Program 2008, 
pp. 2-6; Vashon 2015, pp. 5-6). Along the Canada-U.S. border in provinces adjacent to DPS 
lynx populations, lynx trapping is prohibited in New Brunswick (adjacent to northeastern Maine) 
but regulated trapping is permitted in Quebec (adjacent to northwestern Maine, northern New 
Hampshire, and northern Vermont), Ontario (adjacent to northeastern Minnesota), Alberta 
(adjacent to northwestern Montana), and British Columbia (adjacent to northwestern Montana, 
northern Idaho, and northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historic conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historic range of lynx in the contiguous 
U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Because of this, resident lynx populations never occurred everywhere boreal forest existed in 
the contiguous U.S. Where the boreal forest was naturally more patchy and marginal, the 
habitat was incapable of supporting an adequate snowshoe hare population that in turn was 
incapable of supporting a resident lynx population over time. As a result, only a few areas in the 

http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content


contiguous U.S. historically supported an adequate quantity and quality of habitat to support 
resident lynx populations over time, and many historical lynx occurrences across a large area of 
the contiguous U.S. were likely dispersers. The occurrence of dispersing lynx is unpredictable, 
and dispersing lynx will likely continue to periodically move into areas that are not lynx habitat 
(68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (U.S. Fish and Wildlife Service 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 
54812-54823). Many records of lynx in the contiguous U.S. appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16), suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous U.S.exist either as 
resident populations or as dispersers, that dispersing lynx are often found repeatedly and for 
variable amounts of time in habitats that cannot sustain breeding populations over time (though 
some breeding may occur occasionally in some of these areas), and that such areas probably 
contribute little to the persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated 
dispersal into habitats that ultimately cannot support the species (‘‘sink’’ habitats) often leads to 
confusion among scientists and the public about where lynx populations may be viable (74 FR 
66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 



the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367; Krohn 2010, p. 33). Because of the large effect that relatively 
few errors in identification can have on assessments of the distribution of rare animals, 
especially those that are easily confused with a similar and more common species, McKelvey et 
al. (2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historic or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

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



contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historic or recent evidence of the habitat quality or 
quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 66940-
66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx in the 
DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and snow 



conditions and that they were not capable historically and are not capable now of supporting 
resident lynx populations.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best historic 
and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 40097-
40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.     
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historic and potential future occurrences of lynx in these states most likely 
represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 



supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historic lynx reports for the Southern Rockies, questioned its 
original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historic records were of periodic dispersing lynx during “extremely high populations cycles” 
and that a resident population never existed in southeastern Wyoming (68 FR 40081, 40091). 
The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now Colorado 
Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into southwestern 
Colorado (with plans to release an additional 186 lynx from 2003-2009) in an effort to 
reestablish a resident lynx population, that reproduction among some of the released lynx had 
been documented by 2003, but that it was too early to determine whether the program would be 
successful (68 FR 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, and likely has 
only supported dispersing lynx since then, and that an effort to reintroduce lynx there failed 
quickly, suggesting the habitat is incapable of supporting a resident population (68 FR 44486-
44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan, 2011a, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (CPW 2015, p.1; Ivan in Lynx SSA Team 2016, 
pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service concluded 



that the historic record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historic occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historic records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

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



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



residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in northern New Hampshire. We conclude that northern and central New 
Hampshire likely supported a small resident lynx population historically that was extirpated 
during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historic lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historic record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state, which currently supports the largest lynx 
population in the DPS (Krohn 2010, entire; McKelvey et al. 2000a, pp. 211-212; Hoving et al. 
2003, entire; Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon 
in Lynx SSA Team 2016, p. 18). The lynx population in Maine is much larger than was 
suspected at the time of listing or the 2003 remand (potential habitat exists to support possibly 
750-1,000+ individuals [Vashon in Lynx SSA Team 2016, p. 18], though a reliable population 
estimate is lacking). The current abundance of lynx is supported by the broad distribution of 
high-quality hare habitat that resulted from extensive, large-scale clearcutting in the 1970s and 



1980s in response to a massive spruce budworm outbreak (68 FR 40087; 79 FR 54792; also 
see section 4.1.1, below). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35 years post-harvest, hare 
densities decline as cover and forage are reduced due to forest succession (Simons 2009, p. 
217). The current lynx population is probably larger than the likely historic condition, when 
relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of young stands (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 
79 FR 54792). With the reduction in clearcutting following enactment of the Maine Forest 
Practices Act of 1989, it is projected that lynx densities in Maine will decline by 55 to 65 percent 
by 2032 (Simons 2009, p. 217). Lynx in Maine likely represent the southern periphery of a larger 
population that occurs in northern New Brunswick and southern Quebec south of the St. 
Lawrence Seaway/River, which appears to partially isolate lynx in this region, demographically 
and genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
The extent to which lynx persistence in Maine relies on immigration from Canada is unknown.    
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016 pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 



apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).   
  
In summary, although uncertainty remains regarding the historic distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire, though lynx persistence in New Hampshire is uncertain and lynx 
numbers in Maine are projected to decline over the next several decades. In the West, small 
breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined 
because of recent large fires and insect outbreaks, and the persistence of the breeding 
population there could be threatened if additional such impacts occur with similar magnitude 
and frequency over the next several decades. As a result of the release of 218 Canadian and 
Alaskan lynx from 1999-2006, resident lynx currently occur in western Colorado. Although the 
number of lynx in this population and its future persistence are uncertain, Colorado currently 



supports more lynx than it likely did, based on the historic record, for much of the previous 
century. The geographic units evaluated in this SSA include all areas in the contiguous U.S. 
with strong historical and recent evidence of persistent resident lynx populations. Detailed 
assessments of the current status and future viability of resident lynx populations and habitats in 
these areas are presented in chapters 4 and 5 below. 

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

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “federal nexus” exists) and which 



may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of federal land varies by unit, 
ranging from 0 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Table 
1, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.   
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 



time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of federal 
Land Management Plan guidance for the conservation of lynx and the potential for those plans 
to allow or direct actions that could adversely affect lynx constituted a significant threat to the 
DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements, and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on federal 
lands that were designed to mimic historic conditions and landscape-scale disturbance patterns 
and to maintain or improve lynx and hare habitats at both local (project-level) and landscape 
scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM managers 
within the range of the DPS agreed to implement the standards and guidelines identified in the 



LCAS until management plans could be formally amended to specifically address lynx 
conservation. In 2000, the Service, USFS, and BLM developed and adopted Canada Lynx 
Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and USFWS 2000, 
entire) in which the BLM and USFS agreed to coordinate assessment and planning efforts with 
the Service to assure a comprehensive approach to lynx conservation and to use the LCAS, 
supporting science, and locally specific information as the basis for the approach and to 
streamline consultation under section 7 of the ESA. The USFS further committed to deferring 
any actions not involving third parties that would adversely affect lynx until such time as the 
Forest Plans were amended or revised to adequately conserve lynx (USFS and USFWS 2000, 
p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of federal actions on lynx alleviated 
the effects of federal land management activities on lynx, but that amendment of USFS and 
BLM land management plans to conserve lynx would be the strongest mechanism to ensure 
long-term conservation of lynx and lynx habitat on federal lands (68 FR 40096-97). It concluded 
that although federal, State, and Tribal regulations and plans had reduced threats to the DPS, 
the inadequacy of existing regulatory mechanisms still posed a moderate, albeit lower-level 
threat, and would continue to do so until federal land management plans were specifically 
amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 



Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 1, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 



2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to limit potentially adverse effects and promote beneficial effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008, p. 52).      
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (Table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to almost 92 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 



of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute all of the lands in the Northern Maine Geographic Unit and over half of 
those in the Northeastern Minnesota Unit. Because both of these units support larger resident 
lynx populations than was known when the DPS was listed and, therefore, may contribute more 
substantially to the conservation of the DPS than was understood at the time of listing, we must 
evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx SSA Team 2016, 
p. 54). Although private, State, and Tribal lands constitute much smaller proportions of the other 
four (western) geographic units (from about 3 percent to 16 percent, combined), important lynx 
habitats occur on some of those lands, and regulatory mechanisms may influence their 
contributions to the conservation and persistence of DPS populations or parts of them. 
Therefore, in this section, we summarize the relevant regulatory frameworks and mechanisms 
that may affect lynx on private, State, and Tribal lands within the six geographic units of the 
DPS, but with a focus on those units with the greatest proportions of these lands and on 
activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take of lynx during legal trapping of other furbearers. These 
efforts benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations where lynx may occur that address 
specifics about traps types and sets that may be used to legally harvest other furbearers and 
that are intended to minimize the likelihood of incidentally trapping lynx 
(http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/). MDIFW 
also adopted and made available for download on its web page the interagency brochure How 
to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other Furbearers, and 
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modified it to be more specific to Maine. MDIFW also set-up an incidental lynx capture hotline 
and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (10 died from traps or illegal shooting in traps) that were reported 
incidentally trapped in northern Maine (MDIFW 2014, p. 75). In 2014, the MDIFW obtained an 
incidental take permit from the Service for lynx trapped incidental to other legal furbearer 
trapping in Maine. After two lynx were killed in killer-type traps in 2014, MDIFW imposed 
additional trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx 
(see Other Factors in section 4.1.1 below). The regulations now require exclusion devices on 
killer-type traps, prohibit the use of drag sets on foothold traps, address specific trap types and 
sets, prohibit visual use of bait and visual attractants, swivels on chains, and require reporting of 
incidental captures. The trapping permit is currently being litigated in federal court. The MDIFW 
also is responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 52-54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2013/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Minnesota DNR is under a federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 20152016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
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Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by by 
the State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm; https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection#87-5-107). 
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
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(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foot-hold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 92 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.1.1 and 5.1.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut excellent hare habitat likely peaked 
in the late 1990s, when 20-25 percent of the forest in Maine was in an early regeneration stage - 
3 to 8 times higher than historic conditions, when only 3-7 percent of stands were likely in such 
condition at any given time (68 FR 40094). Current timber harvest and management on State 
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and private lands in Maine are governed by the Maine Forest Practices Act of 1989 and 
administered by the Maine Forest Service within the Department of Agriculture, Conservation & 
Forestry to regulate the size, arrangement, regeneration, and management of clearcuts 
(MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) clear-cuts are still permitted, 
but require special permits. Because of this regulatory burden, the extensive clear-cutting of the 
past has largely been replaced by partial harvest techniques that are unlikely to maintain the 
current unnaturally high amount and distribution of high-quality hare habitat. The consequences 
of this shift in forest management on Maine’s current lynx population, which is also much larger 
than was likely possible under the natural historic disturbance regime, are discussed below in 
sections 4.1.1 and 5.1.1, along with other programs that may influence private lands forest 
management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). Landowners selected 
one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements require management 
prescriptions or commitments for Canada lynx. To our knowledge, there are no private 
landowners in Maine who have committed to long-term or permanent protection and creation of 
lynx habitat according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,400 acres of lynx habitat within a 22,000-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
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Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and state landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit, and almost all are in Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution (http://dnrc.mt.gov/divisions/forestry/forestry-
assistance/forest-practices, accessed July 18, 2016). Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.1.3 
below.  
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit.t, and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent state agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001; Washington DNR 2006). The WADNR LHMP guides 
timber harvest and other vegetation management on these lands, including the part of the 
Loomis State Forest that occurs in this unit, with the goal of creating and preserving quality lynx 
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habitat through its forest management activities. Additional information on the LHMP are 
provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe’s stated environmental mission is “...to protect the environment and 
conserve natural resources within all Passamaquoddy lands, waters, and the air we share” 
(Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation Department of 
Natural Resources is “...to manage, develop and protect the Penobscot Nation’s natural 
resources in a sustainable manner that protects and enhances the cultural integrity of the Tribe” 
(Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are prohibited in 
accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game Regulations – 
Section 204 (Penobscot Indian Nation 2012, p. 15). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  



 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is due to 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 



fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 



2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzales et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1, Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow, with these conditions occurring at 
higher latitudes (Callaghan et al. 2011, entire) and higher elevations in the Rockies (Abatzoglou 
2011, pp. 1138-1141). The frequency of warm spells is correlated to the hardness of the snow 
surface, sinking depth, and the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633).  As 
the climate warms, winter temperatures are rising above freezing more often. This results in 
more rain on snow events and winter thaws that change the structure of the snowpack; larger 
grain size, basal ice layers, depth hoar (weak layers in the snowpack), and slip planes (crusts 
and ice layers within the snowpack) (Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) 
and other structure in the snowpack are believed to reduce the competitive advantage of lynx 
over bobcats and other mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide refugia for lynx (Lynx 
SSA Team 2016, p. 45), these areas will also be affected.  Mountainous regions in the western 
U.S. have historically been strongly snow dominated from November through March. By 2050, 
the length of snowfall-conducive temperatures over many western mountain ranges will be 
reduced from approximately five (November–March) to approximately three (December-
February) months of the year (Klos et al. 2014, p. 4566). Many relatively large areas that 
contain lower relief, mid-elevation mountain ranges will likely shift relatively quickly into new 
precipitation phase regimes (e.g., the Northern Rockies, North Cascades)(Klos et al. 2014, p. 
4566). The interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated 
areas to warming because much of the region is characterized by relatively warm winter 
temperatures and by mainly mid-elevation mountain ranges. The climatic rain-snow transition 
zone will move up in altitude and latitude.  
 
It is possible that in high elevation areas of DPS in the West, snow conditions suitable for lynx 
may move up slope at a faster rate than boreal forest habitat will migrate, providing a mismatch 
of these important habitat elements for lynx. During prehistoric periods of warmer climate, the 
alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-boreal forest 
ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both the northern 
(Kearney and Luckman 1983) and southern Rockies (Legg and Baker 1980). Boreal treelines in 
Scandinavia moved upslope an average of 40 m (but up to 100 m) during a recent 50-year 
period of warming (Kullman 1990). However, despite recent warming, the alpine treeline in 
North America has thus far remained relatively static (Butler et al. 1994). Upslope migration of 



the treeline of boreal forest may be limited by high winds, desiccation, and soil depth not 
conducive to colonization by conifers and will occur either gradually or as a series of scattered, 
rapid advances as thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower 
elevations, the upslope movement of the deciduous-boreal ecotone is limited by an isocline of 
excessively cold winter temperatures (generally -40C), moisture (cloud, fog line), and acidic 
soils (Kupfer and Cairns 1996, p. 263-264). The rate that boreal forest will retreat upslope is 
highly speculative depending on how climate change will affect complex moisture and 
temperature regimes, and there could be a lag time before these community types move up 
slope (Kupfer and Cairns 1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to 
be triggered by climate thresholds and was characterized by slow, gradual change followed by 
rapid advances (Danby and Hik 2007, p. 361). However, in Vermont, the northern hardwood-
boreal ecotone moved upslope 91 to 119 m between 1962 and 2005 consistent with rapidly 
increasing cloud ceilings in the Northeast, which is believed to be closely associated with this 
ecotone transition (Beckage et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). By 2100, the altitude above which it snows 
and below which it rains will climb as much as 800 feet in the Colorado Rockies, by 1,400 feet in 
the Rockies of Idaho and Wyoming, and the snow line will rise by an average of 950 feet across 
six Western mountain regions if greenhouse gas emissions continue at the current rate (Scalzitti 
et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but deep, fluffy 
snow conditions will retreat upslope and preclude the use of boreal habitat by lynx and instead 
favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101).  These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  



Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Workshop Report 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Feng and Hu 2007, entire; Knowles et al. 2006, entire, 
Huntington et al. 2004, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
  
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991, Murray et al. 1994, Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 



Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract from boreal habitat shifting to higher elevation (Danby and Hik 2007, pp. 
360-362) and northward shifts in latitudinal distribution of boreal habitat and snow conditions 
(Sturm et al. 2001, pp. 342-342; Gonzales et al. 2010, pp. 761-766; Koen et al. 2015. p. 528; 
ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted northward 
>175 km over the past 40 years (Koen et al. 2014, pp. 757-758). Habitat patches will become 
smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et al. 2012, p. 
11), bobcat distribution will expand northward (see below), and lynx will become more 
vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change influences ecological 
processes by altering large-scale climate systems such as the North Atlantic Oscillation, 
Southern Oscillation, Pacific North American Index, and North Pacific Index which, in turn, affect 
patterns of temperature and snow in North America (Stenseth et al. 2003, entire). Climate 
change-induced disruptions are believed to have caused the collapse of cycles in voles, 
lemmings, and snowshoe hares (Ims et al. 2008, p. 81; Cornulier et al. 2013, entire; Krebs et al. 
2010, pp. 484-488). The geographical borders between cyclic and noncyclic populations are 
shifting, and the spatial extents of regions that have cycles are shrinking. The collapse of cycles 
in herbivores with high-amplitude population cycles also would imply collapses of important 
ecosystem functions such as pulsed flows of resources and disturbances throughout the 



ecosystem, including declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 
2008, p. 85). A common denominator of cycles that exhibit spatial gradients, such as the more 
pronounced snowshoe hare cycles in the northern part of its North American range, is that the 
cycles seem to fade as winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Krebs et al. 2001a, p. 34; Brown 2000, pp. 2347-2354). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but is 
also essential in modifying the cycle intervals (Yan et al. 2013, p. 3269). Collapses in lynx fur 
harvests in Canada beginning in the mid-1980s may be linked to warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789, 68 FR 40091, 40097-40100). If diminished amplitude of the hare cycle in Canada 
continues, it will likely translate into a reduced potential for lynx to expand into new or 
unoccupied habitat in Canada or the adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; McKelvey et al. 2011, pp. 2893-2895; Lynx BioTeam 2012 p. 69; Gonzales et al. 2007, 
pp. 7-8). Across their worldwide distribution, lynx rely on deep, powdery and persistent snow 
because they restrict potential lynx competitors such as bobcat or coyote and predators such as 
fishers and cougars from effectively encroaching on or hunting hares in winter lynx habitat 
(Peers et al. 2016, entire; 79 FR 54809).  
  
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549). 
These trends are expected to continue with future climate warming (Hamlet and Lettenmaier 
1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 2007b, p. 850). 
The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth are very likely 
to decrease in most of North America except in the northernmost part of Canada where 
maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring runoff 
toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is accelerating the rate of loss of snow cover because of the reflective 



nature of snow and the relative heat-absorbing properties of non-snow-covered ground. This 
feedback effect causes the greatest warming to occur at the interface of snow-covered and 
exposed areas, increasing the rate at which melting occurs in spring (Groisman et al. 1994a, pp. 
1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the average date of 
peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West (Fagre 2005, p. 4). 
This albedo effect is further exacerbated by atmospheric soot and desert dust on snow ((Qian et 
al. 2009, entire; Painter et al. 2007, entire) and fire-darkened landscapes (Amiro et al. 2006, pp. 
47-49). Snow accumulation and duration are expected to decline generally in the geographic 
areas that contain the central and eastern portion of the lynx DPS (IPCC 2007c, p. 891; Burns 
et al. 2009, p. 31). Because lynx require prolonged periods of deep fluffy snow, current habitats 
that lose this feature would decline in value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; 
Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983, 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
expansion of bobcats into areas currently occupied by lynx (Lavoie et al. 2009, pp. 873-874; 
Roberts and Crimmins 2010, p. 172; Anderson and Lovallo 2003, p. 758). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 



Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2004, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in several different ways, especially at 
the southern extent of the range. Changing snow conditions may influence lynx hunting 
behavior and effectiveness. For example, hard-packed snow is reported to be associated with a 
higher kill rate of hares by lynx and coyotes than soft snow (Stenseth et al. 2004, p. 10633, 
Buskirk et al. 2000, p. 94). The higher kill rate could generate a numeric response by lynx and 
other hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Predator communities are more diverse at the southern part of 
the lynx range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
(Hodges et al. 2009, p. XX). In dry western forests like those in the GYA, increased precipitation 
may result in more herbaceous forage and cover, which may promote hare survival and 
reproduction (Ivan et al. 2014, p. 590).   Thus, climate change may have both positive and 
negative effects on hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Zimova et al. 2013, entire; Mills et al. 2013, entire; 2014, entire). Diminished snow duration by 
as much as 8 weeks by the end of the century could have population-level effects on hares at 
the southern edge of their range. Hares exhibit plasticity in the rate at which they can molt from 
white to brown in the spring, but not in the initiation date of color change or the fall transition 
from brown to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for 
mismatched pelage by changing their behavior related to concealment, thus predisposing them 



to predation (Mills et al. 2014, entire). There is wide variability in the timing of pelage change by 
individual hares within populations, and “mismatched” hares experience increased mortality 
rates (Zimova et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 
percent decline in hare survival by mid-century and a 23 percent decline by late century. 
Diminished survival would lead to steep (high emissions) to moderate (medium-low emissions) 
declines in hare populations (Zimova et al. 2016, p. 304). It is also possible that this 
phenological mismatch may dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns 
have been proposed to potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-
65, Sultaire et al. 2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 kilometers (km) during this century. In the contiguous U.S., 
researchers expect that lynx in mountainous habitat will, to some extent, track climate changes 



by using higher elevations on mountain slopes, assuming that vegetation communities 
supportive of lynx and hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some 
areas of the DPS (e.g., Maine, Minnesota) lack elevational refugia and, therefore, lynx 
populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
These studies predict lynx and hare habitats—boreal spruce-fir and subalpine forests—and, 
therefore, lynx distribution, are likely to shift upward in elevation within its currently occupied 
range and recede northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; 
Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 
64; ILBT 2013, p. 69). Lienard et al. (2016, p. 7) assessed forests in New England, Northern 
Great Plains, and higher elevations in the Rockies, including spruce-fir types, as vulnerable to 
drought-related stress from climate change during the next century. The boreal spruce-fir forests 
that provide habitat for lynx and snowshoe hares are thought to be limited by summer 
temperatures and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of 
emissions and climate change scenarios, are projected to diminish dramatically or disappear 
from much of the eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–
400). Within the last 20 to 25 years, widespread mortality and reduced growth in red spruce in 
the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, 
Johnson et al. 1988, p. 5373.). Climate modeling suggests that lynx habitat and populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely 
from parts of the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). 
Remaining lynx populations would likely be smaller than at present and, because of small 
population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing rapid 
increases in tree mortality (Peng et al. 2011, entire). Several authors have suggested that 
grasslands, aspen parklands, and temperate forest will expand northward resulting in decreases 
in boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 
2000, entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang 



and Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area ILBT 2013, p. 70).. In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 



2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle and mountain pine 
beetle, are key agents of change in coniferous forest ecosystems in western North America and 
have recently defoliated millions of hectares – among the largest and most severe in recorded 
history (Bentz et al. 2009). Drought-stressed conifers have increased vulnerability to insect 
attack. By the end of the century, changes in temperatures across the boreal forests of western 
North America may cause markedly high probability of outbreak of these species (Bentz et al. 
2010. pp. 607, 609). In contrast, the range of the spruce budworm, a major pest of spruce-fir 
ecosystems in eastern North America, is expected to shift northward reducing vulnerability of 
spruce-fir forests in Maine and Minnesota (Regniere et al. 2010, entire). However, widespread 
clearcutting following the most recent spruce budworm outbreak in Maine was the primary driver 
creating widespread lynx habitat (Hoving et al. 2005, Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Irland 2000, 



entire; Millward and Kraft 2004, entire; Jones and Mulhern 1998, p. 19). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but experts believed this was difficult to predict and a 
possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska)(Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956, Van Zyll de Jong 1966, Kumar 1974, and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
  
Reduction in Gene Flow - Koen et al. (2014, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring in 
the lynx populations east and west of Hudson Bay based on differences in snow conditions on 



either side of this divide. This may be explained by the reluctance of lynx to disperse between 
areas having different snow regimes and snow quality. Snow conditions may be the key factor in 
the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 2014, pp. 10633-
10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014, entire) found genetic structuring on either 
side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating ice 
conditions on the St. Lawrence River could further restrict gene flow between lynx populations 
north and south of the river (Koen et al. 2014, p. 528). Between 1969 and 2002 there was a 20 
to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the St. Lawrence 
(Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent bobcats from 
dispersing northward into lynx areas in central Quebec (Koen et al. 2014, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004, McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992, Wolfe et al. 1982, 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 



density are directly and positively correlated (Conroy et al. 1979, Sullivan and Sullivan 1988, 
Koehler 1990b, Koehler and Brittell 1990, Thomas et al. 1997, Hodges 2000a, Mowat et al. 
2000, Homyack et al. 2006, Robinson 2006, Scott 2009, Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011).  Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979, Sullivan and Sullivan 1988, Koehler 1990b, Thomas et al. 1997, 
Homyack et al. 2005, Robinson 2006, Griffin and Mills 2007, Scott 2009, Berg 2010, Ivan 
2011a, Lewis et al. 2011, McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, 
Seymour et al. 2002, Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 meters depending on tree species) the tree crowns lift and lower 
branches self-prune, thus reducing the live horizontal branches providing food and cover for 
snowshoe hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where 
mature trees die or fall down) and food and cover may again become available to support 
snowshoe hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 



culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

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

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

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

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

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

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990, Homyack et 
al. 2004, Bull et al. 2005, Fuller and Harrison 2005, Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 



collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125).  The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of state and federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to a host of  financial groups 
(Hagan et al. 2005). These groups have short-term investment goals and different management 
objectives and have dramatically changed harvest practices. Whereas the previous large 
industrial landowners focused on the forest land base as a supply for their manufacturing 
facilities, the new TIMOs and REITs focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004, Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s state area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to state and federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 



private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting) (Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 



climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be the most important stressors for lynx in the DPS 
(Fig. X), but it is possible that other pathways for forest management are, or may become, 
equally important. Hares and lynx will continue to be affected (both positively and negatively) by 
forest management into the foreseeable future. Forest management stressors primarily affect 
lynx by lowering landscape hare densities, which in turn reduce lynx reproduction and lower 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 



precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26) . However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016? Check). After 17 years of extensive partial harvests, much of the 
northern Maine landscape has been influenced by this form of forestry, and will continue to be 
into the future. The popularity of this form of harvesting extends beyond Maine. From the mid-
1980s to mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 



residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006). Shelterwood cuts, a form of even-aged management, are the exception and have 
maintained densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. 
data). Current hare densities in partially harvested stands in Maine average about 0.4 hares/ha 
(Simons 2009, p. XXX, check), which is below the landscape hare densities (0.5 hares/ha 
(Ruggiero et al. 2000b, Simons-Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types (Plate 4.4). In these instances there is a short-term (10–30 years) impact on snowshoe 
hare habitat. In the western U.S., prescribed fire for ecosystem restoration is most applicable to 
the dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir 
forests are generally composed of thinner-barked trees that are easily killed even with light fire, 
this technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (Plate 4.3). These types of projects 
are becoming more common. In the western U.S., projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting leads to drying of the 



forest floor and consequent heavy mortality in spruce and fir regeneration and increased light 
levels that increase hardwood competition (White and Cogbill in Eagar and Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163, Parker 1986 p. 160, Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest)(Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus reducing food, 
cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et al. 
2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
(Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that land-scapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx (FR 74(36)). 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 



lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northeast Geographic Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, the 
Acadian forest in Maine and eastern Canada was driven by gap dynamics (similar to some parts 
of the West today) and true stand-replacing disturbances were quite uncommon with recurrent 
intervals of thousands of years. After several centuries of forest management, stand age 
structures have become simplified, and commercial timber rotations are a fraction (15 to 40 
percent) of the lifespan of boreal tree species (Seymour 2002). Whereas prevalent, these 
younger even-aged  forest stands on the landscape may benefit hares and lynx in Maine, 
forestry has shifted the species composition of Maine’s forest to species favored by frequent 
harvest disturbance, such as red-maple, paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high densities of hares, which in turn provide high-quality lynx foraging habitat. 



They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 



U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historic natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historic conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 



As described above in section 3.1.1, current federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 



recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Although fire suppression was in the past thought to be a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
due to climate change, it may be necessary to reconsider whether fire suppression in some lynx 
habitats could benefit lynx by reducing the potential for extirpation of resident populations, 
especially in places already apparently only marginally capable of supporting them.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas and “fragmentation” to anthropogenic disruption of natural patterns. Habitat loss is 
conversion of forest to another land use or vegetative cover. 



 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011 (entire). 
Fragmentation in the forested western landscape resulted in a decline of weighted mean patch 
size from roughly 35,000 to 3,200 km2 from natural to current conditions, but models predict 
relatively small declines in the size of forested patches over the next 30 years (Theobold et al. 
2011 p. 2451).  In the eastern United States, nearly half or more of the natural forest was 
cleared in the past three centuries but as agriculture and settlement relocated westward, 
eastern forest cover rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has 
increased 0.79 percent since 1982 (Maine Forest Service, Department of Conservation 2010, p. 
25). Similarly, a large portion of Minnesota forests were cleared in the last century, but forest 
cover has rebounded. The forest area in northern Minnesota has decreased 4 percent since 
1977 (Miles et al. 2007, p. 22). Preliminary findings from the 2002 U.S. timber assessment 
(Haynes 2003) indicate that approximately 15 to 20 million acres of U.S. forest land could be 
converted to urban and developed uses over the next 50 years. Such land use conversions 
could result from residential development in forested landscapes, as the U.S. population is 
estimated to grow by another 126 million people. 
 
Habitat fragmentation (both natural and anthropomorphic) directly affects snowshoe hares and 
lynx by various mechanisms; reducing hare survival and landscape hare densities, increasing 
lynx home ranges, reducing lynx reproduction and survival, and affecting lynx movements 
throughout the landscape. Habitat fragmentation also influences mesocarnivore communities 
that coexist with lynx and the level of competition for space and food resources. Fragmentation 
from anthropomorphic sources results in habitat alteration, direct habitat loss, vehicle collisions 
and behavioral disturbance from roads, and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous, or where good patches of hare habitat 
are surrounded by other patches of similar habitat quality, support more hares than landscapes 
that are more fragmented or include matrix habitats that are poorer quality (Lewis et al. 2011, p. 
565). Thus, southern transitional boreal forests generally have lower landscape snowshoe hare 
densities than boreal forests further north (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 84). This may have as much to do 
with the quality of the matrix habitat between high quality patches as the hare densities that 
occur in the high quality patches themselves (Lewis et al. 2011). Low-quality matrix habitat, 
typical throughout much of the DPS, could decrease survival for hares, because predators might 
have higher hunting success or be more numerous in the matrix habitats (Griffin and Mills 
2009). In contrast, a high-quality matrix, typical of Canadian boreal forest, can provide 
alternative or supplemental resources (Dunning et al. 1992; Norton et al. 2000), thus supporting 
higher densities of hares in the prime habitats. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
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http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37


The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Forest fragmentation may exacerbate competition between lynx and other predators (Buskirk et 
al. 2000a, entire). Fragmentation and competition are strongly linked because vegetation 
mosaics in landscapes provide high quality environments for generalist species such as the 
bobcat, red fox, and coyote (Goodrich and Buskirk 1995, Buskirk et al. 2000a, p. 84). Under 
such conditions, generalist predators tend to dominate the predator guild in fragmented 
landscapes (Oehler and Litvaitis 1996). Hares fluctuate less dramatically in the southern part of 
the range of lynx, thus there is more competition for a limited resource and exploitation 
competition inflicted by generalists (e.g., coyotes) and other predators (Buskirk et al. 2000a, p. 
95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Lynx seem to be flexible in their response to habitat fragmentation whereas closely related 
species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation (Ferreras 
2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 



responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, factors that further fragment boreal forests in the DPS (e.g., climate 
change, forest management, roads and development) further reduce the probability of 
persistence of lynx.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzales et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat in is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
other areas of the DPS where there is little topography, including Minnesota and Maine, matrix 
forest facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 



not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the natural habitat 
fragmentation that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 



Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway (Squires, unpublished data). 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 



Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. , 2001). As the standard of roads increases from 
gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to 
increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had 
no effect on lynx distribution. Four-lane highways, such as the interstate highway system, 
commonly have fences on both sides, service roads, parallel railroads or power lines, and 
impediments like "Jersey barriers" that make successful crossing more difficult, or impossible, 
for wildlife (ILBT  2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 
and 5,000 vehicles per day may be the threshold above which successful crossings by 
carnivores are impeded. In Colorado, lynx successfully and repeatedly crossed major highways, 
including I-70 (J.Squires, personal communication 2012; Ivan 2011b, c, 2012). Colorado lynx 
crossed two-lane highways an average of 0.6 times per day and more frequently during dusk 
and night when traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane 
highways (I-70), especially forested areas under large, elevated bridges that spanned streams 
(Baigas et al. 2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, U.S. Fish and Wildlife Service, unpub. data 2016). 
Between 1995 and 2011, 15 lynx were reported killed on British Columbia highways (British 
Columbia Wildlife Accident Reporting System 2012). Most of these mortalities are on higher 
speed paved highways. However, in Maine, about 41 percent (22 of 54) were killed on lower 
speed dirt logging roads. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 mortalities of translocated animals were attributed to road kills (Brocke et al. 
1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of translocated lynx 
were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado highways where 
the 13 lynx mortalities occurred were estimated to range from about 2,300 to >25,000 vehicles 
per day (K. Broderdorp, personal communication 2012). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx.  Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 



local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. , 2010) like recent clearcuts and thinned areas. In 
Maine, the shift to partial harvesting forms of forest management will continue to increase the 
number of patches of high quality hare habitat, but it will greatly reduce the size of patches and 
increase their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape 
conditions conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (section 5.1.1). It is uncertain to what degree 
lynx can tolerate habitat fragmentation from roads and forest clearing, and how human and pet 
activity affect lynx use of habitats. Some anecdotal information suggests that lynx are quite 
tolerant of humans, although given differences in individuals and contexts, a variety of 
behavioral responses to human presence may be expected (Staples 1995, Mowat et al. 2000). 
The degree to which residential development and associated roads reduce connectivity of 
mesocarnivore populations (including lynx) likely depends on the physical design of highway 
improvements, the surrounding environmental features, the density of increased urbanization, 
and the increased traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski areas have similar effects on permanent habitat loss and fragmentation. One 
ski run is often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (J. Squires, personal communication 2012). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 



southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 



consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101, Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. . We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 



influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historic records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we did not have a feel for population size or trend. We now know that northern 
Maine currently supports the largest resident population in the DPS, that extensive clear-cutting 
in the 1970s and 1980s in response to a large spruce budworm outbreak has created the 
current abundance of high-quality lynx habitat, and that there are many more lynx in Maine now 
than was likely under historic natural disturbance regimes and habitat distributions. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western U.S. (Units 3, 4, 5, and 6) 
are naturally less abundant and more patchily-distributed than was thought at the time of listing, 
and several areas thought to have historically supported small resident populations currently do 
not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the Kettle 
Mountains of northeastern Washington). We also know that recent extensive wildfires in north-
central Washington (Unit 4) have reduced (probably temporarily) the amount of high-quality lynx 
habitat and likely caused a decline in lynx numbers there. Finally, as a result of the release of 
218 Canadian and Alaskan lynx from 1999-2006, and their subsequent survival and 
reproduction, resident lynx currently occupy parts of western Colorado (Unit 6), although the 
current number of lynx there is unknown and their distribution uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a catastrophic event. The 
DPS range currently spans the northern contiguous states from Maine to Washington and south 
along the Rocky Mountains to southern Colorado. Resident breeding lynx populations currently 
occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied units, 
four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 
5,000 km2 (1,931 mi2) (see tables 1, above, and 4, below). Lynx experts indicated no 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event (Lynx 
SSA Team 2016, p. 56).  
 



Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historic records, was likely in areas (e.g., 
northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge area of northeastern 
Washington, perhaps Isle Royale in Lake Superior) peripheral to the geographic units that 
currently support resident lynx. Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous U.S. However, the implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historic record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of -acres in the GYA unit (Yellowstone and Grand 
Teton National Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., 
topographic/elevation settings) lynx across the range of the DPS occupy a similarly narrow and 
specialized ecological niche defined by specific vegetation structure, snow conditions, and the 
abundance of a single prey species. Therefore, lynx naturally have little ability to adapt to 
changing environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous U.S.  Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historic conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 



trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 3, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historic record that limits our understanding of the relative persistence of lynx in 
various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the 
possible extirpation of lynx populations in the GYA (Unit 5) and in the Garnet Mountains of Unit 
3 may indicate the lower level of resiliency expected among small and relatively more isolated 
populations. The persistence of lynx in north-central Washington (Unit 4) despite the substantial 
recent wildfire-mediated loss of habitat suggests resiliency in that population; however, the post-
fires increase in home range size and likely decrease in lynx numbers may indicate the 
population is currently less resilient (less able to persist if additional or similar habitat losses 
occur) than it was previously. Overall, the apparent long-term (historic and current) persistence 
of resident lynx populations in at least four of the six geographic units (Units 1-4) and the 
absence of reliable information indicating that the current distribution and relative abundance of 
resident lynx are substantially reduced from historic conditions suggest adequate historical and 
recent levels of resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the current adequacy of resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of inadequate 
resiliency in those places. 
 
 
 
 
    
 



4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec and northern New Brunswick, Canada. At the 
time of listing, the Northern Maine Unit was not believed to contribute significantly to the DPS. 
However, we now know that the largest reproducing resident population of lynx in the DPS likely 
occurs in this unit (numbers and trends unknown, but enough habitat exists to support possibly 
500 to 1000 lynx). Small numbers of reproducing lynx have also been documented recently in 
northern New Hampshire and northern Vermont. Historically, lynx distribution in this unit was 
patchy, and lynx populations were likely low and dependent on immigration from Canada. 
Forest management is now the primary driver of hare and lynx habitat in this DPS unit. Current 
lynx and hare habitat is historically high because of young, regenerating softwood forests 
created by extensive clearcutting and herbiciding to salvage spruce-fir following a severe spruce 
budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 2008). Lynx 
responded to these conditions with high survival and reproduction, small home ranges, and 
moderate population densities. State forestry regulations passed in 1989 caused landowners to 
shift to various forms of partial harvesting that have resulted in lower landscape hare densities 
across much of the unit. Hares do not seem to cycle in this region, but underwent a 50 percent 
decline starting in 2006 and have remained at lower levels. Reproduction and survival rates in 
the low-hare environment suggest a slightly declining population. Unlike other units of the DPS, 
lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, and 
landowners do not have long-term commitments to lynx management. The majority of lands in 
Maine are owned now by investment companies who wish to diversify income from their 
investments which could result in forest practices inconsistent with hare and lynx habitat. Other 
potential stressors on private lands include large-scale wind energy development, residential 
and resort development, and parcelization of forestlands from rapid turnover in investment 
company landowners. The next spruce budworm outbreak is imminent, but forestry response by 
investment landowners is uncertain. Climate change is a concern as snow depth and duration 
are currently at the minimum thresholds believed necessary to give lynx a competitive 
advantage over bobcats and other mesocarnivores. There is currently no clear evidence of 
climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 



are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage in accordance with its 2004 Forest Plan, and several risk factors 
are being minimized and managed to promote the conservation of lynx within the SNF. 
Management of lynx habitat on state and private lands is voluntary. Factors affecting current 
conditions in this unit primarily include forestry management, roads, incidental trapping, mining 
development, snow compaction, competition with bobcats, and lynx-bobcat hybridization. Forty-
nine lynx mortalities due to vehicle and train collisions as well as incidental trapping and 
shooting have been reported in Minnesota since the species was listed. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historic resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most of 
this unit, including federal, State, Tribal, and some private lands, is managed to conserve and 
restore lynx and hare habitats. Past timber harvest and associated management (thinning, road 
construction, fire supporession) appear to have had localized impacts but not to have 
diminished the unit’s ability to support resident lynx, with the Garnets being a possible 
exception. Wildfire extent has increased over the past several decades, likely in response to 
climate warming, but impacts to lynx are uncertain. Whether and if so to what extent other 
climate-mediated factors have influenced the current condition of lynx populations or habitats in 
this unit is also unknown. Regulations prohibit lynx trapping and require measures to reduce the 
likelihood of trapping lynx incidentally when legally trapping other species. Hare densities have 
not been estimated broadly throughout the unit but appear to be low or marginal even in most of 
what is considered the highest-quality habitat, suggesting that even small decreases in habitat 
quality/hare densities could influence its continued ability to support resident lynx. The role of 
past and recent immigration in maintaining the demographic and genetic health of current lynx 
populations in this unit is unknown, but peaks in cyclic lynx numbers in Canada have declined, 
especially when compared to the unprecedented irruptions of the early 1960s and 1970s, and 
there is no evidence of significant immigration into this unit since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historic resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 



habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.    
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historic 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit after 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Most of this unit consists of federal lands (97.5 
%) that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
Wildfire extent has increased over the past several decades, predominantly in the northern half 
of the unit and likely in response to climate warming, but impacts to lynx are uncertain. Whether 
and if so to what extent other climate-mediated factors have influenced the current condition of 
lynx populations or habitats in this unit is also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. Some lynx 
released in Colorado dispersed northward into this unit and temporarily occupied home ranges 
in areas used previously by native resident lynx, but there is no evidence of reproduction among 
these lynx.  
 
Unit 6 - Western Colorado:  Lynx habitat in Colorado is distributed west of US Interstate-25. This 
unit is not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 



large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the state of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority of lynx habitat in Colorado is under federal land management 
(88 Percent), actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within Colorado. The majority of lynx habitat in Colorado continues to be managed 
by the USFS, providing conservation through the Southern Rockies Lynx Amendment. 
However, regulatory mechanisms for the conservation of lynx are lacking on approximately 
3,611 km2 (1,394 mi2) [14 percent] of some BLM, NPS, and other non-federal lynx habitat. 
 
Table 3. Summary of current conditions in six geographic units within the DPS range.  

 



4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Annual precipitation is 41 inches (104 cm), with greatest precipitation in winter in the form of 
snow 228 cm to 280 cm (90 to 110-plus inches), with higher amounts at higher elevations. Snow 
duration is about four months (mid-November through mid-April). 
 
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 square kilometers (11,162 square miles) all in 
northern Maine (79 FR pp. 54823-54828). Land ownership in the critical habitat unit boundary is 
about 92 percent private, 7 percent State (primarily Baxter State Park), 1 percent tribal 
(Passamaquoddy Tribe, Penobscot Indian Nation), and contains no federal land. Private lands 
are almost entirely commercial forest lands. Lynx regularly occur outside of the designated 
critical habitat boundary in parts of eastern and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving (68 FR 40086) 
estimated approximately 1,000 square kilometers (386 square miles) of potential habitat having 
a greater than 50 percent probability of being occupied by lynx. Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 342 km2 (888 km2) of potential Canada 
lynx habitat. Historic distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e. White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the state (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the Connecticut 
Lakes Natural Area WMA which is owned and managed by NHFG. Surrounding habitat is 
owned and managed by the Connecticut Lakes Timber Company under a conservation 
easement held by the State of NH. Occurrence records from the past 10 years have been 



centered on these two ownerships (Kilborn 2015, App. A pp. 42-43). Habitat on the Connecticut 
Lakes Natural Area has a conservation easement with 15,000 acres of the core lynx habitat also 
being part of an unmanaged area of the 25,000 acre property. As a result these core 15,000 
acres will be allowed to mature to a climax forest type potentially allowing for good denning 
habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. Current 
conditions are in a transition state, and portions of the 15,000 acres are supporting higher 
densities of snowshoe hare because of past forest management (Kilborn 2015, App. A pp. 42-
43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont - Habitat in northern Vermont is not within the designated critical habitat. Recent 
modeling to determine lynx habitat connectivity in the Northeast suggests that the Nulhegan 
River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530 square kilometer  (205 
square mile) area is approximately 20 percent federal (Nulhegan National Wildlife Refuge), 17 
percent State (Vermont Department of Natural Resources), and 63 percent private commercial 
timber lands (with easement). The future of lynx and their habitat is unlikely because of the 
patchy and limited amount of habitat, climate change (decreasing snow), trends toward 
hardwood management, and increasing human disturbance (Vermont Fish and Wildlife 2015, 
Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km north of Maine). Lynx populations in Maine and eastern Canada are 
geographically isolated from other lynx populations on the island of Newfoundland (900 km east 
of Maine), and on Cape Breton Island, Nova Scotia (650 km southeast of Maine) (Koen et al. 
2015, entire). The closest lynx population in the DPS is located in northeastern Minnesota, 
about 1,700 km west of Maine.  
 
Habitat Description:  In the northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR, p. 40086). 
This habitat type occurs along the northern Appalachian Mountain range from southeastern 
Quebec, western New Brunswick, and western Maine, south through northern New Hampshire. 
This habitat type becomes naturally fragmented and begins to diminish to the south and west, 
with a disjunct segment running north-south through Vermont, and a patch of habitat in the 
Adirondacks of northern New York (McKelvey et al. 2000b, pp. 248-250). This area is part of the 
Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between northern 
boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and Hunter 
1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations up to 1,600 meters (Katahdin highlands, western Maine, White Mountains in central 
New Hampshire). Higher elevations support a predominantly coniferous forest (white, red, and 



black spruce; balsam fir; eastern white pine) intermixed with northern hardwoods (red maple, 
aspen, white birch, sugar maple, beech, and yellow birch). Lowland areas include spruce-fir flats 
interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitat are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense cover (Robinson 2006, pp. 26–36; Vashon et al. 2012, 
p. 15). Lynx are more likely to occur in large (100 square kilometer, 40 square mile) landscapes 
having a high percentage (>27 percent) of regenerating forest, and less likely to occur in 
landscapes with very recent clearcut or partial harvest (Hoving et al. 2004, pp. 291–292, 
Simons-Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after 
forest disturbance (almost exclusively logging) and are characterized by dense horizontal 
structure and high stem density within a meter of the ground. These habitats support the highest 
snowshoe hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; 
Vashon et al. 2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older 
(11- to 26-year-old), tall (15 to 24 feet (ft) (4.6 to 7.3 meters (m)) regenerating clearcut stands 
and older (11- to 21-year-old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–
1985). At the home range scale, lynx also select landscapes having some mature conifer forest 
(Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial harvested and mature 
conifer stands because of increased ease of travel and prey access along the extensive edges 
with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Some of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44, D. Harrison, UMaine, unpub. data, Vashon et al. 2012, p. 14). Prior to 2006, several 
estimates of hare densities in the highest quality, regenerating conifer or mixed forest averaged 
1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, hare 
densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109, D. Harrison, UMaine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 



density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100 km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the northern Maine 
unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that four million acres of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a 10 million acre area in northern Maine (approximately 50 percent of the designated critical 
habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 950,000 acres (9.5 
percent) of spruce-fir was in a young, regenerating stand condition that provide high quality hare 
habitat. This habitat is similar to, and contiguous with, forested areas in Quebec and New 
Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The current range of 
lynx in the northern Maine unit is associated with areas of deep snowfall, extensive (100 km2 
[40 mi2]) forested landscapes, and areas having a high proportion of regenerating conifer-
dominated forest that had previously been treated with herbicides to suppress hardwoods 
(Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood. These forests are believed to lack the conifer 
component needed to produce sufficient snowshoe hare densities to consistently support viable 
populations of lynx (Hoving et al. 2005, p. 749, Carroll 2007, p. 1100). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, pp. 1984-
1985). Lynx avoided mature stands (>40 years old) and short (3.4–4.3 m [11–14 ft]) 
regenerating clear-cut or partially harvested stands <10 years post-harvest (Fuller et al. 2007, 
pp. 1275-1278). Further research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx 
tended to forage in areas with intermediate to high snowshoe hare densities (tall regenerating or 
older partial harvest stands), which afforded lynx with greater mobility and where snowshoe 
hares were more vulnerable to predation, rather than in the densest stands (short regenerating 
stands; Fuller and Harrison 2010, pp. 1276-1278). 
 
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 



sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008a, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008a, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008a, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008a, pp. 1492-1493).  
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
are often characterized by an even-aged wind-throw phenomenon known as fir-waves (Sprugel 
1976, entire). Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are 
rare (interval of several hundred to several thousand years) and highly variable in size 
(Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce 
beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). In this 
geographic area, wildfire is less significant as a natural agent of disturbance. The typical fire 
regime is infrequent surface fires in the dormant season in the hardwood forests, and slightly 
more frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; 
Seymour et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several 
decades, early successional forests and lynx habitat in northern Maine, New Brunswick, and 



southern Quebec have been created almost exclusively by forest management (Lorimer and 
White 2003, pp. 42-43). 
 
In contrast, current habitat is likely peaking and at historical highs. Favorable habitat conditions 
for snowshoe hare and lynx in Maine resulted from large-scale salvage cutting (clearcutting) 
following a spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, p. 291). After 
salvage harvest of the affected trees, a portion of the area was sprayed with herbicide to reduce 
deciduous competition (Scott 2009, pp. 7, 14). The resulting vegetation was dominated by 
balsam fir and red or black spruce (Scott 2009, p. 60). This created favorable habitat conditions 
for snowshoe hares and lynx. Habitat conditions for hares and lynx in the unit improved from the 
late-1980s to present, benefitting from stand-replacing salvage harvests during the last 
budworm outbreak (Simons 2009, pp. 122-229; Simons-Legaard et al. 2016, entire). During this 
time period, the percentage of forestland with an average landscape hare density greater than 
0.5 hares/ha increased 400 percent (Simons-Legaard et al. 2016, p. 7).   
 
Lynx habitat will decline in the near future. In response the widespread clearcutting in the 
1980s, in 1989 Maine passed the Forest Practices Act. This Act regulated clearcutting. Various 
forms of partial harvesting replaced clearcutting as the predominant form of forest management 
in northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime supports lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009).  
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a federal nexus for review of projects is almost nonexistent. 
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005, 
Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work with private 
landowners. As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 100,000 acres including the State, federal government (White Mountain National 
Forest south of lynx range), a conservation group (The Nature Conservancy), two tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 



endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 943.2 mi2 (2,443 km2), or 9.3 percent of the total designated 
critical habitat in northern Maine. 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit have commitments to 
endangered species management through forest certification programs. For example, The 
Nature Conservancy land enrolled in the HFRP is also enrolled in the Forest Stewardship 
Council (FSC) forest certification program, which requires safeguards for threatened and 
endangered species. Other landowners are certified under the Sustainable Forestry Initiative 
(SFI). Both certification programs require planning for threatened and endangered species. 



However, certification programs are also voluntary and may not be long-term commitments. 
Given the frequent turnover in Maine forest lands, new landowners do not always renew 
certification or resume the certification programs initiated by the previous landowner. 
 
Lynx Status:  At the time of listing, lynx were known to be present in northern Maine but little 
was known about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Although potential lynx habitat in New Hampshire 
and Vermont is fragmented, there is near contiguous forest and connectivity for lynx movement 
between these areas and habitats in northern Maine (Farrell 2013 personal communication, FR 
54821). Breeding lynx in New Hampshire and Vermont are not directly connected to Canadian 
populations, but they are connected to the larger population in northern Maine via habitat in 
western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now know that a significant population currently exists and is supported by 
the extensive young, regenerating spruce-fir habitat created by clearcutting in the 1970s and 
1980s. Habitat in northern Maine can support lynx densities in localized areas of high quality 
habitat that are substantially greater than elsewhere in the DPS (LCAS 2013, p. 23). In 2003 
when hare populations were high, lynx density (juveniles and adults) in one of Maine’s highest 
quality habitats was estimated to be 9.2-13.0 lynx/100km2 (Vashon et al. 2008, Vashon et al. 
2012, p. 15). At about the same time, the density of lynx in nearby Gaspe Peninsula, Quebec 
was estimated to be 10 lynx/100km2 (Ray et al. 2002). These densities are intermediate to those 



in Canada during the high (17.0-44.9/100km2) and low periods (2.3 – 3.0/100km2) of the lynx-
hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). Simons (2009, p. 
102) estimated there is potential for a population of about 236 to 355 adult lynx to occur on a 
3.56 million acre study area (about half of the critical habitat area) in northern Maine, and 
Vashon et al. (2012, appendix IV) estimated there is potential for a population of 750 to 1,000 
adult lynx in all of northern Maine in 2006. The actual number of lynx is unknown because there 
are no methods available to measure and produce true population estimates over such a large 
geographic area. 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals, although 
breeding has occurred in both locations in recent years. Most historic lynx records from New 
Hampshire are from trapping records from the 1930s to the 1960s (Brocke et al. 1993, 
McKelvey et al. 2000). There were only two records in the 1990s. In 2003, the Service 
determined that, despite a lack of breeding records, a small resident population likely occurred 
historically in New Hampshire but no longer exists (68 FR 40087). Lynx were detected in 
northern New Hampshire in 2006 and have occurred there annually since (Siren 2014 pp. 53, 
55). In 2011, 4 lynx kittens were observed in Pittsburg and were considered evidence of 
breeding in New Hampshire (Kilborn 2015 Appendix A p.44). There were only four historic 
records of lynx in Vermont prior to 2003. Since then, nine lynx sightings have been confirmed. 
Reproduction was first documented in 2012 in the Nulhegan Basin when the tracks of three 
lynx, a presumed family group, were observed travelling together in late February (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 126). 
 
Lynx do not presently occur in the Adirondacks region of New York. A resident lynx population 
reportedly occurred in the northern region of New York, particularly in the Adirondack 
Mountains, but it was considered extirpated by 1900 (Brocke 1982, McKelvey et al. 2000b). 
However, there are 23 verified lynx occurrences since 1900, primarily from the Adirondack 
Mountains (McKelvey et al. 2000b). The most recent verified record was from 1973 (McKelvey 
et al. 2000b), which correlates to an extreme cyclic population high. Habitat and prey conditions 
were deemed suitable for a lynx reintroduction in 1989–1991 (Brocke 1982). The reintroduction 
was unsuccessful in establishing a population. In 2003 the Service concluded that a resident 
population may have existed in New York prior to 1900, however, records of lynx since 1900 are 
of dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). Maine lynx had among the smallest home ranges in the DPS (LCAS 
2013, p. 24). During the period when snowshoe hare populations were highest, Maine lynx had 
among the highest reproductive rates (average litter size 2.74, 89 percent of adult females 
producing litters) in the DPS (Vashon et al. 2012, pp. 18-19). During the current period of low 
hare density, litter size was smaller, only 30 percent of females have litters, and mortality is 
greater. Home ranges are among the smallest in the DPS (54 + 5 km2 males; 26 + 4 km2 
females, LCAS p. 24, Vashon et al. 2008a). Home range sizes were similar during periods of 
high and low hare density (Mallett 2014). Lynx populations likely increased during the period of 



high hare density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) 
(USFWS, Vortex10, deterministic population simulation 2016; demographic data from Vashon et 
al. 2012). 
  
In summary, Maine lynx and hare habitats are at historical highs. In the Northeast prior to 
European settlement, lynx habitat was created and maintained by small-scale, frequent forest 
gap dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour 
et al. 2002, Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations were likely low and dependent on immigration from Canada. Current habitat is the 
result of widespread clearcutting and herbiciding to salvage spruce and fir damaged by a spruce 
budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 2008). Maine lynx 
at multiple scales select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) 
spruce-fir stands 15 to 35 years after clearcut or other even-aged harvest (Hoving et al. 2005, 
Fuller et al. 2007, Vashon et al. 2008, Simons-Legaard et al. 2013). Lynx habitat is expected to 
remain stable for the next few years then decline (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions: Climate Change - Climate change is affecting 
temperature, snow, and precipitation patterns in the Northeast at rates faster than expected 
(Rustad et al. 2014). Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008). 
Climate change has, and will continue to affect lynx by reducing snow and boreal forest (see 
section 5.1.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzales et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015).  Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzales et al. 2007). Similarly, the largest snow depth decreases in Canada in 
the last six decades have been observed in the lower St. Lawrence Valley, immediately north of 
Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast and eastern Canada occur where there is regularly total snowfall of at 
least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx and bobcat 
in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 2013). Average annual snow depth 
at 5 weather stations within the range of the lynx in northern Maine (1981-2010) was below this 
threshold, 228-263 cm (NOAA 2011, 
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, last accessed 31 March, 2016). 
In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced reduce depth 
of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-2005) declined 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html


an average of 4.6 cm/decade (Burakowski et al. 2008). Thus, average snow conditions in Maine 
are currently at or below this snow depth threshold, and   further declines in annual snow depth 
would be expected to give bobcats a competitive advantage over lynx (Hoving et al. 2005, ) 
 
As noted in chapter 2, lynx and snowshoe hare require deep, fluffy snow that provides lynx with 
a competitive advantage over bobcats and gives hares the ability to reach winter browse. Snow 
quality (“fluffiness”) has deteriorated in the Northeast. Unlike other units, annual precipitation in 
Maine is increasing because of climate change, but primarily as rain (A. Siren in Lynx SSA 
Team 2016, p. 15; Fernandez et al. 2016), and especially rain on snow events in winter in 
northern Maine (Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). 
Snow density and compaction and crust conditions (caused by wet, heavy snow or rain on snow 
events in winter) have increased in northern New England (Dudley and Hodgkins 2002, 
Huntington et al. 2004, Huntington 2005, Hodgkins and Dudley 2006) and southern Canada 
(Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002 p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping season was closed in the Northern Maine Unit (including New 
Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). In 
2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) obtained an incidental 
take permit from FWS for lynx trapped incidental to other furbearer trapping in Maine. From 
2000 to 2015, 108 lynx have been reported captured in traps set for other species and 7 of 
those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). No lynx have been reported 
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incidentally trapped in New Hampshire or Vermont since 2000. In Maine, after two lynx were 
killed in killer-type traps in 2014, MDIFW imposed additional trapping restrictions (e.g., requiring 
killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for foothold traps) 
to further reduce mortality and injury of incidentally-trapped lynx.  
 
Trapping of Canada lynx can be additive to other sources of mortality and have population-level 
effects (Brand and Keith 1979, Koehler and Aubrey 1994). Thus, harvest regulations for lynx are 
modified when hare and lynx populations are low (Bailey et al. 1986). Trapping mortality is not 
likely to have a great effect on lynx populations in northern Maine and adjacent Canada when 
lynx are at historically high numbers, but trapping could have a synergistic and negative effect if 
hare and lynx populations decline, habitat declines, or climate change further stresses lynx 
(Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, wind development has escalated in 
northern and western Maine posing a potential threat to high and low elevation spruce-fir 
habitats (Whitman et al. 2013). Climate conditions are at or falling below threshold values 
needed to support lynx in Maine (see section above). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas throughout northern Maine, New Hampshire, and Vermont. Wind energy is an 
increasingly appealing source of income for investment companies and other landowners who 
own forestland in the northern Maine unit.  As of 2016, at least 11 wind projects have been 
proposed in northern Maine and 5 projects are in operation; 2 have been proposed in northern 
New Hampshire and 2 are in operation; and 3 have been proposed for northeast Vermont and 2 
are in operation or under construction. Maine’s two largest wind projects (combined over 200 
turbines covering 360 mi2) are proposed entirely within Maine’s lynx critical habitat. The effects 
of wind energy projects on lynx, hares and their habitat are undocumented. Potential direct 
effects include disturbance or displacement of resident lynx and loss and fragmentation of 
habitat from turbines, roads, and transmission lines. Increasing power infrastructure associated 
with these projects could greatly change development potential and patterns in northern Maine 
by bringing electricity into the interior of Maine’s vast, undeveloped forest region. Extensive road 
construction further fragments habitat and increases access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped, industrial forestland, but land ownership patterns have changed 
significantly in the last 15 years (Nadeau-Drillen and Ippoliti 2006). Some investment-oriented 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts. Two large residential and resort areas have 
been proposed on forestlands within the Maine critical habitat area. Both development projects 
would result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
Another private landowner proposes donation of a 87,000 acres within the lynx critical habitat 
for a federally-designated national park or monument. This area currently has a legacy of 
young-regenerating spruce-fir habitat from previous industrial forest landowners, but a park or 
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monument designation would forego future forest management. Another conservation 
landowner, The Nature Conservancy, continues forest management on about half of its 185,000 
acre ownership, including managing part of the area for Canada lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts, as well as 
smaller recreational sites like nordic ski huts or campgrounds, may directly remove forest cover. 
Such removal in lynx habitat could decrease prey availability, affect lynx movement within home 
ranges, or result in a more fragmented landscape. Development further fragments habitat from 
road and highway construction (along with associated increases in traffic volumes and/or 
speeds). 
  
Northern Maine Unit Summary - In summary, lynx are currently widespread throughout northern 
Maine and in small patches of habitat in northern New Hampshire and Vermont. Habitat exists 
to support a potential population of 500 to 1000 lynx, although the actual population size is 
unknown. Habitat created by extensive clearcutting 30 to 40 years ago is peaking and will 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, p. X; also see section 
5.1.1, below). Furthermore, hare populations declined by 50 percent starting in about 2006 and 
have remained at lower levels. Future hare fluctuations or cycles are uncertain. Active 
management of forest lands can produce lynx habitat, but landowners do not have long-term 
commitments for doing so. Land ownership has dramatically changed in northern Maine, and 
the majority of lands are owned now by investment companies who wish to diversify income 
from their investments which could result in forest practices inconsistent with lynx habitat. 
Greatest stressors are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
climate change (diminishing snow depth, quality and duration; competition from bobcats and 
fishers; loss of spruce-fir to northern hardwoods; and future isolation of the metapopulation 
because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 square kilometers (8,147 
square miles) in northeastern Minnesota. It includes the area designated as critical habitat in 
2014 (79 FR 54782) and an additional relatively small area of tribal land in northern Minnesota 
that was excluded from critical habitat. Land ownership in this unit is about 47 percent federal 
(primarily USFS, with some NPS and BLM land); 36 percent State; 16 percent private; and 1 
percent Tribal (Grand Portage Reservation) (see Table 1). This unit includes most of Superior 
National Forest (SNF; including the Boundary Waters Canoe Area Wilderness [BWCAW]) and 
Voyageurs National Park. This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit likely represent the southern extent of a larger cross-border 
population, most of which occurs in Ontario (ON). Relative to other DPS lynx populations, this 
unit is about 1,480 km (920 mi) east of the Northwest Montana/Northeast Idaho Unit and about 
1,610 km (1,000 mi) west of the Northeastern Maine geographic unit. 
 



Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000b, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 20052007, p. 5). Most of this province is characterized by low-
relief hilly landscapes with glacial features and an elevation from sea level to 2,400 feet (730 
meters), including many lakes and rivers. This unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps and black spruce or 
tamarack bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by 
balsam fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), ranging between 0.3–2.0 hares/ha (0.12–0.8 hares/ac; 
McCann 2006, p. 17). Hare populations in northeastern Minnesota appear to be patchily 
distributed, but are most consistently abundant in 10-30 year old regenerating forests (McCann 
2006, p.45). Pellet count data prior to the 1990s show evidence of density fluctuations of 
snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 262-263), but 
these fluctuations were not observed during the 1990s (Hodges 2000b2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 



snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USDA 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USDA 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits (USDA 2004a, entire). The Forest Plan 
includes many objectives, standards, and guidelines for the protection of lynx and enhancement 
of lynx habitat that are based on recommendations in the 2000 LCAS. LAUs were delineated on 
the SNF in 2000 as the smallest landscape scale on which to analyze effects to lynx. The 
boundaries have remained in place since that time to allow for long term analysis of project 
effects. However, the SNF Plan proposed several changes of current LAU boundaries, such as 
adding LAUs to the Virginia Management Unit of the Laurentian Ranger District; designating the 
BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota.  Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, pp. 30), estimated the number of lynx that might be resident in northeastern Minnesota 
at a given time as between 190 and 250 individuals, assuming that about 25 percent of 
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northeast Minnesota is suitable lynx habitat, coupled with assumptions about residence time 
and detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.   
 
Home range sizes in Minnesota were reported as 194 km2 (75 mi2) males and 87 km2 (34 mi2) 
females (Mech 1980, p.263). Later radio-collar data show that males had much larger home 
ranges 267 km2 (103 mi2) than females 21 km2 (8 mi2); and that females with kittens had the 
smallest home range (Burdett et al. 2007, pp. 460-461). A study of radio-collared lynx in 
Minnesota documented approximately 40 percent of male and female lynx making long distance 
movements outside of their home range between Ontario, Canada and Minnesota (Moen et al. 
2010b, p. 17). Of those lynx that made long-distance movements, females tended to move 62-
124 miles (100-200 km) and did not return to their original home range, while males moved 31-
49 miles (50-80km) back and forth between Ontario and Minnesota (Moen et al. 2010b, p. 17). 
While topographic features may influence lynx movements in mountainous western states, lynx 
in Minnesota tended to move nearly straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx, however 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000 the U.S. Fish and Wildlife Service has been tracking incidental take of lynx; 29 lynx 
mortalities have been reported from trapping, shooting, vehicle collisions, and railroad 
mortalities in Minnesota. Thus far, of 26 lynx documented to have been incidentally trapped in 
Minnesota, 11 died and 15 were released alive (U.S. Fish and Wildlife Service, unpublished 
database 2016). The documented incidents largely occurred during legal trapping that targeted 
bobcat, coyote, fox, and marten, and involved a variety of traps including foot-holds, body 
gripping traps, and snares (U.S. Fish and Wildlife Service, unpublished database 2016). In 
addition, seven lynx mortalities as a result of being incidentally shot have been documented in 
Minnesota and 16 died of unknown causes (U.S. Fish and Wildlife Service, unpublished 
database 2016). Lynx emigrating from Minnesota to Ontario exposes them to trapping and 
shooting that is allowed in accordance with regulated harvest in Canada. At least a third of the 
animals radio-collared in Minnesota spent time in Ontario; 4 radio-collared lynx were legally 
harvested (trapped) in Canada between 2003 and 2010, and two died of unknown causes (U.S. 
Fish and Wildlife Service, unpublished database 2016). Furthermore, nine lynx mortalities due 
to vehicle collisions have been documented in Minnesota since 2000 (U.S. Fish and Wildlife 
Service, unpublished database 2016). Minnesota has relatively high forest road and highway 
densities that intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home 
ranges that were bisected by highways. In addition to road mortalities, two railroad mortalities 



have been documented since 2000 (U.S. Fish and Wildlife Service, unpublished database 
2016). It is probable that there are additional incidental catches that are not reported each year 
(Moen 2009). 
   
Factors Affecting Current Conditions:  Identified factors affecting to the current conditions of lynx 
in Minnesota include reduction in habitat quality or quantity, habitat fragmentation, climate 
change, increased access for competing carnivores, and human-caused mortality. The SNF is 
currently implementing the 2004 SNF Plan (USDA 2004a, entire), which has direction based on 
the LCAS and Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (Ruediger et al. 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and state landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the Superior National Forest and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Mineral exploration and development is 
increasing in portions of Minnesota, particularly for hard rock (non-ferrous) minerals. Some of 
the area of interest for minerals overlaps with lynx habitat in northeastern Minnesota. Mineral 
exploration may result in short-term displacement of lynx. Mining activities and associated 
development may result in an irreversible loss of habitat or increased mortality risk. The specific 
effects to lynx and their habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
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all have the effect of compacting snow. Outside the BWCAW, snowmobile activity is extensive 
and increasing significantly. The SNF has 705 miles of snowmobile trails and 1,562 miles on all 
ownerships within the proclamation boundary (USDA 2011, p.38). Advances in snowmobile 
capabilities have raised concerns about intrusion and new snow compaction in areas previously 
not vulnerable to high levels of snowmobile use. In addition, new road construction in lynx 
habitat has made more areas accessible during winter. These routes could be used by 
snowmobiles even if new roads are designated as closed to motorized public travel during other 
seasons. The SNF has 1,927 miles of low standard roads (OML 1 and 2) and 158 miles of 
temporary roads (USDA 2011, p. 38). All of these factors have potential to reduce the deep and 
fluffy winter snow conditions and to reduce the competitive advantage of lynx in areas that 
typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead region of Minnesota (the 
region encompassed by Cook, Lake and St. Louis counties in northeastern Minnesota) (Erb 
2009 cited in Kapfer 2012, p. 16, Erb 2012, pp. 7-9unpaginated) and annual snow track and 
scent stations surveys support the conclusion that bobcats are as rare in the Arrowhead as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to occur due to climate change (Kapfer 2012, 
p. 25). Bobcat and coyote populations already appear to be increasing in Minnesota (Erb 2014, 
p. 40). If snow depth and duration decrease in the Arrowhead, deer mortality may be reduced 
which may potentially increase bobcat densities and bobcat expansion into northeast Minnesota 
(Kapfer 2012, p. 25). According to annual track surveys, wolf populations in Minnesota are 
currently stable (Erb 2014, p. 40), however, similar to bobcat, wolf populations may increase 
with changing snow conditions and prey availability as influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most federal lands in this unit (82 percent) are on national 



forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) contributing 
most of the remainder. This unit includes most of Glacier National Park and parts of the 
Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, the 
BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 



pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 



 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
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forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).    
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some federal and State regulations and buy a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).     
 



In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support federal lynx conservation efforts by managing for habitat elements important to lynx and 
their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 



also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit has a 90-95 percent probability of providing snow cover conditions supportive of 
lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historic conditions and disturbance regimes, with only 
a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historic condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent historically, the 
current absence of lynx might be a natural condition related to the area’s naturally fragmented 
habitats and generally low hare densities - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. If so, 
future intermittent lynx occupancy would be expected, but only if lynx dispersing from a source 



population immigrate to the Garnets when habitat conditions and hare densities return to more 
favorable levels. Conversely, if the Garnets historically supported a small but persistent 
population that was recently extirpated, it may suggest that the alteration of the historic 
distribution of some habitats in some parts of the range, described above, was enough to tip the 
quality of the area’s habitat from capable of supporting a small resident population to no longer 
capable of doing so.      
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historic or current number of resident lynx in 
this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 



20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016 pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 in 
2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx SSA 
2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, whether 
the recent absence of lynx from this part of the unit represents the extirpation of a small but 
previously persistent population (and, therefore, a permanent contraction of lynx distribution in 
this unit) or the temporary “winking off” of a peripheral subpopulation that may become “winked 
on” again in the future is unknown and perhaps irresolvable. 
  



Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 



in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions:  Regulatory Mechanisms - Federal management activities 
(especially timber harvest and precommercial thinning, perhaps fire suppression) that occurred 
prior to listing and before implementation of current federal regulatory mechanisms likely 
impacted some lynx and habitats by altering the distribution and quality of hare and lynx 
habitats. However, because these activities occurred in low proportions of lynx habitat on 
federal lands and impacts appear to have been localized, they were deemed a low-level threat 
to lynx at the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past 
federal management activities may continue to influence the current quality and distribution of 
lynx habitats in some parts of this unit. For example, as described above in Habitat Status and 
Lynx Status, past timber harvest/management and associated road construction may have 
fragmented, reduced the amount, and altered the distribution of lynx habitats in the Garnet 
Mountains, perhaps contributing to the apparent recent loss of that area’s ability to support 
resident lynx.     
 
Currently, as described above and in section 3.1, all federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations were put in place (MTFWP 2016, pp. 
5-10). Of the 16, eight were released uninjured, one was released with an injury, and seven 
were killed; all incidences of mortality occurred prior to 2008 and the implementation of the more 
protective regulations (MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally 
trapped on the Idaho Panhandle National Forest from 2012-2014 (described above under Lynx 



Status), one other lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest 
further south (U.S. District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.1.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. However, modeling vegetation and snow suitability for 
lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and 
temperate conifer forest biomes were broadly distributed across this geographic unit and that 
snow conditions suitable for lynx occurred with 90-95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 



al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts of the DPS, no 
major outbreaks have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 
41).      
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on federal lands in the West, including the Northern Rockies, and specifically with 
regard to “lynx forest types,” had declined consistently and dramatically for a decade or longer 
prior to the DPS being listed (68 FR 40093), and have remained at levels much lower than 
those from most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 



these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
which is no longer occurring or has been substantially reduced relative to historic conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf


gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.      
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 



trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (Service 
2008). 
 
Lynx habitat in the Kettle Range is limited in size and capable of supporting few lynx. According 
to Koehler et al. (2008, p. 1523), the Kettle Range could support between 10 to 23 lynx based 
upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx 
habitat. It should be noted that the lynx density estimate was derived from research conducted 
in the Cascade Range within a large area of contiguous, high quality habitat (Koehler 1990, pp. 
845, 847). Lynx habitat in the Kettle Range is much smaller and likely more fragmented, and 
thus may not be capable of supporting a density of 2.3 lynx/100 km2. The Kettle Range is also 
somewhat isolated from other lynx habitats in Washington (e.g., the Cascades) and British 
Columbia. The Kettle Range is separated from the Cascades in Washington by low elevation 
valleys dominated by shrub-steppe and Douglas-fir and ponderosa pine forests (Koehler et al. 
2008, p. 1523), and from British Columbia by the Kettle River Valley (Stinson 2001, p. 20) and a 
major highway corridor with associated fence in British Columbia (Koehler et al. 2008, p. 1523). 
These natural topographic and anthropogenic features may present impediments to lynx 
movement between the Kettle Range and the Cascades and British Columbia, making natural 
recolonization of the Kettle Range by lynx difficult. Thus, it may be difficult for lynx to reestablish 
a persistent and viable resident breeding population in the Kettle Range. 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 



subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 

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


Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historic range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000, pp. 245-246) described the historic range of lynx in 
the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with the 
Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  
  
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 



density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  



From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

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

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 



areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition:  In 1993, lynx were classified by the Washington Fish and 
Wildlife Commission as a state threatened species (Stinson 2001, p. 22). On July 12, 2016, the 
WDFW recommended that the Washington Fish and Wildlife Commission uplist the lynx from a 
state threatened to a state endangered species (WDFW 2016, p.1). According to the Draft 
Washington State Periodic Status Review for the Lynx, the WDFW recommended listing the 
lynx as endangered due to: 1) observed range contraction in Washington following protection 
efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and anticipated 
threats to lynx population persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the 
Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka 
the Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on federal lands. 
Toward this end, the LCAS recommends that federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 



1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a state threatened species by Washington State 
(WADNR 1996, entire). Subsequent to federally listing the lynx as threatened under the ESA, in 
2006 the WADNR implemented a modified Lynx Habitat Management Plan (2006 Lynx Plan) 
incorporating new science into its 1996 Lynx Plan pertaining to lynx management (WADNR 
2006, entire). Among other things, the WADNR 2006 Lynx Plan contains management 
standards and guidelines to avoid the incidental taking (as defined by the ESA) of lynx. These 
standards and guidelines address maintenance of lynx denning and foraging habitat, as well as 
habitat connectivity within and between LAUs and lynx populations within Washington (i.e., 
LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 



4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

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

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 



significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).   

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

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

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 

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


showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

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

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

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



Lynx Status:  There are no reliable estimates of the historic or current number of resident lynx in 
this unit. As described in section 2.3.2.2 above, the historic record and recent research show 
that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historic and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000, pp. 235-242). However, 
two resident lynx, a male and a female, were trapped, radio-marked, and monitored in the 
Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; Squires in 
Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
   
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 



the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

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

Factors Affecting Current Conditions: Regulatory Mechanisms - As described above for Unit 3, 
federal management activities (e.g., timber harvest and precommercial thinning, perhaps fire 
suppression) that occurred prior to listing and before implementation of current federal 
regulatory mechanisms likely impacted some lynx and habitats by altering the distribution and 
quality of hare and lynx habitats. However, because these activities occurred in low proportions 
of lynx habitat on federal lands and impacts appear to have been localized, they were deemed a 
low-level to threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 40091-40095). 
Nonetheless, past federal management activities may continue to influence the current quality 
and distribution of lynx habitats in some parts of this unit. Current regulatory mechanisms and 
conservation measures associated with recently amended or revised federal management plans 
are intended to conserve and restore lynx and hare habitats across large landscapes. Although 
their effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing.   
 



Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. However, modeling vegetation and 
snow suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that 
boreal and temperate conifer forest biomes were broadly distributed across this geographic unit 
and that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

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

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

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 



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

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

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historic 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf


4.2.6 Unit 6 - Southern Rockies Geographic Area 
 
Unit Description - The overall geographic unit includes Colorado, south-central Wyoming, and 
north-central New Mexico. However, within the southern Rockies, since we currently have no 
evidence of resident lynx in southern Wyoming or northern New Mexico, and we question the 
ability of these two areas to support breeding populations we are not including these two areas 
in the unit description. Lynx habitat in Colorado totals approximately 25,294 km2 (9,766 mi2), 
and is distributed west of US Interstate-25. We excluded the northwest part of the state 
bounded on the south by US Interstate-70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in Colorado falls within the 
following land ownerships, USFS 21,555 km2 (8,322 mi2), BLM 772 km2, (298 mi2), NPS 452 
km2 (174 mi2), Private 2,350 km2 (907 mi2), State 164 km2 (63 mi2).   
 
The southern Rockies are separated from the rest of the Rocky Mountain chain, and thus lynx 
habitat in northern and western Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009 page 
10). In the upper elevations of the subalpine zone, forests are typically dominated by subalpine 
fir and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, page 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012 page 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-



elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan, 
Workshop presentation 2015, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975 page 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within 
their study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 2008, 
p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains 
Geographic Unit, which limits their abundance. Zahratka and Shenk (2008 entire) found 
densities of snowshoe hares to be greatest in mature Engelmann spruce-subalpine fir stands 
when compared to mature lodgepole pine stands in Taylor Park, Colorado. Their density 
estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in Engelmann spruce-
subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 hares/ac) in lodgepole 
pine habitats (Zahratka and Shenk 2008 entire). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., Colorado and southern Wyoming) [65 FR 16052). In 
2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the southern Rockies (68 
FR 40076). As stated above, our focus here is limited to the state of Colorado. In 2008, the 
USFS reported that most of their LAUs in the southern Rockies fell within a range of 3-8 percent 
in a currently unsuitable condition, with only one LAU exceeding 30 percent unsuitable (USFS 
2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently exceed the 30 
percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes are mostly in 
response to the ongoing bark beetle infestations, as well as wildfire events that have occurred 
since 2008. 
 



Ivan et al. (2012, p. 6), developed a predictive map of lynx habitat use by using lynx location 
data collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use. Therefore, we 
selected the top 30 percent of the Ivan et al. (2012, entire) predictions and the associated 
habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 km2 (9,766 
mi2). This habitat estimate falls between the Ivan et al. (2012, p. 6) estimate and the USFS’s 
habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a greater than 
60 percent probability of detecting lynx as described by Ivan et al. (2012).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS, totaling approximately 126 km2 (49 mi2). One additional 
plan provides conservation measures for timber management actions only, but the FO contains 
only about 1 km2 (0.39 mi2). The remaining FOs currently have not amended or revised their 
plans specifically to provide conservation for lynx (approximately 645 km2 (298 mi2),  Since the 
2000 listing however, all BLM Field Offices in Colorado have been conserving lynx 
discretionarily through application of conservation measures provided in the Lynx Conservation 
Assessment and Strategy (Ruediger et al. 2000, entire; ILBT 2013, entire). Rocky Mountain 
National Park has a fire management plan that includes conservation measures for lynx. We are 
not aware of any specific conservation planning guiding activities on non-federal lands (M. 
Wrigley 2016, pers. comm. ; M.K. Watry 2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
state of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2012, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan presentation 2015 page 17). In addition 38 percent of lynx captured during recent (2010-
2015) USFS Rocky Mountain Research Station research projects in Colorado have been young 
and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued reproduction 
within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, page 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–



0.90; Slough and Mowat 1996 entire, O’Donoghue et al. 1997, page 155) or in the Northwest 
Territories (~0.90; Poole 1994, page 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, page 2), and kitten survival was 0.2260 (Jake 
Ivan, pers comm. March 9, 2016). 
  
Factors Affecting Current Conditions - Colorado is currently experiencing major bark beetle 
epidemics in lodgepole pine and spruce-fir forests. Although bark beetles are native insects, and 
forests in the western U.S. have experienced regular insect infestations throughout their history, 
the current bark beetle epidemic is notable for its intensity and extensive geographic range. The 
causes of this epidemic include: relatively even-aged, dense, and homogenous forest 
conditions, which are highly susceptible to beetle attack, and which were created by large-scale 
logging in the late 1800s and subsequent fire suppression efforts; warmer winters due to climate 
change (cold winters typically reduce beetle populations); and a multi-year drought that 
occurred in the mid-1990s through early 2000s, stressing the trees and making them more 
susceptible to beetle attack (USFS 2011, pp. 4). 

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



 
ILBT (2013 p. 57; 61-62) states: 
 

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



grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 

In this chapter, we present our assessment, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the potential future status of 
the lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the likely future conditions in each geographic unit, followed by a more detailed 
evaluation of the factors likely to influence lynx populations and habitats in each unit. We 
present and summarize the professional judgments and opinions of a panel of 10 lynx experts 
regarding the factors likely to influence the persistence of resident lynx populations in the DPS 
as a whole and in each of the six geographic units. We also present and summarize the experts’ 
projections, based on consideration of those influencing factors, of the probability that each of 
the geographic units will continue to support resident breeding populations of lynx into the future 
(at years 2025, 2050, and 2100). We then provide additional Service review of the influencing 
factors described in Chapter 3, above, and their potential effects on the ability of each 
geographic unit to support lynx populations in the future. 

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
status of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limit our ability to predict future conditions for the DPS. Therefore, our 
assessment of the future of the DPS is based on the best professional judgments an opinions of 
lynx experts and our evaluation of the available scientific information regarding the factors 
identified by the ILBT as the most likely to have population-level impact to lynx in the DPS (ILBT 
2013, pp. 68-78). 
 
Overall, expert opinion and our evaluations suggest that resident lynx populations in each of the 
geographic units are likely to be smaller and their distributions reduced in the future. These 
anticipated declines are most likely to be influenced by projected loss and increasing 
fragmentation and isolation of boreal forests and favorable snow conditions resulting from 
continued climate warming and related impacts (e.g., increased wildfire and forest insect 
activity, diminished hare populations) (Lynx SSA Team 2016, p. 58). This outcome seems likely 
regardless of which climate emissions scenario is used to model future conditions, although the 
timing, extent, and magnitude of impacts is uncertain and will likely vary by scenario. 
 



In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 1, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on federal lands is of concern for western units. 
 
In each geographic unit, the probability that resident lynx populations will persist is expected to 
decline in the future, although uncertainty about persistence probability increases with time from 
the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below). Although all five geographic 
units that currently support resident populations (all units except the GYA) are expected by lynx 
experts to continue to do so through mid-century, only one (Northwestern Montana/ 
Northeastern Idaho) has an estimated probability of persistence greater than 50 percent (i.e., 
persistence more likely than not) by the end of the century. All other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 
5.2, below), with a moderate to high likelihood that resident lynx will be lost from two to four 
units by then (Figure 7). 
 

 
Figure 7. Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. The y axis of each grid in 



Figure 7 is the probability that at least the number of geographic units indicated by the x axis of 
the grid persist. The probability in a bar reaches 1 when there is no probability of fewer 
geographic units persisting. Moving from top to bottom the grids show the probabilities by time 
period (2015, 2025, 2050, and 2100). Moving from left to right the grids show the range of 
expert responses by summary selection type and probability response. Therefore looking down 
a column of grids provides a view of the trend in persistence through time and looking across a 
row of grids provides a view of the range of uncertainty in persistence for a given time period. 
 
The loss of resident lynx from one or more geographic units would represent reduced future 
redundancy, representation, and resiliency within the lynx DPS. With regard to redundancy, 
however, neither the scientific literature nor expert input provide a basis for concluding that any 
single future catastrophic event could cause extirpation in any one geographic unit. It is even 
less likely that a single future catastrophic event (other than climate change, which we 
considered as a separate stressor) will eliminate all populations in the DPS. A sequence of 
catastrophic events over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (e.g., additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS, extirpation from a 
single catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Based on expert input, there is 
no indication that the relatively low level of genetic diversity currently observed among lynx 
populations is likely to reduce DPS viability in the future (USFWS 2016, p. 51). This information 
suggests the current and likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 



 
In terms of resiliency, expert opinion and our analyses suggest a declining probability of 
persistence (loss of resiliency) for each of the geographic units within the DPS throughout the 
rest of this century (the analysis did not extend beyond 2100). Projected climate warming is 
expected to exert the greatest influence on the resiliency of individual populations, and thus 
continued presence of resident lynx in each geographic unit. Climate models project that boreal 
forests and snow conditions favorable for lynx at the southern periphery of the range will retreat 
northward and upslope with continued warming, further fragmenting and diminishing the quality 
of lynx and hare habitat within the DPS. Although uncertainty remains regarding the timing, 
extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic l Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices and climate 
change will be the greatest future drivers of hare and lynx habitat. Lynx habitat and numbers are 
expected to decline by 50 to 60 percent by 2032 in response to aging of the budworm-era 
clearcuts and the effects of 27 years of extensive partial harvesting. In the next few decades, 
high quality hare habitat will drop from about 10 percent to 5 percent of the landscape. High 
quality habitat patches will become more fragmented, smaller, and more isolated, thus making 
the landscape less suitable for lynx. For the next few decades the best habitat will occur in the 
southern portion of the range where effects of climate change and competition with bobcats are 
likely to be greatest. Absent long-term lynx management agreements, the future of lynx habitat 
is uncertain. Wood products markets will continue to change, and could be affected by interest 
in carbon sequestration in response to climate change. Rapid changes in private forest land 
ownership are likely to continue resulting in subdivision of large ownerships. Changing land 
uses (wind energy development, transmission line corridors, residential and development, 
national monument) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest. Climate change is expected to affect the Maine unit more than others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and to mid-century, snow quantity and quality will 
continue to deteriorate, likely causing the range of lynx to begin contracting northward. In the 
long term (to 2100), some believe lynx could become extirpated from the unit. Climate change, 
increasing demand for hardwood forest products, a pending spruce-budworm outbreak, and 
frequent disturbance of the forest all will contribute toward the trend in the loss of spruce-fir 
forest and expansion of northern hardwoods, although the timeframe for conversion is 
uncertain. Lynx experts indicate the probability of persistence will decline to about 50% by the 
end of the century. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Service’s SSA 



team were more pessimistic about the future of lynx in Maine than the lynx expert panel. There 
is great uncertainty about the future of forest management and future development on private 
forest lands. There are no long-term management plans in place, State forest regulations have 
greatly influenced harvesting practices that have (and will continue to) reduce landscape hare 
densities, markets for forest products are depressed, and projections (under current harvest 
scenarios) are that habitat will diminish and shift southward in the near term because of post-
harvest succession and recede northward over the longer-term because of continued climate 
warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, there is an expected decline in the 
quantity, quality, and duration of snow; increased competition and hybridization with bobcats; 
northward contraction of boreal conifer forest; and increased isolation due to diminishing forest 
conditions in Ontario. The probability of persistence of the lynx population in Minnesota is 
projected to decrease over time with increasing uncertainty through the end of the century, 
driven in the near term by the quality, quantity and persistence of snow, competition, disease, 
and forest insects, and over the long term from the some of the same reasons with the addition 
of climate change, loss of spruce-fir forests, and wildfires. If the SNF in Minnesota continues to 
follow vegetation management and other recommendations under the LCAS in their Forest 
Plan, we expect that several risk factors will continue to be minimized and managed to promote 
the conservation of lynx within the SNF into the future. It is expected that the MFRC guidelines 
will remain in place into the future and that voluntary actions will continue on State and private 
lands. Taking all factors into consideration (i.e., loss of boreal forest, increased competition, 
potential disease and insect outbreaks, loss of snow), lynx experts projected the mean 
probability persistence of lynx in Minnesota to the year 2025 was greater than 90 percent, to 
2050 was 80 percent, and would decline to approximately 35 percent by 2100. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit due to reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 



0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. 
 
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, climate change is anticipated to reduce the future quality 
and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
temporary losses of lynx habitat from wildfires. Climate change may increase wildfire frequency 
and severity, which may result in further temporary losses of lynx habitat. Climate change may 
also decrease the quantity and quality of snow resulting in permanent reductions in the quantity 
and distribution of lynx habitat in Washington State. These potential climate change driven 
reductions of lynx habitat may serve to further isolate lynx populations within Washington State 
as well as between neighboring lynx populations in the other geographic units and Canada. 
Continued forest management on both federal and State lands will benefit lynx populations in 
Washington, but this may not completely ameliorate the potential negative effects related to 
climate change. Considering the recent reduction in lynx habitat and the projected impacts of 
climate change, experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and end-of 
century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx populations 
within this geographic unit. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation due to 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 



probability of persistence and greater uncertainty with increasing time from present, as in all 
units. 
 
Unit 6 - Western Colorado:  Climate change is expected to affect vegetation and influence snow 
conditions within the Western Colorado unit. The elevation gradient in Colorado may provide 
refugia from deteriorating snow quality, depth, and duration throughout the period. Climate 
models suggest a 40 percent decline in snow persistence, but large areas of snow persistence 
will remain through the end of the century. Experts suggest that beetle kill and fire will result in 
unsuitable habitat conditions. However, these areas are likely to regenerate and provide 
excellent habitat conditions to support hares and lynx. A caveat to future habitat conditions in 
light of climate warming is that some areas that currently support snowshoe hare populations 
may experience vegetation type conversion that may not support snowshoe hares. The majority 
of the experts predicted the persistence of a viable lynx population in the unit by 2100, but 
further discussion revealed uncertainty about persistence in the unit, and genetic connectivity 
across ski areas in the unit. 
 
Table 4, below, summarizes factors thought likely to influence the future resiliency of lynx 
populations in each geographic unit. 
 
Table 4. Future (2050 to 2100) resiliency of individual units of the Canada lynx DPS 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will occur in south edge 
of range 

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

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

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

● Little elevation refugia 

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

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

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of loss of spruce-
fir 

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

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

● Smaller population could be 
susceptible to stochastic effects 

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

● Continued demographic and genetic 

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

● Extent and pace of deteriorating 
snow conditions  



100%) connectivity to southern Ontario 
populations 

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

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

● Response of bobcat and fisher to 
changing snow regime 

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

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

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

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

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

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

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

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

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

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

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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



provide climate and snow refugia 
● Extent to which area will be 

repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

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

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

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Future Lynx Status   
 
Most experts indicated an initially high and subsequently declining probability of persistence of 
resident lynx in Maine through the end of the century, with uncertainty (range between lowest 
and highest probabilities) also increasing over time (Lynx SSA Team 2016, pp. 33-36 and Fig. 
XX below). Climate change was an overriding near- and long-term stressor.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed. Changes in snow conditions will favor bobcats and fisher (a predator 
of lynx that is limited by deep snow). Experts believed that the effects of climate change would 
continue to increase as a stressor by mid- to the end of the century (2050, 2100). Snow 
conditions would continue to deteriorate (especially in the northern Maine unit compared to 
other areas in the DPS) resulting in increased competition with bobcats and predation by fisher. 
Climate-induced loss of spruce-fir forest will occur slowly, and an increase in northern hardwood 
composition of the forest is already occurring. Loss of spruce-fir could be accelerated by forest 
disturbance (budworm outbreak, forest management affecting large acreages of lynx habitat 
annually).  
 



Experts expressed a number of near-term stressors (in the next 15 years) related to forest 
management in northern Maine. Land management objectives were uncertain because of 
changes in private forest land ownership. Changes in forestry management because of the 
Maine Forest Practices Act (shift to partial harvesting, increasing acreage harvest, habitat 
shifting to south) would result in increased fragmentation and declining lynx and snowshoe hare 
habitat (succession of previous clearcuts from young, dense regenerating stands to mature 
stands less conducive to high hare densities).  
 
There was uncertainty concerning the severity and response by new landowners to the next 
spruce budworm outbreak. Experts were concerned that investment landowners would not 
respond to the pending spruce budworm outbreak like they did in the 1970s (extensive 
clearcuts, herbicide application). Experts also acknowledged concerns about the effects of the 
current clearcuts aging past conditions that support hares and lynx.  
 
Hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded. In response, lynx initially had lower 
reproduction (lower proportion of females breeding, slightly lower litter sizes), but this has not 
affected home range sizes. Lower landscape hare densities are likely to support lower lynx 
populations. It is uncertain how hare numbers will cycle or fluctuate in the future. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the core team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the core team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the experts projected the mean probability of 
persistence to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100%)(Lynx 
SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx core team generally agreed with this 
prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 



 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 



clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of state permits depending on their size. As a result, the number and 
acreage of clearcuts completed annually has declined substantially and have been replaced by 
various forms of partial harvesting (Sader et al. 2003, p. 349-350, McWilliams et al. 2003, p. 35). 
In the first decade following passage of the MFPA, the percentage of acreage clearcut in Maine 
annually declined from 40 percent to 4 percent (Simons 2009, pp. 45-46). The average size of 
clearcuts has been reduced from >125 acres (Maine Forest Service 1995) to <25 acres (Maine 
Forest Service 2003, 2005, 2007). Currently, partial harvesting comprises about 94 percent of 
acres cut annually in Maine (Simons 2009, p. 50). The total volume harvested, however, 
changed relatively little. The partial harvest that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, 
entire; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been influenced by partial 
harvesting. Extensive partial harvesting and aging of the spruce budworm-era clearcuts will 
reduce landscape hare densities (Simons-Legaard et al. 2016, 9-10). If the current landowners 
continue to harvest using similar methods at and similar rates, habitat for lynx will diminish by 
about 50 percent by 2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for 
lynx habitat become more uncertain and depend on assumptions about habitat definitions and 
harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (>75 percent 
conifer, Vashon et al. 2008, pp. 1490, 1492-1494). If one defines lynx habitat as stands having 
greater than 75 percent spruce-fir, then habitat will decline by about 50 percent by 2030 and 
remain at about at this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the next outbreak of spruce budworm. After being low for the 
last 20 years, spruce budworm numbers are again building toward epidemic levels in Maine, 
southern Quebec, and northern New Brunswick. Significant defoliation in Maine is expected to 
begin between 2018 and 2021 (Wagner et al. 2014). Although Maine research has clearly 
demonstrated that landowner response to the last outbreak resulted in unintended, positive 
benefits for lynx from one to three decades later, our ability to project what effects the next 
outbreak will have on lynx habitat is still limited. Land ownership has changed dramatically since 
the last outbreak. To reduce risk from spruce budworm, some financial investment owners may 
cut younger spruce-fir stands that still support elevated hare populations. Some may be less 
inclined to intensively manage for spruce-fir. It is unlikely that current landowners will use 



widespread use of pesticides to control spruce budworm and herbicides to promote spruce-fir 
regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009 p. 36) and the adjacent Gaspe region 
of southern Quebec (Assells et al. 2007, Scott 2009, p. 41-42). Hares remained at these lower 
numbers through 2013 (D. Harrison, University of Maine, unpublished data). If future hare 
populations remain low, then Maine habitats will have a lower capacity for supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, Hoving et al. 2005, 
Carroll 2007). Wildlife experts in Maine ranked lynx as highly vulnerable to climate change (>66 
percent loss in species range/population and extirpation within 50 to 100 years) (Whitman et al. 
2013, p. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx population assuming non-
cycling hare populations and snow conditions expected under intermediate to high emissions 
climate models (Kiehl and Gent 2004, entire). He predicted a 59 percent decline in the lynx 
population (the non-cycling hare population model) by mid-century because of climate change 
alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 2007, p. 
1102), except for the mountains in western Maine where snow refugia may only persist as very 
small, isolated “sky islands” that would be unlikely to support lynx.  
 
Climate change is affecting the Northeast, and the rate of change is faster than expected 
(Rustad et al. 2014). Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008). 
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014). Largest increases in temperature are expected in northern 
Maine (A. Siren, Workshop Notes 2016, Rawlins et al. 2012) where temperatures may increase 
4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in 
wind development has escalated in northern and western Maine increasing threats to high 
elevation and potential spruce-fir refugia (Whitman et al. 2013). Climate conditions are currently 
at or falling below threshold values needed to support lynx in Maine.  
 



If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzales et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).   
 
Snow Duration. The current average snow duration in Maine is at or below the 4 month snow 
persistence thresholds believed needed to support lynx (section 4.1.1, Gonzales et al. 2007) 
and is projected to decline. Snow duration is project to continue to deteriorate. Snow duration 
declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to 
diminish another two weeks in Maine by mid-century (Fernandez et al. 2015). Snow duration is 
expected to diminish by 25 percent (low emissions) to 50 percent (high emissions) from current 
conditions by the end of the century (Hayhoe et al. 2006). Similarly, Notaro et al. (2014) 
projected an average decrease of 28 days (low emission) to 47 days of snow cover (high 
emissions) by the end of the century.  
  
Snow Depth. The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005) and is 
expected to decline. By the end of the century, large areas of the Northeast will experience 15 
percent (low emission) to 25 percent (high emissions) reduced snowfall (Ning and Bradley 
2015). Similarly, by the end of the century Notaro et al. (2014) projected average snow declines 
in the North Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low 
emissions) to 92 cm (48 percent) (high emissions) because a higher proportion of winter 
precipitation will fall in the form of rain rather than snow.  Winter precipitation in Maine is likely to 
increase by 10 to 15 percent by the end of the century (Hayhoe et al. 2006) with a greater 
proportion of winter precipitation falling as rain (Huntington et al. 2004, Hayhoe et al. 2007, Ning 
and Bradley 2015). 
 
Snow Quality. Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation falling as rain 
(Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015). Snow density and 
compaction (caused by wet, heavy snow or rain on snow events in winter) will continue to 
increase in the region in the future (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006, Karl et al. 1993).  
 
Loss of Boreal Forest. Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzales et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, 
Whitman et al. 2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, 
pp. 192-193, Prasad et al. 2007) because of climate change. Climate change is anticipated to 
increasingly fragment the boreal forest in northern New England (Iverson et al. 2008, Ollinger et 



al. 2008, Whitman et al. 2013). Lynx habitat will decline as boreal forest diminishes (Simons 
2009). Even under the lowest emissions scenarios, spruce-fir forest would be greatly reduced 
by 2100 (Williams and Liebhold 1997, Prasad et al. 2007), although some spruce-fir may persist 
at highest elevations (Tang and Beckage 2010) and along the eastern coast (Jacobson et al. 
2009) where cooler conditions will prevail.  
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes et al. 2000). Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010). 
Thus, the range of spruce-fir is limited by summer heat and drought. Mohan et al. 2009 
projected that suitable area for balsam fir would decline by 80 percent in 2100 under an average 
to high emissions scenario. In contrast, Ollinger et al. (2008) projected increasing growth rates 
for balsam fir and red spruce to mid-century, after which they would decline.   
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline (Seymour 1992, Simons 2009) and is being 
replaced in Maine by northern hardwoods (oak, pine, red maple). The decline of the spruce-fir 
forest type is accelerated by forest disturbances. A pending spruce budworm outbreak and 
frequent disturbance from forest management could accelerate conversion to northern 
hardwoods in northern Maine and eastern Canada (Flannigan et al. 2001, Gauthier et al. 2015). 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may occur in shifting forest composition from spruce-fir to northern hardwoods (Mohan et al. 
2009, Zhu et al. 2012). Some northern Maine industrial forest landowners could “adapt” to 
climate change by intentionally favoring spruce-fir (e.g., by plantations and use of herbicides). 
McWilliams et al. 2005 (p. 8) noted that balsam fir increased in Maine’s forest inventory in the 
2000s. Forest models projected increases in  spruce-fir biomass over the next century because 
of partial harvesting and periodic budworm outbreaks, but did not take climate change into 
consideration (Simons-Legaard et al. 2013).  



 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. Climate change will 
influence precipitation and temperature, forest management strategies, and forest disturbance 
(fire frequency and spruce budworm), all of which will interact in complex ways to influence the 
spruce-fir forest at the southern edge of its range. Carter (1996), Iverson et al. (1999), and 
Goldblum and Rigg (2005) documented balsam fir growth rates and growth potential would 
decline under likely climate warming scenarios (~4 to 5 F degree temperature increase by the 
end of the century and reduced snow conditions). Some have projected the extirpation of 
spruce-fir forest types in the Great Lakes States (Scheller and Mladenoff 2005) and New 
England (Iverson and Prasad 2000). In contrast, balsam fir has prolific seed production following 
forest disturbance such as harvesting (Seymour 1992), and has proliferated under the current 
climate and forest management regime dominated by partial harvesting (Olson et al. 2013, 
entire). Balsam fir is a relatively short-lived tree (~100 years), and is unlikely to persist long if 
climate change affects seed and germinations rates. Given, anticipated climate changes, 
especially early snow melt and low spring precipitation, fir may increase for the next few 
decades but is unlikely to regenerate in a the future Maine forest (E. Simons-Legaard, 
University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007), 
snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, entire; Fuller and Harrison 2010). Thus changing 
forest management practices will continue to reduce landscape hare density below levels that 
can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by  financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2014).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
remain stable through about 2020 (Simons 2009, Simons-Legaard et al. 2016 p. 6). After 2020, 
aging of the former clearcuts and extensive partial harvesting are projected to result in a 50 to 
65 percent decline in lynx habitat by 2032. Lynx habitat will decline from about 9.5 percent of 



the landscape (current condition) to about 4.5 percent of the landscape (Simons-Legaard 2016).  
By 2032, the Northern Maine Unit may support less than half the lynx population as it does 
today (Simons 2009, p. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
support lynx (Simons 2009, Simons-Legaard et al. 2016, Simons-Legaard 2016). By 2022, the 
number of patches of high quality hare habitat will increase by 57 percent, but the average size 
of patches will be diminished by 87 percent, and patches will become more isolated (Simons-
Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat patches will decline by 
78 percent within lynx home ranges. Although lynx habitat is peaking, fragmentation is 
diminishing its ability to support lynx (Simons-Legaard et al. 2016). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060. The most 
most pessimistic models (lowest harvest rates, no climate change, no spruce budworm) project 
about 5 percent of northern Maine will have high quality hare habitat (Simons-Legaard 2016, 
entire), although the habitat will be much more fragmented and smaller patch size (Simons-
Legaard et al. 2016).  
 
Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick and recently purchased nearly 1 million acres of forestland in northern Maine where 
they are doing the same. Spruce plantations are becoming more common on this ownership in 
Maine, but not others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare density and use by lynx vary 
(Roy et al.) Hares can achieved higher densities in plantations depending on the amount of 
lateral cover, but for shorter periods of time; ~10 to 17 years after cutting and planting in New 
Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is 
in contrast to ~15 to 35 years in naturally regenerating spruce-fir stands after harvest (Simons-
Legaard et al. 2016, p. 4). The future of plantations in the northern Maine unit is uncertain. Most 
investment landowners have short-term investment horizons and are unlikely to invest in 
plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004).  
A spruce budworm outbreak is projected to reach epidemic proportions in 2018 to 2021. The 
epidemic has already affected 10 million acres of spruce-fir in southern Quebec, immediately 
north of Maine (Wagner et al. 2014, entire). The last outbreak in the 1970s and 1980s killed 
millions of acres of spruce and fir forests in the northern Maine unit. Maine’s 5.8 million acres of 
spruce-fir stands across the state are at risk of some level of defoliation. The intensity of the 



next outbreak is uncertain, although some project a weaker outbreak because spruce and fir 
trees are younger and less susceptible and there is a higher hardwood component in northern 
Maine forests (Wagner et al. 2014, p. 21-27). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2014, pp. 5-6). An 
aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
landownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard, UMaine, personal communication). Assuming current forest 
management trends persist to the end of the century, spruce-fir dominated forest is expected to 
continue to decline (Legaard et al. 2013, entire). The combination of budworm-induced mortality 
and salvage harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). 
However, after a budworm outbreak the biomass and area of mixed-hardwood/softwood forest 
would be expected to increase through this century primarily because of regenerating balsam fir 
(see discussion above) (Legaard et al. 2013). Mixed forests having a high hardwood component 
are not believed to support high hare densities (Scott 2009, p. 109) or be preferred by lynx 
(Vashon et al. 2008, pp. 1492-1493). It is uncertain whether lynx can adapt to lower landscape 
hare densities associated with mixed hardwood-softwood forest. They may persist, but at lower 
densities as they currently do in the western units of the DPS. However, the probability of 
persistence is further diminished by deteriorating snow conditions and increased populations of 
bobcats and other competitors.     
 
Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced by a 
severe spruce budworm outbreak because of the amount of dead and dying spruce-fir (Stocks 
1987), although there were no large fires after the last outbreak. Fire risk is currently very low in 
this unit and a continuous decrease in fire frequency is predicted with climate change in eastern 
Canada because of increased precipitation and decreased drought (Bergeron and Flannigan 
1995, Flannigan et al. 1998). Climate is expected to become more variable during the next 
century (Gregory & Mitchell 1995; Gregory et al. 1997), which could create fire conditions in 
unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to immediately suppress 
wildfire, thus large, stand-replacing fires are expected to be infrequent in this region. Notable 
large fires in Maine include a 3 million acre fire in 1825 and 200,000-acre fire in 1947. 
 



Habitat Fragmentation - The future of the 10 million-acre, sparsely populated “North Woods” of 
Maine is highly uncertain and has been the subject of intense public debate (Baldwin et al. 
2007). Land use and zoning in the state’s “unorganized townships” are the responsibility of the 
Land Use Planning Commission (LUPC) in the Maine Department of Conservation. The LUPC 
revised its Comprehensive Land Use Plan (De2010), and described principal values in guiding 
future land management decisions: maintaining working forests, provide for traditional 
recreational opportunities, protect high-value natural resources, and encourage long-term 
conservation. The North Woods has long been considered a public resource or “commons,” 
even though privately owned (Judd 2007, p. 9). This land was traditionally owned by a few large 
timber companies, but since the 1980s there has been rapid turnover in ownership largely by 
investments companies and subdivision of large parcels (Hagan et al. 2005). Financial 
investors, such as REITS and TIMOs focus on maximizing the asset value of timberlands and 
are increasingly likely to seek revenue from non-timber resources if they will generate a higher 
return. These new owners operate over relatively short time horizons (e.g., 5 to 15 years) and 
are willing to consider multiple means of monetizing their asset, including development and real 
estate sales (Legaard 2013, entire). If left unchecked, these pressures may continue to promote 
dispersed residential development throughout this region. Parcelization and subdivision has 
increased, particularly in the southern third of the jurisdiction (Maine Department of 
Conservation 2010, p. 72-73). The LUPC has limited ability to address stressors on Maine’s 
North Woods, including resale and subdivision trend. This trend is likely to continue into the 
foreseeable future and will make management of large, forested landscapes for Canada lynx 
even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Department of Conservation 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Department of Conservation 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Department of Conservation 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of a 
proposed national park or monument, national heritage area, or a master tourism plan for the 
area (Vail 2007, pp. 112-113), there is likely to be stagnant or declining participation in 



traditional outdoor recreational activities in the future (Vail 2007, p. 107). Snowmobiling may be 
an exception because of declining snow (see climate change section). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the western Maine mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development hundreds of house lots and resort development within the lynx critical habitat. One 
concept plan would construct 975 houses and two resorts on about 3,500 acres and a 363,000-
acre conservation easement. A second concept plan would allow development on about 1900 
acres of land and a 14,600 acre conservation easement. Although these developments have not 
been built, they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, biomass, biofuels, and other energy sources offering new 
opportunities to utilize natural resources. Wind energy resources are high within the lynx critical 
habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Mining is not a traditional land use but a large operation is 
being considered at one location in the lynx critical habitat. Extraction operations for gravel (for 
road building) are widely-scattered throughout the unit.   
 
The lynx critical habitat is heavily roaded, particularly with forestry roads. While accurate 
numbers are difficult to obtain, approximately 1,500 miles of public roads and over 20,000 miles 
of private roads exist within unorganized areas of Maine (Maine Department of Conservation 
2010). There has been discussion of an east-west limited access highway through northern 
Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if constructed, 
would further fragment habitat (Maine Department of Transportation 1999, Beck et al. 2012, p. 
38).  
 
An increasing area of the lynx critical habitat area is likely to be placed under conservation 
easements that will limit future development and fragmentation of lynx habitat. Maine has the 
largest amount of land under easement of any state, and there are about 2 million acres of 
conservation easements in lynx habitat in northern Maine (Pidot 2011). Continued expansion of 
areas under conservation easement is uncertain and will depend on willing landowners and 
funding available for purchase of easements  
 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation


All of development trends portend increased fragmentation of lynx habitat in the northern Maine 
unit. As habitat is fragmented, it will become increasingly difficult to influence landscape-scale 
forest management that could benefit lynx. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Status 
 
The probability of persistence of the lynx population in Minnesota is projected to decrease over 
time with increasing uncertainty through the end of the century (Lynx SSA Team 2016, pp. 37-
38 and Figure 9, below). Near term drivers of the projected decline were reduced quality, 
quantity, and persistence of snow, competition from bobcats, disease (e.g., lungworm, liver 
fluke, feline leukemia), and forest insects. Long term drivers of the projected decline were 
reduced the quality, quantity, and persistence of snow, competition from bobcats, loss of 
spruce-fir forests, wildfires, and climate change. Climate change was primarily associated with 
loss of boreal forest but could potentially also increase disease or insect outbreaks, and is likely 
to affect the amount of precipitation falling as good quality snow in the area of the state 
supporting lynx habitat. The connection to lynx in Ontario reduces the likelihood of local 
extirpation in this geographic unit, but the likelihood would increase if connectivity was 
compromised. Taking all factors into consideration (i.e., loss of boreal forest, competitions, 
disease and insect outbreaks, loss of snow), the experts projected the mean probability 
persistence to the year 2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 
60 to 90 percent), and would decline to approximately 35 percent (ranging from 10 to 60 
percent) by 2100 (Lynx SSA Team 2016, pp. 37- 38). 
 



 

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

 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports long-term 
persistent lynx breeding population is administered by the Superior National Forest. This area 
includes designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 
SNF Plan (USDA 2004a, entire), which has direction based on the LCAS and Canada Lynx 
Conservation Agreement (CA) between the Forest Service and the Service (LCAS Ruediger et 
al. 2000, entire), for all forest activities that occur within LAUs. Active management of forest 
lands can produce lynx habitat and the Superior National Forest has a long-term commitment 
for doing so. If the SNF continues to follow vegetation and wildland fire management and other 
applicable recommendations under the 2000 LCAS (or the updated 2013 LCAS or subsequent 
updates) in their Forest Plan, we expect that several risk factors will continue to be minimized 
and managed to promote the conservation of lynx within the SNF into the future. Management 
of lynx and its habitat on SNF land will remain in place until the forest amends or revises their 
individual LRMPs. We expect that management direction for lynx addressing vegetation 
management, wildland fire management, and habitat fragmentation on national forest system 
lands will be incorporated into the revised or amended Forest Plans (LPMPs). 



  
Although outside of areas considered to be core lynx area (i.e., where lynx are persistent and 
are reproducing) in the Great Lakes, the Chippewa National Forest and the Chequamegon-
Nicolet National Forest Forest Plans also include direction based on the LCAS and Canada 
Lynx Conservation Agreement (CA) between the Forest Service and the Service (Ruediger et 
al. 2000LCAS 2000, entire), for all forest activities that occur within LAUs (USDA CNF 
2004b,entire;  USDA CNNF 2004c, entire). 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit and private landowners make up about 
16 percent of unit. Under the Sustainable Forest Resource Act of 1995 (revised in 2014), the 
Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level timber 
harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire) - these voluntary 
guidelines are intended for private and state landowners and include some general 
recommendations for wildlife including lynx (MFRC 2014, pp. 4-5). It is expected that the MFRC 
guidelines will remain in place into the future and that voluntary actions will continue. Private 
landowners, however, do not have an official commitment to land management. We cannot say 
with any certainty what proportion of privately owned land will follow those guidelines into the 
future, because following the guidelines is voluntary. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (LCAS 2013, p. 49). 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the time of listing, new information on regional 
climate changes and potential effects to lynx habitat has been developed (e.g., Danby & Hik 
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2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new information 
suggests that climate change may be an issue of concern for the future conservation of lynx 
because lynx distribution and habitat is likely to shift upward in elevation within its currently 
occupied range as temperatures increase (Gonzalez et al. 2007, entire). Greatest stressors of 
climate change include diminishing snow depth, quality and duration; competition from bobcats 
and other carnivores, hybridization with bobcat (Schwartz et al. 20022004, p.354); loss of 
spruce-fir to northern hardwoods; and future isolation of the metapopulation because of 
diminishing forest conditions in Ontario. 
  
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest.  Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
  
Lynx require at least four months (120 days) of continuous snow coverage (Gonzales et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9).  In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 



reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzales et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the state (Gonzales et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14) Minnesota is likely to lose boreal biome, potentially within the next 60 to 70 
years, with unmitigated climate change. According to Gonzales et al. (2007, p. 8), the Superior 
National Forest is a potential refugia for lynx in the lower 48 states, however, when compared to 
other regions. 
 
Vegetation Management - Vegetation management conducted under the Forest Plan currently 
will likely continue into the future on Forest Service lands in Minnesota. These activities include 
timber harvest, such as thinning, clear-cutting, shelterwood, partial cut, and uneven-aged 
cutting; wildlife restoration projects that involve tree cutting, shearing, burning, seeding, and 
planting; prescribed burning for ecological purposes, hazardous fuel reduction, and site 
preparation; mechanical site preparation. 
 
Vegetation, timber, and minerals management authorized under the Forest Plan has the 
potential to adversely affect lynx and lynx critical habitat by reducing habitat quality for denning, 
foraging, and dispersal; disrupting travel, resting, and foraging patterns; disturbing denning 
females and reducing habitat quality for lynx prey species, especially snowshoe hare. 
Depending on the timing, frequency, intensity, extent, amount, or other conditions, impacts may 
be variable among similar projects. Using the LCAS as a basis, the Forest Plan has 
incorporated a number of components that would reduce the risk of those impacts into the 
future. We expect that management direction for lynx addressing vegetation management on 
national forest system lands will be incorporated into the revised or amended future plans, using 
LCAS as a basis. 
  
Future Forest Plan revisions will likely maintain broad direction to design and implement 
vegetation management projects to maintain or restore conditions for lynx foraging and denning 
habitat and to maintain or improve juxtaposition of required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011c?, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USDA 2004b2004a, p. 105). Further, unsuitable habitat for lynx would 
vary only slightly with continued implementation of the Forest Plan and would remain distinctly 
below the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and 



incorporated into the Forest Plan. Current (2010) unsuitable habitat levels are below what was 
predicted in the 2004 (USFWS 2011c?, pp. 51-52). Because suitable habitat on National Forest 
lands alone is such a high percentage within LAUs and the Superior National Forest is the 
majority landowner within most LAUs, we expect that in the future, the Forest would not 
approach the LCAS maximum of 30 percent of lynx habitat on all ownerships in an unsuitable 
condition within an LAU at any time, which would be ensured by corresponding guidance in the 
Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation due to spruce 
budworm has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The Superior National Forest manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are and 
are expected to continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USDA 2011, p. 119). The Forest Plan (USDA 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Future Lynx Status 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit due to reduced genetic health or a catastrophic 
event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the probability that this 
unit would continue to support resident lynx in the future, experts noted that despite projected 
losses of favorable forest and snow conditions, climate models project that some boreal forest 
will persist in this unit and that it will maintain some areas of suitable snow into the future. 
Experts also noted that lynx in this unit primarily occupy public lands, which are actively 
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managed for lynx into the future. Experts also considered recent and projected future increases 
in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

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



unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation due to catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of federal lands, the regulations and guidance that govern management of those lands have the 
greatest potential to influence future lynx habitats and populations in this unit. When Forest 



Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future federal management direction 
will continue to include regulations and guidance protective of lynx, although specific measures 
may change as new information becomes available. 
  
We anticipate that future federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of historic 
disturbance and landscape patterns). Regardless of the future listing status of the DPS, these 
lands will continue to be managed in accordance with the acts described above, as well as the 
National Park Service Organic Act and the Wilderness Act. 
 
We also expect that federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
  



On non-federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS were to be delisted in the future, it is possible that State-managed trapping could 
resume in this and perhaps other geographic units. We expect that would only occur if scientific 
evidence strongly suggested the presence of a harvestable surplus of lynx and that harvest 
quotas would be carefully managed to ensure that the viability of resident lynx populations 
would not be diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 



by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historic and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.   
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all federal and most non-federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
 



Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historic fire regime 
in lynx habitats in the western contiguous U.S., including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity due to climate change, it 
may be necessary to reconsider whether fire suppression in some lynx habitats could benefit 
lynx by reducing the potential for extirpation of resident populations, especially in places already 
apparently only marginally capable of supporting them.       
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation due to timber harvest and other development activities are unlikely. The most 
likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 



not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historic conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting in an increased 
likelihood of functional extirpation of lynx from this unit. However, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over the last four 
years of the period for which the Seeley lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Future Lynx Status 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 



predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
 
 

 
 
Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 



Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both federal and 
state managed lands within Washington State. 
 
Climate Warming - The one risk factor identified by the LCAS over which the Forest Service, or 
the WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx Workshop Report 2016, p. 56).  
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 



habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires due to its small size and current lynx population (Lynx Workshop 
Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should it occur 
from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), may be 
ameliorated to some extent due to Washington’s juxtaposition and connectivity to Canadian lynx 
populations. The experts felt that lynx immigration from Canada may rapidly recolonize 
Washington as the habitat recovers from fires or other impacts (Lynx Workshop Report 2016, p. 
43). Climate change, in addition to potentially affecting fire return intervals, fire severity 
(intensity, size), and insect outbreaks, is likely to affect the amount of precipitation falling as 
snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures.  Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 



unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced due to decreasing quantity 
and quality of snow. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx Workshop Report 
2016, p. 43). 
 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Future Lynx Status 
 
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
 



 
Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Influencing Factors 
 



Regulatory Mechanisms - As noted above in section 5.2.3, federal, State, and Tribal regulations 
and land management direction could change in the future, but such changes and their potential 
impacts on lynx populations and habitats are difficult to predict. Federal lands account for over 
97 percent of this geographic unit; therefore, regulations and guidance that govern management 
of those lands have the greatest potential to influence future lynx habitats and populations. Also 
as described above, revisions or amendments to federal management plans require 
opportunities for public participation in accordance with NEPA, NFMA, National Parks and 
Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS were to be recovered and 
delisted in the future, the ESA requires a minimum of five years of monitoring to assess its 
ability to sustain itself without the ESA's protective measures. If, during that time, threats to the 
DPS change or unforeseen events affect its stability, then the DPS may be relisted or the 
monitoring period extended. Given these requirements, we expect that future federal 
management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available. 
  
We anticipate that future federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of historic 
disturbance and landscape patterns). Regardless of the future listing status of the DPS, these 
lands will continue to be managed in accordance with the acts described above, as well as the 
National Park Service Organic Act and the Wilderness Act. 
 
We also expect that federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 



conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS were to be delisted in the future, State-managed trapping could resume in this 
geographic unit. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished or that potential 
recovery objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 



and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of historic 
and current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will further reduce habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historic fire regime 
in lynx habitats in the western contiguous U.S., including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  



However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
due to climate change, it may be necessary to reconsider whether fire suppression in some lynx 
habitats could benefit lynx by reducing the potential for extirpation of resident populations, 
especially in places already apparently only marginally capable of supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation due to timber harvest and other development activities are unlikely. The most 
likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 



immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Future Lynx Status 
 
The majority of the experts suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
 



 
Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence at 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in future. There is some evidence of lynx using ski areas in summer months but avoiding them 
during the ski season. It is uncertain whether ski areas may affect genetic connectivity within the 
Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit are in the 
southern portion of the range in the San Juan Mountains. There is a large area (Weminuche 



Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible that lynx also 
could be using that area. 
 
Service Evaluation of Influencing Factors 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming, and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (Service 2008, p 70-71). Lynx habitat on all other ownerships makes 
up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in federal 
ownership. Other ownerships include state, county, municipal, etc., and private lands. The BLM 
resource management plans have not been amended to include conservation specifically for 
lynx and, with a few exceptions. Lynx habitat on BLM ownership mostly consists of narrow 
forest extensions connected to larger blocks of habitat on adjacent USFS lands. Generally these 
extensions are insufficient on their own to support a lynx home range. However, the Gunnison 
Field Office is the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a state endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013 p. 61) – “Climate change generally is expected to result in warmer 
winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the southern 
Rockies. McKelvey et al. (2011 entire in ILBT 2013) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathway (RCP) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014 page 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 



elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014 page 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014 page 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, page 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historic vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008 page 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to be 
developed and expended. While these linear features already exist on the landscape, widening 
of the cleared right-of-way, as well as behavioral avoidance of highway rights-of-way due to 
traffic reduces available habitat. Many ski areas in Colorado are located within lynx habitat and 
will likely be expanded in the future through permanent removal of vegetation  to create 
conventional ski runs, reducing tree density and clearing understory vegetation to create glade 
conditions, reduces lynx habitat. The magnitude of fragmentation caused by these sources of 



has not been quantified, but is unlikely to remove enough habitat to eliminate the possibility of 
lynx persistence in Colorado. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
 
Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS contain resident 
breeding lynx populations. Although we have no reliable population-size estimates for any of the 
geographic units, Northern Maine (Unit 1) is believed to currently support the largest resident 
population in the DPS. In Northeastern Minnesota (Unit 2), a resident population occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, although a small subpopulation in the Garnet Mountains on 
the southern periphery of this unit may have been extirpated recently. In North-central 
Washington (Unit 4), recent extensive wildfires have temporarily reduced the amount of high-
quality lynx habitat and may have caused a decline in lynx numbers there. Since the release of 
Canadian and Alaskan lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 
6). The Greater Yellowstone Area (GYA, Unit 5) is thought to have historically supported a small 



resident population; however, resident lynx have not been documented recently in this unit. The 
apparent long-term (historic and current) persistence of resident lynx populations in at least four 
of the six geographic units (Units 1-4) and the absence of reliable information indicating that the 
current distribution and relative abundance of resident lynx are substantially reduced from 
historic conditions suggest the historical and recent resiliency of lynx populations in the DPS. 
The large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate adequate historical and current redundancy in the DPS to preclude 
its extirpation because of catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historic conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
federal lands, has been largely addressed by formal and binding amendments or revisions to 
most federal land management plans within the DPS range. Although questions remain about 
the efficacy of this improved regulatory framework, federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. In North-central Washington, recent large-scale 
wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, likely reducing 
this unit’s current lynx population and potentially compromising its current ability to support a 



resident population until habitats recover. Increased wildfire activity also has impacted lynx 
habitats in the other western geographic units (Northwestern Montana/Northeastern Idaho, the 
GYA, and Western Colorado), but the extent to which it has influenced the current condition of 
lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historic 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, expert opinion and our evaluations suggest that resident lynx populations in each of the 
geographic units are likely to be smaller and their distributions reduced in the future. These 
anticipated declines are most likely to be influenced by projected loss and increasing 
fragmentation and isolation of boreal forests and favorable snow conditions resulting from 
continued climate warming and related impacts (e.g., increased wildfire and forest insect 
activity, diminished hare populations) (Lynx SSA Team 2016, p. 58). Forest management on 
private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline. The loss of resident lynx from one or more 
geographic unit would represent reduced future resiliency, redundancy, and representation 
within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Expert opinion and our analyses suggest a declining probability 
of persistence (loss of resiliency) for each of the geographic units within the DPS throughout the 
rest of this century (the analysis did not extend beyond 2100). Projected climate warming is 
expected to exert the greatest influence on the resiliency of individual populations, and thus 
continued presence of resident lynx in each geographic unit. Climate models project that boreal 
forests and snow conditions favorable for lynx at the southern periphery of the range will retreat 
northward and upslope with continued warming, further fragmenting and diminishing the quality 
of lynx and hare habitat within the DPS. Although uncertainty remains regarding the timing, 



extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, neither the scientific 
literature nor expert input provide a basis for concluding that any single future catastrophic 
event could cause extirpation in any one geographic unit. It is even less likely that a single 
future catastrophic event (other than climate change, which we considered as a separate 
stressor) will eliminate all populations in the DPS. A sequence of catastrophic events over a 
short time could increase the potential for functional extirpation of one or more of the individual 
geographic units (e.g., fires in north-central Washington, as described above), thereby reducing 
redundancy within the DPS. However, as long as resident lynx remain geographically well-
distributed in one or more units within the DPS, extirpation from a catastrophic event is very 
unlikely. 
      
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, there is no indication that the relatively low level of genetic diversity currently observed 
among lynx populations is likely to reduce DPS viability in the future (USFWS 2016, p. 51). This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic unit may affect representation within 
the DPS in terms of ecological diversity is uncertain. Despite similarities in the fundamental 
components (vegetation, snow conditions, and hares) that define the ecological niche of lynx 
DPS-wide, differences in habitats and how lynx use them are apparent. For example, snow 
depth that seems to demarcate a boundary between lynx and bobcat occupancy in Maine (270 
cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some parts of the 
West select mature forest stands, particularly in winter, while in other parts of the DPS, young 
regenerating stands are most important. The loss of resident lynx from any of the geographic 
units could result in the loss of behavioral and potential future genetic adaptations to the 
climate-mediated changes now occurring and likely to continue into the future at the southern 
edge of the lynx range. Such potential adaptability to diminished snow conditions, increasingly 
patchy and isolated boreal forests, and reduced hare abundance may be important to the taxon 
as a whole faced with a rapidly changing climate. 
    
Given the high percentage of federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 



the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term retreat of boreal forests and diminished snow 
conditions projected by climate models. Further, the size, frequency, and intensity of wildfires 
and forest insect outbreaks are expected to increase with continued climate warming, 
particularly in the western portion of the DPS, although we do not anticipate such events in-and-
of-themselves are likely to cause the permanent loss of breeding lynx populations in any 
geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS viability 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). All other geographic units have a 50 percent or greater probability of functional 
extirpation (i.e., no longer capable of supporting resident lynx populations) by the end of the 
century, with a moderate to high likelihood that resident lynx will be lost from two to four units by 
then. Potential elevational refugia may increase the likelihood of persistence in western units, 
although uncertainty remains about the timing of warming-driven upslope movements of 
habitats and snow conditions and the extent to which hare and lynx populations may follow 
them. Regardless, future lynx habitats throughout the DPS range are likely to be smaller and 
more fragmented, and geographic units that are already relatively isolated from other lynx 
populations are likely to become even more isolated in the future. Despite the lack of elevational 
refugia, lynx may also persist at the end of the century in Maine and Minnesota, depending on 
the timing and severity of climate change effects and, in Maine, on trends in development and 
private forest management. Uncertainty increases at mid- to late-century concerning the timing 
and extent of various stressors that will affect lynx and hare habitat and snow regimes, 
especially those related to climate change. However, review of the best available science in 



concert with input from lynx experts suggests that the probability of the persistence of resident 
breeding populations will decline in all geographic units beginning as early as 2025, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
   
We conclude that the potential functional extirpation of resident lynx populations from one or 
more geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, 
possibly, reduced representation within the DPS. These losses in resiliency, redundancy, and 
representation will put the Canada lynx DPS at increasing risk of extirpation through the end of 
this century. 
 



From: Broderdorp, Kurt
To: jim_zelenak@fws.gov
Subject: Annual Leave Re: Lynx SSA Call
Date: Tuesday, November 08, 2016 9:30:18 AM

I will be out of the office starting Friday November 4th, returning on Monday November 14. 

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186
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From: Bell, Heather
To: Mary_Parkin
Subject: lynx - representation
Date: Tuesday, November 08, 2016 1:35:37 PM

In talking with Dave this morning about the 3Rs we talked a bit about lynx...here is what he
suggested.  
it isn't that representation isn't important for lynx, it is that the lynx currently has the same
adaptive capacity throughout the dps (range really) because there is so little genetic diversity.
One could still argue that the risk to the species increases as we lose areas, but it comes more
down to redundancy/resiliency of the areas.       this perspective from Dave seems to support
our discussion over sushi that it really comes down to resiliency and redundancy as the driving
factors of the risk assessment for lynx. where i think we discussed that the risk to lynx comes
from the number of areas we have i.e. redundant resilient areas (and the increased risk of
having fewer) within the DPS (and the probability of having X number of areas over time)
rather than representation (increased risk by losing adaptive capacity).    how does this feel?  

Now, there is still the non adaptive capacity question about lynx with regard to having them
"represented" in the lower 48 cuz that is what congress wanted and the reason they gave us the
DPS category.  

 
my head hurts.  h

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google
Site: https://sites.google.com/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS
visit http://www.fws.gov/endangered/improving_ESA/SSA.html.
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From: Bell, Heather
To: Hornaday, Kelly; Jim Zelenak; Marjorie Nelson
Cc: Parkin, Mary; Krishna Gifford
Subject: Re: Lynx listing decision
Date: Thursday, November 10, 2016 12:44:36 PM
Attachments: image.png

Kelly, thank you for your input!   Looking forward to working on how we best integrate SSAs and
5 Year reviews and lynx is on the forefront!  I have cc'd Jim on this so that he could respond about
the factor D thing, and Marj, as in her new job she was just talking on another call about this new
interface, so i would like her to see your response.  Let me know as we move forward if we should
be providing any guidance to folks using SSAs for 5 year reviews.  right now i just assume we will
take it application by application and learn as we go for a bit???
thanks again and have a great weekend! h

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/fws.gov/ssa/ and
 the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.com/a/fws.gov/recovery-planning-and-
implementation/ For audiences outside FWS visit http://www.fws.gov/endangered/improving_ESA/SSA.html.

On Thu, Nov 10, 2016 at 12:30 PM, Hornaday, Kelly <kelly_hornaday@fws.gov> wrote:
Sorry for not responding sooner, but yes, I think that is what we would do.  What is now called
the "synthesis" part of the 5-year review would be the assessment of species risk and conclusions
about the appropriate status. And it'd be where we tie what ever stressors we found to be affecting
the species back to the five factors (in parentheses is fine).

5-year reviews do a few extra things, like evaluate/change RPNs and recommend actions needed
in the next 5 years, that we'd probably still want to do so we might need to figure out how that all
should look with a revised process.  (These are things that aren't necessarily needed to evaluate
the status, but are things we need to do periodically anyway and doing them during the 5-year
review makes sense.)

For lynx and Factor D, is the factor D issue really no longer a problem? If the regulatory
mechanism wasn't actually ameliorating the stressor/threat/whatever we're calling it, and it still
isn't, then we would still need to address that fact pattern (the new guidance doesn't change that). 
It's just that Factor D can't be an issue independent of other stressors acting on the species (we
evaluate regulatory mechanisms in the context of whether they ameliorate or exacerbate stressors
that affect the species).  That is, you can't have factor D as the only thing that affects the species. 
If it is really not relevant anymore, then I guess you could explain why it is not a problem (or
maybe the regulatory mechanism is now actually working to reduce the threat?).  I don't know
enough about the specifics for lynx to know the issues but if you need some help in thinking
about it, I am part of that team and would be happy to assist.

Kelly
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Kelly Hornaday
U.S. Fish and Wildlife Service
Ecological Services
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
703-358-2352

On Wed, Nov 2, 2016 at 12:01 PM, Bell, Heather <heather_bell@fws.gov> wrote:
Yes Mary thank you for that clarification.  So that begs the question should we, within a 5 year
review that uses an SSA, do a determination like assessment were we explain the species risk,
and then additionally tie to back to the 5 factors as is currently being discussed by the
"translation" team.  We have no set way of doing this yet, but i would think it should be
something as straighfoward as adding the factor in parentheses.  For example, the
environmental factors most negatively impacting lynx over the next 50 years are changes in
snow conditions ( habitat -factor A) resulting from warming climate.   
Any of the 5 factors not used do not necessarily need to be discussed, but if we wanted to say
we considered all factors and x, y and z are hereby discussed as they resulted in populationleve
and thus potentially species level effects we could do that.  Certainly for lynx, because factor D
was the driver for listing, we would need to explain 1) why it is no longer a problem, and 2)
that we now have new policy on how to apply factor D.  
sound good? 

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.com
/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/endan
gered/improving_ESA/SSA.html.

On Wed, Nov 2, 2016 at 8:54 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Thanks, Heather.  Just to clarify one thing:  We haven't been issuing an FR notice containing
the species-specific 5-year review recommendation (we may do it for the lynx, but it would
be atypical); rather, we post the review, including the recommendation, on national and
Regional websites.  The FR notices we do for 5-year reviews are those initiating the process
and seeking new scientific information.

Kelly, if this has changed, I'd like to get up to speed!

Before discussing with the lynx core team next, I think it would be good to have our answers
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ready (i.e., a suggested "protocol," so to speak, for how the 5 factors are articulated for 5-year
review recommendations, if at all).

Thanks again!
Mary

On Wed, Nov 2, 2016 at 10:22 AM, Bell, Heather <heather_bell@fws.gov> wrote:
THis is a good point as we hadn't yet got to the point of discussing how we are going to do
the 5 year review in specifics.  
I don't really know where the 5 factor analysis jumped back into the conversation, except
that some folks are not aware that NOW the 5 factors need only be brought back into the
FR notice during the determination section (remember Carey talked about this at the class). 
The SSA replaces much of what we did in a 5 factor analysis.  Is this not clear to the team? 
If not, we need to talk asap to the team.  
The other "part" of a 5 factor analysis was the decision, but in the past it had been often
woven in and conflated with the science analysis.  We have now separated that out to a
science analysis portion (SSA) and a decision analysis portion.
  the decision in front of decision makers is given the SSA Risk to the species and any other
policy application does the species warrant protection and if so at what level, t or e.  

The separate discussion about the time line or series of steps sounds like we are confused
about the steps.  A 5 year review would comprise the SSA as the referenced document for
the risk to the species, the remainder of the 5 year review would include the decision
analysis phase write up.  So which is done first? i would say it is done in two phases.  and
together they comprise the 5 year review.  Does that make sense? 

Kelly, feel free to way in!  

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.com
/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/endan
gered/improving_ESA/SSA.html.

On Wed, Nov 2, 2016 at 7:31 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi both,

On yesterday's internal coordination call for the lynx SSA, Mark brought up a question
about where to include the 5-factor analysis for the 5-year review recommendation, and
why a "decision team" call to make the listing recommendation was scheduled prior to
completing the 5-year review.  The following email exchanges occurred regarding his
question.
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Although we've talked about the SSA alleviating the need to do a separate 5-factor
analysis, I don't recall getting into any specifics about how this would play out for 5-year
reviews.  I'm wondering if there's any precedent for doing an SSA-based 5-year review,
and also what your thoughts are in response to the concerns raised below.

Thanks!
Mary

p.s.  The folks the previous emails went to were those core team members (and me) who
participated in yesterday's call.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Nov 1, 2016 at 3:17 PM
Subject: Re: Lynx listing decision
To: "Parkin, Mary" <mary_parkin@fws.gov>
Cc: "Smith, Tamara" <tamara_smith@fws.gov>, "McCollough, Mark"
<mark_mccollough@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

But didn't we all, somewhere along the way, and at the recommendation of the FIT (or maybe the
recommendation came from elsewhere?), decide specifically not to include a 5-factor analysis in the SSA? 
That that would be too much like preparing a decision document, which the SSA is not supposed to be?  I see
and agree (based on my very limited experience) with Mark's and Tam's concerns regarding the (CORE
Team) need to do the 5-factor analysis so that we may provide a recommendation to the Service decision
makers.  So, where do we do it, given that we do not do it in the SSA? And when in the process?  We do need
to resolve this, so let's plan on discussing next Tuesday, and thinking about who else (with deep listing
experience/background) might inform such a conversation.  Jodi has been around the listing realm a long
time, so I'm hoping she can be on the call.  Others?

On Tue, Nov 1, 2016 at 12:57 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Good questions!

If we view the 5-year review as having two fundamental parts, the scientific analysis
and the listing recommendation, then the SSA constitutes the first part.  This is how the
FIT is looking at it.  We shouldn't have to do two separate analyses, since the SSA was
conducted for purposes of the 5-year review.  What seems unanswered to me is which
document we should use to translate the SSA into the five factors.  To my knowledge,
that question hasn't yet been addressed by the FIT (I'll double-check this).
Mary

On Tue, Nov 1, 2016 at 2:49 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi All, 

After seeing this slide, I had similar concerns as those that Mark expressed
above. Why would we need a 5yr review if RDs/ARDs have already made a listing decision?  Making the
decision followed by a 5yr review seems backwards. From what I understand, a 5-yr review would result in a
recommendation from the biologist(s) based on the SSA and any additional scientific info., listing criteria, etc. not
included in SSA, but maybe I don't fully understand the process.

Thanks, 
Tam

mailto:jim_zelenak@fws.gov
mailto:mary_parkin@fws.gov
mailto:tamara_smith@fws.gov
mailto:mark_mccollough@fws.gov
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On Tue, Nov 1, 2016 at 12:22 PM, McCollough, Mark
<mark_mccollough@fws.gov> wrote:

Mary and Jim:

I expressed concerns (or maybe don't understand) the timeline concerning
decisions about future Canada lynx listing.  I don't think this slide will be shared
with the states tomorrow, so perhaps we have more time to discuss before we share
this slide with others.

As presented in the slide, there is a decision by RDs/ARDs concerning the lynx
listing status ~Jan. 30, 2017 shortly after the SSA is completed.  The writer's of the
SSA were intentionally silent about listing.  Although we discuss threats in the
SSA, we do not explicitly discuss the listing criteria (except for inadequate
regulations for which the lynx was initially listed).  Thus, there is not information
in the SSA that reviews the status of the lynx as it pertains to the 5 listing criteria. 
This is important, because we have identified additional threats (especially climate
change, habitat fragmentation, vegetation management) in the SSA that were not
addressed as primary threats in the 2000 listing or 2003 remand.  Without an
analysis of these threats as they relate to the listing criteria and without input
(listing recommendation) from Core Team members, are we to assume that the
RDs are well-enough versed in lynx listing information to make a listing decision
~January 30, 2017?    Wouldn't the listing decision be better informed by
completing a 5-year review first (abbreviated because we have an SSA) that fully
addresses the listing criteria and recommendations from the Service's lynx
biologists?

The 5-year reviews that I have written (Furbish's lousewort, eastern cougar) did not
start with a predetermined direction for future listing.  Each examined the scientific
literature, taxonomy, status, threats, and listing criteria. Then the lead biologist
made a recommendation concerning status (keep species at current listing, uplist,
dowlist, or delist) that then went up to Decision-makers for a final approval or

mailto:mark_mccollough@fws.gov


revision.

Why would we need a 5-year review if RDs/ARDs have already made a listing
decision?

Also, when we talked to the ARDs, we discussed a need for them to write a
document that described their rationale concerning the listing decision they will
make for the lynx.  Perhaps that task should also be added to this timeline?

Maybe the SSA process has changed the order of decision-making or the purpose
of 5-year reviews have changed.  We could discuss further at our next Core Team
meeting.

Mark 

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

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726

mailto:mark_mccollough@fws.gov


Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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From: Ivan - DNR, Jake
To: Broderdorp, Kurt
Subject: Citation
Date: Tuesday, November 22, 2016 4:52:26 PM

Hi Kurt,

Just got your message.  I assume the citation you're talking about is in reference to
the Predicted Habitat Map for lynx in Colorado, correct?  If so, something along
these lines is what I would suggest.  It appears in our 2011 Wildlife Research
Report, which is publicly available online, so I think that's the date we should go
with (I think the confusion is that didn't actually get put online until 2012 so I'm
betting some PDF version of the report has a 2012 date in it).

Ivan, J. S., M. Rice, P.M. Lukacs, T. M. Shenk, D. M. Theobald, and E. Odell.  2011. 
Predicted lynx habitat in Colorado. Pages 21-35 in Wildlife Research Report -
Mammals. Fort Collins, CO, USA. Colorado Parks and Wildlife.
 http://cpw.state.co.us/learn/Pages/ResearchMammalsPubs.aspx.

Obviously make the format fit whatever standard you already have, but that's the
relevant information.  Let me know if you need more or have more questions.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

mailto:jake.ivan@state.co.us
mailto:kurt_broderdorp@fws.gov
http://cpw.state.co.us/learn/Pages/ResearchMammalsPubs.aspx
mailto:jake.ivan@state.co.us
http://cpw.state.co.us/


From: Smith, Tamara
To: Jim Zelenak
Cc: McCollough, Mark; Bryon Holt; Jonathan Cummings; Kurt Broderdorp; Mary Parkin
Subject: Lynx SSA revisions - had to jump off call
Date: Tuesday, November 29, 2016 11:58:59 AM

Sorry – I have to jump off the call early - I have a call with Jennifer.   I already started reviewing the MN future section in
light of Marty’s comments and will have some things to add (also in light of today’s discussion). Please let me know what
document you would like us to add our revisions to and any specific things you would like addressed.

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
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mailto:bryon_holt@fws.gov
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From: Catton, Timothy J -FS
To: john.erb@state.mn.us; gerda.nordquist@state.mn.us; richard.baker@state.mn.us; Hansen, Nancy (DNR)

(nancy.hansen@state.mn.us); tom.rusch@state.mn.us; steve_windels@nps.gov; mikeschrage@fdlrez.com;
aedwards@1854treatyauthority.org; Tamara_Smith@fws.gov; Phil_Delphey@fws.gov; "samoore@boreal.org";
"SMortensen@lldrm.org"; "Ron Moen (rmoen@d.umn.edu)"; "Ronald_Kramer@fws.gov";
"darrin.kittelson@state.mn.us"; "marty.stage@state.mn.us"; "Bermel, Anthony (DNR)
(Anthony.Bermel@state.mn.us)"; "sean.williams@state.mn.us"; mark.fredin@state.mn.us

Subject: 2016 Canada lynx DNA database report
Date: Tuesday, November 29, 2016 4:04:41 PM
Attachments: image001.png

image002.png
image003.png
image004.png
Summary results of 2016 Canada lynx DNA-Final.pdf

Hi all,
 
Attached is the summary report of the Canada lynx DNA database that now includes the results of
samples collected from last winter’s survey season.  Feel free to distribute to others that you think
would be interested in this work. 
 
As always, we appreciate your help in securing DNA samples for any lynx encountered throughout
the State.  Any questions do not hesitate to contact us.
 
Tim
 
 

Timothy J. Catton 
Wildlife/Reforestation

Forest Service
Superior National Forest

p: 218-626-4376 
tcatton@fs.fed.us

8901 Grand Ave Pl
Duluth, MN 55808-1122
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.
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Summary of the Superior National Forest’s 2016 Canada lynx (Lynx 
canadensis) DNA database   November 7, 2016 

 
TIM CATTON – USDA Forest Service, Superior National Forest, 8901 Grand Ave. Pl., 

Duluth, MN 55808 
DAN RYAN – USDA Forest Service, Superior National Forest, Laurentian Ranger 

District, 318 Forestry Road, Aurora, MN  55705 
DAVE GROSSHUESCH – USDA Forest Service, Superior National Forest, Tofte 

Ranger District, 7355 W. Hwy. 61, Tofte, MN  55615 
 
Introduction 
Snow tracking and other methods used to obtain genetic samples have confirmed presence of Canada 
lynx (Lynx canadensis) across northeastern Minnesota since December 2000.  In 2008, the Superior 
National Forest (Superior NF) created, and continues to maintain, a database of genetically confirmed 
Canada lynx (hereafter lynx) to document their occurrence, persistence and reproduction in Minnesota.  
Genetic samples (typically scat but also hair and tissue) have been collected primarily as part of the 
Superior NF’s survey and monitoring program and an independent genetic research project.  Also 
included in this database are samples collected during a radio telemetry project, mining project surveys, 
and from specimens that were surrendered to resource agencies, e.g., from animals that had been 
trapped, shot or killed in vehicle collisions.  These samples were submitted to the USDA Forest Service 
Rocky Mountain Research Station’s National Genomics Laboratory for Wildlife and Fish Conservation 
for testing.  Samples that were identified as lynx using mitochondrial DNA analysis were further 
evaluated using nuclear DNA analysis methods to determine sex (Pilgrim et al. 2005) and individual 
identification.  Further testing was used to determine lynx-bobcat (Lynx rufus) hybridization (Schwartz 
et al. 2004).  Field observations combined with DNA analysis have been used to document lynx 
reproduction within the State since 2002.  
 
Summary 
The current database contains 1,475 samples that have been submitted for DNA testing.  Mitochondrial 
DNA analysis has identified 1,193 of them (80.9%) as lynx.  Nuclear DNA analysis has determined 316 
unique lynx genotypes, 153 female (48.4%), 162 male (51.3%) and 1 of undeterminable sex.  
Additionally, the database contains 42 samples that have been identified as F1 lynx-bobcat hybrids.  
There are 13 unique lynx-bobcat hybrid genotypes, 5 (38.5%) female and 8 male (61.5%).  Since 2010, 
24 family groups have been identified producing 54 kittens that survived to the winter following their 
birth, 28 female (51.8%) and 26 male (48.2%).  Of the 292 individuals that were not originally detected 
as a result of a mortality, 60 (20.5%) are known to have persisted into a second year.  Two individuals, 
1 male 1 female, have persisted over a 6 year period.   
 
During the 2015-2016 survey season 130 samples were collected and submitted for testing.  One-
hundred fourteen (87.7%) were identified as lynx and 40 unique genotypes were determined, 21 female 
(52.5%) and 19 male (47.5%).  Eighteen individuals (45.0%), 9 female 9 male, were previously 
recorded in this database (recaptures), and 22 individuals (55.0%), 12 female 10 male, were new to the 
database this year.  No Canada lynx-bobcat F1 hybrids were detected.  Field observations suggest that 
there were at least 7 family groups with as many as 12 kittens found in the survey area.  DNA analysis 
confirm 7 family groups with 11 individuals (6 female, 5 male) genetically consistent with being 
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offspring.  Of the 27 individuals identified that were not kittens, 18 (66.7%) have persisted into their 
second year or more, including one female that has persisted on the Forest for 6 years.  
 
This database contains all known samples submitted by the Superior NF to the Wildlife Genetics 
Laboratory since the year 2000.  Other contributors to this database are Steve Loch, Natural Resources 
Research Institute (NRRI) of the University of Minnesota-Duluth, Franconia Minerals Corporation, 
PolyMet Mining Corporation, Minnesota Department of Natural Resources, Voyageur’s National Park, 
US Fish and Wildlife Service, Chippewa National Forest, Wolf Ridge ELC and Leech Lake Band of 
Ojibwe.   
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Canada lynx DNA Database 2000-2016 
 
Survey Effort 
For the purposes of this report, the primary survey area is generally considered to be the proclamation 
boundaries of the Superior National Forest (see attached map).  Survey techniques over the years 
have been predominantly on an ad hoc basis.  Survey effort over the years has varied dependent upon 
funding, personnel availability and suitable snow conditions; biologists survey areas in their areas of 
responsibility as time and snow conditions allowed.  Records and GPS tracks were not stringently 
maintained, nor with consistency across all surveyors.  However, as part of a research effort by North 
Carolina State University to develop an occupancy model (see Current Research below) we 
summarized our survey effort in to miles of occupancy surveys (2014/2015 and 2015/2016) and trailing 
miles (miles in which we were actually following lynx tracks) (Table 1).  These 2 parameters give an 
index of survey effort by Superior NF personnel in collecting genetic samples for this database. 

 

 
Table 1. Survey effort for DNA collection. 

 
DNA Analyses Success 
Genetic samples (typically scat but also hair and tissue) have been collected primarily as part of the 
Superior NF’s survey and monitoring program and an independent genetic research project since 
December of 2000.  These samples are submitted to the USDA Forest Service Rocky Mountain 
Research Station’s National Genomics Laboratory for Wildlife and Fish Conservation for DNA analysis.  
Overall success for all samples submitted for species determination using mitochondrial DNA has been 
excellent (>95%).  For those samples that were subsequently analyzed for sex and individual 
identification using nuclear DNA, overall success has been very good (>83%) (Table 2). 
 

 
Table 2. DNA analyses success by sample type 

 
Species Identification 
To date there are 1,475 samples contained in the database, of which 1,402 (95.1%) have been 
identified to species (Figure 1).  Of the samples for which species results were obtained, 1,193 (85.1%) 
were identified as lynx.  Nine-hundred eighty-eight of those samples (82.8%) were able to be 
genotyped, while 205 (17.2%) did not amplify.  Seventy-three (4.9%) did not contain enough quality 
DNA to make a species determination.   

 

Year
Samples 
collected

Individuals 
identified Occupancy miles Trailing miles

2013 149 49 NA 41.6
2014 198 68 NA 45.6
2015 135 48 1,969 43.1
2016 127 40 2,306 52.8

Sample Type # of samples Species ID % Success # of Samples Individual ID % Success
Scat 1234 1182 95.8% 1049 910 86.7%
Hair 148 128 86.5% 112 45 40.2%
Tissue 48 48 100.0% 45 45 100.0%
Blood (Waltham Card) 40 40 100.0% 40 40 100.0%
Other 5 4 80.0% 4 4 100.0%
Overall Success 95.1% 83.5%

Species ID Sex/Individual ID
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Figure 1.  Species identification results 2000-2016 (n = 1,402) 

 
 
Of the 1,193 lynx samples: 

• 316 individual lynx genotypes were identified, of which there are 
• 153 females (48.4%), 162 males (51.3%) and 1 undetermined sex (Figure 2) 

 

 
Figure 2.  Total Canada lynx individuals detected 2000-2016 (n = 316) 

 
Additionally, there are 42 samples that have been identified as F1 lynx-bobcat hybrids with 13 unique 
genotypes; 5 females (38.5%) and 8 males (61.5%).  There have been no F2 hybrids detected. 
 
Reproduction 
Field observations and DNA analysis have been used to document reproduction of lynx in Minnesota 
since 2002.  Areas that contain tracks of family groups (adults and kittens (animals presumed to be <1 
year old)) are continually monitored during the survey season in an effort to collect DNA from all 
individuals.  However, genetic samples from each member of the family group may not always be 
obtained, nor is every family group likely detected each year, so numbers presented here may be 
under-representative of the total numbers of family groups and kittens.  These figures represent only 
those family groups and kittens for which DNA analysis has shown a parent-offspring relationship.   
 
Field observations of family groups combined with DNA analysis since 2010 have identified a minimum 
of 24 different family groups producing a total of 54 presumed kittens, 28 (51.8%) of these female and 
26 (48.2%) male (Figure 3).  Overall, 92 kittens have been identified from 24 different mothers.  Fifty-
seven of these 92 have an identified father within the database, from 13 different fathers.  Of note in 
these data are: Mother S390 has had at least 13 kittens from 4 litters, mother L31 has had at least 11 
kittens from 3 litters.  Father L28 has sired at least 16 kittens over 5 years with 5 different mothers, 
father L10 has sired at least 11 kittens from 3 litters.   
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Figure 3.  Family groups and known annual reproduction 2010-2015 

 
 
Persistence 
Snow tracking and other methods used to obtain genetic samples have confirmed persistence of lynx 
on the Superior NF and elsewhere across northeastern Minnesota since January 2002 (Figure 4).  Of 
the 292 individuals that were not originally detected as a result of a mortality, 60 (20.5%) are known to 
have persisted into a second year.  There are 2 individuals that have been detected over a 6 year 
period, 2 that have been detected over a 5 year period, 5 that have been detected over a 4 year period, 
4 that have been detected over a 3 year period, and 16 that have been detected over a 2 year period.  
The number of detections of an individual ranges from just once to 34 times.   

 

 
Figure 4.  Persistence of individuals 2000-2016 (n = 292) 

 
Survivorship/Recruitment 
Although not an accurate representation of true kitten survivorship, the persistence of kittens in the 
database in to their second year can be an index of survivorship and recruitment in to the overall 
population (Figure 5).  Of the 81 individuals that have been identified as kittens in the database prior to 
2015/2016, 22 of them (27.2%), 9 female 13 male, have been recaptured into their second year or 
beyond and are assumed to have been recruited in to the northeastern Minnesota (NE MN) sub-
population.  It is also presumed that not all surviving kittens are detected within the survey area, and 
other surviving kittens emigrate to other sub-populations.  Figure 5 shows only those detected as 
kittens prior to the 2015/2016 survey season. 
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Figure 5. Persistence/recruitment of kittens 2001-2016 (n=81) 

 
Utilizing field observations in combination with genotypes of individuals we are able to discern some 
interesting relationships in the NE MN sub-population’s lineage and recruitment.  For example, Loch104 
was identified as a kitten in 2008 and was last detected in December of 2014.  Between 2010-2014 she 
produced 7 kittens from 3 litters.  Loch132, identified as a kitten in 2009 and was last detected in 2015, 
produced 5 kittens from 3 litters during that time.  Kittens S727 and S728, first detected this year, 4th 
generation offspring to some of the first lynx “captured” in this database in 2001/2002.  Kitten S384, 
also first identified this year, are 3rd generation offspring to lynx captured in 2009/2010.  L28, who has 
sired 5 generations of lynx (see Reproduction above), was first detected as a kitten during the winter of 
2004/2005.  
 
Distribution and Dispersal 
Lynx detections are distributed over 11 counties in Minnesota.  The majority occur in St. Louis, Lake 
and Cook counties in northeastern Minnesota where essentially all field data collection efforts have 
been focused.  The attached map represents locations of samples genetically confirmed as lynx within 
the State of Minnesota since they were listed as a threatened species under the Endangered Species 
Act (March 24, 2000).  Dispersal and movement of individuals both within and out of the core survey 
and monitoring area has been documented.  Maximum movement distance is 196 miles for males and 
46 miles for females. 
 
2015-2016 Monitoring Results 
 
Species Identification 
One-hundred twenty-seven samples were collected and submitted for analysis during the period of 
June 2015 through April 2016, as well as 3 samples collected previously.  One-hundred fourteen 
samples (87.7%) were identified as lynx, and genotypes were obtained from 100 of these identifying 40 
unique individuals, 21 female (52.5%) and 19 male (47.5%) (Figure 6).  Eighteen individuals (45.0%), 9 
female, 9 male, were previously recorded in this database (recaptures), and 22 individuals (55.0%), 12 
female, 10 male, were new to the database this year.  
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Figure 6.  Canada lynx individuals detected 2016 (n = 40) 

 
There were no F1 Canada lynx-bobcat hybrid detections in this year’s samples. 
 
Reproduction 
During the winter 2015-2016 survey season 7 family groups were detected in the survey area (Figure 
7).  Of the 7 family groups we collected genetic samples from one family group consisted of a candidate 
mother and at least 3 presumed kittens (2 female, 1 male) consistent with being her offspring.  Two 
family groups consisted of a candidate mother with at least 2 kittens, one with 1 female and 1 male, the 
other with 2 females.  There were 4 family groups with at least 1 kitten each, 1 female and 3 male, 
consistent with being the offspring of the candidate mother each was associated with.   

 

 
Figure 7.  Family groups and known reproduction 2016 

 
Although 5 of the 7 mothers were previously known in the database, these are the first known litters for 
each.  Two of the 7 mothers are known to have been born in NE MN, both 3 year olds born in 2013. 
 
Persistence 
Persistence distribution of the current year’s individuals may be representative of the overall age 
structure of the NE MN sub-population.  Of the 27 individuals detected during the 2015/2016 survey 
season that were not kittens, 18 (66.7%), 9 female 9 male, have persisted at least into their second 
year or more (Figure 8).  Two individuals have been detected over a 5 year period, 3 over a 4 year 
period, 6 over a 2 year period and 7 over a 1 year period.  There are 10 individuals that are new to the 
database this year that are not assumed to be kittens and therefore are not considered in persistence 
analysis.  By using field observations and genetic analysis 2 of these were determined to be adult 
females with kittens, and 8 are of unknown age; either they were travelling alone or tied to a family 
group but were unrelated. 
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Figure 8. Persistence of individuals 2016 (n = 38) 
*- Individuals new to the database of an unknown age 
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From: Holt, Bryon
To: Hendricks, Kathleen; Schmidt, Barbara
Cc: Cathey, Karen
Subject: Fwd: Cancelled - Lynx SSA Coordination Call
Date: Wednesday, November 30, 2016 7:26:54 AM

FYI - Monthly lynx SSA state coordination call canceled for this month.

Bryon

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Nov 29, 2016 at 2:44 PM
Subject: Cancelled - Lynx SSA Coordination Call
To: bob.broscheid@state.co.us, craig.mclaughlin@state.co.us, Jake Ivan - DNR
<Jake.ivan@state.co.us>, "Odell, Eric" <eric.odell@state.co.us>, "Moore,Virgil"
<virgil.moore@idfg.idaho.gov>, "Dustin Miller (dustin.miller@osc.idaho.gov)"
<dustin.miller@osc.idaho.gov>, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>,
"Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>, Sam Eaton
<Sam.Eaton@osc.idaho.gov>, Chandler.woodcock@maine.gov, "Connolly, James"
<James.Connolly@maine.gov>, "Vashon, Jennifer" <jennifer.vashon@maine.gov>,
moritzw@michigan.gov, bumpa@michigan.gov, kennedyd@michigan.gov,
commissioner.dnr@state.mn.us, rita.dixon@idfg.idaho.gov, jim.leach@state.mn.us,
Paul.Telander@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>, "Erb,
John D (DNR)" <john.erb@state.mn.us>, jhagener@mt.gov, JTubbs@mt.gov, "McDonald,
Ken" <kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, seggeman@mt.gov, "Baty, Ross" <rbaty@mt.gov>,
glenn.normandeau@wildlife.nh.gov, Mark.Ellingwood@wildlife.nh.gov,
john.kanter@wildlife.nh.gov, Jill.Killborn@wildlife.nh.gov, William.Staats@wildlife.nh.gov,
Patrick.Tate@wildlife.nh.gov, alexandra.sandoval@state.nm.us, stewart.liley@state.nm.us,
rick.winslow@state.nm.us, "Stuart, James N., DGF" <james.stuart@state.nm.us>,
patricia.riexinger@dec.ny.gov, curt.melcher@state.or.us, derek.j.broman@state.or.us,
Gregory Sheehan <GregSheehan@utah.gov>, Kimberly Hersey <kimberlyasmus@utah.gov>,
louis.porter@state.vt.us, mark scott <mark.scott@state.vt.us>, "Bernier, Chris"
<Chris.Bernier@state.vt.us>, director@dfw.wa.gov, cpl@dnr.wa.gov, "Lewis, Jeffrey C
(DFW)" <Jeffrey.Lewis@dfw.wa.gov>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, Sanjay.Olson@wisconsin.gov, Tom.Hauge@wisconsin.gov,
Erin.Crain@wisconsin.gov, Owen Boyle <Owen.Boyle@wisconsin.gov>, "Roberts, Nathan
M - DNR" <NathanM.Roberts@wisconsin.gov>, David.MacFarland@wisconsin.gov,
John.White@wisconsin.gov, scott.talbot@wyo.gov, Bob Lanka <bob.lanka@wyo.gov>, Zack
Walker <zack.walker@wyo.gov>, Nichole Bjornlie <nichole.cudworth@wyo.gov>, "Rossler,
Shawn T - DNR" <Shawn.Rossler@wisconsin.gov>
Cc: Seth Willey <Seth_Willey@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Brady McGee
<brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Anthony Tur
<Anthony_Tur@fws.gov>, Brad Thompson <brad_thompson@fws.gov>, Chris Mensing
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<chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>, Drue DeBerry
<drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>, Grant Canterbury
<Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, Karl Halupka
<Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Kim Garner
<kim_garner@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, Laura Ragan
<Laura_Ragan@fws.gov>, Leslie Ellwood <leslie_ellwood@fws.gov>, Mark Maghini
<mark_maghini@fws.gov>, Martin Miller <Martin_Miller@fws.gov>, Megan Kosterman
<megan_kosterman@fws.gov>, Michelle Eames <michelle_eames@fws.gov>, Paul Casey
<paul_casey@fws.gov>, Paul Henson <paul_henson@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, Rollie White <rollie_white@fws.gov>, Sarah Hall
<sarah_hall@fws.gov>, Scott Hicks <scott_hicks@fws.gov>, Sue Livingston
<sue_livingston@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>, Tyler Abbott
<Tyler_Abbott@fws.gov>, Wally Murphy <wally_murphy@fws.gov>, Dennis Mackey
<Dennis_Mackey@fws.gov>, Patricia Zenone <patricia_zenone@fws.gov>, Gary Miller
<gary_miller@fws.gov>, Karen Cathey <karen_cathey@fws.gov>, Steve Spangle
<steve_spangle@fws.gov>, Rick Kahn <rick_kahn@nps.gov>, "Jackson, Scott -FS"
<sjackson03@fs.fed.us>

Hi All:

Because we value your time and there is little new information to convey on the lynx SSA
report, we've decided to cancel this month's update/coordination call, which was scheduled for
tomorrow.

The SSA Team is working through internal review comments and we intend to send the
DRAFT SSA Report out to peer reviewers and State, Federal, and Tribal partners in the next
few weeks. 

The next call is scheduled for Wed., Dec. 28, though we will likely bump that to early January
because of the holiday.  I'll send out a reminder with call-in info for that one a day or two
ahead.

If you have questions or need any other information, don't hesitate to email or call me. 

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Tisler, Todd M -FS
To: Delphey, Phil (phil_delphey@fws.gov); Ann Belleman (ann_belleman@fws.gov); Tamara_Smith@fws.gov;

Eklund, Daniel A -FS
Cc: Catton, Susan J -FS
Subject: December Meeting Draft Agenda
Date: Wednesday, November 30, 2016 8:58:15 AM
Attachments: image001.png

image002.png
image003.png
image004.png
December Meeting Draft Agenda.docx

Good Morning All,                                                                        

Susan and I came up with a draft agenda that we wanted to run by you before we finalize it. As you’ll

see, we have the 14th dedicated to the various USFS/USFWS issues and projects. We’re proposing
that we start our topics at 9:00am to give you all plenty of time to drive up from the Twin Cities or
the CNNF if that’s still the plan. Your all invited to the December 13th meeting as well.

Please let us know what you think.

Thanks, Todd

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service
Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.
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 Interagency Coordination/NRRI Bird Monitoring Meeting Draft Agenda 
December 13-14 Duluth MN. 

 
Tuesday - December 13th   - Location – NRRI Conference Room  
 
9:30-10:30 – Kevin W. – MDNR – Common Loon Study  

10:45 – 12:00 – Steve Mortensen (Snowshoe Hare Study)  

12:00 - 1:00 – Lunch  

1:00-4:30 – NRRI Bird Monitoring Review.   

Wednesday – December 14th – Location - Duluth Aquarium  

8:00- 8:45 – Update from Cindy Sandeno and the two Forests    
 
9:00-10:30– NLEB Bat Monitoring   

• Morgan Swingen  -NRRI 
• Brian Herringa  - CNNF  
• CNF/SNF Acoustic Monitoring Summary  
• Future monitoring needs  - Transition to NABat  

 
10:30-10:45 Break 
 
10:45-11:30 – Canada Lynx 

•  Species Status Assessment Discussion – Tam Smith-FWS 
• Canada Lynx monitoring – FWS/Dan Ryan - SNF 

 
11:30-12:30 Lunch 
 
12:30-1:30 – T&E Species Listing Update – USFWS  

• Rusty Patched Bumble Bee – USFWS and USFS RO  
• Tri-colored bat 
• Little Brown Bat  
• NLEB Bat Litigation 
• Other Species?  

 
1:30-2:30 – NLEB Consultation Discussion  

• USFWS Staffing Discussion 
• BA Template Update  
• 2017 Consultation Plans/Schedule  

 
2:30 – 2:45 – Break  
 
2:45 - 3:30 – Continued discussion with Cindy Sandeno Update from Cindy Sandeno (RO)  



• RFSS Update  
• Other News from the RO 
• Q&A with Cindy  

 
3:30pm – Head Home….  
 



From: Bell, Heather
To: Parkin, Mary
Cc: Cummings, Jonathan; Zelenak, Jim
Subject: Re: Marty"s comments on the 3R terminology in executive summary
Date: Thursday, December 01, 2016 2:25:15 PM

"Given the resiliency of most geographic units and the improbability low likelihood that any 
imminent catastrophic event will cause the extirpation of an entire unit or, especially, the DPS as a 
whole in the immediate future, redundancy is not currently atn issue for the lynx DPS."

Jonathan, i agree with your suggested changes, and i migtht suggest we reword to just state that 
there is a low improbability of an imminent blah blah, rather than making the statment at the end 
about it not being an issue. 

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google
Site: https://sites.google.com/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS
visit http://www.fws.gov/endangered/improving_ESA/SSA.html.

On Tue, Nov 22, 2016 at 12:45 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Thanks so much, Jonathan.  This is both food for thought and good wording!
I'm about to leave for the Thanksgiving drive towards family, but I'm working tomorrow and
will do my utmost to make measurable progress on the Exec Summ.

Happy Thanksgiving all!
Mary

On Tue, Nov 22, 2016 at 1:58 PM, Cummings, Jonathan <jwcummings@usgs.gov> wrote:
Comment 1:
Executive Summary Text"
"Resiliency of individual geographic units, which function independently of each other, is the 
primary determinant of future lynx DPS viability. Overall, our analysis indicates a 
reduceddecreasing probability of persistence for alleach geographic units within the DPS over 
the rest of the century (noting that the analysis did not extend beyond that 2100 time frame). It 
further indicates a consequent permanent loss of two to four of the six units, i.e., loss of 
resiliency, by the end of the century."

Marty's comment:
Wouldn’t loss of populations be a loss of redundancy, not resiliency? The loss of populations is a loss
of redundancy; the means by which these populations are lost is the decrease in resilience over time.
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Jonathan's Response:
Yes, that is a loss of redundancy (# of populations) rather than resiliency (ability of a given population
to perpetuate).  Change resiliency to redundancy, or say a loss in redundancy resulting from
declining resiliency in the individual geographic units.

Comment 2:
Executive Summary Text
"Given the resiliency of most geographic units and the improbability low likelihood that any 
imminent catastrophic event will cause the extirpation of an entire unit or, especially, the DPS 
as a whole in the immediate future, redundancy is not currently atn issue for the lynx DPS."

Marty's comment:
Resiliency relates to the ability to withstand stochasticity. How is it a factor in drawing this conclusion
about redundancy?

Jonathan's Suggested edit:
"Given the number of currently extant geographic units, the resiliency of those units to 
stochastic events, and the improbably low likelihood that any imminent catastrophic event will 
cause the extirpation of an entire unit or, especially, the DPS as a whole in the immediate 
future, redundancy is not currently an issue for the lynx DPS."

The portion in italics could potentially be dropped to focus even more directly on redundancy.

Comment 3:
Executive Summary Text
"It further indicates a consequent permanent loss of two to four of the six units, i.e., loss of 
resiliency, by the end of the century."

Marty's comment:
Wouldn’t loss of populations be a loss of redundancy, not resiliency? The loss of populations is a loss
of redundancy; the means by which these populations are lost is the decrease in resilience over time.

Jonathan's comment:
"Yes, recommend changing resiliency to redundancy. If you want to talk about a loss of 
resiliency you would discuss the change to the persistence probability of the remaining 2-4 
units.

I think those were the three comments related to the 3Rs., let me know if there are other 
comments you want my thoughts on.

Jonathan

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings
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Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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From: Kurt Broderdorp
To: Jim Zelenak
Subject: My edits on final Report
Date: Friday, December 02, 2016 8:57:00 AM
Attachments: 2016 10 14 DRAFT Lynx SSA Report V2KB_Edits.docx

Jim,  As I mentioned before, I started editing within this version of the
final report.  I have provided a comment in every location where I did
an edit.  I will be unavailable for the rest of the day, but wanted to get
this to you as requested.  I will be back in the office on Monday.  Have a
good weekend.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States distinct population segment (DPS) of Canada lynx (Lynx canadensis). 
The DPS was listed in 2000 as threatened under the Endangered Species Act (ESA) because 
of the inadequacy of regulatory mechanisms on federal lands.  The SSA will provide the 
scientific basis for the statutorily required 5-year status review for this listed species and other 
decisions the Service is required to make in accordance with the ESA.  The DPS SSA provides 
an evaluation of the current and future status comprises of lynx in six geographic units within the 
DPS that currently support or recently supported resident breeding lynx populations.  The units 
range are distributed across the northern contiguous U.S. from Maine to the Pacific 
NorthwestWashington and south along the Rocky Mountains to western Colorado.  These 
geographic units combined represent approximately the southern two percent of the species’ 
entire breeding range (ninety-eight percent occurs in Canada and Alaska).  The units areand 
relatively isolated from each other, although most four of the six units are directly connected to 
lynx populations and habitats in Canada.  These DPS SSA geographic units are:   
  

Unit No. Name Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 Greater Yellowstone AreaNorth-central 
Washington 

5,176 

Unit 5 North-central Washington Greater Yellowstone 
Area 

23,687 

Unit 6 Western Colorado 25,294 

  
The SSA relied on both the available scientific literature and the professional judgments and 
opinions of recognized lynx experts to (1) describe the ecological requirements and population 
dynamics of the species, (2) evaluate the historic and current status lynx populations in the six 
geographic units and the factors that appear to have influenced these populations, and (3) 
assess the likely future viability of the DPS through the end of the century in terms of 
representation, redundancy, and resiliency (the “3 Rs”). 
 
Lynx are habitat and prey specialists and require boreal forests having long winters with deep, 
fluffy snow.  These conditions provide lynx with a competitive advantage over other predators 
for exploiting their primary prey, the snowshoe hare.  Lynx habitat and, thus, lynx are naturally 
less abundant and more patchily distributed in the DPS than in the core of the species’ range in 
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Canada and Alaska.  This is because the DPS occurs at the southernmost margin of the 
species’ range and of the environmental thresholds of snow quality, depth, and persistence; 
hare density; and boreal forest conditions that lynx require.   Maintaining connectivity between 
the DPS and lynx populations in Canada is thought to be important, but whether DPS 
populations rely on intermittent immigration of lynx from Canada, and if so to what extent, 
remain uncertain.  
 
Research and surveys undertaken since the listing of the DPS in 2000 have significantly 
improved our comprehension knowledge of the distribution, habitats, and status of resident 
breeding lynx populations. For example, although we knew there were resident lynx in Maine, 
we did not have an understanding of population size or trend.  We now know that northern 
Maine currently supports the largest resident population in the DPS; we also understand that 
past timber management has created the current abundance of high-quality lynx habitat, and we 
believe that there are many more lynx in Maine now than was likely under historic natural 
disturbance regimes and habitat distributions.  Similarly, when the DPS was listed, we were 
uncertain as to whether Minnesota supported a resident breeding population, but we now know 
that a persistent population occupies the northeastern corner of the state.  Research also 
suggests that lynx and habitats in the western U.S. are naturally less abundant and more 
patchily distributed than was thought at the time of listing, and lynx may have been recently 
extirpated from several areas that maythought to have previously supported small resident 
populations (the Kettle Mountains in northeastern Washington, the Garnet Mountains in western 
Montana, and the Greater Yellowstone Area) no longer do. We also know that recent extensive 
wildfires in north-central Washington have temporarily reduced the amount of high-quality lynx 
habitat and have probably caused a decline in lynx numbers there.  Finally, as a result of the 
release of 218 Canadian and Alaskan lynx in southwestern Colorado from 1999 to 2006, and 
their subsequent survival and reproduction, resident lynx are currently thought to occupy much 
parts of the western half of the stateColorado. 
 
Lynx are a habitat and prey specialist and require boreal forests having long winters with deep, 
fluffy snow.  These conditions provide lynx with a competitive advantage over other predators 
for exploiting their primary prey, the snowshoe hare.  Lynx habitat and, thus, lynx, are naturally 
less abundant and more patchily distributed in the DPS—which is the southernmost margin of 
its their range and environmental thresholds of snow quality, depth, and persistence—than in 
the core habitat in Canada and Alaska.  A fundamental hypothesis underlying the SSA is that 
the ability of lynx to persist in the DPS is a function of metapopulation dynamics with Canada, 
i.e., the DPS is infused intermittently with lynx from Canada following high hare cycles. 
  
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time.   Relative 
to the ecological requirements of the lynx within the DPS, we assessed current conditions at the 
individual, population, and rangewide levels, and the likely changes in the environment that may 
influence the future condition of individuals, populations, and the DPS and thus the viability of 
the DPS.   
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The SSA uses the conservation biology principles of representation, redundancy, and resiliency 
(the “3 Rs”) as the framework for assessing current and future conditions.  Resiliency describes 
the ability of the species to withstand stochasticity, redundancy describes the ability of the 
species to withstand catastrophic events, and representation describes the ability of the species 
to adapt over time to long-term changes in the environment.  The 3 Rs can be influenced by any 
number of factors.  For the lynx, these factors included the original reason for listing the lynx 
DPS as threatened:  inadequacy of regulatory mechanisms.  Other factors included climate 
change, vegetation management, wildfires, and habitat connectivity 
 
SSA Assumptions and Uncertainties 
 
A fundamental hypothesis underlying the SSA is that the ability of lynx to persist in the DPS is a 
function of metapopulation dynamics with Canada, i.e., the DPS is infused intermittently with 
lynx from Canada following high hare cycles. 
 
Overall, uncertainties abound with regard to lynx demography and effects of various stressors 
on DPS populations.  The primary sources of uncertainty for this analysis include a lack of 
empirical data regarding population sizes and trends, the extent of immigration of lynx from 
Canada to the persistence of U. S. populations, trends in hare populations, and effects of 
habitat management on lynx.  Most importantly given the importance of climate change as a 
stressor, we lack information on the pace and extent of changes in snow quality, depth, and 
persistence and how this affects the relationship between lynx and their competitors.      
 
For purposes of the SSA, we forecasted potential effects and trends through the end of this 
century.  This time frame is based on the level of uncertainty about climate change and other 
effects on lynx populations; it is also a long enough time frame to detect lynx population trends 
across the DPS.  
  
Current Conditions 
 
Currently, four of the six DPS units (Northern Maine, Minnesota, Northwestern Montana, and 
Western Colorado) demonstrate high levels of resiliency.  North-central Washington (Unit 4) 
was also considered resilient until recent wildfires consumed an extensive amount of habitat, 
likely resulting in a diminished population that may be susceptible to stochastic events.  The 
Greater Yellowstone area historically supported resident lynx, but it is unclear whether the area 
still supports a breeding population due to the distance and relative isolation of the unit from 
Canada as well as the less than favorable habitat conditions and snowshoe hare densities.   
 
As shown in the table above, five of the six units are larger than 20,000 km2; the other is over 
5,000 km2.  Land ownership within the units varies from mostly private in Maine, to a mix of 
private, State, and Federal lands in Minnesota, to mostly Federal lands in the West.  Overall, 
Federal lands account for nearly 64 percent of the areas encompassed by the SSA units.  Of 
non-Federal areas, private lands make up almost 27 percent of the total followed by State and 
Tribal lands.  Available data indicate that distribution within the DPS remains similar to historical 
patterns and that the number of units across the DPS has not been meaningfully diminished 
from historical levels, given the uncertainty about the past occupancy of the Greater 
Yellowstone area by a resident breeding lynx population.  
 
Given the resiliency of most geographic units and the improbability that any imminent 
catastrophic event will cause the extirpation of an entire unit or, especially, the DPS as a whole, 
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redundancy is not currently at issue for the lynx DPS.  Also, because lynx are genetically similar 
throughout the entire range of the species, and because we did not find any diminishment of 
adaptability and evolutionary capacity of DPS populations based on the known historical record, 
we do not consider representation to be a current issue for lynx. 
 
The original reason for which the DPS was listed, inadequacy of regulatory mechanisms has 
been largely ameliorated on public lands within the western geographic units.  Climate change, 
vegetation management, wildfires, and habitat fragmentation are now stressors of more 
heightened concern.  We know that wildfires are causing depletion of lynx in some areas in the 
West, particularly in the North-Central Washington Unit.  We also know that past vegetation 
management in the northern Maine Unit has resulted in a lynx population that is currently the 
largest in the DPS.  Conversely, stressors such as climate change and associated habitat 
alterations, while currently occurring, may not demonstrate demographic effects on lynx within 
the next decade. 
 
Future Conditions 
 
Resiliency of individual geographic units, which function independently of each other, is the 
primary determinant of future lynx DPS viability.  Overall, our analysis indicates a reduced 
probability of persistence for all geographic units within the DPS over the rest of the century 
(noting that the analysis did not extend beyond that 2100 time frame).  It further indicates a 
consequent permanent loss of two to four of the six units, i.e., loss of resiliency, by the end of 
the century. 

Representation and redundancy are lesser factors for DPS viability, for several reasons.  
Although the populations in the DPS units are demographically isolated from each other, there 
is little risk of significant genetic drift within the DPS, likely due to most areas being relatively 
well connected with Canadian populations; this is indicative of relative genetic health through 
the end of the century.  Furthermore, based on expert input, there is no indication that the 
relatively low level of genetic diversity is likely to reduce DPS viability in the future (USFWS 
2016, p. 51).  Because of the ability of lynx to widely disperse, and because it is unlikely that 
insurmountable barriers to lynx dispersal between Canada and the DPS will emerge, we do not 
expect representation to become a concern through the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any catastrophic event could cause extirpation of any one geographic unit.  It is 
even less like that a single catastrophic event will eliminate all populations in the DPS.  It is 
important to note, however, that a sequence of events could extirpate individual units over time, 
thereby reducing redundancy within the DPS. 

The likelihood of persistence of individual populations, and thus geographic units, is expected to 
decrease by 2100 primarily because of climate change effects on snow conditions and boreal 
forests.  The other long-term threat is forest management practices that are not conducive to 
landscape hare densities able to support lynx, although this stressor may be limited to one 
geographic unit.  Threats affecting the future condition of the DPS are summarized below. 

Based on climate change models, the effects of climate change on snow and boreal forest 
conditions are foreseen as the primary stressor limiting future viability of lynx in the DPS.  The 



southernmost boreal habitats are predicted to retreat northward and upslope, fragmenting and 
diminishing the quality of lynx and hare habitat within the DPS (although some uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts).  As habitat 
conditions decline, mortality rates are likely to increase and reproductive rates decrease.  This 
in turn will reduce abundance and density of individuals within populations, making lynx 
populations more susceptible to stochastic events.   

Given the percent of federal land ownership,  regulatory assurances that these lands will be 
managed in accordance with lynx conservation, and a stronger possibility that lynx populations 
will be able to relocate to higher elevations, western geographic units are more likely to support 
lynx longer under projected climate change scenarios.  Nonetheless, we are unaware of any 
management action that can abate the long-term retreat of boreal forests and changed snow 
conditions.  Further, climate-induced frequency and intensity of wildfires and disease events is 
expected to increase, particularly in the western portion of the DPS, although we do not 
anticipate such events in and of themselves to cause the permanent loss of breeding lynx 
populations in the Northwest or any other unit. 

With regard to the eastern geographic units (Minnesota and Maine), suitable boreal forest and 
snow conditions are projected to decline more severely than in the western units.  Lynx habitat 
conditions in Maine are also likely to decline significantly by the end of the century as private 
forest management practices, particularly a decline in clearcutting, result in succession 
detrimental to snowshoe hare and lynx needs. 

DPS viability 

Although there is no evidence from the historical record that Canada lynx have declined within 
the DPS, a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century.  
While it is more likely than not that any given individual unit—northern Maine, northeastern 
Minnesota, northwestern Montana, western Colorado, and possibly north-central Washington—
will persist to mid-century, it is unlikely all that five will persist to that point.  By the end of the 
century, we expect populations to persist primarily in units having high-elevation refugia, e.g., 
northwestern Montana and possibly western Colorado, although Colorado would be an isolated 
unit.  Lynx may also persist at the end of the century in Maine, depending on the severity of 
climate change effects and trends in development and private forest management.  Uncertainty 
increases at mid- to late-century concerning the timing and extent of various stressors that will 
affect lynx and hare habitat and snow regimes, especially those related to climate change.  
However, review of the best available science in concert with input from lynx experts indicates 
that all units will exhibit declines by 2025, with the negative DPS-wide trajectory continuing to 
the end of the century, and (with no evidence to the contrary) beyond that time frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will 
also reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, 
and representation will put the Canada lynx U.S. DPS at increasing risk of extinction over the 
course of this century, and in all probability, the risk will continue to increase after that point.SSA 
Assumptions and Uncertainties 



 
Overall, the primary sources of uncertainty were the lack of empirical abundance and trend 
estimates, the extent and importance of immigration of lynx from Canada to the persistence of 
U. S. populations, trends in hare populations, and the effectiveness of lynx management (or lack 
thereof on private forest lands).  Given the importance of climate change as a stressor, we lack 
information on the pace and extent of changes in snow quality, depth, and persistence and how 
this affects the relationship between lynx and their competitors.      
 
[Add text here about foreseeable future/time frame for analysis, no evidence of declining trend 
to date, etc.]   
  
Current Conditions 
 
Currently, four of the six DPS units (Northern Maine, Minnesota, Northwestern Montana, and 
Western Colorado) demonstrate high levels of resiliency.  North-central Washington (Unit 4) 
was also considered resilient until recent wildfires consumed an extensive amount of habitat, 
likely resulting in a diminished population that may be susceptible to stochastic events.  The 
Greater Yellowstone area historically supported resident lynx, but it is unclear whether the area 
still supports a breeding population due to the distance and relative isolation of the unit from 
Canada as well as the less than favorable habitat conditions and snowshoe hare densities.   
 
Five of the six units are larger than 20,000 km2 (7,722 mi2); the other is over 5,000 km2 (1,931 
mi2).  Land ownership within the units varies from mostly private in Maine, to a mix of private, 
State, and Federal in Minnesota, to mostly Federal lands in the West.  Overall, Federal lands 
account for nearly 64 percent of the areas encompassed by the SSA units.  Of non-Federal 
areas, private lands make up almost 27 percent of the total followed by State and Tribal lands.  
Available information indicates that distribution within the DPS remains similar to historical 
patterns and that the number of units across the DPS has not been meaningfully diminished 
from historical levels, given the uncertainty about the past occupancy of the Greater 
Yellowstone area by a resident breeding lynx population.  
 
Given the resiliency of most geographic units and the improbability that any imminent 
catastrophic event will cause the extirpation of an entire unit or, especially, the DPS as a whole, 
redundancy is not currently at issue for the lynx DPS.  Also, because lynx are genetically similar 
throughout the entire range of the species, and because we did not find any diminishment of 
adaptability and evolutionary capacity of DPS populations based on the known historical record, 
we do not consider representation to be a current issue for lynx. 
 
Various stressors currently affecting each unit include … [pull from Chapter 3 summary] 
  
Future Conditions 
 



[Pull from Chapter 5 rangewide summary.  Include projected population persistence, habitat 
conditions and trends under various climate change scenarios if known, and influencing factors, 
then the unique conditions and influencing factors that differentiate the geographic units.] 
  
Synthesis 
 
[Pull text from Chapter 6, including to what extent the 3Rs would be met under the different 
scenarios (best, worst, most likely).] 
 
  



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

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

Comment [ZJ4]: JS questions use of this 
word throughout doc. 



below). Lynx populations in the DPS seem to function as peripheral subpopulations (islands) of 
a larger (mainland) metapopulation centered in north-central Canada (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below), and the demographic and genetic health and persistence 
of DPS populations are thought to be influenced by connectivity with, and immigration of lynx 
from, larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, 
entire; 78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada when hare populations crashed; many of these 
occurrences were  in anomalous habitats, and lynx were unable to persist and establish 
populations in most of these areas (Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2, below). 
Habitats capable of supporting persistent resident lynx populations in the contiguous U.S. occur 
over a much smaller geographic area that includes parts of the Northeast (primarily northern 
Maine), western Great Lakes (northeastern Minnesota), Rocky Mountains (northern Idaho, 
northwestern Montana; perhaps also parts of northeastern Washington, the Greater 
Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming, and parts of 
western Colorado), and the eastern Cascade Mountains of northern Washington (68 FR 40077-
40080; U.S. Fish and Wildlife Service 2005, p. 3; 79 FR 54806-54807; Lynx SSA Team 2016, 
pp. 6-7). Although uncertainty remains regarding the historic distribution of resident lynx in the 
contiguous U.S., and breeding populations may have been lost from some places, neither 
broad-scale breeding range contraction nor substantial population decline in the contiguous 
U.S. has been documented based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 
FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (U.S. Fish and Wildlife Service 2005, entire), designated critical habitat for the DPS in 
2006 (71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations 
of “significant portion of the range” and that all lynx in the contiguous U.S. constitute a single 
DPS (72 FR 1186). Also in 2007, the Service initiated a 5-year status review of the DPS (72 FR 
19549). The Service revised the critical habitat designation for the DPS in 2009 (74 FR 8616) 
and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based definition of 
the DPS boundary to formally extend ESA protection to lynx “where found” in the contiguous 
U.S., including New Mexico and other states that were not included in the original DPS range 
(79 FR 54804). The Service reinitiated the 5-year status review in 2015 
(https://www.fws.gov/mountain -
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php), and that 
review will be informed by this SSA report.  On September 7, 2016, the U.S. District Court for 
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the District of Montana remanded the 2014 critical habitat designation to the Service for further 
consideration. 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1). Five of the six geographic units were designated as “Core Areas” in the Recovery 
Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a “Provisional 
Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, these units 
also encompass and closely mirror the areas the Service designated as critical habitat in 2014 
(79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support lynx home ranges and occasional reproduction. , and 
uUncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here.  
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations relative to the general range of lynx in Canada. Range in Canada 
based on Poole (2003), Koen et al. (2014), and Vashon (2015). 
 



The six geographic units include Federal, private, State, and Tribal lands.  The amounts in each 
ownership vary among the units, with private lands predominating in the Maine, a mix of 
ownerships in Minnesota, and Federal lands predominating in the western units (Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 0 0 0 0 91.6 7.3 0.9 

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

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

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

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

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

All Units 131,164  100 63.6 55.6 6.8 1.1 26.5 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 

1.2 SSA Framework and Report 



The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of 
this effort, our Endangered Species Program has developed 
the Species Status Assessment (SSA) Framework to guide 
how we assess the best scientific and commercial data 
available when evaluating the biological status of species. In 
conducting an SSA, we take into consideration the life history 
and ecological requirements of the species to understand how 
the species maintains itself over time (captured under the 
broad heading of “species needs”); the current condition of the 
species at the individual, population, and rangewide levels in 
terms of meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.   
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the assessment, the SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (collectively known 
as the “3 Rs”) as a lens to evaluate the current and future condition of the species. Briefly, 
resiliency describes the ability of the species to withstand stochastic events; redundancy 
describes the ability of the species to withstand catastrophic events; and representation 
describes the ability of the species to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain populations in the wild over time 
based on the best scientific understanding of current and future abundance and distribution 
within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions by the Service under the ESA. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach/Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time.  USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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terms of the 3 Rs using conceptual modeling (Figure 2) based on available published literature, 
other information on the historic and current status of and threats to lynx in the DPS and, where 
empirical data are lacking, on formally-elicited expert opinion and best professional judgment 
(Lynx SSA Team 2016, entire). 
 

 
Figure 2. Conceptual model of the factors thought to influencing influence the 3 Rs as they 
pertain to lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we used considered the current and likely future 
(based on modeling projections and expert opinion) geographic distributions of resident 
breeding populations and whether the DPS is currently vulnerable to extirpation due to 
catastrophic event or would be in the future.  Figure 3 shows examples of relationships among 
factors that may influence lynx redundancy within the lynx DPS. 
 



 
Figure 3. Conceptual model of fFactors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we used  considered  measures of genetic 
diversity and heterozygosity, the current and likely future ecological diversity of geographic 
distributions of areas occupied by resident breeding populations, and the documented dispersal 
capabilities of the species, as shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of fFactors thought to influence representation within the lynx DPS. 
 
Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 



populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future.  The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 
 

 
Figure 5. Conceptual model of fFactors thought to influence the resiliency of lynx populations 
within the DPS. 

Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 



three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S, where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, white on the underside of 
the tail, and is much more common and abundant than lynx in most of the contiguous U.S. than 
lynx. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx, there is evidence of genetic exchange between the two areas, indicating 
that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle that separates 
them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional genetic 
markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in eastern 
Canada, which suggest the potential for evolutionarily significant differences in those areas, 
recent analyses reveal genetic exchange among lynx on either side, indicating that some lynx 
successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 
2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
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While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the extensive connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35).  In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids 
have been documented in the western portion of the lynx’s range (Schwartz in Lynx SSA Team 
2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
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abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
 

 
Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 136-
140 and 2000b, pp. 183-191; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000b, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 136-140 
and 2000b, pp. 183-195). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
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structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000b, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69).  As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 



(0.04/ac) (Hodges 2000a, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., stand-level hare densities may exceed 2 hares/ha (0.8 hares/ac) 
(Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; Homyack et 
al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but in many parts 
of the DPS, landscape-level densities are lower, ranging from just above to well below the 0.5 
hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and populations 
(Hodges 2000b, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and Ruggiero 
2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, pp. 910-
911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, p. 1483; 
ILBT 2013, pp. 24, 26, 90).   
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al. p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS (Moen et 
al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 1505; ILBT 
2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to adequately 



provision dependent kittens, and females seem to select den sites near prey sources to 
minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; Vashon et al. 
2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and one or more 
alternate or maternal dens until kittens are about 6-10 weeks old (Squires et al. 2008, p. 1502; 
Vashon et al. 2012, p. 17; ILBT 2013, p. 29). Thereafter, kittens remain with their mothers 
through their first winter, apparently learning from her how to hunt and capture prey, initially on a 
small portion of her home range, but by fall on the larger area the female used before kittens 
were born (Mowat et al. 2000, pp. 269, 278). Juveniles remain closely associated with their 
mothers until February or March, when family groups begin to break up, with young typically 
dispersing in April and May (Mowat et al. 2000, pp. 278-279) to establish their own home 
ranges. Female offspring may establish home ranges overlapping or adjacent to their mother’s 
home range and maintain mother-daughter bonds throughout their lives (Mowat et al. 2000, pp. 
279-280).  Male home ranges may slightly overlap adjacent male home ranges.  While male 
home ranges typically overlap one to three female home ranges, and female home ranges are 
partially or completely encompassed by a male’s home range, core areas within home ranges 
appear to be exclusive except during the breeding season (Koehler and Aubry 1994, pp. 90-91; 
Mowat et al. 2000, pp. 276-280; Vashon et al. 2012, pp. 17, 22-23). Fidelity to home ranges 
over several years has been documented for both sexes, but shifts and abandonment of home 
ranges have also been documented (Koehler and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). 
Lynx have been documented to live up to 16 years in the wild (Kolbe and Squires 2006, entire).    
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000a, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).   
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 



regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities declined from 2/ha (0.8/ac) to 1/ha (0.4/ac) 
(Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx home ranges 
larger at the southern periphery of the lynx’s range, including most of the contiguous U.S., and 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of a larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528).  Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2).  Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1)  (1) it is born to a female who that occupies a home range withcontaining 
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a)  (a) secure denning habitat, 
b)  (b) adequate hare abundance to support lactation during the early kitten stage and later 

provisioning of the kitten with hare meat, 
c)  (c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d)  (d) a low likelihood of encounters with lynx mortality agents (predators, trappers, 

vehicles, etc.); 
 

2)  (2) the mother’s home range occurs within a larger landscape that also contains adequate 
hare abundance and available habitat into which the yearling lynx may disperse and 
establish its own home range after the period of maternal dependence, with low likelihood of 
adverse competition and mortality; and 
 

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

 
Table A.  Needs of individual (and populations?) of lynx. 
  

Life stage Stand-level needs Home range level needs Landscape level needs 

Kittens Adequate denning habitat 
with coarse woody debris or 
tip-up mounds 

Hare densities adequate to 
support mother’s 
pregnancy, lactation and 
provisioning kittens with 
hares 

Boreal forest 

Snow depth (>270 cm/year), quality 
(fluffy), and duration (at least 4 
months) that reduces the likelihood of 
competition 

Close proximity to feeding 
areas with boreal forest 
having dense, horizontal 
structure that supports high 
densities of snowshoe hares 

Low likelihood of encounters with 
mortality agents – predators, 
trappers, vehicles, etc. 

Subadults and 
adults 

Boreal forest having dense, 
horizontal cover that 
supports high densities of 
snowshoe hares 

Sufficient area of boreal 
forest to support adequate 
hare populations that can 
provide resources for at 
least one male and one 
female to reproduce 
successfully 

Large landscapes (thousands to tens 
of thousands of km2) adequate to 
support at least a minimum viable 
population of at least 25 to 50 
breeding lynx when hares are low. 
Long term, the lynx population should 
have a lambda >1.0.   

A large (at least 100 km2, 
but up to 250 km2 in some 
units) landscape adequate 
to support at least one male 

Landscape hare densities of at least 
0.5 hares/ha 

Snow depth (>270 cm/year), quality 
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and one female home 
range. 

(fluffy), and durations (at least 4 
months) that reduces the likelihood of 
competition 

Habitat structure that allows 
successful hunting for hares 

Forested matrix habitat that 
allows lynx to successfully 
move between high quality 
hare habitats 

Continuous (unfragmented) forest 
that allows successful dispersal of 
individuals and occasional emigration 
to nearby populations 

Low likelihood of encounters with 
mortality agents – predators, 
trappers, vehicles, etc. 

  
 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met.: Dduring the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), where hare population 
cycles are of lower amplitude or absent (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 
870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016, pp. 16-17), and where hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367).,  Therefore, the likelihood that an 
individual lynx will have its ecological requirements met sufficiently so that it may replace itself in 
the breeding population is probably consistently relatively low, perhaps similar to lynx born 
during hare declines/lows in the north. Also in the south, there are more diverse assemblages of 
potential competitors and predators, more natural patchiness and anthropogenic fragmentation 
of lynx habitat (fewer areas with adequate hare densities and favorable snow conditions 
distributed broadly across large landscapes), and higher road densities and, thus, greater 
potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These 
factors probably further reduce the likelihood that an individual lynx in the southern periphery of 
the range will survive, reproduce successfully, and have one or more offspring recruited into the 
resident breeding population. 
 
Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 



provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 2, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).   
 
Table 2. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 

Reported Lynx Home Range Size km2 
(mi2) 

 
References (pages) 

Female Male 

N Maine 26 (10) 54 (21) Vashon et al. 2012 (16-17) 

NE Minnesota 17-21 (7-8) 160-267 (62-103) Burdett et al. 2007 (460-463); Moen et al. 
2008a (17)  

NW Montana/ 
NE Idaho 

43-115 (17-44) 122-238 (47-91) Brainerd 1985 (20); Squires and Laurion 
2000 (344); Squires et al. 2004a (13) 

N-C 
Washington 

37-91 (14-35) 49-69 (19-27) Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 

GYA 50 (19) 824 (318) Squires et al. 2003 (12-13) 

W Colorado 75-704 (29-272) 103-387 (40-149) Shenk 2008 (10) 

 



Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac).  Voyageurs National Park, where hare density 
was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et al. 2012, 
pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter predators (mountain lion [Puma concolor], coyote [Canis latrans], 
wolverine [Gulo gulo], gray wolf [Canis lupus], fisher [Pekania pennanti], and other lynx) (ILBT 
2013, pp. 33, 35). Although lynx have co-evolved with predators, the influence of predation on 
lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain lions and coyotes are now 
more widespread and abundant in the southern periphery of the lynx distribution than they seem 
to have been historically (Buskirk et al. 2000a, p. 83; Gompper 2002, entire). Lynx also need 
landscapes where they are unlikely to suffer reduced fitness because of competition with other 
hare predators, or encounter traps or other anthropogenic causes of mortality. Except for fisher 
and marten (Martes americana), lynx predators and potential terrestrial competitors for hares 
(the species above plus bobcat; maybe red fox [Vulpes vulpes] in some situations) all have 
higher foot-loading (weight per surface area of the foot), making them less efficient at traveling 
and hunting in the deep powdery snow conditions favorable for lynx (Buskirk et al. 2000a, pp 
86-95, Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions 
between lynx and these species. Analysis of lynx occurrence data in the contiguous U.S. 
suggests that lynx require at least four months (December through March) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor lynx, 
increased potential for predation and competition would be expected (Peers et al. 2013, p. 8). 
Finally, individual lynx are more likely to survive, breed, and replace themselves in the breeding 
population if they occupy home ranges where trapping is prohibited or trapping pressure is low 
(Slough and Mowat 1996, entire), high-speed/ high-volume roadways are absent (ILBT 2013, 
pp. 77-78), and other potential anthropogenic causes of lynx mortality are minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 



The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and  and favorable snow depth and conditions for about 4 months are needed to 
support lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx 
distribution, some places, including within the range of the DPS, seem to be at minimum 
thresholds to meet these requirements or to do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions recover or improve.  As with 
individual lynx, populations are more likely to persist in landscapes where the effects of 
competition, predation, and human-caused mortality (e.g., trapping, vehicle collisions) are 
relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25).  Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing.  Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31).  Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct.  In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands.  Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.    
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000a, pp. 22, 30). Although some demographic data are available for 
most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations.  There remains uncertainty about whether, and if so to what extent, 
the demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000a, 



pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in southern Yukon.  This period of rapid growth was, followed by a rate of λ = 
1.01 (stable) during the first year of a hare decline, and λ = 0.01 10 (note - this appears to be an 
error; the correct value for λ in a population in which the estimated number of individuals 
declined from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [rounded to two decimals]) 
and λ = 0.46 (rapid decline) during the first two years of the lynx population decline when hares 
were scarce.  (Note – the value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) 
appears to be an error; the correct value for λ in a population in which the estimated number of 
individuals declined from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented 
above]).  However, the natural range in λ that would be expected among peripheral, isolated, or 
semi-isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS 
populations), versus those that would signal long-term population decline or instability is 
unknown.  Despite this, and the limitations noted above, Squires (unpubl. data in Lynx SSA 
Team 2016, p. 20) calculated population growth rates in northwestern Montana of λ = 0.92 for 
lynx in the Seeley Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in 
the Purcell Mountains (increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; 
USFWS, Vortex10, deterministic population simulation) used demographic data from Vashon et 
al. 2012 (pp. 17-21) to calculate finite growth rates during a period of high hare density (λ = 
1.16; increasing trend) and during a period of low hare density (λ = 0.88; decreasing trend) for 
the lynx population in northern Maine (see also section 4.1.1, below).     
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx  (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 square kilometers (USFWS 2005, p. 5). McKelvey et al. 
(2000b, p. 29) noted that extinction (extirpation) risk should decrease with increasing population 
size, and that extinction resulting from demographic stochasticity is very unlikely even for a 
population (generally; not specific to lynx) with as few as 20 reproducing females. Kramer- 
Schadt et al. (2005, entire) developed a spatially explicit population model for Eurasian lynx in 
Germany which they combined with demographic scenarios to evaluate the likely success of 
potential reintroduction efforts; they concluded that at least 10 females and 5 males would be 
required to establish a population with an extinction probability less than 5 percent over 50 
years. Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian 
lynx; they found that extinction occurred only in small populations that occupied habitats of less 
than 500 km2 and that extinction within 35 years was unlikely among populations occupying 
areas of at least 500 km2 of adequate habitat quality. 
 



In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789). 

2.3 Historic and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Alaska 
Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historic range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 



Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Science Conservation, 
http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content, accessed 
4/28/2016; Reimer 2016, pers. comm.), which represents about 8.7 percent of the species’ 
distribution. Lynx in Alaska are apparently secure, with low to moderate threats, and populations 
appear stable statewide, although total abundance is unknown (Alaska Natural Heritage 
Program 2008, pp. 2-4). In both Alaska and Canada, lynx trapping is managed through 
regulated seasons and harvest levels, which are adjusted to avoid overexploitation, especially 
during the low phase of the hare-lynx population cycle (Alaska Natural Heritage Program 2008, 
pp. 2-6; Vashon 2015, pp. 5-6). Along the Canada-U.S. border in provinces adjacent to DPS 
lynx populations, lynx trapping is prohibited in New Brunswick (adjacent to northeastern Maine) 
but regulated trapping is permitted in Quebec (adjacent to northwestern Maine, northern New 
Hampshire, and northern Vermont), Ontario (adjacent to northeastern Minnesota), Alberta 
(adjacent to northwestern Montana), and British Columbia (adjacent to northwestern Montana, 
northern Idaho, and northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historic conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historic range of lynx in the contiguous 
U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Because of this, resident lynx populations never occurred everywhere boreal forest existed in 
the contiguous U.S. Where the boreal forest was naturally more patchy and marginal, the 
habitat was incapable of supporting an adequate snowshoe hare population that in turn was 
incapable of supporting a resident lynx population over time. As a result, only a few areas in the 

http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content


contiguous U.S. historically supported an adequate quantity and quality of habitat to support 
resident lynx populations over time, and many historical lynx occurrences across a large area of 
the contiguous U.S. were likely dispersers. The occurrence of dispersing lynx is unpredictable, 
and dispersing lynx will likely continue to periodically move into areas that are not lynx habitat 
(68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (U.S. Fish and Wildlife Service 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 
54812-54823). Many records of lynx in the contiguous U.S. appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16), suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous U.S.exist either as 
resident populations or as dispersers, that dispersing lynx are often found repeatedly and for 
variable amounts of time in habitats that cannot sustain breeding populations over time (though 
some breeding may occur occasionally in some of these areas), and that such areas probably 
contribute little to the persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated 
dispersal into habitats that ultimately cannot support the species (‘‘sink’’ habitats) often leads to 
confusion among scientists and the public about where lynx populations may be viable (74 FR 
66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 



the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367; Krohn 2010, p. 33). Because of the large effect that relatively 
few errors in identification can have on assessments of the distribution of rare animals, 
especially those that are easily confused with a similar and more common species, McKelvey et 
al. (2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historic or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgementjudgment of the best 
scientific and commercial data available to make conclusions about the range of the lynx for the 
purposes of this SSA. In the following section, we describe the types and distributions of 
potential lynx habitats in the contiguous U.S., and our current understanding of the historical 
and current distributions of resident lynx populations in the DPS considering the factors 
discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
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Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077).  Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128).  As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods.  These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx.  Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep, fluffyand fluffy snow conditions.   
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historic or recent evidence of the habitat quality or 
quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 66940-
66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx in the 
DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and snow 



conditions, and that they were not capable historically and are not capable now of supporting 
resident lynx populations.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best historic 
and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 40097-
40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.      
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historic and potential future occurrences of lynx in these states most likely 
represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident, 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 



supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historic lynx reports for the Southern Rockies, questioned its 
original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historic records were of periodic dispersing lynx during “extremely high populations cycles” 
and that a resident population never existed in southeastern Wyoming (68 FR 40081, 40091). 
The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now Colorado 
Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into southwestern 
Colorado (with plans to release an additional 186 lynx from 2003-2009) in an effort to 
reestablish a resident lynx population, that reproduction among some of the released lynx had 
been documented by 2003, but that it was too early to determine whether the program would be 
successful (68 FR 40091).  In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, and likely has 
only supported dispersing lynx since then, and that an effort to reintroduce lynx there failed 
quickly, suggesting the habitat is incapable of supporting a resident population (68 FR 44486-
44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan, 2011a, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (CPW 2015, p.1; Ivan in Lynx SSA Team 2016, 
pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service concluded 
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that the historic record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historic occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historic records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

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



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



residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in northern New Hampshire. We conclude that northern and central New 
Hampshire likely supported a small resident lynx population historically that was extirpated 
during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821).  Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37).  It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historic lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historic record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state, which currently supports the largest lynx 
population in the DPS (Krohn 2010, entire; McKelvey et al. 2000a, pp. 211-212; Hoving et al. 
2003, entire; Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon 
in Lynx SSA Team 2016, p. 18). The lynx population in Maine is much larger than was 
suspected at the time of listing or the 2003 remand (potential habitat exists to support possibly 
750-1,000+ individuals [Vashon in Lynx SSA Team 2016, p. 18], though a reliable population 
estimate is lacking). The current abundance of lynx is supported by the broad distribution of 
high-quality hare habitat that resulted from extensive, large-scale clearcutting in the 1970s and 



1980s in response to a massive spruce budworm outbreak (68 FR 40087; 79 FR 54792; also 
see section 4.1.1, below). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35 years post-harvest, hare 
densities decline as cover and forage are reduced due to forest succession (Simons 2009, p. 
217). The current lynx population is probably larger than the likely historic condition, when 
relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of young stands (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 
79 FR 54792). With the reduction in clearcutting following enactment of the Maine Forest 
Practices Act of 1989, it is projected that lynx densities in Maine will decline by 55 to 65 percent 
by 2032 (Simons 2009, p. 217). Lynx in Maine likely represent the southern periphery of a larger 
population that occurs in northern New Brunswick and southern Quebec south of the St. 
Lawrence Seaway/River, which appears to partially isolate lynx in this region, demographically 
and genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
The extent to which lynx persistence in Maine relies on immigration from Canada is unknown.     
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats (cite?). Although there are currently 
more lynx in Minnesota than suspected at the time of listing, it is unclear whether current 
numbers and distribution are similar to the historical condition. The extent to which lynx 
persistence in Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016 pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 



apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).    
  
In summary, although uncertainty remains regarding the historic distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire, though lynx persistence in New Hampshire is uncertain and lynx 
numbers in Maine are projected to decline over the next several decades. In the West, small 
breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined 
because of recent large fires and insect outbreaks, and the persistence of the breeding 
population there could be threatened if additional such impacts occur with similar magnitude 
and frequency over the next several decades. As a result of the release of 218 Canadian and 
Alaskan lynx from 1999-2006, resident lynx currently occur in western Colorado. Although the 
number of lynx in this population and its future persistence are uncertain, Colorado currently 



supports more lynx than it likely did, based on the historic record, for much of the previous 
century. The geographic units evaluated in this SSA include all areas in the contiguous U.S. 
with strong historical and recent evidence of persistent resident lynx populations. Detailed 
assessments of the current status and future viability of resident lynx populations and habitats in 
these areas are presented in chapters 4 and 5 below. 

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

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 



may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 0 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Table 
1, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.    
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms 
(Factor D as described in section 4(a)(1) of the ESA). Specifically, at that time the Service 
believed that most lynx populations and potential lynx habitats (broad forest vegetation classes 
defined as “lynx forest types” [65 FR 16071]) in the contiguous U.S. occurred on Federal 
(USFS, NPS, and BLM) lands in the western states, and that the plans that guided management 
of those lands (particularly USFS and BLM lands) included “...programs, practices, and activities 
within the authority and jurisdiction of Federal land management agencies that may threaten 
lynx or lynx habitat. The lack of protection for lynx in these Plans render them inadequate to 



protect the species” (65 FR 16052, 16082). At that time, the Service found that USFS and BLM 
management plans did not adequately address risks to lynx and, as identified in the LCAS 
(Ruediger et al. 2000, pp. 2-1 through 6-3), those plans allowed actions that cumulatively could 
result in significant detrimental effects to lynx in the contiguous U.S. As a result, the Service 
concluded in the final rule that the lack of Federal Land Management Plan guidance for the 
conservation of lynx and the potential for those plans to allow or direct actions that could 
adversely affect lynx constituted a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed a Lynx Biology Team to prepare a 
lynx conservation strategy applicable to Federal land management in the contiguous U.S. 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements, and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historic conditions and landscape-scale disturbance patterns 
and to maintain or improve lynx and hare habitats at both local (project-level) and landscape 
scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM managers 
within the range of the DPS agreed to implement the standards and guidelines identified in the 



LCAS until management plans could be formally amended to specifically address lynx 
conservation. In 2000, the Service, USFS, and BLM developed and adopted Canada Lynx 
Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and USFWS 2000, 
entire) in which the BLM and USFS agreed to coordinate assessment and planning efforts with 
the Service to assure a comprehensive approach to lynx conservation and to use the LCAS, 
supporting science, and locally specific information as the basis for the approach and to 
streamline consultation under section 7 of the ESA. The USFS further committed to deferring 
any actions not involving third parties that would adversely affect lynx until such time as the 
Forest Plans were amended or revised to adequately conserve lynx (USFS and USFWS 2000, 
p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx, (USFS 
and BLM 1999, entire).  which The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing (USFS and BLM 
1999, entire). The BA concluded that the potential for adverse effects to lynx existed on each 
administrative unit in each geographic area and that, cumulatively, implementation of the 
existing plans was likely to adversely affect the DPS.  It recommended that all of the plans be 
amended or revised to incorporate conservation measures to reduce or eliminate adverse 
effects to lynx (USFS and BLM 1999, p. 14). In its 2000 biological opinion on the BA, the 
Service evaluated the USFS and BLM plans described in the BA in conjunction with the CAs 
described above (USFWS 2000, p. 15).  and The Service concluded that implementation of the 
existing plans in accordance with the CAs until plans could be formally amended or revised was 
not likely to jeopardize the DPS, but that amendments or revisions to those plans were needed 
to further reduce or avoid the potential for adverse effects to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the effects of Federal land management activities on lynx, but that amendment of USFS and 
BLM land management plans to conserve lynx would be the strongest mechanism to ensure 
long-term conservation of lynx and lynx habitat on Federal lands (68 FR 40096-97). It concluded 
that although Federal, State, and Tribal regulations and plans had reduced threats to the DPS, 
the inadequacy of existing regulatory mechanisms still posed a moderate, albeit lower-level 
threat, and would continue to do so until Federal land management plans were specifically 
amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 



Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
Over 99 percent of BLM lands account for just over 1 percent of the total area within the SSA 
geographic units, and most occur in Colorado, Montana, and Wyoming (Table 1, above)in SSA 
geographic units occur in Colorado (53 percent), Montana (27 percent), and Wyoming (19 
percent). In the Western Colorado SSA unit, BLM Field Offices that contain potential lynx habitat 
include the Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little Snake, Royal 
Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River Field Offices. These BLM 
areas were subject to the 2000 interagency CA; however, that CA expired in 2004 (BLM and 
USFWS 2000, p. 8) and was not renewed.  Since then, BLM Resource Management Plans 
(RMPs) have been revised on the Colorado River Valley, Grand Junction, Kremmling, Little 
Snake, and Tres Rios Field Offices. RMPs for the Gunnison, Royal Gorge, San Luis Valley, 
Uncompahgre, and White River Field Offices have not been revised and do not contain specific 
measures for the conservation of lynx.  BLM lands in the Garnet Resource Area in Montana and 
parts of the Kemmerer and Pinedale districts in Wyoming occur within the Northwestern 
Montana/Northeastern Idaho and GYA SSA geographic areas, respectively. These areas were 
also designated as lynx critical habitat. The RMP for the Garnet area was amended in 2004 to 
formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), and the 
RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, respectively, to 
adopt conservation measures and best management practices for lynx (BLM 2008b, pp. A18-10 
- A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 



the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to limit potentially adverse effects and promote beneficial effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the the NRLMD, the Service concluded that its 
application “...would substantially reduce or eliminate adverse effects to lynx from Forest 
Service land management activities on at least 94 percent of this area, and more likely nearer to 
98 percent” (USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the 
Service concluded that vegetation management standards in the SRLA would prohibit 
treatments that could adversely affect essential components of lynx habitat on 95.5 percent of 
the mapped (potential) lynx habitat in the SRLA area (USFWS 2008, p. 52).       
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them., and t They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (Table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to almost 92 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 



Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units (see Table 1, above, Chapter 4 below for 
ownership in each geographic unit). Private, State, and Tribal lands, combined, constitute all of 
the lands in the Northern Maine Geographic Unit and over half of those in the Northeastern 
Minnesota Unit. Because both of these units support larger resident lynx populations than was 
known when the DPS was listed and, therefore, may contribute more substantially to the 
conservation of the DPS than was understood at the time of listing, we must evaluate the 
regulatory mechanisms that pertain to lynx on these lands (Lynx SSA Team 2016, p. 54). 
Although private, State, and Tribal lands constitute much smaller proportions of the other four 
(western) geographic units (from about 3 percent to 16 percent, combined), important lynx 
habitats occur on some of those lands, and regulatory mechanisms may influence their 
contributions to the conservation and persistence of DPS populations or parts of them. 
Therefore, in this section, we summarize the relevant regulatory frameworks and mechanisms 
that may affect lynx on private, State, and Tribal lands within the six geographic units of the 
DPS, but with a focus on those units with the greatest proportions of these lands and on 
activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take of lynx during legal trapping of other furbearers. These 
efforts benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations where lynx may occur that address 
specifics about traps types and sets that may be used to legally harvest other furbearers and 
that are intended to minimize the likelihood of incidentally trapping lynx 



(http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/). MDIFW 
also adopted and made available for download on its web page the interagency brochure How 
to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other Furbearers, and 
modified it to be more specific to Maine.  MDIFW also set-up an incidental lynx capture hotline 
and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (10 died from traps or illegal shooting in traps) that were reported 
incidentally trapped in northern Maine (MDIFW 2014, p. 75). In 2014, the MDIFW obtained an 
incidental take permit from the Service for lynx trapped incidental to other legal furbearer 
trapping in Maine. After two lynx were killed in killer-type traps in 2014, MDIFW imposed 
additional trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx 
(see Other Factors in section 4.1.1 below). The regulations now require exclusion devices on 
killer-type traps, prohibit the use of drag sets on foothold traps, address specific trap types and 
sets, prohibit visual use of bait and visual attractants, swivels on chains, and require reporting of 
incidental captures.  The trapping permit is currently being litigated in Federal court.  The 
MDIFW also is responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 52-54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2013/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping.  Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
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meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2015, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by by 
the State of Idaho (ILBT 2013, p. 57).  The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively.  Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015,  
the Federal district court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat.  Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm; https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection#87-5-107). 
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
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in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foot-hold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7).  
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations.  Because these activities have 
the potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 92 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.1.1 and 5.1.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut excellent hare habitat likely peaked 
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in the late 1990s, when 20-25 percent of the forest in Maine was in an early regeneration stage - 
3 to 8 times higher than historic conditions, when only 3-7 percent of stands were likely in such 
condition at any given time (68 FR 40094). Current timber harvest and management on State 
and private lands in Maine are governed by the Maine Forest Practices Act of 1989 and 
administered by the Maine Forest Service within the Department of Agriculture, Conservation & 
Forestry to regulate the size, arrangement, regeneration, and management of clearcuts 
(MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) clear-cuts are still permitted, 
but require special permits.  Because of this regulatory burden, the extensive clear-cutting of the 
past has largely been replaced by partial harvest techniques that are unlikely to maintain the 
current unnaturally high amount and distribution of high-quality hare habitat. The consequences 
of this shift in forest management on Maine’s current lynx population, which is also much larger 
than was likely possible under the natural historic disturbance regime, are discussed below in 
sections 4.1.1 and 5.1.1, along with other programs that may influence private lands forest 
management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx.  In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten.  Five landowners enrolled in the program, but 
one withdrew.  The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area).  Landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan.  Thus, about 161,000 acres within the larger area was 
targeted for managing lynx.  All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007).  NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017.  The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so.  Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities.  Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC).  Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx.  About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements require management 
prescriptions or commitments for Canada lynx.  To our knowledge, there are no private 
landowners in Maine who have committed to long-term or permanent protection and creation of 
lynx habitat according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL).  Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest.  MBPL integrated resource policy requires that they promote the conservation 
of federally listed species, but so far no lynx management plans have been developed.  
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Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,400 acres of lynx habitat within a 22,000-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and state landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).   
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit, and almost all are in Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution (http://dnrc.mt.gov/divisions/forestry/forestry-
assistance/forest-practices, accessed July 18, 2016). Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.1.3 
below.  
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit.t, and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent state agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001; Washington DNR 2006). The WADNR LHMP guides 
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timber harvest and other vegetation management on these lands, including the part of the 
Loomis State Forest that occurs in this unit, with the goal of creating and preserving quality lynx 
habitat through its forest management activities. Additional information on the LHMP are 
provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit aAnd, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.   
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent just under 1 percent of this unit. The 
Passamaquoddy Tribe’s stated environmental mission is “...to protect the environment and 
conserve natural resources within all Passamaquoddy lands, waters, and the air we share” 
(Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation Department of 
Natural Resources is “...to manage, develop and protect the Penobscot Nation’s natural 
resources in a sustainable manner that protects and enhances the cultural integrity of the Tribe” 
(Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are prohibited in 
accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game Regulations – 
Section 204 (Penobscot Indian Nation 2012, p. 15). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 



management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.   

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is due to 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative and they may change over time, depending on the species and other relevant 



considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al.2012, pp. 6–13) suggested that climate change is 
likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. 
  



Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Fig. X) (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; 
Lynx BioTeamILBT 2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98).  Climate change is likely to be 
exacerbated at the southern edge of the range where habitat and snow conditions are patchy 
and becoming increasingly marginal for the continued existence of lynx (Gonzales et al. 2007, p. 
8).  Across North America, a significant increase in the ratio of rain/snowproportion of winter 
precipitation in winterfalling as rain rather than snow, has resulted in reduced the persistence of 
the winter snowpack (Dyer and Mote 2006, entire), increased snow density (Hodgkins and 
Dudley 2006, entire), and decrease in the extent of deeper snowpacks (Dyer and Mote 2006 p. 
1, Brown 2000, pp. 2347-2354). Climate change models suggest that future snow cover in the 
contiguous U.S. will be further reduced in extent and distribution (McKelvey et al. 2011, pp. 
2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow, with these conditions occurring at 
higher latitudes (Callaghan et al. 2011, entire) and higher elevations in the Rockies (Abatzoglou 
2011, pp. 1138-1141).  The frequency of warm spells is correlated to the hardness of the snow 
surface, sinking depth, and the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633).   As 
the climate warms, winter temperatures are rising above freezing more often.  This results in 
more rain on snow events and winter thaws that change the structure of the snowpack; larger 
grain size, basal ice layers, depth hoar (weak layers in the snowpack), and slip planes (crusts 
and ice layers within the snowpack) (Callaghan et al. 2011, p. 23).  Hard snow surfaces (crust) 
and other structure in the snowpack are believed to reduce the competitive advantage of lynx 
over bobcats and other mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide refugia for lynx (Lynx 
SSA Team 2016, p. 45), these areas will also be affected.   Mountainous regions in the western 
U.S. have historically been strongly snow dominated from November through March. By 2050, 
the length of snowfall-conducive temperatures over many western mountain ranges will be 
reduced from approximately five (November–March) to approximately three (December-
February) months of the year (Klos et al. 2014, p. 4566).  Many relatively large areas that 
contain lower relief, mid-elevation mountain ranges will likely shift relatively quickly into new 
precipitation phase regimes (e.g., the Northern Rockies, North Cascades)(Klos et al. 2014, p. 
4566).  The interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated 
areas to warming because much of the region is characterized by relatively warm winter 
temperatures and by mainly mid-elevation mountain ranges. The climatic rain-snow transition 
zone will move up in altitude and latitude.   
 
It is possible that in high elevation areas of DPS in the West, snow conditions suitable for lynx 
may move up slope at a faster rate than boreal forest habitat will migrate, providing a mismatch 
of these important habitat elements for lynx.  During prehistoric periods of warmer climate, the 
alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-boreal forest 
ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both the northern 
(Kearney and Luckman 1983) and southern Rockies (Legg and Baker 1980).  Boreal treelines in 



Scandinavia moved upslope an average of 40 m (but up to 100 m) during a recent 50-year 
period of warming (Kullman 1990).  However, despite recent warming, the alpine treeline in 
North America has thus far remained relatively static (Butler et al. 1994). Upslope migration of 
the treeline of boreal forest may be limited by high winds, desiccation, and soil depth not 
conducive to colonization by conifers and will occur either gradually or as a series of scattered, 
rapid advances as thresholds are crossed (Kupfer and Cairns 1996, p. 259-261).  At lower 
elevations, the upslope movement of the deciduous-boreal ecotone is limited by an isocline of 
excessively cold winter temperatures (generally -40C), moisture (cloud, fog line), and acidic 
soils (Kupfer and Cairns 1996, p. 263-264).  The rate that boreal forest will retreat upslope is 
highly speculative depending on how climate change will affect complex moisture and 
temperature regimes, and there could be a lag time before these community types move up 
slope (Kupfer and Cairns 1996, p. 268).  In the Yukon, upslope migration of spruce-fir seemed 
to be triggered by climate thresholds and was characterized by slow, gradual change followed 
by rapid advances (Danby and Hik 2007, p. 361). However, in Vermont, the northern hardwood-
boreal ecotone moved upslope 91 to 119 m between 1962 and 2005 consistent with rapidly 
increasing cloud ceilings in the Northeast, which is believed to be closely associated with this 
ecotone transition (Beckage et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime.  Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire;, Scalzitti et al. 2016, pp. 5367-5368).  
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras.  For every 1 °oC increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106).  By 2100, the altitude above which it snows, 
and below which it rains, will climb as much as 800 feet in the Colorado Rockies, and by 1,400 
feet in the Rockies of Idaho and Wyoming, and the snow line will rise by an average of 950 feet 
across six Western mountain regions if greenhouse gas emissions continue at the current rate 
(Scalzitti et al. 2016, p. 1564). An average annual snowfall >270 cm may be a critical threshold 
for giving lynx a competitive advantage (Hoving et al. 2005, p. 749).  Thus, it is possible that 
boreal forest will persist for a while, but deep, fluffy snow conditions will retreat upslope and 
preclude the use of boreal habitat by lynx and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire).  Globally, greenhouse gas emissions are 
increasing and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) 
(Peters et al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, 
p. 180, 187-189).  Analysis of paleoclimate indicates 20th century warming is likely to have been 
the largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101).   These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 



10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS.  To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Workshop Report 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
  
These changes are predicted to continue and accelerate under future climate scenarios (Hall 
and Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 
°C) to 10.8 °F (6 °C) for North America, with warming higher than this average in areas that are 
inland, northerly, or mountainous. 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS.  The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48).  In most mountain ranges, relative declines grow vary from minimal 
at ridgetop to substantial at snow line.  Temperature has increased more in the winter than 
summer (Knowles et al. 2006), which has increased the amount of winter precipitation falling as 
rain instead of snow throughout the DPS (Feng and Hu 2007, entire; Knowles et al. 2006, entire, 
Huntington et al. 2004, entire).  The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire).   
 
An analysis of potential snow cover under a range of IPCC future climate scenarios and 
modeling of vegetation using a dynamic vegetation model indicates that potential lynx habitat 
could decrease by as much as two-thirds in the contiguous U.S. by the end of this century 
(Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Climate modeling suggests that lynx habitat and 
populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may 
disappear completely from parts of the range of the DPS by the end of this century (Johnston et 
al. 2012, pp. 6–13).   
  
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11).  Various forms of snow compaction and structure within the snowpack (see above) 



give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty surviving traveling and hunting efficiently in deep, 
fluffy snow conditions (Murray and Boutin 1991, Murray et al. 1994, Kolbe et al. 2010).  
Remaining lynx populations would likely be smaller than at present and, because of small 
population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103).  These trends 
indicate the range of the lynx in the DPS is likely to contract as a direct result of climate change.  
Because of climate change and other stressors, lynx biologists believed that only one to three of 
the six units may persist to the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects.  Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47).  The rates of change and magnitude of effects of climate warming is difficult to predict.  
Climate change is anticipated to affect each unit differently as summarized below.   
 
Fig. X.  A simplified effects pathway depicting how climate change affects resiliency of lynx 
populations in the DPS. 
  
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS and in the core of their range in Canada and Alaska (Fig. X).  Climate warming 
will continue to stress populations into the foreseeable future. Direct effects to lynx, hares, and 
their habitat that are occurring or can be reasonably anticipated include 1) range contraction, 2) 
reduction in the periodicity of and amplitude of the hare cycle, 3) reduction in snow conditions 
necessary to give lynx a competitive advantage, 4) reduction in hare habitat quality and 
populations, 5) reduction in the amount of lynx and hare habitat in the U.S., 6) changes in the 
frequency and pattern of disturbance events, 7) introduction of disease and parasites, and 8) 
reduced gene flow.  Synergistic effects between these factors and other stressors (e.g., forest 
management, trapping, development) may intensify their effects (Carroll 2007). Diminished 
snow, increasing drought and fire, and increased forest pests and disease are believed to 
currently be the most important stressors for lynx in the DPS (Fig. X), but it is possible that other 
pathways are, or may become, equally important. Over the next decades, southern lynx 
populations will continue to be affected by climate change and associated shifts in habitat, prey 
base, and competition.  The extent of such changes and whether lynx are able to adapt to them 
will determine not how, but if, this species can persist in the contiguous U.S. (Murray et al. 
2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract from boreal habitat shifting to higher elevation (Danby and Hik 2007, pp. 
360-362) and northward shifts in latitudinal distribution of boreal habitat and snow conditions 
(Sturm et al. 2001, pp. 342-342; Gonzales et al. 2010, pp. 761-766; Koen et al. 2015. P. 528, 
Lynx Biology Team 2013, p. 69).  For example, lynx distribution in southeastern Ontario has 
shifted northward >175 km over the past 40 years (Koen et al. 2014, pp. 757-758).  Habitat 
patches will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; 
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Johnston et al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will 
become more vulnerable to stochastic and environmental and demographic effects because of 
smaller population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change influences ecological 
processes by altering large-scale climate systems such as the North Atlantic Oscillation, 
Southern Oscillation, Pacific North American Index, and North Pacific Index which, in turn, affect 
patterns of temperature and snow in North America (Stenseth et al. 2003, entire).  Climate 
change-induced disruptions are believed to have caused the collapse of cycles in voles, 
lemmings, and snowshoe hares (Ims et al. 2008, p. 81; Cornulier et al. 2013, entire; Krebs et al. 
2010, pp. 484-488).  The geographical borders between cyclic and noncyclic populations are 
shifting, and the spatial extents of regions that have cycles are shrinking. The collapse of cycles 
in herbivores with high-amplitude population cycles also would imply collapses of important 
ecosystem functions such as pulsed flows of resources and disturbances throughout the 
ecosystem, including declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 
2008, p. 85). A common denominator of cycles that exhibit spatial gradients, such as the more 
pronounced snowshoe hare cycles of snowshoe hares in its the northern part of its North 
American range of North America, is that the cycles seem to fade as winters become shorter 
(Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Krebs et al. 2001a, p. 34; Brown 2000, pp. 2347-2354). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of global climate warming and decline ofon hare-lynx 
cycles in Canada as noted in the Lynx Workshop Report (Lynx Core Team 2015, p. 13).  
Climate The authors concluded that climate forcing is not only essential in producing sustained 
cycles, but is also essential in modifying the cycle intervals (Yan et al. 2013, p. 3269).  
Collapses in the lynx fur harvests in Canada during cycle peaks between the 1950s 
andbeginning in the mid-1980s may be linked to global warming (Yan et al. 2013, p. 3269).  
With more pronounced troughs in hare abundance cycles, lynx populations will decline (Hone et 
al. 2011, p. 424).  Diminished lynx populations in the core of the range in Canada is a concern 
because most of the populations of lynx in the DPS are believed to be dependent on periodic 
immigration from Canada for demographic persistence and genetic stability (McKelvey et al. 
2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789, 68 FR 40091, 40097-40100).  If diminished amplitude of the hare cycle in Canada 
continues, it will likely translate into a reduced potential for lynx to expand into new or 
unoccupied habitat in Canada or the adjoining U.S. (Lynx Biology Team 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage -  
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; McKelvey et al. 2011, pp. 2893-2895; Lynx BioTeam 2012 p. 69; Gonzales et al. 2007, 
pp. 7-8).  Across their worldwide distribution, lynx rely on deep, powdery and persistent snow 
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because they restrict potential lynx competitors such as bobcat or coyote and predators such as 
fishers and cougars from effectively encroaching on or hunting hares in winter lynx habitat 
(Peers et al. 2016, entire; 79 FR 54809).  
  
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549). 
These trends are expected to continue with future climate warming (Hamlet and Lettenmaier 
1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 2007b, p. 850). 
The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth are very likely 
to decrease in most of North America except in the northernmost part of Canada where 
maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring runoff 
toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is accelerating the rate of loss of snow cover because of the reflective 
nature of snow and the relative heat-absorbing properties of non-snow-covered ground. This 
feedback effect causes the greatest warming to occur at the interface of snow-covered and 
exposed areas, increasing the rate at which melting occurs in spring (Groisman et al. 1994a, pp. 
1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the average date of 
peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West (Fagre 2005, p. 4).  
This albedo effect is further exacerbated by atmospheric soot and desert dust on snow ((Qian et 
al. 2009, entire; Painter et al. 2007, entire) and fire-darkened landscapes (Amiro et al. 2006, pp. 
47-49).   Snow accumulation and duration are expected to decline generally in the geographic 
areas that contain the central and eastern portion of the lynx DPS (IPCC 2007c, p. 891; Burns 
et al. 2009, p. 31).  Because lynx require prolonged periods of deep fluffy snow, current habitats 
that lose this feature would decline in value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; 
Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bBobcat are 
is the closest related species to lynx in North America, and they it outcompetes or displaces lynx 
wherever the two species overlap, at botha broad geographic scale (Peers et al. 2016, entire) 
and local scale (Parker et al. 1983, Robinson 2006, pp. 120-129) geographic scales.  In areas 
where they do overlap, lynx are subjected to niche displacement to habitats of inferior quality, 
which probably limits lynx survival and productivity at the southern edge of their range (Peers et 
al. 2016, entire; Robinson 2006, pp. 120).  Snow depth likely acts as a mediator of competition 
between the two species.  Bobcats have a higher foot loading than lynx, and are unable to hunt 
hares successfully in areas with deep, soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 
2005, entire), and experience high mortality in deep snow winters (Litvaitis et al. 1986, p. 116).  
Lynx have a high low foot loading and long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, 
pp. 122-129) that gives them a competitive advantage over bobcats in deep, fluffy snow 



conditions.  This has important implications for lynx persistence and range distribution at the 
southern edge of their range considering the current and projected changes in snow cover, 
stable or increasing bobcat populations in the DPS (Roberts and Crimmins 2010, p. 170), and 
the predicted northward expansion of bobcats into areas currently occupied by lynx (Lavoie et 
al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172; Anderson and Lovallo 2003, p. 758). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other potential species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (Lynx Biology Team 2013, p. 36).  Cougars are also 
predators of lynx in the West (Lynx Biology Team 2013, p. 35), but, like bobcats, cougars also 
have high foot loading, which limits their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 
90).  Fishers are predators of lynx in Maine (Vashon et al. 2012), but their distribution and 
movements in winter are also limited by deep, unconsolidated snow (Krohn et al. 2004, entire).   
  
The effects of lynx-bobcat hybridization of lynx and bobcats on lynx populations in the DPS is 
are uncertain.  Bobcats have hybridized with lynx in Minnesota, Maine, and New Brunswick 
(Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where low topographic relief and 
variability in winter severity may allow more interaction between the two species during the 
breeding season (Lynx Biology Team 2013, p. 34).  Hybrids were capable of reproducing 
successfully (Homyack et al. 2008, p. 507).  The hybridization rates of hybridization areis 
currently low between the species (0.24 percent) but could increase as bobcat populations 
move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in several different ways, especially at 
the southern extent of the range.  Changing snow conditions may influence lynx hunting 
behavior and effectiveness.  For example, hard-packed snow is reported to be associated with a 
higher kill rate of hares by lynx and coyotes than soft snow (Stenseth et al. 2004, p. 10633, 
Buskirk et al. 2000, p. 94).  The higher kill rate could generate a numeric response by lynx and 
other raptors and mesocarnivoreshare predators (Hone et al. 2011, p. 420) that could drive hare 
populations to lower levels (Stenseth et al. 2004, p. 10633).  Predator communities are more 
diverse at the southern part of the lynx range than in central Canada (Murray et al. 2008, pp. 
1464-1465).  The diverse predator community could explain why hare populations have 
declined and seem to remain low in Maine (Scott 2009, p. 43).  Climate change will cause 
increased annual precipitation, periods of drought and extreme precipitation, and hotter 
summers across the northern tier of U. S. (i.e., throughout the DPS) in eastern North America 
(Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 1452-1456).  Increased 
precipitation may reduce hare numbers because the second litters of snowshoe hares have 
lower survival in wet summers (Meslow and Keith 1971, entire)Precipitation may affect survival 
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of hare litters (The second litters of snowshoe hares have lower survival in wet summers 
(Meslow and Keith 1971, entire).  However, because hares have two to four litters per summer, 
there is ample opportunity for compensatory survival of later litters if one is affected by weather 
(Krebs et al. 2014, p. 1043).  Decreased hare survival may also be expected during prolonged 
hot, dry summer conditions.  For example, hHare densities in the GYA are believed to be low, in 
part, because of the dry conditions there (Hodges et al. 2009, p. XX).  In dry western boreal 
forests like those in the GYA, increased precipitation may result in more herbaceous forage and 
cover, which may promote hare survival and reproduction (Ivan et al. 2014, p. 590).  However, 
because hares have two to four litters per summer, there is ample opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043).  Thus, climate 
change may have both positive and negative effects on hares.  Increased precipitation may 
improve hare survival in dry forests because of increased precipitation, but decrease hare 
survival may be expected during prolonged hot, dry summer conditions. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Zimova et al. 2013, entire; Mills et al. 2013, entire; 2014, entire).  Diminished snow duration by 
as much as 8 weeks by the end of the century could have population-level effects on hares at 
the southern edge of their range.  Hares exhibit plasticity in the rate at which they can molt from 
white to brown in the spring, but not in the initiation date of color change or the fall transition 
from brown to white (Mills et al. 2013, pp. 7362-7363).  Hares do not seem to compensate for 
mismatched pelage by changing their behavior related to concealment, thus predisposing them 
to predation (Mills et al. 2014, entire).  There is wide variability ion the timing of pelage change 
by individual hares within a populations, and “mismatched” hares experience increased mortality 
rates (Zimova et al. 2016, p. 302).  Under high emission scenarios, this could lead to an 11 
percent% decline in hare survival by mid-century and a 23 percent% decline by late century.  
Diminished survival would lead to steep (high emissions) to moderate (medium-low emissions) 
population declines in hare populations  (Zimova et al. 2016, p. 304).   It is also possible that 
this phenological mismatch may dampen hare cycles (Zimova et al. 2016, p. 305).  Snow 
patterns have been proposed to potentially play a role in dampening cycles (Cornulier et al. 
2013, pp. 64-65, Sultaire et al. 2016a, entire).   
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire).  In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares.  An analysis of potential snow cover under a range of IPCC future 
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climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). The contiguous aAreas of 
contiguous spring snow cover will become smaller and more isolated throughout the Columbia, 
Upper Missouri, and Upper Colorado Basins, with greatest losses at the southern periphery, 
which likely is an indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating 
snow conditions caused by climate change is causing range contraction of snowshoe hares and 
the southern edge of their range (Sultaire et al. 2016b, pp. 900-904).  Similarly, because of 
diminishing snow resources, potential lynx habitat is diminishing in the northern Appalachians 
and small areas in the Canadian Maritime Provinces (Carroll 2007, p. 1093).   
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al.(2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 kilometers (km) during this century.  In the contiguous U.S., 
researchers expect that lynx in mountainous habitat will, to some extent, track climate changes 
by using higher elevations on mountain slopes, assuming that vegetation communities 
supportive of lynx and hare habitats also move upslope (Gonzalez et al. 2007, p. 7).  Some 
areas of the DPS (e.g., Maine, Minnesota) lack altitudinal elevational refugia and, therefore, 
climate change and lynx populations are anticipated to decline accordingly (Carroll 2007, pp. 
1098–1102). 
  
These studies predict lynx and hare habitats—boreal spruce-fir and subalpine forests—and,  
therefore, lynx distribution, are likely to shift upward in elevation within its currently occupied 
range and recede northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; 
Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 
64; ILBT 2013, p. 69). Lienard et al. (2016, p. 7) assessed forests in New England, Northern 
Great Plains, and higher elevations in the Rockies, including spruce-fir types, as vulnerable to 
drought-related stress from climate change during the next century.  The boreal spruce-fir 
forests that provide habitat for lynx and snowshoe hares are thought to be limited by summer 
temperatures and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of 
emissions and climate change scenarios, are projected to diminish dramatically or disappear 
from much of the eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–
400). Within the last 20 to 25 years, widespread mortality and reduced growth in red spruce in 
the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, 
Johnson et al. 1988, p. 5373.). Climate modeling suggests that lynx habitat and populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely 
from parts of the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  



Remaining lynx populations would likely be smaller than at present and, because of small 
population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire).  Boreal forests have been identified as a critical 
“`tipping element”' of the Earth's climate system and are believed to be more sensitive to 
drought than other forests (Lenton et al. 2008, pp. 1788, 1791).  Studies suggest a threshold for 
boreal forest dieback of ~ 3 °oC global warming (Lucht et al. 2006, entire, Joos et al. 2001, 
entire).  Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007).  Climate Predicted 
changes predictions to the boreal forest are already occurring, and much of the climate-induced 
change is occurring faster than originally predicted, suggesting rapid change as opposed to 
slow linear change (Soja et al. 2007, pp. 5-6).  General circulation models are in agreement that 
winter warming across the circumboreal region will be in excess of 40 percent above the global 
mean (Soja et al. 2007, p. 4).  Increases in precipitation are expected in the boreal region of 
Canada, particularly during the winter, but may be offset with increases in summer drought, heat 
stress and evapotranspiration (Stocks et al. 1998, entire).  Thus, boreal forests are experiencing 
rapid increases in tree mortality (Peng et al. 2011, entire).  Several authors have suggested that 
grasslands, aspen parklands, and temperate forest will expand northward resulting in decreases 
in boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 
2000, entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang 
and Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15).  
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx metapopulations in the contiguous 
U. S. and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events -– The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by aAn increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, introduced species, and wildfires , could rapidly and 
dramatically affect the distribution, amount, and composition of lynx habitat (Lynx Biology Team 
2013, p. 70).  All of these factors are potentially interrelated with multiple feedback mechanisms, 
and some have a cascading effect  (Dale et al. 2001, p. 729).  For example, drought can 
weaken trees, increasing their vulnerability to insects and pathogens.  Insects and pathogens 
can create dead trees or increase fuel loads, potentially increasing the the risk and intensity of 
fire.  The boreal forest is a complex and variable system, and these effects are expected to vary 
in time and space.  Climate change may compound these complex interactions into new 
domains that may be unprecedented and unpredicted (Dale et al. 2001, p. 729).  These 
interactions may appear slowly and be difficult to detect because trees live for so long or they be 
manifested quickly after a catastrophic perturbation to the forest. 
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Climate change-induced drought and heat stress haves already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West where background tree mortality rates 
have increased rapidly in recent decades (van Mantgem et al., 2009, entire).  Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually seasonal 
in summer droughts are experienced byin western interior dry forests that depend on winter 
precipitation  (Dale  et al. 2001, p. 727).  Increase in growing-season temperature could 
increase evaporative demand, triggering moisture stress.   Under several climate scenarios, 
future increases in drought stress are expected in the Ssouthern Rockies and parts of the 
Northwest (Dale et al. 2001, p. 727). The Great Lakes region and parts of the Northwest could 
experience drought stress within two decades, even though these regions may become wetter 
in later decades (Dale et al. 2001, p. 727). 
 
The frequency of wildfire is increasing in boreal forests of North America.  With warming climate, 
fExtended fire seasons and increases in the total area burned are anticipated in the western 
U.S. will likely be extended and the total area burned may increasewith continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) compiled information on large wildfires in the western U.S. 
from 1970–2004; found rapid and dramatic large wildfire activity increasesd suddenly and 
markedlyin the frequency of large fires, wildfire durations, and the length of the wildfire season  
inbeginning in the mid-1980s, with higher large-wildfire frequency, longer wildfire durations, and 
longer wildfire seasons. The greatest increases occurred in mMesic, middle- and high-elevation 
forest types (such as lodgepole pine and spruce-fir) in the northern Rocky Mountains 
experienced the greatest increases.  Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have Fire exclusion 
has had little impact on natural fire regimes of these higher-elevation forest types in this area 
ILBT 2013, p. 70).; rather, climate seems to be the primary driver of forest wildfire risk. Large 
wildfires were strongly associated with increased spring and summer temperatures and an 
earlier spring snowmelt.  In contrast, climate change is increasing precipitation in boreal forest 
regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 2001, 
p. 388).  Under multiple climate scenarios, large increases in fire frequency are expected for 
boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862).  Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
reduce the resistanceincrease vulnerability of surviving trees to bark beetle attack (Westerling et 
al. 2006; ILBT 2013, p. 70). Increasing temperatures and forest homogeneity likely will result 
incould create conditions favorable for bark beetle outbreaks that exceed natural disturbance 
thresholds, perhaps increasing the likelihood ; this may set the landscape forof additional 
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outbreaks since there will bein the resulting large areas of even-aged forests over a larger area 
(Raffa et al. 2008; ILBT 2013, p. 70).   
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution.  For example, native bark beetles, such as the spruce beetle and mountain 
pine beetle, are a key agents of change in coniferous forest ecosystems in western North 
America and have recently defoliated millions of hectares – among the largest and most severe 
in recorded history (Bentz et al. 2009).  Drought-stressed conifers have increased vulnerability 
to insect attack. By the end of the century, changes in temperatures across the boreal forests of 
western North America may cause markedly high probability of outbreak of these species 
(Bentz et al. 2010. pp. 607, 609).  In contrast, the range of the spruce budworm, a major pest of 
spruce-fir ecosystems in eastern North America, is expected to shift northward reducing 
vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 2010, entire).  
However, widespread clearcutting following the most recent spruce budworm outbreak in Maine 
was the primary driver creating widespread lynx habitat (Hoving et al. 2005, Vashon et al. 
2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727).  Climate change will modify the 
distributions of many introduced species.  Currently, there are few exotic species in North 
American boreal forests.  This is likely because remote areas with little human intervention 
receive fewer exotic species.  However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern United States .S.but are most frequent in the 
Northeast (Dale et al. 2001, p. 728).  For example, in January, 1998 a severe ice storm 
extensively damaged the canopy of many northeastern U.S. and eastern Canadian forests, 
causing moderate to severe forest damage to over 10 million acres in the Northeast U.S. and 
southern Quebec (Irland 2000, entire; Millward and Kraft 2004, entire; Jones and Mulhern 1998, 
p. 19).  Ice storm damage to stands can range from light and patchy to total breakage of all 
mature stems over extensive areas (Irland 2000, entire). It is uncertain how climate change will 
affect the frequency, intensity, location, and extent of ice storms;, however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
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entire).  Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but experts believed this was difficult to predict and a 
possibility (Lynx Core SSA Team 20152016, pp. 27, 37-39).  A few pathogens have been 
documented in lynx in the DPS.  For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect 
cause of death of 6 reintroduced lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado.  
Exposure of some lynx to feline parvovirus was detected in six areas in western North America 
(Montana-Alaska)(Biek et al. 2002).  Troglostongylus wilsoni is a nematode that infects the 
lungs of lynx and bobcats (Sarmiento 1956, Van Zyll de Jong 1966, Kumar 1974, and Reichard 
2004) and was detected in Maine lynx (Vashon et al. 2012, p. 24).  Lynx with heavy infestations 
have difficulty breathing and succumb to starvation, as occurred with several Maine lynx 
(Vashon et al. 2012, p. 24). 
  
Reduction in Gene Flow - Koen et al. (2014, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range.  
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014, p. 757).  They authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, causing 
resulting in isolation and extirpation of lynx populations at the trailing edge of their range or 
climate-induced changes of in the distributions of snowshoe hare or bobcats causing lynx to 
shift northward. Lynx with the greatest allelic richness were found in areas with the deepest 
snow in the core of their range in northern Ontario (Koen et al. 2014, p. 758).  The authors 
concluded that climate warming has reduced gene flow at the receding (southern) edge of the 
lynx’s range, and that southward gene flow from Canada into threatened U.S. populations is 
unlikely (Koen et al. 2014, p. 760).  Stenseth et al. (2004, entire) documented population and 
genetic structuring in the lynx populations east and west of Hudson Bay based on differences in 
snow conditions on either side of this divide.  This may be explained by the reluctance of lynx to 
disperse between areas having different snow regimes and snow quality.  Snow conditions may 
be the key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et 
al. 2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations.  For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River.  
Although some lynx currently cross the river, Koen et al. (2014, entire) found genetic structuring 
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on either side of the river.  Thus, the river already restricts gene flow.  Climate-induced 
deteriorating ice conditions on the St. Lawrence River could further restrict gene flow between 
lynx populations north and south of the river (Koen et al. 2014, p. 528).  Between 1969 and 
2002 there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf 
of the St. Lawrence (Johnston et al. 2005).  Conversely, reduced ice on the St. Lawrence may 
prevent bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2014, 
p. 528). 

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

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

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

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

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

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

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx.  Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990, Homyack et 
al. 2004, Bull et al. 2005, Fuller and Harrison 2005, Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products.  Therefore, 
worldwide and trends in forest products markets greatly affect forest management outcomes 
and thus, the amount and quality of lynx habitat in the DPS.  Forest management decisions 
(e.g., to focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output.  Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011).  As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009.  The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse.  Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011).  Under depressed markets, 
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landowners may reduce harvests, which may be to the detriment of lynx in some parts of the 
DPS (e.g., Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors, which that are difficult to 
predict the future. In recent years, the forest products industry throughout the U. S. experienced 
a downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595).  Despite depressed markets, one area of increasing 
interest is bioenergy production.  Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125).   The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest.  Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of state and federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable.  This has resulted in major shifts in forest management strategies, outcomes, and 
products.  For example, in the last two decades in Maine, where nearly all the lynx critical 
habitat is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in 
the “northern forest” (Adirondacks to northern Maine) was were sold to a host of  financial 
groups (Hagan et al. 2005).  These groups have short-term investment goals and different 
management objectives and have dramatically changeds harvest practices.  Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new TIMOs and REITs focus on maximizing return on their 
investment (Jin and Sader 2006, p. 178).  Initially, the effects of ownership changes were 
uncertain (McWilliams et al. 2005), but an evaluation of harvesting in the last decade indicates 
these landowners increased harvest rates, shortened rotation rates, and a shifted to managing 
and harvesting hardwood tree species (Jin and Sader 2006, p. 183-185).  On one hand, these 
trends in Maine private lands management make lynx management commitments more difficult 
because short-term landowners are not interested in long-term commitments.  On the other 
hand, some easement owners may have an incentive to manage for lynx to meet forest 
certification requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004, Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s state area increaseds from less than 5 percent in 1987 to approximately 19 percent 
today by 2012 (Beck et al. 2012, p. 15).  Conservation easements restrict development and but 
usually do not affect forest management; .  Nneither do they typically require management for 
lynx and other rare species.  Some private forestlands were sold to state and federal agencies 
and conservation interests.  For example, in recent years The Nature Conservancy purchased 
310,000 acres of private forestland in Montana and 185,000 acres of private forestland in 



northern Maine.  Lands in conservation ownership have a high probability of being managed to 
benefit hares and lynx.   
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire).  Many models have been developed to project how U. S. timber production and 
markets will may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-
Garcia et al. 1997, Sohngen and Mendelsohn 1998).  Economic models predict that under 
climate change, total U.S. timber inventories will increase, timber harvest will increase, and 
product prices will decrease relative to an assumed stable climate.  Some models predict that 
consumers will gain from climate change while landowners in some regions will lose.  The forest 
industry will adapt to climate change in many ways including using alternate tree species in 
manufacturing, shifts to geographic regions of the country with economic advantages in timber 
growth, and increasing forest plantations with new species that are favorably adapted to the 
new climate and markets.  Many strategies have been evaluated to increase the quantity of 
carbon stored in North American forests (Irland et al. 2003) including discontinuing or greatly 
reducing harvest in some forests to build carbon reserves, increased recycling to reduce use of 
forest products, converting agricultural lands to forests, and substituting wood products for more 
energy-intensive products.  Increased atmospheric carbon will increase forest growth slightly, 
except for softwood (Irland et al. 2001, p. 757-758).  Sawtimber production, which sequesters 
more carbon, is expected to increase (Irland et al. 2001, p. 758).  Expanding landscapes with 
older growth conifer forest to sequester carbon could benefit lynx in the West and be to the 
detriment of lynx in the East. 
  
Climate change will affect forest-related recreation.  Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759).  
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001).  These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting) (Swanson and Loomis 1996).  At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS.  Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire).  Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands).  
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events.  Synergetic effects between forest management and other stressors 
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(e.g., climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat 
loss and fragmentation are believed to currently be the most important stressors for lynx in the 
DPS (Fig. X), but it is possible that other pathways for forest management are, or may become, 
equally important.  Hares and lynx will continue to be affected (both positively and negatively) by 
forest management into the foreseeable future.  Forest management stressors primarily affect 
lynx by lowering landscape hare densities, which in turn reduce lynx reproduction and lower 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees.  Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593).  
  
Precommercial thinning has been shown to reduce hare numbers by as much as 2- and 3-fold 
(Griffin and Mills 2004, 2007; Homyack et al. 2007) because of reduced cover and decreased 
availability of browse. Griffin and Mills (2007) reported that, if their results were representative, 
the practice of precommercial thinning could significantly reduce snowshoe hares across the 
range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
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However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that minimized (or eliminated?) the impacts of prohibited 
precommercial thinning in most lynx foraging habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, 
pp. 6-9, 23-26) . However, precommercial thinning is not regulated on private forest lands 
throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand.  Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management.  Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed).  Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire).  In recent years, about 
425,000 acres of Maine forest are harvested annually and 96 percent of this land is partially 
harvested (Maine Forest Service 2016? Check).  After 17 years of extensive partial harvests, 
much of the northern Maine landscape has been influenced by this form of forestry, and will 
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continue to be into the future. The popularity of this form of harvesting extends beyond Maine.  
From the mid-1980s to mid-1990s, partial harvesting comprised 62 percent of the harvest in the 
U. S., and clearcuts comprised the other 38 percent.  Partially harvested stands result in a wide 
range of residual stand conditions, but many have lower conifer stem densities and higher 
hardwood density than regenerating clearcuts (Robinson 2006).  On average, partially 
harvested stands supported about 50 percent of the hare densities observed in regenerating 
clearcuts (Robinson 2006).  Shelterwood cuts, a form of even-aged management, are the 
exception and have maintained densities similar to regenerating clearcut stands (D. Harrison, U. 
Maine, unpubl. data).  Current hare densities in partially harvested stands in Maine average 
about 0.4 hares/ha (Simons 2009, p. XXX, check), which is below the landscape hare densities 
(0.5 hares/ha (Ruggiero et al. 2000b, Simons-Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types (Plate 4.4). In these instances there is a short-term (10–30 years) impact on snowshoe 
hare habitat. In the western U.S., prescribed fire for ecosystem restoration is most applicable to 
the dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir 
forests are generally composed of thinner-barked trees that are easily killed even with light fire, 
this technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (Plate 4.3). These types of projects 
are becoming more common. In the western U.S., projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest.  In fact, forested landscapes have increased in 
some parts of the DPS (especially in the Northeast) because of farm abandonment and 
recolonization by second-growth forest.  However, some forms of forest management such as 
selective harvesting and fire suppression can intentionally (or not) alter tree species composition 
away from boreal forest types that support snowshoe hare and lynx.  Similarly, lack of forest 
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management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest.  For example, in northern New England clearcutting leads to drying of the 
forest floor and consequent heavy mortality in spruce and fir regeneration and increased light 
levels that increase hardwood competition (White and Cogbill in Eagar and Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare.  Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition.  
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44).  Hare densities may increase after trees in a plantation reach the sapling stage 
and branches intermingle at the ground level creating horizontal cover if the lateral branches are 
not pruned (Parker 1984, p. 163, Parker 1986 p. 160, Roy et al. 2010, p. 285).  However, the 
period of time that that spruce plantations may support high hare densities in Maine and eastern 
Canada may be relatively short (10 to 17 years post-harvest) compared to regenerating 
softwood clearcuts (15-35 years post-harvest)(Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus reducing food, 
cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et al. 
2003 p. 462).  Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10).  In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013).  In Maine and northern Washington, landscapes where habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
(Simons 2009, Lewis et al. 2011).  Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that land-scapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  



Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016).  In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx (FR 74(36)). 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range.  For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northeast Geographic Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands.  In some 
instances, forest management has greatly altered the disturbance regime.  For example, the 
Acadian forest in Maine and eastern Canada was driven by gap dynamics (similar to some parts 
of the West today) and true stand-replacing disturbances were quite uncommon with recurrent 
intervals of thousands of years.  After several centuries of forest management, stand age 
structures have become simplified, and commercial timber rotations are a fraction (15 to 40 
percent) of the lifespan of boreal tree species (Seymour 2002).  Whereas prevalent, these 
younger even-aged  forest stands on the landscape may benefit hares and lynx in Maine, 
forestry has shifted the species composition of Maine’s forest to species favored by frequent 
harvest disturbance, such as red-maple, paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
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providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high densities of hares, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although iIt may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 



FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historic natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming itsn natural role in creating a landscape mosaic of 
vegetation communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the 
Service concluded that the very long fire return intervals and maritime influence in lynx forest 
types indicated that fire did not historically play a significant role in creating or maintaining lynx 
and hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historic conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004, Appendix E). The Okanogan-Wenatchee National Forest in the North- 



central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 



over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future, although.  However, some burned areas may soon develop the dense horizontal conifer 
structure favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the 
likelihood that they may support resident lynx in the near future. 
 
Although fire suppression was in the past thought to be a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
due to climate change, it may be necessary to reconsider whether fire suppression in some lynx 
habitats could benefit lynx by reducing the potential for extirpation of resident populations, 
especially in places already apparently only marginally capable of supporting them.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx.  In this region, boreal forest transitions to various types of northern hardwood forest.  The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790).  Lynx 
must must contend with aspects of their habitat at the southern extent of the boreal forest for 
which they are not as well-adapted.  
 



Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas and “fragmentation” to anthropogenic disruption of natural patterns.  Habitat loss is 
conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011 (entire).  
Fragmentation in the forested western landscape resulted in a decline of weighted mean patch 
size from roughly 35,000 to 3,200 km2 from natural to current conditions, but models predict 
relatively small declines in the size of forested patches over the next 30 years (Theobold et al. 
2011 p. 2451).  In the eastern United States, nearly half or more of the natural forest was 
cleared in the past three centuries but as agriculture and settlement relocated westward, 
eastern forest cover rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has 
increased 0.79 percent since 1982 (Maine Forest Service, Department of Conservation 2010, p. 
25). Similarly, a large portion of Minnesota forests were cleared in the last century, but forest 
cover has rebounded.  The forest area in northern Minnesota has decreased 4 percent since 
1977 (Miles et al. 2007, p. 22).    Preliminary findings from the 2002 U.S. timber assessment 
(Haynes 2003) indicate that approximately 15 to 20 million acres of U.S. forest land could be 
converted to urban and developed uses over the next 50 years. Such land use conversions 
could result from residential development in forested landscapes, as the U.S. population is 
estimated to grow by another 126 million people. 
 
Habitat fragmentation (both natural and anthropomorphic) directly affects snowshoe hares and 
Canada lynx by various mechanisms; by reducing hare survival and landscape hare densities, 
increasing lynx home ranges, reducing lynx reproduction and survival, and by affecting lynx 
movements throughout the landscape.  Habitat fragmentation also influences mesocarnivore 
communities that coexist with lynx and the level of competition for space and food resources.  
Fragmentation from anthropomorphic sources results in habitat alteration, direct habitat loss, 
vehicle collisions and behavioral disturbance from roads, and changes in landscape features 
such as edges.  
 
Landscapes in which hare habitat is more contiguous, or where good patches of hare habitat 
are surrounded by other patches of similar habitat quality, support more hares than landscapes 
that are more fragmented or include matrix habitats that are poorer quality (Lewis et al. 2011, p. 
565). Thus, southern transitional boreal forests generally have lower landscape snowshoe hare 
densities than boreal forests further north (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 84). This may have as much to do 
with the quality of the matrix habitat between high quality patches as the hare densities that 
occur in the high quality patches themselves (Lewis et al. 2011).  Low-quality matrix habitat, 
typical throughout much of the DPS, could decrease survival for hares, because predators might 

Formatted: Superscript

Formatted: Superscript

Comment [ZJ45]: But is any of this in lynx 
habitat? 

Comment [ZJ46]: Less than 1 percent 
increase? 

Comment [ZJ47]: Again – how much in lynx 
habitat? 

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


have higher hunting success or be more numerous in the matrix habitats (Griffin and Mills 
2009).  In contrast, a high-quality matrix, typical of Canadian boreal forest, can provide 
alternative or supplemental resources (Dunning et al. 1992; Norton et al. 2000), thus supporting 
higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278).  At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx.  Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Forest fragmentation may exacerbate competition between lynx and other predators (Buskirk et 
al. 2000a, entire). Fragmentation and competition are strongly linked because vegetation 
mosaics in landscapes provide high quality environments for generalist species such as the 
bobcat, red fox, and coyote (Goodrich and Buskirk 1995, Buskirk et al. 2000a, p. 84). Under 
such conditions, generalist predators tend to dominate the predator guild in fragmented 
landscapes (Oehler and Litvaitis 1996).  Hares fluctuate less dramatically Inin the southern part 
of the range of lynx, thus there is more competition for a limited resource and exploitation 
competition inflicted by generalists (e.g., coyotes) and other predators (Buskirk et al. 2000a, p. 
95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin.  In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170).  In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
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Lynx seem to be flexible in their response to habitat fragmentation whereas closely related 
species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation (Ferreras 
2001, Crooks 2002).  In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration.  In general, 
lynx responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat.  However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95).  Thus, factors that further fragment boreal forests in the DPS (e.g., climate 
change, forest management, roads and development) further reduce the probability of 
persistence of lynx.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx.  Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzales et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States.  Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors.  Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats.  In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat.  In lynx units in the western 
contiguous United StatesU.S. (Cascades, northern Rockies, Greater Yellowstone, Colorado), 
appropriate potentially suitable boreal forests and appropriate snow conditions occur in a 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
mMountains.   Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients.  These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in, western Montana) depending on topography and precipitation patterns.  Some 
oftimes these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., 
sage flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some areas of western parts of the DPS 
range, lynx habitat in is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 
976).  In other areas of the DPS where there is little topography, including Minnesota and 
Maine, matrix forest facilitates lynx movements between suitable habitats. Large rivers are 
unlikely to fragment habitat as lynx readily swim across large bodies of water (Feierabend and 
Kielland 2014, entire) or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important element component of lynx habitat (79 FR 54809).  Snowfall is can 
patchybe patchily-distributed, sometimes variable and unpredictable from year to year, and 



affected by local topography, and  water bodies, and climate gradients.  Snow conditions 
conducive to givingthat provide lynx a competitive advantage over other terrestrial hare 
predators are most consistent in the high- elevation regions of the northern Rockies and 
Coloradowestern U.S., although snow alone does not constitute lynx habitat (i.e., many places 
receive sufficient snow but lack other features lynx need, typically adequate hare densities).  
Snow conditions are less consistent in the East.  For example, lake-effect snow from Lake 
Superior in Minnesota can increase snow depth and duration in the Arrowhead region of 
Minnesota  in some years, but not others.  The Gulf of Maine has the reverse effect, and it’s 
warming influence reduces snow depth and duration inland.  Distribution models by Hoving 
(2001, p. 74) indicate that eastern Maine has extensive regions areas of boreal forest, but 
lacked does not achieve snowfall thresholds that gave lynx an advantage over bobcats and 
other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow.  
Both lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, 
lynx preferred habitats that highwith a high degree of connectivity (Walpole et al. 2012, p. 769).  
In Maine and northern Washington, landscapes where habitat was more contiguous supported 
more snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 
2011). Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, 
Squires and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow.  Within their home ranges, lynx strongly select for habitat patches that enhance their 
foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges, by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Ssources of Ffragmentation  - Throughout the DPS, Hhuman activities can 
exacerbate the natural features ofhabitat fragmentation that is typical throughout much of the 
DPS range.  Anthropogenic activities such as forest management, development, and highways 
further alter natural landscape patterns.  They cumulatively can reduce the total area of habitat, 
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diminish the quality of habitat, increase the isolation of habitat patches, and impair the ability of 
lynx and other wildlife to effectively move between patches of habitat. Anthropogenic 
fragmentation may be permanent, for example by converting forest habitat to residential, 
industrial, or agricultural purposes, or temporary, for example by conducting forest management  
but allowing trees and shrubs to regrow.  Habitat Ffragmentation of habitat (both natural and 
anthropogenic) increases the risk of extirpation of small lynx populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United StatesU.S. can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (Lynx Biology TeamILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS.  We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464;, Squires et al. 2013, p. 194).  In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change.  Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).   
 
Roads - Paved highways fragment lynx habitat.  In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
providing habitat or connectivity.  They surround large blocks of lynx habitat in Minnesota and 
northern Maine.  Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005).  However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways Highway (93 and 
Highway 1A, respectively), compared to random expectation..  In southeastern British Columbia, 
lynx avoided crossing highways within their home ranges (Apps, 2000).  Squires et al. 2013 (p. 
194) documented 44 radio-collared lynx with home ranges within an 8 km buffer of 2-lane 
highways, however, only 12 of these individuals crossed the highway (Squires, unpublished 
data). 



 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al., 2001).  As the standard of roads increases from 
gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to 
increase.  Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution.  Four-lane highways, such as the interstate highway system, 
commonly have fences on both sides, service roads, parallel railroads or power lines, and 
impediments like "Jersey barriers" that make successful crossing more difficult, or impossible, 
for wildlife (Lynx Biology TeamILBT  2013, p. 78).  Alexander et al. (2005) suggested traffic 
volumes between 3,000 and 5,000 vehicles per day may be the threshold above which 
successful crossings by carnivores are impeded.  In Colorado, lynx successfully and repeatedly 
crossed major highways, including I-70 (J.Squires, personal communication 2012; Ivan 2011b, 
c, 2012).  Colorado lynx crossed two-lane highways an average of 0.6 times per day and more 
frequently during dusk and night when traffic volume was lower (Baigas et al. 2017, p. 204).  
They also crossed 4-lane highways (I-70), especially forested areas under large, elevated 
bridges that spanned streams (Baigas et al. 2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 3 5 in 
Montana (compiled by K. Broderdorp, U.S. Fish and Wildlife Service, unpub. data 2016). 
Between 1995 and 2011, 15 lynx were reported killed on British Columbia highways (British 
Columbia Wildlife Accident Reporting System 2012).  Most of these mortalities are on higher 
speed paved highways.  However, in Maine, about 41 percent (22 of 54) were killed on lower 
speed dirt logging roads. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 mortalities of translocated animals were attributed to road kills (Brocke et al. 
1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of translocated lynx 
were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado highways where 
the 13 lynx mortalities occurred were estimated to range from about 2,300 to >25,000 vehicles 
per day (K. Broderdorp, personal communication 2012). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
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competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). In some parts of their range, 
lynx avoid  
 
Vegetation Mmanagement - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx.   Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also have deleterious effectbe detrimental by fragmenting habitat into 
small, widely-spaced parcels.  Changes to vegetation structure can increase landscape 
resistance to lynx movements (Squires et al. 2013).  In Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192).   Lynx in the Northern Rockies are sensitive to changes in forest structure and 
tend to avoid or cross large forest openings (Koehler, 1990; Squires et al., 2010) like.  Thus 
recent clearcuts and thinned areas are avoided by lynx.  In Maine, the shift to partial harvesting 
forms of forest management  will continue to increase the number of patches of high quality 
hare habitat, but it will greatly reduce the size of patches is greatly diminished and patches are 
becoming more isolatedand increase their isolation (Simons-Legaard et al. 2016, pp. 5-6).  This 
is diminishing landscape conditions conducive to supporting lynx. 
 
Residential and Ccommercial Ddevelopment - Residential and commercial development is 
increasing on private forest lands.   Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al., 2002) and Maine (section 5.1.1).  It is uncertain to what 
degree lynx can tolerate habitat fragmentation from roads and forest clearing, and how human 
and pet activity affect lynx use of habitats.  Some anecdotal information suggests that lynx are 
quite tolerant of humans, although given differences in individuals and contexts, a variety of 
behavioral responses to human presence may be expected (Staples 1995, Mowat et al. 2000).  
The degree to which residential development and associated roads reduce connectivity of 
meso-carnivore populations (including lynx) likely depends on the physical design of highway 
improvements, the surrounding environmental features, the density of increased urbanization, 
and the increased traffic volume (Clevenger and Waltho, 2005; Grilo et al., 2009).  
 
Ski Rresorts - Ski areas have similar effects on permanent habitat loss and fragmentation.  One 
ski run is often separated from the next only by small inter-trail forest isl ands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 



Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (J. Squires, personal communication 2012). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous United 
StatesU.S. (Lynx Biology TeamILBT 2013, pp 82-83). Most ski areas are located on north-facing 
slopes, where ample snow conditions provide for extended ski/snowboard recreational seasons. 
In the western states, many of these landscapes feature spruce-fir forests. While ski resorts 
occupy a small proportion of the landscape, spruce-fir forests provide important stable habitat 
for snowshoe hares and lynx at the southern extent of their range. In winter, alpine and Nordic 
skiing and snowboarding are the primary uses. Most of these resorts offer year-round 
recreation, with summer activities typically including hiking and mountain biking.  
 
Mining Leasable Mminerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS.  Very little mining development occurs in 
Minnesota and northern Maine.  Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Mminerals - Only a fraction of the historical number of mines is operating today.  
Those that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation.  The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Mminerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
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then vegetation is removed and materials are excavated.  For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management.  Areas developed for salable minerals can 
vary in size from a single truck load to tens of acres. Impacts to lynx include the potential 
alteration or removal of lynx habitat, increased fragmentation, and the potential for human-
caused mortality from road development. 
 
Wind Eenergy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats.  Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Ccorridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation, likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range.  HoweverIn fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
whereas todaycompared to about 700,000 acres in in farmstoday (Ahn et al. 2002, p. 8).  Most 
of these current farmings are is in northeastern Maine, which where it fragments the forested 
landscape corridor between between core habitats in northern Maine and western New 
Brunswick, Canada.  Forest clearing for agriculture may have contributed (along with increasing 
road densities and an expansion in coyote distribution) to the recent contraction in the southern 
part of lLynx range in parts ofeastern Alberta has contracted in recent years because of forest 
clearing for agriculture (Bayne et al. 2008, p. 1195).  
 
Habitat Lloss and Ffragmentation in Ccorridor Aareas Cconnecting Llynx Ppopulations in the 
DPS with Aadjacent Ppopulations in Canada - Lynx conservation in the contiguous United 
StatesU.S. is thought to depends in part onf maintaining population connectivity between with 
habitat areas and lynx populations in Canada and the United States.  Maintaining connectivity 
for lynx may become increasingly difficult because of climate change and other anthropogenic 
changeinfluences, as evidenced by reduced connectivity for other boreal species (van Oort et 
al., 2011).  Potential corridors have been identified in the northern Rockies, but some areas may 
be not functioning because of forest fragmentation from logging practices   (Squires et al. 2013, 
entire).  There are likely broad, forested corridors with suitable dispersal habitat connecting core 
habitats in Maine to southern Quebec and northern Minnesota to southern Ontario.  Given the 
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perceived importance of lynx immigration from Canada to the persistence of the DPS (Federal 
Register Vol. 68 pp. 40076– 40101, Squires et al. 2013, p. 187), roads and other forms of 
habitat loss and fragmentation that may  impede lynx movements in the border regions of 
Canada and the United StatesU.S. are of concern. 

Chapter 4: Current Conditions 
 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency.  populations and habitats 
throughout the range of the DPS.  We then provide a brief summariesy of the current conditions 
in each geographic unit, followed by a more detailed evaluation of the status of lynx populations 
and habitats and the factors currently believed to  influence them in each unit.  Where 
appropriate, we compare our current understanding to what was known or believed when the 
DPS was listed under the ESA in 2000 and to our understanding of historical conditions. 
 
The geographic units evaluated below and in Chapter 5 are those with the strongest historical 
and recent evidence of an ability to support persistent resident lynx populations. Five of the 
units are larger than 20,000 km2 (7,722 mi2); the other is over 5,000 km2 (1,931 mi2) (See Figure 
1 and Table 1 in section 1.1, above). Land ownership within the units varies from mostly private 
in Maine, to a mix of private, State, and Federal in Minnesota, to mostly Federal lands in the 
West (Table 1). Overall, Federal lands account for nearly 64 percent of the areas encompassed 
by the SSA units, with USFS managing almost 88 percent of Federal lands and 56 percent of all 
SSA areas, followed by the NPS and BLM, which manage about 7 percent and 1 percent of all 
SSA lands, respectively. Of non-Federal areas, private lands make up almost 27 percent of the 
total followed by State and Tribal lands, which represent almost 9 percent and just over 1 
percent of the total area, respectively (Table 1). 
Error test  

4.1 Summary of Current Conditions DPS-wide 
 
 
In our assessment of each unit, we determined that four of the six units of the Canada lynx DPS 
currently (and in the next decade) demonstrate high levels of resiliency (Table XX); Unit 1 
Northern Maine, Unit 2 Minnesota, Unit 3 Northwestern Montana, and Unit 6 Western Colorado.  
Until recently, the North-Central Washington unit (Unit 4) was considered resilient until large 
fires consumed a large amount of the habitat, likely resulting in a diminished population that 
may be susceptible to stochastic events.  We also conclude that the extent of and distribution 
within the DPS is similar to its historical construct, and that the number of units across the DPS 
has not been meaningfully diminished from historical levels.  Finally we conclude that the 
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adaptability and evolutionary capacity of the DPS has not diminished to date nor is likely to do 
so in the next decade, and therefore is not at issue. 
 
Because of the limitations and uncertainty in the historic records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above).  However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000.  For example, although we knew there were some resident lynx in 
Maine (Unit 1), we did not have a feel for population size or trend. We now know that northern 
Maine currently supports the largest resident population in the DPS, we understand that past 
timber managementextensive clear-cutting in the 1970s and 1980s in response to a large 
spruce budworm outbreak has created the current abundance of high-quality lynx habitat, and 
we think that there are many more lynx in Maine now than was likely under historic natural 
disturbance regimes and habitat distributions. Similarly, when the DPS was listed, we were 
uncertain whether Minnesota (Unit 2) supported a resident population. We now know that a 
persistent population occupies the northeastern corner of the state. Research also suggests that 
lynx and habitats in the western U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more 
patchily-distributed than was thought at the time of listing, and several areas that maythought to 
have historically supported small resident populations no longercurrently do not (the GYA [Unit 
5], the Garnet Mountains in western Montana [Unit 3], and the Kettle Mountains of northeastern 
Washington). We also know that recent extensive wildfires in north-central Washington (Unit 4) 
have temporarily reduced (probably temporarily) the amount of high-quality lynx habitat and 
probably likely caused a decline in lynx numbers there. Finally, as a result of the release of 218 
Canadian and Alaskan lynx in southwestern Colorado (Unit 6) from 1999-2006, and their 
subsequent survival and reproduction, resident lynx are currently thought to occupy much parts 
of the western half of the StateColorado (Unit 6), although the current number of lynx there is 
unknown and their distribution uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a catastrophic event.  The 
DPS range currently spans the northern contiguous states from Maine to Washington and south 
along the Rocky Mountains to southern Colorado.  Resident breeding lynx populations currently 
occupy five of the six geographic units (all but the GYA; Figure 1).  Of the five occupied units, 
four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 
5,000 km2 (1,931 mi2) (see tables 1, above, and 4, below).  Lynx experts indicated no 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event (Lynx 
SSA Team 2016, p. 56).   
 



Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels.  That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historic records, was likely in areas 
(e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge area of 
northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the geographic 
units that currently support resident lynx.  Any small populations that were lost were not in large, 
discrete geographic units that would have represented substantially greater redundancy in the 
contiguous U.S.  However, the implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear.  The historic record and recent research show 
that the GYA has supported resident lynx.  However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense).  Given the 
protected conservation status of millions of -acres in the GYA unit (Yellowstone and Grand 
Teton National Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx.  If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25).  Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56).  Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13).  Further, 
despite differences in forest community types and other habitat parameters (e.g., 
topographic/elevation settings) lynx across the range of the DPS occupy a similarly narrow and 
specialized ecological niche defined by specific vegetation structure, snow conditions, and the 
abundance of a single prey species.  Therefore, lynx naturally have little ability to adapt to 
changing environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey 
species).  However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous U.S.   Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historic conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS.  However, because we lack reliable estimates of the sizes and 



trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units.  Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table X, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency.  Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable).  The related uncertainty about the extent to which DPS 
populations may rely on cyclic immigration of lynx from Canada during population irruptions and 
the ambiguity in the historic record that limits our understanding of the relative persistence of 
lynx in various geographical areas also limit our ability to characterize, rank, or model the 
relative contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them.  For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat.  Conversely, the 
possible extirpation of lynx populations in the GYA (Unit 5) and in the Garnet Mountains of Unit 
3 may indicate the lower level of resiliency expected among small and relatively more isolated 
populations.  The persistence of lynx in north-central Washington (Unit 4) despite the substantial 
recent wildfire-mediated loss of habitat suggests resiliency in that population; however, the post-
fires increase in home range size and likely decrease in lynx numbers may indicate the 
population is currently less resilient (less able to persist if additional or similar habitat losses 
occur) than it was previously.  Overall, the apparent long-term (historic and current) persistence 
of resident lynx populations in at least four of the six geographic units (Units 1-4) and the 
absence of reliable information indicating that the current distribution and relative abundance of 
resident lynx are substantially reduced from historic conditions suggest adequate historical and 
recent levels of resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events.  The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation.  The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the current adequacy of resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of inadequate 
resiliency in those places. 
 
We defined resiliency as the ability of populations to withstand stochastic events.  And we 
assessed the collective resilience of the individual units to estimate the probability of 
persistence of the DPS as a whole (Table YY, ZZ).  Because we lack reliable estimates of the 
sizes and trends of most lynx populations in the DPS, we are unable to use these parameters to 
evaluate the resiliency of individual populations.  Although demographic data (survival, 



reproductive rates) are available from 5 or the 6 units (all but GYA), they were collected using 
different methods, at different times, and possibly at different times in hare cycles or 
fluctuations, and are not a consistent measure of resiliency.  Efforts to understand resiliency 
within the DPS are also confounded by the metapopulation structure thought to govern lynx 
populations at the southern margin of their continental range (i.e., populations and 
subpopulations within the DPS being influenced by lynx from Canada), the related uncertainty 
about the extent to which DPS populations may rely on cyclic immigration of lynx from Canada 
during population irruptions, and the ambiguity in the historic record that limits our 
understanding of the relative persistence of lynx in various geographical areas of the contiguous 
United States.  Thus, we were not able to characterize, rank, or model the relative contribution 
of each geographic areas to the viability of the DPS.  Our evaluation of the current level of 
resiliency of lynx populations in the DPS is limited to a largely qualitative assessment of the 
current status of snow, boreal habitat, and lynx and hare interactions within the each of the six 
geographic units  
  
We defined representation as the ability of the DPS to adapt to changing environmental 
conditions and evaluated it by reviewing the breadth of the ecological and genetic diversity 
(Table ZZ). The Canada lynx is a habitat and diet specialist, it exhibits a specialized niche in 
boreal habitats throughout its range and plays a unique role in perpetuating the classic 10-year 
hare cycle that influences ecosystem processes in the boreal forest. In our review, we did not 
find evidence of unique or rare behaviors specific to lynx within a specific population or unit 
within the DPS.  Canada lynx throughout the range are well-adapted to the habitat and snow 
regime they currently occupy, but have little or no ability to shift to alternative habitats, prey, or 
snow regimes.   

  
Lynx range from Maine to Washington, and within this range they are found in different 
ecological communities, from  the low elevation northern hardwood transitional forests in the 
East (Acadian forest in Maine, Laurentian mixed forest in the Great Lakes) to high elevation 
Rocky Mountain Conifer Forest in the West.  Although these communities are all variants of 
boreal forest, with somewhat different assemblages of plants and animals, we have no 
indication that there is a significant life history or niche use among DPS units that would indicate 
that any units or populations are more or less important to maintain than others in terms of 
representation.  Our interpretation, therefore, is that the adaptive and evolutionary capacity of 
the DPS over time does not seem to have been diminished to date and we have no evidence to 
support that adaptive or evolutionary capacity will be an issue in the next decade.     
 
We defined redundancy as the ability of the DPS to withstand a catastrophic events and we 
evaluated it qualitatively using the geographic scope of the range and the number and spatial 
distribution of populations (Table ZZ).  The current range of the lynx in the DPS is broad, the 
designating critical habitat alone encompassing an area over 100,891km2.  The DPS spans the 
continent from Maine to Washington.  This range is similar to its historical range.  With resident 
breeding populations and subpopulations in at least five of six large (the smallest is over 2,000 
square miles, the others are all over 8,000 square miles), widely-distributed, and relatively 



discrete geographic units (see Figure 1), the DPS as a whole seems invulnerable to extirpation 
from a single catastrophic event.  Therefore, we believe that the Canada lynx DPS currently has 
the ability to withstand a catastrophic event given multiple populations distributed across a 
broad range, large habitat units, and extensive connectivity among most of the DPS populations 
with adjacent populations in Canada. 
 
Likewise we conclude that a single catastrophic event would have a very low likelihood of 
extirpation of any of the individual geographic units.  It seems that redundancy in the DPS has 
not been meaningfully diminished from historical levels.  We lack evidence that persistent lynx 
populations have been lost from any other large geographic areas in the contiguous U.S. That 
is, the loss of resident lynx populations in the DPS, to the extent suggested by the historic 
record, was likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the 
Kettle/Wedge area of northeastern Washington, perhaps Isle Royale in Lake Superior) 
peripheral to the geographic units that currently support resident lynx.  Any small populations 
that were lost were not in discrete geographic units that would have represented greater 
redundancy in the contiguous U.S.  However, the implications of the potential recent loss of 
resident lynx in the GYA for the redundancy of the DPS are unclear.  The historic record and 
recent research show that the GYA has supported resident lynx, but it is unclear whether the 
area consistently supported a persistent resident breeding population over time or whether it 
naturally supported resident lynx only some of the time (“winked on” in a metapopulation sense) 
when habitat conditions and hare densities were favorable, and at other times, when habitats 
and hare densities were less favorable, it did not support resident lynx (“winked off” in a 
metapopulation sense).  Given the protected conservation status of millions of -acres in the 
GYA unit (Yellowstone and Grand Teton National Parks; all or parts of the Absaroka-Beartooth, 
Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie Wildernesses), its 
apparent recent inability to support resident lynx may be a reflection of naturally marginal and 
patchy habitats and relatively low hare abundance in much of the unit, resulting in only an 
intermittent ability of this unit to support resident lynx.  If so, its contribution to redundancy within 
the DPS is questionable. 
 
In our assessment of each unit, we determined that four of the six units of the Canada lynx DPS 
currently (and in the next decade) demonstrate high levels of resiliency (Table XX); Unit 1 
Northern Maine, Unit 2 Minnesota, Unit 3 Northwestern Montana, and Unit 6 Western Colorado.  
Until recently, the North-Central Washington unit (Unit 4) was considered resilient until large 
fires consumed a large amount of the habitat, likely resulting in a diminished population that 
may be susceptible to stochastic events.  We also conclude that the extent of and distribution 
within the DPS is similar to its historical construct, and that the number of units across the DPS 
has not been meaningfully diminished from historical levels.  Finally we conclude that the 
adaptability and evolutionary capacity of the DPS has not diminished to date nor is likely to do 
so in the next decade, and therefore is not at issue. 
 
The Greater Yellowstone unit lacks resiliency because there are few, if any, lynx present, and 
this population is demographically isolated from Canada and other DPS populations (with the 
exception of a few lynx that may immigrate from Colorado).  Key evidence in determining level 
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of resiliency was the amount of habitat having landscape hare densities that are able to support 
at least a minimum viable population (35 to 50 individuals).  We lack demographic, abundance, 
and trend data for all of the units.   
 
Various stressors currently affect each unit, especially forest management and climate change.  
Lynx at the southern edge of their range occur in patchy, fragmented boreal forest and are at 
the environmental thresholds (e.g., snow quality, depth, persistence).  Overall, the primary 
sources of uncertainty were the lack of empirical abundance and trend estimates, the extent and 
importance of immigration of lynx from Canada to the persistence of U. S. populations, trends in 
hare populations, and the effectiveness of lynx management (or lack thereof on private forest 
lands).  Given the importance of climate change as a stressor, we lack information on the pace 
and extent of changes in snow quality, depth, and persistence and how this affects the 
relationship between lynx and their competitors.      
 
4.1.1  Summariesy of Current Conditions in Individual Each DPS 
Geographic Units 
 
The following sections include summaries of the current conditions of individual DPS Units.  For 
further information, see chapter 4.2 Current Conditions - Detailed Descriptions by Geographic 
Unit. 
 
Summary Unit 1 Current Conditions- Northern Maine:  This geographic unit encompasses 
northern hardwood and spruce-fir forest (the Acadian forest) primarily in northern Maine, but 
also small areas of similar habitat also occur in northern New Hampshire and northern Vermont.  
The northern MaineResident lynx population in this unit is are part of a larger metapopulation in 
that also occupies southern Quebec and northern New Brunswick, Canada.  At the time of 
listing, the Northern Maine Unit was not believed to contribute significantly to the DPS.  
However, we now know that the largest reproducing resident population of lynx in the DPS likely 
occurs in the Northern Mainethis unit (numbers and trends unknown, but enough habitat exists 
to support possibly 500 to 1000 lynx).  Small numbers of reproducing lynx have have also been 
recently documented recently in northern New Hampshire and northern Vermont.   
 
Historically, lynx distribution in this unit was patchy, and lynx populations were likely low and 
dependent on immigration from Canada.   Forest management is now the primary driver of hare 
and lynx habitat in this DPS unit.  Current lynx and hare habitat is historically high because of 
young, regenerating softwood forests created by extensive clearcutting and herbiciding to 
salvage spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving 
et al. 2004, Vashon et al. 2008).  Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities.  State fForestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
haves resulted in lower landscape hare densities across much of the unit.  Hares do not seem 
to cycle in this region, but underwent a 50 percent decline starting in 2006 and have remained 
at lower levels.  Reproduction and survival rates in the low-hare environment suggest a slightly 
declining population.   
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Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly entirely on private, 
industrial forest lands, and landowners do not have long-term commitments to lynx 
management.  The majority of lands in Maine are owned now by investment companies who 
wish to diversify income from their investments which could result in forest practices 
inconsistent with hare and lynx habitat.  Unique Other potential stressors on private lands 
include large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners.  The next 
spruce budworm outbreak is imminent, but forestry response by investment landowners is 
uncertain.  Climate change is a concern as snow depth and duration are currently at the 
minimum thresholds believed necessary to give lynx a competitive advantage over bobcats and 
other mesocarnivores.  There is currently no clear evidence of climate change effects on lynx 
distribution.   
 
Summary Unit 2 Current Conditions- Northeastern Minnesota:  This geographic unit contains a 
mix of upland conifer and hardwood interspersed with lowland conifer, alder or willow shrub 
swamps, and black spruce or tamarack bogs.  Contrary to what was assumed prior to 
listingDespite uncertainty when the DPS was listed, it has become apparent that a reproducing 
resident lynx population (estimated atof roughly 50 to 200 lynx (Lynx SSA Team 2016)) exists in 
northeastern Minnesota.  This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit likely represent the southern extent of a larger cross-border 
population, most of which occurs in Ontario, where trapping of lynx is legal.  Lynx in Minnesota 
select regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting 
and hunting) and kill sites are associated with regenerating and mixed forest (Burdett 2008, p. 
57).  Hare densities in parts of northeastern Minnesota appear to be sufficient to support a 
viable lynx population; and densities are highest in regenerating forests (McCann and Moen 
2011, p. 513).   
 
The Superior National Forest continues to manage in accordance with its 2004 Forest Plan, and 
several risk factors are being minimized and managed to promote the conservation of lynx 
within the SNF.  Management of lynx habitat on state and private lands is voluntary.  Factors 
affecting current conditions in this unit primarily include forestry management, roads, incidental 
trapping, mining development, snow compaction, competition with bobcats, and lynx-bobcat 
hybridization.  Forty-nine lynx mortalities due to vehicle and train collisions as well as incidental 
trapping and shooting have been reported in Minnesota since the species was listed. 
 
 
 
Summary Unit 3 Current Conditions- Northwestern Montana/Northeastern Idaho:  There are no 
reliable estimates of current or historic resident lynx numbers in this geographic unit, but it is 
thought to be capable of supporting 200-300 lynx home ranges.  Habitats capable of supporting 
resident lynx in this unit are naturally patchier and less-broadly distributed (Squires et al. 2006a, 
pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at 
the time of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12).  Minor genetic 



differences suggest three subpopulations in the northwest (Purcell Mountains), central (Seeley 
Lake), and southern (Garnet Mountains) parts of the unit.  No lynx have been detected in the 
Garnets after 2010, but whether this indicates the extirpation of a small (7-10 individuals) 
previously persistent resident population or the temporary loss of an historically ephemeral 
population is uncertain.  Most of this unit, including Federal, State, Tribal, and some private 
lands, is managed to conserve and restore lynx and hare habitats.  Past timber harvest and 
associated management (thinning, road construction, fire supporession) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with the 
Garnets being a possible exception.  Wildfire extent has increased over the past several 
decades, likely in response to climate warming, but impacts to lynx are uncertain.  Whether, and 
if so to what extent, other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit is also unknown.  Regulations prohibit lynx trapping and 
require measures to reduce the likelihood of trapping lynx incidentally when legally trapping 
other species.  Hare densities have not been estimated broadly throughout the unit but appear 
to be low or marginal even in most of what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx.  The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then.   
      
 
Summary Unit 4 Current Conditions- North-central Washington:  This geographic unit 
encompasses approximately 5,176 km2 (1,988 mi2), 91.5 percent Federally owned.  It contains 
extensive boreal forest vegetation types and the components essential to the conservation of 
the lynx.  Additionally, lynx populations exist in British Columbia, directly north of this unit, and 
maintaining connectivity with Canada is considered important to maintaining lynx populations in 
this unit.  There are no reliable estimates of current or historic resident lynx numbers in this unit, 
but recent habitat and home range analyses (summarized in Lewis 2016) suggest that it may 
have been capable of supporting 65-90 lynx prior to recent large wildfires.  Those fires affected 
about 450 percent of the potential lynx habitat, led to increased home range size, and may have 
reduced the current carrying capacity of this unit to 40-55 lynx.  Recent wildfire severity, extent, 
and intensity in lynx habitat within this geographic unit may have been influenced by climate 
change (Westerling et al. 2006, pp. 942-943).  There is significant risk of for potential future 
wildfires to further affect the viability of lynx in this geographic unit.  These Burned habitats are 
expected to regenerate back into suitable lynx habitat, but this may take 35-40 years.  The 
Kettle Range to the east of this unit was suspected to have supported a small (likely fewer than 
20 individuals) resident population until about 30 years ago when over-trapping may have 
resulted in its extirpation (Koehler et al. 2008, p.1523).  Potential impediments to lynx movement 
between the Kettle Range and the Cascades and British Columbia may make natural 
recolonization of the Kettle Range unlikely.   
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Results of snowshoe hare research suggest that the hare population density in Washington 
exists at the low end of the range thought necessary to support lynx reproduction (>= 0.5 
hares/ha), ranging on average less than 1.0 hares/ha (0.4 hares/ac).  The OWNF and CNF, 
which administer greater more than 90 percent of lynx habitat in Washington, continue to 
manage lynx habitat on their forests in accordance with the LCAS.  Additionally, the WADNR, 
whicho manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, thatwhich is also largely based on the LCAS.     
 
Summary Unit 5 Current Conditions- Greater Yellowstone Area (GYA):  There are no reliable 
estimates of current or historic lynx numbers in this unit but, given it’s naturally-fragmented 
potential habitat, generally low hare densities, and the paucity of verified records, it appears 
unlikely this unit ever supported a large resident population.  No lynx have been verified in this 
unit after 2010, but whether this indicates the extirpation of a small but previously persistent 
resident population or the temporary loss of an historically ephemeral population is uncertain.  
Most of this unit consists of Federal lands (97.5 %) that are currently managed to conserve and 
restore lynx and hare habitats.  Past timber harvest and associated management (thinning, road 
construction, fire suppression) appear to have had localized impacts but not to have diminished 
the unit’s ability to support resident lynx.  Wildfire extent has increased over the past several 
decades, predominantly in the northern half of the unit and likely in response to climate 
warming, but impacts to lynx are uncertain.  Whether, and if so to what extent, other climate-
mediated factors have influenced the current condition of lynx populations or habitats in this unit 
is also unknown.  Snow conditions currently appear to be adequate, with most of this 
geographic unit modeled to have a 95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  Hare densities were very low in most 
of Yellowstone National Park but high in parts ofon the Bridger-Teton National Forest in the 
southern half of the unit.  The role of past and recent immigration in maintaining the 
demographic and genetic health of lynx populations in this unit is unknown.  This unit lacks 
direct connectivity to other lynx populations, and there is only anecdotal evidence that irruptions 
of lynx from Canada resulted historically in immigration into this unit.  Some lynx released in 
Colorado dispersed northward into this unit and temporarily occupied home ranges in areas 
used previously by native resident lynx, but there is no evidence of reproduction among these 
lynx.  
 
Summary Unit 6 Current Conditions- Western Colorado:   
 
Lynx habitat in Colorado is distributed west of US Interstate-25.  This unit is not directly 
connected to lynx populations in Canada.  Compared to the time of listing and completion of the 
Southern Rockies Lynx Amendment, two bark beetle epidemics have altered large areas of lynx 
habitat in Colorado.  Similarly, large wildfires have reset successional conditions in many areas.  
Areas affected by beetles that contained multistoried stand conditions likely continue to provide 
habitat to support snowshoe hares and lynx.  Areas affected by beetles and fire  require 20 plus 
years to recover to a point where the stands will again support snowshoe hares.  The CPW 
completed their lynx reintroduction, and based on information generated during on-going 
studies, and reports received by CPW and the USFS, lynx continue to persist, at least in the 
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San Juan Mountains.  However, we believe it is reasonable that lynx continue to occupy all 
National Forests within the state of Colorado (Odell undocumented pers comm. April 4, 2016), 
and Rocky Mountain National Park (Shenk 2008, page 3).  Habitat that supports snowshoe 
hares is patchily distributed in the Southern Rocky Mountainsthis gGeographic uUnit, which 
limits their abundance. Since Because the majority of lynx habitat in Colorado is under Federal 
land management (88 Percent), actions occurring on other ownerships are unlikely to result in 
significant losses of lynx habitat within Colorado.  The majority of lynx habitat in Colorado 
continues to be managed by the USFS, providing conservation through the Southern Rockies 
Lynx Amendment.  However, regulatory mechanisms for the conservation of lynx are lacking on 
approximately 3,611 km2 (1,394 mi2) [14 percent] of some BLM, NPS, and other non-federal 
lynx habitat. 
 
Table # 3.  - Current Condition 
Summary of current conditions for population and habitat characteristics for lynxin six 
geographic units within the DPS range.  
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4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat.  It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.   
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont.  Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean.  The average terrain rises in northern Maine  to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet.  This region is far enough inland to be unaffected by marine influences.  
Annual precipitation is 41 inches (104 cm), with greatest precipitation in winter in the form of 
snow 228 cm to 280 cm (90 to 110-plus inches), with higher amounts at higher elevations.  
Snow duration is about four months (mid-November through mid-April). 
 
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 square kilometers (11,162 square miles) all in 
northern Maine (79 FR pp. 54823-54828).  Land ownership in the critical habitat unit boundary 
is about 92 percent private, 7 percent State (primarily Baxter State Park), 1 percent tribal 
(Passamaquoddy Tribe, Penobscot Indian Nation), and contains no Federal land.  Private lands 
are almost entirely commercial forest lands.  Lynx regularly occur outside of the designated 
critical habitat boundary in parts of eastern and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see belwo).  The Service considers the range of the lynx for 
regulatory review (section 7, ESA) to be approximately  46,796 square kilometers (18,068 
square miles).  Land ownership in this area is about 0.4 percent Federal (Aroostook National 
Wildlife Refuge) 1 percent tribal (Passamaquoddy Tribe, Penobscot Indian Nation, Aroostook 
Band of Micmacs, Houlton Band of Maliseets), 7 percent State, and 92 percent private. Private 
lands are almost entirely commercial forestlands. 
 
New Hampshire  - The hHabitat in northern New Hampshire is not within the designated critical 
habitat.  Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving (68 FR 40086) 
estimated approximately 1,000 square kilometers (386 square miles) of potential habitat having 
a greater than 50 percent probability of being occupied by lynx. Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 342 km2 (888 km2) of potential Canada 
lynx habitat.  Historic distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e. White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003).  Habitats with the highest probability of occurrence are in Pittsburg in northern New 
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Hampshire and the White Mountain National Forest in the central area of the state (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the Connecticut 
Lakes Natural Area WMA which is owned and managed by NHFG. Surrounding habitat is 
owned and managed by the Connecticut Lakes Timber Company under a conservation 
easement held by the State of NH. Occurrence records from the past 10 years have been 
centered on these two ownerships (Kilborn 2015, App. A pp. 42-43).  Habitat on the Connecticut 
Lakes Natural Area has a conservation easement with 15,000 acres of the core lynx habitat also 
being part of an unmanaged area of the 25,000 acre property. As a result these core 15,000 
acres will be allowed to mature to a climax forest type potentially allowing for good denning 
habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. Current 
conditions are in a transition state, and portions of the 15,000 acres are supporting higher 
densities of snowshoe hare because of past forest management (Kilborn 2015, App. A pp. 42-
43).  Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont  - The hHabitat in northern Vermont is not within the designated critical habitat.  Recent 
modeling to determine lynx habitat connectivity in the Northeast suggests that the Nulhegan 
River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530 square kilometer area 
(205 square mile) area) is approximately 20 percent Federal (Nulhegan National Wildlife 
Refuge), 17 percent State (Vermont Department of Natural Resources), and 63 percent private 
commercial timber lands (with easement).  The future of lynx and their habitat is unlikely 
because of the patchy and limited amount of habitat, climate change (decreasing snow), trends 
toward hardwood management, and increasing human disturbance (Vermont Fish and Wildlife 
2015, Appendix A5 p. 127).  
 
New York - The habitat in the Adirondack region of New York is not within the designated critical 
habitat.  Potential habitat occurs in an island of boreal forest types in the Adirondack Mountains 
of northeastern New York. Hoving estimated approximately 190 km2 (73 mi2) of potential 
habitat having a greater than 50 percent probability of being occupied by lynx (68 FR 40086–
40087).  The boreal forest in New York is protected as Adirondack State Park, however much of 
the forest is mature without the understory necessary to support a snowshoe hare population 
capable of sustaining lynx (G. Batcheller, New York State Division of Fish, Wildlife and Marine 
Resources, pers. Comm. 2003; 68 FR 40087). It seems that habitat quality is marginal and 
isolated from occupied lynx habitat in Canada and Maine.  
 
Collectively, Tthe “Northern Maine” geographic unit is directly connected to lynx habitats and 
populations in southern Quebec and northern New Brunswick, Canada.  Lynx in this unit 
represent the southern extent of a larger cross-border population, most of which occurs in the 
Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). 
Lynx in the northern Maine unit are geographically isolated by the St. Lawrence River from lynx 
populations in central Quebec (120 km north of Maine).  Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km east of Maine), and on Cape Breton Island, Nova Scotia (650 km southeast of Maine) 
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(Koen et al. 2015, entire).  The closest lynx population in the DPS is located in northeastern 
Minnesota, about 1,700 km west of Maine.  
 
Habitat Description:  In the northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR, p. 40086). 
This habitat type occurs along the northern Appalachian Mountain range from southeastern 
Quebec, western New Brunswick, and western Maine, south through northern New Hampshire. 
This habitat type becomes naturally fragmented and begins to diminish to the south and west, 
with a disjunct segment running north-south through Vermont, and a patch of habitat in the 
Adirondacks of northern New York (McKelvey et al. 2000b, pp. 248-250).  This area is part of 
the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between northern 
boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and Hunter 
1992, pp. 3-4).  Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations up to 1,600 meters (Katahdin highlands, western Maine, White Mountains in central 
New Hampshire).  Higher elevations support a predominantly coniferous forest (white, red, and 
black spruce; balsam fir; eastern white pine) intermixed with northern hardwoods (red maple, 
aspen, white birch, sugar maple, beech, and yellow birch).  Lowland areas include spruce-fir 
flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitat are associated with spruce-fir stands repeatedly harvested for 
forest products.  Hares and lynx are associated with stands of regenerating sapling (15–35 
years old) spruce-fir forest that provide dense cover are preferred (Robinson 2006, pp. 26–36; 
Vashon et al. 2012, p. 15). Lynx are more likely to occur in large (100 square kilometer, 40 
square mile) landscapes having a high percentage (>27 percent) of regenerating forest, and 
less likely to occur in landscapes with very recent clearcut or partial harvest (Hoving et al. 2004, 
pp. 291–292, Simons-Legaard et al. 2013, entire). Regenerating stands used by lynx generally 
develop after forest disturbance (almost exclusively logging) and are characterized by dense 
horizontal structure and high stem density within a meter of the ground. These habitats support 
the highest snowshoe hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 
719; Vashon et al. 2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected 
older (11- to 26-year-old), tall (15 to 24 feet (ft) (4.6 to 7.3 meters (m)) regenerating clearcut 
stands and older (11- to 21-year-old) partially harvested stands (Fuller et al. 2007, pp. 1980, 
1983–1985). At the home range scale, lynx also select landscapes having some mature conifer 
forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial harvested and 
mature conifer stands because of increased ease of travel and prey access along the extensive 
edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Some of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56).  Historically, 
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the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44, D. Harrison, UMaine, unpub. data, Vashon et al. 2012, p. 14).  Prior to 2006, several 
estimates of  hare densities in the highest quality, regenerating conifer or mixed forest averaged 
1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,).  After 2006, hare 
densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109, D. Harrison, UMaine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire).  In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61).  More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only (0.19 to 0.28 hares/ha).  Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100 km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the northern Maine 
unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands.  USFS forest inventory data indicate that four million acres of forestland are 
classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in 
northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is in areas 
occupied by lynx.  In a 10 million acre area area in northern Maine (approximately 50 percent of 
the designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 
950,000 acres (9.5 percent) of spruce-fir was in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741).  
The current range of lynx in the northern Maine unit is associated with areas of deep snowfall, 
extensive (100 km2 [40 mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; 
Federal Register Vol. 74 pp. 8616–8701).  Patches of boreal forest in New Hampshire, Vermont, 
and New York are more highly fragmented and smaller than in northern Maine.  These more 
southerly forests also contain a higher proportion of northern hardwood.  These forests are 
believed to lack the conifer component needed to produce sufficient snowshoe hare densities to 
consistently support viable populations of lynx (Hoving et al. 2005, p. 749, Carroll 2007, p. 
1100). 
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During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, pp. 1984-
1985). Lynx avoided mature stands (>40 years old) and short (3.4–4.3 m [11–14 ft]) 
regenerating clear-cut or partially harvested stands <10 years post-harvest (Fuller et al. 2007, 
pp. 1275-1278). Further research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx 
tended to forage in areas with intermediate to high snowshoe hare densities (tall regenerating or 
older partial harvest stands), which afforded lynx with greater mobility and where snowshoe 
hares were more vulnerable to predation, rather than in the densest stands (short regenerating 
stands; Fuller and Harrison 2010, pp. 1276-1278). 
 
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008a, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008a, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008a, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008a, pp. 1492-1493).  
 
Historically lynx habitat in the northern Maine unit was likely uncommon.  Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56).  In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
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gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
are often characterized by an even-aged wind-throw phenomenon known as fir-waves (Sprugel 
1976, entire). Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are 
rare (interval of several hundred to several thousand years) and highly variable in size 
(Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce 
beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). In this 
geographic area, wildfire is less significant as a natural agent of disturbance. The typical fire 
regime is infrequent surface fires in the dormant season in the hardwood forests, and slightly 
more frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; 
Seymour et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several 
decades, early successional forests and lynx habitat in northern Maine, New Brunswick, and 
southern Quebec have been created almost exclusively by forest management (Lorimer and 
White 2003, pp. 42-43). 
 
In contrast, current habitat is likely peaking and at historical highs.  Favorable habitat conditions 
for snowshoe hare and lynx in Maine resulted from large-scale salvage cutting (clearcutting) 
following a spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, p. 291). After 
salvage harvest of the affected trees, a portion of the area was sprayed with herbicide to reduce 
deciduous competition (Scott 2009, pp. 7, 14). The resulting vegetation was dominated by 
balsam fir and red or black spruce (Scott 2009, p. 60). This created favorable habitat conditions 
for snowshoe hares and lynx.  Habitat conditions for hares and lynx in the unit improved from 
the late-1980s to present,  benefitting from stand-replacing salvage harvests during the last 
budworm outbreak (Simons 2009, pp. 122-229; Simons-Legaard et al. 2016, entire).  During this 
time period, the percentage of forestland with an average landscape hare density greater than 
0.5 hares/ha increased 400 percent (Simons-Legaard et al. 2016, p. 7).    
 
Lynx habitat will decline in the near future. In response the widespread clearcutting in the 
1980s, in 1989 Maine passed the Forest Practices Act.  This Act regulated clearcutting.  Various 
forms of partial harvesting replaced clearcutting as the predominant form of forest management 
in northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27).   
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act.  Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime supports lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009).  



 
Long-term, binding land management commitments are lacking in the northern Maine unit.  
Unlike, Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a federal nexus for review of projects is almost nonexistent.  
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005, 
Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work with private 
landowners.  As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 100,000 acres including the State, Federal government (White Mountain National 
Forest south of lynx range), a conservation group (The Nature Conservancy), two tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006,  p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit.  In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration.  In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program.  Collectively, 
these land ownerships comprised 943.2 mi2 (2,443 km2), or 9.3 percent of the total designated 
critical habitat in northern Maine. 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017.  Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period.  Plans were prepared for a forest rotation (70 years) and include a decade-by-



decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary.  Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017.  Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit have commitments to 
endangered species management through forest certification programs. For example, The 
Nature Conservancy land enrolled in the HFRP is also enrolled in the Forest Stewardship 
Council (FSC) forest certification program, which requires safeguards for threatened and 
endangered species. Other landowners are certified under the Sustainable Forestry Initiative 
(SFI).  Both certification programs require planning for threatened and endangered species. 
However, certification programs are also voluntary and may not be long-term commitments.  
Given the frequent turnover in Maine forest lands, new landowners do not always renew 
certification or resume the certification programs initiated by the previous landowner. 
 
Lynx Status:  At the time of listing, lynx were known to be present in northern Maine but little 
was known about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge.  Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire).  Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont.  This geographic and unit is part of a larger, 
contiguous metapopulation lynx population that extends into northern New Brunswick and the 
Gaspe region of southern Quebec.  Extensive areas of contiguous forestland in this region 
provide high connectivity between populations in Maine and Canada.  Although potential lynx 
habitat in New Hampshire and Vermont is fragmented, there is near contiguous forest and 
connectivity for lynx movement between these areas and habitats in northern Maine (Farrell 
2013 personal communication, FR 54821).  Breeding lynx in New Hampshire and Vermont are 
not directly connected to Canadian populations, but they are connected to the larger population 
in northern Maine via habitat in western Maine.   
 



Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada.  The St. 
Lawrence River restricts lynx dispersal and demographically isolates this metapopulation from 
those in northern Quebec, Labrador, and Ontario.  However, sufficient numbers of individuals 
cross the river on the ice each generation to prevent genetic drift of this metapopulation (Koen 
et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now know that a significant population currently exists and is supported by 
the extensive young, regenerating spruce-fir habitat created by clearcutting in the 1970s and 
1980s.  Habitat in northern Maine can support lynx densities in localized areas of high quality 
habitat that are substantially greater than elsewhere in the DPS (LCAS 2013, p. 23).  In 2003 
when hare populations were high, lynx density (juveniles and adults) in one of Maine’s highest 
quality habitats was estimated to be 9.2-13.0 lynx/100km2 (Vashon et al. 2008, Vashon et al. 
2012, p. 15). At about the same time, the density of lynx in nearby Gaspe Peninsula, Quebec 
was estimated to be 10 lynx/100km2 (Ray et al. 2002).  These densities are intermediate to 
those in Canada during the high (17.0-44.9/100km2) and low periods (2.3 – 3.0/100km2) of the 
lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997).  Simons (2009, 
p. 102) estimated there is potential for a population of about 236 to 355 adult lynx to occur on a 
3.56 million acre study area (about half of the critical habitat area) in northern Maine, and 
Vashon et al. (2012, appendix IV) estimated there is potential for a population of 750 to 1,000 
adult lynx in all of northern Maine in 2006.  The actual number of lynx is unknown because there 
are no methods available to measure and produce true population estimates over such a large 
geographic area. 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals, although 
breeding has occurred in both locations in recent years. Most historic lynx records from New 
Hampshire are from trapping records from the 1930s to the 1960s (Brocke et al. 1993, 
McKelvey et al. 2000).  There were only two records in the 1990s.  In 2003, the Service 
determined that, despite a lack of breeding records, a small resident population likely occurred 
historically in New Hampshire but not longer exists (68 FR 40087).  Lynx were detected in 
northern New Hampshire in 2006 and have occurred there annually since (Siren 2014 pp. 53, 
55). In 2011, 4 lynx kittens were observed in Pittsburg and were considered evidence of 
breeding in New Hampshire (Kilborn 2015 Appendix A p.44).  There were only four historic 
records of lynx in Vermont prior to 2003.  Since then, nine lynx sightings have been confirmed.  
Reproduction was first documented in 2012 in the Nulhegan Basin when the tracks of three 
lynx, a presumed family group, were observed travelling together in late February (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 126). 
 
Lynx do not presently occur in the Adirondacks region of New York. A resident lynx population 
reportedly occurred in the northern region of New York, particularly in the Adirondack 
Mountains, but it was considered extirpated by 1900 (Brocke 1982, McKelvey et al. 2000b). 
However, there are 23 verified lynx occurrences since 1900, primarily from the Adirondack 
Mountains (McKelvey et al. 2000b). The most recent verified record was from 1973 (McKelvey 



et al. 2000b), which correlates to an extreme cyclic population high. Habitat and prey conditions 
were deemed suitable for a lynx reintroduction in 1989–1991 (Brocke 1982). The reintroduction 
was unsuccessful in establishing a population.  In 2003 the Service concluded that a resident 
population may have existed in New York prior to 1900, however, records of lynx since 1900 are 
of dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997).  Maine lynx had among the smallest home ranges in the DPS (LCAS 
2013, p. 24).  During the period when snowshoe hare populations were highest, Maine lynx had 
among the highest reproductive rates (average litter size 2.74, 89 percent of adult females 
producing litters) in the DPS (Vashon et al. 2012, pp. 18-19).  During the current period of low 
hare density, litter size was smaller, only 30 percent of females have litters, and mortality is 
greater.  Home ranges are among the smallest in the DPS (54 + 5 km2 males; 26 + 4 km2 
females, LCAS p. 24, Vashon et al. 2008a).  Home range sizes were similar during periods of 
high and low hare density (Mallett 2014).  Lynx populations likely increased during the period of 
high hare density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) 
(USFWS, Vortex10, deterministic population simulation 2016; demographic data from Vashon et 
al. 2012). 
  
In summary, Maine lynx and hare habitats are at historical highs.  In the Northeast prior to 
European settlement, lynx habitat was created and maintained by small-scale, frequent forest 
gap dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour 
et al. 2002, Lorimer and White 2003).  Historically, lynx distribution was patchy, and lynx 
populations were likely low and dependent on immigration from Canada.  Current habitat is the 
result of widespread clearcutting and herbiciding to salvage spruce and fir damaged by a spruce 
budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 2008).  Maine lynx 
at multiple scales select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) 
spruce-fir stands 15 to 35 years after clearcut or other even-aged harvest (Hoving et al. 2005, 
Fuller et al. 2007, Vashon et al. 2008, Simons-Legaard et al. 2013).  Lynx habitat is expected to 
remain stable for the next few years then decline (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions: Climate Change - Climate change is affecting 
temperature, snow, and precipitation patterns in the Northeast at rates faster than expected 
(Rustad et al. 2014).  Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008).  
Climate change has, and will continue to affect lynx by reducing snow and boreal forest (see 
section 5.1.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzales et al. 2007).  Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
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average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015).   Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzales et al. 2007).  Similarly, the largest snow depth decreases in Canada in 
the last six decades have been observed in the the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast and eastern Canada occur where there is regularly total snowfall of at 
least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx and bobcat 
in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 2013).  Average annual snow depth 
at 5 weather stations within the range of the lynx in northern Maine (1981-2010) was below this 
threshold, 228-263 cm (NOAA 2011, 
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, last accessed 31 March, 2016). 
In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced reduce depth 
of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-2005) declined 
an average of 4.6 cm/decade (Burakowski et al. 2008).  Thus, average snow conditions in 
Maine are currently at or below this snow depth threshold, and .  et al. 2005).  fFurther declines 
in annual snow depth would be expected to give bobcats a competitive advantage over lynx 
(Hoving et al. 2005, ) 
 
As noted in chapter 2, lynx and snowshoe hare require deep, fluffy snow that provides lynx with 
a competitive advantage over bobcats and gives hares the ability to reach winter browse.  Snow 
quality (“‘fluffiness”) has deteriorated in the Northeast. Unlike other units, annual precipitation in 
Maine is increasing because of climate change, but primarily as rain (A. Siren, Workshop Notes 
in Lynx SSA Team 2016, XXXXp. 15;, Fernandez et al. 2016), and especially rain on snow 
events in winter in northern Maine (Huntington and Hodgkins 2004, Deser et al. 2013, 
Fernandez et al. 2015).  Snow density and compaction and crust conditions (caused by wet, 
heavy snow or rain on snow events in winter) haves increased in northern New England (Dudley 
and Hodgkins 2002, Huntington et al. 2004, Huntington 2005, Hodgkins and Dudley 2006) and 
southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine.  Annual precipitation is comparatively greater in this unit 
than others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally are small (several acres) surface fires in the dormant season.  
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002 p. 360).  In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
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Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping season was closed in the Northern Maine Unit (including New 
Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). In 
2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) obtained an incidental 
take permit from FWS for lynx trapped incidental to other furbearer trapping in Maine.  From 
2000 to 2015, 108 lynx have been reported captured in traps set for other species and 7 of 
those were killed (Vashon et al. 2012, MDIFW 2014, p. 75).  No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000.  In Maine, after two lynx were 
killed in killer-type traps in 2014, MDIFW imposed additional trapping restrictions (e.g., requiring 
killer-type traps be placed in  exclusion boxes, eliminating the use of drag sets for foothold 
traps) to further reduce mortality and injury of incidentally-trapped lynx.  
 
Trapping of Canada lynx can be additive to other sources of mortality and have population-level 
effects (Brand and Keith 1979, Koehler and Aubrey 1994). Thus, harvest regulations for lynx are 
modified when hare and lynx populations are low (Bailey et al. 1986).  Trapping mortality is not 
likely to have a great effect on lynx populations in northern Maine and adjacent Canada when 
lynx are at historically high numbers, but trapping could have a synergistic and negative effect if 
hare and lynx populations decline, habitat declines, or climate change further stresses lynx 
(Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development -  In response to climate change, wind development has escalated in 
northern and western Maine posing a potential threat to high and low elevation spruce-fir 
habitats (Whitman et al. 2013). Climate conditions are at or falling below threshold values 
needed to support lynx in Maine (see section above).  Maine has experienced a rapid increase 
in wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 
2, 2016), and there is increased interest in placing developments on private lands in 
unpopulated areas throughout northern Maine, New Hampshire, and Vermont. Wind energy is 
an increasingly appealing source of income for investment companies and other landowners 
who own forestland in the northern Maine unit.   As of 2016, at least 11 wind projects have been 
proposed in northern Maine and 5 projects are in operation; 2 have been proposed in northern 
New Hampshire and 2 are in operation; and 3 have been proposed for northeast Vermont and 2 
are in operation or under construction.  Maine’s two largest wind projects (combined over 200 
turbines covering 360 mi2) are proposed entirely within Maine’s lynx critical habitat. The effects 
of wind energy projects on lynx, hares and their habitat are undocumented.  Potential direct 
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effects include disturbance or displacement of resident lynx and loss and fragmentation of 
habitat from turbines, roads, and transmission lines. Increasing power infrastructure associated 
with these projects could greatly change development potential and patterns in northern Maine 
by bringing electricity into the interior of Maine’s vast, undeveloped forest region.  Extensive 
road construction further fragments habitat and increases access for recreation, including 
trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped, industrial forestland, but land ownership patterns have changed 
significantly in the last 15 years (Nadeau-Drillen and Ippoliti 2006).  Some investment-oriented 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts.  Two large residential and resort areas have 
been proposed on forestlands within the Maine critical habitat area.  Both development projects 
would result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland.  
Another private landowner proposes donation of a 87,000 acres within the lynx critical habitat 
for a Federally-designated national park or monument.  This area currently has a legacy of 
young-regenerating spruce-fir habitat from previous industrial forest landowners, but a park or 
monument designation would forego future forest management.  Another conservation 
landowner, The Nature Conservancy, continues forest management on about half of its 185,000 
acre ownership, including managing part of the area for Canada lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts, as well as 
smaller recreational sites like nordic ski huts or campgrounds, may directly remove forest cover. 
Such removal in lynx habitat could decrease prey availability, affect lynx movement within home 
ranges, or result in a more fragmented landscape.  Development further fragments habitat from 
road and highway construction (along with associated increases in traffic volumes and/or 
speeds). 
  
Northern Maine Unit Summary - In summary, lynx are currently widespread throughout northern 
Maine and in small patches of habitat in northern New Hampshire and Vermont.  Habitat exists 
to support a potential population of 500 to 1000 animalslynx, although estimates of the actual 
population size are is unknown.  Habitat created by extensive clearcutting 30 to 40 years ago is 
peaking and will decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, p. X; 
also see section 5.1.1, below).  Furthermore, hare populations declined by 50 percent starting in 
about 2006 and have remained at lower levels.  Future hare fluctuations or cycles are uncertain.  
Active management of forest lands can produce lynx habitat, but landowners do not have long-
term commitments for doing so.  Land ownership has dramatically changed in northern Maine, 
and the majority of lands are owned now by investment companies who wish to diversify income 
from their investments which could result in forest practices inconsistent with lynx habitat.  
Greatest stressors are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
climate change (diminishing snow depth, quality and duration; competition from bobcats and 

Comment [89]: Are there any more precise 
measures that FWS feels confident providing 
here, i.e., the # of acres occupied or the range 
of estimated abundance, or a minimum 
abundance estimate, etc.? 



fishers; loss of spruce-fir to northern hardwoods; and future isolation of the metapopulation 
because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 square kilometers (8,147 
square miles) in northeastern Minnesota.  It includes the area designated as critical habitat in 
2014 (79 FR 54782) and an additional relatively small area of tribal land in northern Minnesota 
that was excluded from critical habitat.  Land ownership in this unit is about 47 percent Federal 
(primarily USFS, with some NPS and BLM land); 36 percent State; 16 percent private; and 1 
percent Tribal (Grand Portage Reservation) (see Table 1).  This unit includes most of Superior 
National Forest (SNF; including the Boundary Waters Canoe Area Wilderness [BWCAW]) and 
Voyageurs National Park.   This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit likely represent the southern extent of a larger cross-border 
population, most of which occurs in Ontario (ON). Relative to other DPS lynx populations, this 
unit is about 1,480 km (920 mi) east of the Northwest Montana/Northeast Idaho Unit  and about 
1,610 km (1,000 mi) west of the Northeastern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000b, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2005, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 2,400 feet (730 meters), 
including many lakes and rivers.  This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs.  Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), ranging between 0.3–2.0 hares/ha (0.12–0.8 hares/ac; 
McCann 2006, p. 17). Hare populations in northeastern Minnesota appear to be patchily 
distributed, but are most consistently abundant in 10-30 year old regenerating forests (McCann 
2006, p.45).  Pellet count data prior to the 1990s show evidence of density fluctuations of 
snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 262-263), but 
these fluctuations were not observed during the 1990s (Hodges 2000b, p. 172).  Snowshoe 
hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs.  Conifer bogs or lowland conifer forests may be 
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especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit.  More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey.  The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990.  White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF (USDA 2016, unpublished data) estimated that there wereas approximately 
759,700 acres (60 percent of lynx habitat on the Superior National ForestSNF) of suitable 
snowshoe hare habitat on the SNF and that only 23,800 acres of habitat on the SNF was in a 
condition unsuitable to lynx (USDA 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USDA 2004, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits (USDA 2004, entire). The Forest Plan 
includes many objectives, standards, and guidelines for the protection of lynx and enhancement 
of lynx habitat that are based on recommendations in the 2000 LCAS. LAUs were delineated on 
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the SNF in 2000 as the smallest landscape scale on which to analyze effects to lynx. The 
boundaries have remained in place since that time to allow for long term analysis of project 
effects. However, the SNF Plan proposed several changes of current LAU boundaries, such as 
adding LAUs to the Virginia Management Unit of the Laurentian Ranger District; designating the 
BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal.  Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on –radio-telemetry data that haves 
documented lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4- 6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota.   Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota.  In 2008, Moen et al. 
(2008b), estimated the number of lynx that might be resident in northeastern Minnesota at a 
given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.    
 
Home range sizes in Minnesota were reported as 194 km2 (75 mi2) males and 87 km2 (34 mi2) 
females (Mech 1980, p.263).  Later radio-collar data show that males had much larger home 
ranges 267 km2 (103 mi2) than females 21 km2 (8 mi2); and that females with kittens had the 
smallest home range (Burdett et al. 2007, pp. 460-461). A study of radio-collared lynx in 
Minnesota documented approximately 40 percent of male and female lynx making long distance 
movements outside of their home range between Ontario, Canada and Minnesota (Moen et al. 
2010b, p. 17). Of those lynx that made long-distance movements, females tended to move 62-
124 miles (100-200 km) and did not return to their original home range, while males moved 31-
49 miles (50-80km) back and forth between Ontario and Minnesota (Moen et al. 2010b, p. 17). 
While topographic features may influence lynx movements in mountainous western states, lynx 
in Minnesota tended to move nearly straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1).  Of the 1,306 DNA 
samples, 1,039 were identified as lynx, however 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1).  Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  



Since 2000 the U.S. Fish and Wildlife Service has been tracking incidental take of lynx; 49 29 
lynx mortalities have been reported from trapping, shooting, vehicle collisions, and railroad 
mortalities in Minnesota.  Thus far, of 26 lynx documented to have been incidentally trapped in 
Minnesota, 11 of the 26 have resulted in mortalities, whiledied and 15 of the 26 were released 
alive (U.S. Fish and Wildlife Service, unpublished database 2016). The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares (U.S. Fish and 
Wildlife Service, unpublished database 2016). In addition, seven lynx mortalities as a result of 
being incidentally shot have been documented in Minnesota and 16 died of unknown causes 
(U.S. Fish and Wildlife Service, unpublished database 2016). Lynx emigrating from Minnesota 
to Ontario exposes them to trapping and shooting that is allowed in accordance with regulated 
harvest in Canada. At least a third of the animals radio-collared in Minnesota spent time in 
Ontario; 4 radio-collared lynx were legally harvested (trapped) in Canada between 2003 and 
2010, and two died of unknown causes (U.S. Fish and Wildlife Service, unpublished database 
2016). Furthermore, nine lynx mortalities due to vehicle collisions have been documented in 
Minnesota since 2000 (U.S. Fish and Wildlife Service, unpublished database 2016).  Minnesota 
has relatively high forest road and highway densities that intersect lynx habitat and several 
radio-collared lynx in Minnesota inhabited home ranges that were bisected by highways. In 
addition to road mortalities, two railroad mortalities have been documented since 2000 (U.S. 
Fish and Wildlife Service, unpublished database 2016). It is probable that there are additional 
incidental catches that are not reported each year (Moen 2009). 
   
Factors Affecting Current Conditions:  Identified factors affecting to the current conditions of lynx 
in Minnesota include reduction in habitat quality or quantity, habitat fragmentation, climate 
change, increased access for competing carnivores, and human-caused mortality. The SNF is 
currently implementing the 2004 SNF Plan (USDA 2004, entire), which has direction based on 
the LCAS and Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can produce lynx habitat, and the Superior National ForestSNF has a long-term 
commitment for doing so;, however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and state landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the Superior National Forest and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
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corridors have all interrupted linkage corridors. Mineral exploration and development is 
increasing in portions of Minnesota, particularly for hard rock (non-ferrous) minerals. Some of 
the area of interest for minerals overlaps with lynx habitat in northeastern Minnesota. Mineral 
exploration may result in short-term displacement of lynx. Mining activities and associated 
development may result in an irreversible loss of habitat or increased mortality risk. The specific 
effects to lynx and their habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all have the effect of compacting snow. Outside the BWCAW, snowmobile activity is extensive 
and increasing significantly. The Superior National ForestSNF has 705 miles of snowmobile 
trails and 1,562 miles on all ownerships within the proclamation boundary (USDA 2011). 
Advances in snowmobile capabilities have raised concerns about intrusion and new snow 
compaction in areas previously not vulnerable to high levels of snowmobile use. In addition, new 
road construction in lynx habitat has made more areas accessible during winter. These routes 
could be used by snowmobiles even if new roads are designated as closed to motorized public 
travel during other seasons. The Superior National ForestSNF has 1,927 miles of low standard 
roads (OML 1 and 2) and 158 miles of temporary roads (USDA 2011). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, Llynx are morphologically and physiologically adapted for 
hunting snowshoe hares and surviving in areas that have cold winters with deep, fluffy snow , 
where they outcompete for extended periods. These adaptations provide lynx a competitive 
advantage over potential competitors, such as bobcats,  or coyotes, and wolves (Buskirk et al. 
2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749p. ; Ruediger et al. 2000). Long-term 
snow conditions presumably limit the winter distribution of potential lynx competitors such as 
bobcats (McCord & Cardoza 1982, pp. 748-749), wolves, or coyotes.  The geographical 
distribution of bobcat harvest in Minnesota has remained relatively static with a lack of harvest 
in the Arrowhead region of Minnesota (the region encompassed by Cook, Lake and St. Louis 
counties in northeastern Minnesota) (Erb 2009 cited in Kapfer 2012, p. 16, Erb 2012, pp. 7-9) 
and annual snow track and scent stations surveys support the conclusion that bobcats are as 
rare in the Arrowhead as harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 
23). However, this may change with decreased snow conditions predicted to occur due to 
climate change (Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be 



increasing in Minnesota (Erb 2014, p. 40).  If snow depth and duration decrease in the 
Arrowhead, deer mortality may be reduced which may potentially increase bobcat densities and 
bobcat expansion into northeast Minnesota (Kapfer 2012, p. 25).  According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40), however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245).  
The dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
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lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10).  Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28).  Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76).  
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655).  As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 

Comment [92]: Details in section differ from 
chapter 2? 



In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).   
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
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national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).     
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 



Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.   
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and buy a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).      
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 



Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit has a 90-95 percent probability of providing snow cover conditions supportive of 
lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historic conditions and disturbance regimes, with only 
a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 



supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historic condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent historically, the 
current absence of lynx might be a natural condition related to the area’s naturally fragmented 
habitats and generally low hare densities - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. If so, 
future intermittent lynx occupancy would be expected, but only if lynx dispersing from a source 
population immigrate to the Garnets when habitat conditions and hare densities return to more 
favorable levels. Conversely, if the Garnets historically supported a small but persistent 
population that was recently extirpated, it may suggest that the alteration of the historic 
distribution of some habitats in some parts of the range, described above, was enough to tip the 
quality of the area’s habitat from capable of supporting a small resident population to no longer 
capable of doing so.       
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 



most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historic or current number of resident lynx in 
this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; Interagency Lynx Biology Team 2013, p. 
57; 65 FR 16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor 
fine-scale genetic sub-structuring among lynx subpopulations in the the southern (Garnets), 
central (Seeley Lake), and northern (Purcells) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in 
Lynx SSA Team 2016, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female  
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 



area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016 pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 in 
2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx SSA 
2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, whether 
the recent absence of lynx from this part of the unit represents the extirpation of a small but 
previously persistent population (and, therefore, a permanent contraction of lynx distribution in 
this unit) or the temporary “winking off” of a peripheral subpopulation that may become “winked 
on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 



(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions:  Regulatory Mechanisms - Federal management activities 
(especially timber harvest and precommercial thinning, perhaps fire suppression) that occurred 
prior to listing and before implementation of current Federal regulatory mechanisms likely 
impacted some lynx and habitats by altering the distribution and quality of hare and lynx 
habitats. However, because these activities occurred in low proportions of lynx habitat on 
Federal lands and impacts appear to have been localized, they were deemed a low-level threat 
to lynx at the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past 
Federal management activities may continue to influence the current quality and distribution of 
lynx habitats in some parts of this unit. For example, as described above in Habitat Status and 
Lynx Status, past timber harvest/management and associated road construction may have 
fragmented, reduced the amount, and altered the distribution of lynx habitats in the Garnet 



Mountains, perhaps contributing to the apparent recent loss of that area’s ability to support 
resident lynx.      
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations were put in place (MTFWP 2016, pp. 
5-10). Of the 16, eight were released uninjured, one was released with an injury, and seven 
were killed; all incidences of mortality occurred prior to 2008 and the implementation of the more 
protective regulations (MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally 
trapped on the Idaho Panhandle National Forest from 2012-2014 (described above under Lynx 
Status), one other lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest 
further south (U.S. District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2).  Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.   
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 



populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.1.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. However, modeling vegetation and snow suitability for 
lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and 
temperate conifer forest biomes were broadly distributed across this geographic unit and that 
snow conditions suitable for lynx occurred with 90-95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts of the DPS, no 
major outbreaks have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 
41).       
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 



vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.   
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.   
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 



Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
which is no longer occurring or has been substantially reduced relative to historic conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.       
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825).  The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825).  It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands.  This area was occupied at the time lynx was 
listed and is currently occupied by the species.  Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented.  Although 
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researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx.  Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult.  This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx.  Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46).  According to the LCAS, connectivity currently appears functional, as lynx 
dispersal from Washington into Canada was recently documented.  A male lynx radio-collared in 
2008 in the Loomis State Forest remained there until late winter in 2009, when it dispersed 
north into Canada toward Hope, British Columbia, and then headed north-east toward 
Kamloops where it appeared to establish a home range just southeast of Kamloops. This 
individual was later trapped and killed in British Columbia, highlighting the need for cooperation 
and shared management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently.  One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18).  Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523).  For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s.  In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986.  One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977.  A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63).  Prior to 1961, lynx trapping 
records were not maintained in Washington.  Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month.  In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (Service 
2008).  Lynx habitat in the Kettle Range is limited in size and capable of supporting few lynx.  
According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 10 to 23 
lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) 
of lynx habitat.  It should be noted that the lynx density estimate was derived from research 
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conducted in the Cascade Range within a large area of contiguous, high quality habitat (Koehler 
1990, pp. 845, 847).  Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2.  The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia.  The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523).  These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult.  Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000, p. 322; 
Stinson 2001, p. 9).  Within this area lynx primarily use forests dominated by Engelmann 
spruce, subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and 
avoid Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with 
sparse canopy and understory cover (less than 10 percent), low elevations [less than 915 m 
(3,000 ft)], and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; 
Maletzke 2004, pp. 16-17).  Similar to the northern Rocky Mountains, lynx habitat in the 
Cascades is naturally fragmented (Koehler et al. 2008, p. 1523).  Disturbance is common in 
boreal forests, and fires and insect epidemics are major drivers of this disturbance, but other 
factors including wind and disease also contribute to the process of disturbance (Agee 2000, p. 
47).  Fire return intervals in the north Cascades ranges between approximately 100 to 250 years 
(Agee 2000, p. 50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75).  
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268).  Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice.  
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 



its range (Ruggiero et al. 2000b, p. 446).  In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly reach approximatelyexceed 4-6 hares/ha (1.6-2.4 
hares/ac), and cycle as low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000, pp. 119-120).  
In the southern portion of lynx range (e.g., the U.S.) snowshoe hare densities are low compared 
to those in northern regions (Aubry et al. 2000, p. 375).  Walker (2005, p. 20) estimated an 
average snowshoe hare density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 
hares/ha (0.01 to 1.94 hares/ac) in north central Washington (i.e., the Cascades).  The 
Washington Department of Natural Resources (WADNR) found snowshoe hare densities 
between 0.3 and 0.7 hares/ha (0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 
2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84).  Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448).  Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest.  However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historic range of lynx in the 
U.S. (68 FR 40084).  McKelvey et al. (2000, pp. 245-246) described the historic range of lynx in 
the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with the 
Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests.  These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46).  The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63).  In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit.  Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23).  Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004.  More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA TeamWorkshop Report 2016, p. 
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21).  Cumulatively, over the past 2 decades these wildfires have burned greater than 50 percent 
of the suitable lynx habitat within this geographic unit (Koehler et al. 2008, p. 1523).  These 
acres are expected to regenerate back into suitable lynx habitat, but it may take several 
decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13).  From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13).  
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14).  In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).   
  
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16).  However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16).  More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx.  This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847).  However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”.  During the time of Koehler’s 
(1990, entire) study the Meadows provided some of the best lynx habitat in Washington, 
whereas most other lynx habitat in Washington is lower in elevation and more highly fragmented 
(Walker 2005, pp. 3, 6).  Thus, the lynx densities Koehler observed in his study area in the 
Meadows may not translate to lynx densities throughout the rest of lynx habitat in Washington, 
because as habitat becomes more fragmented and isolated (i.e., marginal), the carrying 
capacity for a particular species declines.  Thus, applying Koehler’s estimated lynx density 
uniformly throughout Washington, may overestimate the overall lynx population capable of 
being supported in Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16).  This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 



population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16).  The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat.  
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc.  Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat.  They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522).  Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington.  During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847).  Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2).  Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2.  Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53).  Maletzke assessed the effects of recent fires 
in the Cascades and their potential impacts to the lynx population there as follows: 
  

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

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 



lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population.  Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable.  However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population.  Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires.  Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21).  The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted.  The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition:  In 1993, lynx were classified by the Washington Fish and 
Wildlife Commission as a state threatened species (Stinson 2001, p. 22).  On July 12, 2016, the 
WDFW recommended that the Washington Fish and Wildlife Commission uplist the lynx from a 
state threatened to a state endangered species (WDFW 2016, p.1).  According to the Draft 
Washington State Periodic Status Review for the Lynx, the WDFW recommended listing the 
lynx as endangered due to: 1) observed range contraction in Washington following protection 
efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and anticipated 
threats to lynx population persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the 
Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests.  The North Cascades (aka 
the Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF.  Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire).  The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 



exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation.  To promote conservation 
of lynx and its habitat, the LCAS contains conservation measures addressing the identification 
and maintenance of lynx habitat (foraging, denning, habitat and connectivity habitats) on federal 
lands.  Toward this end, the LCAS recommends that federal land managers identify and map 
lynx habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed.  The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat).  Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ.  In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a state threatened species by Washington State 
(WADNR 1996, entire).  Subsequent to federally listing the lynx as threatened under the ESA, in 
2006 the WADNR implemented a modified Lynx Habitat Management Plan (2006 Lynx Plan) 
incorporating new science into its 1996 Lynx Plan pertaining to lynx management (WADNR 
2006, entire).  Among other things, the WADNR 2006 Lynx Plan contains management 
standards and guidelines to avoid the incidental taking (as defined by the ESA) of lynx.  These 
standards and guidelines address maintenance of lynx denning and foraging habitat, as well as 
habitat connectivity within and between LAUs and lynx populations within Washington (i.e., 
LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites.   
 



The 2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation 
and effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, 
and the Service has concluded that the management strategies implemented are effective.   
 
In the final revised critical habitat designation, published in the Federal Register on February 25, 
2009 (74 FR 8657–8658), we determined that the benefits of excluding lands managed in 
accordance with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the 
designation, and that doing so would not result in extinction of the species. We, therefore, again 
are considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 
Lynx Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit.  As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit.  Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826).  It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State.  This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts.  It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges.  This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526).  Relative to other DPS 
lynx populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 

Comment [101]: Carry over from another 
document, remove. 



the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45).  Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

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

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

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

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

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

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

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

Lynx Status:  There are no reliable estimates of the historic or current number of resident lynx in 
this unit. As described in section 2.3.2.2 above, the historic record and recent research show 
that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historic and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000, pp. 235-242). However, 
two resident lynx, a male and a female, were trapped, radio-marked, and monitored in the 
Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 



Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; Squires in 
Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females).  One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
   
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

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



stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions: Regulatory Mechanisms - As described above for Unit 3, 
Federal management activities (e.g., timber harvest and precommercial thinning, perhaps fire 
suppression) that occurred prior to listing and before implementation of current Federal 
regulatory mechanisms likely impacted some lynx and habitats by altering the distribution and 
quality of hare and lynx habitats. However, because these activities occurred in low proportions 
of lynx habitat on Federal lands and impacts appear to have been localized, they were deemed 
a low-level to threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 40091-40095). 
Nonetheless, past Federal management activities may continue to influence the current quality 
and distribution of lynx habitats in some parts of this unit. Current regulatory mechanisms and 
conservation measures associated with recently amended or revised Federal management 
plans are intended to conserve and restore lynx and hare habitats across large landscapes. 
Although their effectiveness has not been quantitatively evaluated, they have almost certainly 
reduced significantly the potential for adverse management-related impacts to lynx habitats in 
this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing.    
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt,  
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. However, modeling vegetation and 
snow suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that 
boreal and temperate conifer forest biomes were broadly distributed across this geographic unit 
and that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 



(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

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

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

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

Other - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 



barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000, pp. 235-242).  No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).     

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous U.S.  If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historic 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected.  Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Southern Rockies Geographic Area 
 
Unit Description - The overall geographic unit includes Colorado, south-central Wyoming, and 
north-central New Mexico.  However, within the southern Rockies, since we currently have no 
evidence of resident lynx in southern Wyoming or northern New Mexico, and we question the 
ability of these two areas to support breeding populations we are not including these two areas 
in the unit description.  Lynx habitat  in Colorado totals approximately 25,294 km2 (9,766 mi2), 
and is distributed west of US Interstate-25.  We excluded the northwest part of the state 
bounded on the south by US Interstate-70 and the east by Colorado State Highway 13, because  
this area lacks sufficient habitat to support lynx.  Lynx habitat in Colorado falls within the 
following land ownerships, USFS 21,555 km2 (8,322 mi2)85%, BLM 772 km2, (298 mi2)3%, NPS 
452 km2 (174 mi2)2%, Private 2,350 km2 (907 mi2)9%, State 164 km2 (63 mi2)1%.   
 
The southern Rockies are separated from the rest of the Rocky Mountain chain, and thus lynx 
habitat in northern and western Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.   
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Habitat Description - Lynx habitat in the southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009 p. 10).  
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce.  As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen.  On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir.  Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains.  The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites.  Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15).  Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December.  Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands).  We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2016, Workshop presentation 2015, p. 14), thus not all areas of spruce-fir 
forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 2008, 
p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains 
Geographic Unit, which limits their abundance.  Zahratka and Shenk (2008 entire) found 
densities of snowshoe hares to be greatest in mature Engelmann spruce-subalpine fir stands 
when compared to mature lodgepole pine stands in Taylor Park, Colorado.  Their density 
estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in Engelmann spruce-
subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 hares/ac) in lodgepole 
pine habitats (Zahratka and Shenk 2008, p, 910). 
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Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado.  During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months.  He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., Colorado and southern Wyoming) [65 FR 16052].  In 
2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the southern Rockies (68 
FR 40076).  As stated above, our focus here is limited to the state of Colorado.  In 2008, the 
USFS reported that most of their LAUs in the southern Rockies fell within a range of 3-8 percent 
in a currently unsuitable condition, with only one LAU exceeding 30 percent unsuitable (USFS 
2008, p. 19).  Currently, the USFS reports 51 out of 202 (25%) LAUs currently exceed the 30 
percent unsuitable condition (P. McDonald 2016, pers. comm.).  These changes are mostly in 
response to the ongoing bark beetle infestations, as well as wildfire events that have occurred 
since 2008. 
 
Ivan et al. (2012, p. 6), developed a predictive map of lynx habitat use by using lynx location 
data collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx.  Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use.  Therefore, we 
selected the top 30 percent of the Ivan et al. (2012 entire) predictions and the associated habitat 
to represent the amount of potential lynx habitat in Colorado totaling 25,294 km2 (9,766 mi2).  
This habitat estimate falls between the Ivan et al. (2012, p. 6) estimate and the USFS’s habitat 
estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a greater than 60 
percent probability of detecting lynx as described by Ivan et al. (2012, entire).   
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents.  All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx.  Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS, totaling approximately 126 km2 (49 mi2).  One 
additional plan provides conservation measures for timber management actions only, but the 
FO contains only about 1 km2 (0.39 mi2).  The remaining FOs currently have not amended or 
revised their plans specifically to provide conservation for lynx (approximately 645 km2 (298 
mi2),  Since the 2000 listing however, all BLM Field Offices in Colorado have been conserving 
lynx discretionarily through application of conservation measures provided in the Lynx 



Conservation Assessment and Strategy (Ruediger et al. 2000, entire; ILBT 2013, entire).  Rocky 
Mountain National Park has a fire management plan that includes conservation measures for 
lynx.  We are not aware of any specific conservation planning guiding activities on non-federal 
lands (M. Wrigley 2016, pers. comm. ; M.K. Watry 2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado.  
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
state of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3).  The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2012, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17).  In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado.  However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5).  Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996 entire, O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612).  Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (J. Ivan 
2016b, pers. comm.). 
  
Factors Affecting Current Conditions - Colorado is currently experiencing major bark beetle 
epidemics in lodgepole pine and spruce-fir forests.  Although bark beetles are native insects, 
and forests in the western U.S. have experienced regular insect infestations throughout their 
history, the current bark beetle epidemic is notable for its intensity and extensive geographic 
range.  The causes of this epidemic include: relatively even-aged, dense, and homogenous 
forest conditions, which are highly susceptible to beetle attack, and which were created by 
large-scale logging in the late 1800s and subsequent fire suppression efforts; warmer winters 
due to climate change (cold winters typically reduce beetle populations); and a multi-year 
drought that occurred in the mid-1990s through early 2000s, stressing the trees and making 
them more susceptible to beetle attack (USFS 2011b, pp. 4). 

In lodgepole pine forests, a mountain pine beetle (Dendroctonus ponderosae) epidemic typically 
kills the entire overstory and results in a stand-replacing disturbance event.  In Colorado, more 
than 1,375,931 ha (3,400,000 ac) has been affected by mountain pine beetle (USFS 2015, p. 3), 



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

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

 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the potential future status of 
the lynx DPS in terms of redundancy, representation, and resiliency.  We then provide brief 
summaries of the likely future conditions in each geographic unit, followed by a more detailed 
evaluation of the factors likely to influence lynx populations and habitats in each unit.  Wwe 
present and summarize the professional judgments and opinions of a panel of 10 lynx experts 
regarding the factors likely to influence the persistence of resident lynx units populations in the 
DPS as a whole and in each of the six geographic units.  We also present and summarize the 
experts’ projections, based on consideration of those influencing factors, of the probability that 
each of the geographic units will continue to support resident breeding populations of lynx into 
the future (at years 2025, 2050, and 2100).  We then provide additional Service review of the 
influencing factors described in Chapter 3, above, and their potential effects on the persistence 
and thus the future viability of lynx populations inability of each geographic units to support lynx 
populations in the future.   
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5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
status of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future.  We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limit our ability to predict future conditions for the DPS.  Therefore, our 
assessment of the future of the DPS is based on the best professional judgments an opinions of 
lynx experts and our evaluation of the available scientific information regarding the factors 
identified by the Interagency Lynx Biology Team as the most likely to have population-level 
impact to lynx in the DPS (ILBT 2013, pp. 68-78).        
 
 
Team provide highlights/ bullets, Jim summarize unit information above. 
 
In this section, we characterized the future status of the rangewide population of the U. S. 
Canada lynx DPS.  
 
Overall, expert opinion and our evaluations suggest that resident lynx populations in each of the 
geographic units are likely to be smaller and their distributions reduced in the future.  These 
anticipated declines are most likely to be influenced by projected loss and increasing 
fragmentation and isolation of boreal forests and favorable snow conditions resulting from 
continued climate warming and related impacts (e.g., increased wildfire and forest insect 
activity, diminished hare populations) (Lynx SSA Team 2016, p. 58).  This outcome seems likely 
regardless of which climate emissions scenario is used to model future conditions, although the 
timing, extent, and magnitude of impacts is uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range.  Forest management on private lands 
that lack lynx conservation commitments may contribute to future declines in the amount and 
quality of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands 
contribute minimally to lynx habitats in the other geographic units – see Table 1, above).  
Uncertain future forest ownership and markets for forest products, shifts in silvicultural practices, 
and development pressures on private lands all may affect the resiliency of future lynx 
populations and thus the units.  The lack of evaluation of the effectiveness of forest 
management plans for lynx on federal lands is of concern for western units. 
 
In each geographic unit, the probability that resident lynx populations will persist is expected to 
decline in the future, although uncertainty about persistence probability increases with time from 
the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below).  Although all five 
geographic units that currently support resident populations (all units except the GYA) are 
expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
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Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century.  All other geographic 
units have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century (Lynx SSA Team 2016, pp. 36-
49; also see 5.2, below), with a moderate to high likelihood that resident lynx will be lost from 
two to four units by then (Figure XX). 
 

 
Figure ZZXX.  Summarized probability of persistence of at least a given number of geographic 
units given the probability of persistence for each individual geographic unit.  The y axis of each 
grid in Figure 12 is the probability that at least the number of geographic units indicated by the x 
axis of the grid persist.  The probability in a bar reaches 1 when there is no probability of fewer 
geographic units persisting.  Moving from top to bottom the grids show the probabilities by time 
period (2015, 2025, 2050, and 2100).  Moving from left to right the grids show the range of 
expert responses by summary selection type and probability response.  Therefore looking down 
a column of grids provides a view of the trend in persistence through time and looking across a 
row of grids provides a view of the range of uncertainty in persistence for a given time period. 
 
The loss of resident lynx from one or more geographic units would represent reduced future 
redundancy, representation, and resiliency within the lynx DPS.  With regard to redundancy, 
however, neither the scientific literature nor expert input provide a basis for concluding that any 
single future catastrophic event could cause extirpation in any one geographic unit.  It is even 
less likely that a single future catastrophic event (other than climate change, which we 
considered as a separate stressor) will eliminate all populations in the DPS.  A sequence of 
catastrophic events over a short time could increase the potential for functional extirpation in 



one or more of the individual geographic units (e.g., additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS.  However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS, extirpation from a 
single catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift.  This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada.  Based on expert input, there is 
no indication that the relatively low level of genetic diversity currently observed among lynx 
populations is likely to reduce DPS viability in the future (USFWS 2016, p. 51).  This information 
suggests the current and likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain.  Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent.  For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important.  The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range.  Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
In terms of resiliency, expert opinion and our analyses suggest a declining probability of 
persistence (loss of resiliency) for each of the geographic units within the DPS throughout the 
rest of this century (the analysis did not extend beyond 2100).  Projected climate warming is 
expected to exert the greatest influence on the resiliency of individual populations, and thus 
continued presence of resident lynx in each geographic unit.  Climate models project that boreal 
forests and snow conditions favorable for lynx at the southern periphery of the range will retreat 
northward and upslope with continued warming, further fragmenting and diminishing the quality 
of lynx and hare habitat within the DPS.  Although uncertainty remains regarding the timing, 
extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease.  As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx.  This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events.   
 



 
With regards to redundancy, our assessment indicates that the extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (Workshop Report 
2015, pp. 27-28).  Experts listed fire, drought, insect outbreaks, loss of favorable snow 
conditions, and disease as potential events that could lead to functional extirpation in these 
units.  In Washington in particular, where large fires have affected nearly 40 percent of the 
occupied lynx habitat over the past 10-15 years, experts felt that several more successive years 
of such fires could result in functional extirpation.  However, because fire and insects are likely 
to cause only temporary (20-40 years) losses of lynx and hare habitats, and because 
connectivity between the Washington unit and lynx habitats and populations in southern British 
Columbia remains intact, the Service core team and experts believe this unit (and others 
abutting habitats and lynx populations in Canada) would likely be naturally re-colonized 
relatively quickly by dispersing lynx.  Therefore, extirpation in these units because of 
catastrophic events (or a series of them over time) would be temporary (likely lasting only one or 
several decades) unless events permanently altered the boreal habitat or snow conditions.  The 
Service core team and experts also concluded that if lynx were functionally extirpated in the 
GYA or Western Colorado units, which are not connected to habitats or populations in Canada 
and are relatively isolated from other DPS populations, natural re-colonization would be less 
likely, would take longer, or may never occur. 
 
With regards to representation, our assessment found that the Canada lynx across the DPS and 
between the DPS and Canada are similar genetically and behaviorally and that no significant 
niche differentiation occurs (see Current Condition for further detail). Therefore we conclude that 
the adaptability and evolutionary capacity of the DPS into the future is unlikely to be diminished 
during the time frame assessed, independent of threats that may affect the redundancy and 
resiliency of lynx populations.   
 
With regards to resiliency, wWhereas five of the six unitspopulations were believed currently (or 
recently in the case of Northern Washington) resilient (Table XX in chapter 4), lynx experts 
believed four of six populations would have a greater than 75 percent probability of persistence 
by 2050 and only two of six would have a greater than 75 percent probability of persistence by 
2100 (Workshop Report 2016, p. 49).  Our analysis (Table YY) suggests that by 2050, the least 
resilient unitspopulations are North-central Washington and the Greater Yellowstone.  By the 
end of the century, the least resilient unitspopulations include Maine, Minnesota, North-Central 
Washington and Greater Yellowstone.  We concur with lynx experts, that after considering the 
effects of climate change the Northwestern Montana and Colorado populations likely are the 
most resilient because of the elevational refugia for lynx and their habitat.  
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Figure ZZ.  Summarized probability of persistence of at least a given number of geographic 
units given the probability of persistence for each individual geographic unit.  The y axis of each 
grid in Figure 12 is the probability that at least the number of geographic units indicated by the x 
axis of the grid persist.  The probability in a bar reaches 1 when there is no probability of fewer 
geographic units persisting.  Moving from top to bottom the grids show the probabilities by time 
period (2015, 2025, 2050, and 2100).  Moving from left to right the grids show the range of 
expert responses by summary selection type and probability response.  Therefore looking down 
a column of grids provides a view of the trend in persistence through time and looking across a 
row of grids provides a view of the range of uncertainty in persistence for a given time period.   

 
Both lynx experts and the USFWS core team conclude that the effects of continued climate 
warming will likely exert the greatest negative influence on the probability of persistence for lynx 
populations in the DPS.  This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  Climate change is likely affecting lynx by 
diminished snow quality, depth, and duration.  We were surprised that few baseline data on 
snow are available, especially quality (fluffiness, sinking depth) and depth.  Duration is 
measured by satellites and depth by USGS and NOAA.  Similarly, we lack information about the 
distribution and occurrence of competitors (bobcats, coyotes, fishers, pumas) in relation to lynx. 
 
 
Both groups also believe the untested effectiveness of long-term management commitments on 
federal forest lands and effect on lynx demographics lack of commitments on private forest 
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lands are of concern.  Next to climate change, forest management has the greatest influence on 
hare and lynx habitat.  The lack of long-term commitments to forest management on private 
lands is of concern in the Maine and Minnesota populations.  Uncertain forest ownership, 
markets for forest products, shifts in silviculture, and development pressures on private lands 
will affect the resiliency of future lynx populations and thus the units.  The lack of evaluation 
concerning the effectiveness of forest management plans for lynx on federal lands is of concern 
for western populations. 
 
Experts and the USFWS core team expressed concerns about other stressors and uncertainties 
that pertain to all units of the DPS (Table YY).  The most important are: 

 Lack of empirical abundance and trend information concerning the status of lynx 
throughout the DPS limits confidence in estimates of resliency.  Lynx experts and 
USFWS core team biologists have little more than sporadic occurrence data to assess 
populations and this the units.  Jurisdictions in each unit have attempted to estimate the 
potential population by extrapolating population densities to what is believed to be 
potential habitat.  Occupancy models and methods to estimate populations need to be 
developed for this elusive carnivore.  

 Concern that, there are few long-term range wide data sets concerning the status and 
trends of snowshoe hares in the DPS increasing uncertainty in how lynx will respond as 
hare populations respond to a changing climate.  We expect the health and status of 
lynx populations in the DPS, as in Canada and Alaska, to track trends in hare 
populations.  Standard methods exist to monitor hare populations but have not been 
implemented in most units of the DPS.  

 Concern about the lack of population viability models and assessment for lynx.  We are 
uncertain about what comprises a minimum viable population for an animal that could 
potentially experiences cycles or fluctuations that track snowshoe hare.  Without 
knowing what constitutes a minimum viable population it is difficult to focus conservation 
efforts to where and when they are most needed. 

 Concern about the future of forest management.  Next to climate change, forest 
management has the greatest influence on hare and lynx habitat.  The lack of long-term 
commitments to forest management on private lands is of concern in the Maine and 
Minnesota populations.  Uncertain forest ownership, markets for forest products, shifts in 
silviculture, and development pressures on private lands will affect the resiliency of 
future lynx populations.  The lack of evaluation concerning the effectiveness of forest 
management plans for lynx on federal lands is of concern for western populations.   

 Climate change is likely affecting lynx by diminished snow quality, depth, and duration.  
We were surprised that few baseline data on snow are available, especially quality 
(fluffiness, sinking depth) and depth.  Duration is measured by satellites and depth by 
USGS and NOAA.  Similarly, we lack information about the distribution and occurrence 
of competitors (bobcats, coyotes, fishers, pumas) in relation to lynx. 

● Concern about changes in the amplitude and frequency of lynx and hare cycles in 
Canada.  The status of the lynx in the DPS is believed to depend on periodic immigration 
of lynx from adjacent populations in Canada after the peak in the snowshoe hare cycle.  
Absent pronounced cycles in Canada, can lynx populations persist in the DPS?  If in the 
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future lynx do not migrate south at the rate we have deduced was likely in the past our 
model of how lynx work, what influences the resiliency of populations with the DPS units, 
would need significant modifications and may require reanalysis 

 
 
Table YY.  Future (2050 to 2100) resiliency of individual unitsof the Canada lynx DPS. 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will occur in south edge 
of range 

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

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

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

● Little elevation refugia 

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

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

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of loss of spruce-
fir 

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

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

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

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

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

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

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

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 

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

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 
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● Increasing fire frequency ● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

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

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

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

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

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

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

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

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

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

provides climate and snow refugia 
● Extent to which area will be 

repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

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

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

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 



and spruce-fir 
● Future trends in hare populations 

  
 
With regards to redundancy, our assessment indicates that the extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (Workshop Report 
2015, pp. 27-28).  Experts listed fire, drought, insect outbreaks, loss of favorable snow 
conditions, and disease as potential events that could lead to functional extirpation in these 
units.  In Washington in particular, where large fires have affected nearly 40 percent of the 
occupied lynx habitat over the past 10-15 years, experts felt that several more successive years 
of such fires could result in functional extirpation.  However, because fire and insects are likely 
to cause only temporary (20-40 years) losses of lynx and hare habitats, and because 
connectivity between the Washington unit and lynx habitats and populations in southern British 
Columbia remains intact, the Service core team and experts believe this unit (and others 
abutting habitats and lynx populations in Canada) would likely be naturally re-colonized 
relatively quickly by dispersing lynx.  Therefore, extirpation in these units because of 
catastrophic events (or a series of them over time) would be temporary (likely lasting only one or 
several decades) unless events permanently altered the boreal habitat or snow conditions.  The 
Service core team and experts also concluded that if lynx were functionally extirpated in the 
GYA or Western Colorado units, which are not connected to habitats or populations in Canada 
and are relatively isolated from other DPS populations, natural re-colonization would be less 
likely, would take longer, or may never occur. 
 
With regards to representation, our assessment found that the Canada lynx across the DPS and 
between the DPS and Canada are similar genetically and behaviorally and that no significant 
niche differentiation occurs (see Current Condition for further detail). Therefore we conclude that 
the adaptability and evolutionary capacity of the DPS into the future is unlikely to be diminished 
during the time frame assessed, independent of threats that may affect the redundancy and 
resiliency of lynx populations.  
 
 
5.1.1 Summariesy of Future Conditions in Each Geographic Individual DPS 
Units 
 
The following sections include summaries of the future conditions of individual DPS Units.  For 
further information, see chapter 5.2 Future Conditions - Detailed Descriptions by Geographic 
Unit. 
 
Summary Unit 1 Future Conditions – Northern Maine:  Although the Northern Maine 
Ugeographic unit currently has extensive lynx habitat, it may be one of the units in the DPS at 
greater risk.  Forestry practices and climate change will be the greatest future drivers of hare 
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and lynx habitat.  Lynx habitat and populationnumbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting.  In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape.  High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx.  For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest.  Absent long-
term lynx management agreements, the future of lynx habitat is uncertain.  Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership isare likely to 
continue resulting in subdivision of large ownerships.  Changing land uses (wind energy 
development, transmission line corridors, residential and development, national monument) will 
compete with forest management as the primary land use.  Conservation easements will help 
reduce development pressures and keep some lands as working forest.  Climate change is 
expected to affect the Maine unit more than others in the DPS because snow depth and 
duration already seem to be at thresholds for lynx and there is littleare few potential elevational 
refugia.  In the near term (to 2050)and to mid-century, snow quantity and quality will continue to 
deteriorate, likely causing the range of lynx to begin contracting northward.,  and iIn the long 
term (to 2100), some believe lynx could become extirpated from the unit. Climate change, 
increasing demand for hardwood forest products, a pending spruce-budworm outbreak, and 
frequent disturbance of the forest all will contribute toward the trend in the loss of spruce-fir 
forest and expansion of northern hardwoods, although the timeframe for conversion is 
uncertain.  Lynx experts indicate the probability of persistence will decline to about 50% by the 
end of the century.     
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, lack of elevational refugia), some members of the USFWS coreService’s SSA team 
wereas more pessimistic about the future of lynx in Maine than the lynx expert panels.  There is 
great uncertainty about the future of forest management and future development on private 
forest lands.  There are no long-term management plans in place, Sstate forest regulations have 
greatly influenced harvesting practices that have (and will continue to) reduce landscape hare 
densities, markets for forest products are depressed, and projections (under current harvest 
scenarios) are that habitat will diminish and shift southward in the near term because of post-
harvest succession and recede northward over the longer-term because of continued climate 
warming. 
 
Summary Unit 2 Future Conditions- Northeastern Minnesota:  The direct and indirect effects of 
climate change are expected to affect lynx into the future in Minnesota.  , sSpecifically, there is 
an expected decline in the quantity, quality, and duration of snow; increased competition and 
hybridization with bobcats; northward contraction of boreal conifer forest;, and increased 
isolation due to diminishing forest conditions in Ontario.  The probability of persistence of the 
lynx population in Minnesota is projected to decrease over time with increasing uncertainty 
through the end of the century, driven in the near term by the quality, quantity and persistence 
of snow, competition, disease, and forest insects, and drive inover the long term from the some 
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of the same reasons with the addition of climate change, loss of spruce-fir forests, and wildfires. 
If the SNF in Minnesota continues to follow vegetation management and other  
recommendations under the LCAS in their Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future.  It is expected that the MFRC guidelines will remain in place into the future and that 
voluntary actions will continue on Sstate and private lands.  Taking all factors into consideration 
(i.e., loss of boreal forest, increased competitions, potential disease and insect outbreaks, loss 
of snow), thelynx experts projected the mean probability persistence of lynx in Minnesota to the 
year 2025 was greater than 90 percent, to 2050 was 80 percent, and would decline to 
approximately 35 percent by 2100. 
 
Summary Unit 3 Future Conditions- Northwestern Montana/Northeastern Idaho:  As in other 
units, climate change is projected to reduce the future amount, distribution, and quality of lynx 
habitats in this unit via northward and upslope contractions in favorable snow and forest 
vegetation conditions.  This will result in increased fragmentation and isolation of habitats and 
smaller and more isolated lynx populations.  Increased wildfire frequency and extent and 
perhaps other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx 
cycles that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit.  Fire- and insect-related habitat losses would likely be temporary, 
resulting subsequently in improved habitat conditions when impacted areas regenerate the 
dense vegetative structure conducive to hare abundance.  Continued forest management to 
conserve and maintain the vast majority of lynx habitats in this unit will benefit resident lynx in 
the future, though it is unlikely to offset the projected adverse consequences of continued 
climate warming.  Lynx experts felt that future extirpation of lynx from this unit due to reduced 
genetic health or a catastrophic event is unlikely.  However, the extent to which the future 
demographic and genetic health of lynx populations in this unit may be influenced by 
immigration is unknown.  Considering the factors above, lynx experts felt this geographic unit 
has the highest likelihood of continuing to support resident lynx into the future in the near term 
(year 2025; median probability of persistence > 0.95), at mid-century (median = 0.90), and end-
of-century (median = 0.78), despite a declining probability of persistence and greater uncertainty 
with increasing time from present, as in all units. 
 
Summary Unit 4 Future Conditions- North-central Washington:    Recent wildfires have 
temporarily eliminated or reduced the quality of greater than 50 percent of lynx habitat within 
north Cascades, which has significantly affected the status of and current viability of the lynx 
population within this geographic unit.  Similar to the other geographic units, climate change is 
anticipated to reduce the future quality and distribution of lynx habitat in Washington, potentially 
further exacerbating the recent temporary losses of lynx habitat from wildfires.  Climate change 
may increase wildfire frequency and severity and decrease their return intervals, which may 
result in further temporary losses of lynx habitat.  Climate change may also decrease the 
quantity and quality of snow resulting in permanent reductions in the quantity and distribution of 
lynx habitat in Washington State.   These potential climate change driven reductions of lynx 
habitat may serve to further isolate lynx populations within Washington State as well as between 
neighboring lynx populations in the other geographic units and Canada.  Continued forest 
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management on both federal Sstate  owned lands within Washington will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negatives 
effects related to climate change.  ConsideFactoring in the recent impacts toreduction in lynx 
habitat withand the projected impacts of climate changes, experts predicted near-term (year 
2025) persistence probabilities of 60% to 90% (median = 80%), mid-century persistence at 30% 
to 80% (median = 70%), and end-of century (year 2100) persistence probabilities less than 50% 
(median = 38%) for lynx populations within this geographic unit. 
 
Summary Unit 5 Future Conditions- Greater Yellowstone Area (GYA):  As elsewhere, climate 
change is projected to reduce the future amount, distribution, and quality of lynx habitats in this 
unit via northward and upslope contractions in favorable snow and forest vegetation conditions.  
This will result in increased fragmentation and isolation of habitats and smaller and more 
isolated lynx populations.  Because potential habitats in much of this unit already are naturally 
highly fragmented and perhaps only marginally capable of supporting resident lynx, and 
because it appears to have never supported more than a small number of residents, its ability to 
do so in the future is tenuous.  Lynx experts felt that the small number of lynx this unit appears 
capable of supporting and its relative isolation from other lynx populations make it more 
vulnerable to genetic drift and extirpation due to catastrophic events or demographic or 
environmental stochasticity.  However, the extent to which the future demographic and genetic 
health of lynx populations in this unit may be influenced by immigration is unknown.  Increased 
wildfire frequency and extent and perhaps other climate-mediated factors (forest insect 
outbreaks, changes in northern hare/lynx cycles that may influence immigration into this unit) 
could also reduce future lynx habitats and populations in this unit.  Continued forest 
management to conserve and maintain the vast majority of lynx habitats in this unit will benefit 
resident lynx in the future, though it is unlikely to offset the projected adverse consequences of 
continued climate warming.  Considering the factors above, lynx experts felt this geographic unit 
has the lowest likelihood of supporting resident lynx into the future in the near term (year 2025; 
median probability of persistence = 0.52), at mid-century (median = 0.35), and end-of-century 
(median = 0.15), with a declining probability of persistence and greater uncertainty with 
increasing time from present, as in all units. 
 
 
Summary Unit 6 Future Conditions- Western Colorado:  Regulatory mechanisms that provide for 
the conservation of lynx in Colorado consist of State regulations prohibiting unauthorized take of 
lynx, and through amendment of USFS and BLM management plans which limits vegetation 
management (among other things) covering approximately 85-90 percent of the lynx habitat 
within the Unit,and provide guidance to limit habitat fragmentation.  Climate change is expected 
to negatively affect vegetation, and influence snow conditions within the Western Colorado unit. 
The eElevation gradient in Colorado may provide refugia from deteriorating snow quality, depth, 
and duration throughout the period.  However, climateClimate models suggest a 40 percent 
decline in snow persistence.  Assuming that snow levels will increase in elevation, lynx habitat is 
likely to become more fragmented by areas that no longer retain appropriate snow conditions 
and vegetation.  However,, but we anticipate large areas of snow persistence will to remain 
through the end of the century.  Experts suggest that beetleBeetle kill and wildland fire will result 
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in unsuitabletemporary nonfunctional habitat conditions.  However, theseaffected areas are 
likely to regenerate and provide excellent habitat conditions to support hares and lynx.  A caveat 
to future habitat conditions in light of climate warming is that some areas that currently support 
snowshoe hare populations may experience vegetation type conversion that may not support 
snowshoe hares.  The majority of the experts predicted the persistence of a viable lynx 
population in the unit by 2100, but further discussion revealed uncertainty about persistence in 
the unit, and genetic connectivity across ski areas in the unit.  Our conclusion based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century.  Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort.  Our 
conclusion is generally consistent with that of the experts. 
 
Table XX, below, summarizes factors thought likely to influence the future resiliency of lynx 
populations in each geographic unit. 
 
Table YYXX.  Future (2050 to 2100) resiliency of individual unitsof the Canada lynx DPS 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will occur in south edge 
of range 

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

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

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

● Little elevation refugia 

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

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

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of loss of spruce-
fir 

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

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

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

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

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

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

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 
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● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

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

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

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

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

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

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

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

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

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

provide climate and snow refugia 
● Extent to which area will be 

repopulated by the north and/or the 
south 



Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

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

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

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

● Future trends in hare populations 

   
 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Future Lynx Status   
 
Most experts indicated an initially high and subsequently declining probability of persistence of 
resident lynx in Maine through the end of the century, with uncertainty (range between lowest 
and highest probabilities) also increasing over time (Lynx SSA Team 2016, pp. 33-36 and Fig. 
XX below).  Climate change was an overriding near- and long-term stressor.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed.  Changes in snow conditions will favor bobcats and fisher (a predator 
of lynx that is limited by deep snow).  Experts believed that the effects of climate change would 
continue to increase as a stressor by mid- to the end of the century (2050, 2100).  Snow 
conditions would continue to deteriorate (especially in the northern Maine unit compared to 
other areas in the DPS) resulting in increased competition with bobcats and predation by fisher.  
Climate-induced loss of spruce-fir forest will occur slowly, and an increase in northern hardwood 
composition of the forest is already occurring.  Loss of spruce-fir could be accelerated by forest 
disturbance (budworm outbreak, forest management affecting large acreages of lynx habitat 
annually).  
 
Experts expressed a number of near-term stressors (in the next 15 years) related to forest 
management in northern Maine.  Land management objectives were uncertain because of 
changes in private forest land ownership.  Changes in forestry management because of the 
Maine Forest Practices Act (shift to partial harvesting, increasing acreage harvest, habitat 



shifting to south) would result in increased fragmentation and declining lynx and snowshoe hare 
habitat (succession of previous clearcuts from young, dense regenerating stands to mature 
stands less conducive to high hare densities).   
 
There was uncertainty concerning the severity and response by new landowners to the next 
spruce budworm outbreak.  Experts were concerned that investment landowners would not 
respond to the pending spruce budworm outbreak like they did in the 1970s (extensive 
clearcuts, herbicide application).  Experts also acknowledged concerns about the effects of the 
current clearcuts aging past conditions that support hares and lynx.   
 
Hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded.  In response, lynx initially had lower 
reproduction (lower proportion of females breeding, slightly lower litter sizes), but this has not 
affected home range sizes.  Lower landscape hare densities are likely to support lower lynx 
populations.  It is uncertain how hare numbers will cycle or fluctuate in the future. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit.  Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units.  Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades.  Experts and the core team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat.  More is known about long-term trends in snowshoe hare 
populations in this unit than others.  Hares seem to have declined by half since about 2006 and 
have remained low.  Experts and the core team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines.  
Taking all of these factors into consideration, the experts projected the mean probability of 
persistence to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100%)(Lynx 
SSA Team 2016, pp. 33-34, Fig. XX). The USFWS lynx core team generally agreed with this 
prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
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Figure xx. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100). Expected 
probability of persistence for the Northern Maine Geographic Unit at present (2015), and in 
2025, 2050 and 2100. 
 
Note: In Figure XX, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability of persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA).  
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service.  Clearcuts are not 
banned, but require varying levels of state permits depending on their size.  As a result, the 
number and acreage of clearcuts completed annually has declined substantially and have been 
replaced by various forms of partial harvesting (Sader et al. 2003, p. 349-350, McWilliams et al. 
2003, p. 35).  In the first decade following passage of the MFPA, the percentage of acreage 
clearcut in Maine annually declined from 40 percent to 4 percent (Simons 2009, pp. 45-46).  The 
average size of clearcuts has been reduced from >125 acres (Maine Forest Service 1995) to 
<25 acres (Maine Forest Service 2003, 2005, 2007).  Currently, partial harvesting comprises 
about 94 percent of acres cut annually in Maine (Simons 2009, p. 50).  The total volume 
harvested, however, changed relatively little.  The partial harvest that replaced clearcuts include 
a variety of silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-
aged (e.g., selection) management that result in a wide range of residual stand conditions 
(Robinson 2006), which have important implications for lynx conservation.  Foremost, snowshoe 
hare densities in partially harvested forests are on average about 50 percent lower (but range 
from 20 to 90 percent lower) than in regenerating conifer stands created by clearcutting 
(Robinson 2006, entire; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare 
density and presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 
217; Simons-Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems.  The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35).  Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been influenced by partial 
harvesting.  Extensive partial harvesting and aging of the spruce budworm-era clearcuts will 
reduce landscape hare densities (Simons-Legaard et al. 2016, 9-10).  If the current landowners 
continue to harvest using similar methods at and similar rates, habitat for lynx will diminish by 
about 50 percent by 2030 (Simons-Legaard 2016, pp. 9-10).  After 2030, projected outcomes for 
lynx habitat become more uncertain and depend on assumptions about habitat definitions and 
harvest rates.  Lynx in Maine selected for regenerating, conifer-dominated forest (>75 percent 
conifer, Vashon et al. 2008, pp. 1490, 1492-1494). If one defines lynx habitat as stands having 
greater than 75 percent spruce-fir, then habitat will decline by about 50 percent by 2030 and 
remain at about at this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the next outbreak of spruce budworm.  After being low for the 
last 20 years, spruce budworm numbers are again building toward epidemic levels in Maine, 
southern Quebec, and northern New Brunswick.  Significant defoliation in Maine is expected to 
begin between 2018 and 2021 (Wagner et al. 2014).  Although Maine research has clearly 
demonstrated that landowner response to the last outbreak resulted in unintended, positive 
benefits for lynx from one to three decades later, our ability to project what effects the next 
outbreak will have on lynx habitat is still limited.  Land ownership has changed dramatically 



since the last outbreak.  To reduce risk from spruce budworm, some financial investment 
owners may cut younger spruce-fir stands that still support elevated hare populations.  Some 
may be less inclined to intensively manage for spruce-fir.  It is unlikely that current landowners 
will use widespread use of pesticides to control spruce budworm and herbicides to promote 
spruce-fir regeneration after stands are defoliated.  The MFPA may serve as an additional 
constraint on motivation to clearcut infested stands, even with recently-enacted changes 
intended to reduce the regulatory burden for landowners.  Landowner response to the pending 
outbreak will have important implications for the short- and long-term persistence of lynx habitat 
in the northern Maine unit (Simons-Legaard 2016, pp. 16-17).   
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine.  Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha).  This decline occurred across all forest stand 
types and across a broad geographic area of Maine (Scott 2009 p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007, Scott 2009, p. 41-42).  Hares remained at these 
lower numbers through 2013 (D. Harrison, University of Maine, unpublished data).  If future hare 
populations remain low, then Maine habitats will have a lower capacity for supporting lynx.  
 
Climate warming - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, Hoving et al. 2005, 
Carroll 2007).  Wildlife experts in Maine ranked lynx as highly vulnerable to climate change (>66 
percent loss in species range/population and extirpation within 50 to 100 years) (Whitman et al. 
2013, p. 19, 74).  Similarly, Carroll (2007, entire) modeled Maine lynx population assuming non-
cycling hare populations and snow conditions expected under intermediate to high emissions 
climate models (Kiehl and Gent 2004, entire).  He predicted a 59 percent decline in the lynx 
population (the non-cycling hare population model) by mid-century because of climate change 
alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 2007, p. 
1102), except for the mountains in western Maine where snow refugia may only persist as very 
small, isolated “sky islands” that would be unlikely to support lynx.  
 
Climate change is affecting the Northeast, and the rate of change is faster than expected 
(Rustad et al. 2014).  Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008).  
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Workshop Notes 2016, Rawlins et al. 2012) where temperatures may increase 
4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in 
wind development has escalated in northern and western Maine increasing threats to high 



elevation and potential spruce-fir refugia (Whitman et al. 2013). Climate conditions are currently 
at or falling below threshold values needed to support lynx in Maine.   
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine.  Gonzales et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century.  Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).    
 
Snow duration. The current average snow duration in Maine is at or below the 4 month snow 
persistence thresholds believed needed to support lynx (section 4.1.1, Gonzales et al. 2007) 
and is projected to decline.  Snow duration is project to continue to deteriorate.  Snow duration 
declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to 
diminish another two weeks in Maine by mid-century (Fernandez et al. 2015).  Snow duration is 
expected to diminish by 25 percent (low emissions) to 50 percent (high emissions) from current 
conditions by the end of the century (Hayhoe et al. 2006).  Similarly, Notaro et al. (2014) 
projected an average decrease of 28 days (low emission) to 47 days of snow cover (high 
emissions) by the end of the century.   
  
Snow depth. The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005) and is 
expected to decline.  By the end of the century, large areas of the Northeast will experience 15 
percent (low emission) to 25 percent (high emissions) reduced snowfall (Ning and Bradley 
2015).  Similarly, by the end of the century Notaro et al. (2014) projected average snow declines 
in the North Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low 
emissions) to 92 cm (48 percent) (high emissions) because a higher proportion of winter 
precipitation will fall in the form of rain rather than snow.   Winter precipitation in Maine is likely 
to increase by 10 to 15 percent by the end of the century (Hayhoe et al. 2006) with a greater 
proportion of winter precipitation falling as rain (Huntington et al. 2004, Hayhoe et al. 2007, Ning 
and Bradley 2015). 
 
Snow quality.  Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation falling as rain 
(Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015).  Snow density and 
compaction (caused by wet, heavy snow or rain on snow events in winter) will continue to 
increase in the region in the future (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006, Karl et al. 1993).  
 
Loss of boreal forest. Climate change is projected to cause a northward contraction of spruce-fir 
forest in the Northeast with potential negative consequences for both lynx and snowshoe hares 
(Gonzales et al. 2007, entire).  Spruce-fir forest is expected to decline substantially in Maine and 
the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, Whitman et al. 



2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, pp. 192-193, 
Prasad et al. 2007) because of climate change.  Climate change is anticipated to increasingly 
fragment the boreal forest in northern New England (Iverson et al. 2008, Ollinger et al. 2008, 
Whitman et al. 2013).  Lynx habitat will decline as boreal forest diminishes (Simons 2009).  
Even under the lowest emissions scenarios, spruce-fir forest would be greatly reduced by 2100 
(Williams and Liebhold 1997, Prasad et al. 2007), although some spruce-fir may persist at 
highest elevations (Tang and Beckage 2010) and along the eastern coast (Jacobson et al. 
2009) where cooler conditions will prevail.   
 
The spruce-fir forest type has come and gone from New England during the post-glacial period.  
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes  et al. 2000).  Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.   
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways.  Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010).  
Thus, the range of spruce-fir is limited by summer heat and drought.  Mohan et al. 2009 
projected that suitable area for balsam fir would decline by 80 percent in 2100 under an average 
to high emissions scenario. In contrast, Ollinger et al. (2008) projected increasing growth rates 
for balsam fir and red spruce to mid-century, after which they would decline.    
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline (Seymour 1992, Simons 2009) and is being 
replaced in Maine by northern hardwoods (oak, pine, red maple).  The decline of the spruce-fir 
forest type is accelerated by forest disturbances.  A pending spruce budworm outbreak and 
frequent disturbance from forest management could accelerate conversion to northern 
hardwoods in northern Maine and eastern Canada (Flannigan et al. 2001, Gauthier et al. 2015).  
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).   
 
In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may occur in shifting forest composition from spruce-fir to northern hardwoods (Mohan et al. 
2009, Zhu et al. 2012).  Some northern Maine industrial forest landowners could “adapt” to 
climate change by intentionally favoring spruce-fir (e.g., by plantations and use of herbicides).  
McWilliams et al. 2005 (p. 8) noted that balsam fir increased in Maine’s forest inventory in the 



2000s.  Forest models projected increases in  spruce-fir biomass over the next century because 
of partial harvesting and periodic budworm outbreaks, but did not take climate change into 
consideration (Simons-Legaard et al.2013).   
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit.  Climate change will 
influence precipitation and temperature, forest management strategies, and forest disturbance 
(fire frequency and spruce budworm), all of which will interact in complex ways to influence the 
spruce-fir forest at the southern edge of its range.  Carter (1996), Iverson et al. (1999), and 
Goldblum and Rigg (2005) documented balsam fir growth rates and growth potential would 
decline under likely climate warming scenarios (~4 to 5 F degree temperature increase by the 
end of the century and reduced snow conditions).  Some have projected the extirpation of 
spruce-fir forest types in the Great Lakes States (Scheller and Mladenoff 2005) and New 
England (Iverson and Prasad 2000).  In contrast, balsam fir has prolific seed production 
following forest disturbance such as harvesting (Seymour 1992), and has proliferated under the 
current climate and forest management regime dominated by partial harvesting (Olson et al. 
2013, entire).  Balsam fir is a relatively short-lived tree (~100 years), and is unlikely to persist 
long if climate change affects seed and germinations rates.  Given, anticipated climate changes, 
especially early snow melt and low spring precipitation, fir may increase for the next few 
decades but is unlikely to regenerate in a the future Maine forest (E. Simons-Legaard, 
University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above).  By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
densities.  For the foreseeable future, partial harvesting will continue as the primary means of 
forest management.  Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007), 
snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, entire; Fuller and Harrison 2010). Thus changing 
forest management practices will continue to reduce landscape hare density below levels that 
can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8).  
Currently, the landscape is owned primarily by  financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2014).   
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades.  Lynx, habitat is expected to peak and 



remain stable through about 2020 (Simons 2009, Simons-Legaard et al. 2016 p. 6).  After 2020, 
aging of the former clearcuts and extensive partial harvesting are projected to result in a 50 to 
65 percent decline in lynx habitat by 2032.  Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 4.5 percent of the landscape (Simons-Legaard 2016).   
By 2032, the Northern Maine Unit may support less than half the lynx population as it does 
today (Simons 2009, p. 209, 217).   
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
support lynx (Simons 2009, Simons-Legaard et al. 2016, Simons-Legaard 2016).  By 2022, the 
number of patches of high quality hare habitat will increase by 57 percent, but the average size 
of patches will be diminished by 87 percent, and patches will become more isolated (Simons-
Legaard et al. 2016, pp. 5-6).  The proximity index of high quality habitat patches will decline by 
78 percent within lynx home ranges.  Although lynx habitat is peaking, fragmentation is 
diminishing its ability to support lynx (Simons-Legaard et al. 2016). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty.  The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060.  The most 
most pessimistic models (lowest harvest rates, no climate change, no spruce budworm) project 
about 5 percent of northern Maine will have high quality hare habitat (Simons-Legaard 2016, 
entire), although the habitat will be much more fragmented and smaller patch size (Simons-
Legaard et al. 2016).   
 
Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change.  Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et 
al. 2005, p. 1966).  A forest company that has planted extensive spruce plantations in New 
Brunswick and recently purchased nearly 1 million acres of forestland in northern Maine where 
they are doing the same.  Spruce plantations are becoming more common on this ownership in 
Maine, but not others.  Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare density and use by lynx vary 
(Roy et al. .  Hares can achieved higher densities in  plantations depending on the amount of 
lateral cover, but for shorter periods of time; ~10 to 17 years after cutting and planting in New 
Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy et al. 2010, p. 585).  This is 
in contrast to ~15 to 35 years in naturally regenerating spruce-fir stands after harvest (Simons-
Legaard et al. 2016, p. 4).  The future of plantations in the northern Maine unit is uncertain.  
Most investment landowners have short-term investment horizons and are unlikely to invest in 
plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004).  
A spruce budworm outbreak is projected to reach epidemic proportions in 2018 to 2021.  The 
epidemic has already affected 10 million acres of spruce-fir in southern Quebec, immediately 



north of Maine (Wagner et al. 2014, entire).  The last outbreak in the 1970s and 1980s killed 
millions of acres of spruce and fir forests in the northern Maine unit.  Maine’s 5.8 million acres of 
spruce-fir stands across the state are at risk of some level of defoliation.  The intensity of the 
next outbreak is uncertain, although some project a weaker outbreak because spruce and fir 
trees are younger and less susceptible and there is a higher hardwood component in northern 
Maine forests (Wagner et al. 2014, p. 21-27).  A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2014, pp. 5-6).  An 
aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1).  The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir.  The nature of 
landownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons.  The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine.  All three variables have yet to be modeled 
simultaneously (K. Legaard, UMaine, personal communication).  Assuming current forest 
management trends persist to the end of the century, spruce-fir dominated forest is expected to 
continue to decline (Legaard et al. 2013, entire).  The combination of budworm-induced 
mortality and salvage harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, 
entire).  However, after a budworm outbreak the biomass and area of mixed-hardwood/softwood 
forest would be expected to increase through this century primarily because of regenerating 
balsam fir (see discussion above)(Legaard et al. 2013).  Mixed forests having a high hardwood 
component are not believed to support high hare densities (Scott 2009, p. 109) or be preferred 
by lynx (Vashon et al. 2008, pp. 1492-1493).  It is uncertain whether lynx can adapt to lower 
landscape hare densities associated with mixed hardwood-softwood forest.  They may persist, 
but at lower densities as they currently do in the western units of the DPS.  However, the 
probability of persistence is further diminished by deteriorating snow conditions and increased 
populations of bobcats and other competitors.      
 
Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced by a 
severe spruce budworm outbreak because of the amount of dead and dying spruce-fir (Stocks 
1987), although there were no large fires after the last outbreak.  Fire risk is currently very low in 
this unit and a continuous decrease in fire frequency is predicted with climate change in eastern 
Canada because of increased precipitation and decreased drought (Bergeron and Flannigan 
1995, Flannigan et al. 1998).  Climate is expected to become more variable during the next 
century (Gregory & Mitchell 1995; Gregory et al. 1997), which could create fire conditions in 
unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to immediately suppress 
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wildfire, thus large, stand-replacing fires are expected to be infrequent in this region.  Notable 
large fires in Maine include a 3 million acre fire in 1825 and 200,000-acre fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre, sparsely populated “North Woods” of 
Maine is highly uncertain and has been the subject of intense public debate (Baldwin et al. 
2007).  Land use and zoning in the state’s “unorganized townships” are the responsibility of the 
Land Use Planning Commission (LUPC) in the Maine Department of Conservation.  The LUPC 
revised its Comprehensive Land Use Plan (De2010), and described principal values in guiding 
future land management decisions: maintaining working forests, provide for traditional 
recreational opportunities, protect high-value natural resources, and encourage long-term 
conservation.  The North Woods has long been considered a public resource or “commons,” 
even though privately owned (Judd 2007, p. 9).  This land was traditionally owned by a few 
large timber companies, but since the 1980s there has been rapid turnover in ownership largely 
by investments companies and subdivision of large parcels (Hagan et al. 2005).  Financial 
investors, such as REITS and TIMOs focus on maximizing the asset value of timberlands and 
are increasingly likely to seek revenue from non-timber resources if they will generate a higher 
return.  These new owners operate over relatively short time horizons (e.g., 5 to 15 years) and 
are willing to consider multiple means of monetizing their asset, including development and real 
estate sales (Legaard 2013, entire).  If left unchecked, these pressures may continue to 
promote dispersed residential development throughout this region.  Parcelization and 
subdivision has increased, particularly in the southern third of the jurisdiction (Maine 
Department of Conservation 2010, p. 72-73).  The LUPC has limited ability to address stressors 
on Maine’s North Woods, including resale and subdivision trend. This trend is likely to continue 
into the foreseeable future and will make management of large, forested landscapes for Canada 
lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future.  Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Department of Conservation 2010, p.80).  Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Department of Conservation 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges).  Most 
development has occurred in areas that abut organized communities and near public roads.  
Within the interior most development has occurred on long lakeshores and waterfront.  However  
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Department of Conservation 2010, p. 136), which will further fragment lynx habitat.   
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80).  Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire).  A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres.  Visitorship by outdoor recreationists are currently about 
175,000 per year and declining.  Likewise, visitors to Baxter State Park and the Allagash 



Wilderness Waterway have declined (Vail 2007, p. 107).  Aside from a vigorous discussion of a 
proposed national park or monument, national heritage area, or a master tourism plan for the 
area (Vail 2007, pp. 112-113), there is likely to be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107).  Snowmobiling may be 
an exception because of declining snow (see climate change section).  The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township.  
Further development of ski areas is unlikely in the western Maine mountains.  Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development hundreds of house lots and resort development within the lynx critical habitat.  
One concept plan would construct 975 houses and two resorts on about 3,500 acres and a 
363,000-acre conservation easement.  A second concept plan would allow development on 
about 1900 acres of land and a 14,600 acre conservation easement.  Although these 
developments have not been built, they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, biomass, biofuels, and other energy sources offering new 
opportunities to utilize natural resources. Wind energy resources are high within the lynx critical 
habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future.  Mining is not a traditional land use but a large operation is 
being considered at one location in the lynx critical habitat.  Extraction operations for gravel (for 
road building) are widely-scattered throughout the unit.    
 
The lynx critical habitat is heavily roaded, particularly with forestry roads.  While accurate 
numbers are difficult to obtain, approximately 1,500 miles of public  roads and over 20,000 miles 
of private roads exist within unorganized areas of Maine (Maine Department of Conservation 
2010).  There has been discussion of an east-west limited access highway through northern 
Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if constructed, 
would further fragment habitat (Maine Department of Transportation 1999, Beck et al. 2012, p. 
38).   
 
An increasing area of the lynx critical habitat area is likely to be placed under conservation 
easements that will limit future development and fragmentation of lynx habitat.  Maine has the 
largest amount of land under easement of any state, and there are about 2 million acres of 
conservation easements in lynx habitat in northern Maine (Pidot 2011).  Continued expansion of 
areas under conservation easement is uncertain and will depend on willing landowners and 
funding available for purchase of easements  

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation


 
All of development trends portend increased fragmentation of lynx habitat in the northern Maine 
unit. As habitat is fragmented, it will become increasingly difficult to influence landscape-scale 
forest management that could benefit lynx. 
 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Status 
 
The probability of persistence of the lynx population in Minnesota is projected to decrease over 
time with increasing uncertainty through the end of the century (Lynx SSA Team 2016, pp. 37-
38 and Figure xx, below).  Near term drivers of the projected decline were reduced the quality, 
quantity, and persistence of snow, competition from bobcats, disease (e.g., lungworm, liver 
fluke, feline leukemia), and forest insects.  Long term drivers of the projected decline were 
reduced the quality, quantity, and persistence of snow, competition from bobcats, loss of 
spruce-fir forests, wildfires, and climate change.  Climate change was primarily associated with 
loss of boreal forest but could potentially also increase disease or insect outbreaks, and is likely 
to affect the amount of precipitation falling as good quality snow in the area of the state 
supporting lynx habitat.  The connection to lynx in Ontario reduces the likelihood of local 
extirpation in this geographic unit, but the likelihood would increase if connectivity was 
compromised. Taking all factors into consideration (i.e., loss of boreal forest, competitions, 
disease and insect outbreaks, loss of snow), the experts projected the mean probability 
persistence to the year 2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 
60 to 90 percent), and would decline to approximately 35 percent (ranging from 10 to 60 
percent) by 2100 (Lynx SSA Team 2016, pp. 37- 38). 
 



 

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

 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports long-term 
persistent lynx breeding population is administered by the Superior National Forest.  This area 
includes designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 
SNF Plan (USDA 2004a), which has direction based on the LCAS and Canada Lynx 
Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, entire), 
for all forest activities that occur within LAUs.  Active management of forest lands can produce 
lynx habitat and the Superior National Forest has a long-term commitment for doing so.  If the 
SNF continues to follow vegetation and wildland fire management and other applicable 
recommendations under the 2000 LCAS (or the updated 2013 LCAS or subsequent updates) in 
their Forest Plan, we expect that several risk factors will continue to be minimized and managed 
to promote the conservation of lynx within the SNF into the future.  Management of lynx and its 
habitat on SNF land will remain in place until the forest amends or revises their individual 
LRMPs.  We expect that management direction for lynx addressing vegetation management, 
wildland fire management, and habitat fragmentation on national forest system lands will be 
incorporated into the revised or amended Forest Plans (LPMPs). 
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Although outside of areas considered to be core lynx area (i.e., where lynx are persistent and 
are reproducing) in the Great Lakes, the Chippewa National Forest and the Chequamegon-
Nicolet National Forest Forest Plans also include direction based on the LCAS and Canada 
Lynx Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, 
entire), for all forest activities that occur within LAUs (USDA CNF 2004, USDA CNNF 2004). 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit and private landowners make up about 
16  percent of unit.  Under the Sustainable Forest Resource Act of 1995 (revised in 2014), the 
Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level timber 
harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire) - these voluntary 
guidelines are intended for private and state landowners and include some general 
recommendations for wildlife including lynx (MFRC 2014, pp. 4-5).  It is expected that the MFRC 
guidelines will remain in place into the future and that voluntary actions will continue. Private 
landowners, however, do not have an official commitment to land management.  We cannot say 
with any certainty what proportion of privately owned land will follow those guidelines into the 
future, because following the guidelines is voluntary. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire).  The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA.  Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004.  On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses.  The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota.  This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (LCAS 2013, p. 49). 
 
Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range.  Since the time of listing, new information on regional 
climate changes and potential effects to lynx habitat has been developed (e.g., Danby & Hik 
2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new information 



suggests that climate change may be an issue of concern for the future conservation of lynx 
because lynx distribution and habitat is likely to shift upward in elevation within its currently 
occupied range as temperatures increase (Gonzalez et al. 2007, entire).  Greatest stressors of 
climate change include diminishing snow depth, quality and duration; competition from bobcats 
and other carnivores, hybridization with bobcat (Schwartz et al. 2002); loss of spruce-fir to 
northern hardwoods; and future isolation of the metapopulation because of diminishing forest 
conditions in Ontario. 
  
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. 
  
Although there are uncertainties about future climate warming, lynx populations in Minnesota 
are expected to recede northward and decline over the next century (Lynx SSA Team 2016, pp. 
37-38).   
  
Lynx require at least four months (120 days) of continuous snow coverage (Gonzales et al. 
2007, p. 7).  Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9).   In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow.  The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes.  
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century.  Ultimately, this leads to increased rainfall, not snowfall, as these projected 



reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzales et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the state (Gonzales et al. p. 2007, p. 19).  According to Frelich (in Lynx 
SSA 2016, p. 14) Minnesota is likely to lose boreal biome, potentially within the next 60 to 70 
years, with unmitigated climate change.  According to Gonzales et al. (2007, p. 8), the Superior 
National Forest is a potential refugia for lynx in the lower 48 states, however, when compared to 
other regions. 
 
Vegetation Management - Vegetation management conducted under the Forest Plan currently 
will likely continue into the future on Forest Service lands in Minnesota. These activities include 
timber harvest, such as thinning, clear-cutting, shelterwood, partial cut, and uneven-aged 
cutting; wildlife restoration projects that involve tree cutting, shearing, burning, seeding, and 
planting; prescribed burning for ecological purposes, hazardous fuel reduction, and site 
preparation; mechanical site preparation. 
 
Vegetation, timber, and minerals management authorized under the Forest Plan has the 
potential to adversely affect lynx and lynx critical habitat by reducing habitat quality for denning, 
foraging, and dispersal; disrupting travel, resting, and foraging patterns; disturbing denning 
females and reducing habitat quality for lynx prey species, especially snowshoe hare. 
Depending on the timing, frequency, intensity, extent, amount, or other conditions, impacts may 
be variable among similar projects. Using the LCAS as a basis, the Forest Plan has 
incorporated a number of components that would reduce the risk of those impacts into the 
future. We expect that management direction for lynx addressing vegetation management on 
national forest system lands will be incorporated into the revised or amended future plans, using 
LCAS as a basis. 
  
Future Forest Plan revisions will likely maintain broad direction to design and implement 
vegetation management projects to maintain or restore conditions for lynx foraging and denning 
habitat and to maintain or improve juxtaposition of required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USDA 2004b, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 



into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the Superior National Forest is the majority landowner 
within most LAUs, we expect that in the future, the Forest would not approach the LCAS 
maximum of 30 percent of lynx habitat on all ownerships in an unsuitable condition within an 
LAU at any time, which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks.  Measurable defoliation due to spruce 
budworm has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future.  
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The Superior National Forest manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are and 
are expected to continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada.  Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USDA 2011, p. 119).  The Forest Plan (USDA 2004a, Appendix 
E) provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges.  
 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
 
Expert Projections of Future Lynx Status 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit due to reduced genetic health or a catastrophic 
event is unlikely (Lynx SSA Team 2016, pp. 25-34).  When considering the probability that this 
unit would continue to support resident lynx in the future, experts noted that despite projected 
losses of favorable forest and snow conditions, climate models project that some boreal forest 
will persist in this unit and that it will maintain some areas of suitable snow into the future.  



Experts also noted that lynx in this unit primarily occupy public lands, which are actively 
managed for lynx into the future.  Experts also considered recent and projected future increases 
in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure XX, below). 
 

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



and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation due to catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict.  Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 



the greatest potential to influence future lynx habitats and populations in this unit.  When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above).  If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA.  If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended.  Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of historic 
disturbance and landscape patterns). Regardless of the future listing status of the DPS, these 
lands will continue to be managed in accordance with the acts described above, as well as the 
National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2).  Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
  



On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS were to be delisted in the future, it is possible that State-managed trapping could 
resume in this and perhaps other geographic units.  We expect that would only occur if scientific 
evidence strongly suggested the presence of a harvestable surplus of lynx and that harvest 
quotas would be carefully managed to ensure that the viability of resident lynx populations 
would not be diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above.  Also, 
as noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit.  Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx.  This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15).  In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41).  There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 



by the end of the century (Gonzalez et al. 2007, pp. 15-17).  The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS.  These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography.  However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return.  This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269).  If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future.  The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit.  Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of historic 
and current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit.  Nonetheless, it appears likely that 
continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future.    
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above.  As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information.  We expect these measures to continue to benefit lynx by 
limiting detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging 
the use of these activities to restore, improve, or create high quality hare and lynx foraging 
habitats where feasible.  
 



Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historic fire regime 
in lynx habitats in the western contiguous U.S., including this geographic unit.  Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming.  Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires.  As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover.  Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future.  Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity due to climate change, it 
may be necessary to reconsider whether fire suppression in some lynx habitats could benefit 
lynx by reducing the potential for extirpation of resident populations, especially in places already 
apparently only marginally capable of supporting them.        
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit.  Although some localized impacts of past timber harvest and 
related activities have likely occurred, anthropogenic habitat loss or fragmentation does not 
appear to have broadly diminished this unit’s ability to support resident lynx.  Current and 
probable future management for conservation of lynx habitats suggests that broad-scale habitat 
loss or fragmentation due to timber harvest and other development activities are unlikely.  The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx.  Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict.  We are 



not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit.  A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S.  If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historic conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration.  If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years.  Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting in an increased 
likelihood of functional extirpation of lynx from this unit.  However, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over the last four 
years of the period for which the Seeley lake population was estimated to be declining.  In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Future Lynx Status 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure XX). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
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predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure xx). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
 
 

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



29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades.  Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42).  Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced due to decreasing quantity 
and quality of snow. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44).  Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx Workshop Report 
2016, p. 43). 
 
Vegetation Management Fed - Okanogan plan, USFS/USFWS conservation agreement. State 
lands - Loomis/WADNR HCP/lynx mgmt. plan? 
 
Wildland Fire Management - what is strategy on these lands?  How does it affect lynx 
 
Habitat Fragmentation 
 
 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Future Lynx Status 
 
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure XX). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
 



 
Figure XX. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Influencing Factors 
 



Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict.  Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations.  Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA.  If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended.  Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of historic 
disturbance and landscape patterns). Regardless of the future listing status of the DPS, these 
lands will continue to be managed in accordance with the acts described above, as well as the 
National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12).  Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 



conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS were to be delisted in the future, State-managed trapping could resume in this 
geographic unit.  We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished or that potential 
recovery objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above.  Also, 
as noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit.  Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx.  This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15).  In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46).  There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17).  The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park.  Climate warming has also been linked to increased 



frequency and extent of forest insect outbreaks in other parts of the DPS.  These factors are 
likely to have temporary impacts on lynx habitat, with regeneration to hare and lynx foraging 
habitat 20-40 years post-disturbance, depending on local climate, elevation, and topography.  
However, if extensive areas are affected, the ability of landscapes in the GYA to support 
resident lynx may be further compromised, and resident lynx may be unable to persist until 
favorable vegetation conditions return.  This is especially true where potential habitats are 
naturally fragmented and patchily-distributed, and where landscape-level hare densities are 
already marginal, which appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269).  If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future.  The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit.  Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of historic 
and current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit.  Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above.  As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information.  We expect these measures to continue to benefit lynx by limiting detrimental 
effects of timber harvest, thinning, fuels management, etc., and encouraging the use of these 
activities to restore, improve, or create high quality hare and lynx foraging habitats where 
feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historic fire regime 
in lynx habitats in the western contiguous U.S., including this geographic unit.  Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 



  
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming.  Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires.  As 
described in section 3.4, increases in fire frequency and size could rapidly convert large areas 
to the temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover.  Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future.  Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
due to climate change, it may be necessary to reconsider whether fire suppression in some lynx 
habitats could benefit lynx by reducing the potential for extirpation of resident populations, 
especially in places already apparently only marginally capable of supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit.  Although some localized impacts of past timber harvest and 
related activities have likely occurred, anthropogenic habitat loss or fragmentation does not 
appear to have broadly diminished this unit’s ability to support resident lynx.  Current and 
probable future management for conservation of lynx habitats suggests that broad-scale habitat 
loss or fragmentation due to timber harvest and other development activities are unlikely.  The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx.  Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 



have dispersed northward into and through this unit.  There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S.  Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit.  If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Future Lynx Status 
 
The majority of the experts we consulted suggested an initially high probability of persistence in 
Colorado, declining gradually with increasing uncertainty through the end of the century.  
Experts predicted near-term (year 2025) persistence probabilities of 60 percent to 100 percent 
(median = 90 percent), and mid-century persistence at 50 percent to 85 percent (median = 80 
percent).  Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent 
for this unit, with a median of 50 percent, by 2100. 
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Figure 10. Expected probability of persistence for the Western Colorado Geographic Unit at 
present  (2015), and in 2025, 2050, and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats.  Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types.  Although 8 of 10 experts 
graphed 50 percent to 70 percent probability of persistence by 2100, during subsequent 
discussions, several expressed greater uncertainty about whether resident lynx will persist in 
the unit at the end of the century.  Higher-quality lynx habitat occurs primarily in two areas and 
is patchily-distributed.  Lynx in this unit may occur as several smaller, relatively isolated 
subpopulations, which are likely more vulnerable to stochastic events.  This unit’s relative 
isolation may limit exchange with other lynx populations, increasing the likelihood of genetic drift 
and reducing the chance of demographic rescue or recolonization if lynx in the unit become 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
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is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 
 
Service Evaluation of Influencing Factors 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consists of seven amended USFS management plans in south-central Wyoming, and 
Colorado.  We concluded that the Southern Rockies Lynx Amendment substantively reduced 
the inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
Service land management on lynx (Service 2008b, p 70-71).  Lynx habitat on all other 
ownerships makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five 
percent is in Federal ownership.  Other ownerships include state, county, municipal, etc., and 
private lands.  The BLM resource management plans have not been amended to include 
conservation specifically for lynx and, with a few exceptions.  Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands.  Generally these extensions are insufficient on their own to support a lynx home 
range.  However, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. 
 
The State of Colorado manages lynx as a state endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Warming - Interagency Lynx Biology Team (2013 p. 61) – “Climate change generally is 
expected to result in warmer winters, earlier spring snowmelt, and a reduction in the extent of 
snow cover in the southern Rockies. McKelvey et al. (2011 entire in ILBT 2013) used a variety 
of climate models to predict snow depth and the persistence of spring snow across the western 
United States.  The models predicted an overall decline in persistent snow of 40 percent, but 
large areas of persistent snow would continue to be retained late in the 21st century, including 
the high elevations of Colorado.” 
 
“All of the climate models under all representative concentration pathway (RCP) project that 
Colorado’s climate will warm substantially by 2050.  Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline.  Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs.  Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline.  Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
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An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]).  “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate.  Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities.  Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historic vegetative patterns.  This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity.  It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years).  Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years.  Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire.  Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation.  Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to be 
developed and expandeddevelop and expand.  While these linear features already exist on the 
landscape, widening of the cleared right-of-way, as well as behavioral avoidance of highway 
rights-of-way due to increasing traffic volume reduces available habitat function for lynx.  Many 
ski areas in Colorado are located within lynx habitat and will likely be expanded in the future 
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through permanent removal of vegetation  to create conventional ski runs, reducing tree density 
and clearing understory vegetation to create glade conditions, reduces lynx habitat.  The 
magnitude of fragmentation caused by these sources of has not been quantified, but is unlikely 
to remove enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion Based on the best scientific information available, the USFWS lynx core team 
retains some uncertainty about the fate of lynx in western Colorado. Our uncertainty stems 
primarily from the historic record of lynx in Colorado, where the presence of lynx is questionable 
or non-existent for several decades.  In addition, one of the metrics for our assessment is 
productivity (pregnancy rate), which was low for this population relative to the other units except 
the GYA which had no data.  Despite these uncertainties, we anticipate lynx populations to 
persist through the end of the century.  Our conclusion about their persistence relies on 
consistent reproductive success.   
 
 We have considered the future of lynx in Colorado in the absence of the protections offered by 
the Endangered Species Act.  We believe that as long as the current regulatory mechanisms 
provided by the State of Colorado to prevent take of lynx, and the USFS SRLA conservation 
framework remains in place, lynx are likely protected from take, and their habitat requirements 
likely met in a significant majority of the available habitat within the state.  Future climate 
scenarios are likely to result in reduction of available habitat, and increased fragmentation 
resulting in larger areas of non-habitat between habitat blocks.  Vegetative changes caused by 
climate chant will likely result in less habitat in private and BLM ownership, due to the 
anticipated elevational upward shift in vegetation that support snowshoe hares and lynx.   
 
The movement capability of lynx is well documented and will likely continue to explore the 
landscape and exploit the available habitat in Colorado despite gaps between functional habitat 
blocks.  Discussions during our expert elicitation reflect concern of ski area and base area 
developments affecting daily movements of lynx.  The discussions revealed that ski area related 
development, including residential development of base, areas, by limit lynx’s ability to fully 
exploit habitats year round.  Colorado is isolated from source populations in the northern part of 
the range relative to the other units, which injects uncertainty about the possibility of genetic drift 
from mid-century onward.  Our expert elicitation documented some uncertainty whether ski 
areas may affect genetic connectivity within the unit.  However, the USFWS Core Team is less 
concerned about this particular issue because we cannot foresee the development of barriers 
that would prevent lynx from accessing all available lynx habitat in the future.  
 
 
 
 
5.2.1 Results of Expert Elicitation (workshop report, Summary table of 
probabilities of persistence) 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency.  Its purpose is to provide an understanding of the 
rangewide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
 
Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare.  Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics.  However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude.  Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska.  As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range.  Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS.  
Available information indicates that five out of six geographic units in the DPS contain resident 
breeding lynx populations.  Although we have no reliable population-size estimates for any of 
the geographic units, Northern Maine (Unit 1) is believed to currently support the largest 
resident population in the DPS.  In Northeastern Minnesota (Unit 2), a resident population 
occupies the Arrowhead Region of the State.  Northwestern Montana and northeastern Idaho 
(Unit 3) continue to support resident lynx, although a small subpopulation in the Garnet 
Mountains on the southern periphery of this unit may have been extirpated recently.  In North-
central Washington (Unit 4), recent extensive wildfires have temporarily reduced the amount of 
high-quality lynx habitat and may have caused a decline in lynx numbers there.  Since the 
release of Canadian and Alaskan lynx in 1999-2006, resident lynx currently occupy western 
Colorado (Unit 6).  The Greater Yellowstone Area (GYA, Unit 5) is thought to have historically 
supported a small resident population; however, resident lynx have not been documented 



recently in this unit.  The apparent long-term (historic and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historic conditions suggest the historical and recent resiliency of lynx 
populations in the DPS.  The large sizes and broad geographic distributions of the areas 
occupied by resident lynx populations likewise indicate adequate historical and current 
redundancy in the DPS to preclude its extirpation because of catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25).  Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56).  Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13).  Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species.  Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species).  However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S.  There are no indications of current threats to the genetic health or adaptive capacity of 
lynx populations in the DPS, and the current level of representation does not appear to 
represent a decrease from historic conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
federal lands, has been largely addressed by formal and binding amendments or revisions to 
most federal land management plans within the DPS range.  Although questions remain about 
the efficacy of this improved regulatory framework, federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands.  Most federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units.  For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below).  The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine.  In North-central Washington, recent large-scale 
wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, likely reducing 
this unit’s current lynx population and potentially compromising its current ability to support a 
resident population until habitats recover.  Increased wildfire activity also has impacted lynx 



habitats in the other western geographic units (Northwestern Montana/Northeastern Idaho, the 
GYA, and Western Colorado), but the extent to which it has influenced the current condition of 
lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale.  Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities.  Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S.  If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historic 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected.    However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units.  Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, expert opinion and our evaluations suggest that resident lynx populations in each of the 
geographic units are likely to be smaller and their distributions reduced in the future.  These 
anticipated declines are most likely to be influenced by projected loss and increasing 
fragmentation and isolation of boreal forests and favorable snow conditions resulting from 
continued climate warming and related impacts (e.g., increased wildfire and forest insect 
activity, diminished hare populations) (Lynx SSA Team 2016, p. 58).  Forest management on 
private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine.  In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline.  The loss of resident lynx from one or more 
geographic unit would represent reduced future resiliency, redundancy, and representation 
within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS.  Expert opinion and our analyses suggest a declining probability 
of persistence (loss of resiliency) for each of the geographic units within the DPS throughout the 
rest of this century (the analysis did not extend beyond 2100).  Projected climate warming is 
expected to exert the greatest influence on the resiliency of individual populations, and thus 
continued presence of resident lynx in each geographic unit.  Climate models project that boreal 
forests and snow conditions favorable for lynx at the southern periphery of the range will retreat 
northward and upslope with continued warming, further fragmenting and diminishing the quality 
of lynx and hare habitat within the DPS.  Although uncertainty remains regarding the timing, 
extent, and biological consequences of such impacts, as habitat conditions decline, hare 



populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease.  As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS.  With regard to redundancy, however, neither the scientific 
literature nor expert input provide a basis for concluding that any single future catastrophic 
event could cause extirpation in any one geographic unit.  It is even less likely that a single 
future catastrophic event (other than climate change, which we considered as a separate 
stressor) will eliminate all populations in the DPS.  A sequence of catastrophic events over a 
short time could increase the potential for functional extirpation of one or more of the individual 
geographic units (e.g., fires in north-central Washington, as described above), thereby reducing 
redundancy within the DPS.  However, as long as resident lynx remain geographically well-
distributed in one or more units within the DPS, extirpation from a catastrophic event is very 
unlikely. 
      
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift.  This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada.  Furthermore, based on expert 
input, there is no indication that the relatively low level of genetic diversity currently observed 
among lynx populations is likely to reduce DPS viability in the future (USFWS 2016, p. 51).  This 
information suggests the current and likely future relative genetic health of the DPS.  How the 
potential loss of resident lynx from one or more geographic unit may affect representation within 
the DPS in terms of ecological diversity is uncertain.  Despite similarities in the fundamental 
components (vegetation, snow conditions, and hares) that define the ecological niche of lynx 
DPS-wide, differences in habitats and how lynx use them are apparent.  (e.g.For example, snow 
depth that seems to demarcate a boundary between lynx and bobcat occupancy in Maine ([270 
cm/ yr)] is almost twice that observed in Minnesota ([140 cm/yr]),; and lynx in some parts of the 
West select mature forest stands, particularly in winter, while in other parts of the DPS, young 
regenerating stands are most important).  The loss of resident lynx from any of the geographic 
units could result in the loss of behavioral and potential future genetic adaptations to the 
climate-mediated changes now occurring and likely to continue into the future at the southern 
edge of the lynx range.  Such potential adaptability to diminished snow conditions, increasingly 
patchy and isolated boreal forests, and reduced hare abundance may be important to the taxon 
as a whole faced with a rapidly changing climate. 
    
Given the high percentage of federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 



might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming.  Nonetheless, it is unlikely that any 
management actions can abate the long-term retreat of boreal forests and diminished snow 
conditions projected by climate models.  Further, the size, frequency, and intensity of wildfires 
and  forest insect outbreaks are expected to increase with continued climate warming, 
particularly in the western portion of the DPS, although we do not anticipate such events in-and-
of-themselves are likely to cause the permanent loss of breeding lynx populations in any 
geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia.  Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx.  These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs.  On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS viability 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58).  All other geographic units have a 50 percent or greater probability of functional 
extirpation (i.e., no longer capable of supporting resident lynx populations) by the end of the 
century, with a moderate to high likelihood that resident lynx will be lost from two to four units by 
then.  Potential elevational refugia may increase the likelihood of persistence in western units, 
although uncertainty remains about the timing of warming-driven upslope movements of 
habitats and snow conditions and the extent to which hare and lynx populations may follow 
them.  Regardless, future lynx habitats throughout the DPS range are likely to be smaller and 
more fragmented, and geographic units that are already relatively isolated from other lynx 
populations are likely to become even more isolated in the future.  Despite the lack of 
elevational refugia, lynx may also persist at the end of the century in Maine and Minnesota, 
depending on the timing and severity of climate change effects and, in Maine, on trends in 
development and private forest management.  Uncertainty increases at mid- to late-century 
concerning the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change.  However, review of the best 
available science in concert with input from lynx experts suggests that the probability of the 



persistence of resident breeding populations will decline in all geographic units beginning as 
early as 2025, with the negative DPS-wide trajectory continuing to the end of the century, and 
(with no evidence to the contrary) beyond that time frame. 
   
We conclude that the potential functional extirpation of resident lynx populations from one or 
more geographic unit would demonstrate eventual a loss of resiliency, indicated by extirpation of 
geographic units will also reduced redundancy, and, possibly, reduced representation within the 
DPS.  These losses in resiliency, redundancy, and representation will put the Canada lynx DPS 
at increasing risk of extirpation through the end of this century. 
 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
 
Background information: 
Based on the Service’s review of the best available scientific literature and solicitation of lynx 
experts we believe that the lynx populations within the DPS currently exhibit the representation 
that they have had historically.  Based on current science, we assume breeding populations 
exhibit adequate  gene flow to avoid inbreeding and genetic drift and bottlenecks.  If incorrect, 
we will need to reanalyze representation in the DPS.  Lynx populations in the DPS currently 
exhibit the same redundancy as they had historically.  They occur from Maine to Washington in 
large landscapes having patchily-distributed boreal habitat, the areas of Lynx are .  Although the 
populations in the DPS units are demographically isolated from each other, with four of the six 
units currently well-connected to Canadian populations.  , and habitat connectivity will continue 
into the future.  No large population units have been lost.  No single catastrophic event (other 
than climate change) is likely to eliminate all populations in the DPS.  H, however a sequence of 
events could extirpate individual units, and a changing climate will over time reduce redundancy 
in the DPS. Although the populations in the DPS units are demographically isolated from each 
other, four of the six units remain well-connected to Canadian populations, and habitat 
connectivity will continue into the future.  Here is how, tThe resiliency of the DPS and individual 
populations and thus units is expected to diminish within the next 100 years primarily because 
of diminished snow and boreal forest from climate change and forest management not 
conducive to landscape hare densities able to support lynx. Because of these stresses, what 
may now be persistent viable lynx populations are likely to be lost in one or two units by 2050, 
and it is possible that viable populations will persist in only one to three units by 2100.  As units 
are lost, redundancy across and representation within the DPS will also be diminished.  These 
losses will put the Canada lynx DPS at increasing risk of extirpation.  
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Figure .... 
 
In conclusion, the probability of persistence ofviability of populations of Canada lynx in the DPS 
will decline from the current conditions because of the effects of climate change and forest 
management.  While it is more likely than not for any of individual geographic units of PViable 
populations in Northern Maine, Northeastern Minnesota, Northwestern Montana, Western 
Colorado, and possibly north-central Washington to will likely persist to mid-century, it is unlikely 
all 5 will persist at this time.  By 2100, we expect populations to persist primarily in units having 
high elevation refugia; Northwestern Montana and possibly Western Colorado.  Lynx may 
possibly persist to the end of the century in Maine (depending on the severity of climate change 
effects and trends in development and forest management).  Uncertainty increases in mid- to 
late-century concerning the timing and extent of various stressors that will affect lynx and hare 
habitat and snow regime, especially those related to climate change.  However, our review of 
the best available science and solicitation of lynx experts are in agreement that diminished 
viability of the lynx populations in the DPS is imminent.    
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Narrative 3 R Summary  
 
In this section, we synthesize the information, both from the expert elicitation workshop and the 
literature review and assessment work session undertaken by the lynx core team, on the future 
status of the Canada lynx DPS using the conservation biology principles of redundancy, 
resiliency, and representation (Table ZZ). Together, these principles and their core autecologic 
parameters of abundance, distribution, and diversity, comprise the key characteristics that 
contribute to the ability of the Canada lynx to sustain populations in the DPS over time. 
  
Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology principles of 
redundancy, resiliency, and representation. 
  
  

Principle Definition Metric Key Evidence 

Redundancy Ability of the 
taxon to 

withstand 
catastrophic 

events 

Geographic 
scope of the 

range and spatial 
distribution and 

number of 
populations 

● Geographic scope of range is large.  The critical 
habitat area including excluded areas is about 38,954 
mi2 (100,891km2) (79 FR 54824). Also, additional 
occupied habitat occurs outside some of the critical 
habitat units and in Colorado.  We believe this range is 
similar to the historic range where breeding lynx 
populations regularly occurred in the contiguous United 
States. 

● DPS units span the continent from Maine to 
Washington. 

● Multiple populations (and subpopulations in the 
Northwestern Montana and Colorado) occur 
throughout current range indicating redundancy. 

● Most DPS units are demographically isolated 
from each other so there is little or no interchange 
between populations. 

● Four of the six DPS units have excellent 
connectivity with adjacent Canadian populations.  Two 
units, Colorado and Greater Yellowstone, lack direct 
connectivity to Canada.  

Resiliency Ability of the 
taxon to 

withstand 
stochastic 

disturbance 
events 

Synthesis of 
resiliency of 
individual 

populations 

● The Greater Yellowstone Area unit has low resiliency.  
The North-central Washington unit has recently 
declined because of extensive fires and may also 
exhibit low resiliency. 

● Based on our knowledge of potential habitat and 
populations, the remaining four populations (Northern 
Maine, Minnesota, Northwestern Montana, and 
Colorado) currently are resilient. 

● Persistence throughout the DPS will decline by mid-
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century, as forest management (Maine) and climate 
change (all units) negatively affect habitat and snow 
quality.  We believe that by 2050 four of six 
populations would have a greater than 75 percent 
probability of persistence.  We believe that only two of 
the six units have a greater than 75 percent 
probability of persistence by 2100, but there is greater 
uncertainty. 

● Lynx persistence in Minnesota, Northwestern 
Montana, and North-central Washington may be 
affected by reduced immigration caused by 
dampened amplitude in hare-lynx cycles.  Also, 
Canadian populations are trapped, which may affect 
immigration and persistence of DPS populations. 

Representation Ability of the 
taxon to adapt 

to changing 
environmental 

conditions 

Breadth of 
genetic and 
ecological 
diversity 

●  Habitat and diet specialist.  Reliance on snowshoe 
hares.  Cannot maintain populations on alternative 
prey. 

● There is adequate genetic diversity throughout the 
DPS and in adjacent Canada.  Maine and eastern 
Canada genetically constrained by the St. Lawrence 
Seaway and has some unique genetic attributes. 

● Lynx demographics and population viability in the 
DPS (no hare cycles, low hare densities) may be 
substantially different than at the well-studied core 
(periodic hare cycles, very low to very high hare 
densities).  

● Hybridization between bobcats and lynx does not 
seem to affect population viability. 

● Although the snow → lynx → hare → dense, horizontal 
conifer cover relationships hold true across the DPS, 
there are fundamental ecological differences across 
the DPS.  In the West, favorable conditions for hares 
and lynx are generally found at high elevation in old 
growth spruce-fir-pine, and in the East (Maine and 
Minnesota) at low elevation young, regenerating 
spruce-fir.  Boreal forest types in the West are 
dominated by subalpine fir, Engelmann spruce, and 
lodgepole pine, whereas in the East they are 
comprised of balsam fir and red, white, and black 
spruce.  Communities of lynx competitors and 
predators (bobcat, fisher, coyote) are similar across 
the DPS, with pumas in the West, and wolves present 
in all units except Maine, North-central Washington, 
and Colorado. 
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6.1 Representation 
We defined representation as the ability of the DPS to adapt to changing environmental 
conditions and evaluated it by reviewing the breadth of the ecological and genetic diversity 
(Table ZZ). The Canada lynx is a habitat and diet specialist, it exhibits a specialized niche in 
boreal habitats throughout its range and plays a unique role in perpetuating the classic 10-year 
hare cycle that influences ecosystem processes in the boreal forest. In our review, we did not 
find evidence of unique or rare behaviors specific to lynx within a specific population.  Canada 
lynx throughout the range seem well-adapted to the habitat and snow regime they currently 
occupy, but have little or no ability to shift to alternative habitats, prey, or snow regimes.  Hares 
do not seem to cycle in the contiguous United States (or at least not with the same regularity 
and amplitude in the North).  This may be a function of the diverse number of hare predators at 
the southern edge of the range compared to more simplistic predator-prey communities in the 
North.  Behavioral or genetic adaptations that lynx may have to persist in a non-cycling hare 
environment at the southern edge of their range may be of importance to the survival of the 
taxon, if hare cycles throughout the lynx range diminish in response to climate change. 
 
Our review of the best available scientific literature on the genetic composition of lynx 
populations (section 2.1) and expert presentations and discussion on lynx genetics in the DPS 
and in Canada (Workshop Report 2015, pp. 12-13, 24-25) suggest few threats to the genetic 
fitness or adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx 
range, indicated by very low Fst values (Workshop Report 2015, pp. 12-13), suggests the 
absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units in the DPS is susceptible to meaningful genetic drift, although several experts indicated 
that the more geographically isolated units (the GYA and Western Colorado units) are likely 
more susceptible to such drift than the units that are directly connected to lynx populations and 
habitats in Canada.  Recent studies also show some differences in functional genetic markers 
(unique alleles) in lynx south versus north of the St. Lawrence Seaway/River, suggesting the 
potential for evolutionarily significant differences in lynx in the Maine unit (Koen et al. 2015, 
Prentice unpubl.).  Research also suggests an “invisible” genetic barrier south of Hudson’s Bay 
likely related to climate-driven differences in snow conditions, which could be amplified in the 
future with continued climate warming.  Hybridization between bobcats and lynx has been noted 
in several parts of the range, but does not seem to be a major problem for the genetic integrity 
or persistence of lynx populations.  We conclude that overall, there seems to be a low risk of 
biologically consequential drift for lynx populations in the DPS in the next few decades. 
   
Likewise, expert responses indicated that lynx throughout the DPS occur in relatively similar 
ecological settings.  There seems to be little variation in life history or niche differentiation 
among DPS populations that would indicate that any populations are more or less important to 
maintain than others in terms of representation.  In addition, the core team notes that lynx are 
found in different ecological communities throughout the DPS; from the low elevation northern 
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hardwood transitional forests in the East (Acadian forest in Maine, Laurentian mixed forest in 
the Great Lakes) to high elevation Rocky Mountain Conifer Forest in the West. Although these 
communities are all variants of boreal forest, they represent lynx and hares interacting within 
somewhat different assemblages of plants and animals.  Representation can best be 
maintained by conserving all of the current DPS populations (and hence the genetic variation 
and ecological setting represented in each), maintaining connectivity between DPS and 
Canadian populations, and avoiding impacts that would facilitate or increase the potential for or 
likelihood of genetic drift.  Our interpretation is that the adaptability and evolutionary capacity of 
the DPS over time does not seem to have been diminished and is unlikely to become so, 
independent of threats that may affect the redundancy and resiliency of lynx populations.   
 

6.2 Redundancy 
We defined redundancy as the ability of the DPS to withstand a catastrophic events, and we 
evaluated it qualitatively using the geographic scope of the range and the number and spatial 
distribution of populations (Table ZZ).  The current range of the lynx in the DPS is broad, the 
designating critical habitat alone encompassing an area over 100,891km2.  The DPS spans the 
continent from Maine to Washington.  This range is similar to its historical range.  With viable, 
resident lynx populations and subpopulations in at least five of six large units (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed, and 
relatively discrete geographic areas (see Figure 1), the DPS as a whole seems invulnerable to 
extirpation from a single catastrophic event.  Therefore, we believe that the Canada lynx DPS 
has the ability to withstand large catastrophic events given multiple populations distributed 
across a broad range, large habitat units, and extensive connectivity among most of the DPS 
populations with adjacent populations in Canada.  

Likewise we conclude that a single catastrophic event would have a very low likelihood of 
functional extirpation of any of the individual geographic units.   It seems that redundancy in the 
DPS has not been meaningfully diminished from historical levels.  We lack evidence that 
persistent lynx populations have been lost from any other large geographic areas in the 
contiguous U.S. That is, the loss of resident lynx populations in the DPS, to the extent 
suggested by the historic record, was likely in areas (e.g., northern New Hampshire, Michigan’s 
Upper Peninsula, the Kettle/Wedge area of northeastern Washington, perhaps Isle Royale in 
Lake Superior) peripheral to the geographic units that currently support resident lynx.  Any small 
populations that were lost were not in discrete geographic units that would have represented 
greater redundancy in the contiguous U.S.  However, the implications of the potential recent 
loss of resident lynx in the GYA for the redundancy of the DPS are unclear.  The historic record 
and recent research show that the GYA has supported resident lynx, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only some of the time (hwas “winked on” in a metapopulation sense) 
when habitat conditions and hare densities were favorable, and at other times, when habitats 
and hare densities were less favorable, it did not support resident lynx (“winked off” in a 
metapopulation sense).  Given the protected conservation status of millions of -acres in the 
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GYA unit (Yellowstone and Grand Teton National Parks; all or parts of the Absaroka-Beartooth, 
Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie Wildernesses), its 
apparent recent inability to support resident lynx may be a reflection of naturally marginal and 
patchy habitats and relatively low hare abundance in much of the unit, resulting in only an 
intermittent ability of this unit to support resident lynx.  If so, its contribution to redundancy within 
the DPS is questionable. 

We believe that functional extirpation of the geographically smallest unit (Washington) and 
those supporting the fewest resident lynx (Washington, GYA, and perhaps Minnesota) would be 
more likely to occur as a result of a series of catastrophic events over a 10-year period than to 
any single event over the next 10 years (Workshop Report 2015, pp. 27-28).  Experts listed fire, 
drought, insect outbreaks, loss of favorable snow conditions, and disease as potential events 
that could lead to functional extirpation in these units.  In Washington in particular, where large 
fires have affected nearly 40 percent of the occupied lynx habitat over the past 10-15 years, 
experts felt that several more successive years of such fires could result in functional 
extirpation.  However, because fire and insects are likely to cause only temporary (20-40 years) 
losses of lynx and hare habitats, and because connectivity between the Washington unit and 
lynx habitats and populations in southern British Columbia remains intact, the Service core team 
and experts believe this unit (and others abutting habitats and lynx populations in Canada) 
would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, extirpation 
in these units because of catastrophic events (or a series of them over time) would be 
temporary (likely lasting only one or several decades) unless events permanently altered the 
boreal habitat or snow conditions.  The Service core team and experts also concluded that if 
lynx were functionally extirpated in the GYA or Western Colorado units, which are not 
connected to habitats or populations in Canada and are relatively isolated from other DPS 
populations, natural re-colonization would be less likely, would take longer, or may never occur. 

6.3 Resiliency 
We defined resiliency as the ability of the DPS as a whole to withstand stochastic disturbance 
events and assessed it by considering the collective resiliency of the individual populations 
(Table YY, ZZ).  Because we lack reliable estimates of the sizes and trends of most lynx 
populations in the DPS, we are unable to use these parameters to evaluate the resiliency of 
individual populations or the DPS as a whole.  Although demographic data (survival, 
reproductive rates) are available from 5 or the 6 units (all but GYA), they were collected using 
different methods, at different times, and possibly at different times in hare cycles or 
fluctuations, and are not a consistent measure of resiliency.  Efforts to understand resiliency are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range (i.e., populations and subpopulations within the DPS), 
the related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions, and the ambiguity in the historic 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas of the contiguous United States.  Thus, we were not able to characterize, rank, or model 
the relative contribution of each geographic areas to the viability of the DPS.  Our evaluation of 
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the resiliency of lynx populations in the DPS is limited to a largely qualitative assessment of the 
current status of snow, boreal habitat, and lynx and hare populations in each of the six 
geographic units along with the summary of expert professional judgment of their likelihood of 
persistence over time given known or perceived potential threats.  We stress that although 
probabilities of persistence are provided in the following analysis, this represents a qualitative 
assessment (i.e., a guess by experts) and and does not represent quantitative population 
viability modeling as may occur in other Species Status Assessments. 
  
As expected, both expert predictions of probability of persistence and expert confidence in those 
predictions were higher over the short-term than the long-term (see Figures for individual units 
in section 5.1).  Median probability of persistence (MPOP) at year 2025 was >= 0.90 for all but 
one of the six geographic unit areas.  The GYA had a MPOP of 0.52, apparently reflecting the 
uncertainty regarding whether this unit consistently supported a resident lynx population 
historically and whether it currently supports resident lynx.  At year 2025, confidence bounds 
were smallest (indicating higher expert confidence) for the units with the highest MPOPs 
(Northern Maine, Northeastern Minnesota, and Northwestern Montana/ Northeastern Idaho), 
and larger for units with lower MPOPS (North-central Washington, GYA, and Western 
Colorado).  At mid-century (2050), MPOP declined for all units but remained >= 0.75 for all but 
the GYA (0.35) and North-central Washington (0.70).  Confidence bounds increased for 
predictions for all units but the GYA, where it remained the same as at year 2025.  At end-of-
century (2100), persistence probabilities declined further and only the Northwestern Montana/ 
Northeastern Idaho unit had a MPOP >= 0.75.  Experts predicted that Northern Maine (0.50) 
and Western Colorado (0.50) possibly may retain viable lynx populations through the end of the 
century.  As expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50 percent of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0 percent to 100 percent probability of 
persistence) of possible outcomes.  The Service’s lynx core team generally agreed with these 
results, but had a slightly more pessimistic outlook concerning long-term persistence after 
reviewing and considering the scientific literature on climate change and deteriorating snow 
conditions. 
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Resiliency CM figure 
 
Experts and the Service’s core team believe a number of factors will influence the probability of 
persistence of lynx for each unit (Resiliency CM figure).  Near-term factors varied by unit (e.g., 
in Maine where hare abundance has declined by 50% and landscape hare densities will 
continue to decline as the dense, regenerating clearcuts mature and forestry has shifted to 
partial harvesting; continued large-scale fires in lynx habitats in Washington; and insect 
outbreaks in Maine, Minnesota, and Colorado), but longer term factors coalesced around the 
anticipated direct and indirect effects of climate change.  These included potentially climate-
driven increases in the size, frequency, and intensity of fire and insect outbreaks; decreases in 
snow amount, duration and quality, likely leading to increased competition with bobcats and 
other hare predators; and the projected warming-induced northward and upslope migration of 
boreal and subalpine forests that would result in the loss and further fragmentation and isolation 
of lynx and hare habitats in the contiguous United States.  Expert responses and ensuing 
discussions within the Service’s core team indicate that continued climate warming and 
associated direct and indirect effects will likely exert the greatest negative influence on the 
probability of persistence for lynx populations in the DPS regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario. 
  

Summary 
 
Canada lynx probabilities of persistence within the DPS will decline in the future mainly due to 
warming climate.  Under the scenarios and in the time frame assessed there is a greater than 
75% probability that we will have 4 of 6 units of lynx persisting in 2050 - Northern Maine, 
Northern Minnesota, Northwestern Montana, Western Colorado and possibly North-central 
Washington.  By 2100 there is a greater than 75% probability that only 2 will persist, albeit with 
increasing uncertainty. Northwestern Montana is the most likely to persist, followed by Northern 
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Maine and Western Colorado, although Western Colorado would be an isolated unit from 
Canada. 
 
The overarching factor influencing the long-term persistence of lynx populations in the DPS is 
continuing climate warming, first in loss of advantageous snow conditions and then after an 
uncertain lag time and scale loss northward and upslope of boreal forest.  Although it was not in 
the scope of this analysis to assess the effects of lynx in Canada as it relates to the DPS, with 
climate change being a global threat we can only foresee negative effects on the lynx in the 
DPS due to ongoing climate change up to and past the turn of the century.  With no specific 
intervention, nor any accompanying regulatory mechanisms, to ameliorate the effects of climate 
change, our assessment indicates that the DPS as a whole will lose resiliency and most (greater 
than 50%??PUT IN NUMBER HERE) units will not have the ability to withstand stochastic 
disturbance events that are highly likely to occur by the end of the century. 
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Comment [193]: IF NONE REMOVE. 



From: Holt, Bryon
To: Hendricks, Kathleen
Subject: Re: Info Memo
Date: Friday, December 02, 2016 12:39:38 PM

I am working on some last minute revisions to the lynx SSA that need to be complete by COB
today.  Don't know if I can get to memo today or not.  I will be out of the office next week
until Wednesday.  If I don't get to it today, can it wait until then?

On Fri, Dec 2, 2016 at 12:36 PM, Hendricks, Kathleen <kathleen_hendricks@fws.gov> wrote:
We can use the LEPA memo template.....do you have time to write it?  

Kathleen G. Hendricks
Assistant State Supervisor
1387 South Vinnell Way
Boise, Idaho 83709
208-378-5742 work
208-866-7467 cell 

---------- Forwarded message ----------
From: Colson, Karen <karen_colson@fws.gov>
Date: Fri, Dec 2, 2016 at 12:06 PM
Subject: Info Memo
To: Kathleen Rapley <kathleen_hendricks@fws.gov>

Attached are the word and pdf (surnamed version) of the letter we sent for the LEPA
remand.

I wonder if what she is calling a cover letter, is actually a transmittal memo?  I also attached
the signed transmittal memo as an example.  

This was all sent to the RO and then they sent it to HQ.

Let me know if you need anything else!

Karen

-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Karen Colson
Botanist

mailto:bryon_holt@fws.gov
mailto:kathleen_hendricks@fws.gov
mailto:kathleen_hendricks@fws.gov
mailto:karen_colson@fws.gov
mailto:kathleen_hendricks@fws.gov


USFWS -Idaho Fish and Wildlife Office
1387 S. Vinnell Way, Room 368
Boise, Idaho  83709
phone: (208) 685-6956
fax: (208) 378-5262
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Lynx SSA updates
Date: Friday, December 02, 2016 2:03:03 PM
Attachments: Draft Lynx SSA Ch 5 edits_WA Unit.docx

Jim,

Attached are my edits to chapter 5.

Bryon

On Fri, Dec 2, 2016 at 1:59 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Bryon

On Fri, Dec 2, 2016 at 1:07 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Jim,

I will have my revisions to you in a little while, or at least by the end of the day.

Bryon

On Fri, Dec 2, 2016 at 11:52 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
How are you both doing with the Lynx SSA Ch. 5 additions/revisions we discussed on Tues.?

I'm still working on Mark's earlier comments (I've gotten two other sets from him this week that I need to
incorporate, too....), and I have to do my unit summaries and address Marty's big picture comments. 
Looking like a long weekend again.

But, I could still use your updated sections as soon as possible.

Thanks.  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014

mailto:bryon_holt@fws.gov
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mailto:jim_zelenak@fws.gov
mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:bryon_holt@fws.gov


5.2.4 Unit 4 - North-central Washington 

 

Expert Projections of Future Lynx Status 

 

Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 

 

 

  

 

Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 

 

The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 



 

Service Evaluation of Factors Influencing Future Conditions 

 

Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both federal and 
state managed lands within Washington State. 

Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of federal 
ownership on the OWNF and CNF.  We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs.  We acknowledge that LRMPs can be 
amended or revised.  However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process.  Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status.   

Climate Warming - The one risk factor identified by the LCAS over which the Forest Service, or 
the WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx Workshop Report 2016, p. 56). Our review of the published 
literature on this subject leads the USFWS core team to conclude that climate change does 
indeed pose the greatest risk to the long-term persistence of lynx, including within this 
geographic unit. 



  

Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 

  

Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires due to its small size and current lynx population (Lynx Workshop 
Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should it occur 
from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), may be 
ameliorated to some extent due to Washington’s juxtaposition and connectivity to Canadian lynx 
populations. The experts felt that lynx immigration from Canada may rapidly recolonize 
Washington as the habitat recovers from fires or other impacts (Lynx Workshop Report 2016, p. 
43). Climate change, in addition to potentially affecting fire return intervals, fire severity 
(intensity, size), and insect outbreaks, is likely to affect the amount of precipitation falling as 
snow at elevations typically supporting lynx habitat in this geographic unit. 

 

Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 

  



Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures.  Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced due to decreasing quantity 
and quality of snow. 

  

Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx Workshop Report 
2016, p. 43).  The USFWS lynx core team generally agreed with this prognosis. 

Conclusion 

After considering the lynx expert opinion and the best available scientific information, the 
USFWS core team is generally in agreement with the experts regarding the probability of long-
term persistence of Canada lynx in this geographic unit.  As described above, the potential 
effects of climate change upon the quantity and quality of snow, as well as the northward (both 
in latitude and elevation) movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century.  More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit.  A smaller and more isolated lynx population within this unit is likely 



to increase the population’s vulnerability to stochastic environmental and demographic events.  
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2).  Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near term threat to the persistence 
of this population.  The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum lynx population of at least 25.  However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada.  Currently, the 
connectivity of this population between the United States and Canada appears intact.  Given 
that lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not 
anticipate that climate change, in and of itself, will significantly affect the connectivity of the lynx 
population within this geographic unit to the lynx population in Canada.  In fact, it is likely that 
the lynx population in this geographic unit in the Cascades is an extension of the lynx population 
in Canada.  This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States distinct population segment (DPS) of Canada lynx (Lynx canadensis). 
The DPS was listed in 2000 as threatened under the Endangered Species Act (ESA) because 
of the inadequacy of regulatory mechanisms on federal lands. The SSA will provide the 
scientific basis for the statutorily required 5-year status review for this listed species and other 
decisions the Service is required to make in accordance with the ESA. The SSA provides an 
evaluation of the current and future status of lynx in six geographic units within the DPS that 
currently support or recently supported resident breeding populations. The units are distributed 
across the northern contiguous U.S. from Maine to Washington and south along the Rocky 
Mountains to western Colorado. These geographic units combined represent approximately the 
southern two percent of the species’ entire breeding range (ninety-eight percent occurs in 
Canada and Alaska). The units are relatively isolated from each other, although four of the six 
units are directly connected to lynx populations and habitats in Canada. These SSA geographic 
units are:   
  

Unit No. Name Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5  Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 

  
The SSA relied on both the available scientific literature and the professional judgments and 
opinions of recognized lynx experts to (1) describe the ecological requirements and population 
dynamics of the species, (2) evaluate the historic and current status lynx populations in the six 
geographic units and the factors that appear to have influenced these populations, and (3) 
assess the likely future viability of the DPS through the end of the century in terms of 
representation, redundancy, and resiliency (the “3 Rs”). 
 
Lynx are habitat and prey specialists and require boreal forests having long winters with deep, 
fluffy snow. These conditions provide lynx with a competitive advantage over other predators for 
exploiting their primary prey, the snowshoe hare. Lynx habitat and, thus, lynx are naturally less 
abundant and more patchily distributed in the DPS than in the core of the species’ range in 
Canada and Alaska. This is because the DPS occurs at the southernmost margin of the 



species’ range and of the environmental thresholds of snow quality, depth, and persistence; 
hare density; and boreal forest conditions that lynx require.  Maintaining connectivity between 
the DPS and lynx populations in Canada is thought to be important, but whether DPS 
populations rely on intermittent immigration of lynx from Canada, and if so to what extent, 
remain uncertain. 
 
Research and surveys undertaken since the listing of the DPS in 2000 have significantly 
improved our knowledge of the distribution, habitats, and status of resident breeding lynx 
populations. For example, although we knew there were resident lynx in Maine, we did not have 
an understanding of population size or trend. We now know that northern Maine currently 
supports the largest resident population in the DPS; we also understand that past timber 
management has created the current abundance of high-quality lynx habitat, and we believe 
that there are many more lynx in Maine now than was likely under historic natural disturbance 
regimes and habitat distributions. Similarly, when the DPS was listed, we were uncertain as to 
whether Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research also suggests that lynx and 
habitats in the western U.S. are naturally less abundant and more patchily distributed than was 
thought at the time of listing, and lynx may have been recently extirpated from several areas 
thought to have previously supported small resident populations (the Kettle Mountains in 
northeastern Washington, the Garnet Mountains in western Montana, and the Greater 
Yellowstone Area). We also know that recent extensive wildfires in north-central Washington 
have temporarily reduced the amount of high-quality lynx habitat and have probably caused a 
decline in lynx numbers there. Finally, as a result of the release of 218 Canadian and Alaskan 
lynx from 1999 to 2006, and their subsequent survival and reproduction, resident lynx currently 
occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time.  Relative 
to the ecological requirements of the lynx within the DPS, we assessed current conditions at the 
individual, population, and range-wide levels, and the likely changes in the environment that 
may influence the future condition of individuals, populations, and the DPS and thus the viability 
of the DPS.  
 
The SSA uses the conservation biology principles of representation, redundancy, and resiliency 
(the “3 Rs”) as the framework for assessing current and future conditions. Resiliency describes 
the ability of the species to withstand stochasticity, redundancy describes the ability of the 
species to withstand catastrophic events, and representation describes the ability of the species 
to adapt over time to long-term changes in the environment. The 3 Rs can be influenced by any 
number of factors. For the lynx, these factors included the original reason for listing the lynx 
DPS as threatened:  inadequacy of regulatory mechanisms. Other factors included climate 
change, vegetation management, wildfires, and habitat connectivity 
 



SSA Assumptions and Uncertainties 
 
A fundamental hypothesis underlying the SSA is that the ability of lynx to persist in the DPS is a 
function of metapopulation dynamics with Canada, i.e., the DPS is infused intermittently with 
lynx from Canada following high hare cycles. 
 
Overall, uncertainties abound with regard to lynx demography and effects of various stressors 
on DPS populations. The primary sources of uncertainty for this analysis include a lack of 
empirical data regarding population sizes and trends, the extent of immigration of lynx from 
Canada to the persistence of U. S. populations, trends in hare populations, and effects of 
habitat management on lynx. Most importantly given the importance of climate change as a 
stressor, we lack information on the pace and extent of changes in snow quality, depth, and 
persistence and how this affects the relationship between lynx and their competitors.     
 
For purposes of the SSA, we forecasted potential effects and trends through the end of this 
century. This time frame is based on the level of uncertainty about climate change and other 
effects on lynx populations; it is also a long enough time frame to detect lynx population trends 
across the DPS.  
  
Current Conditions 
 
Currently, four of the six DPS units (Northern Maine, Minnesota, Northwestern Montana, and 
Western Colorado) demonstrate high levels of resiliency. North-central Washington (Unit 4) was 
also considered resilient until recent wildfires consumed an extensive amount of habitat, likely 
resulting in a diminished population that may be susceptible to stochastic events. The Greater 
Yellowstone area historically supported resident lynx, but it is unclear whether the area still 
supports a breeding population due to the distance and relative isolation of the unit from 
Canada as well as the less than favorable habitat conditions and snowshoe hare densities.  
 
As shown in the table above, five of the six units are larger than 20,000 km2; the other is over 
5,000 km2. Land ownership within the units varies from mostly private in Maine, to a mix of 
private, State, and federal lands in Minnesota, to mostly federal lands in the West. Overall, 
federal lands account for nearly 64 percent of the areas encompassed by the SSA units. Of 
non-federal areas, private lands make up almost 27 percent of the total followed by State and 
Tribal lands. Available data indicate that distribution within the DPS remains similar to historical 
patterns and that the number of units across the DPS has not been meaningfully diminished 
from historical levels, given the uncertainty about the past occupancy of the Greater 
Yellowstone area by a resident breeding lynx population.  
 
Given the resiliency of most geographic units and the improbability that any imminent 
catastrophic event will cause the extirpation of an entire unit or, especially, the DPS as a whole, 
redundancy is not currently at issue for the lynx DPS. Also, because lynx are genetically similar 
throughout the entire range of the species, and because we did not find any diminishment of 



adaptability and evolutionary capacity of DPS populations based on the known historical record, 
we do not consider representation to be a current issue for lynx. 
 
The original reason for which the DPS was listed, inadequacy of regulatory mechanisms has 
been largely ameliorated on public lands within the western geographic units. Climate change, 
vegetation management, wildfires, and habitat fragmentation are now stressors of more 
heightened concern. We know that wildfires are causing depletion of lynx in some areas in the 
West, particularly in the North-Central Washington Unit. We also know that past vegetation 
management in the northern Maine Unit has resulted in a lynx population that is currently the 
largest in the DPS. Conversely, stressors such as climate change and associated habitat 
alterations, while currently occurring, may not demonstrate demographic effects on lynx within 
the next decade. 
 
Future Conditions 
 
Resiliency of individual geographic units, which function independently of each other, is the 
primary determinant of future lynx DPS viability. Overall, our analysis indicates a reduced 
probability of persistence for all geographic units within the DPS over the rest of the century 
(noting that the analysis did not extend beyond that 2100 time frame). It further indicates a 
consequent permanent loss of two to four of the six units, i.e., loss of resiliency, by the end of 
the century. 

Representation and redundancy are lesser factors for DPS viability, for several reasons. 
Although the populations in the DPS units are demographically isolated from each other, there 
is little risk of significant genetic drift within the DPS, likely due to most areas being relatively 
well connected with Canadian populations; this is indicative of relative genetic health through 
the end of the century. Furthermore, based on expert input, there is no indication that the 
relatively low level of genetic diversity is likely to reduce DPS viability in the future (USFWS 
2016, p. 51). Because of the ability of lynx to widely disperse, and because it is unlikely that 
insurmountable barriers to lynx dispersal between Canada and the DPS will emerge, we do not 
expect representation to become a concern through the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any catastrophic event could cause extirpation of any one geographic unit. It is 
even less like that a single catastrophic event will eliminate all populations in the DPS. It is 
important to note, however, that a sequence of events could extirpate individual units over time, 
thereby reducing redundancy within the DPS. 

The likelihood of persistence of individual populations, and thus geographic units, is expected to 
decrease by 2100 primarily because of climate change effects on snow conditions and boreal 
forests. The other long-term threat is forest management practices that are not conducive to 
landscape hare densities able to support lynx, although this stressor may be limited to one 
geographic unit. Threats affecting the future condition of the DPS are summarized below. 



Based on climate change models, the effects of climate change on snow and boreal forest 
conditions are foreseen as the primary stressor limiting future viability of lynx in the DPS. The 
southernmost boreal habitats are predicted to retreat northward and upslope, fragmenting and 
diminishing the quality of lynx and hare habitat within the DPS (although some uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts). As habitat 
conditions decline, mortality rates are likely to increase and reproductive rates decrease. This in 
turn will reduce abundance and density of individuals within populations, making lynx 
populations more susceptible to stochastic events.  

Given the percent of federal land ownership,  regulatory assurances that these lands will be 
managed in accordance with lynx conservation, and a stronger possibility that lynx populations 
will be able to relocate to higher elevations, western geographic units are more likely to support 
lynx longer under projected climate change scenarios. Nonetheless, we are unaware of any 
management action that can abate the long-term retreat of boreal forests and changed snow 
conditions. Further, climate-induced frequency and intensity of wildfires and disease events is 
expected to increase, particularly in the western portion of the DPS, although we do not 
anticipate such events in and of themselves to cause the permanent loss of breeding lynx 
populations in the Northwest or any other unit. 

With regard to the eastern geographic units (Minnesota and Maine), suitable boreal forest and 
snow conditions are projected to decline more severely than in the western units. Lynx habitat 
conditions in Maine are also likely to decline significantly by the end of the century as private 
forest management practices, particularly a decline in clearcutting, result in succession 
detrimental to snowshoe hare and lynx needs. 

DPS viability 

Although there is no evidence from the historical record that Canada lynx have declined within 
the DPS, a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century. 
While it is more likely than not that any given individual unit—northern Maine, northeastern 
Minnesota, northwestern Montana, western Colorado, and possibly north-central Washington—
will persist to mid-century, it is unlikely all that five will persist to that point. By the end of the 
century, we expect populations to persist primarily in units having high-elevation refugia, e.g., 
northwestern Montana and possibly western Colorado, although Colorado would be an isolated 
unit. Lynx may also persist at the end of the century in Maine, depending on the severity of 
climate change effects and trends in development and private forest management. Uncertainty 
increases at mid- to late-century concerning the timing and extent of various stressors that will 
affect lynx and hare habitat and snow regimes, especially those related to climate change. 
However, review of the best available science in concert with input from lynx experts indicates 
that all units will exhibit declines by 2025, with the negative DPS-wide trajectory continuing to 
the end of the century, and (with no evidence to the contrary) beyond that time frame.   

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will 
also reduce redundancy and, possibly, representation. These losses in resiliency, redundancy, 



and representation will put the Canada lynx U.S. DPS at increasing risk of extinction over the 
course of this century, and in all probability, the risk will continue to increase after that point. 

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

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It relies heavily on 
adequate populations of its primary prey, the snowshoe hare (Lepus americanus), to support 
survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et al. 
2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; U.S. Fish 
and Wildlife Service 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 
54808-54809). Lynx survival and distribution is also influenced by snow conditions. It is 
generally restricted to areas that receive deep, powdery, and persistent snow that allows lynx, 
with their proportionately longer limbs and very large feet, to outcompete other terrestrial hare 
predators that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; 
Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-
401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; 
Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historic ranges in Canada and Alaska, which, combined, account for roughly 98 percent 
of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 (2.1 million 
mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in Alaska 
(University of Alaska Center for Science Conservation 2016, entire; Reimer 2016, pers. comm.). 
The southern peripheries of the boreal forest and the distributions of snowshoe hares and lynx 
extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord and 
Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 2000, pp. 
163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units evaluated in this 



SSA represent the remaining 2 percent of the species’ breeding distribution (approximately 
131,168 km2 [50,644 mi2]; see Figure 1 and Table 1, below). Lynx populations in the DPS seem 
to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below), and the demographic and genetic health and persistence of DPS populations are 
thought to be influenced by connectivity with, and immigration of lynx from, larger populations in 
Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 
79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada when hare populations crashed; many of these 
occurrences were  in anomalous habitats, and lynx were unable to persist and establish 
populations in most of these areas (Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2, below). 
Habitats capable of supporting persistent resident lynx populations in the contiguous U.S. occur 
over a much smaller geographic area that includes parts of the Northeast (primarily northern 
Maine), western Great Lakes (northeastern Minnesota), Rocky Mountains (northern Idaho, 
northwestern Montana; perhaps also parts of northeastern Washington, the Greater 
Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming, and parts of 
western Colorado), and the eastern Cascade Mountains of northern Washington (68 FR 40077-
40080; U.S. Fish and Wildlife Service 2005, p. 3; 79 FR 54806-54807; Lynx SSA Team 2016, 
pp. 6-7). Although uncertainty remains regarding the historic distribution of resident lynx in the 
contiguous U.S., and breeding populations may have been lost from some places, neither 
broad-scale breeding range contraction nor substantial population decline in the contiguous 
U.S. has been documented based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 
FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (U.S. Fish and Wildlife Service 2005, entire), designated critical habitat for the DPS in 
2006 (71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations 
of “significant portion of the range” and that all lynx in the contiguous U.S. constitute a single 
DPS (72 FR 1186). Also in 2007, the Service initiated a 5-year status review of the DPS (72 FR 
19549). The Service revised the critical habitat designation for the DPS in 2009 (74 FR 8616) 
and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based definition of 
the DPS boundary to formally extend ESA protection to lynx “where found” in the contiguous 
U.S., including New Mexico and other states that were not included in the original DPS range 
(79 FR 54804). The Service reinitiated the 5-year status review in 2015 
(https://www.fws.gov/mountain -
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php), and that 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php


review will be informed by this SSA report. On September 7, 2016, the U.S. District Court for the 
District of Montana remanded the 2014 critical habitat designation to the Service for further 
consideration. 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1). Five of the six geographic units were designated as “Core Areas” in the Recovery 
Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a “Provisional 
Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, these units 
also encompass and closely mirror the areas the Service designated as critical habitat in 2014 
(79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support lynx home ranges and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations relative to the general range of lynx in Canada. Range in Canada 
based on Poole (2003), Koen et al. (2014), and Vashon (2015). 
 



The six geographic units include federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and federal lands predominating in the western units (Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 0 0 0 0 91.6 7.3 0.9 

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

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

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

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

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

All Units 131,164  100 63.6 55.6 6.8 1.1 26.5 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 

1.2 SSA Framework and Report 



The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of 
this effort, our Endangered Species Program has developed 
the Species Status Assessment (SSA) Framework to guide 
how we assess the best scientific and commercial data 
available when evaluating the biological status of species. In 
conducting an SSA, we take into consideration the life history 
and ecological requirements of the species to understand how 
the species maintains itself over time (captured under the 
broad heading of “species needs”); the current condition of the 
species at the individual, population, and range-wide levels in 
terms of meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the assessment, the SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (collectively known 
as the “3 Rs”) as a lens to evaluate the current and future condition of the species. Briefly, 
resiliency describes the ability of the species to withstand stochastic events; redundancy 
describes the ability of the species to withstand catastrophic events; and representation 
describes the ability of the species to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain populations in the wild over time 
based on the best scientific understanding of current and future abundance and distribution 
within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions by the Service under the ESA. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach/Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time.  USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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terms of the 3 Rs using conceptual modeling (Figure 2) based on available published literature, 
other information on the historic and current status of and threats to lynx in the DPS and, where 
empirical data are lacking, on formally-elicited expert opinion and best professional judgment 
(Lynx SSA Team 2016, entire). 
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation due to catastrophic event or would be in the future. Figure 3 shows 
examples of relationships among factors that may influence redundancy within the lynx DPS. 
 



 
Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
 
Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 



populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 

Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 



three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S, where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, white on the underside of 
the tail, and is much more common and abundant than lynx in most of the contiguous U.S.. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx, there is evidence of genetic exchange between the two areas, indicating 
that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle that separates 
them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional genetic 
markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in eastern 
Canada, which suggest the potential for evolutionarily significant differences in those areas, 
recent analyses reveal genetic exchange among lynx on either side, indicating that some lynx 
successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 
2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
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population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids 
have been documented in the western portion of the lynx’s range (Schwartz in Lynx SSA Team 
2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 



 

 
Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 136-
140 and 2000b, pp. 183-191; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000b, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 136-140 
and 2000b, pp. 183-195). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000b, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 



2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000a, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 



less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., stand-level hare densities may exceed 2 hares/ha (0.8 hares/ac) 
(Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; Homyack et 
al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but in many parts 
of the DPS, landscape-level densities are lower, ranging from just above to well below the 0.5 
hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and populations 
(Hodges 2000b, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and Ruggiero 
2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, pp. 910-
911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, p. 1483; 
ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al. p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS (Moen et 
al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 1505; ILBT 
2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to adequately 
provision dependent kittens, and females seem to select den sites near prey sources to 
minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; Vashon et al. 



2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and one or more 
alternate or maternal dens until kittens are about 6-10 weeks old (Squires et al. 2008, p. 1502; 
Vashon et al. 2012, p. 17; ILBT 2013, p. 29). Thereafter, kittens remain with their mothers 
through their first winter, apparently learning from her how to hunt and capture prey, initially on a 
small portion of her home range, but by fall on the larger area the female used before kittens 
were born (Mowat et al. 2000, pp. 269, 278). Juveniles remain closely associated with their 
mothers until February or March, when family groups begin to break up, with young typically 
dispersing in April and May (Mowat et al. 2000, pp. 278-279) to establish their own home 
ranges. Female offspring may establish home ranges overlapping or adjacent to their mother’s 
home range and maintain mother-daughter bonds throughout their lives (Mowat et al. 2000, pp. 
279-280). Male home ranges may slightly overlap adjacent male home ranges. While male 
home ranges typically overlap one to three female home ranges, and female home ranges are 
partially or completely encompassed by a male’s home range, core areas within home ranges 
appear to be exclusive except during the breeding season (Koehler and Aubry 1994, pp. 90-91; 
Mowat et al. 2000, pp. 276-280; Vashon et al. 2012, pp. 17, 22-23). Fidelity to home ranges 
over several years has been documented for both sexes, but shifts and abandonment of home 
ranges have also been documented (Koehler and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). 
Lynx have been documented to live up to 16 years in the wild (Kolbe and Squires 2006, entire).   
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000a, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 



952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities declined from 2/ha (0.8/ac) to 1/ha (0.4/ac) 
(Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx home ranges 
larger at the southern periphery of the lynx’s range, including most of the contiguous U.S., and 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 



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

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

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

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

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

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

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
 



Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 2, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 2. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Reported Lynx Home Range Size km2 
(mi2) 

 
References (pages) 

Female Male 

N Maine 26 (10) 54 (21) Vashon et al. 2012 (16-17) 

NE Minnesota 17-21 (7-8) 160-267 (62-103) Burdett et al. 2007 (460-463); Moen et al. 
2008a (17)  

NW Montana/ 
NE Idaho 

43-115 (17-44) 122-238 (47-91) Brainerd 1985 (20); Squires and Laurion 
2000 (344); Squires et al. 2004a (13) 

N-C 
Washington 

37-91 (14-35) 49-69 (19-27) Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 

GYA 50 (19) 824 (318) Squires et al. 2003 (12-13) 

Comment [1]: Some of these home ranges 
seem to be presented as a range of values and 
others (e.g., ME, GYA) are a single value (a 
mean?).  We should be consistent and present 
a mean and range, if these data are available. 



W Colorado 75-704 (29-272) 103-387 (40-149) Shenk 2008 (10) 

 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac). Voyageurs National Park, where hare density 
was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et al. 2012, 
pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter predators (mountain lion [Puma concolor], coyote [Canis latrans], 
wolverine [Gulo gulo], gray wolf [Canis lupus], fisher [Pekania pennanti], and other lynx) (ILBT 
2013, pp. 33, 35). Although lynx have co-evolved with predators, the influence of predation on 
lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain lions and coyotes are now 
more widespread and abundant in the southern periphery of the lynx distribution than they seem 
to have been historically (Buskirk et al. 2000a, p. 83; Gompper 2002, entire). Lynx also need 
landscapes where they are unlikely to suffer reduced fitness because of competition with other 
hare predators, or encounter traps or other anthropogenic causes of mortality. Except for fisher 
and marten (Martes americana), lynx predators and potential terrestrial competitors for hares 
(the species above plus bobcat; maybe red fox [Vulpes vulpes] in some situations) all have 
higher foot-loading (weight per surface area of the foot), making them less efficient at traveling 
and hunting in the deep powdery snow conditions favorable for lynx (Buskirk et al. 2000a, pp 
86-95, Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions 
between lynx and these species. Analysis of lynx occurrence data in the contiguous U.S. 
suggests that lynx require at least four months (December through March) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor lynx, 
increased potential for predation and competition would be expected (Peers et al. 2013, p. 8). 
Finally, individual lynx are more likely to survive, breed, and replace themselves in the breeding 
population if they occupy home ranges where trapping is prohibited or trapping pressure is low 
(Slough and Mowat 1996, entire), high-speed/ high-volume roadways are absent (ILBT 2013, 
pp. 77-78), and other potential anthropogenic causes of lynx mortality are minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 



1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about 4 months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or to do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions recover or improve. As with 
individual lynx, populations are more likely to persist in landscapes where the effects of 
competition, predation, and human-caused mortality (e.g., trapping, vehicle collisions) are 
relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.   
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000a, pp. 22, 30). Although some demographic data are available for 
most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 



populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000a, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in southern Yukon. This period of rapid growth was followed by a rate of λ = 
1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below).    
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 square kilometers (USFWS 2005, p. 5). McKelvey et al. 
(2000b, p. 29) noted that extinction (extirpation) risk should decrease with increasing population 
size, and that extinction resulting from demographic stochasticity is very unlikely even for a 
population (generally; not specific to lynx) with as few as 20 reproducing females. Kramer- 
Schadt et al. (2005, entire) developed a spatially explicit population model for Eurasian lynx in 
Germany which they combined with demographic scenarios to evaluate the likely success of 
potential reintroduction efforts; they concluded that at least 10 females and 5 males would be 
required to establish a population with an extinction probability less than 5 percent over 50 
years. Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian 
lynx; they found that extinction occurred only in small populations that occupied habitats of less 
than 500 km2 and that extinction within 35 years was unlikely among populations occupying 
areas of at least 500 km2 of adequate habitat quality. 
 



In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789). 

2.3 Historic and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Alaska 
Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historic range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 



Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Science Conservation, 
http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content, accessed 
4/28/2016; Reimer 2016, pers. comm.), which represents about 8.7 percent of the species’ 
distribution. Lynx in Alaska are apparently secure, with low to moderate threats, and populations 
appear stable statewide, although total abundance is unknown (Alaska Natural Heritage 
Program 2008, pp. 2-4). In both Alaska and Canada, lynx trapping is managed through 
regulated seasons and harvest levels, which are adjusted to avoid overexploitation, especially 
during the low phase of the hare-lynx population cycle (Alaska Natural Heritage Program 2008, 
pp. 2-6; Vashon 2015, pp. 5-6). Along the Canada-U.S. border in provinces adjacent to DPS 
lynx populations, lynx trapping is prohibited in New Brunswick (adjacent to northeastern Maine) 
but regulated trapping is permitted in Quebec (adjacent to northwestern Maine, northern New 
Hampshire, and northern Vermont), Ontario (adjacent to northeastern Minnesota), Alberta 
(adjacent to northwestern Montana), and British Columbia (adjacent to northwestern Montana, 
northern Idaho, and northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historic conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historic range of lynx in the contiguous 
U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Because of this, resident lynx populations never occurred everywhere boreal forest existed in 
the contiguous U.S. Where the boreal forest was naturally more patchy and marginal, the 
habitat was incapable of supporting an adequate snowshoe hare population that in turn was 
incapable of supporting a resident lynx population over time. As a result, only a few areas in the 

http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content


contiguous U.S. historically supported an adequate quantity and quality of habitat to support 
resident lynx populations over time, and many historical lynx occurrences across a large area of 
the contiguous U.S. were likely dispersers. The occurrence of dispersing lynx is unpredictable, 
and dispersing lynx will likely continue to periodically move into areas that are not lynx habitat 
(68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (U.S. Fish and Wildlife Service 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 
54812-54823). Many records of lynx in the contiguous U.S. appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16), suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous U.S.exist either as 
resident populations or as dispersers, that dispersing lynx are often found repeatedly and for 
variable amounts of time in habitats that cannot sustain breeding populations over time (though 
some breeding may occur occasionally in some of these areas), and that such areas probably 
contribute little to the persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated 
dispersal into habitats that ultimately cannot support the species (‘‘sink’’ habitats) often leads to 
confusion among scientists and the public about where lynx populations may be viable (74 FR 
66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 



the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367; Krohn 2010, p. 33). Because of the large effect that relatively 
few errors in identification can have on assessments of the distribution of rare animals, 
especially those that are easily confused with a similar and more common species, McKelvey et 
al. (2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historic or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

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



contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historic or recent evidence of the habitat quality or 
quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 66940-
66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx in the 
DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and snow 



conditions and that they were not capable historically and are not capable now of supporting 
resident lynx populations.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best historic 
and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 40097-
40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.     
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historic and potential future occurrences of lynx in these states most likely 
represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 



supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historic lynx reports for the Southern Rockies, questioned its 
original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historic records were of periodic dispersing lynx during “extremely high populations cycles” 
and that a resident population never existed in southeastern Wyoming (68 FR 40081, 40091). 
The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now Colorado 
Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into southwestern 
Colorado (with plans to release an additional 186 lynx from 2003-2009) in an effort to 
reestablish a resident lynx population, that reproduction among some of the released lynx had 
been documented by 2003, but that it was too early to determine whether the program would be 
successful (68 FR 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, and likely has 
only supported dispersing lynx since then, and that an effort to reintroduce lynx there failed 
quickly, suggesting the habitat is incapable of supporting a resident population (68 FR 44486-
44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan, 2011a, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (CPW 2015, p.1; Ivan in Lynx SSA Team 2016, 
pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service concluded 



that the historic record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historic occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historic records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

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



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



residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in northern New Hampshire. We conclude that northern and central New 
Hampshire likely supported a small resident lynx population historically that was extirpated 
during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historic lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historic record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state, which currently supports the largest lynx 
population in the DPS (Krohn 2010, entire; McKelvey et al. 2000a, pp. 211-212; Hoving et al. 
2003, entire; Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon 
in Lynx SSA Team 2016, p. 18). The lynx population in Maine is much larger than was 
suspected at the time of listing or the 2003 remand (potential habitat exists to support possibly 
750-1,000+ individuals [Vashon in Lynx SSA Team 2016, p. 18], though a reliable population 
estimate is lacking). The current abundance of lynx is supported by the broad distribution of 
high-quality hare habitat that resulted from extensive, large-scale clearcutting in the 1970s and 



1980s in response to a massive spruce budworm outbreak (68 FR 40087; 79 FR 54792; also 
see section 4.1.1, below). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35 years post-harvest, hare 
densities decline as cover and forage are reduced due to forest succession (Simons 2009, p. 
217). The current lynx population is probably larger than the likely historic condition, when 
relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of young stands (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 
79 FR 54792). With the reduction in clearcutting following enactment of the Maine Forest 
Practices Act of 1989, it is projected that lynx densities in Maine will decline by 55 to 65 percent 
by 2032 (Simons 2009, p. 217). Lynx in Maine likely represent the southern periphery of a larger 
population that occurs in northern New Brunswick and southern Quebec south of the St. 
Lawrence Seaway/River, which appears to partially isolate lynx in this region, demographically 
and genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
The extent to which lynx persistence in Maine relies on immigration from Canada is unknown.    
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016 pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 



apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).   
  
In summary, although uncertainty remains regarding the historic distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire, though lynx persistence in New Hampshire is uncertain and lynx 
numbers in Maine are projected to decline over the next several decades. In the West, small 
breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined 
because of recent large fires and insect outbreaks, and the persistence of the breeding 
population there could be threatened if additional such impacts occur with similar magnitude 
and frequency over the next several decades. As a result of the release of 218 Canadian and 
Alaskan lynx from 1999-2006, resident lynx currently occur in western Colorado. Although the 
number of lynx in this population and its future persistence are uncertain, Colorado currently 



supports more lynx than it likely did, based on the historic record, for much of the previous 
century. The geographic units evaluated in this SSA include all areas in the contiguous U.S. 
with strong historical and recent evidence of persistent resident lynx populations. Detailed 
assessments of the current status and future viability of resident lynx populations and habitats in 
these areas are presented in chapters 4 and 5 below. 

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

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “federal nexus” exists) and which 



may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of federal land varies by unit, 
ranging from 0 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Table 
1, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.   
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 



time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of federal 
Land Management Plan guidance for the conservation of lynx and the potential for those plans 
to allow or direct actions that could adversely affect lynx constituted a significant threat to the 
DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements, and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on federal 
lands that were designed to mimic historic conditions and landscape-scale disturbance patterns 
and to maintain or improve lynx and hare habitats at both local (project-level) and landscape 
scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM managers 
within the range of the DPS agreed to implement the standards and guidelines identified in the 



LCAS until management plans could be formally amended to specifically address lynx 
conservation. In 2000, the Service, USFS, and BLM developed and adopted Canada Lynx 
Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and USFWS 2000, 
entire) in which the BLM and USFS agreed to coordinate assessment and planning efforts with 
the Service to assure a comprehensive approach to lynx conservation and to use the LCAS, 
supporting science, and locally specific information as the basis for the approach and to 
streamline consultation under section 7 of the ESA. The USFS further committed to deferring 
any actions not involving third parties that would adversely affect lynx until such time as the 
Forest Plans were amended or revised to adequately conserve lynx (USFS and USFWS 2000, 
p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of federal actions on lynx alleviated 
the effects of federal land management activities on lynx, but that amendment of USFS and 
BLM land management plans to conserve lynx would be the strongest mechanism to ensure 
long-term conservation of lynx and lynx habitat on federal lands (68 FR 40096-97). It concluded 
that although federal, State, and Tribal regulations and plans had reduced threats to the DPS, 
the inadequacy of existing regulatory mechanisms still posed a moderate, albeit lower-level 
threat, and would continue to do so until federal land management plans were specifically 
amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 



Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 1, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 



2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to limit potentially adverse effects and promote beneficial effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008, p. 52).      
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (Table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to almost 92 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 



of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute all of the lands in the Northern Maine Geographic Unit and over half of 
those in the Northeastern Minnesota Unit. Because both of these units support larger resident 
lynx populations than was known when the DPS was listed and, therefore, may contribute more 
substantially to the conservation of the DPS than was understood at the time of listing, we must 
evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx SSA Team 2016, 
p. 54). Although private, State, and Tribal lands constitute much smaller proportions of the other 
four (western) geographic units (from about 3 percent to 16 percent, combined), important lynx 
habitats occur on some of those lands, and regulatory mechanisms may influence their 
contributions to the conservation and persistence of DPS populations or parts of them. 
Therefore, in this section, we summarize the relevant regulatory frameworks and mechanisms 
that may affect lynx on private, State, and Tribal lands within the six geographic units of the 
DPS, but with a focus on those units with the greatest proportions of these lands and on 
activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take of lynx during legal trapping of other furbearers. These 
efforts benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations where lynx may occur that address 
specifics about traps types and sets that may be used to legally harvest other furbearers and 
that are intended to minimize the likelihood of incidentally trapping lynx 
(http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/). MDIFW 
also adopted and made available for download on its web page the interagency brochure How 
to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other Furbearers, and 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/


modified it to be more specific to Maine. MDIFW also set-up an incidental lynx capture hotline 
and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (10 died from traps or illegal shooting in traps) that were reported 
incidentally trapped in northern Maine (MDIFW 2014, p. 75). In 2014, the MDIFW obtained an 
incidental take permit from the Service for lynx trapped incidental to other legal furbearer 
trapping in Maine. After two lynx were killed in killer-type traps in 2014, MDIFW imposed 
additional trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx 
(see Other Factors in section 4.1.1 below). The regulations now require exclusion devices on 
killer-type traps, prohibit the use of drag sets on foothold traps, address specific trap types and 
sets, prohibit visual use of bait and visual attractants, swivels on chains, and require reporting of 
incidental captures. The trapping permit is currently being litigated in federal court. The MDIFW 
also is responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 52-54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2013/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Minnesota DNR is under a federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 20152016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
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Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by by 
the State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm; https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection#87-5-107). 
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
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(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foot-hold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 92 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.1.1 and 5.1.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut excellent hare habitat likely peaked 
in the late 1990s, when 20-25 percent of the forest in Maine was in an early regeneration stage - 
3 to 8 times higher than historic conditions, when only 3-7 percent of stands were likely in such 
condition at any given time (68 FR 40094). Current timber harvest and management on State 
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and private lands in Maine are governed by the Maine Forest Practices Act of 1989 and 
administered by the Maine Forest Service within the Department of Agriculture, Conservation & 
Forestry to regulate the size, arrangement, regeneration, and management of clearcuts 
(MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) clear-cuts are still permitted, 
but require special permits. Because of this regulatory burden, the extensive clear-cutting of the 
past has largely been replaced by partial harvest techniques that are unlikely to maintain the 
current unnaturally high amount and distribution of high-quality hare habitat. The consequences 
of this shift in forest management on Maine’s current lynx population, which is also much larger 
than was likely possible under the natural historic disturbance regime, are discussed below in 
sections 4.1.1 and 5.1.1, along with other programs that may influence private lands forest 
management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). Landowners selected 
one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements require management 
prescriptions or commitments for Canada lynx. To our knowledge, there are no private 
landowners in Maine who have committed to long-term or permanent protection and creation of 
lynx habitat according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,400 acres of lynx habitat within a 22,000-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
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Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and state landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit, and almost all are in Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution (http://dnrc.mt.gov/divisions/forestry/forestry-
assistance/forest-practices, accessed July 18, 2016). Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.1.3 
below.  
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit.t, and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent state agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001; Washington DNR 2006). The WADNR LHMP guides 
timber harvest and other vegetation management on these lands, including the part of the 
Loomis State Forest that occurs in this unit, with the goal of creating and preserving quality lynx 
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habitat through its forest management activities. Additional information on the LHMP are 
provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe’s stated environmental mission is “...to protect the environment and 
conserve natural resources within all Passamaquoddy lands, waters, and the air we share” 
(Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation Department of 
Natural Resources is “...to manage, develop and protect the Penobscot Nation’s natural 
resources in a sustainable manner that protects and enhances the cultural integrity of the Tribe” 
(Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are prohibited in 
accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game Regulations – 
Section 204 (Penobscot Indian Nation 2012, p. 15). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  



 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is due to 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 



fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 



2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzales et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1, Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow, with these conditions occurring at 
higher latitudes (Callaghan et al. 2011, entire) and higher elevations in the Rockies (Abatzoglou 
2011, pp. 1138-1141). The frequency of warm spells is correlated to the hardness of the snow 
surface, sinking depth, and the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633).  As 
the climate warms, winter temperatures are rising above freezing more often. This results in 
more rain on snow events and winter thaws that change the structure of the snowpack; larger 
grain size, basal ice layers, depth hoar (weak layers in the snowpack), and slip planes (crusts 
and ice layers within the snowpack) (Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) 
and other structure in the snowpack are believed to reduce the competitive advantage of lynx 
over bobcats and other mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide refugia for lynx (Lynx 
SSA Team 2016, p. 45), these areas will also be affected.  Mountainous regions in the western 
U.S. have historically been strongly snow dominated from November through March. By 2050, 
the length of snowfall-conducive temperatures over many western mountain ranges will be 
reduced from approximately five (November–March) to approximately three (December-
February) months of the year (Klos et al. 2014, p. 4566). Many relatively large areas that 
contain lower relief, mid-elevation mountain ranges will likely shift relatively quickly into new 
precipitation phase regimes (e.g., the Northern Rockies, North Cascades)(Klos et al. 2014, p. 
4566). The interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated 
areas to warming because much of the region is characterized by relatively warm winter 
temperatures and by mainly mid-elevation mountain ranges. The climatic rain-snow transition 
zone will move up in altitude and latitude.  
 
It is possible that in high elevation areas of DPS in the West, snow conditions suitable for lynx 
may move up slope at a faster rate than boreal forest habitat will migrate, providing a mismatch 
of these important habitat elements for lynx. During prehistoric periods of warmer climate, the 
alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-boreal forest 
ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both the northern 
(Kearney and Luckman 1983) and southern Rockies (Legg and Baker 1980). Boreal treelines in 
Scandinavia moved upslope an average of 40 m (but up to 100 m) during a recent 50-year 
period of warming (Kullman 1990). However, despite recent warming, the alpine treeline in 
North America has thus far remained relatively static (Butler et al. 1994). Upslope migration of 



the treeline of boreal forest may be limited by high winds, desiccation, and soil depth not 
conducive to colonization by conifers and will occur either gradually or as a series of scattered, 
rapid advances as thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower 
elevations, the upslope movement of the deciduous-boreal ecotone is limited by an isocline of 
excessively cold winter temperatures (generally -40C), moisture (cloud, fog line), and acidic 
soils (Kupfer and Cairns 1996, p. 263-264). The rate that boreal forest will retreat upslope is 
highly speculative depending on how climate change will affect complex moisture and 
temperature regimes, and there could be a lag time before these community types move up 
slope (Kupfer and Cairns 1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to 
be triggered by climate thresholds and was characterized by slow, gradual change followed by 
rapid advances (Danby and Hik 2007, p. 361). However, in Vermont, the northern hardwood-
boreal ecotone moved upslope 91 to 119 m between 1962 and 2005 consistent with rapidly 
increasing cloud ceilings in the Northeast, which is believed to be closely associated with this 
ecotone transition (Beckage et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). By 2100, the altitude above which it snows 
and below which it rains will climb as much as 800 feet in the Colorado Rockies, by 1,400 feet in 
the Rockies of Idaho and Wyoming, and the snow line will rise by an average of 950 feet across 
six Western mountain regions if greenhouse gas emissions continue at the current rate (Scalzitti 
et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but deep, fluffy 
snow conditions will retreat upslope and preclude the use of boreal habitat by lynx and instead 
favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101).  These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  



Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Workshop Report 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Feng and Hu 2007, entire; Knowles et al. 2006, entire, 
Huntington et al. 2004, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
  
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991, Murray et al. 1994, Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 



Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract from boreal habitat shifting to higher elevation (Danby and Hik 2007, pp. 
360-362) and northward shifts in latitudinal distribution of boreal habitat and snow conditions 
(Sturm et al. 2001, pp. 342-342; Gonzales et al. 2010, pp. 761-766; Koen et al. 2015. p. 528; 
ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted northward 
>175 km over the past 40 years (Koen et al. 2014, pp. 757-758). Habitat patches will become 
smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et al. 2012, p. 
11), bobcat distribution will expand northward (see below), and lynx will become more 
vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change influences ecological 
processes by altering large-scale climate systems such as the North Atlantic Oscillation, 
Southern Oscillation, Pacific North American Index, and North Pacific Index which, in turn, affect 
patterns of temperature and snow in North America (Stenseth et al. 2003, entire). Climate 
change-induced disruptions are believed to have caused the collapse of cycles in voles, 
lemmings, and snowshoe hares (Ims et al. 2008, p. 81; Cornulier et al. 2013, entire; Krebs et al. 
2010, pp. 484-488). The geographical borders between cyclic and noncyclic populations are 
shifting, and the spatial extents of regions that have cycles are shrinking. The collapse of cycles 
in herbivores with high-amplitude population cycles also would imply collapses of important 
ecosystem functions such as pulsed flows of resources and disturbances throughout the 



ecosystem, including declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 
2008, p. 85). A common denominator of cycles that exhibit spatial gradients, such as the more 
pronounced snowshoe hare cycles in the northern part of its North American range, is that the 
cycles seem to fade as winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Krebs et al. 2001a, p. 34; Brown 2000, pp. 2347-2354). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but is 
also essential in modifying the cycle intervals (Yan et al. 2013, p. 3269). Collapses in lynx fur 
harvests in Canada beginning in the mid-1980s may be linked to warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789, 68 FR 40091, 40097-40100). If diminished amplitude of the hare cycle in Canada 
continues, it will likely translate into a reduced potential for lynx to expand into new or 
unoccupied habitat in Canada or the adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; McKelvey et al. 2011, pp. 2893-2895; Lynx BioTeam 2012 p. 69; Gonzales et al. 2007, 
pp. 7-8). Across their worldwide distribution, lynx rely on deep, powdery and persistent snow 
because they restrict potential lynx competitors such as bobcat or coyote and predators such as 
fishers and cougars from effectively encroaching on or hunting hares in winter lynx habitat 
(Peers et al. 2016, entire; 79 FR 54809).  
  
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549). 
These trends are expected to continue with future climate warming (Hamlet and Lettenmaier 
1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 2007b, p. 850). 
The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth are very likely 
to decrease in most of North America except in the northernmost part of Canada where 
maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring runoff 
toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is accelerating the rate of loss of snow cover because of the reflective 



nature of snow and the relative heat-absorbing properties of non-snow-covered ground. This 
feedback effect causes the greatest warming to occur at the interface of snow-covered and 
exposed areas, increasing the rate at which melting occurs in spring (Groisman et al. 1994a, pp. 
1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the average date of 
peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West (Fagre 2005, p. 4). 
This albedo effect is further exacerbated by atmospheric soot and desert dust on snow ((Qian et 
al. 2009, entire; Painter et al. 2007, entire) and fire-darkened landscapes (Amiro et al. 2006, pp. 
47-49). Snow accumulation and duration are expected to decline generally in the geographic 
areas that contain the central and eastern portion of the lynx DPS (IPCC 2007c, p. 891; Burns 
et al. 2009, p. 31). Because lynx require prolonged periods of deep fluffy snow, current habitats 
that lose this feature would decline in value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; 
Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983, 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
expansion of bobcats into areas currently occupied by lynx (Lavoie et al. 2009, pp. 873-874; 
Roberts and Crimmins 2010, p. 172; Anderson and Lovallo 2003, p. 758). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 



Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2004, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in several different ways, especially at 
the southern extent of the range. Changing snow conditions may influence lynx hunting 
behavior and effectiveness. For example, hard-packed snow is reported to be associated with a 
higher kill rate of hares by lynx and coyotes than soft snow (Stenseth et al. 2004, p. 10633, 
Buskirk et al. 2000, p. 94). The higher kill rate could generate a numeric response by lynx and 
other hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Predator communities are more diverse at the southern part of 
the lynx range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
(Hodges et al. 2009, p. XX). In dry western forests like those in the GYA, increased precipitation 
may result in more herbaceous forage and cover, which may promote hare survival and 
reproduction (Ivan et al. 2014, p. 590).   Thus, climate change may have both positive and 
negative effects on hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Zimova et al. 2013, entire; Mills et al. 2013, entire; 2014, entire). Diminished snow duration by 
as much as 8 weeks by the end of the century could have population-level effects on hares at 
the southern edge of their range. Hares exhibit plasticity in the rate at which they can molt from 
white to brown in the spring, but not in the initiation date of color change or the fall transition 
from brown to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for 
mismatched pelage by changing their behavior related to concealment, thus predisposing them 



to predation (Mills et al. 2014, entire). There is wide variability in the timing of pelage change by 
individual hares within populations, and “mismatched” hares experience increased mortality 
rates (Zimova et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 
percent decline in hare survival by mid-century and a 23 percent decline by late century. 
Diminished survival would lead to steep (high emissions) to moderate (medium-low emissions) 
declines in hare populations (Zimova et al. 2016, p. 304). It is also possible that this 
phenological mismatch may dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns 
have been proposed to potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-
65, Sultaire et al. 2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 kilometers (km) during this century. In the contiguous U.S., 
researchers expect that lynx in mountainous habitat will, to some extent, track climate changes 



by using higher elevations on mountain slopes, assuming that vegetation communities 
supportive of lynx and hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some 
areas of the DPS (e.g., Maine, Minnesota) lack elevational refugia and, therefore, lynx 
populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
These studies predict lynx and hare habitats—boreal spruce-fir and subalpine forests—and, 
therefore, lynx distribution, are likely to shift upward in elevation within its currently occupied 
range and recede northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; 
Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 
64; ILBT 2013, p. 69). Lienard et al. (2016, p. 7) assessed forests in New England, Northern 
Great Plains, and higher elevations in the Rockies, including spruce-fir types, as vulnerable to 
drought-related stress from climate change during the next century. The boreal spruce-fir forests 
that provide habitat for lynx and snowshoe hares are thought to be limited by summer 
temperatures and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of 
emissions and climate change scenarios, are projected to diminish dramatically or disappear 
from much of the eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–
400). Within the last 20 to 25 years, widespread mortality and reduced growth in red spruce in 
the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, 
Johnson et al. 1988, p. 5373.). Climate modeling suggests that lynx habitat and populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely 
from parts of the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). 
Remaining lynx populations would likely be smaller than at present and, because of small 
population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing rapid 
increases in tree mortality (Peng et al. 2011, entire). Several authors have suggested that 
grasslands, aspen parklands, and temperate forest will expand northward resulting in decreases 
in boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 
2000, entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang 



and Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area ILBT 2013, p. 70).. In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 



2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle and mountain pine 
beetle, are key agents of change in coniferous forest ecosystems in western North America and 
have recently defoliated millions of hectares – among the largest and most severe in recorded 
history (Bentz et al. 2009). Drought-stressed conifers have increased vulnerability to insect 
attack. By the end of the century, changes in temperatures across the boreal forests of western 
North America may cause markedly high probability of outbreak of these species (Bentz et al. 
2010. pp. 607, 609). In contrast, the range of the spruce budworm, a major pest of spruce-fir 
ecosystems in eastern North America, is expected to shift northward reducing vulnerability of 
spruce-fir forests in Maine and Minnesota (Regniere et al. 2010, entire). However, widespread 
clearcutting following the most recent spruce budworm outbreak in Maine was the primary driver 
creating widespread lynx habitat (Hoving et al. 2005, Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Irland 2000, 



entire; Millward and Kraft 2004, entire; Jones and Mulhern 1998, p. 19). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but experts believed this was difficult to predict and a 
possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska)(Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956, Van Zyll de Jong 1966, Kumar 1974, and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
  
Reduction in Gene Flow - Koen et al. (2014, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring in 
the lynx populations east and west of Hudson Bay based on differences in snow conditions on 



either side of this divide. This may be explained by the reluctance of lynx to disperse between 
areas having different snow regimes and snow quality. Snow conditions may be the key factor in 
the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 2014, pp. 10633-
10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014, entire) found genetic structuring on either 
side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating ice 
conditions on the St. Lawrence River could further restrict gene flow between lynx populations 
north and south of the river (Koen et al. 2014, p. 528). Between 1969 and 2002 there was a 20 
to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the St. Lawrence 
(Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent bobcats from 
dispersing northward into lynx areas in central Quebec (Koen et al. 2014, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004, McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992, Wolfe et al. 1982, 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 



density are directly and positively correlated (Conroy et al. 1979, Sullivan and Sullivan 1988, 
Koehler 1990b, Koehler and Brittell 1990, Thomas et al. 1997, Hodges 2000a, Mowat et al. 
2000, Homyack et al. 2006, Robinson 2006, Scott 2009, Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011).  Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979, Sullivan and Sullivan 1988, Koehler 1990b, Thomas et al. 1997, 
Homyack et al. 2005, Robinson 2006, Griffin and Mills 2007, Scott 2009, Berg 2010, Ivan 
2011a, Lewis et al. 2011, McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, 
Seymour et al. 2002, Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 meters depending on tree species) the tree crowns lift and lower 
branches self-prune, thus reducing the live horizontal branches providing food and cover for 
snowshoe hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where 
mature trees die or fall down) and food and cover may again become available to support 
snowshoe hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 



culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

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

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

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

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

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

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990, Homyack et 
al. 2004, Bull et al. 2005, Fuller and Harrison 2005, Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 



collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125).  The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of state and federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to a host of  financial groups 
(Hagan et al. 2005). These groups have short-term investment goals and different management 
objectives and have dramatically changed harvest practices. Whereas the previous large 
industrial landowners focused on the forest land base as a supply for their manufacturing 
facilities, the new TIMOs and REITs focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004, Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s state area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to state and federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 



private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting) (Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 



climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be the most important stressors for lynx in the DPS 
(Fig. X), but it is possible that other pathways for forest management are, or may become, 
equally important. Hares and lynx will continue to be affected (both positively and negatively) by 
forest management into the foreseeable future. Forest management stressors primarily affect 
lynx by lowering landscape hare densities, which in turn reduce lynx reproduction and lower 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 



precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26) . However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016? Check). After 17 years of extensive partial harvests, much of the 
northern Maine landscape has been influenced by this form of forestry, and will continue to be 
into the future. The popularity of this form of harvesting extends beyond Maine. From the mid-
1980s to mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 



residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006). Shelterwood cuts, a form of even-aged management, are the exception and have 
maintained densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. 
data). Current hare densities in partially harvested stands in Maine average about 0.4 hares/ha 
(Simons 2009, p. XXX, check), which is below the landscape hare densities (0.5 hares/ha 
(Ruggiero et al. 2000b, Simons-Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types (Plate 4.4). In these instances there is a short-term (10–30 years) impact on snowshoe 
hare habitat. In the western U.S., prescribed fire for ecosystem restoration is most applicable to 
the dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir 
forests are generally composed of thinner-barked trees that are easily killed even with light fire, 
this technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (Plate 4.3). These types of projects 
are becoming more common. In the western U.S., projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting leads to drying of the 



forest floor and consequent heavy mortality in spruce and fir regeneration and increased light 
levels that increase hardwood competition (White and Cogbill in Eagar and Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163, Parker 1986 p. 160, Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest)(Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus reducing food, 
cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et al. 
2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
(Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that land-scapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx (FR 74(36)). 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 



lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northeast Geographic Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, the 
Acadian forest in Maine and eastern Canada was driven by gap dynamics (similar to some parts 
of the West today) and true stand-replacing disturbances were quite uncommon with recurrent 
intervals of thousands of years. After several centuries of forest management, stand age 
structures have become simplified, and commercial timber rotations are a fraction (15 to 40 
percent) of the lifespan of boreal tree species (Seymour 2002). Whereas prevalent, these 
younger even-aged  forest stands on the landscape may benefit hares and lynx in Maine, 
forestry has shifted the species composition of Maine’s forest to species favored by frequent 
harvest disturbance, such as red-maple, paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high densities of hares, which in turn provide high-quality lynx foraging habitat. 



They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 



U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historic natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historic conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 



As described above in section 3.1.1, current federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 



recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Although fire suppression was in the past thought to be a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
due to climate change, it may be necessary to reconsider whether fire suppression in some lynx 
habitats could benefit lynx by reducing the potential for extirpation of resident populations, 
especially in places already apparently only marginally capable of supporting them.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas and “fragmentation” to anthropogenic disruption of natural patterns. Habitat loss is 
conversion of forest to another land use or vegetative cover. 



 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011 (entire). 
Fragmentation in the forested western landscape resulted in a decline of weighted mean patch 
size from roughly 35,000 to 3,200 km2 from natural to current conditions, but models predict 
relatively small declines in the size of forested patches over the next 30 years (Theobold et al. 
2011 p. 2451).  In the eastern United States, nearly half or more of the natural forest was 
cleared in the past three centuries but as agriculture and settlement relocated westward, 
eastern forest cover rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has 
increased 0.79 percent since 1982 (Maine Forest Service, Department of Conservation 2010, p. 
25). Similarly, a large portion of Minnesota forests were cleared in the last century, but forest 
cover has rebounded. The forest area in northern Minnesota has decreased 4 percent since 
1977 (Miles et al. 2007, p. 22). Preliminary findings from the 2002 U.S. timber assessment 
(Haynes 2003) indicate that approximately 15 to 20 million acres of U.S. forest land could be 
converted to urban and developed uses over the next 50 years. Such land use conversions 
could result from residential development in forested landscapes, as the U.S. population is 
estimated to grow by another 126 million people. 
 
Habitat fragmentation (both natural and anthropomorphic) directly affects snowshoe hares and 
lynx by various mechanisms; reducing hare survival and landscape hare densities, increasing 
lynx home ranges, reducing lynx reproduction and survival, and affecting lynx movements 
throughout the landscape. Habitat fragmentation also influences mesocarnivore communities 
that coexist with lynx and the level of competition for space and food resources. Fragmentation 
from anthropomorphic sources results in habitat alteration, direct habitat loss, vehicle collisions 
and behavioral disturbance from roads, and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous, or where good patches of hare habitat 
are surrounded by other patches of similar habitat quality, support more hares than landscapes 
that are more fragmented or include matrix habitats that are poorer quality (Lewis et al. 2011, p. 
565). Thus, southern transitional boreal forests generally have lower landscape snowshoe hare 
densities than boreal forests further north (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 84). This may have as much to do 
with the quality of the matrix habitat between high quality patches as the hare densities that 
occur in the high quality patches themselves (Lewis et al. 2011). Low-quality matrix habitat, 
typical throughout much of the DPS, could decrease survival for hares, because predators might 
have higher hunting success or be more numerous in the matrix habitats (Griffin and Mills 
2009). In contrast, a high-quality matrix, typical of Canadian boreal forest, can provide 
alternative or supplemental resources (Dunning et al. 1992; Norton et al. 2000), thus supporting 
higher densities of hares in the prime habitats. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37


The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Forest fragmentation may exacerbate competition between lynx and other predators (Buskirk et 
al. 2000a, entire). Fragmentation and competition are strongly linked because vegetation 
mosaics in landscapes provide high quality environments for generalist species such as the 
bobcat, red fox, and coyote (Goodrich and Buskirk 1995, Buskirk et al. 2000a, p. 84). Under 
such conditions, generalist predators tend to dominate the predator guild in fragmented 
landscapes (Oehler and Litvaitis 1996). Hares fluctuate less dramatically in the southern part of 
the range of lynx, thus there is more competition for a limited resource and exploitation 
competition inflicted by generalists (e.g., coyotes) and other predators (Buskirk et al. 2000a, p. 
95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Lynx seem to be flexible in their response to habitat fragmentation whereas closely related 
species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation (Ferreras 
2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 



responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, factors that further fragment boreal forests in the DPS (e.g., climate 
change, forest management, roads and development) further reduce the probability of 
persistence of lynx.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzales et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat in is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
other areas of the DPS where there is little topography, including Minnesota and Maine, matrix 
forest facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 



not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the natural habitat 
fragmentation that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 



Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway (Squires, unpublished data). 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 



Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. , 2001). As the standard of roads increases from 
gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to 
increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had 
no effect on lynx distribution. Four-lane highways, such as the interstate highway system, 
commonly have fences on both sides, service roads, parallel railroads or power lines, and 
impediments like "Jersey barriers" that make successful crossing more difficult, or impossible, 
for wildlife (ILBT  2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 
and 5,000 vehicles per day may be the threshold above which successful crossings by 
carnivores are impeded. In Colorado, lynx successfully and repeatedly crossed major highways, 
including I-70 (J.Squires, personal communication 2012; Ivan 2011b, c, 2012). Colorado lynx 
crossed two-lane highways an average of 0.6 times per day and more frequently during dusk 
and night when traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane 
highways (I-70), especially forested areas under large, elevated bridges that spanned streams 
(Baigas et al. 2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, U.S. Fish and Wildlife Service, unpub. data 2016). 
Between 1995 and 2011, 15 lynx were reported killed on British Columbia highways (British 
Columbia Wildlife Accident Reporting System 2012). Most of these mortalities are on higher 
speed paved highways. However, in Maine, about 41 percent (22 of 54) were killed on lower 
speed dirt logging roads. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 mortalities of translocated animals were attributed to road kills (Brocke et al. 
1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of translocated lynx 
were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado highways where 
the 13 lynx mortalities occurred were estimated to range from about 2,300 to >25,000 vehicles 
per day (K. Broderdorp, personal communication 2012). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx.  Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 



local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. , 2010) like recent clearcuts and thinned areas. In 
Maine, the shift to partial harvesting forms of forest management will continue to increase the 
number of patches of high quality hare habitat, but it will greatly reduce the size of patches and 
increase their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape 
conditions conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (section 5.1.1). It is uncertain to what degree 
lynx can tolerate habitat fragmentation from roads and forest clearing, and how human and pet 
activity affect lynx use of habitats. Some anecdotal information suggests that lynx are quite 
tolerant of humans, although given differences in individuals and contexts, a variety of 
behavioral responses to human presence may be expected (Staples 1995, Mowat et al. 2000). 
The degree to which residential development and associated roads reduce connectivity of 
mesocarnivore populations (including lynx) likely depends on the physical design of highway 
improvements, the surrounding environmental features, the density of increased urbanization, 
and the increased traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski areas have similar effects on permanent habitat loss and fragmentation. One 
ski run is often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (J. Squires, personal communication 2012). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 



southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 



consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101, Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. . We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 



influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historic records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we did not have a feel for population size or trend. We now know that northern 
Maine currently supports the largest resident population in the DPS, that extensive clear-cutting 
in the 1970s and 1980s in response to a large spruce budworm outbreak has created the 
current abundance of high-quality lynx habitat, and that there are many more lynx in Maine now 
than was likely under historic natural disturbance regimes and habitat distributions. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western U.S. (Units 3, 4, 5, and 6) 
are naturally less abundant and more patchily-distributed than was thought at the time of listing, 
and several areas thought to have historically supported small resident populations currently do 
not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the Kettle 
Mountains of northeastern Washington). We also know that recent extensive wildfires in north-
central Washington (Unit 4) have reduced (probably temporarily) the amount of high-quality lynx 
habitat and likely caused a decline in lynx numbers there. Finally, as a result of the release of 
218 Canadian and Alaskan lynx from 1999-2006, and their subsequent survival and 
reproduction, resident lynx currently occupy parts of western Colorado (Unit 6), although the 
current number of lynx there is unknown and their distribution uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a catastrophic event. The 
DPS range currently spans the northern contiguous states from Maine to Washington and south 
along the Rocky Mountains to southern Colorado. Resident breeding lynx populations currently 
occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied units, 
four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 
5,000 km2 (1,931 mi2) (see tables 1, above, and 4, below). Lynx experts indicated no 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event (Lynx 
SSA Team 2016, p. 56).  
 



Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historic records, was likely in areas (e.g., 
northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge area of northeastern 
Washington, perhaps Isle Royale in Lake Superior) peripheral to the geographic units that 
currently support resident lynx. Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous U.S. However, the implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historic record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of -acres in the GYA unit (Yellowstone and Grand 
Teton National Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., 
topographic/elevation settings) lynx across the range of the DPS occupy a similarly narrow and 
specialized ecological niche defined by specific vegetation structure, snow conditions, and the 
abundance of a single prey species. Therefore, lynx naturally have little ability to adapt to 
changing environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous U.S.  Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historic conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 



trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 3, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historic record that limits our understanding of the relative persistence of lynx in 
various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the 
possible extirpation of lynx populations in the GYA (Unit 5) and in the Garnet Mountains of Unit 
3 may indicate the lower level of resiliency expected among small and relatively more isolated 
populations. The persistence of lynx in north-central Washington (Unit 4) despite the substantial 
recent wildfire-mediated loss of habitat suggests resiliency in that population; however, the post-
fires increase in home range size and likely decrease in lynx numbers may indicate the 
population is currently less resilient (less able to persist if additional or similar habitat losses 
occur) than it was previously. Overall, the apparent long-term (historic and current) persistence 
of resident lynx populations in at least four of the six geographic units (Units 1-4) and the 
absence of reliable information indicating that the current distribution and relative abundance of 
resident lynx are substantially reduced from historic conditions suggest adequate historical and 
recent levels of resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the current adequacy of resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of inadequate 
resiliency in those places. 
 
 
 
 
    
 



4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec and northern New Brunswick, Canada. At the 
time of listing, the Northern Maine Unit was not believed to contribute significantly to the DPS. 
However, we now know that the largest reproducing resident population of lynx in the DPS likely 
occurs in this unit (numbers and trends unknown, but enough habitat exists to support possibly 
500 to 1000 lynx). Small numbers of reproducing lynx have also been documented recently in 
northern New Hampshire and northern Vermont. Historically, lynx distribution in this unit was 
patchy, and lynx populations were likely low and dependent on immigration from Canada. 
Forest management is now the primary driver of hare and lynx habitat in this DPS unit. Current 
lynx and hare habitat is historically high because of young, regenerating softwood forests 
created by extensive clearcutting and herbiciding to salvage spruce-fir following a severe spruce 
budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 2008). Lynx 
responded to these conditions with high survival and reproduction, small home ranges, and 
moderate population densities. State forestry regulations passed in 1989 caused landowners to 
shift to various forms of partial harvesting that have resulted in lower landscape hare densities 
across much of the unit. Hares do not seem to cycle in this region, but underwent a 50 percent 
decline starting in 2006 and have remained at lower levels. Reproduction and survival rates in 
the low-hare environment suggest a slightly declining population. Unlike other units of the DPS, 
lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, and 
landowners do not have long-term commitments to lynx management. The majority of lands in 
Maine are owned now by investment companies who wish to diversify income from their 
investments which could result in forest practices inconsistent with hare and lynx habitat. Other 
potential stressors on private lands include large-scale wind energy development, residential 
and resort development, and parcelization of forestlands from rapid turnover in investment 
company landowners. The next spruce budworm outbreak is imminent, but forestry response by 
investment landowners is uncertain. Climate change is a concern as snow depth and duration 
are currently at the minimum thresholds believed necessary to give lynx a competitive 
advantage over bobcats and other mesocarnivores. There is currently no clear evidence of 
climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 



are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage in accordance with its 2004 Forest Plan, and several risk factors 
are being minimized and managed to promote the conservation of lynx within the SNF. 
Management of lynx habitat on state and private lands is voluntary. Factors affecting current 
conditions in this unit primarily include forestry management, roads, incidental trapping, mining 
development, snow compaction, competition with bobcats, and lynx-bobcat hybridization. Forty-
nine lynx mortalities due to vehicle and train collisions as well as incidental trapping and 
shooting have been reported in Minnesota since the species was listed. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historic resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most of 
this unit, including federal, State, Tribal, and some private lands, is managed to conserve and 
restore lynx and hare habitats. Past timber harvest and associated management (thinning, road 
construction, fire supporession) appear to have had localized impacts but not to have 
diminished the unit’s ability to support resident lynx, with the Garnets being a possible 
exception. Wildfire extent has increased over the past several decades, likely in response to 
climate warming, but impacts to lynx are uncertain. Whether and if so to what extent other 
climate-mediated factors have influenced the current condition of lynx populations or habitats in 
this unit is also unknown. Regulations prohibit lynx trapping and require measures to reduce the 
likelihood of trapping lynx incidentally when legally trapping other species. Hare densities have 
not been estimated broadly throughout the unit but appear to be low or marginal even in most of 
what is considered the highest-quality habitat, suggesting that even small decreases in habitat 
quality/hare densities could influence its continued ability to support resident lynx. The role of 
past and recent immigration in maintaining the demographic and genetic health of current lynx 
populations in this unit is unknown, but peaks in cyclic lynx numbers in Canada have declined, 
especially when compared to the unprecedented irruptions of the early 1960s and 1970s, and 
there is no evidence of significant immigration into this unit since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historic resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 



habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.    
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historic 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit after 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Most of this unit consists of federal lands (97.5 
%) that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
Wildfire extent has increased over the past several decades, predominantly in the northern half 
of the unit and likely in response to climate warming, but impacts to lynx are uncertain. Whether 
and if so to what extent other climate-mediated factors have influenced the current condition of 
lynx populations or habitats in this unit is also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. Some lynx 
released in Colorado dispersed northward into this unit and temporarily occupied home ranges 
in areas used previously by native resident lynx, but there is no evidence of reproduction among 
these lynx.  
 
Unit 6 - Western Colorado:  Lynx habitat in Colorado is distributed west of US Interstate-25. This 
unit is not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 



large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the state of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority of lynx habitat in Colorado is under federal land management 
(88 Percent), actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within Colorado. The majority of lynx habitat in Colorado continues to be managed 
by the USFS, providing conservation through the Southern Rockies Lynx Amendment. 
However, regulatory mechanisms for the conservation of lynx are lacking on approximately 
3,611 km2 (1,394 mi2) [14 percent] of some BLM, NPS, and other non-federal lynx habitat. 
 
Table 3. Summary of current conditions in six geographic units within the DPS range.  

 



4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Annual precipitation is 41 inches (104 cm), with greatest precipitation in winter in the form of 
snow 228 cm to 280 cm (90 to 110-plus inches), with higher amounts at higher elevations. Snow 
duration is about four months (mid-November through mid-April). 
 
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 square kilometers (11,162 square miles) all in 
northern Maine (79 FR pp. 54823-54828). Land ownership in the critical habitat unit boundary is 
about 92 percent private, 7 percent State (primarily Baxter State Park), 1 percent tribal 
(Passamaquoddy Tribe, Penobscot Indian Nation), and contains no federal land. Private lands 
are almost entirely commercial forest lands. Lynx regularly occur outside of the designated 
critical habitat boundary in parts of eastern and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving (68 FR 40086) 
estimated approximately 1,000 square kilometers (386 square miles) of potential habitat having 
a greater than 50 percent probability of being occupied by lynx. Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 342 km2 (888 km2) of potential Canada 
lynx habitat. Historic distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e. White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the state (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the Connecticut 
Lakes Natural Area WMA which is owned and managed by NHFG. Surrounding habitat is 
owned and managed by the Connecticut Lakes Timber Company under a conservation 
easement held by the State of NH. Occurrence records from the past 10 years have been 



centered on these two ownerships (Kilborn 2015, App. A pp. 42-43). Habitat on the Connecticut 
Lakes Natural Area has a conservation easement with 15,000 acres of the core lynx habitat also 
being part of an unmanaged area of the 25,000 acre property. As a result these core 15,000 
acres will be allowed to mature to a climax forest type potentially allowing for good denning 
habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. Current 
conditions are in a transition state, and portions of the 15,000 acres are supporting higher 
densities of snowshoe hare because of past forest management (Kilborn 2015, App. A pp. 42-
43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont - Habitat in northern Vermont is not within the designated critical habitat. Recent 
modeling to determine lynx habitat connectivity in the Northeast suggests that the Nulhegan 
River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530 square kilometer  (205 
square mile) area is approximately 20 percent federal (Nulhegan National Wildlife Refuge), 17 
percent State (Vermont Department of Natural Resources), and 63 percent private commercial 
timber lands (with easement). The future of lynx and their habitat is unlikely because of the 
patchy and limited amount of habitat, climate change (decreasing snow), trends toward 
hardwood management, and increasing human disturbance (Vermont Fish and Wildlife 2015, 
Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km north of Maine). Lynx populations in Maine and eastern Canada are 
geographically isolated from other lynx populations on the island of Newfoundland (900 km east 
of Maine), and on Cape Breton Island, Nova Scotia (650 km southeast of Maine) (Koen et al. 
2015, entire). The closest lynx population in the DPS is located in northeastern Minnesota, 
about 1,700 km west of Maine.  
 
Habitat Description:  In the northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR, p. 40086). 
This habitat type occurs along the northern Appalachian Mountain range from southeastern 
Quebec, western New Brunswick, and western Maine, south through northern New Hampshire. 
This habitat type becomes naturally fragmented and begins to diminish to the south and west, 
with a disjunct segment running north-south through Vermont, and a patch of habitat in the 
Adirondacks of northern New York (McKelvey et al. 2000b, pp. 248-250). This area is part of the 
Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between northern 
boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and Hunter 
1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations up to 1,600 meters (Katahdin highlands, western Maine, White Mountains in central 
New Hampshire). Higher elevations support a predominantly coniferous forest (white, red, and 



black spruce; balsam fir; eastern white pine) intermixed with northern hardwoods (red maple, 
aspen, white birch, sugar maple, beech, and yellow birch). Lowland areas include spruce-fir flats 
interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitat are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense cover (Robinson 2006, pp. 26–36; Vashon et al. 2012, 
p. 15). Lynx are more likely to occur in large (100 square kilometer, 40 square mile) landscapes 
having a high percentage (>27 percent) of regenerating forest, and less likely to occur in 
landscapes with very recent clearcut or partial harvest (Hoving et al. 2004, pp. 291–292, 
Simons-Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after 
forest disturbance (almost exclusively logging) and are characterized by dense horizontal 
structure and high stem density within a meter of the ground. These habitats support the highest 
snowshoe hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; 
Vashon et al. 2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older 
(11- to 26-year-old), tall (15 to 24 feet (ft) (4.6 to 7.3 meters (m)) regenerating clearcut stands 
and older (11- to 21-year-old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–
1985). At the home range scale, lynx also select landscapes having some mature conifer forest 
(Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial harvested and mature 
conifer stands because of increased ease of travel and prey access along the extensive edges 
with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Some of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44, D. Harrison, UMaine, unpub. data, Vashon et al. 2012, p. 14). Prior to 2006, several 
estimates of hare densities in the highest quality, regenerating conifer or mixed forest averaged 
1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, hare 
densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109, D. Harrison, UMaine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 



density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100 km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the northern Maine 
unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that four million acres of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a 10 million acre area in northern Maine (approximately 50 percent of the designated critical 
habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 950,000 acres (9.5 
percent) of spruce-fir was in a young, regenerating stand condition that provide high quality hare 
habitat. This habitat is similar to, and contiguous with, forested areas in Quebec and New 
Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The current range of 
lynx in the northern Maine unit is associated with areas of deep snowfall, extensive (100 km2 
[40 mi2]) forested landscapes, and areas having a high proportion of regenerating conifer-
dominated forest that had previously been treated with herbicides to suppress hardwoods 
(Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood. These forests are believed to lack the conifer 
component needed to produce sufficient snowshoe hare densities to consistently support viable 
populations of lynx (Hoving et al. 2005, p. 749, Carroll 2007, p. 1100). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, pp. 1984-
1985). Lynx avoided mature stands (>40 years old) and short (3.4–4.3 m [11–14 ft]) 
regenerating clear-cut or partially harvested stands <10 years post-harvest (Fuller et al. 2007, 
pp. 1275-1278). Further research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx 
tended to forage in areas with intermediate to high snowshoe hare densities (tall regenerating or 
older partial harvest stands), which afforded lynx with greater mobility and where snowshoe 
hares were more vulnerable to predation, rather than in the densest stands (short regenerating 
stands; Fuller and Harrison 2010, pp. 1276-1278). 
 
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 



sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008a, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008a, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008a, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008a, pp. 1492-1493).  
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
are often characterized by an even-aged wind-throw phenomenon known as fir-waves (Sprugel 
1976, entire). Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are 
rare (interval of several hundred to several thousand years) and highly variable in size 
(Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce 
beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). In this 
geographic area, wildfire is less significant as a natural agent of disturbance. The typical fire 
regime is infrequent surface fires in the dormant season in the hardwood forests, and slightly 
more frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; 
Seymour et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several 
decades, early successional forests and lynx habitat in northern Maine, New Brunswick, and 



southern Quebec have been created almost exclusively by forest management (Lorimer and 
White 2003, pp. 42-43). 
 
In contrast, current habitat is likely peaking and at historical highs. Favorable habitat conditions 
for snowshoe hare and lynx in Maine resulted from large-scale salvage cutting (clearcutting) 
following a spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, p. 291). After 
salvage harvest of the affected trees, a portion of the area was sprayed with herbicide to reduce 
deciduous competition (Scott 2009, pp. 7, 14). The resulting vegetation was dominated by 
balsam fir and red or black spruce (Scott 2009, p. 60). This created favorable habitat conditions 
for snowshoe hares and lynx. Habitat conditions for hares and lynx in the unit improved from the 
late-1980s to present, benefitting from stand-replacing salvage harvests during the last 
budworm outbreak (Simons 2009, pp. 122-229; Simons-Legaard et al. 2016, entire). During this 
time period, the percentage of forestland with an average landscape hare density greater than 
0.5 hares/ha increased 400 percent (Simons-Legaard et al. 2016, p. 7).   
 
Lynx habitat will decline in the near future. In response the widespread clearcutting in the 
1980s, in 1989 Maine passed the Forest Practices Act. This Act regulated clearcutting. Various 
forms of partial harvesting replaced clearcutting as the predominant form of forest management 
in northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime supports lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009).  
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a federal nexus for review of projects is almost nonexistent. 
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005, 
Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work with private 
landowners. As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 100,000 acres including the State, federal government (White Mountain National 
Forest south of lynx range), a conservation group (The Nature Conservancy), two tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 



endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 943.2 mi2 (2,443 km2), or 9.3 percent of the total designated 
critical habitat in northern Maine. 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit have commitments to 
endangered species management through forest certification programs. For example, The 
Nature Conservancy land enrolled in the HFRP is also enrolled in the Forest Stewardship 
Council (FSC) forest certification program, which requires safeguards for threatened and 
endangered species. Other landowners are certified under the Sustainable Forestry Initiative 
(SFI). Both certification programs require planning for threatened and endangered species. 



However, certification programs are also voluntary and may not be long-term commitments. 
Given the frequent turnover in Maine forest lands, new landowners do not always renew 
certification or resume the certification programs initiated by the previous landowner. 
 
Lynx Status:  At the time of listing, lynx were known to be present in northern Maine but little 
was known about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Although potential lynx habitat in New Hampshire 
and Vermont is fragmented, there is near contiguous forest and connectivity for lynx movement 
between these areas and habitats in northern Maine (Farrell 2013 personal communication, FR 
54821). Breeding lynx in New Hampshire and Vermont are not directly connected to Canadian 
populations, but they are connected to the larger population in northern Maine via habitat in 
western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now know that a significant population currently exists and is supported by 
the extensive young, regenerating spruce-fir habitat created by clearcutting in the 1970s and 
1980s. Habitat in northern Maine can support lynx densities in localized areas of high quality 
habitat that are substantially greater than elsewhere in the DPS (LCAS 2013, p. 23). In 2003 
when hare populations were high, lynx density (juveniles and adults) in one of Maine’s highest 
quality habitats was estimated to be 9.2-13.0 lynx/100km2 (Vashon et al. 2008, Vashon et al. 
2012, p. 15). At about the same time, the density of lynx in nearby Gaspe Peninsula, Quebec 
was estimated to be 10 lynx/100km2 (Ray et al. 2002). These densities are intermediate to those 



in Canada during the high (17.0-44.9/100km2) and low periods (2.3 – 3.0/100km2) of the lynx-
hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). Simons (2009, p. 
102) estimated there is potential for a population of about 236 to 355 adult lynx to occur on a 
3.56 million acre study area (about half of the critical habitat area) in northern Maine, and 
Vashon et al. (2012, appendix IV) estimated there is potential for a population of 750 to 1,000 
adult lynx in all of northern Maine in 2006. The actual number of lynx is unknown because there 
are no methods available to measure and produce true population estimates over such a large 
geographic area. 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals, although 
breeding has occurred in both locations in recent years. Most historic lynx records from New 
Hampshire are from trapping records from the 1930s to the 1960s (Brocke et al. 1993, 
McKelvey et al. 2000). There were only two records in the 1990s. In 2003, the Service 
determined that, despite a lack of breeding records, a small resident population likely occurred 
historically in New Hampshire but no longer exists (68 FR 40087). Lynx were detected in 
northern New Hampshire in 2006 and have occurred there annually since (Siren 2014 pp. 53, 
55). In 2011, 4 lynx kittens were observed in Pittsburg and were considered evidence of 
breeding in New Hampshire (Kilborn 2015 Appendix A p.44). There were only four historic 
records of lynx in Vermont prior to 2003. Since then, nine lynx sightings have been confirmed. 
Reproduction was first documented in 2012 in the Nulhegan Basin when the tracks of three 
lynx, a presumed family group, were observed travelling together in late February (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 126). 
 
Lynx do not presently occur in the Adirondacks region of New York. A resident lynx population 
reportedly occurred in the northern region of New York, particularly in the Adirondack 
Mountains, but it was considered extirpated by 1900 (Brocke 1982, McKelvey et al. 2000b). 
However, there are 23 verified lynx occurrences since 1900, primarily from the Adirondack 
Mountains (McKelvey et al. 2000b). The most recent verified record was from 1973 (McKelvey 
et al. 2000b), which correlates to an extreme cyclic population high. Habitat and prey conditions 
were deemed suitable for a lynx reintroduction in 1989–1991 (Brocke 1982). The reintroduction 
was unsuccessful in establishing a population. In 2003 the Service concluded that a resident 
population may have existed in New York prior to 1900, however, records of lynx since 1900 are 
of dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). Maine lynx had among the smallest home ranges in the DPS (LCAS 
2013, p. 24). During the period when snowshoe hare populations were highest, Maine lynx had 
among the highest reproductive rates (average litter size 2.74, 89 percent of adult females 
producing litters) in the DPS (Vashon et al. 2012, pp. 18-19). During the current period of low 
hare density, litter size was smaller, only 30 percent of females have litters, and mortality is 
greater. Home ranges are among the smallest in the DPS (54 + 5 km2 males; 26 + 4 km2 
females, LCAS p. 24, Vashon et al. 2008a). Home range sizes were similar during periods of 
high and low hare density (Mallett 2014). Lynx populations likely increased during the period of 



high hare density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) 
(USFWS, Vortex10, deterministic population simulation 2016; demographic data from Vashon et 
al. 2012). 
  
In summary, Maine lynx and hare habitats are at historical highs. In the Northeast prior to 
European settlement, lynx habitat was created and maintained by small-scale, frequent forest 
gap dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour 
et al. 2002, Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations were likely low and dependent on immigration from Canada. Current habitat is the 
result of widespread clearcutting and herbiciding to salvage spruce and fir damaged by a spruce 
budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 2008). Maine lynx 
at multiple scales select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) 
spruce-fir stands 15 to 35 years after clearcut or other even-aged harvest (Hoving et al. 2005, 
Fuller et al. 2007, Vashon et al. 2008, Simons-Legaard et al. 2013). Lynx habitat is expected to 
remain stable for the next few years then decline (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions: Climate Change - Climate change is affecting 
temperature, snow, and precipitation patterns in the Northeast at rates faster than expected 
(Rustad et al. 2014). Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008). 
Climate change has, and will continue to affect lynx by reducing snow and boreal forest (see 
section 5.1.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzales et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015).  Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzales et al. 2007). Similarly, the largest snow depth decreases in Canada in 
the last six decades have been observed in the lower St. Lawrence Valley, immediately north of 
Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast and eastern Canada occur where there is regularly total snowfall of at 
least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx and bobcat 
in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 2013). Average annual snow depth 
at 5 weather stations within the range of the lynx in northern Maine (1981-2010) was below this 
threshold, 228-263 cm (NOAA 2011, 
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, last accessed 31 March, 2016). 
In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced reduce depth 
of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-2005) declined 
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an average of 4.6 cm/decade (Burakowski et al. 2008). Thus, average snow conditions in Maine 
are currently at or below this snow depth threshold, and   further declines in annual snow depth 
would be expected to give bobcats a competitive advantage over lynx (Hoving et al. 2005, ) 
 
As noted in chapter 2, lynx and snowshoe hare require deep, fluffy snow that provides lynx with 
a competitive advantage over bobcats and gives hares the ability to reach winter browse. Snow 
quality (“fluffiness”) has deteriorated in the Northeast. Unlike other units, annual precipitation in 
Maine is increasing because of climate change, but primarily as rain (A. Siren in Lynx SSA 
Team 2016, p. 15; Fernandez et al. 2016), and especially rain on snow events in winter in 
northern Maine (Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). 
Snow density and compaction and crust conditions (caused by wet, heavy snow or rain on snow 
events in winter) have increased in northern New England (Dudley and Hodgkins 2002, 
Huntington et al. 2004, Huntington 2005, Hodgkins and Dudley 2006) and southern Canada 
(Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002 p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping season was closed in the Northern Maine Unit (including New 
Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). In 
2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) obtained an incidental 
take permit from FWS for lynx trapped incidental to other furbearer trapping in Maine. From 
2000 to 2015, 108 lynx have been reported captured in traps set for other species and 7 of 
those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). No lynx have been reported 
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incidentally trapped in New Hampshire or Vermont since 2000. In Maine, after two lynx were 
killed in killer-type traps in 2014, MDIFW imposed additional trapping restrictions (e.g., requiring 
killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for foothold traps) 
to further reduce mortality and injury of incidentally-trapped lynx.  
 
Trapping of Canada lynx can be additive to other sources of mortality and have population-level 
effects (Brand and Keith 1979, Koehler and Aubrey 1994). Thus, harvest regulations for lynx are 
modified when hare and lynx populations are low (Bailey et al. 1986). Trapping mortality is not 
likely to have a great effect on lynx populations in northern Maine and adjacent Canada when 
lynx are at historically high numbers, but trapping could have a synergistic and negative effect if 
hare and lynx populations decline, habitat declines, or climate change further stresses lynx 
(Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, wind development has escalated in 
northern and western Maine posing a potential threat to high and low elevation spruce-fir 
habitats (Whitman et al. 2013). Climate conditions are at or falling below threshold values 
needed to support lynx in Maine (see section above). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas throughout northern Maine, New Hampshire, and Vermont. Wind energy is an 
increasingly appealing source of income for investment companies and other landowners who 
own forestland in the northern Maine unit.  As of 2016, at least 11 wind projects have been 
proposed in northern Maine and 5 projects are in operation; 2 have been proposed in northern 
New Hampshire and 2 are in operation; and 3 have been proposed for northeast Vermont and 2 
are in operation or under construction. Maine’s two largest wind projects (combined over 200 
turbines covering 360 mi2) are proposed entirely within Maine’s lynx critical habitat. The effects 
of wind energy projects on lynx, hares and their habitat are undocumented. Potential direct 
effects include disturbance or displacement of resident lynx and loss and fragmentation of 
habitat from turbines, roads, and transmission lines. Increasing power infrastructure associated 
with these projects could greatly change development potential and patterns in northern Maine 
by bringing electricity into the interior of Maine’s vast, undeveloped forest region. Extensive road 
construction further fragments habitat and increases access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped, industrial forestland, but land ownership patterns have changed 
significantly in the last 15 years (Nadeau-Drillen and Ippoliti 2006). Some investment-oriented 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts. Two large residential and resort areas have 
been proposed on forestlands within the Maine critical habitat area. Both development projects 
would result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
Another private landowner proposes donation of a 87,000 acres within the lynx critical habitat 
for a federally-designated national park or monument. This area currently has a legacy of 
young-regenerating spruce-fir habitat from previous industrial forest landowners, but a park or 

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


monument designation would forego future forest management. Another conservation 
landowner, The Nature Conservancy, continues forest management on about half of its 185,000 
acre ownership, including managing part of the area for Canada lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts, as well as 
smaller recreational sites like nordic ski huts or campgrounds, may directly remove forest cover. 
Such removal in lynx habitat could decrease prey availability, affect lynx movement within home 
ranges, or result in a more fragmented landscape. Development further fragments habitat from 
road and highway construction (along with associated increases in traffic volumes and/or 
speeds). 
  
Northern Maine Unit Summary - In summary, lynx are currently widespread throughout northern 
Maine and in small patches of habitat in northern New Hampshire and Vermont. Habitat exists 
to support a potential population of 500 to 1000 lynx, although the actual population size is 
unknown. Habitat created by extensive clearcutting 30 to 40 years ago is peaking and will 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, p. X; also see section 
5.1.1, below). Furthermore, hare populations declined by 50 percent starting in about 2006 and 
have remained at lower levels. Future hare fluctuations or cycles are uncertain. Active 
management of forest lands can produce lynx habitat, but landowners do not have long-term 
commitments for doing so. Land ownership has dramatically changed in northern Maine, and 
the majority of lands are owned now by investment companies who wish to diversify income 
from their investments which could result in forest practices inconsistent with lynx habitat. 
Greatest stressors are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
climate change (diminishing snow depth, quality and duration; competition from bobcats and 
fishers; loss of spruce-fir to northern hardwoods; and future isolation of the metapopulation 
because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 square kilometers (8,147 
square miles) in northeastern Minnesota. It includes the area designated as critical habitat in 
2014 (79 FR 54782) and an additional relatively small area of tribal land in northern Minnesota 
that was excluded from critical habitat. Land ownership in this unit is about 47 percent federal 
(primarily USFS, with some NPS and BLM land); 36 percent State; 16 percent private; and 1 
percent Tribal (Grand Portage Reservation) (see Table 1). This unit includes most of Superior 
National Forest (SNF; including the Boundary Waters Canoe Area Wilderness [BWCAW]) and 
Voyageurs National Park. This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit likely represent the southern extent of a larger cross-border 
population, most of which occurs in Ontario (ON). Relative to other DPS lynx populations, this 
unit is about 1,480 km (920 mi) east of the Northwest Montana/Northeast Idaho Unit and about 
1,610 km (1,000 mi) west of the Northeastern Maine geographic unit. 
 



Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000b, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 20052007, p. 5). Most of this province is characterized by low-
relief hilly landscapes with glacial features and an elevation from sea level to 2,400 feet (730 
meters), including many lakes and rivers. This unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps and black spruce or 
tamarack bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by 
balsam fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), ranging between 0.3–2.0 hares/ha (0.12–0.8 hares/ac; 
McCann 2006, p. 17). Hare populations in northeastern Minnesota appear to be patchily 
distributed, but are most consistently abundant in 10-30 year old regenerating forests (McCann 
2006, p.45). Pellet count data prior to the 1990s show evidence of density fluctuations of 
snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 262-263), but 
these fluctuations were not observed during the 1990s (Hodges 2000b2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 



snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USDA 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USDA 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits (USDA 2004a, entire). The Forest Plan 
includes many objectives, standards, and guidelines for the protection of lynx and enhancement 
of lynx habitat that are based on recommendations in the 2000 LCAS. LAUs were delineated on 
the SNF in 2000 as the smallest landscape scale on which to analyze effects to lynx. The 
boundaries have remained in place since that time to allow for long term analysis of project 
effects. However, the SNF Plan proposed several changes of current LAU boundaries, such as 
adding LAUs to the Virginia Management Unit of the Laurentian Ranger District; designating the 
BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota.  Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, pp. 30), estimated the number of lynx that might be resident in northeastern Minnesota 
at a given time as between 190 and 250 individuals, assuming that about 25 percent of 
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northeast Minnesota is suitable lynx habitat, coupled with assumptions about residence time 
and detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.   
 
Home range sizes in Minnesota were reported as 194 km2 (75 mi2) males and 87 km2 (34 mi2) 
females (Mech 1980, p.263). Later radio-collar data show that males had much larger home 
ranges 267 km2 (103 mi2) than females 21 km2 (8 mi2); and that females with kittens had the 
smallest home range (Burdett et al. 2007, pp. 460-461). A study of radio-collared lynx in 
Minnesota documented approximately 40 percent of male and female lynx making long distance 
movements outside of their home range between Ontario, Canada and Minnesota (Moen et al. 
2010b, p. 17). Of those lynx that made long-distance movements, females tended to move 62-
124 miles (100-200 km) and did not return to their original home range, while males moved 31-
49 miles (50-80km) back and forth between Ontario and Minnesota (Moen et al. 2010b, p. 17). 
While topographic features may influence lynx movements in mountainous western states, lynx 
in Minnesota tended to move nearly straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx, however 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000 the U.S. Fish and Wildlife Service has been tracking incidental take of lynx; 29 lynx 
mortalities have been reported from trapping, shooting, vehicle collisions, and railroad 
mortalities in Minnesota. Thus far, of 26 lynx documented to have been incidentally trapped in 
Minnesota, 11 died and 15 were released alive (U.S. Fish and Wildlife Service, unpublished 
database 2016). The documented incidents largely occurred during legal trapping that targeted 
bobcat, coyote, fox, and marten, and involved a variety of traps including foot-holds, body 
gripping traps, and snares (U.S. Fish and Wildlife Service, unpublished database 2016). In 
addition, seven lynx mortalities as a result of being incidentally shot have been documented in 
Minnesota and 16 died of unknown causes (U.S. Fish and Wildlife Service, unpublished 
database 2016). Lynx emigrating from Minnesota to Ontario exposes them to trapping and 
shooting that is allowed in accordance with regulated harvest in Canada. At least a third of the 
animals radio-collared in Minnesota spent time in Ontario; 4 radio-collared lynx were legally 
harvested (trapped) in Canada between 2003 and 2010, and two died of unknown causes (U.S. 
Fish and Wildlife Service, unpublished database 2016). Furthermore, nine lynx mortalities due 
to vehicle collisions have been documented in Minnesota since 2000 (U.S. Fish and Wildlife 
Service, unpublished database 2016). Minnesota has relatively high forest road and highway 
densities that intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home 
ranges that were bisected by highways. In addition to road mortalities, two railroad mortalities 



have been documented since 2000 (U.S. Fish and Wildlife Service, unpublished database 
2016). It is probable that there are additional incidental catches that are not reported each year 
(Moen 2009). 
   
Factors Affecting Current Conditions:  Identified factors affecting to the current conditions of lynx 
in Minnesota include reduction in habitat quality or quantity, habitat fragmentation, climate 
change, increased access for competing carnivores, and human-caused mortality. The SNF is 
currently implementing the 2004 SNF Plan (USDA 2004a, entire), which has direction based on 
the LCAS and Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (Ruediger et al. 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and state landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the Superior National Forest and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Mineral exploration and development is 
increasing in portions of Minnesota, particularly for hard rock (non-ferrous) minerals. Some of 
the area of interest for minerals overlaps with lynx habitat in northeastern Minnesota. Mineral 
exploration may result in short-term displacement of lynx. Mining activities and associated 
development may result in an irreversible loss of habitat or increased mortality risk. The specific 
effects to lynx and their habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
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all have the effect of compacting snow. Outside the BWCAW, snowmobile activity is extensive 
and increasing significantly. The SNF has 705 miles of snowmobile trails and 1,562 miles on all 
ownerships within the proclamation boundary (USDA 2011, p.38). Advances in snowmobile 
capabilities have raised concerns about intrusion and new snow compaction in areas previously 
not vulnerable to high levels of snowmobile use. In addition, new road construction in lynx 
habitat has made more areas accessible during winter. These routes could be used by 
snowmobiles even if new roads are designated as closed to motorized public travel during other 
seasons. The SNF has 1,927 miles of low standard roads (OML 1 and 2) and 158 miles of 
temporary roads (USDA 2011, p. 38). All of these factors have potential to reduce the deep and 
fluffy winter snow conditions and to reduce the competitive advantage of lynx in areas that 
typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead region of Minnesota (the 
region encompassed by Cook, Lake and St. Louis counties in northeastern Minnesota) (Erb 
2009 cited in Kapfer 2012, p. 16, Erb 2012, pp. 7-9unpaginated) and annual snow track and 
scent stations surveys support the conclusion that bobcats are as rare in the Arrowhead as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to occur due to climate change (Kapfer 2012, 
p. 25). Bobcat and coyote populations already appear to be increasing in Minnesota (Erb 2014, 
p. 40). If snow depth and duration decrease in the Arrowhead, deer mortality may be reduced 
which may potentially increase bobcat densities and bobcat expansion into northeast Minnesota 
(Kapfer 2012, p. 25). According to annual track surveys, wolf populations in Minnesota are 
currently stable (Erb 2014, p. 40), however, similar to bobcat, wolf populations may increase 
with changing snow conditions and prey availability as influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most federal lands in this unit (82 percent) are on national 



forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) contributing 
most of the remainder. This unit includes most of Glacier National Park and parts of the 
Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, the 
BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 



pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 



 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
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forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).    
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some federal and State regulations and buy a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).     
 



In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support federal lynx conservation efforts by managing for habitat elements important to lynx and 
their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 



also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit has a 90-95 percent probability of providing snow cover conditions supportive of 
lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historic conditions and disturbance regimes, with only 
a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historic condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent historically, the 
current absence of lynx might be a natural condition related to the area’s naturally fragmented 
habitats and generally low hare densities - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. If so, 
future intermittent lynx occupancy would be expected, but only if lynx dispersing from a source 



population immigrate to the Garnets when habitat conditions and hare densities return to more 
favorable levels. Conversely, if the Garnets historically supported a small but persistent 
population that was recently extirpated, it may suggest that the alteration of the historic 
distribution of some habitats in some parts of the range, described above, was enough to tip the 
quality of the area’s habitat from capable of supporting a small resident population to no longer 
capable of doing so.      
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historic or current number of resident lynx in 
this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 



20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016 pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 in 
2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx SSA 
2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, whether 
the recent absence of lynx from this part of the unit represents the extirpation of a small but 
previously persistent population (and, therefore, a permanent contraction of lynx distribution in 
this unit) or the temporary “winking off” of a peripheral subpopulation that may become “winked 
on” again in the future is unknown and perhaps irresolvable. 
  



Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 



in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions:  Regulatory Mechanisms - Federal management activities 
(especially timber harvest and precommercial thinning, perhaps fire suppression) that occurred 
prior to listing and before implementation of current federal regulatory mechanisms likely 
impacted some lynx and habitats by altering the distribution and quality of hare and lynx 
habitats. However, because these activities occurred in low proportions of lynx habitat on 
federal lands and impacts appear to have been localized, they were deemed a low-level threat 
to lynx at the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past 
federal management activities may continue to influence the current quality and distribution of 
lynx habitats in some parts of this unit. For example, as described above in Habitat Status and 
Lynx Status, past timber harvest/management and associated road construction may have 
fragmented, reduced the amount, and altered the distribution of lynx habitats in the Garnet 
Mountains, perhaps contributing to the apparent recent loss of that area’s ability to support 
resident lynx.     
 
Currently, as described above and in section 3.1, all federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations were put in place (MTFWP 2016, pp. 
5-10). Of the 16, eight were released uninjured, one was released with an injury, and seven 
were killed; all incidences of mortality occurred prior to 2008 and the implementation of the more 
protective regulations (MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally 
trapped on the Idaho Panhandle National Forest from 2012-2014 (described above under Lynx 



Status), one other lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest 
further south (U.S. District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.1.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. However, modeling vegetation and snow suitability for 
lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and 
temperate conifer forest biomes were broadly distributed across this geographic unit and that 
snow conditions suitable for lynx occurred with 90-95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 



al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts of the DPS, no 
major outbreaks have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 
41).      
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on federal lands in the West, including the Northern Rockies, and specifically with 
regard to “lynx forest types,” had declined consistently and dramatically for a decade or longer 
prior to the DPS being listed (68 FR 40093), and have remained at levels much lower than 
those from most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 



these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
which is no longer occurring or has been substantially reduced relative to historic conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
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gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.      
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 



trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (Service 
2008). 
 
Lynx habitat in the Kettle Range is limited in size and capable of supporting few lynx. According 
to Koehler et al. (2008, p. 1523), the Kettle Range could support between 10 to 23 lynx based 
upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx 
habitat. It should be noted that the lynx density estimate was derived from research conducted 
in the Cascade Range within a large area of contiguous, high quality habitat (Koehler 1990, pp. 
845, 847). Lynx habitat in the Kettle Range is much smaller and likely more fragmented, and 
thus may not be capable of supporting a density of 2.3 lynx/100 km2. The Kettle Range is also 
somewhat isolated from other lynx habitats in Washington (e.g., the Cascades) and British 
Columbia. The Kettle Range is separated from the Cascades in Washington by low elevation 
valleys dominated by shrub-steppe and Douglas-fir and ponderosa pine forests (Koehler et al. 
2008, p. 1523), and from British Columbia by the Kettle River Valley (Stinson 2001, p. 20) and a 
major highway corridor with associated fence in British Columbia (Koehler et al. 2008, p. 1523). 
These natural topographic and anthropogenic features may present impediments to lynx 
movement between the Kettle Range and the Cascades and British Columbia, making natural 
recolonization of the Kettle Range by lynx difficult. Thus, it may be difficult for lynx to reestablish 
a persistent and viable resident breeding population in the Kettle Range. 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 



subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 

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


Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historic range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000, pp. 245-246) described the historic range of lynx in 
the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with the 
Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  
  
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 



density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  



From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

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

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 



areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition:  In 1993, lynx were classified by the Washington Fish and 
Wildlife Commission as a state threatened species (Stinson 2001, p. 22). On July 12, 2016, the 
WDFW recommended that the Washington Fish and Wildlife Commission uplist the lynx from a 
state threatened to a state endangered species (WDFW 2016, p.1). According to the Draft 
Washington State Periodic Status Review for the Lynx, the WDFW recommended listing the 
lynx as endangered due to: 1) observed range contraction in Washington following protection 
efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and anticipated 
threats to lynx population persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the 
Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka 
the Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on federal lands. 
Toward this end, the LCAS recommends that federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 



1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a state threatened species by Washington State 
(WADNR 1996, entire). Subsequent to federally listing the lynx as threatened under the ESA, in 
2006 the WADNR implemented a modified Lynx Habitat Management Plan (2006 Lynx Plan) 
incorporating new science into its 1996 Lynx Plan pertaining to lynx management (WADNR 
2006, entire). Among other things, the WADNR 2006 Lynx Plan contains management 
standards and guidelines to avoid the incidental taking (as defined by the ESA) of lynx. These 
standards and guidelines address maintenance of lynx denning and foraging habitat, as well as 
habitat connectivity within and between LAUs and lynx populations within Washington (i.e., 
LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 



4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

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

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 



significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).   

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

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

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 

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


showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

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

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

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



Lynx Status:  There are no reliable estimates of the historic or current number of resident lynx in 
this unit. As described in section 2.3.2.2 above, the historic record and recent research show 
that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historic and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000, pp. 235-242). However, 
two resident lynx, a male and a female, were trapped, radio-marked, and monitored in the 
Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; Squires in 
Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
   
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 



the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

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

Factors Affecting Current Conditions: Regulatory Mechanisms - As described above for Unit 3, 
federal management activities (e.g., timber harvest and precommercial thinning, perhaps fire 
suppression) that occurred prior to listing and before implementation of current federal 
regulatory mechanisms likely impacted some lynx and habitats by altering the distribution and 
quality of hare and lynx habitats. However, because these activities occurred in low proportions 
of lynx habitat on federal lands and impacts appear to have been localized, they were deemed a 
low-level to threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 40091-40095). 
Nonetheless, past federal management activities may continue to influence the current quality 
and distribution of lynx habitats in some parts of this unit. Current regulatory mechanisms and 
conservation measures associated with recently amended or revised federal management plans 
are intended to conserve and restore lynx and hare habitats across large landscapes. Although 
their effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing.   
 



Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. However, modeling vegetation and 
snow suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that 
boreal and temperate conifer forest biomes were broadly distributed across this geographic unit 
and that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

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

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

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 



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

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

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historic 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf


4.2.6 Unit 6 - Southern Rockies Geographic Area 
 
Unit Description - The overall geographic unit includes Colorado, south-central Wyoming, and 
north-central New Mexico. However, within the southern Rockies, since we currently have no 
evidence of resident lynx in southern Wyoming or northern New Mexico, and we question the 
ability of these two areas to support breeding populations we are not including these two areas 
in the unit description. Lynx habitat in Colorado totals approximately 25,294 km2 (9,766 mi2), 
and is distributed west of US Interstate-25. We excluded the northwest part of the state 
bounded on the south by US Interstate-70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in Colorado falls within the 
following land ownerships, USFS 21,555 km2 (8,322 mi2), BLM 772 km2, (298 mi2), NPS 452 
km2 (174 mi2), Private 2,350 km2 (907 mi2), State 164 km2 (63 mi2).   
 
The southern Rockies are separated from the rest of the Rocky Mountain chain, and thus lynx 
habitat in northern and western Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009 page 
10). In the upper elevations of the subalpine zone, forests are typically dominated by subalpine 
fir and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, page 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012 page 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-



elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan, 
Workshop presentation 2015, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975 page 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within 
their study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 2008, 
p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains 
Geographic Unit, which limits their abundance. Zahratka and Shenk (2008 entire) found 
densities of snowshoe hares to be greatest in mature Engelmann spruce-subalpine fir stands 
when compared to mature lodgepole pine stands in Taylor Park, Colorado. Their density 
estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in Engelmann spruce-
subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 hares/ac) in lodgepole 
pine habitats (Zahratka and Shenk 2008 entire). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., Colorado and southern Wyoming) [65 FR 16052). In 
2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the southern Rockies (68 
FR 40076). As stated above, our focus here is limited to the state of Colorado. In 2008, the 
USFS reported that most of their LAUs in the southern Rockies fell within a range of 3-8 percent 
in a currently unsuitable condition, with only one LAU exceeding 30 percent unsuitable (USFS 
2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently exceed the 30 
percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes are mostly in 
response to the ongoing bark beetle infestations, as well as wildfire events that have occurred 
since 2008. 
 



Ivan et al. (2012, p. 6), developed a predictive map of lynx habitat use by using lynx location 
data collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use. Therefore, we 
selected the top 30 percent of the Ivan et al. (2012, entire) predictions and the associated 
habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 km2 (9,766 
mi2). This habitat estimate falls between the Ivan et al. (2012, p. 6) estimate and the USFS’s 
habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a greater than 
60 percent probability of detecting lynx as described by Ivan et al. (2012).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS, totaling approximately 126 km2 (49 mi2). One additional 
plan provides conservation measures for timber management actions only, but the FO contains 
only about 1 km2 (0.39 mi2). The remaining FOs currently have not amended or revised their 
plans specifically to provide conservation for lynx (approximately 645 km2 (298 mi2),  Since the 
2000 listing however, all BLM Field Offices in Colorado have been conserving lynx 
discretionarily through application of conservation measures provided in the Lynx Conservation 
Assessment and Strategy (Ruediger et al. 2000, entire; ILBT 2013, entire). Rocky Mountain 
National Park has a fire management plan that includes conservation measures for lynx. We are 
not aware of any specific conservation planning guiding activities on non-federal lands (M. 
Wrigley 2016, pers. comm. ; M.K. Watry 2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
state of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2012, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan presentation 2015 page 17). In addition 38 percent of lynx captured during recent (2010-
2015) USFS Rocky Mountain Research Station research projects in Colorado have been young 
and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued reproduction 
within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, page 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–



0.90; Slough and Mowat 1996 entire, O’Donoghue et al. 1997, page 155) or in the Northwest 
Territories (~0.90; Poole 1994, page 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, page 2), and kitten survival was 0.2260 (Jake 
Ivan, pers comm. March 9, 2016). 
  
Factors Affecting Current Conditions - Colorado is currently experiencing major bark beetle 
epidemics in lodgepole pine and spruce-fir forests. Although bark beetles are native insects, and 
forests in the western U.S. have experienced regular insect infestations throughout their history, 
the current bark beetle epidemic is notable for its intensity and extensive geographic range. The 
causes of this epidemic include: relatively even-aged, dense, and homogenous forest 
conditions, which are highly susceptible to beetle attack, and which were created by large-scale 
logging in the late 1800s and subsequent fire suppression efforts; warmer winters due to climate 
change (cold winters typically reduce beetle populations); and a multi-year drought that 
occurred in the mid-1990s through early 2000s, stressing the trees and making them more 
susceptible to beetle attack (USFS 2011, pp. 4). 

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



 
ILBT (2013 p. 57; 61-62) states: 
 

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



grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 

In this chapter, we present our assessment, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the potential future status of 
the lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the likely future conditions in each geographic unit, followed by a more detailed 
evaluation of the factors likely to influence lynx populations and habitats in each unit. We 
present and summarize the professional judgments and opinions of a panel of 10 lynx experts 
regarding the factors likely to influence the persistence of resident lynx populations in the DPS 
as a whole and in each of the six geographic units. We also present and summarize the experts’ 
projections, based on consideration of those influencing factors, of the probability that each of 
the geographic units will continue to support resident breeding populations of lynx into the future 
(at years 2025, 2050, and 2100). We then provide additional Service review of the influencing 
factors described in Chapter 3, above, and their potential effects on the ability of each 
geographic unit to support lynx populations in the future. 

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
status of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limit our ability to predict future conditions for the DPS. Therefore, our 
assessment of the future of the DPS is based on the best professional judgments an opinions of 
lynx experts and our evaluation of the available scientific information regarding the factors 
identified by the ILBT as the most likely to have population-level impact to lynx in the DPS (ILBT 
2013, pp. 68-78). 
 
Overall, expert opinion and our evaluations suggest that resident lynx populations in each of the 
geographic units are likely to be smaller and their distributions reduced in the future. These 
anticipated declines are most likely to be influenced by projected loss and increasing 
fragmentation and isolation of boreal forests and favorable snow conditions resulting from 
continued climate warming and related impacts (e.g., increased wildfire and forest insect 
activity, diminished hare populations) (Lynx SSA Team 2016, p. 58). This outcome seems likely 
regardless of which climate emissions scenario is used to model future conditions, although the 
timing, extent, and magnitude of impacts is uncertain and will likely vary by scenario. 
 



In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 1, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on federal lands is of concern for western units. 
 
In each geographic unit, the probability that resident lynx populations will persist is expected to 
decline in the future, although uncertainty about persistence probability increases with time from 
the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below). Although all five geographic 
units that currently support resident populations (all units except the GYA) are expected by lynx 
experts to continue to do so through mid-century, only one (Northwestern Montana/ 
Northeastern Idaho) has an estimated probability of persistence greater than 50 percent (i.e., 
persistence more likely than not) by the end of the century. All other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 
5.2, below), with a moderate to high likelihood that resident lynx will be lost from two to four 
units by then (Figure 7). 
 

 
Figure 7. Summarized probability of expert opinion persistence of at least a given number of 
geographic units given the probability of persistence for each individual geographic unit. The y 
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axis of each grid in Figure 7 is the probability that at least the number of geographic units 
indicated by the x axis of the grid persist. The probability in a bar reaches 1 when there is no 
probability of fewer geographic units persisting. Moving from top to bottom the grids show the 
probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response. 
Therefore looking down a column of grids provides a view of the trend in persistence through 
time and looking across a row of grids provides a view of the range of uncertainty in persistence 
for a given time period. 
 
The loss of resident lynx from one or more geographic units would represent reduced future 
redundancy, representation, and resiliency within the lynx DPS. With regard to redundancy, 
however, neither the scientific literature nor expert input provide a basis for concluding that any 
single future catastrophic event could cause extirpation in any one geographic unit. It is even 
less likely that a single future catastrophic event (other than climate change, which we 
considered as a separate stressor) will eliminate all populations in the DPS. A sequence of 
catastrophic events over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (e.g., additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS, extirpation from a 
single catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Based on expert input, there is 
no indication that the relatively low level of genetic diversity currently observed among lynx 
populations is likely to reduce DPS viability in the future (USFWS 2016, p. 51). This information 
suggests the current and likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 



increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
In terms of resiliency, expert opinion and our analyses suggest a declining probability of 
persistence (loss of resiliency) for each of the geographic units within the DPS throughout the 
rest of this century (the analysis did not extend beyond 2100). Projected climate warming is 
expected to exert the greatest influence on the resiliency of individual populations, and thus 
continued presence of resident lynx in each geographic unit. Climate models project that boreal 
forests and snow conditions favorable for lynx at the southern periphery of the range will retreat 
northward and upslope with continued warming, further fragmenting and diminishing the quality 
of lynx and hare habitat within the DPS. Although uncertainty remains regarding the timing, 
extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic l Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices and climate 
change will be the greatest future drivers of hare and lynx habitat. Lynx habitat and numbers are 
expected to decline by 50 to 60 percent by 2032 in response to aging of the budworm-era 
clearcuts and the effects of 27 years of extensive partial harvesting. In the next few decades, 
high quality hare habitat will drop from about 10 percent to 5 percent of the landscape. High 
quality habitat patches will become more fragmented, smaller, and more isolated, thus making 
the landscape less suitable for lynx. For the next few decades the best habitat will occur in the 
southern portion of the range where effects of climate change and competition with bobcats are 
likely to be greatest. Absent long-term lynx management agreements, the future of lynx habitat 
is uncertain. Wood products markets will continue to change, and could be affected by interest 
in carbon sequestration in response to climate change. Rapid changes in private forest land 
ownership are likely to continue resulting in subdivision of large ownerships. Changing land 
uses (wind energy development, transmission line corridors, residential and development, 
national monument) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest. Climate change is expected to affect the Maine unit more than others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and to mid-century, snow quantity and quality will 
continue to deteriorate, likely causing the range of lynx to begin contracting northward. In the 
long term (to 2100), some believe lynx could become extirpated from the unit. Climate change, 
increasing demand for hardwood forest products, a pending spruce-budworm outbreak, and 
frequent disturbance of the forest all will contribute toward the trend in the loss of spruce-fir 
forest and expansion of northern hardwoods, although the timeframe for conversion is 
uncertain. Lynx experts indicate the probability of persistence will decline to about 50% by the 



end of the century. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Service’s SSA 
team were more pessimistic about the future of lynx in Maine than the lynx expert panel. There 
is great uncertainty about the future of forest management and future development on private 
forest lands. There are no long-term management plans in place, State forest regulations have 
greatly influenced harvesting practices that have (and will continue to) reduce landscape hare 
densities, markets for forest products are depressed, and projections (under current harvest 
scenarios) are that habitat will diminish and shift southward in the near term because of post-
harvest succession and recede northward over the longer-term because of continued climate 
warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, there is an expected decline in the 
quantity, quality, and duration of snow; increased competition and hybridization with bobcats; 
northward contraction of boreal conifer forest; and increased isolation due to diminishing forest 
conditions in Ontario. The probability of persistence of the lynx population in Minnesota is 
projected to decrease over time with increasing uncertainty through the end of the century, 
driven in the near term by the quality, quantity and persistence of snow, competition, disease, 
and forest insects, and over the long term from the some of the same reasons with the addition 
of climate change, loss of spruce-fir forests, and wildfires. If the SNF in Minnesota continues to 
follow vegetation management and other recommendations under the LCAS in their Forest 
Plan, we expect that several risk factors will continue to be minimized and managed to promote 
the conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain 
that commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands, however it is unclear what proportion of state and private lands will 
undertake voluntary actions into the future. Further, these guidelines are generalized for listed 
species and give no specific direction for lynx. Taking all factors into consideration (i.e., loss of 
boreal forest, increased competition, potential disease and insect outbreaks, loss of snow), lynx 
experts projected the mean probability persistence of lynx in Minnesota to the year 2025 was 
greater than 90 percent, to 2050 was 80 percent, and would decline to approximately 35 percent 
by 2100.  
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia increased competition, potential 
disease, and insect outbreaks), some members of the Service’s SSA core team were slightly 
more pessimistic about the future of lynx in Minnesota than the lynx expert panel.  The Service’s 
core team concluded, with slightly more certainty than the expert panel, that the lynx may be 
extirpated at the end of the century.  The experts predicted the probability of persistence to  
decline to approximately 35 percent by 2100 while the core team thought the probability of 
persistence would be near 25 percent at that time.  The threat for which the lynx was listed, lack 
of specific conservation direction, associated regulations, and lynx forest management planning 
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has not been addressed on private lands in Minnesota, except through voluntary guidance.  
There is some uncertainty about the future of forest management and future development on 
private forest lands in Minnesota and in adjacent lands in Ontario, although there are some 
basic voluntary management guidelines for private lands in Minnesota.  Further, if the DPS is 
de-listed, there is uncertainty whether the lynx direction on Forest lands would continue into the 
future.  It is projected that habitat will diminish and recede northward over the mid to longer-term 
because of continued climate warming.  Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
 
The USFWS lynx core team believes the Minnesota lynx populations would be expected to 
decline more rapidly in a future scenario without Federal listing.  The lynx is state listed, 
however, and Minnesota's Endangered Species Statute and the associated Rules impose a 
variety of restrictions, a permit program, and several exemptions pertaining to species 
designated as endangered or threatened. Under the state statute, a person may not take, 
import, transport, or sell any portion of an endangered or threatened species. However, these 
acts may be allowed by permit issued by the DNR.  There is a closed season on lynx, and it is 
expected that intentional take would continue to be prohibited until the population reached 
sustainable levels defined by the state.  In Minnesota, the large proportion of lynx core area 
owned by the Forest Service provides a nexus for USFWS review of Forest projects under 
section 7 of the Endangered Species Act (i.e., there is rarely federal funding spent on forestry 
and no federal permits required for forest management on private lands), which would be lost 
post de-listing.  Because of their Federal listing, Canada lynx are recognized as a priority 
species for planning by federal, tribal, state, and private forest landowners.  Voluntary guidelines 
that consider the Federal listing status may guide private landowners to at least consider 
measures to help conserve listed species in the future.  Without Federal listing driving voluntary 
conservation guidelines, however, there would be little or no motivation for private forest 
landowners to intentionally engage in forest management to benefit lynx.  With current Federal 
listing, there is a nexus for the USFWS to review other projects in northeastern Minnesota (e.g., 
Army Corps of Engineers permits for wetland impacts); for new highways, transmission lines, 
large-scale energy development, mining, and residential and commercial development.  Without 
Federal-listing, these projects would not consider impacts to lynx critical habitat.  The core team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.   
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take.  In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx.  As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities.  It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx).  Seven lynx have been illegally shot and reported or otherwise 
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discovered since listing.  Illegal shooting and non-reporting would likely increase without federal 
protection.  High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx.  With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx.  Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing.  
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx.  Without federal listing, shooting lynx may increase.  We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century.  
 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit due to reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. 
 
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, climate change is anticipated to reduce the future quality 
and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
temporary losses of lynx habitat from wildfires. Climate change may increase wildfire frequency 
and severity, which may result in further temporary losses of lynx habitat. Climate change may 
also decrease the quantity and quality of snow resulting in permanent reductions in the quantity 
and distribution of lynx habitat in Washington State. These potential climate change driven 
reductions of lynx habitat may serve to further isolate lynx populations within Washington State 
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as well as between neighboring lynx populations in the other geographic units and Canada. 
Continued forest management on both federal and State lands will benefit lynx populations in 
Washington, but this may not completely ameliorate the potential negative effects related to 
climate change. Considering the recent reduction in lynx habitat and the projected impacts of 
climate change, experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and end-of 
century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx populations 
within this geographic unit. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation due to 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. 
 
Unit 6 - Western Colorado:  Climate change is expected to affect vegetation and influence snow 
conditions within the Western Colorado unit. The elevation gradient in Colorado may provide 
refugia from deteriorating snow quality, depth, and duration throughout the period. Climate 
models suggest a 40 percent decline in snow persistence, but large areas of snow persistence 
will remain through the end of the century. Experts suggest that beetle kill and fire will result in 
unsuitable habitat conditions. However, these areas are likely to regenerate and provide 
excellent habitat conditions to support hares and lynx. A caveat to future habitat conditions in 
light of climate warming is that some areas that currently support snowshoe hare populations 
may experience vegetation type conversion that may not support snowshoe hares. The majority 
of the experts predicted the persistence of a viable lynx population in the unit by 2100, but 
further discussion revealed uncertainty about persistence in the unit, and genetic connectivity 
across ski areas in the unit. 



 
Table 4, below, summarizes factors thought likely to influence the future resiliency of lynx 
populations in each geographic unit. 
 
Table 4. Future (2050 to 2100) resiliency of individual units of the Canada lynx DPS 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will occur in south edge 
of range 

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

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

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

● Little elevation refugia 

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

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

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of loss of spruce-
fir 

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

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

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

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

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

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

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

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 

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

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 



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

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

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

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

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

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

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

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

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

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

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

provide climate and snow refugia 
● Extent to which area will be 

repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

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

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

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 



and spruce-fir 
● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Future Lynx Status   
 
Most experts indicated an initially high and subsequently declining probability of persistence of 
resident lynx in Maine through the end of the century, with uncertainty (range between lowest 
and highest probabilities) also increasing over time (Lynx SSA Team 2016, pp. 33-36 and Fig. 
XX below). Climate change was an overriding near- and long-term stressor.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed. Changes in snow conditions will favor bobcats and fisher (a predator 
of lynx that is limited by deep snow). Experts believed that the effects of climate change would 
continue to increase as a stressor by mid- to the end of the century (2050, 2100). Snow 
conditions would continue to deteriorate (especially in the northern Maine unit compared to 
other areas in the DPS) resulting in increased competition with bobcats and predation by fisher. 
Climate-induced loss of spruce-fir forest will occur slowly, and an increase in northern hardwood 
composition of the forest is already occurring. Loss of spruce-fir could be accelerated by forest 
disturbance (budworm outbreak, forest management affecting large acreages of lynx habitat 
annually).  
 
Experts expressed a number of near-term stressors (in the next 15 years) related to forest 
management in northern Maine. Land management objectives were uncertain because of 
changes in private forest land ownership. Changes in forestry management because of the 
Maine Forest Practices Act (shift to partial harvesting, increasing acreage harvest, habitat 
shifting to south) would result in increased fragmentation and declining lynx and snowshoe hare 
habitat (succession of previous clearcuts from young, dense regenerating stands to mature 
stands less conducive to high hare densities).  
 
There was uncertainty concerning the severity and response by new landowners to the next 
spruce budworm outbreak. Experts were concerned that investment landowners would not 
respond to the pending spruce budworm outbreak like they did in the 1970s (extensive 
clearcuts, herbicide application). Experts also acknowledged concerns about the effects of the 
current clearcuts aging past conditions that support hares and lynx.  
 
Hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded. In response, lynx initially had lower 



reproduction (lower proportion of females breeding, slightly lower litter sizes), but this has not 
affected home range sizes. Lower landscape hare densities are likely to support lower lynx 
populations. It is uncertain how hare numbers will cycle or fluctuate in the future. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the core team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the core team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the experts projected the mean probability of 
persistence to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100%)(Lynx 
SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx core team generally agreed with this 
prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 



 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 



clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of state permits depending on their size. As a result, the number and 
acreage of clearcuts completed annually has declined substantially and have been replaced by 
various forms of partial harvesting (Sader et al. 2003, p. 349-350, McWilliams et al. 2003, p. 35). 
In the first decade following passage of the MFPA, the percentage of acreage clearcut in Maine 
annually declined from 40 percent to 4 percent (Simons 2009, pp. 45-46). The average size of 
clearcuts has been reduced from >125 acres (Maine Forest Service 1995) to <25 acres (Maine 
Forest Service 2003, 2005, 2007). Currently, partial harvesting comprises about 94 percent of 
acres cut annually in Maine (Simons 2009, p. 50). The total volume harvested, however, 
changed relatively little. The partial harvest that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, 
entire; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been influenced by partial 
harvesting. Extensive partial harvesting and aging of the spruce budworm-era clearcuts will 
reduce landscape hare densities (Simons-Legaard et al. 2016, 9-10). If the current landowners 
continue to harvest using similar methods at and similar rates, habitat for lynx will diminish by 
about 50 percent by 2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for 
lynx habitat become more uncertain and depend on assumptions about habitat definitions and 
harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (>75 percent 
conifer, Vashon et al. 2008, pp. 1490, 1492-1494). If one defines lynx habitat as stands having 
greater than 75 percent spruce-fir, then habitat will decline by about 50 percent by 2030 and 
remain at about at this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the next outbreak of spruce budworm. After being low for the 
last 20 years, spruce budworm numbers are again building toward epidemic levels in Maine, 
southern Quebec, and northern New Brunswick. Significant defoliation in Maine is expected to 
begin between 2018 and 2021 (Wagner et al. 2014). Although Maine research has clearly 
demonstrated that landowner response to the last outbreak resulted in unintended, positive 
benefits for lynx from one to three decades later, our ability to project what effects the next 
outbreak will have on lynx habitat is still limited. Land ownership has changed dramatically since 
the last outbreak. To reduce risk from spruce budworm, some financial investment owners may 
cut younger spruce-fir stands that still support elevated hare populations. Some may be less 
inclined to intensively manage for spruce-fir. It is unlikely that current landowners will use 



widespread use of pesticides to control spruce budworm and herbicides to promote spruce-fir 
regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009 p. 36) and the adjacent Gaspe region 
of southern Quebec (Assells et al. 2007, Scott 2009, p. 41-42). Hares remained at these lower 
numbers through 2013 (D. Harrison, University of Maine, unpublished data). If future hare 
populations remain low, then Maine habitats will have a lower capacity for supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, Hoving et al. 2005, 
Carroll 2007). Wildlife experts in Maine ranked lynx as highly vulnerable to climate change (>66 
percent loss in species range/population and extirpation within 50 to 100 years) (Whitman et al. 
2013, p. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx population assuming non-
cycling hare populations and snow conditions expected under intermediate to high emissions 
climate models (Kiehl and Gent 2004, entire). He predicted a 59 percent decline in the lynx 
population (the non-cycling hare population model) by mid-century because of climate change 
alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 2007, p. 
1102), except for the mountains in western Maine where snow refugia may only persist as very 
small, isolated “sky islands” that would be unlikely to support lynx.  
 
Climate change is affecting the Northeast, and the rate of change is faster than expected 
(Rustad et al. 2014). Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008). 
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014). Largest increases in temperature are expected in northern 
Maine (A. Siren, Workshop Notes 2016, Rawlins et al. 2012) where temperatures may increase 
4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in 
wind development has escalated in northern and western Maine increasing threats to high 
elevation and potential spruce-fir refugia (Whitman et al. 2013). Climate conditions are currently 
at or falling below threshold values needed to support lynx in Maine.  
 



If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzales et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).   
 
Snow Duration. The current average snow duration in Maine is at or below the 4 month snow 
persistence thresholds believed needed to support lynx (section 4.1.1, Gonzales et al. 2007) 
and is projected to decline. Snow duration is project to continue to deteriorate. Snow duration 
declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to 
diminish another two weeks in Maine by mid-century (Fernandez et al. 2015). Snow duration is 
expected to diminish by 25 percent (low emissions) to 50 percent (high emissions) from current 
conditions by the end of the century (Hayhoe et al. 2006). Similarly, Notaro et al. (2014) 
projected an average decrease of 28 days (low emission) to 47 days of snow cover (high 
emissions) by the end of the century.  
  
Snow Depth. The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005) and is 
expected to decline. By the end of the century, large areas of the Northeast will experience 15 
percent (low emission) to 25 percent (high emissions) reduced snowfall (Ning and Bradley 
2015). Similarly, by the end of the century Notaro et al. (2014) projected average snow declines 
in the North Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low 
emissions) to 92 cm (48 percent) (high emissions) because a higher proportion of winter 
precipitation will fall in the form of rain rather than snow.  Winter precipitation in Maine is likely to 
increase by 10 to 15 percent by the end of the century (Hayhoe et al. 2006) with a greater 
proportion of winter precipitation falling as rain (Huntington et al. 2004, Hayhoe et al. 2007, Ning 
and Bradley 2015). 
 
Snow Quality. Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation falling as rain 
(Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015). Snow density and 
compaction (caused by wet, heavy snow or rain on snow events in winter) will continue to 
increase in the region in the future (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006, Karl et al. 1993).  
 
Loss of Boreal Forest. Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzales et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, 
Whitman et al. 2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, 
pp. 192-193, Prasad et al. 2007) because of climate change. Climate change is anticipated to 
increasingly fragment the boreal forest in northern New England (Iverson et al. 2008, Ollinger et 



al. 2008, Whitman et al. 2013). Lynx habitat will decline as boreal forest diminishes (Simons 
2009). Even under the lowest emissions scenarios, spruce-fir forest would be greatly reduced 
by 2100 (Williams and Liebhold 1997, Prasad et al. 2007), although some spruce-fir may persist 
at highest elevations (Tang and Beckage 2010) and along the eastern coast (Jacobson et al. 
2009) where cooler conditions will prevail.  
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes et al. 2000). Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010). 
Thus, the range of spruce-fir is limited by summer heat and drought. Mohan et al. 2009 
projected that suitable area for balsam fir would decline by 80 percent in 2100 under an average 
to high emissions scenario. In contrast, Ollinger et al. (2008) projected increasing growth rates 
for balsam fir and red spruce to mid-century, after which they would decline.   
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline (Seymour 1992, Simons 2009) and is being 
replaced in Maine by northern hardwoods (oak, pine, red maple). The decline of the spruce-fir 
forest type is accelerated by forest disturbances. A pending spruce budworm outbreak and 
frequent disturbance from forest management could accelerate conversion to northern 
hardwoods in northern Maine and eastern Canada (Flannigan et al. 2001, Gauthier et al. 2015). 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may occur in shifting forest composition from spruce-fir to northern hardwoods (Mohan et al. 
2009, Zhu et al. 2012). Some northern Maine industrial forest landowners could “adapt” to 
climate change by intentionally favoring spruce-fir (e.g., by plantations and use of herbicides). 
McWilliams et al. 2005 (p. 8) noted that balsam fir increased in Maine’s forest inventory in the 
2000s. Forest models projected increases in  spruce-fir biomass over the next century because 
of partial harvesting and periodic budworm outbreaks, but did not take climate change into 
consideration (Simons-Legaard et al. 2013).  



 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. Climate change will 
influence precipitation and temperature, forest management strategies, and forest disturbance 
(fire frequency and spruce budworm), all of which will interact in complex ways to influence the 
spruce-fir forest at the southern edge of its range. Carter (1996), Iverson et al. (1999), and 
Goldblum and Rigg (2005) documented balsam fir growth rates and growth potential would 
decline under likely climate warming scenarios (~4 to 5 F degree temperature increase by the 
end of the century and reduced snow conditions). Some have projected the extirpation of 
spruce-fir forest types in the Great Lakes States (Scheller and Mladenoff 2005) and New 
England (Iverson and Prasad 2000). In contrast, balsam fir has prolific seed production following 
forest disturbance such as harvesting (Seymour 1992), and has proliferated under the current 
climate and forest management regime dominated by partial harvesting (Olson et al. 2013, 
entire). Balsam fir is a relatively short-lived tree (~100 years), and is unlikely to persist long if 
climate change affects seed and germinations rates. Given, anticipated climate changes, 
especially early snow melt and low spring precipitation, fir may increase for the next few 
decades but is unlikely to regenerate in a the future Maine forest (E. Simons-Legaard, 
University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007), 
snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, entire; Fuller and Harrison 2010). Thus changing 
forest management practices will continue to reduce landscape hare density below levels that 
can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by  financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2014).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
remain stable through about 2020 (Simons 2009, Simons-Legaard et al. 2016 p. 6). After 2020, 
aging of the former clearcuts and extensive partial harvesting are projected to result in a 50 to 
65 percent decline in lynx habitat by 2032. Lynx habitat will decline from about 9.5 percent of 



the landscape (current condition) to about 4.5 percent of the landscape (Simons-Legaard 2016).  
By 2032, the Northern Maine Unit may support less than half the lynx population as it does 
today (Simons 2009, p. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
support lynx (Simons 2009, Simons-Legaard et al. 2016, Simons-Legaard 2016). By 2022, the 
number of patches of high quality hare habitat will increase by 57 percent, but the average size 
of patches will be diminished by 87 percent, and patches will become more isolated (Simons-
Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat patches will decline by 
78 percent within lynx home ranges. Although lynx habitat is peaking, fragmentation is 
diminishing its ability to support lynx (Simons-Legaard et al. 2016). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060. The most 
most pessimistic models (lowest harvest rates, no climate change, no spruce budworm) project 
about 5 percent of northern Maine will have high quality hare habitat (Simons-Legaard 2016, 
entire), although the habitat will be much more fragmented and smaller patch size (Simons-
Legaard et al. 2016).  
 
Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick and recently purchased nearly 1 million acres of forestland in northern Maine where 
they are doing the same. Spruce plantations are becoming more common on this ownership in 
Maine, but not others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare density and use by lynx vary 
(Roy et al.) Hares can achieved higher densities in plantations depending on the amount of 
lateral cover, but for shorter periods of time; ~10 to 17 years after cutting and planting in New 
Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is 
in contrast to ~15 to 35 years in naturally regenerating spruce-fir stands after harvest (Simons-
Legaard et al. 2016, p. 4). The future of plantations in the northern Maine unit is uncertain. Most 
investment landowners have short-term investment horizons and are unlikely to invest in 
plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004).  
A spruce budworm outbreak is projected to reach epidemic proportions in 2018 to 2021. The 
epidemic has already affected 10 million acres of spruce-fir in southern Quebec, immediately 
north of Maine (Wagner et al. 2014, entire). The last outbreak in the 1970s and 1980s killed 
millions of acres of spruce and fir forests in the northern Maine unit. Maine’s 5.8 million acres of 
spruce-fir stands across the state are at risk of some level of defoliation. The intensity of the 



next outbreak is uncertain, although some project a weaker outbreak because spruce and fir 
trees are younger and less susceptible and there is a higher hardwood component in northern 
Maine forests (Wagner et al. 2014, p. 21-27). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2014, pp. 5-6). An 
aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
landownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard, UMaine, personal communication). Assuming current forest 
management trends persist to the end of the century, spruce-fir dominated forest is expected to 
continue to decline (Legaard et al. 2013, entire). The combination of budworm-induced mortality 
and salvage harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). 
However, after a budworm outbreak the biomass and area of mixed-hardwood/softwood forest 
would be expected to increase through this century primarily because of regenerating balsam fir 
(see discussion above) (Legaard et al. 2013). Mixed forests having a high hardwood component 
are not believed to support high hare densities (Scott 2009, p. 109) or be preferred by lynx 
(Vashon et al. 2008, pp. 1492-1493). It is uncertain whether lynx can adapt to lower landscape 
hare densities associated with mixed hardwood-softwood forest. They may persist, but at lower 
densities as they currently do in the western units of the DPS. However, the probability of 
persistence is further diminished by deteriorating snow conditions and increased populations of 
bobcats and other competitors.     
 
Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced by a 
severe spruce budworm outbreak because of the amount of dead and dying spruce-fir (Stocks 
1987), although there were no large fires after the last outbreak. Fire risk is currently very low in 
this unit and a continuous decrease in fire frequency is predicted with climate change in eastern 
Canada because of increased precipitation and decreased drought (Bergeron and Flannigan 
1995, Flannigan et al. 1998). Climate is expected to become more variable during the next 
century (Gregory & Mitchell 1995; Gregory et al. 1997), which could create fire conditions in 
unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to immediately suppress 
wildfire, thus large, stand-replacing fires are expected to be infrequent in this region. Notable 
large fires in Maine include a 3 million acre fire in 1825 and 200,000-acre fire in 1947. 
 



Habitat Fragmentation - The future of the 10 million-acre, sparsely populated “North Woods” of 
Maine is highly uncertain and has been the subject of intense public debate (Baldwin et al. 
2007). Land use and zoning in the state’s “unorganized townships” are the responsibility of the 
Land Use Planning Commission (LUPC) in the Maine Department of Conservation. The LUPC 
revised its Comprehensive Land Use Plan (De2010), and described principal values in guiding 
future land management decisions: maintaining working forests, provide for traditional 
recreational opportunities, protect high-value natural resources, and encourage long-term 
conservation. The North Woods has long been considered a public resource or “commons,” 
even though privately owned (Judd 2007, p. 9). This land was traditionally owned by a few large 
timber companies, but since the 1980s there has been rapid turnover in ownership largely by 
investments companies and subdivision of large parcels (Hagan et al. 2005). Financial 
investors, such as REITS and TIMOs focus on maximizing the asset value of timberlands and 
are increasingly likely to seek revenue from non-timber resources if they will generate a higher 
return. These new owners operate over relatively short time horizons (e.g., 5 to 15 years) and 
are willing to consider multiple means of monetizing their asset, including development and real 
estate sales (Legaard 2013, entire). If left unchecked, these pressures may continue to promote 
dispersed residential development throughout this region. Parcelization and subdivision has 
increased, particularly in the southern third of the jurisdiction (Maine Department of 
Conservation 2010, p. 72-73). The LUPC has limited ability to address stressors on Maine’s 
North Woods, including resale and subdivision trend. This trend is likely to continue into the 
foreseeable future and will make management of large, forested landscapes for Canada lynx 
even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Department of Conservation 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Department of Conservation 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Department of Conservation 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of a 
proposed national park or monument, national heritage area, or a master tourism plan for the 
area (Vail 2007, pp. 112-113), there is likely to be stagnant or declining participation in 



traditional outdoor recreational activities in the future (Vail 2007, p. 107). Snowmobiling may be 
an exception because of declining snow (see climate change section). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the western Maine mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development hundreds of house lots and resort development within the lynx critical habitat. One 
concept plan would construct 975 houses and two resorts on about 3,500 acres and a 363,000-
acre conservation easement. A second concept plan would allow development on about 1900 
acres of land and a 14,600 acre conservation easement. Although these developments have not 
been built, they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, biomass, biofuels, and other energy sources offering new 
opportunities to utilize natural resources. Wind energy resources are high within the lynx critical 
habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Mining is not a traditional land use but a large operation is 
being considered at one location in the lynx critical habitat. Extraction operations for gravel (for 
road building) are widely-scattered throughout the unit.   
 
The lynx critical habitat is heavily roaded, particularly with forestry roads. While accurate 
numbers are difficult to obtain, approximately 1,500 miles of public roads and over 20,000 miles 
of private roads exist within unorganized areas of Maine (Maine Department of Conservation 
2010). There has been discussion of an east-west limited access highway through northern 
Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if constructed, 
would further fragment habitat (Maine Department of Transportation 1999, Beck et al. 2012, p. 
38).  
 
An increasing area of the lynx critical habitat area is likely to be placed under conservation 
easements that will limit future development and fragmentation of lynx habitat. Maine has the 
largest amount of land under easement of any state, and there are about 2 million acres of 
conservation easements in lynx habitat in northern Maine (Pidot 2011). Continued expansion of 
areas under conservation easement is uncertain and will depend on willing landowners and 
funding available for purchase of easements  
 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation


All of development trends portend increased fragmentation of lynx habitat in the northern Maine 
unit. As habitat is fragmented, it will become increasingly difficult to influence landscape-scale 
forest management that could benefit lynx. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Status 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota The  probability of persistence of the lynx population 
in Minnesota is projected to decrease over time with increasing uncertainty through the end of 
the century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change.  
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat.  We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur.  The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that slowly, and an increase 
in northern hardwood composition of the forest is already occurring.  The connection to lynx in 
Ontario reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. Taking all factors into consideration (i.e., loss of 
boreal forest, competitions, disease and insect outbreaks, loss of snow), the experts projected 
the mean probability persistence to the year 2025 was greater than 90 percent, to 2050 was 80 
percent (ranging from 60 to 90 percent), and would decline to approximately 35 percent (ranging 
from 10 to 60 percent) by 2100 (Lynx SSA Team 2016, pp. 37- 38). 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
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would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 
 

 

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

 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports long-term 
persistent lynx breeding population is administered by the Superior National Forest. This area 
includes designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 
SNF Plan (USDA 2004a, entire), which has direction based on the LCAS and Canada Lynx 
Conservation Agreement (CA) between the Forest Service and the Service (LCAS Ruediger et 
al. 2000, entire), for all forest activities that occur within LAUs. Active management of forest 
lands can produce lynx habitat and the Superior National Forest has a long-term commitment 
for doing so. If the SNF continues to follow vegetation and wildland fire management and other 
applicable recommendations under the 2000 LCAS (or the updated 2013 LCAS or subsequent 
updates) in their Forest Plan, we expect that several risk factors will continue to be minimized 
and managed to promote the conservation of lynx within the SNF into the future. Management 
of lynx and its habitat on SNF land will remain in place until the forest amends or revises their 
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individual LRMPs. We expect that management direction for lynx addressing vegetation 
management, wildland fire management, and habitat fragmentation on national forest system 
lands will be incorporated into the revised or amended Forest Plans (LPMPs). It is unclear if the 
Superior National Forest will continue to implement lynx direction in the absence of the DPS 
listing. Once if the DPS is de-listed, the species would be placed on the Forest’s Regional 
Forester Sensitive Species list for a minimum of 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. The SNF consults with the FWS 
to consider the effects of any projects to lynx and its critical habitat and is anticipated to do so 
as long as the species is listed under the ESA. 
  
Although outside of areas considered to be core lynx area (i.e., where lynx are persistent and 
are reproducing) in the Great Lakes, the Chippewa National Forest and the Chequamegon-
Nicolet National Forest Forest Plans also include direction based on the LCAS and Canada 
Lynx Conservation Agreement (CA) between the Forest Service and the Service (Ruediger et 
al. 2000LCAS 2000, entire), for all forest activities that occur within LAUs (USDA CNF 
2004b,entire;  USDA CNNF 2004c, entire). The 2 forests consult with the FWS to consider the 
effects of any projects to lynx and are anticipated to do so as long as the species is listed under 
the ESA. It is unclear if the 2 national forests outside of lynx core area will continue to 
implement lynx direction in the absence of the DPS listing. 
 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit and private landowners make up about 
16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 2014), the 
Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level timber 
harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire) - these voluntary 
guidelines are intended for private and state landowners and include some general 
recommendations for wildlife including, but are not specific to lynx (MFRC 2014, pp. 4-5). It is 
expected that the MFRC guidelines will remain in place into the future and that voluntary actions 
will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
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Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (LCAS 2013, p. 49). If the DPS was not listed, the state will likely still try to reduce 
incidental take of lynx from trapping, however, it also is possible that State-managed trapping of 
lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the time of listing, new information on regional 
climate changes and potential effects to lynx habitat has been developed (e.g., Danby & Hik 
2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new information 
suggests that climate change may be an issue of concern for the future conservation of lynx 
because lynx distribution and habitat is likely to shift upward in elevation within its currently 
occupied range as temperatures increase (Gonzalez et al. 2007, entire). Greatest stressors of 
climate change include diminishing snow depth, quality and duration; competition from bobcats 
and other carnivores, hybridization with bobcat (Schwartz et al. 20022004, p.354); loss of 
spruce-fir to northern hardwoods; and future isolation of the metapopulation because of 
diminishing forest conditions in Ontario. 
  
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest.  Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
  
Lynx require at least four 4 months (120 days) of continuous snow coverage (Gonzales et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 

Comment [TAS18]: How are we referencing 
this? 

Comment [TAS19]: 28Nov 

Comment [TAS20]: Added 28 Nov 



1982, pp. 7-9).  In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzales et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the state (Gonzales et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), however, Minnesota is likely to lose boreal biome, potentially within the next 
60 to 70 years, with unmitigated climate change. According to Gonzales et al. (2007, p. 8), the 
Superior National Forest is a potential refugia for lynx in the lower 48 states, however, when 
compared to other regions.  If this refugia did exist in the future, however, it may only consist of 
the small area in Cook County with slightly higher elevations [e.g., 1700-2300 foot (518-701 
meter) elevation] than majority of the area that is now considered lynx core habitat.  
 
Vegetation Management - Vegetation management conducted under the Forest Plan currently 
will likely continue into the future on Forest Service lands in Minnesota as long as the DPS is 
listed. These activities include timber harvest, such as thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time, however it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under the Forest Plan has the 
potential to adversely affect lynx and lynx critical habitat by reducing habitat quality for denning, 
foraging, and dispersal; disrupting travel, resting, and foraging patterns; disturbing denning 
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females and reducing habitat quality for lynx prey species, especially snowshoe hare. 
Depending on the timing, frequency, intensity, extent, amount, or other conditions, impacts may 
be variable among similar projects. Using the LCAS as a basis, the Forest Plan has 
incorporated a number of components that would reduce the risk of those impacts into the 
future. We expect that management direction for lynx addressing vegetation management on 
national forest system lands will be incorporated into the revised or amended future plans, using 
LCAS as a basis. 
  
Future Forest Plan revisions will likely maintain broad direction to design and implement 
vegetation management projects to maintain or restore conditions for lynx foraging and denning 
habitat and to maintain or improve juxtaposition of required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011c?, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USDA 2004b2004a, p. 105). Further, unsuitable habitat for lynx would 
vary only slightly with continued implementation of the Forest Plan and would remain distinctly 
below the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and 
incorporated into the Forest Plan. Current (2010) unsuitable habitat levels are below what was 
predicted in the 2004 (USFWS 2011c?, pp. 51-52). Because suitable habitat on National Forest 
lands alone is such a high percentage within LAUs and the Superior National Forest is the 
majority landowner within most LAUs, we expect that in the future, the Forest would not 
approach the LCAS maximum of 30 percent of lynx habitat on all ownerships in an unsuitable 
condition within an LAU at any time, which would be ensured by corresponding guidance in the 
Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation due to spruce 
budworm has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The Superior National Forest manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
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changes and those associated with natural phenomena, such as wildfire or windstorms, are and 
are expected to continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three 3 to five 5 years, depending on the forest type 
and number and type of activities (USDA 2011, p. 119). The Forest Plan (USDA 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development and Human access 
Throughout the Superior National Forest and northern Minnesota, human activities have 
reduced connectivity between patches of suitable lynx habitat. Development for residential and 
commercial uses, as well as roads, railroads, and utility corridors have all interrupted linkage 
corridors. Still, much of the land within the Forest remains undeveloped and lynx habitat 
remains relatively intact and well connected. This is particularly true on the Forest, which has a 
“high standard” (OML 3, 4 and 5) road density of roughly 0.45 miles/mile2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the Superior National Forest has 
sustained increased visitation in recent years (USDA 2011) which increases the opportunity for 
human-lynx encounters, especially by trappers. Lynx are likely to continue to be incidentally 
trapped at the current rate as a result of continued access via low standard roads and trails on 
the Forest. Any corridor open to RMVs provides the potential for Forest visitors to incidentally 
trap, shoot, or collide with lynx. Temporary road construction for minerals exploration projects, 
may have significant contributions to temporary road densities and increase human access 
during the time the roads are being used. Temporary roads in mineral exploration projects may 
stay open for more years (1-15 years) than those predicted by the Forest Plan EIS for resource 
management (1-5 years). If these sites are left accessible to the public, then human-lynx 
conflicts may increase. Furthermore, intersections of new roads, closed temporary roads and/or 
roads open to the public are likely to become parking areas for cars, which would indirectly 
increase public access. Further, these corridors increase potential competition through 
increased snow compaction. Effective road closures, however, may reduce the potential effects 
to lynx and their habitat.  
 
Energy and Mineral Development 
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Mining (e.g., iron ore and taconite mining) is occurring at several locations in or near the lynx 
core habitat area in northeastern Minnesota (MN DNR 2016, p. 1). Large-scale mining 
operations on non-Forest land could result in irreversible or irretrievable loss of lynx and hare 
habitat.  Minerals exploration has increased and is occurring at many locations in northeastern 
Minnesota (http://www.dnr.state.mn.us/lands_minerals/exploration.html#E, accessed Nov. 28, 
2016), which may lead to more large scale mining projects. Vegetation clearing for minerals 
exploration projects may have temporary impacts to lynx and hare habitat at drill pad sites, 
although impacts from pad sites are expected to be minimal and temporary since the foot print 
of individual drill pads is typically small and the cleared land is expected to re-vegetate. Drill pad 
site preparation includes vegetation clearing on small patches of land (average of approximately 
1.6 acres). This cleared land may provide snowshoe hare habitat after it has time to revegetate. 
Mineral exploration activities use existing Forest roads but also may require construction of new 
roads potentially add a significant number of road miles.  Land exchanges associated with  
proposed mining sites could result in a loss of lynx and hare habitat under Forest management, 
but may also result in consolidation or gain of habitat with newly acquired lands (e.g, the Forest 
may able to consolidate lands that they can then manage for lynx).  Stone quarry extraction 
operations are also scattered throughout the unit (MN DNR 2016, p. 1).   
 
Conclusion 
After considering the lynx expert opinion and the best available scientific information, the 
USFWS core team was more pessimistic than the experts about the probability of persistence of 
Canada lynx in the Minnesota unit.  All threats –climate change, habitat loss and fragmentation, 
mining and development – are increasing in frequency, intensity, and extent.  Lynx habitat in the 
next few decades will shift north to areas that will be more influenced by climate change and 
northward range expansion by bobcats.  Thus, we conclude that the carrying capacity to support 
lynx is diminishing, and the lynx population will decline as the quantity and quality of boreal 
forest habitat declines.  Although there are voluntary measures to consider listed species on 
private land forest management, there are no commitments by private forest landowners to 
management plans to ameliorate this stressor.  After reviewing the best available scientific 
information, we believe that climate change is a significant threat to lynx in the Minnesota unit; 
slightly more so than expressed by most of the experts.  Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
thresholds believed necessary to support lynx. Unlike most other units, as snow condition 
decline there is little elevational refugia for lynx in Minnesota except, perhaps, a small area of 
slightly higher elevation in extreme northeastern Minnesota in Cook County. The boreal forest is 
already being replaced by northern hardwoods because of climate change.  Frequent forest 
cutting and disturbance, including a potential insect outbreak, could accelerate conversion to 
northern hardwoods.  We acknowledge that the rate of boreal decline is uncertain, but note that 
some of the science reviewed indicates the spruce-fir forest type could nearly disappear from 
Minnesota by late-century under both low and high emissions scenarios.  Climate change 
models portend declining snow conditions from low- to high-emissions.  Because increases in 
temperature are thus far tracking high emissions scenarios we are less optimistic for snow 
conditions that favor lynx by mid- to late-century.  In the past decade, interest in development 
has increased in lynx critical habitat, especially proposals for large-scale mining development.  
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We conclude that these threats, individually and cumulatively, indicate diminished populations of 
lynx and their habitat. If these threats are not abated, we believe that lynx will have a slightly 
greater likelihood of extirpation by the end of the century than what was projected by experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Future Lynx Status 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit due to reduced genetic health or a catastrophic 
event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the probability that this 
unit would continue to support resident lynx in the future, experts noted that despite projected 
losses of favorable forest and snow conditions, climate models project that some boreal forest 
will persist in this unit and that it will maintain some areas of suitable snow into the future. 
Experts also noted that lynx in this unit primarily occupy public lands, which are actively 
managed for lynx into the future. Experts also considered recent and projected future increases 
in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 



 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on federal lands that are managed for lynx 
conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation due to catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 



cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of federal lands, the regulations and guidance that govern management of those lands have the 
greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 



ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future federal management direction 
will continue to include regulations and guidance protective of lynx, although specific measures 
may change as new information becomes available. 
  
We anticipate that future federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of historic 
disturbance and landscape patterns). Regardless of the future listing status of the DPS, these 
lands will continue to be managed in accordance with the acts described above, as well as the 
National Park Service Organic Act and the Wilderness Act. 
 
We also expect that federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
  
On non-federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 



conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS were to be delisted in the future, it is possible that State-managed trapping could 
resume in this and perhaps other geographic units. We expect that would only occur if scientific 
evidence strongly suggested the presence of a harvestable surplus of lynx and that harvest 
quotas would be carefully managed to ensure that the viability of resident lynx populations 
would not be diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 



may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historic and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.   
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all federal and most non-federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historic fire regime 
in lynx habitats in the western contiguous U.S., including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 



with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity due to climate change, it 
may be necessary to reconsider whether fire suppression in some lynx habitats could benefit 
lynx by reducing the potential for extirpation of resident populations, especially in places already 
apparently only marginally capable of supporting them.       
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation due to timber harvest and other development activities are unlikely. The most 
likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 



population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historic conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting in an increased 
likelihood of functional extirpation of lynx from this unit. However, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over the last four 
years of the period for which the Seeley lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Future Lynx Status 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
 
 



 
 
Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
 



Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both federal and 
state managed lands within Washington State. 
 
Climate Warming - The one risk factor identified by the LCAS over which the Forest Service, or 
the WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx Workshop Report 2016, p. 56).  
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  



Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires due to its small size and current lynx population (Lynx Workshop 
Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should it occur 
from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), may be 
ameliorated to some extent due to Washington’s juxtaposition and connectivity to Canadian lynx 
populations. The experts felt that lynx immigration from Canada may rapidly recolonize 
Washington as the habitat recovers from fires or other impacts (Lynx Workshop Report 2016, p. 
43). Climate change, in addition to potentially affecting fire return intervals, fire severity 
(intensity, size), and insect outbreaks, is likely to affect the amount of precipitation falling as 
snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures.  Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced due to decreasing quantity 
and quality of snow. 



  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx Workshop Report 
2016, p. 43). 
 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Future Lynx Status 
 
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
 



 
Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Influencing Factors 
 



Regulatory Mechanisms - As noted above in section 5.2.3, federal, State, and Tribal regulations 
and land management direction could change in the future, but such changes and their potential 
impacts on lynx populations and habitats are difficult to predict. Federal lands account for over 
97 percent of this geographic unit; therefore, regulations and guidance that govern management 
of those lands have the greatest potential to influence future lynx habitats and populations. Also 
as described above, revisions or amendments to federal management plans require 
opportunities for public participation in accordance with NEPA, NFMA, National Parks and 
Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS were to be recovered and 
delisted in the future, the ESA requires a minimum of five years of monitoring to assess its 
ability to sustain itself without the ESA's protective measures. If, during that time, threats to the 
DPS change or unforeseen events affect its stability, then the DPS may be relisted or the 
monitoring period extended. Given these requirements, we expect that future federal 
management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available. 
  
We anticipate that future federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of historic 
disturbance and landscape patterns). Regardless of the future listing status of the DPS, these 
lands will continue to be managed in accordance with the acts described above, as well as the 
National Park Service Organic Act and the Wilderness Act. 
 
We also expect that federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 



conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS were to be delisted in the future, State-managed trapping could resume in this 
geographic unit. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished or that potential 
recovery objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 



and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of historic 
and current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will further reduce habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historic fire regime 
in lynx habitats in the western contiguous U.S., including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  



However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
due to climate change, it may be necessary to reconsider whether fire suppression in some lynx 
habitats could benefit lynx by reducing the potential for extirpation of resident populations, 
especially in places already apparently only marginally capable of supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation due to timber harvest and other development activities are unlikely. The most 
likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 



immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Future Lynx Status 
 
The majority of the experts suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
 



 
Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence at 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in future. There is some evidence of lynx using ski areas in summer months but avoiding them 
during the ski season. It is uncertain whether ski areas may affect genetic connectivity within the 
Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit are in the 
southern portion of the range in the San Juan Mountains. There is a large area (Weminuche 



Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible that lynx also 
could be using that area. 
 
Service Evaluation of Influencing Factors 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming, and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (Service 2008, p 70-71). Lynx habitat on all other ownerships makes 
up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in federal 
ownership. Other ownerships include state, county, municipal, etc., and private lands. The BLM 
resource management plans have not been amended to include conservation specifically for 
lynx and, with a few exceptions. Lynx habitat on BLM ownership mostly consists of narrow 
forest extensions connected to larger blocks of habitat on adjacent USFS lands. Generally these 
extensions are insufficient on their own to support a lynx home range. However, the Gunnison 
Field Office is the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a state endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013 p. 61) – “Climate change generally is expected to result in warmer 
winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the southern 
Rockies. McKelvey et al. (2011 entire in ILBT 2013) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathway (RCP) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014 page 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 



elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014 page 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014 page 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, page 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historic vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008 page 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to be 
developed and expended. While these linear features already exist on the landscape, widening 
of the cleared right-of-way, as well as behavioral avoidance of highway rights-of-way due to 
traffic reduces available habitat. Many ski areas in Colorado are located within lynx habitat and 
will likely be expanded in the future through permanent removal of vegetation  to create 
conventional ski runs, reducing tree density and clearing understory vegetation to create glade 
conditions, reduces lynx habitat. The magnitude of fragmentation caused by these sources of 



has not been quantified, but is unlikely to remove enough habitat to eliminate the possibility of 
lynx persistence in Colorado. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
 
Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS contain resident 
breeding lynx populations. Although we have no reliable population-size estimates for any of the 
geographic units, Northern Maine (Unit 1) is believed to currently support the largest resident 
population in the DPS. In Northeastern Minnesota (Unit 2), a resident population occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, although a small subpopulation in the Garnet Mountains on 
the southern periphery of this unit may have been extirpated recently. In North-central 
Washington (Unit 4), recent extensive wildfires have temporarily reduced the amount of high-
quality lynx habitat and may have caused a decline in lynx numbers there. Since the release of 
Canadian and Alaskan lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 
6). The Greater Yellowstone Area (GYA, Unit 5) is thought to have historically supported a small 



resident population; however, resident lynx have not been documented recently in this unit. The 
apparent long-term (historic and current) persistence of resident lynx populations in at least four 
of the six geographic units (Units 1-4) and the absence of reliable information indicating that the 
current distribution and relative abundance of resident lynx are substantially reduced from 
historic conditions suggest the historical and recent resiliency of lynx populations in the DPS. 
The large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate adequate historical and current redundancy in the DPS to preclude 
its extirpation because of catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historic conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
federal lands, has been largely addressed by formal and binding amendments or revisions to 
most federal land management plans within the DPS range. Although questions remain about 
the efficacy of this improved regulatory framework, federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. In North-central Washington, recent large-scale 
wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, likely reducing 
this unit’s current lynx population and potentially compromising its current ability to support a 



resident population until habitats recover. Increased wildfire activity also has impacted lynx 
habitats in the other western geographic units (Northwestern Montana/Northeastern Idaho, the 
GYA, and Western Colorado), but the extent to which it has influenced the current condition of 
lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historic 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, expert opinion and our evaluations suggest that resident lynx populations in each of the 
geographic units are likely to be smaller and their distributions reduced in the future. These 
anticipated declines are most likely to be influenced by projected loss and increasing 
fragmentation and isolation of boreal forests and favorable snow conditions resulting from 
continued climate warming and related impacts (e.g., increased wildfire and forest insect 
activity, diminished hare populations) (Lynx SSA Team 2016, p. 58). Forest management on 
private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline. The loss of resident lynx from one or more 
geographic unit would represent reduced future resiliency, redundancy, and representation 
within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Expert opinion and our analyses suggest a declining probability 
of persistence (loss of resiliency) for each of the geographic units within the DPS throughout the 
rest of this century (the analysis did not extend beyond 2100). Projected climate warming is 
expected to exert the greatest influence on the resiliency of individual populations, and thus 
continued presence of resident lynx in each geographic unit. Climate models project that boreal 
forests and snow conditions favorable for lynx at the southern periphery of the range will retreat 
northward and upslope with continued warming, further fragmenting and diminishing the quality 
of lynx and hare habitat within the DPS. Although uncertainty remains regarding the timing, 



extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, neither the scientific 
literature nor expert input provide a basis for concluding that any single future catastrophic 
event could cause extirpation in any one geographic unit. It is even less likely that a single 
future catastrophic event (other than climate change, which we considered as a separate 
stressor) will eliminate all populations in the DPS. A sequence of catastrophic events over a 
short time could increase the potential for functional extirpation of one or more of the individual 
geographic units (e.g., fires in north-central Washington, as described above), thereby reducing 
redundancy within the DPS. However, as long as resident lynx remain geographically well-
distributed in one or more units within the DPS, extirpation from a catastrophic event is very 
unlikely. 
      
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, there is no indication that the relatively low level of genetic diversity currently observed 
among lynx populations is likely to reduce DPS viability in the future (USFWS 2016, p. 51). This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic unit may affect representation within 
the DPS in terms of ecological diversity is uncertain. Despite similarities in the fundamental 
components (vegetation, snow conditions, and hares) that define the ecological niche of lynx 
DPS-wide, differences in habitats and how lynx use them are apparent. For example, snow 
depth that seems to demarcate a boundary between lynx and bobcat occupancy in Maine (270 
cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some parts of the 
West select mature forest stands, particularly in winter, while in other parts of the DPS, young 
regenerating stands are most important. The loss of resident lynx from any of the geographic 
units could result in the loss of behavioral and potential future genetic adaptations to the 
climate-mediated changes now occurring and likely to continue into the future at the southern 
edge of the lynx range. Such potential adaptability to diminished snow conditions, increasingly 
patchy and isolated boreal forests, and reduced hare abundance may be important to the taxon 
as a whole faced with a rapidly changing climate. 
    
Given the high percentage of federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 



the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term retreat of boreal forests and diminished snow 
conditions projected by climate models. Further, the size, frequency, and intensity of wildfires 
and forest insect outbreaks are expected to increase with continued climate warming, 
particularly in the western portion of the DPS, although we do not anticipate such events in-and-
of-themselves are likely to cause the permanent loss of breeding lynx populations in any 
geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS viability 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). All other geographic units have a 50 percent or greater probability of functional 
extirpation (i.e., no longer capable of supporting resident lynx populations) by the end of the 
century, with a moderate to high likelihood that resident lynx will be lost from two to four units by 
then. Potential elevational refugia may increase the likelihood of persistence in western units, 
although uncertainty remains about the timing of warming-driven upslope movements of 
habitats and snow conditions and the extent to which hare and lynx populations may follow 
them. Regardless, future lynx habitats throughout the DPS range are likely to be smaller and 
more fragmented, and geographic units that are already relatively isolated from other lynx 
populations are likely to become even more isolated in the future. Despite the lack of elevational 
refugia, lynx may also persist at the end of the century in Maine and Minnesota, depending on 
the timing and severity of climate change effects and, in Maine, on trends in development and 
private forest management. Uncertainty increases at mid- to late-century concerning the timing 
and extent of various stressors that will affect lynx and hare habitat and snow regimes, 
especially those related to climate change. However, review of the best available science in 



concert with input from lynx experts suggests that the probability of the persistence of resident 
breeding populations will decline in all geographic units beginning as early as 2025, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
   
We conclude that the potential functional extirpation of resident lynx populations from one or 
more geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, 
possibly, reduced representation within the DPS. These losses in resiliency, redundancy, and 
representation will put the Canada lynx DPS at increasing risk of extirpation through the end of 
this century. 
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Okay - yes updates by phone will probably be the way to go. I have a conflict in the time-slot
they have for lynx updates, so I may ask that they switch that around, if possible. 

On Thu, Dec 1, 2016 at 9:04 AM, Delphey, Phil <phil_delphey@fws.gov> wrote:
Tam - I thought that someone (Susan?) was going to contact you about this.  I know that we
discussed during our last conf. call with the FS that updates by phone during the meeting
would be fine - if you even had time for that.

Phil

On Thu, Dec 1, 2016 at 8:59 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Pete - 

I heard wind of this meeting a week or two ago but wasn't asked about my availability
regarding scheduling.  I just realized that I am on the agenda. I'm not sure if I should go,
with the tight timeline for RPBB and other scheduled conflicts.  Maybe I can provide
updates regarding the lynx SSA and RPBB listing via phone, if they would like, instead of
driving up to Duluth.  Do you have any thoughts/preferences?

Thanks, 
Tam

---------- Forwarded message ----------
From: Tisler, Todd M -FS <ttisler@fs.fed.us>
Date: Wed, Nov 30, 2016 at 8:53 AM
Subject: December Meeting Draft Agenda
To: "Delphey, Phil (phil_delphey@fws.gov)" <phil_delphey@fws.gov>, "Ann Belleman
(ann_belleman@fws.gov)" <ann_belleman@fws.gov>, "Tamara_Smith@fws.gov"
<Tamara_Smith@fws.gov>, "Eklund, Daniel A -FS" <deklund@fs.fed.us>
Cc: "Catton, Susan J -FS" <scatton@fs.fed.us>

Good Morning All,                                                                        

Susan and I came up with a draft agenda that we wanted to run by you before we finalize
it. As you’ll see, we have the 14th dedicated to the various USFS/USFWS issues and
projects. We’re proposing that we start our topics at 9:00am to give you all plenty of time
to drive up from the Twin Cities or the CNNF if that’s still the plan. Your all invited to the
December 13th meeting as well.
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Please let us know what you think.

Thanks, Todd

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify
the sender and delete the email immediately.

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Phil Delphey

mailto:ttisler@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112


Twin Cities Ecological Services Field Office
U.S. Fish and Wildlife Service
4101 American Blvd. E.
Bloomington, MN 55425

New Number: 952.252-0092 x206
New Fax Number: 952.646-2873 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell



From: Smith, Tamara
To: Tisler, Todd M -FS
Cc: Delphey, Phil (phil_delphey@fws.gov); Ann Belleman (ann_belleman@fws.gov); Eklund, Daniel A -FS; Catton,

Susan J -FS
Subject: Re: December Meeting Draft Agenda
Date: Monday, December 05, 2016 10:43:06 AM
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Hi Todd - Thank you for setting up this meeting. Unfortunately, I cannot attend in person, but
I am available via phone to provide updates regarding the lynx SSA and the B. affinis
proposed listing. 

Unfortunately, I have a conflict during the 10:45 time slot allotted to lynx. Would it be
possible to move the lynx topics to the afternoon (e.g., switch lynx with NLEB topics)?  If not,
I can update Ann on the SSA and she can provide the update. 

Thanks!
-Tam

On Wed, Nov 30, 2016 at 8:53 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Good Morning All,                                                                        

Susan and I came up with a draft agenda that we wanted to run by you before we finalize it.
As you’ll see, we have the 14th dedicated to the various USFS/USFWS issues and projects.
We’re proposing that we start our topics at 9:00am to give you all plenty of time to drive up
from the Twin Cities or the CNNF if that’s still the plan. Your all invited to the December
13th meeting as well.

Please let us know what you think.

Thanks, Todd

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people
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This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell



From: Tisler, Todd M -FS
To: Tamara_Smith@fws.gov
Cc: Delphey, Phil (phil_delphey@fws.gov); Ann Belleman (ann_belleman@fws.gov); Eklund, Daniel A -FS; Catton,

Susan J -FS
Subject: RE: December Meeting Draft Agenda
Date: Monday, December 05, 2016 10:49:14 AM
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Hi Tam  -
 
No problem with moving things around to accommodate your schedule. We’ll set up a conference
call number for you to call in on.
 
Thanks, Todd  
 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service
Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 05, 2016 10:43 AM
To: Tisler, Todd M -FS <ttisler@fs.fed.us>
Cc: Delphey, Phil (phil_delphey@fws.gov) <phil_delphey@fws.gov>; Ann Belleman
(ann_belleman@fws.gov) <ann_belleman@fws.gov>; Eklund, Daniel A -FS <deklund@fs.fed.us>;
Catton, Susan J -FS <scatton@fs.fed.us>
Subject: Re: December Meeting Draft Agenda
 
Hi Todd - Thank you for setting up this meeting. Unfortunately, I cannot attend in person, but
I am available via phone to provide updates regarding the lynx SSA and the B. affinis
proposed listing. 
 
Unfortunately, I have a conflict during the 10:45 time slot allotted to lynx. Would it be
possible to move the lynx topics to the afternoon (e.g., switch lynx with NLEB topics)?  If not,
I can update Ann on the SSA and she can provide the update. 
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Thanks!
-Tam
 
 
On Wed, Nov 30, 2016 at 8:53 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Good Morning All,                                                                        
Susan and I came up with a draft agenda that we wanted to run by you before we finalize it.
As you’ll see, we have the 14th dedicated to the various USFS/USFWS issues and projects.
We’re proposing that we start our topics at 9:00am to give you all plenty of time to drive up
from the Twin Cities or the CNNF if that’s still the plan. Your all invited to the December
13th meeting as well.
Please let us know what you think.
Thanks, Todd

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service
Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
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952-646-2873  (new fax number)
 
612-600-1599 Cell



From: Catton, Susan J -FS
To: Tamara_Smith@fws.gov; Tisler, Todd M -FS
Cc: Delphey, Phil (phil_delphey@fws.gov); Ann Belleman (ann_belleman@fws.gov); Eklund, Daniel A -FS; Sandeno,

Cynthia M -FS
Subject: RE: December Meeting Draft Agenda
Date: Monday, December 05, 2016 11:05:55 AM
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Hi Tam,
I talked with Todd and it looks like that change should work. We will plan to call you at 1:30
to talk about  the SSA. 
 
Ann, Phil or Dan – do you have any other revisions to the agenda?  We’d like to make any
final edits today and send it out tomorrow.
 
-Susan
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 05, 2016 10:43 AM
To: Tisler, Todd M -FS <ttisler@fs.fed.us>
Cc: Delphey, Phil (phil_delphey@fws.gov) <phil_delphey@fws.gov>; Ann Belleman
(ann_belleman@fws.gov) <ann_belleman@fws.gov>; Eklund, Daniel A -FS <deklund@fs.fed.us>;
Catton, Susan J -FS <scatton@fs.fed.us>
Subject: Re: December Meeting Draft Agenda
 
Hi Todd - Thank you for setting up this meeting. Unfortunately, I cannot attend in person, but
I am available via phone to provide updates regarding the lynx SSA and the B. affinis
proposed listing. 
 
Unfortunately, I have a conflict during the 10:45 time slot allotted to lynx. Would it be
possible to move the lynx topics to the afternoon (e.g., switch lynx with NLEB topics)?  If not,
I can update Ann on the SSA and she can provide the update. 
 
Thanks!
-Tam
 
 
On Wed, Nov 30, 2016 at 8:53 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Good Morning All,                                                                        
Susan and I came up with a draft agenda that we wanted to run by you before we finalize it.
As you’ll see, we have the 14th dedicated to the various USFS/USFWS issues and projects.
We’re proposing that we start our topics at 9:00am to give you all plenty of time to drive up
from the Twin Cities or the CNNF if that’s still the plan. Your all invited to the December
13th meeting as well.
Please let us know what you think.
Thanks, Todd
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Todd Tisler
Fish and Wildlife Program Manager

  Forest Service
Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell
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From: Smith, Tamara
To: Catton, Susan J -FS
Cc: Tisler, Todd M -FS; Delphey, Phil (phil_delphey@fws.gov); Ann Belleman (ann_belleman@fws.gov); Eklund,

Daniel A -FS; Sandeno, Cynthia M -FS
Subject: Re: December Meeting Draft Agenda
Date: Tuesday, December 06, 2016 8:29:03 AM
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Okay great- thanks.  I can also provide the rusty patched bumble bee update.

On Mon, Dec 5, 2016 at 11:05 AM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:

Hi Tam,

I talked with Todd and it looks like that change should work. We will plan to call you at
1:30 to talk about  the SSA. 

 

Ann, Phil or Dan – do you have any other revisions to the agenda?  We’d like to make any
final edits today and send it out tomorrow.

 

-Susan

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 05, 2016 10:43 AM
To: Tisler, Todd M -FS <ttisler@fs.fed.us>
Cc: Delphey, Phil (phil_delphey@fws.gov) <phil_delphey@fws.gov>; Ann Belleman
(ann_belleman@fws.gov) <ann_belleman@fws.gov>; Eklund, Daniel A -FS <deklund@fs.fed.us>;
Catton, Susan J -FS <scatton@fs.fed.us>
Subject: Re: December Meeting Draft Agenda

 

Hi Todd - Thank you for setting up this meeting. Unfortunately, I cannot attend in person,
but I am available via phone to provide updates regarding the lynx SSA and the B. affinis
proposed listing. 

 

Unfortunately, I have a conflict during the 10:45 time slot allotted to lynx. Would it be
possible to move the lynx topics to the afternoon (e.g., switch lynx with NLEB topics)?  If
not, I can update Ann on the SSA and she can provide the update. 
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Thanks!

-Tam

 

 

On Wed, Nov 30, 2016 at 8:53 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Good Morning All,                                                                        

Susan and I came up with a draft agenda that we wanted to run by you before we finalize
it. As you’ll see, we have the 14th dedicated to the various USFS/USFWS issues and
projects. We’re proposing that we start our topics at 9:00am to give you all plenty of time
to drive up from the Twin Cities or the CNNF if that’s still the plan. Your all invited to
the December 13th meeting as well.

Please let us know what you think.

Thanks, Todd

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify
the sender and delete the email immediately.
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--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Boulevard East

Bloomington, MN 55425

952-252-0092, Ext. 219  (new number)

952-646-2873  (new fax number)

 

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell



From: Catton, Susan J -FS
To: Tamara_Smith@fws.gov
Subject: RE: December Meeting Draft Agenda
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Awesome!  Thanks Tam
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Tuesday, December 06, 2016 8:29 AM
To: Catton, Susan J -FS <scatton@fs.fed.us>
Cc: Tisler, Todd M -FS <ttisler@fs.fed.us>; Delphey, Phil (phil_delphey@fws.gov)
<phil_delphey@fws.gov>; Ann Belleman (ann_belleman@fws.gov) <ann_belleman@fws.gov>;
Eklund, Daniel A -FS <deklund@fs.fed.us>; Sandeno, Cynthia M -FS <cmsandeno@fs.fed.us>
Subject: Re: December Meeting Draft Agenda
 
Okay great- thanks.  I can also provide the rusty patched bumble bee update.
 
On Mon, Dec 5, 2016 at 11:05 AM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:

Hi Tam,
I talked with Todd and it looks like that change should work. We will plan to call you at
1:30 to talk about  the SSA. 
 
Ann, Phil or Dan – do you have any other revisions to the agenda?  We’d like to make any
final edits today and send it out tomorrow.
 
-Susan
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 05, 2016 10:43 AM
To: Tisler, Todd M -FS <ttisler@fs.fed.us>
Cc: Delphey, Phil (phil_delphey@fws.gov) <phil_delphey@fws.gov>; Ann Belleman
(ann_belleman@fws.gov) <ann_belleman@fws.gov>; Eklund, Daniel A -FS <deklund@fs.fed.us>;
Catton, Susan J -FS <scatton@fs.fed.us>
Subject: Re: December Meeting Draft Agenda
 
Hi Todd - Thank you for setting up this meeting. Unfortunately, I cannot attend in person,
but I am available via phone to provide updates regarding the lynx SSA and the B. affinis
proposed listing. 
 
Unfortunately, I have a conflict during the 10:45 time slot allotted to lynx. Would it be
possible to move the lynx topics to the afternoon (e.g., switch lynx with NLEB topics)?  If
not, I can update Ann on the SSA and she can provide the update. 
 
Thanks!
-Tam
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On Wed, Nov 30, 2016 at 8:53 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Good Morning All,                                                                        
Susan and I came up with a draft agenda that we wanted to run by you before we finalize
it. As you’ll see, we have the 14th dedicated to the various USFS/USFWS issues and
projects. We’re proposing that we start our topics at 9:00am to give you all plenty of time
to drive up from the Twin Cities or the CNNF if that’s still the plan. Your all invited to
the December 13th meeting as well.
Please let us know what you think.
Thanks, Todd

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service
Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
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  Caring for the land and serving people
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notify the sender and delete the email immediately.
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Tamara Smith
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952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
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From: Nathan Hostetter
To: Smith, Tamara
Cc: Beth Gardner
Subject: Re: Lynx Final Report
Date: Thursday, December 08, 2016 6:57:23 AM

Hi Tam,

Thank you, I will email the draft report to the group. 

There is no rush on my end to receive comments. I will make the time to address and finalize
the report whenever it works best. 

Thanks,
-Nathan

--
Nathan J. Hostetter
P: 1-541-410-1453
njhostet@ncsu.edu

On Wed, Dec 7, 2016 at 4:07 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Nathan and Beth - 

Yes - you should send the FS folks the draft report. I'm sorry that I have not had the time to
review it yet. An unanticipated event last month has altered my work plans, so I'm tied up with completing a priority
task before January.  Regardless, I hope to have some time after next week to review your draft report.

I'm glad to hear that Dan et al. want to keep up the occupancy surveys!  That is excellent
news. I also want to thank you for putting together a data processing protocol and R script.
Your eagerness to go above and beyond is greatly appreciated by both agencies!  Well done!

Thanks,
Tam
p.s. My trip was super, thanks for asking!

On Wed, Dec 7, 2016 at 11:48 AM, Nathan Hostetter <njhostet@ncsu.edu> wrote:
Hi Tam and Beth,

Dan Ryan (Superior National Forest) emailed today and asked if I could send the draft
lynx report. Is it okay if I send the draft report to the group or is it better to wait until your
comments are addressed?

Also, Dan has been great to work with and he wants to continue the occupancy surveys.
We are going to put together a full data processing protocol and R scripts so they can
format and run these analyses themselves in future years. 

It is nice to see that they want to continue this work. It will be a great dataset in a few
years if they keep it up.
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How was your trip? Hope all is well, 
-Nathan    

--
Nathan J. Hostetter
P: 1-541-410-1453
njhostet@ncsu.edu

On Thu, Nov 3, 2016 at 9:26 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Beth - Sounds like a good plan. Yes - submit as draft and we will deal with edits (if
any) in a few weeks. Can you cc Jane LardyNelson  jane_lardynelson@fws.gov when
you send? 

Thanks!
-Tam

On Wed, Nov 2, 2016 at 8:03 PM, Beth Gardner <bg43@uw.edu> wrote:
Hi Tam,

A trip to Italy sounds awesome!  I hope you have a great time.  I want to send this off
to your office "officially" so that I can tell NCSU that we did submit a draft report.  I
will make sure it's noted to be a draft and that we are working with you on
recommended changes.  Will that be okay?  If so, then we can deal with edits when
you get back.

Have a great trip! Can't wait to hear about it.

Cheers,
Beth

On Wed, Nov 2, 2016 at 2:38 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Beth!

It is good to hear from you.  I may not get a chance to look it over for another
couple of weeks - leaving for Italy(!) tomorrow and am quickly running out of time. 
Is that an okay timeline?  If not, I'll see if I can squeeze it in. 

Thank you both for your work on this effort. It would be great if there is enough
here to publish a paper. 

Congratulations on your new job, Nathan!  

Thanks,
Tam
p.s. By the way, I noticed your bg43 UW email Beth - was that intentional or a
coincidence?

On Tue, Nov 1, 2016 at 5:50 PM, Beth Gardner <bg43@uw.edu> wrote:
hi Tam,
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How are you?  I hope things are going well.  Nathan has put together a final report
based on the lynx project (the occupancy modeling).  Attached is the report,
please let me know if you want or need anything further in the report. Once we
have your ok, then I will submit this "officially".  Nathan also included some
responses to the questions from the team, which I have kept separate from the
report.  

Nathan has started a new job, but we think there might be enough in the
occupancy analysis for a paper.  We'll talk about it more and see, but if you have
some feedback, that would be more than welcome!

Cheers,
Beth

-- 
-----------------------------
Assistant Professor
University of Washington
School of Environmental and Forest Sciences
Seattle, Washington
206-685-9995

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
-----------------------------
Assistant Professor
University of Washington
School of Environmental and Forest Sciences
Seattle, Washington
206-685-9995

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
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Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell
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From: Nathan Hostetter
To: Tamara_Smith@fws.gov; Catton, Susan J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Catton, Timothy J -

FS; Beth Gardner
Subject: Lynx Occupancy Report
Date: Thursday, December 08, 2016 7:26:48 AM
Attachments: Lynx_2016_Summary.19Oct2016.docx

LynxReportCommentResponses.docx

Hi All,

Attached is the draft lynx report summarizing winter surveys in 2014-15 and 2015-16. This is
still a draft report which we plan to finalize in the next few weeks.

I want to thank each of you for all your hard work on these surveys. The amount of area
surveyed over these two winters, along with all the data collection and organization is really
impressive. Thank you.

Also attached are brief responses to a few questions and comments previously provided by
Dan, Dave, and Tim. Other comments were addressed by directly updating the report.

Please let me know if you have any questions. Best,
-Nathan

--
Nathan J. Hostetter
P: 1-541-410-1453
njhostet@ncsu.edu
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The lynx report was revised to address comments on draft tables and figures sent to the group. Below 
are responses to a few specific questions. 

 

Comment on draft: Why is predicted occupancy in this analysis so similar to the 2015 report, which used 
different covariates?  

Response: Percent evergreen was used in both analyses and was the primary covariate affecting winter 
2014-2015 occupancy (see Table 3). The large effect of percent evergreen in winter 2014-15, relative to 
other covariates, results in similar predicted occupancy regardless of the other covariates.    

 

Comment on draft: Is the predicted occupancy of lynx higher in 2014-15 than 2015-2016 because of the 
number of detection primarily (paraphrased)?  

Response: Yes, and also the locations of detections. For instance, multiple surveys were conducted in 
south-central areas (are those highways 1 and 2?) in both winters, but there were many more cells with 
detections in winter 2014-15. This is a primary reason we need the locations of detections and surveys. 

 

Comment on draft: “It seems like this (naïve occupancy) by itself can be used as a very rough indices if 
populations long as survey days/km are somewhat similar?” 

Response: Naïve occupancy does not account for annual differences in detection probability, survey 
effort, or surveyed area. Naïve occupancy can change simply by surveying different areas each year (e.g., 
observation process) rather than actual changes in lynx occupancy or abundance. Ultimately, we want to 
track changes in occupancy, not changes in the observation process.   

 

Comment on draft: Were we going to get/expect some type of “minimum effort” estimate?  Or is that 
not possible with only 2 years of data? 

Response: We added a “study design considerations” section to the discussion. A power-analysis type of 
study was beyond the scope of this work. A power-analysis study will also require Superior National 
Forest and/or USFWS to define several important metrics, such as the duration of monitoring, frequency 
of surveys, and required precision (e.g., what is the annual survey effort required to detect a 10% 
change in occupancy across 12 yrs). 
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SUMMARY 

Occupancy modeling is increasingly used to monitor the presence and spatial distribution of rare 

and threatened species. We evaluated patterns of Canada lynx occupancy across Superior 

National Forest and designated critical habitat in northeastern Minnesota to better understand 

lynx habitat selection and inter-annual variation in occupancy. Snow-track detection/non-

detection surveys were completed in winter 2014-15 and winter 2015-16, covering more than 

3,100 km each year. We investigated three habitat covariates to explain spatial variation in lynx 

occupancy: percent evergreen forest derived from Landsat satellite imagery and the density of 

mid-story vegetation and density of trees > 12 meters, both derived from Lidar data. In general, 

percent evergreen forest provided a landscape-level metric to define ecotones, while Lidar data 

provided information on stand-level characteristics. We used an information-theoretic approach 

to compare 8 models evaluating the relative influences of forest composition on lynx occupancy. 

Results indicated that lynx occupancy was positively associated with percent evergreen forest 

and negatively associated with the density of trees >12m.  Occupancy was highly variable across 

the study (range = 0.01 – 0.99) and noticeably higher in winter 2014-15 compared to winter 

2015-16. Estimates of occupancy from this pilot study provide useful information on the 

distribution of a difficult to monitor species and can be used to inform future study designs 

aimed at monitoring lynx occupancy across the region. 
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INTRODUCTION 

Canada lynx (Lynx canadensis, hereafter lynx) were listed as threatened under the U.S. 

Endangered Species Act in 2000. Determining the presence and distribution of lynx across broad 

landscapes is important to conservation, recovery, and management efforts. Monitoring the 

presence of carnivores like lynx, however, can be especially difficult due to their cryptic nature, 

low densities, and the need to survey large geographical areas to achieve adequate survey 

coverage (Bayne et al. 2008, O’Connell et al. 2006, Whittington et al. 2015).  

Occupancy modeling is increasingly used to monitor changes in species distribution and 

the factors affecting these changes (MacKenzie et al. 2002). Occupancy methods can account for 

imperfect detection, whereby the species is present but not detected. Determining lynx 

occupancy, distribution, and habitat relationships are an important management need (Squires et 

al. 2004). Lynx populations on the southern portion of their range are particularly challenging to 

monitor due to lower densities, high annual fluctuations in density, and increased seasonal 

variation in distributions compared to populations in the core of the range (O’Donoghue et al. 

1997, Krebs et al. 2001, Murray et al. 2008). Lynx population status and trends at the southern 

end of their range is less well understood as most studies have focused on core areas in relatively 

homogenous boreal forests (Murray et al. 2008).  

Herein, we examine the spatial pattern of lynx occupancy at the southern edge of its 

distribution in northeastern Minnesota. We use spatially and temporally replicated snow-track 

surveys conducted in winter 2014-15 and 2015-16 to estimate lynx occupancy in Superior 

National Forest and critical habitat in northeastern Minnesota. We investigate three habitat 

covariates possibly affecting lynx occupancy and distribution: satellite derived percent evergreen 

forest, and Lidar derived covariates for density of mid-story vegetation and density of trees >12 

meters. Habitat covariates were selected based on previous studies and/or factors believed to 

possibly influence lynx presence (Lidar covariates, Bayne et al. 2008, Simons-Legaard et al. 

2013, Hornseth et al. 2014). While occupancy was the focus of the study, we also evaluate the 

effects of survey conditions on detection probability.  

  

METHODS 
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Study Area 

The study area included 22,100 km2 of Superior National Forest and designated lynx 

critical habitat in northeastern Minnesota, USA (USFWS 2014, Figure 1). Short warm summers 

and long cold winters are typical for this region (McCann and Moen 2011). Vegetation consists 

of both boreal forests and Great Lakes forests dominated by pine, fir, aspen, and spruce (McCann 

and Moen 2011).  

 

 

Figure 1. Survey routes and lynx detections (blue dots) in winter 2014-15 and winter 2015-16. 
The study area included Superior National Forest and designated Lynx Critical Habitat in 
Minnesota (green) and was divided into 5x5 km grid cells for analysis (grey grid). A few cells in 
the northwest section of the study area were removed due to missing covariates. 

 

Snow-track occupancy surveys 

Snow-track surveys (Squires et al. 2004) were conducted from November 2014 to March 

2015 and from November 2015 to April 2016 when snow cover was present (Table 1). Trained 

observers drove open roads located throughout the study area recording the locations of all lynx 

sign (tracks or scat, Figures 1 and 2). Observers also recorded snow conditions during each 

survey as Good (>3 days post snow, no blowing), Fair (1-2 days post snow, no blowing), or Poor 

(<1 day post snow or blowing snow) as snow condition is known to affect detection probability 

during snow-track surveys (Whittington et al. 2015).   
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Table 1. Summary of snow-track effort in winter 2014-15 and winter 2015-16. Data for each 
winter are summarized as first and last survey dates, the total number of days surveyed, total 
kilometers surveyed (km), total number of 5x5 km grid cells surveyed (Cells) and total number 
of surveyed cells with at least one lynx detection (cells with detection). Naïve occupancy is the 
proportion of surveyed cells with at least one lynx detection. 

Winter Start End Survey Days km 
Cells 

surveyed 

Cells 
with  

detection 
Naïve 

Occupancy 
2014-15 11/20/2014 3/11/2015 48 3,169 242 68 0.28 
2015-16 11/20/2015 4/7/2016 48 3,712 255 42 0.16 

 

Occupancy modeling  

 For analysis purposes we overlaid a 25-km2 grid across the study area, resulting in 884 

25-km2 cells (Figure 1). Grid cells were selected to match other on-going surveys on Superior 

National Forest (NABat, 

https://www.sciencebase.gov/catalog/item/546e65c5e4b0fc7976e4e894). Only grid cells that 

were contained within the U.S. boundary were included as covariate values were not available 

for grid cells overlapping the U.S.-Canada border. Each grid cell was considered a ‘site’ and 

encounter histories (detection/non-detection) were generated for each cell based on whether or 

not lynx were detected during each survey (MacKenzie et al. 2006).  

Occupancy models use detection/non-detection information from replicated surveys to 

separate the underlying state process (i.e., occupied or not) from the observation process (e.g., 

the species was present but not detected during a survey). We analyzed the snow-track survey 

data using an occupancy modeling approach to estimate lynx occupancy (ψ) and detection (p, 

MacKenzie et al. 2002). Here, occupancy is the probability lynx occupied a cell during the 

survey period and detection is the probability of detecting a lynx given it used the cell. 

Occupancy models require a closure assumption where each cell is permanently occupied or not 

occupied during the study period. Due to the nature of this study, we adopted a different 

interpretation where occupancy (ψ) was interpreted as the probability of that lynx used a site 

during the study period (MacKenzie et al. 2006). This interpretation allows for more flexibility in 

relaxing the closure assumption, which was likely violated during the surveys. 

We investigated three habitat covariates possibly affecting spatial variation in lynx 

occupancy: percent evergreen forest, mid-story vegetation density, and density of trees >12m 

(Figure 3). Percent evergreen forest data were obtained from the 2011 GAP Analysis [USGS] 

https://www.sciencebase.gov/catalog/item/546e65c5e4b0fc7976e4e894?view=folder
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available at http://gapanalysis.usgs.gov/. Mid-story vegetation density and density of trees >12m 

were obtained from Lidar data provided by Superior National Forest. Habitat covariate values for 

each grid cell were calculated as the mean value across all pixels in that cell, allowing each grid 

cell to have a unique value for each covariate (Figure 3). We included three covariates on 

detection probability: snow conditions (good, fair, or poor), survey route length (km), and date, 

which were recorded during each survey. Survey date was formatted for each winter as the 

number of days since the first survey due to survey periods overlapping the new year. We used a 

quadratic effect of date (date+date2) to allow for possible nonlinear changes in detectability. 

Route length was included as detection probability was expected to increase as the length of the 

route increased (Thompson et al. 2012).  Route length was log-transformed and all other 

continuous covariates were standardized by subtracting the mean and dividing by the standard 

deviation.  

We fit all possible model combinations for occupancy covariates, resulting in 8 models 

(Table 2). Detection covariates for survey length, snow conditions, date, and date2 were included 

in all models as these variables were believed to be important and detection probability was not 

the primary interest of this study. We compared models using Akaike’s information criterion 

corrected for small sample size (AICc), the difference in AICc units from the most parsimonious 

model (ΔAICc),  and relative model support (AICc weights, Burnham and Anderson 2002). We 

considered models with ΔAICc <2 as fitting similarly well (Burnham and Anderson 2002). We 

used model-averaged parameter estimates to evaluate covariate effects on lynx occupancy and 

detection (Burnham and Anderson 2002). Model-averaged parameter estimates were then used to 

predict lynx occupancy across the entire study area using the previously described covariate 

values. All analyses were conducted in R statistical software version 3.2.2 (R Development 

Team 2015) using the packages unmarked (Fiske and Chandler 2011) and MuMin (Barton and 

Barton 2013). 

 

RESULTS 

Snow-track surveys included >3,100 km in both winter 2014-15 and winter 2015-16 

(Table 1, Figures 1 and 2). Surveys covered 242 grid cells in 2014-15 and 255 grid cells in 2015-

16 o the possible 884 total grid cells (Table 1, Figures 1 and 2). Numerous grid cells were 

sampled on multiple occasion providing temporally replicated survey data required for 

http://gapanalysis.usgs.gov/


7 
 

occupancy modeling (Figure 3). Lynx were detected in 68 grid cells in 2014-15 and 42 gird cells 

in 2015-16 (Figure 1). Similarly, the spatial distribution of lynx detections was more constrained 

in winter 2015-16 than winter 2014-15 (Figure 1). 

Percent evergreen forest, mid-story vegetation density, and density of trees >12m were all 

included in competing models in winter 2014-15 (Table 2). Percent evergreen forest, however, 

was included in all competing models (Table 2). In winter 2015-16, two competing models were 

selected and both included percent evergreen forest and density of trees >12m (Table 2). 

 

Table 2. Comparison of models estimating lynx occupancy and detection in winter 2014-15 and 
2015-16. Covariates on the occupancy component of the model included percent evergreen forest 
(Evergreen), density of mid-story vegetation (LidarMid), and density of trees >12 meters 
(Lidar12m). All models included detection covariates for log survey length, snow conditions, 
date, and date2.  Models with the lowest AICc values have the best fit to the data using the fewest 
parameters. Models within two ΔAICc of the top model in each winter are bolded. 

  
 

Winter 2014-15 
 

Winter 2015-16 

Model K AICc ΔAICc AICcw 
 

AICc ΔAICc AICcw 

Everg+LidarMid+Lidar12m 10 646.62 0.21 0.26 
 

444.26 2.06 0.26 

Everg+Lidar12m 9 646.45 0.04 0.28 
 

442.20 0.00 0.74 

Everg+LidarMid 9 646.41 0.00 0.28  461.76 19.56 0.00 

LidarMid+Lidar12m 9 656.53 10.12 0.00 
 

456.83 14.63 0.00 

Everg 8 647.32 0.91 0.18 
 

462.32 20.11 0.00 

Lidar12m 8 678.34 31.93 0.00 
 

463.50 21.29 0.00 

LidarMid 8 654.86 8.45 0.00 
 

465.23 23.03 0.00 

Null 7 676.28 29.87 0.00 
 

473.07 30.87 0.00 
Note: AICc weights (AICcw) represent the relative probability that the candidate model is the 

best model. 
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Figure 2. Number of snow-track surveys conducted per grid cell during winter 2014-15 and winter 2015-16. Grid cells with zero 
surveys are not filled. 
 

Figure 3. Habitat covariates used in the analysis and prediction of lynx occupancy. Covariates included percent evergreen, mid-story 
vegetation density (LidarMid), and the density of trees >12m (Lidar12m). The Lidar12m map was rescaled due to the smaller range of 
values. 

Winter 2014-15 Winter 2015-16 
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In both winter 2014-15 and 2015-16, lynx occupancy increased as percent evergreen 

increased and decreased as density of trees >12m increased (Table 3). The model averaged 

confidence interval for the density of trees >12m, however, overlapped zero in winter 2014-15. 

Confidence intervals for mid-story vegetation widely overlapped zero in both years (Table 3).  

Transect length was strongly associated with increased detection probability in both years 

(Table 3, Figure 2). Detection probability was also positively correlated with survey date, with 

higher detection probability during late-season surveys (Table 3). Poor snow conditions were 

associated with decreased detection probability in winter 2014-15, but there was no difference 

between good and poor snow conditions in winter 2015-16 (Table 3, Figure 4).  

 

Table 3. Model averaged parameter estimates (logit scale) estimating lynx occupancy and 
detection in winter 2014-15 and winter 2015-16. Estimates with a 95% confidence interval that 
do not overlap zero are bolded.  

  Winter 2014-15   Winter 2015-16 
Parameter Mean 2.5% 97.5%   Mean 2.5% 97.5% 
OCCUPANCY       Intercept -0.47 -1.13 0.19 

 
-2.03 -2.89 -1.18 

Everg 1.73 0.63 2.85 
 

1.73 0.74 2.72 
LidarMid 0.37 -0.18 1.54 

 
0.04 -0.73 1.02 

Lidar12m -0.33 -1.44 0.21 
 

-1.43 -2.24 -0.61 

     
   

DETECTION 
      Intercept -1.20 -1.91 -0.50 

 
-1.68 -2.62 -0.74 

log(length) 0.62 0.35 0.89 
 

0.39 0.12 0.66 
snow:fair -0.15 -0.73 0.43 

 
0.75 -0.12 1.62 

snow:poor -1.14 -1.76 -0.53 
 

-0.13 -1.07 0.82 
date 0.19 -0.01 0.40 

 
0.41 0.11 0.71 

date2 0.04 -0.18 0.26   -0.16 -0.39 0.06 
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Figure 4. Effect of survey length and snow condition on lynx detectability during snow-track 
surveys. 
 

Predicted lynx occupancy across the study area was much higher in winter 2014-15 

compared to winter 2015-16 (Figure 5). In both years, lynx occupancy was generally highest in 

the northeastern section of Superior National Forest and lowest in the southwest (Figure 5). In 

winter 2014-15, predicted lynx occupancy was >0.50 in 386 of the 884 cells (44% of study area). 

Comparatively, predicted lynx occupancy was >0.50 in only 96 cells in winter 2014-15 (11% of 

study area, Figure 5). Lynx occupancy decreased across nearly the entire forest in winter 2015-

16 (Figure 5). However, predicted occupancy remained high in patches of the forest with both 

high percent evergreen and low density of trees >12m (Figures 3 and 5).  

 

Figure 5. Predicted lynx occupancy in winter 2014-15 (left) and 2015-2016 (right) using 
year-specific model-averaged parameter estimates. 
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DISCUSSION 

Occupancy and habitat relationships 

Habitat relationships suggested lynx occupancy was highest in the northeastern section of 

Superior National Forest and generally lowest at the southern and western regions of the forest. 

Lynx occupancy was positively associated with percent of evergreen forest and negatively 

associated with the density of trees >12 m. These results also support previous studies in 

Superior National Forest where lynx presence was higher in areas with more coniferous forest 

and regenerating young forest than surrounding areas (Moen et al. 2008, McCann and Moen 

2011). These results are also consistent with more broad trends where lynx are generally 

associated with mid-successional forest, while mature forest are used but not preferred (Mowat 

and Slough 2003, Murray et al. 2008, Vashon et al. 2008).  

Superior National Forest is at the southern edge of the current lynx range. Forest 

composition at the southern periphery of the lynx range is more heterogeneous than core areas 

and results in lower hare densities, restricted lynx distribution, reduced lynx abundance, and 

larger home range sizes (Burdett et al. 2007, Vashon et al. 2008, Hornseth et al. 2014). In these 

heterogeneous regions, landscape-level metrics separating entire ecotones (e.g., evergreen vs 

deciduous forests) are often important predictors of species distribution and occupancy (Bayne et 

al. 2008). In this study, a landscape-level covariate for percent evergreen estimated lynx 

occupancy to be low in the extreme southern and western regions of the study area, where lynx 

are generally thought to be very sparse or completely absent due to the habitat characteristics of 

these regions (Moen et al. 2008, McCann and Moen 2011). In both years, however, lynx 

occupancy was best predicted by both a general landscape-level covariate (percent evergreen) 

and a more spatially variable stand-level covariate (density of trees >12 m), suggesting lynx 

occupancy is affected by habitat variables across multiple spatial scales (Bayne et al. 2008, 

Mordecai et al. 2011, Simons-Legaard et al. 2013). 

Lynx in the southern range do not exhibit periodic cyclicity, but abundance is highly 

variable likely due to immigration from Canada (Schwartz et al. 2002, Murray et al. 2008). 

During this two-year study, predicted occupancy was markedly higher in in winter 2014-15 

compared to 2015-16. Raw observations between years supported these results as lynx were 

detected more frequently and in wider range of habitats during winter 2014-15. Explicitly 
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modeling the dynamic process of local colonization and extinction and possible factors affecting 

these processes will be a worthwhile consideration if lynx surveys continue in this region. 

Although investigated, dynamic occupancy models generally require >2 years of data 

(MacKenzie et al. 2003) and did not fit lynx data analyzed herein. Dynamic occupancy models, 

however, permit the modeling of both changes in occupancy and vital rates responsible for those 

changes as functions of static habitat covariates (e.g., percent water) or temporally variable 

habitat variables (e.g., annual snow fall, snow-shoe hare density). Colonization and extinction 

rates can also be modeled as a function of habitat covariates or annual variables influencing 

changes in lynx distribution (Krebs et al. 2001). We highly suggest the consideration of dynamic 

occupancy models if collection of detection/non-detection data continues in future years.  

 

Study design considerations 

A key requirement to estimate species occupancy, density, and abundance is not only 

detection data, but information on survey effort (i.e., when and where surveys were conducted, 

MacKenzie et al. 2002). Our focus in winter 2014-15 was directed towards study design 

considerations, with an emphasis on recording both lynx detections and survey effort. The pilot 

study conducted in winter 2014-2015 provided important information on lynx monitoring across 

Superior National Forest. For instance, the probability of detecting lynx was found to be much 

less than 1.0 and a function of both snow conditions and survey length. Similar surveys were 

then repeated in winter 2015-16, allowing multi-year comparisons of lynx occupancy and 

detection probabilities. 

Spatially and temporally replicated snow-track surveys are a promising approach for 

monitoring wide-ranging species and estimating trends in species distribution across space and 

time (Hines et al. 2010, Guillera-Arroita et al. 2011, Whittington et al. 2015). Snow-track 

surveys to detect lynx are particularly effective as they do not require a response from the animal 

(e.g., entering a trap), document species presence across large geographical areas for multiple 

days or months, and are generally lower cost than live-trapping (Squires et al. 2012, Whittington 

et al. 2015). Nearly all surveys in this study were conducted while driving on roads. Effects of 

road density on lynx distribution is contradictory in the literature, with some studies finding 

negative relationships (Bayne et al. 2008) while others found no evidence of road avoidance 

(Squires et al. 2004, Hornseth et al. 2014). The increased efficiency of road-based snow-track 
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surveys in Superior National Forest may be warranted due to logistical constraints, however, 

conducting off-road surveys (e.g., snow mobile, camera traps), even on a smaller scale, will 

provide important information to evaluate the assumptions of road-based surveys and their 

ability to accurately predict lynx distribution across the broader geographical region (Squires et 

al. 2012). 

Increasing survey length and the numbers of temporal replicates increases the probability 

of detection and thus improves the precision of occupancy estimates (Whittington et al. 2015). 

Squires et al. (2012) found that detection probability generally asymptotes near survey distances 

of 7 km per 8 x 8 km grid cells and increasing survey length > 7 km did not greatly increase the 

probability of detecting lynx. Results in our study were similar, where detection probability 

continually increased with survey length, but noticeably flattened after of 5 – 10 km when using 

5x5 km grid cells (Figure 4). Sampling more grid cells would likely improve precision in 

occupancy estimates. Although beyond the scope of this study, a power analysis may be useful to 

evaluate efficient study designs based on survey route length, the number of grid cells sampled, 

and number of temporal replicates. Setting specific requirements for the precision and duration 

of monitoring efforts (e.g., detect a 10% change in occupancy over 10 years), will greatly 

enhance efforts aimed at study design development. 

Occupancy methods used in this study identified important areas of use and habitat 

relationships important to lynx distribution. These methods, however, cannot separate areas that 

were used by transient individuals from those used by resident lynx. Differences in the amount 

and type of use are particularly important when evaluating a wide-ranging species like lynx. For 

instance, lynx recovery plans separate habitats in to core, secondary, and peripheral areas based 

on occupancy, reproduction, and use documented by historical and current records. While 

occupancy surveys cannot address these metrics alone, continued occupancy surveys, in 

conjunction with ongoing den surveys can provide a combination of methods to evaluate lynx 

conservation and persistence across Superior National Forest.  

 

Project objectives 

The original objective of this project was to implement a spatial capture recapture (SCR) model 

using data from the Superior National Forest Canada Lynx genetics database.  Unfortunately, we 

were unable to implement that model to estimate density due to a lack of data collected on 
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survey effort.  Sampling design for estimation of abundance using SCR models requires 

information on survey effort, which can be difficult to attain in this region due in part to 

opportunist sampling.  Opportunistic sampling provides valuable information on documenting 

species presence and reproduction, two goals of the genetic sampling project.  Incorporating 

opportunistic data into SCR models is a current research area, thus if the genetic sampling 

project is able to conduct systematic surveys for genetic materials (which I believe they have 

started), then in the future those data may be analyzed separately or provide a means to integrate 

the opportunistic data into a model for population abundance. As such, we worked with the 

USFWS and USFS to design an occupancy study (reported on in this final report) and to improve 

the design of the genetic data collection.   

 

Products 

This report serves as the deliverable for this project.  In addition, we have assembled all data, 

modeling code, and maps presented in this report, which are available upon request (please email 

Beth Gardner at bg43@uw.edu).  Attached to this document is an appendix with the study design 

protocol and example data sheet.  Some changes were made to the implemented protocol and 

design during implementation to facilitate data collection. 
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Appendix : Lynx Occupancy Survey Design 

 

General approach (complete datasheet below): 

• Record GPS tracks during all Lynx surveys (start tracks when survey begins, stop tracks when 
survey ends). 
 

• Record locations of any lynx sign observed during the survey, even if it is the same Lynx. 
o e.g., driving down road, observe set of lynx tracks, then you see another set of tracks 

100 meters later… record location at both points. 
o If Lynx follows the road, note location of first and last observation (e.g., the lynx was 

continuously present during that section) 
 

• For occupancy surveys, it is better to survey additional areas than follow tracks to collect genetic 
material. 

o Time spent surveying different habitat types, LAU’s, and new areas contribute more 
than collection of genetic material (for occupancy approaches).  

o Time spent surveying areas where Lynx are likely absent or rarely detected is also 
helpful 

 

 

Datasheet specifics: 

• Each survey will have its own datasheet 
• General information – 

o Always enter “GPS track file name”. This will link the survey data to a .shp file 
o Enter “GPS waypoint  file name” if a waypoint file was created (e.g., lynx sign were 

observed during the survey) 
o Reason for survey – why was the area surveyed? 

 e.g., reported sighting, project area, explore new area, etc. 
• Lynx Detections –  

o Fill in this section when sign(s) of lynx were observed 
o Each line denotes the location where sign was observed 
o Record separate observations on different rows 

 e.g., lynx tracks observed while driving (record in row 1), keep driving and see 
another set of tracks 100 meters later (record in row 2), etc.   

o Take a waypoint and record the UTM’s whenever lynx sign are observed 
An example of a completed datasheet is provided below 
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Lynx Snow Tracking Datasheet

Survey Information

Survey IDa:  Start time: 

Date: End time: 

Surveyor: Overall conditionsb: 1  2  3  

Days since last snow eventc:   
Why survey ended:   
Reason for survey: Occupancy     DNA Collection 

 
Lynx Detections (each row denotes the location where sign was observed)  

 
a Survey ID: Intials_MMDDYY; (i.e., dcr_121915)  
b Overall conditions: 1 = poor (<1 day post snow or blowing snow), 2 = good (1-2 days post snow, no blowing), 3 = excellent (3 or more days post snow with no 

blowing or melting);  
c Days since last snow event: any snow event that would obliterate or make undeterminable all previous tracks. 
d Detection type: Tracks, scat, hair, etc. 
 

Survey IDa 
Num Lynx 
detected 

Detection 
typed 

Detection 
UTM E & N 

RMRS 
Sample # Notes  
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Lynx Detections (each row denotes the location where sign was observed)  

Survey IDa 
Num Lynx 
detected 

Detection 
typed 

Detection 
UTM E & N 

RMRS 
Sample # Notes  
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EXAMPLE Lynx Snow Tracking Datasheet Survey Information 

Survey IDa: njh_12012014 Start time: 09:15 

Date: 12/01/2014 End time: 12:15 

Surveyor: N. Hostetter Overall conditionsb: 1    2    3 

Days since last snow: 2 

Why survey ended: Detected lynx and collected genetic material 

Reason for survey: Occupancy     DNA Collection  

 
Lynx Detections (each row denotes the location where sign was observed)  

Survey IDa 
Num Lynx 
detected 

Detection 
typec 

Detection 
UTM E & N 

RMRS 
Sample # Notes  

njh_12012014 1 Tracks 630332 
5267333   

njh_12012014 1 Tracks 630332 
5267333   

njh_12012014 1 Hair 630342 
5267330  Back-tracked from tracks in row above. 

Collected hair. 

      

      
a Survey ID: Intials_MMDDYY; (i.e., dcr_121915)  
b Overall conditions: 1 = poor (<1 day post snow or blowing snow), 2 = good (1-2 days post snow, no blowing), 3 = excellent (3 or more days post snow with no  

blowing or melting);  
c Days since last snow event: any snow event that would obliterate or make undeterminable all previous tracks. 
d Detection type: Tracks, scat, hair, etc
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From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: Lynx SSA update for FS - quick question
Date: Monday, December 12, 2016 11:05:53 AM

Thanks, Jim!

On Mon, Dec 12, 2016 at 9:26 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attached is the powerpoint from the most recent update we gave States plus a few Forest Service and NPS folks
on Nov. 2.

main point - we hope to have the Draft SSA Report out for peer and partner (including USFS) review by end of
this week - anticipate a 30-day review period.

We can discuss on Core/FIT call tomorrow if you have other questions.

On Mon, Dec 12, 2016 at 7:56 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -

I'll be giving the WI/MN Forests an update on the lynx SSA on Wednesday - do you have
a presentation or summary paper that I could use/steal language from or any advice on
what I should be telling them at this point...?

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith

mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:tamara_smith@fws.gov
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U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell



From: Kurt Broderdorp
To: Jim Zelenak
Cc: Bryon Holt; Mark McCollough; Tamara Smith
Subject: Executive Summary Comments
Date: Wednesday, December 14, 2016 1:08:00 PM
Attachments: ExecutiveSummaryforlynx_20161213KBcomments.docx

Going home sick, but my comments are attached.
 
Kurt Broderdorp
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Executive Summary 
 
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States distinct population segment (DPS) of Canada lynx (Lynx canadensis). 
The DPS was listed in 2000 as threatened under the Endangered Species Act (ESA) because 
of the inadequacy, at that time, of existing regulatory mechanisms on Federal lands. The SSA 
provides the scientific basis for 5-year status review recommendations and other ESA decisions 
the Service is required to make for this listed species.  The analysis focuses on  theon the 
current and future status of lynx in six geographic units that currently support or recently 
supported resident breeding populations. These units are distributed within the DPS across the 
northern U.S. from Maine to Washington and south along the Rocky Mountains to western 
Colorado.  Combined, the units represent the southern two percent of the species’ breeding 
range (98 percent occurs in Canada and Alaska). The units are relatively isolated from each 
other, although four of the six encompass habitat extending south from Canada, indicating 
possible connectivity between lynx in Canada and the contiguous U.S.  The locations and sizes 
of the geographic units are summarized in Table 1 and Figure 1, below.  We note that lynx may 
occur in some areas outside these units as small but ephemeral resident populations or, 
occasionally, dispersing or transient individuals.  
 
  

Table 1.  Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size1 (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 

 
1  Sizes for units 1-5 are those calculated for areas designated in 2014 as lynx 

critical habitat, including some tribal, state, and private lands that met the 
criteria for critical habitat but are excluded from designation under section 
4(b)(2) of the ESA.  Unit 6 size was calculated by the Service’s Western 
Colorado Field Office in coordination with Colorado Parks and Wildlife, based 
on habitat-use estimates derived from telemetry data for introduced lynx. 
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Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis).  

 
 
The Service’s SSA analysis was informed by the available scientific literature as well as the 
professional judgments and opinions of recognized lynx experts.  Through these means, we 
:we:  (1) described the ecological requirements and population dynamics of the species; (2) 
evaluated the historical and current status of lynx populations in the six geographic units and the 
factors that appear to have influenced the status of each population; and (3) assessed the future 
viability of the DPS through year 2100 in terms of the conservation biology principles of 
representation, redundancy, and resiliency. 
 
The Canada lynx evolved as a habitat and prey specialist requiring boreal forests with long 
winters and deep, fluffy snow, as is evidenced by their morphological characteristics (e.g., large 
paws) and behavioral characteristics (e.g., prey preferences).  These conditions provide lynx 
with a competitive advantage over other predators, particularly bobcats, for exploiting their 
primary prey, the snowshoe hare.   
 
Because the DPS is at the Canada lynx southern range periphery, and therefore at the 
environmental thresholds for needed forest conditions, snow conditions, and hare densities, lynx 
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habitats (and, thus, lynx populations) are naturally less abundant and more patchily distributed 
within the DPS than in the more northern portions of its range..  Maintaining connectivity 
between the DPS and lynx populations in Canada, therefore, is thought to be important, but 
whether persistence of DPS populations depends on intermittent immigration of lynx from 
Canada and, if so, to what extent, remains uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population status of 
resident lynx in the contiguous U.S.  For example, although we knew that resident lynx occurred 
in Maine at the time of listing, we now know that, due to forest regeneration after large-scale 
clearcutting in the 1970s and 1980s, northern Maine likely supports the largest resident lynx 
population in the DPS.  Similarly, when the DPS was listed, we were uncertain whether 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the State.  Research also suggests that lynx and 
habitats in the western U.S. are naturally less abundant and more patchily distributed than was 
thought at the time of listing, and lynx may have been extirpated recently from several areas 
thought to have previously supported small resident populations (e.g., the Kettle Mountains in 
northeastern Washington, the Garnet Mountains in western Montana, and the Greater 
Yellowstone area). We also know that recent extensive wildfires in north-central Washington 
have temporarily reduced the amount of high-quality lynx habitat and have probably caused a 
decline in lynx numbers there.  Finally, as a result of the release of 218 Canadian and Alaskan 
lynx from 1999 to 2006 and their subsequent survival and reproduction, resident lynx currently 
occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of a species to understand how it maintains itself over time.  For Canada lynx 
within the DPS, we assessed current conditions at the individual, population, and rangewide 
levels, and plausible changes in the environment that may influence the future condition of 
individuals, populations, and rangewide, and thus the viability of the DPS.  
 
The SSA uses the principles of resiliency, redundancy, and representation (the “3 Rs”) to 
structure the assessment of current and future conditions.  Resiliency describes the ability of the 
populations of the species to withstand stochasticity, redundancy describes the ability of the 
species to withstand catastrophic events, and representation describes the ability of the species 
to adapt over time to long-term changes in the environment.  The 3 Rs can be influenced by any 
number of factors; factors analyzed for this SSA include: (1) the original factor for which the 
DPS was listed as threatened (inadequacy of existing Federal regulatory mechanisms); (2) the 
factors identified by the Interagency Lynx Biology Team as having the potential to exert 
population-level effects on the DPS, including climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (ILBT 2013, pp. 68-78); and (3) 
additional factors identified by the lynx SSA core team [and experts?],  such as trapping ... 
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Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis.  Fundamental 
uncertainties  include the dearth of empirical data on lynx population sizes, trends, and other 
important demographic parameters; the influence of immigration of lynx from Canada on 
persistence of DPS populations; and the effects of habitat management on lynx.  We lack 
similar demographic information for snowshoe hares.  And importantly, given the emerging role 
of climate change as a stressor, uncertainties about the rate and extent of future declines in 
snow quality, depth, and persistence constrain our ability to precisely predict effects on lynx and 
snowshoe hare populations and habitats, including to what degree these changes may affect 
interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature as supported by the experts.  We treated the following assumptions as 
constants in the analysis.   
 
● We assumed that resident, reproducing lynx populations, as represented by each 

Geographic Unit except for the Greater Yellowstone Area, are currently resilient, as defined 
by the 3 Rsis not currently occupied. 

 
● We assumed that population trends for DPS lynx have been stable to date, apart from the 

hypothesized extirpation of the Greater Yellowstone Area Unit and recent declines noted in 
the North-central Washington Unit owing to wildfires.the current distribution of reproducing 
lynx populations in the DPS is consistent with documented historic distribution. 

 
● We assumed that DPS lynx population persistence is a function of metapopulation dynamics 

with Canada, i.e., that the DPS is infused intermittently with lynx from Canada following high 
hare cycles, and that this is an important component of DPS viability.  

 
● We consider the DPS to be one representative unit, based on thedisplays geneticgenetically  

homogeneity homogeneous that characterizes this species across its entire range. We 
assumed that the homogeneity has not been a significant genetic representation concern to 
the DPS. 

 
● We assumed hare cycles in the DPS have diminished periodicity and amplitude compared 

to hare cycles in Canada and Alaska. 
 
● We assumed that the forest management plans developed by the Forest Service with lynx 

conservation as a goal are or will have a positive influence on DPS lynx populations that 
occur on Federal lands..  

 
● [Core team:  any other assumptions we should include?]  
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For purposes of the SSA, we forecast potential effects and trends through year 2100.  This time 
frame is long enough time frame to project lynx population trends across the DPS.  It also 
accounts for the level of uncertainty about climate change and other stressors on lynx 
populations.   
 
Current Conditions 
 
Currently, of the six DPS units, four (Northern Maine, Northeastern Minnesota, Northwestern 
Montana/Northeastern Idaho, and Western Colorado) demonstrate continued occupancy and 
reproduction, indicating some level of resiliency, i.e persistence.  The North-central Washington 
Unit was also considered resilient until recent wildfires consumed an extensive amount of 
habitat, likely resulting in a diminished population that may be susceptible to stochastic events.  
The Greater Yellowstone Area Unit historically supported resident lynx, but it is unclear whether 
the area still supports a breeding population due to its distance and relative isolation from 
Canada as well as the less than favorable habitat conditions and snowshoe hare densities.  
 
As shown in the table above, five of the six units are larger than 20,000 square kilometers (km2); 
the other is over 5,000 km2.  Land ownership within the units varies from mostly private in 
Maine, to a mix of private, State, and Federal lands in Minnesota, to mostly Federal lands in the 
West.  Overall, Federal lands account for nearly 64 percent of the areas encompassed by the 
SSA units.  Of non-Federal areas, private lands make up almost 27 percent of the total followed 
by State and Tribal lands.  Available data indicate that distribution within the DPS remains 
similar to historical patterns and that the number of units across the DPS has not been 
meaningfully diminished from historical levels, given the uncertainty about the past occupancy 
of the Greater Yellowstone area by a resident breeding lynx population.  
 
Given the number of extant geographic units and the current resiliency of those units to 
stochastic events, it is improbable that any imminent catastrophic event will cause extinction of 
the DPS as a whole, or even the extirpation of an entire unit in the short term, i.e., before 2025.  
Also, because lynx are genetically similar throughout the entire range of the species -- indicating 
that the DPS as a whole, rather than the individual geographic units, constitutes one 
representative unit -- and because we did not find any diminishment of adaptability and 
evolutionary capacity of DPS populations based on the known historical record, we do not 
expect to see demographic effects in the short term.  
 
The original factor for which the DPS was listed, the inadequacy at that time of regulatory 
mechanisms on Federal lands, has been largely addressed by formal adoption of specific, 
science-based conservation measures for lynx and its habitats on nearly all Federal lands within 
the range of the DPS.  However, effects of other stressors are already being manifested in 
some geographic units.  For instance, wildfires, which may be exacerbated by climate change, 
are causing depletion of lynx in some areas in the West, particularly in the North-central 
Washington Unit.  Conversely, stressors such as climate change and habitat alterations, while 
currently occurring, may not demonstrate demographic effects on lynx within the next decade. 
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Future Conditions 
 
Resiliency of individual geographic units, which function independently of each other, is the 
primary determinant of future lynx DPS viability.  Overall, our analysis indicates a decreasing 
probability of persistence for each geographic unit within the DPS over the rest of the century 
(the analysis did not extend beyond the 2100 time frame). It further indicates a consequent 
permanent probable loss of at least three and possibly four of the six units by the end of the 
century (based on the “most likely” scenario, with a best- to worst-case range of losing none to 
losing five) (Figure 2).  This will constitute a loss of redundancy resulting from declining 
resiliency.  Further, although neither the scientific literature nor expert input point to a 
meaningful risk that any catastrophic event could cause extirpation of any one geographic unit, 
much less the DPS as a whole, we note that a sequence of less-than-catastrophic events could 
result in extirpation of one or more units over time, thereby reducing redundancy within the 
DPS. 

Although the DPS units are demographically isolated from each other, there is little risk of 
significant genetic drift within the DPS, assuming connectivity with Canadian populations; this is 
indicative of relative genetic health through the end of the century.  Further, there is no 
indication that the relatively low level of genetic diversity poses a meaningful risk to future DPS 
viability.    

Based on climate change models, effects on snow and boreal forest conditions are foreseen as 
the primary stressor limiting future viability of lynx in the DPS.  The southernmost boreal 
habitats are predicted to retreat northward and upslope, fragmenting and diminishing the quality 
of lynx and hare habitat within the DPS (although some uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts).  As habitat conditions decline, 
mortality rates are likely to increase and reproductive rates decrease. This in turn will reduce 
abundance and density of individuals within populations, making lynx populations more 
susceptible to stochastic events.  

Given the percent of Federal land ownership,  regulatory assurances that these lands will be 
managed in accordance with lynx conservation, and a stronger possibility that lynx populations 
will be able to relocate to higher elevations, western geographic units are more likely to support 
lynx longer than eastern units under projected climate change scenarios.  Nonetheless, we are 
unaware of any management action that can abate the long-term retreat of boreal forests and 
changed snow conditions.  Further, climate-induced frequency and intensity of wildfires and 
disease events are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in the North-central Washington Unit or any other unit. 

Suitable boreal forest and snow conditions are projected to decline more severely in the eastern 
geographic units (Northeastern Minnesota and Northern Maine) than in the western units.  Lynx 
habitat conditions in Maine are also likely to decline significantly by the end of the century as 
private forest management practices, particularly a reduction in clearcutting, result in succession 
detrimental to snowshoe hare and lynx needs. 
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DPS wide synthesis  

Although there is no evidence from the historical record that Canada lynx have declined within 
the DPS to date, a number of threats acting at the DPS and individual geographic unit scales 
indicate a moderate to high likelihood of declines (i.e., loss of three or four units; see Figure 2) 
by the turn of the century.  While it is more likely than not that any given individual unit—
Northern Maine, Northeastern Minnesota, Northwestern Montana/Northeastern Idaho, Western 
Colorado, and possibly North-central Washington—will persist to mid-century, expert projections 
indicate that under the most likely scenario at least three or, more probably, at least four of the 
six units will be extirpated by 2100 (with one of the six, the Greater Yellowstone Area, already 
thought by most experts to be unoccupied).  Of greater concern, under a worst-case scenario 
(primarily based on more pronounced climate change effects), experts project a high probability 
of losing five units by 2100.  By the end of the century, the one or two populations projected to 
have at least a 75 percent chance of persistence are those units having high-elevation refugia, 
e.g., Northwestern Montana/Northeastern Idaho and possibly Western Colorado, although 
Colorado would be an isolated unit.  Lynx may also persist at the end of the century in Maine, 
depending on the severity of climate change effects and trends in development and private 
forest management.  Uncertainty increases at mid- to late-century concerning the timing and 
extent of various stressors that will affect lynx and hare habitat and snow regimes, especially 
those related to climate change. However, our review of the best available science and the input 
from lynx experts indicates that all units will exhibit declines by 2025, with the negative DPS-
wide trajectory continuing to the end of the century, and (with no evidence to the contrary) 
beyond that time frame.   

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will 
also reduce redundancy. These losses in resiliency and redundancy will put the Canada lynx 
U.S. DPS cause a relative high risk of extinction by the end of this century, and in all probability, 
the risk will continue to increase after that point. 
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Figure 2.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit.1 

 
1  The y axis of each grid in Figure 2 indicates the probability that at least the number of geographic units 

indicated by the x axis of the grid persist. These grids are based on the range of expert responses 
elicited regarding the probable persistence of each geographic unit over different time scales. 

 



From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: Comments of Executive Summary
Date: Thursday, December 15, 2016 4:18:29 PM
Attachments: ExecutiveSummaryforlynx_20161213_TScomments.docx

Hi Jim - Sorry I got these to you late - I hope you still found them useful - attached. 

On Tue, Dec 13, 2016 at 5:09 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Both statements are true.  Colorado had a median most likely right at 50 % from the experts projections. 
Therefore its expert prob. of persistence is indeed greater than or equal to 50% as written in the EE report.  It is
also true that it's prob. of persistence at end of century did not exceed 50% (it equaled it) and only the NW
MT/NE ID unit had a median most likely that did in fact exceed 50% at that time frame.

My intent in the EE report was to summarize expert opinion as suggesting that only 3 of the 6 units have a 50-50
or better chance of supporting resident lynx at 2100.  In the SSA report I was trying to convey the idea that only
one of the 6 units has a higher likelihood than not of still supporting residents at 2100 - for the rest it's a coin toss
or worse, according to the experts.

Semantics maybe, and I welcome the team's thoughts on this. keep in mind Marty's warning that we should not
interpret these numbers to represent something they do not.  I.e., it's not like 51% at end of century equals
viability or that 49% equals extirpation.

  

On Tue, Dec 13, 2016 at 3:28 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jim,  I ran across a discrepancy in the reports that I need to sort out. 
So, I won’t have my comments to you today, but should have them
to you by tomorrow COB.

 

The discrepancy is between this statement from the Final EE Report,
which states,  “At end-of-century, persistence probabilities declined
further, as expected, and only the Northern Maine, Northwestern
Montana/ Northeastern Idaho and Western Colorado units had
MPOPs >= 0.50.” (page 59),

and this statement from the draft SSA report “only one
(Northwestern Montana/ Northeastern Idaho) has an estimated
probability of persistence greater than 50 percent (i.e., persistence
more likely than not) by the end of the century (Lynx SSA Team
2016, pp. 36-49, 58).”, which appears in the document that Mark
edited on 11-28-16 titled McCollough 11.28.16 edits to 2016
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DRAFT Lynx SSA Report CLEAN_MJMcomments (page 203, DPS
viability section).

 

Although the difference may appear slight on the surface, I don’t
believe the SSA report accurately portrays the expert’s opinion in its
current state.  I will be back in the office tomorrow to discuss.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell
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Executive Summary 
 
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States distinct population segment (DPS) of Canada lynx (Lynx canadensis). 
The DPS was listed in 2000 as threatened under the Endangered Species Act (ESA) because 
of the inadequacy, at that time,  of existing regulatory mechanisms on Federal lands. The SSA 
provides the scientific basis for 5-year status review recommendations and other ESA decisions 
the Service is required to make for this listed species.  The analysis focuses on  the current and 
future status of lynx in six geographic units that currently support or recently supported resident 
breeding populations. These units are distributed within the DPS across the northern U.S. from 
Maine to Washington and south along the Rocky Mountains to western Colorado.  Combined, 
the units represent the southern two percent of the species’ breeding range (98 percent occurs 
in Canada and Alaska). The units are relatively isolated from each other, although four of the six 
encompass habitat extending south from Canada, indicating possible connectivity between lynx 
in Canada and the contiguous U.S.  The locations and sizes of the geographic units are 
summarized in Table 1 and Figure 1, below.  We note that lynx may occur in some areas 
outside these units as small but ephemeral resident populations or, occasionally, dispersing or 
transient individuals.  
 
  

Table 1.  Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size1 (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 

 
1  Sizes for units 1-5 are those calculated for areas designated in 2014 as lynx 

critical habitat, including some tribal, state, and private lands that met the 
criteria for critical habitat but are excluded from designation under section 
4(b)(2) of the ESA.  Unit 6 size was calculated by the Service’s Western 
Colorado Field Office in coordination with Colorado Parks and Wildlife, based 
on habitat-use estimates derived from telemetry data for introduced lynx. 
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Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis).  

 
 
The Service’s SSA analysis was informed by the available scientific literature as well as the 
professional judgments and opinions of recognized lynx experts.  Through these means, we :  
(1) described the ecological requirements and population dynamics of the species; (2) evaluated 
the historical and current status of lynx populations in the six geographic units and the factors 
that appear to have influenced the status of each population; and (3) assessed the future 
viability of the DPS through year 2100 in terms of the conservation biology principles of 
representation, redundancy, and resiliency. 
 
The Canada lynx evolved as a habitat and prey specialist requiring boreal forests with long 
winters and deep, fluffy snow, as is evidenced by their morphological characteristics (e.g., large 
paws and long legs) and behavioral characteristics (e.g., prey preferencespredator of snowshoe 
hare).  These Deep snow conditions provide lynx with a competitive advantage over other 
predators, particularly bobcats, for exploiting their primary prey, the snowshoe hare and reduce 
the likelihood for overlap in bobcat and lynx ranges.   
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Because the DPS is at the Canada lynx southern range periphery, and therefore at the 
environmental thresholds for needed forest conditions, snow conditions, and hare densities, lynx 
habitats (and, thus, lynx populations) are naturally less abundant and more patchily distributed 
within the DPS than in the more northern portions of its range..  Maintaining connectivity 
between the DPS and lynx populations in Canada, therefore, is thought to be important, but 
whether persistence of DPS populations depends on intermittent immigration of lynx from 
Canada and, if so, to what extent, remains uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population status of 
resident lynx in the contiguous U.S.  For example, although we knew that resident lynx occurred 
in Maine at the time of listing, we now know that, due to forest regeneration after large-scale 
clearcutting in the 1970s and 1980s, northern Maine likely supports the largest resident lynx 
population in the DPS.  Similarly, when the DPS was listed, we were uncertain whether 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the State.  Research also suggests that lynx and 
habitats in the western U.S. are naturally less abundant and more patchily distributed than was 
thought at the time of listing, and lynx may have been extirpated recently from several areas 
thought to have previously supported small resident populations (e.g., the Kettle Mountains in 
northeastern Washington, the Garnet Mountains in western Montana, and the Greater 
Yellowstone area). We also know that recent extensive wildfires in north-central Washington 
have temporarily reduced the amount of high-quality lynx habitat and have probably caused a 
decline in lynx numbers there.  Finally, as a result of the release of 218 Canadian and Alaskan 
lynx from 1999 to 2006 and their subsequent survival and reproduction, resident lynx currently 
occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of a species to understand how it maintains itself over time.  For Canada lynx 
within the DPS, we assessed current conditions at the individual, population, and rangewide 
levels, and plausible changes in the environment that may influence the future condition of 
individuals, populations, and rangewide, and thus the viability of the DPS.  
 
The SSA uses the principles of resiliency, redundancy, and representation (the “3 Rs”) to 
structure the assessment of current and future conditions.  Resiliency describes the ability of the 
populations of the species to withstand stochasticity, redundancy describes the ability of the 
species to withstand catastrophic events, and representation describes the ability of the species 
to adapt over time to long-term changes in the environment.  The 3 Rs can be influenced by any 
number of factors; factors analyzed for this SSA include: (1) the original factor for which the 
DPS was listed as threatened (inadequacy of existing Federal regulatory mechanisms); (2) the 
factors identified by the Interagency Lynx Biology Team as having the potential to exert 
population-level effects on the DPS, including climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (ILBT 2013, pp. 68-78); and (3) 
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additional factors identified by the lynx SSA core team [and experts?],  such as incidental 
trapping, illegal shooting, road and train mortality, minerals exploration and development, and 
recreational development. ... 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis.  Fundamental 
uncertainties  include the dearth of empirical data on lynx population sizes, trends, and other 
important demographic parameters; the influence of immigration of lynx from Canada on 
persistence of DPS populations; and the effects of habitat management on lynx.  We lack 
similar demographic information for snowshoe hares.  And importantly, given the emerging role 
of climate change as a stressor, uncertainties about the rate and extent of future declines in 
snow quality, depth, and persistence constrain our ability to precisely predict effects on lynx and 
snowshoe hare populations and habitats, including to what degree these changes may affect 
interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature as supported by the experts and the lynx SSA core team.  We treated 
the following assumptions as constants in the analysis.   
 
● We assumed that lynx have persisted in the core areas of the DPS where it was historically 

known, except for the that resident, reproducing lynx populations, as represented by each 
Geographic Unit except for the Greater Yellowstone Area, are currently resilient, as defined 
by the 3 Rs.which was not consistently occupied by resident, reproducing lynx. 

 
● We assumed that population trends for DPS lynx have been stable to date, apart from the 

hypothesized extirpation of the Greater Yellowstone Area Unit and recent declines noted in 
the North-central Washington Unit owing to wildfires. 

 
● We assumed that immigration and emigration of lynx from Canada contributes to the DPS 

lynx population persistence and that subpopulations of lynx in the DPS function as 
metapopulations with periodic emigration to and from the population in Canada. is a function 
of metapopulation dynamics with Canada, i.e., that the DPS is infused intermittently with 
lynx from Canada following high hare cycles, and that this is an important component of 
DPS viability.   

 
● We assumed that consider the DPS was genetically homogenous across its entire range, 

and has adaptive capacity based on genetic diversity and the diversity of ecological settings.  
to be one representative unit, based on the genetic homogeneity that characterizes this 
species across its entire range.  

 
● We assumed hare cycles in the DPS have diminished weaker periodicity and amplitude 

compared to hare cycles in Canada and Alaska. 
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● We assumed that the forest management plans developed by the Forest Servicefederal 
forest management agencies with lynx conservation as a goal are or will have a positive 
influence on DPS lynx populations that occur on Federal lands..  

 
● [Core team:  any other assumptions we should include?]  
  
For purposes of the SSA, we forecast potential effects and trends through year 2100.  This time 
frame is long enough time frame to project lynx population trends across the DPS.  It also 
accounts for the level of uncertainty about climate change and other stressors on lynx 
populations.   
 
Current Conditions 
 
Currently, of the six DPS units, four (Northern Maine, Northeastern Minnesota, Northwestern 
Montana/Northeastern Idaho, and Western Colorado) demonstrate continued occupancy and 
reproduction, indicating some level of resiliency, i.e persistence.  The North-central Washington 
Unit was also considered resilient until recent wildfires consumed an extensive amount of 
habitat, likely resulting in a diminished population that may be susceptible to stochastic events.  
The Greater Yellowstone Area Unit historically supported resident lynx, but it is unclear whether 
the area still supports a breeding population due to its distance and relative isolation from 
Canada as well as the less than favorable habitat conditions and snowshoe hare densities.  
 
As shown in the table above, five of the six units are larger than 20,000 square kilometers (km2); 
the other is over 5,000 km2.  Land ownership within the units varies from mostly private in 
Maine, to a mix of private, State, and Federal lands in Minnesota, to mostly Federal lands in the 
West.  Overall, Federal lands account for nearly 64 percent of the areas encompassed by the 
SSA units.  Of non-Federal areas, private lands make up almost 27 percent of the total followed 
by State and Tribal lands.  Available data indicate that distribution within the DPS remains 
similar to historical patterns and that the number of units across the DPS has not been 
meaningfully diminished from historical levels, given the uncertainty about the past occupancy 
of the Greater Yellowstone area by a resident breeding lynx population.  
 
Given the number of extant geographic units and the current resiliency of those units to 
stochastic events, it is improbable that any imminent single catastrophic event will cause 
extinction of the DPS as a whole, or even the extirpation of an entire unit in the short term 
future, i.e., before 2025.  Also, because lynx are genetically similar throughout the entire range 
of the species -- indicating that the DPS as a whole, rather than the individual geographic units, 
constitutes one representative unit -- and because we did not find any diminishment of 
adaptability and evolutionary capacity of DPS populations based on the known historical record, 
we do not expect to see demographic effects in the short term.  
 
The original factor for which the DPS was listed, the inadequacy at that time of regulatory 
mechanisms on Federal lands, has been largely addressed by formal adoption of specific, 
science-based conservation measures for lynx and its habitats on nearly all Federal lands within 
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the range of the DPS.  However, effects of other stressors are already being manifested in 
some geographic units.  For instance, wildfires, which may be exacerbated by climate change, 
are causing depletion of lynx in some areas in the West, particularly in the North-central 
Washington Unit.  Conversely, stressors such as climate change and habitat alterations, while 
currently occurring, may not demonstrate demographic effects on lynx within the next decade. 
 
Future Conditions 
 
We determined that the Rresiliency of individual geographic units, which function independently 
of each other, is the primary determinant of future lynx DPS viability.  Overall, our analysis the 
scientific literature, expert input, and core team  indicates support the conclusion that there is 
likely a decreasing probability of persistence for each geographic unit within the DPS over the 
rest of the century (the analysis did not extend beyond the 2100 time frame). It The core team 
and the experts generally agreed that there will be a further indicates a consequent permanent 
loss of at least three and possibly four of the six units by the end of the century (based on the 
“most likely” scenario, with a best- to worst-case range of losing none to losing five) (Figure 2), 
The core team, however, had a slightly more pessimistic view, after reviewing climate change 
literature, that it was likely that only two or three units would persist through the end of the 
century..   Loss of units (i.e., resiliency) This will constitute a loss of redundancy resulting from 
declining resiliency.  Further, although neither the scientific literature nor expert input point to a 
meaningful risk that any single catastrophic event could cause extirpation of any one geographic 
unit, much less the DPS as a whole, we note that a sequence of less-than-catastrophic events 
could result in extirpation of one or more units over time, thereby reducing redundancy within 
the DPS. 

Although the DPS units are demographically isolated from each other, there is little low risk of 
significant genetic drift within the DPS, assuming because we assumed that the connectivity 
with Canadian populations would be maintained; this is indicative of relative genetic health 
through the end of the century.  Further, there is no indication that the relatively low level of 
genetic diversity poses a meaningful risk to future DPS viability.    

Based on climate change models, effects on snow and boreal forest conditions are foreseen as 
the primary stressor limiting future viability of lynx in the DPS.  The southernmost boreal 
habitats are predicted to retreat northward and upslope, further fragmenting and diminishing the 
quality of lynx and hare habitat within the DPS (although some uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts).  As habitat conditions decline 
due to climate change, the subsequent consequences of those habitat conditions (e.g., reduced 
snowshoe hares), and other contributing factors (e.g., management practices), mortality rates 
are likelywill  to increase and reproductive rates will decrease.  This in turn will reduce 
abundance and density of individuals within populations, making lynx populations more 
susceptible to stochastic events.  

The Service’s core team believes that gGiven the large proportion ofpercent of Federal land 
ownership in the Western units with lynx conservation assurances,  regulatory assurances that 
these lands will be managed in accordance with lynx conservation, and a stronger possibility 
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that lynx populations will be able to relocate to higher elevations, western geographic units are 
more likely to support lynx longer than eastern units (i.e., Northeastern Minnesota and Northern 
Maine) under projected climate change scenarios.  Nonetheless, we are unaware of any 
management action that can fully abate the long-term retreat of boreal forests and changed 
snow conditions.  Further, climate-induced frequency and intensity of wildfires and disease 
events are expected to increase, particularly in the western portion of the DPS, although we do 
not anticipate such events alone to cause the permanent loss of breeding lynx populations in 
the North-central Washington Unit or any other unit. 

The climate change literature showsf thatS suitable boreal forest and snow conditions are 
projected to decline more severely in the eastern geographic units (Northeastern Minnesota and 
Northern Maine) than in the western units.  Lynx habitat conditions in Maine are also likely to 
decline significantly by the end of the century as private forest management practices, 
particularly a reduction in clearcutting, result in succession detrimental to snowshoe hare and 
lynx needs. 

 

DPS wide synthesis  

Although there is no evidence from the historical record that Canada lynx have declined within 
the DPS to date, a number of threats acting at the DPS and individual geographic unit scales 
indicate a moderate to high likelihood of declines (i.e., loss of three or four units; see Figure 2) 
by the turn end of the century.  While it is more likely than not that any given individual unit—
Northern Maine, Northeastern Minnesota, Northwestern Montana/Northeastern Idaho, Western 
Colorado, and possibly North-central Washington—will persist to mid-century, expert projections 
indicate that under the most likely scenario at least three or, more probably, at least four of the 
six units will be extirpated by 2100 (with one of the six, the Greater Yellowstone Area, already 
thought by most experts to be unoccupied).  Of greater concern, under a worst-case scenario 
(primarily based on more pronounced climate change effects), experts and the core team 
project a high probability of losing five units by 2100.  By the end of the century, the one or two 
populations projected to have at least a 75 percent chance of persistence are those units having 
high-elevation refugia, (e.g., Northwestern Montana/Northeastern Idaho and possibly Western 
Colorado, although Colorado would be an isolated unit).  If there is a low emission climate 
change scenario, Lynx may also persist at the end of the century in Maine, depending on the 
severity of climate change effects and trends in development and private forest management.  
Uncertainty increases at mid- to late-century concerning the timing and extent of various 
stressors that will affect lynx and hare habitat and snow regimes, especially those related to 
climate change. However, our review of the best available science and the input from lynx 
experts and core team indicates that the lynx populations in all units will exhibit declines by 
2025, with the negative DPS-wide trajectory continuing to the end of the century, and (with no 
evidence to the contrary) beyond that time frame.   

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will 
also reduce redundancy.  These losses in resiliency and redundancy will reduce the likelihood 
of persistence put the- of Canada lynx in the U.S. DPS cause and will result in a relatively high 
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risk of extinction by the end of this century. , and in all probability, the risk will continue to 
increase after that point. 
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Figure 2.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit.1 

 
1  The y axis of each grid in Figure 2 indicates the probability that at least the number of geographic units 

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

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

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

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 
Geographic 

Unit 
 

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

References (Page Nos.) 
Female Male 

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

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

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

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

Table 6) 

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

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

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

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 

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

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

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

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

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

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

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

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

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2013/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm; https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection#87-5-107). 
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection#87-5-107
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection#87-5-107
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection#87-5-107
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

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

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

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

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 



 

60 
 

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



 

72 
 

spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

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

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

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

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

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

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

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

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

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

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

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

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

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

 

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



 

111 
 

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

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

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

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

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).    
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 



 

127 
 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Factors Affecting Current Conditions 

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

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

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

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

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

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

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

4.2.6 Unit 6 - Western Colorado Geographic Area 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).   
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (20122011e, p. 5) confirmed some relationships that were already known (e.g., lynx 
are strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid 
lower-elevation montane forests and montane shrublands). We recognize that all spruce-fir 
forest does not support lynx equally based on the low detection rate (28 percent) reported 
during the ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest 
(Ivan in Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a, entire) compared snowshoe hare density, survival, and recruitment in mature 
uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) stands 
(20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned lodgepole 
pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a,  entirein ILBT 2013) 
recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small lodgepole 
pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium lodgepole forest, 
and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir forest; densities were 
more similar across the 3 forest types during the winter months. He concluded that “hares 
reached their highest densities and recruited juveniles most consistently in stands of small 
lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
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unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (20122011e, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat.  Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011b, entireIvan 2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

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

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

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

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

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

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

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

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

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

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

● Little elevation refugia 

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

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

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of loss of spruce-
fir 

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

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

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

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

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

● Extent and pace of deteriorating 
snow conditions  

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

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

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

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

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

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

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

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

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

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

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

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

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

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

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

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

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

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

● Future trends in hare populations 

 

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

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 



 

173 
 

models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).   
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.   
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009, p, x) projected 
that suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.   
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir.  In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10).  
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 



 

178 
 

(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.     
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.   
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation.  Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation


 

181 
 

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

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

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
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long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
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to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest.  Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9).  In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19).  If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 



 

190 
 

increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat.  Minerals exploration has increased and is occurring 
at many locations in northeastern Minnesota 
(http://www.dnr.state.mn.us/lands_minerals/exploration.html#E, accessed Nov. 28, 2016), which 
may lead to more large-scale mining projects. Vegetation clearing for minerals exploration 
projects may have temporary impacts to lynx and hare habitat at drill pad sites, although 
impacts from pad sites are expected to be minimal and temporarybecause the foot print of 
individual drill pads is typically small and the cleared land is expected to re-vegetate. Drill pad 
site preparation includes vegetation clearing on small patches of land (average of approximately 
1.6 acres). This cleared land may provide snowshoe hare habitat after it has time to revegetate. 
Mineral exploration activities use existing Forest roads but also may require construction of new 
roads and may potentially add a significant number of road miles.  Land exchanges associated 
with  proposed mining sites could result in a loss of lynx and hare habitat under Forest 
management, but may also result in consolidation or gain of habitat with newly acquired lands 
(e.g, the Forest may able to consolidate lands that they can then manage for lynx).  Stone 
quarry extraction operations are also scattered throughout the unit (MN DNR 2016, p. 1) and 
may impact lynx and hare habitats.   
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel.  The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century.  The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time.  The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance.  There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota.  Further, if the DPS is de-
listed, there is uncertainty whether the lynx direction on Forest lands would continue into the 
future.  It is projected that habitat will diminish and recede northward over the mid- to longer-
term because of continued climate warming.  Furthermore, hybridization and competition with 

http://www.dnr.state.mn.us/lands_minerals/exploration.html#E


 

191 
 

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

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



 

198 
 

of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.       
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
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Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
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the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF.  We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs.  We acknowledge that LRMPs can be 
amended or revised.  However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process.  Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures.  Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

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

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



 

214 
 

elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades.  In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data).  Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century.  Our conclusion about their persistence relies on consistent reproductive 
success.   
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA.  We believe that as long as the current regulatory mechanisms provided by the State 
of Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from excessive take, and their habitat requirements likely met in 
a significant majority of the available habitat within the state.  Projected future climate warming 
is likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks.  Vegetative changes caused by climate change will 
likely result in less habitat availability in on private and BLM ownership, due to the anticipated 
upslope shift in vegetation that supports snowshoe hares and lynx.   
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks.  Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx.  The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round.  The Core Team is less concerned about this particular issue 
because we cannot foresee the development of barriers that would prevent lynx from accessing 
all available lynx habitat in the future. Colorado is isolated from source populations in the 
northern part of the range relative to the other units, which injects uncertainty about the 
possibility of genetic drift from mid-century onward.  Our expert elicitation documented some 
uncertainty whether ski areas may affect genetic connectivity within the unit.  However, the Core 
Team is less concerned about this particular issue because we cannot foresee the development 
of barriers that would prevent lynx from accessing all available lynx habitat in the future. 

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



 

221 
 

Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Hi Susan,
 
Thanks for your note.  It’s good to hear from you.  I’ve asked some folks
here in the N. Rockies how this standard is calculated.  I’ll let you know
what I hear back.
 

Scott Jackson 
National Carnivore Program Leader
Forest Service
Northern Regional Office

p: 406-329-3664 
f: 406-329-3171 
sjackson03@fs.fed.us

26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

From: Catton, Susan J -FS 
Sent: Tuesday, January 03, 2017 11:48 AM
To: Tamara_Smith@fws.gov; Jackson, Scott -FS <sjackson03@fs.fed.us>; kurt_broderdorp@fws.gov
Subject: 15% lynx conservation measure and measurement of 10 year period
 
Hi Scott, Tam and Kurt.  Happy New Year!
 
A question arose on the Superior NF about the 15% lynx conservation measures and
how best to measure it.  The question is with the interpretation of the 10-year
period and what to use.  I thought I would reach out to you and the lynx biology
team for some thoughts and insight before making a final decision on how we will
proceed.  Please feel free to forward this to other members of the Bio Team as
well.
 
Both the 2000 and the 2013 revised LCAS The 2000 LCAS contain a similar
conservation measure related to the change in lynx habitat due to management
activities on federal lands.

·         Management actions (e.g. timber sales, salvage sales) shall not change more
than 15 percent of lynx habitat within a LAU to an unsuitable condition
within a 10-year period (LCAS, 2000)
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·         Recognizing that natural disturbances and forest management of private

lands also will occur, management-induced change of lynx habitat on federal
lands that creates the early stand initiation structural stage or
silviculturally treated to remove horizontal cover should not exceed 15% of
lynx habitat on federal lands within a LAU over a 10-year period. (LCAS
2013)
 

In 2005, the Superior National Forest adopted this conservation measure as a
standard in its LRMP.  At that time the agreement with our local USFWS office was
that the 10 year period would corresponded with the first decade of our forest plan
(2005-2015).  Following the process that we started in 2005 we should start a
second running cumulate total of change in lynx habitat from 2015-2025.  This
approach is concerning to many of my biologists however because management
activities are now being  planned and implemented a second time in LAUs with 10
years or less between these activities.  This could result in 15%-30% of lynx habitat
on federal lands in an LAU being in an unsuitable condition as a result of
management actions at the same time.
 
We have talked about several options.  One option is to use a sliding 10-year
period.  The most conservative approach would be to use the project date as year
10 and count all the management actions  that have resulted in a change to lynx
habitat for 10 years prior.  The concern with this approach is that it is unnecessarily
restrictive.  It also would result in different results for each project making it less
useful for any regular monitoring.
 
Another option we considered is to look at what is currently in an unsuitable
condition as a result of management actions at the time of the project, add to it
any management decisions that would impact lynx habitat that have yet to be
implemented over the next 10 years.  15% minus these two data set would show the
limitations/sideboards for the current project being analyzed.
 
My recollection on the 15% measure is that it is intended to be more of a limitation
in change of habitat over time rather than an allowable maximum amount of
unsuitable habitat at a given time.
 
I’m wondering how others have grappled with this one and what others are
measuring this?
 
Thanks for your insight on this.

Susan Catton 
Forest Wildlife Biologist/Program Manager
Forest Service
Superior National Forest
p: 218-626-4304 
f: 218-626-4398 
scatton@fs.fed.us
8901 Grand Ave. Pl.
Duluth, MN 55808
www.fs.fed.us 

Caring for the land and serving people
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Ground Rules, Roles & Responsibilities 

Canada Lynx SSA Expert Elicitation Workshop 

 

Introduction 

We, the U.S. Fish and Wildlife Service (Service) invite you to participate in a workshop for scientific 
experts to address the current and likely future status of the contiguous U.S. Distinct Population 
Segment (DPS) of Canada lynx (Lynx canadensis).  This meeting, scheduled for October 13-15 at the 
Bloomington Crowne Plaza in Minneapolis, is part of our process for collecting the best available scientific 
information for assessing the status and considering the viability of this DPS.  The status assessment will 
inform the Service’s upcoming decisions on listing and recovery planning.  

An important aspect of this meeting is ensuring that it complies with the Federal Advisory Committee Act 
(FACA) and the Administrative Procedure Act (APA).  The ground rules stated below are intended to 
serve this purpose.  These ground rules are also intended to ensure that the meeting focuses on 
providing the Service with the best available scientific information for our status review and subsequent 
decision making under the ESA. 
 
Principles Underlying These Ground Rules 

ESA:  As stated above, this meeting is part of our effort to obtain the best available scientific information 
relevant to the status of the Canada lynx, as required by the ESA.  Thus, we will not ask for input from 
participants on the decisions that are the Service’s responsibility under the ESA.  Rather, we are only 
seeking expert, unbiased input on the types of questions the Service has provided you for use assessing 
the species’ status and likely future viability.  The expert meeting will provide one source of information, 
among others, that we will consider in making determinations and decisions under the ESA. 

FACA:  The purpose of the FACA is to ensure that advice provided to the Executive Branch of the Federal 
government by advisory committees is transparent and accessible to the public.  To achieve this purpose, 
FACA mandates a process for establishing, operating, overseeing, and terminating advisory bodies that are 
covered by the Act. 

Groups that are assembled to provide individual advice to a Federal agency, rather than advice from the 
group as a whole, are not covered by FACA and hence are not required to comply with FACA’s 
procedural requirements.  The same is true of groups assembled to exchange facts and information with a 
Federal agency.  The meeting you will be attending will be structured and conducted to meet both of these 
criteria:  The primary purpose of the meeting will be to exchange facts and information and, to the extent 
any advice may be sought on biological or other questions relevant to the Service’s status review, that 
advice will only be sought on an individual basis, not from the group as a whole.  Maintaining these 
sideboards is critical to ensuring that the meeting does not violate FACA’s requirements for advisory 
committees. 



APA:  The APA requires Federal agencies to maintain and make available for public review all information 
used in developing and making final decisions.  The APA also mandates that judicial review of any final 
Federal decision be based on the administrative record that includes all records presented to or used by 
the Federal agency in making the challenged decision.  As a result of both of these APA requirements, the 
Service must maintain open, public records to document its decision making process regarding the Canada 
lynx.  Therefore, information gained via this meeting will be documented and will be subject to public 
disclosure through the processes just described.  This documentation will also be subject to release upon 
request under the Freedom of Information Act (FOIA). 
 
Ground Rules 

1.  The Service is only seeking the best available scientific information from the experts participating in this 
meeting. 

2.  The Service has developed a meeting agenda that, among other things, identifies the scientific questions 
on which the Service seeks the scientific expertise of the meeting participants.  The meeting participants 
should focus their participation in the meeting on providing information that is responsive to these 
questions. 

3.  The Service invited the individuals participating in this expert meetings based solely on their scientific 
qualifications, rather than as a representative of a particular organization or interested party.  
Accordingly, the participants should share their scientific expertise during the meeting and not seek to 
represent any particular position of an agency, their employer, or other interested party. 

4.  Participants should fully disclose to the Service and all other participants any potential conflict of 
interest (such as a commercial stake) in the Service’s decisions regarding the Canada lynx.  

5.  The Service is not asking for and will not accept input at this meeting on the decisions it is charged 
with making under the ESA.  The Service retains full control over ESA decisions and no pre-decisional 
discussions will be entertained. 

6.  Participants should follow standard norms of behavior for effective meetings so that the Service can 
receive the information it seeks from all participants.  The Service encourages an open, inclusive, and 
science-based discussion characterized by respectful, orderly dialogue. 

7.  Any opinion from any participants in this meeting will be provided on an individual basis and not from 
the group or from subgroups as a whole.  Group debate is encouraged, but the Service does not seek 
consensus or collective advice on issues to be discussed, and such consensus or collective advice should 
not be provided. 

8.  Information provided by participants through the course of the meeting will be documented in 
meeting notes and a written summary report by the Service. The notes and corresponding report will 
become part of the administrative record for use in agency decision making.  The meeting documentation 
will summarize the biological and other scientific information gained during the meeting.  Consistent 
with the preceding ground rule limiting advice to individual advice only, this report will document any 



advice provided by a meeting participant on an individual basis.  If anonymity is a concern, we will use a 
coding system to identify individuals. 

9.  Conference calls or other communications between the Service and meeting participants may occur 
after the meeting to clarify, for documentation purposes, the information discussed at the meeting.  Any 
such communications will also be subject to these ground rules. 

Roles and Responsibilities 

Each participant at the meeting will play a distinct role with certain responsibilities.  These roles include 
species experts, consulting experts, Service leads, facilitators, core team members, note takers, and 
observers.  The responsibilities for each role are outlined below. 

SPECIES EXPERTS:  Species experts will be asked to respond to specific questions regarding the population-
level and species-level viability of the Canada lynx.  These experts will also be expected to share status 
information about the listed populations, either through assigned presentations or discussion.  All experts 
with relevant information or opinions regarding a specific question will be expected to provide their input 
on an equal footing, and to provide their level of confidence in their input.  Species experts will be asked 
for information on the exposure and response of individual animals, populations, and/or the rangewide 
population to effects such as changes in hare abundance or human-caused mortality.  Species experts may 
be asked, when divergent data or opinions are provided, to discuss the basis for these differences.  Finally, 
species experts will be asked to identify critical uncertainties regarding the current and projected status of 
the lynx. 

Species experts will be seated as a formal group and will work with facilitators who will elicit their input on 
the essential questions surrounding the status of the lynx DPS. 

CONSULTING EXPERTS:  This role comprises experts who have specific knowledge of conditions that may 
affect the Canada lynx.  For this meeting, this includes individuals with expertise in climate change, snow 
conditions, snowshoe hare abundance, and the regulatory environment.  These experts will provide 
rangewide information on the conditions affecting lynx now and into the future, either through assigned 
presentations or by consulting with the species experts upon request regarding specific cause-and-effect 
questions. 

The consulting experts will be seated outside the species expert group but will be expected to follow the 
discussions and provide input as needed. 

SERVICE LEADS:  The lead biologist and Field Office Supervisor for the listed lynx DPS will welcome 
participants, provide logistical support, address relevant background questions, and monitor the 
proceedings.  Most importantly, they will guide the SSA process following the expert meeting toward 
fruition of the status assessment. 

Service leads will be seated near the front in order to provide support and closely follow the elicitation. 

FACILITATORS:  Three facilitators will, in turn, guide discussions and elicit expert input on specific 
questions.  Facilitators are charged with making orderly progress on the essential questions regarding the 



status of the lynx, and with ensuring that all voices are heard.  Facilitators, in concert with the Service leads 
and core team, will also be responsible for adjusting the agenda and the essential questions as needed in 
response to the information and analysis put forth each day. 

CORE TEAM:  In addition to the Service leads, a core team of Service biologists has been convened to work 
on the SSA.  These biologists are responsible for providing input into the assessment and acting as liaisons 
for experts and interested parties in their parts of the DPS range.  During the meeting, individuals on the 
core team will observe, provide input when asked, and share in the note-taking responsibilities when 
asked. 

Core team members will, like the consulting experts, be seated near the species expert table and will be 
available to address questions of clarification, etc., when asked. 

NOTE TAKERS:  As mentioned in the Introduction, careful note-taking will be conducted.  The lead note-
taker will be supplemented by additional note-takers, as needed, from the core team.  Notes will be 
consolidated each day and used during the meeting to help frame further questions and discussion. 

Note takers will be provided seating wherever needed to capture the discussions. 

OBSERVERS:  A limited number of observers can be accommodated at the meeting.  Observers will take 
their role literally and confine their participation during meeting time to listening to the presentations and 
discussions without comment.  We acknowledge that there will be sideboard interactions during breaks 
and other times outside the meeting, but we ask that observers not carry these back into the meeting. 

Observers will be seated at the back of the meeting room. 



From: Baker, Richard (DNR)
To: Bush, Jodi (jodi_bush@fws.gov); Zelenak, Jim
Cc: Jonathan Mawdsley (jmawdsley@fishwildlife.org); Smith, Tamara; peter_fasbender@fws.gov
Subject: FW: For State Agency Review: Draft Lynx Species Status Assessment document
Date: Wednesday, January 11, 2017 7:54:46 AM
Attachments: 2017 01 06 DRAFT Lynx SSA Report.pdf
Importance: High

Hi Jodi and Jim,
 
I hope you are having a good winter. This email from Jonathan Mawdsley at AFWA prompts some
concern – I see no evidence that I have received the Draft SSA report directly from you.
 
Don’t you plan to distribute it directly to the affected states?
 
FYI, I intend to compile Minnesota’s comments and submit them directly to you rather than send
them through AFWA,  since I don’t think it is appropriate for our comments to be merged with those
from other states through the AFWA process.
 
Thanks in advance for your reply,
 
Regards,
 
Rich
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><> 
 

From: Jonathan Mawdsley [mailto:jmawdsley@fishwildlife.org] 
Sent: Tuesday, January 10, 2017 10:53 PM
To: Broscheidb@outlook.com; Craig McLaughlin - DNR <craig.mclaughlin@state.co.us>;
jake.ivan@state.co.us; Eric Odell <eric.odell@state.co.us>; Moore,Virgil
<virgil.moore@idfg.idaho.gov>; Sallabanks,Rex <rex.sallabanks@idfg.idaho.gov>;
chandler.woodcock@maine.gov; Connolly, James <james.connolly@maine.gov>;
jennifer.vashon@maine.gov; William Moritz <Moritzw@michigan.gov>; Mason, Russ (DNR)
<MasonR2@michigan.gov>; bumpa@michigan.gov; Kennedy, Daniel (DNR)
<kennedyd@michigan.gov>; *Commissioner (DNR) <commissioner.dnr@state.mn.us>; Leach, Jim
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(DNR) <jim.leach@state.mn.us>; Telander, Paul B (DNR) <Paul.Telander@state.mn.us>; Baker,
Richard (DNR) <richard.baker@state.mn.us>; Erb, John D (DNR) <john.erb@state.mn.us>;
kmcdonald@mt.gov; Inman, Bob <bobinman@mt.gov>; jkolbe.fwp@gmail.com; seggeman@mt.gov;
'Glenn Normandeau <glenn.normandeau@wildlife.nh.gov>; mark.ellingwood@wildlife.nh.gov;
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I trust that this message finds you well. The U. S. Fish and Wildlife Service has asked the
Association of Fish and Wildlife Agencies (AFWA) to assist with state fish and wildlife agency
review of the DRAFT Species Status Assessment (SSA) document for the Canada Lynx -
Contiguous United States Distinct Population Segment (DPS). 
 
Attached to this e-mail message you will find the DRAFT SSA document for the Canada Lynx -
Contiguous United States DPS.  Please also see the e-mail message of transmittal from Jodi
Bush at U. S. FWS below which contains important information about this document and the
specific input that is being solicited from the state fish and wildlife agencies at this time.
 
To facilitate this review, we would ask that comments from you and your colleagues be
provided to AFWA by COB on Friday, February 10th, 2017.  Comments can be sent
electronically as e-mail attachments to the following e-mail address:
jmawdsley@fishwildlife.org 
 
AFWA will compile all comments and share all comments directly with the U. S. Fish and
Wildlife Service.  Input from multiple individuals within a single agency is certainly welcome,
but if possible it would be helpful for us to receive a single set of comments from each of the
lynx range states.

mailto:jmawdsley@fishwildlife.org


 
Many thanks in advance for your help in providing a robust review of the attached
document.  I look forward to hearing from you.
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Jonathan Mawdsley
 
Jonathan R. Mawdsley, Ph.D.
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Canada Lynx - Contiguous United States Distinct Population Segment (DPS).  As you are aware,
the draft report is currently undergoing peer review.
 
We are providing this draft to you for dissemination to our State Fish and Game Partners for
review by those individuals with expert knowledge of the species and its habitat.  Their review
will help us ensure that we have appropriately considered the best scientific and commercial
information when evaluating the current status and future viability of the lynx DPS.  We
request their independent scientific perspectives on the comprehensiveness and logic of the
document, as well as how well the technical conclusions are supported by the data and
analyses.
 
Please note that the Literature Cited list is not complete at this time.  If you need a copy of any
document cited in the draft report, please contact Jim Zelenak at the email address below.
 
This document is not intended to solicit public comment and will be revised after this scientific
review. This document does not predetermine any future agency decision under the
Endangered Species Act.
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016 
 
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews 
from expert peer reviewers, from State and Federal partners with expert knowledge of the species 
and its habitat, and from internal reviewers by Department of Interior staff. The document is not 
intended to solicit public comment. This document will be revised after this scientific review. This 
document does not predetermine any future agency decision under the Endangered Species Act. 
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

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

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

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

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

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

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

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

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

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

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

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

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

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 



 

20 
 

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

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

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



 

23 
 

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

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

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

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

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

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

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

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

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

 
Geographic 

Unit 
 

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

References (Page Nos.) 
Female Male 

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

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

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

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

Table 6) 

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

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

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

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

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



 

114 
 

 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

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

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

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

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



 

135 
 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

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

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

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

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



 

143 
 

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

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

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

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

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

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

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

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

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

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

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

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

Factors Affecting Current Conditions 

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

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

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 



 

150 
 

Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

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

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

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

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

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

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

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

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

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

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

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

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

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

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

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

● Little elevation refugia 

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

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

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of loss of spruce-
fir 

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

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

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

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

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

● Extent and pace of deteriorating 
snow conditions  

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

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

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

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

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

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

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

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

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

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

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

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

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

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

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

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

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

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

● Future trends in hare populations 

 

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

 

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

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

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

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



 

192 
 

increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

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

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

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

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



 

222 
 

Literature Cited    
 
36 CFR 219.22. The overall role of science in planning. http://www.gpo.gov/fdsys/pkg/CFR-

2011-title36-vol2/pdf/CFR-2011-title36-vol2-sec219-22.pdf 

65 FR 16052. Endangered and Threatened Wildlife and Plants; Determination of Threatened 
Status for the Contiguous U.S. Distinct Population Segment of the Canada Lynx and 
Related Rule. March 24, 2000. http://www.gpo.gov/fdsys/pkg/FR-2000-03-24/pdf/00-
7145.pdf 

68 FR 40076. Endangered and Threatened Wildlife and Plants; Notice of Remanded 
Determination of Status for the Contiguous United States Distinct Population Segment of 
the Canada Lynx. July 3, 2003. http://www.gpo.gov/fdsys/pkg/FR-2003-07-03/pdf/03-
16664.pdf 

71 FR 66008. Endangered and Threatened Wildlife and Plants; Designation of Critical Habitat 
for the Contiguous United States Distinct Population Segment of the Canada Lynx. 
November 9, 2006. Revised September 12, 2014. https://www.gpo.gov/fdsys/pkg/FR-
2014-09-12/pdf/2014-21013.pdf 72 FR 1186. Endangered and Threatened Wildlife and 
Plants; Clarification of Significant Portion of the Range for the Contiguous United States 
Distinct Population Segment of the Canada Lynx. January 10, 2007. Revised September 
12, 2014. https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/201-21013.pdf 4 

72 FR 19549. Endangered and Threatened Wildlife and Plants; Initiation of 5-Year Reviews of 
Seven Wildlife Species and Two Plant Species in the Mountain-Prairie Region. Notice of 
review; request for comments. April 18, 2007. https://www.gpo.gov/fdsys/pkg/FR-2007-
04-18/pdf/E7-7328.pdf 

74 FR 8616. Endangered and Threatened Wildlife and Plants; Revised Designation of Critical 
Habitat for the Contiguous United States Distinct Population Segment of the Canada 
Lynx; Final Rule. February 25, 2009. Revised September 12, 2014.  
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf     

74 FR 66937. Endangered and Threatened Wildlife and Plants; 12-month Finding on a Petition 
To Change the Final Listing of the Distinct Population Segment of the Canada Lynx To 
Include New Mexico. December 17, 2009. https://www.gpo.gov/fdsys/pkg/FR-2014-09-
12/pdf/2014-21013.pdf 

75 FR 6539. Healthy Forest Reserve Program. February 10, 2010. 
http://www.gpo.gov/fdsys/pkg/FR-2010-02-10/pdf/2010-2812.pdf 
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/easements/forests/  

78 FR 59430. Endangered and Threatened Wildlife and Plants; Revised Designation of Critical 
Habitat for the Contiguous U.S. Distinct Population Segment of the Canada Lynx and 
Revised Distinct Population Segment Boundary; Proposed Rule. September 26, 2013. 
http://www.fws.gov/mountain-prairie/species/mammals/lynx/09112013LynxTempFR.pdf 

http://www.gpo.gov/fdsys/pkg/CFR-2011-title36-vol2/pdf/CFR-2011-title36-vol2-sec219-22.pdf
http://www.gpo.gov/fdsys/pkg/CFR-2011-title36-vol2/pdf/CFR-2011-title36-vol2-sec219-22.pdf
http://www.gpo.gov/fdsys/pkg/FR-2000-03-24/pdf/00-7145.pdf
http://www.gpo.gov/fdsys/pkg/FR-2000-03-24/pdf/00-7145.pdf
http://www.gpo.gov/fdsys/pkg/FR-2003-07-03/pdf/03-16664.pdf
http://www.gpo.gov/fdsys/pkg/FR-2003-07-03/pdf/03-16664.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2007-04-18/pdf/E7-7328.pdf
https://www.gpo.gov/fdsys/pkg/FR-2007-04-18/pdf/E7-7328.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
http://www.gpo.gov/fdsys/pkg/FR-2010-02-10/pdf/2010-2812.pdf
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/easements/forests/
http://www.fws.gov/mountain-prairie/species/mammals/lynx/09112013LynxTempFR.pdf


 

223 
 

79 FR 54782. Endangered and Threatened Wildlife and Plants; Revised Designation of Critical 
Habitat for the Contiguous United States Distinct Population Segment of the Canada 
Lynx and Revised Distinct Population Segment Boundary; Final Rule. September 12, 
2104. https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf 

Abatzoglou, J. T. 2011.  Influence of the PNA on declining mountain snowpack in the Western 
United States. International Journal of Climatology 31:1135-1142. 

 
Agee, J. K. 2000. Disturbance ecology of North American boreal forests and associated 

northern mixed/subalpine forests. Pages 39-82 in Ruggiero, L. F., K. B. Aubry, S. W. 
Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology 
and conservation of lynx in the contiguous United States. University Press of Colorado, 
Boulder, Colorado. 

Alaska Natural Heritage Program. 2008. Conservation status report. Lynx canadensis. 7 pp. 

Allen, C. D., A. K. Macalady, H. Chenchouni, D. Bachelet, N. Mcdowell, M. Vennetier, T. 
Kitzberger, A. Rigling, D. D. Breshears, E. H. Hogg. 2010. A global overview of drought 
and heat-induced tree mortality reveals emerging climate change risks for forests. Forest 
Ecology and Management 259:660-684. 

Amiro, B. D., A. L. Orchansky, A. G. Barr, T. A. Black, S. D. Chambers, F. S. Chapin III, M. L. 
Goulden, M. Litvak, H. P. Liu, J. H. McCaughley, A. McMillan, and J. T. Randerson. 
2006. The effect of post-fire stand age on the boreal forest energy balance. Agricultural 
and Forest Meteorology 140:41-50. 

Anderson, E.M. and M.J. Lovallo. 2003. Bobcat and Lynx. Pages 758-786 in G.A. Feldhamer, 
B.C. Thompson, and J.A. Chapman, eds. Wild Mammals of North America: Biology, 
Management, and Conservation. Johns Hopkins University Press. 

Apps, C. D. 2000. Space-use, diet, demographics, and topographic associations of lynx in the 
southern Canadian Rocky Mountains: a study. Pages 351-371 in Ruggiero, L. F., K. B. 
Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, 
(eds.). Ecology and conservation of lynx in the contiguous United States. University 
Press of Colorado, Boulder, Colorado. 

Assells, A., H. Boulanger, B. Martin and M. C. Pelletier-Leclerc. 2007. Suivi de l’abondance du 
lievere d’Amerique (Lepus americanus), de 2000 a 2006 dans sept regions du Quebec. 
Page 38 Ministere des Ressources naturelles et de la Faune. Direction de 
l’amenagement de la faune, Gaspesie-iles-del-la-Madeleine. 

Aubry, K.B. 2006. Peer review of USFWS 2006 proposed rule to designate critical habitat for the 
contiguous U.S. distinct population segment of Canada lynx. May 2, 2006, letter to 
USFWS. 3 pp. 

Aubry, K. B., G. M. Koehler, and J. R. Squires. 2000. Ecology of Canada lynx in southern boreal 
forests. Pages 373-396 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. 
J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in 
the contiguous United States. University Press of Colorado, Boulder, Colorado. 

https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf


 

224 
 

Ausband, D. E. and G. R. Baty. 2005. Effects of precommercial thinning on snowshoe hare 
habitat use during winter in low-elevation montane forests. Canadian Journal of Forest 
Research 35: 206-210. 

Bayne, E. M., S. Boutin, and R. A. Moses. 2008. Ecological factors influencing the spatial 
pattern of Canada lynx relative to its southern range edge in Alberta, Canada. The 
Canadian Journal of Zoology 86: 1189-1197.  

Beckage, B., B. Osborne, D. G. Gavin, C. Pucko, T. Siccama, and T. Perkins. 2008. A rapid 
upward shift of a forest ecotone during 40 years of warming in the Green Mountains of 
Vermont. Proceedings of the National Academy of Sciences 105: 4197–4202. 

Beniston, M. 2016. Environmental changes in mountains and uplands. Routledge, Taylor and 
Francis Group. London and New York. 

Bentz, B. J., editor. 2009. Bark beetle outbreaks in western North America: causes and 
consequences. Bark Beetle Symposium, Snowbird, Utah, November 2005. 42pp. 
http://www.fs.fed.us/rm/pubs_other/rmrs_2009_bentz_b001.pdf 

Bentz, B. J., J. Regniere, C. J. Fettig, E. M. Hansen, J. L. Hayes, J. A. Hicke, R. G. Kelsey, J. F. 
Negron, and S. J. Seybold. 2010. Climate change and bark beetles of the western 
United States and Canada: direct and indirect effects. BioScience 60:602-613. 

Berg, N. D. 2009. Beaverhead-Deerlodge National Forest Canada lynx and snowshoe hare 
habitat and track surveys. Unpubl. report, USDA Forest Service, Beaverhead-Deerlodge 
National Forest, Dillon, Montana. 22 pp. 

Berg, N. D. 2010. Snowshoe hare and forest structure relationships in western Wyoming. M. S. 
Thesis, Utah State University, Logan, Utah. 

Berg, N. D. and R. M. Inman. 2010. Uinta Mountain lynx and wolverine survey report. Unpubl. 
report,  USDA Forest Service, Uinta-Wasatch-Cache and Ashley National Forests, Utah. 
44 pp. 

Berg, N. D., E. M. Gese, J. R. Squires, and L. M. Aubry. 2012. Influence of forest structure on 
the abundance of snowshoe hares in western Wyoming. Journal of Wildlife Management 
76: 1480-1488. 

Bergeron, Y., S. Gauthier, V. Kafta, P. Lefort, and D. Lesieur. 2001. Natural fire frequency for 
the eastern Canadian boreal forest: consequences for sustainable forestry. Canadian 
Journal of Forestry Research 31:384-391. 

Bernier, C. 2015. Untitled. Response to U.S. Fish and Wildlife Service request for information on 
Canada lynx. Vermont Fish & Wildlife Department, Montpelier, VT. 7 pp. 

Bernier, C. 2016. Personal communication, electronic mail reply to J. Zelenak re: Request for 
update about lynx in VT from USFWS. June 6, 2016.  

Biek, R., R. L. Zarnke, C. Gillin, M. Wild, J. R. Squires, and M. Poss. 2002. Serologic survey for 
viral and bacterial infections in western populations of Canada lynx (Lynx canadensis). 
Journal of Wildlife Diseases 38:840-845. 



 

225 
 

Bittner, S. L. and O. J. Rongstad. 1982. Snowshoe hare and allies. Pages 146-163 in J. A. 
Chapman and G. A. Feldhamer (eds.). Wild mammals of North America biology, 
management and economics. Johns Hopkins University Press, Baltimore, MD. 

Blais, J. R. 1983. Trends in the frequency, extent, and severity of spruce budworm outbreaks in 
eastern Canada. Canadian Journal of Forest Research 13(4):539-547. 

Brainerd, S. M. 1985. Reproductive ecology of bobcats and lynx in western Montana. M. S. 
Thesis, Univ. of Montana, Missoula. 85 pp.  

Brand, C. J. and L. B. Keith. 1979. Lynx demography during a snowshoe hare decline in 
Alberta. Journal of Wildlife Management 43: 827-849. 

Brand, C. J., L. B. Keith, and C. A. Fischer. 1976. Lynx responses to changing snowshoe hare 
densities in central Alberta. Journal of Wildlife Management 40: 416-428. 

Breitenmoser, U., B. G. Slough, and C. Breitenmoser-Würsten. 1993. Predators of cyclic prey: 
Is the Canada lynx victim or profiteer of the snowshoe hare cycle? Oikos 66 (3): 551-
554. 

Brocke, R. H., J. L. Belant, and K. A. Gustafson. 1990. Lynx population and habitat survey in the 
White Mountain National Forest, New Hampshire. State University of New York, 
Syracuse., 

Brocke, R. H., J. L. Belant, and K. A. Gustafson. 1993. Lynx population and habitat survey in the 
White Mountain National Forest, New Hampshire. State University of New York, 
Syracuse. 96 pp. + App. 

Brown, R. D. 2000. Northern hemisphere snow cover variability and change, 1915-97. Journal 
of Climate 13: 2339-2355. 

Buehler, D. A. and L. B. Keith. 1982. Snowshoe hare distribution and habitat use in Wisconsin. 
Canadian Field-Naturalist 96: 19-29. 

Bull, E. L., T. W. Heater, A. A. Clark, J. F. Shepherd, and A. K. Blumton. 2005. Influence of 
precommercial thinning on snowshoe hares. USDA Forest Service, Pacific Northwest 
Research Station, Research Paper PNW-RP-562. 

Bunnell, K. D., J. T. Flinders, and M. L. Wolfe. 2006. Potential impacts of coyotes and 
snowmobiles on lynx conservation in the Intermountain West. Wildlife Society Bulletin 
34(3): 828-838. 

Burdett, C. L. 2008. Hierarchical structure of Canada lynx space use and habitat selection in 
Northeastern Minnesota. PhD Dissertation. University of Minnesota. 

Burdett, C. L., R. A. Moen, G. J. Niemi, and L. D. Mech. 2007. Defining space use and 
movements of Canada lynx with global positioning system telemetry. Journal of 
Mammalogy 88: 457-467. 

Burns, C., M. Hunter, P. deMaynadier, L. Incze, W. Krohn, P. Vaux, and B. Vickery. 2009. 
Biodiversity. Pages 30-36 in Jacobson, G. L., I. J. Fernandez, P. A. Mayewski, and C. V. 



 

226 
 

Schmitt (editors). 2009. Maine’s Climate Future: An Initial Assessment. Orono, ME: 
University of Maine. http://climatechange.umaine.edu/files/Maines_Climate_Future.pdf  

Buskirk, S. W., L. F. Ruggiero, and C. J. Krebs. 2000a. Habitat fragmentation and interspecific 
competition: implications for lynx conservation. Pages 83-100 in Ruggiero, L. F., K. B. 
Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, 
(eds.). Ecology and conservation of lynx in the contiguous United States. University 
Press of Colorado, Boulder, Colorado. 

Buskirk, S. W., L. F. Ruggiero, K. B. Aubry, D. E. Pearson, J. R. Squires, and K. S. McKelvey. 
2000b. Comparative ecology of lynx in North America. Pages 397-417 in Ruggiero, L. F., 
K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. 
Squires, (eds.). Ecology and conservation of lynx in the contiguous United States. 
University Press of Colorado, Boulder, Colorado. 

Butler, D. R., G. P. Malanson, and D. M. Cairns. 1994. Stability of alpine treeline in Glacier 
National Park, Montana, U.S.A. Phytocoenologia 22:485-500.  

Carney, I. M. 1993. Colorado lynx study: Winter 1993. Unpubl. Rep., Colorado Division of 
Wildlife, Glenwood Springs, CO. 44 pp. 

Callaghan, M., M. Johansson, R. D. Brown, P. Y. Groisman, N. Labba, V. Radionov, R. G. 
Barry, O. N. Bulygina, R. L. H. Essery, D. M. Frolov, V. N. Golubev, T. C. Greenfell, M. 
N. Petrushina, V. N. Razuvaev, D. A. Robinson, P. Romanov, D. Shindell, A. B. 
Shmakin, S. A. Sokratov, S. Warren, and D. Yang. 2011. The changing face of arctic 
snow cover: a synthesis of observed and projected changes. AMBIO 40:17-31. 

Carroll, C. 2007. Interacting effects of climate change, landscape conversion, and harvest on 
carnivore populations at the range margin: marten and lynx in the Northern 
Appalachians. Conservation Biology 21: 1092-1104. 

Catton, T. J., D. Ryan, and D. Grosshuesch. 2015. Summary of the Superior National Forest’s 
2015 Canada lynx (Lynx Canadensis) DNA database. October 28. 6pp. 

Cayan, D. R., S. A. Kammerdiener, M. D. Dettinger, J. M. Caprio, and D. H. Peterson. 2001. 
Changes in the onset of spring in the western United States. Bulletin of the American 
Meteorological Society 82: 399-415. 

Chen, W. et al. 2013. Monitoring habitat conditions changes during winter and pre-calving 
migrations for the Bathurst Caribou in northern Canada. Biodiversity 14:36-44. 

Christensen, N. S., A. W. Wood, N. Voisin, D. P. Lettenmaier, and R. N. Palmer. 2004: Effects 
of climate change on the hydrology and water resources of the Colorado River Basin. 
Climatic Change 62: 337-363. 

Colorado Division of Wildlife. 2000. Colorado lynx recovery project: 2000 progress report to the 
U.S. Fish and Wildlife Service. Glenwood Springs, CO. 16 pp.    

Colorado Parks and Wildlife. 2012. Lynx research update, 5/2012. 
http://cpw.state.co.us/learn/Pages/ResearchMammalsRP-01.aspx 

http://climatechange.umaine.edu/files/Maines_Climate_Future.pdf
http://cpw.state.co.us/learn/Pages/ResearchMammalsRP-01.aspx


 

227 
 

Colorado Parks and Wildlife (CPW). 2015. 2015 Colorado Small Game. CPW, Denver, CO. 16 
pp. 

Colorado Revised Statutes Title 33-2-105 

Colorado Revised Statutes Title 33-6-205 

Colorado Revised Statutes Title 33-6-207 

Confederated Salish and Kootenai Tribes. 2000. Flathead Indian Reservation Forest 
Management Plan. 308 pp. 

Confederated Salish and Kootenai Tribes. 2014a. Tribal Natural Resources Department, 
Division of Fish, Wildlife, Recreation, Conservation.  

Confederated Salish and Kootenai Tribes. 2014b. Tribal Wildlife Management Program Plan 
Fiscal Year 2014. 10 pp.  

Conroy, M. J., L. W. Gysel, and G. R. Dudderar. 1979. Habitat components of clear-cut areas 
for snowshoe hares in Michigan. Journal of Wildlife Management 43:680-690. 

Cornulier, T., N. G. Yoccoz, V. Bretagnolle, J. E. Brommer, A. Butet, F. ecke, D. A. Elston, E. 
Framstad, H. Hentonen, B. Hornfeldt, O. Huitu, C. Imholt, R. A. Ims, J Jacob, B. 
Jedrzejewska, A. Million, S. J. Petty, H. Pietiainen, E. Tkadlec, K. Zub, and X. Lambin. 
2013. Europe-wide dampening of population cycles in keystone herbivores. Science 
340:63-66. 

Courville, S. 2014. Personal communication. April 30, 2014 telephone call between S. Courville, 
Wildlife Biologist, Confederated Salish and Kootenai Tribes (CSKT) of the Flathead 
Nation - Flathead Reservation, and J. Zelenak, U.S. Fish and Wildlife Service, Montana 
Ecological Services Field Office. 

D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. 
Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New 
York, NY, USA, 1535 pp. 

Dale, V. H., L. A. Joyce, S. McNulty, R. P. Neilson, M. P. Ayres, M. D. Flannigan, P. J. Hanson, 
L. C. Irland, A. E. Lugo, C. J. Peterson, D. Simberloff, F. J. Swanson, B. J. Stocks, and 
B. M. Wotton. 2001. Climate change and forest disturbances. BioScience 51:723-734. 

Danby, R. K. and D. S. Hik. 2007. Variability, contingency, and rapid change in recent subarctic 
alpine tree line dynamics. Journal of Ecology 95: 352-363. 

Daszak, P., A. A. Cunningham, A. D. Hyatt. 2000. Emerging infectious diseases of wildlife - 
threats to biodiversity and human health. Science 287:443-449. 

DeHayes, D. H., G. L. Jacobson, P. G. Schaber, B. bongarten, L. R. Iverson, and A. 
Dieffenbacker-Krall. 2000. Forest responses to changing climates: lessons from the past 
and uncertainty for the future. In Responses of northern forests to environmental 
change. Ecological Studies 139. Edited by R. A. Mickler, R. A. Birdsey, and J. L. Horn. 
Springer-Verlag, New York, Perline, Heidelberg. pp. 495-540. 



 

228 
 

Deschampe, N. W. 2008. Letter Re: Critical habitat designation for lynx. Grand Portage 
Reservation Tribal Council. 3 pp. 

Devineau, O., T. M. Shenk, G. C. White, P. F. Doherty, Jr., P. M. Lukacs, and R. H. Kahn. 2010. 
Evaluating the Canada lynx reintroduction programme in Colorado: patterns in mortality. 
Journal of Applied Ecology 47: 524-531. 

Diaz, H. F. and J. K. Eischeid. 2007. Disappearing “alpine tundra” Koppen climatic type in the 
western United States. Geophysical Research Letters 34:L18707. 

Diefenbach, D. R., S. L. Rathbun, J. K. Vreeland, D. Grove, and Wl J. Kanapaux. 2016. 
Evidence for range contraction of snowshoe hare in Pennsylvania. Northeastern 
Naturalist 23:229-248. 

Dolbeer, R. A. and W. R. Clark. 1975. Population ecology of snowshoe hares in the central 
Rocky Mountains. Journal of Wildlife Management 39: 535-549. 

Dyer, J. L. and T. L. Mote. 2006. Spatial variability and trends in observed snow depth over 
North America. Geophysical Research Letters 33: L16503 (6 pp.). 

Elliot-Fisk, D. L. 1988. The boreal forest. Pages 33-62 in Barbour, M.G. and W.D. Billings (eds.). 
North American terrestrial vegetation. Cambridge Univ. Press, Cambridge. 

Elton, C. and M. Nicholson. 1942. The ten-year cycle in numbers of the lynx in Canada. Journal 
of Animal Ecology 11: 215-244. 

Environment Canada 2014. Non-detriment finding for Canada lynx. Publ. 2007-10-25; revised 
2014-02-17. 4 pp.  

Erb, J. 2012. Registered furbearer harvest statistics. 2011-2012 Report. Grand Rapids, MN. 30 
pp.  

Erb, J. 2014. Furbearer winter track survey summary, 2014. Pp. 39-46 in Carnivore scent 
station survey and winter track indices. Forest Wildlife Populations and Research Group, 
Grand Rapids, MN. 18 pp. (pp. 29-46).  

Fagre, D. B. 2005. Adapting to the reality of climate change at Glacier national Park, Montana, 
USA. Proceedings I Conferencia Cambio Climático, Bogotá 2005. 14 pp. 

Farrell, L. E. 2012. Northeastern meso-mammals: landscape use and detection. Doctoral 
dissertation, University of Vermont. 

Feng, S. and Q. Hu. 2007. Changes in winter snowfall/precipitation ratio in the contiguous 
United States. Journal of Geophysical Research 112, D15109, 
doi:10.1029/2007JD008397. 

Ferron, J. and J. P. Ouellet. 1992. Daily partitioning of summer habitat and use of space by the 
snowshoe hare in southern boreal forest. Canadian Journal of Zoology 70:2178-2183. 



 

229 
 

Flannigan, M. D., Y. Bergeron, O. Engelmark, and B. M. Wotton. 1998. Future wildfire in 
circumboreal forests in relation to global warming. Journal of Vegetation Science 9:469-
476. 

Folland,C.K.,T.R. Karl, J.R. Christy, R.A. Clarke, G.V. Gruza, J. Jouzel, ... P. Zhaiet al. 2001. 
Observed climate variability and change, in Climate Change. The Scientific Basis  edited 
by J.T. Houghton, et al., pp. 99-181, Cambridge Univ. Press, New York, 2001. 

Fox, J. F. 1978. Forest fires and the snowshoe hare-Canada lynx cycle. Oecologia 31:349-374. 

Frelich, L. E. and P. B. Reich. 1995. Spatial patterns and succession in a Minnesota southern-
boreal forest. Ecological Monographs 65: 325-346. 

Friedlingstein, R., R. M. Andrew, J. Rogelj, G. P. Peters, J. G. Canadell, R. Knutti, G. Luderer, 
M. R. Raupach, M. Schaeffer, D. P. van Vuuren, and C. LeQuere. 2014. Persistent 
growth of Co2 emissions and implications for reaching climate targets. Nature 
Geoscience 7:709-715. 

Friedman, S. K. and P. B. Reich. 2005. Regional legacies of logging: Departure from 
presettlement forest conditions in northern Minnesota. Ecological Applications. 15(2): 
726-744. 

Fuller, T. K., and D. M. Heisey. 1986. Density-related changes in winter distribution of snowshoe 
hares in northcentral Minnesota. Journal of Wildlife Management 50:261-264. 

Fuller, A. K. and D. J. Harrison. 2005. Influence of partial timber harvesting on American 
martens in north-central Maine. Journal of Wildlife Management 69: 710-722. 

Fuller, A. K. and D. J. Harrison. 2010. Movement paths reveal scale-dependent habitat 
decisions by Canada lynx. Journal of Mammalogy 91:1269–1279. 

Fuller, A. K. and D. J. Harrison. 2013. Modeling the influence of forest structure on microsite 
habitat use by snowshoe hares. Journal of Forestry Research 2013:1-7. 

Fuller, A. K., D. J. Harrison, and J. H. Vashon. 2007. Winter habitat selection by Canada lynx in 
Maine: prey abundance or accessibility? Journal of Wildlife Management 71: 1980-1986. 

Fuss, S., J. G. Canadell, G. P. Peters, M. Tavonni, R. M. Andrew, P. Ciais, R. B. Jackson, C. D. 
Jones, F. Kraxner, N. Nakicenovic, C. LeQuere, M. R. Raupach, A. Sharifi, P. Smith, and 
Y. Yamagata. 2014. Betting on negative emissions. Nature Climate Science 4:850-853. 

Garfin, G., G. Franco, H. Blanco, A. Comrie, P. Gonzalez, T. Piechota, R. Smyth, and R. 
Waskom. 2014. Ch. 20: Southwest. Climate Change Impacts in the United States: The 
Third National Climate Assessment, J. M. Melillo, Terese (T.C.) Richmond, and G. W. 
Yohe, Eds., U.S. Global Change Research Program, 462-486. doi:10.7930/J08G8HMN. 

Gehman, S., A. Edmonds, and B. Robinson. 2004. Snowtracking surveys for lynx and other 
carnivores in the North and Middle Forks Flathead River System – Glacier National Park 
and Flathead National Forest winter 2003-2004. Unpubl. Report, Wild Things Unlimited, 
Bozeman, Montana. 56 pp. 



 

230 
 

Glick, P., B. A. Stein, and N. A. Edelson, editors. 2011. Scanning the Conservation Horizon: A 
Guide to Climate Change Vulnerability Assessment. National Wildlife Federation, 
Washington, D.C. 168 pp. 

Gompper, M. E. 2002. Top carnivores in the suburbs? Ecological and conservation issues 
raised by colonization of Northeastern North America by coyotes. Bioscience 52(2): 185-
190.    

Gonzalez, P., R. P. Neilson, K. S. McKelvey, J. M. Lenihan, and R. J. Drapek. 2007. Potential 
impacts of climate change on habitat and conservation priority areas for Lynx 
canadensis (Canada lynx). Report to the Forest Service, U.S. Department of Agriculture, 
Washington D.C., and NatureServe, Arlington, Virginia. 19 pp. 

Gonzales, P., R. P. Neilson, J. M. Linihan, and R. J. Drapek. 2010. Global patterns in the 
vulnerability of ecosystems to vegetation shifts due to climate change. Global Ecology 
and Biogeography 19:755-768. 

Griffin, P. C. 2004. Landscape ecology of snowshoe hares in Montana. Ph.D. dissertation, 
University of Montana, Missoula. 160 pp. 

Griffin, P. C. and L. S. Mills. 2007. Precommercial thinning reduces snowshoe hare abundance 
in the short term. Journal of Wildlife Management 71: 559-564. 

Griffin, P. C. and L. S. Mills. 2009. Sinks without borders: snowshoe hare dynamics in a 
complex landscape. Oikos 118: 1487-1498. 

Groisman, P. Y., T. R. Karl, and R. W. Knight. 1994a. Changes in snow cover, temperature, and 
radiative heat balance over the Northern Hemisphere. Journal of Climate 7: 1633-1656. 

Groisman, P. Y., T. R. Karl, and R. W. Knight. 1994b. Observed impact of snow cover on the 
heat balance and rise of continental spring temperatures. Science 263: 198-200. 

Gunderson 1978. A mid-continent irruption of Canada lynx, 1962-63. Prairie Naturalist 10: 71-
80.  

Halfpenny, J. C. and G. C. Miller. 1980. History and status of Canada lynx in Colorado. 
Colorado Div. of Wildlife. 1980 Wildlife Research Report. 11 pp. 

Halfpenny, J. C. and G. C. Miller. 1981. History and status of Canada lynx in Colorado. 
Colorado Div. of Wildlife. 1981 Wildlife Research Report. 11 pp. 

Halfpenny, J. C., S. J. Bissell and D. M. Nead. 1982. Lynx verification program: history and 
status of the lynx in Colorado and its distributional ecology for western North America. 
Unpubl. Man. 23 pp. 

Hall, M. H. P. and D. B. Fagre. 2003. Modeled climate-induced glacier change in Glacier 
National Park, 1850-2100. Bioscience 53: 131-140. 

Hamlet, A. F. and D. P. Lettenmaier. 1999. Effects of climate change on hydrology and water 
resources in the Columbia River Basin. Journal of the American Water Resources 
Association 35: 1597-1623. 



 

231 
 

Hansen, J., M. Sato, R. Ruedy, K. Lo, D. W. Lea, and M. Medina-Elzade. 2006. Global 
temperature change. PNAS 103:14288-14293. 

Hanski, I. and M. Gilpin. 1991. Metapopulation dynamics: brief history and conceptual domain. 
Biological Journal of the Linnean Society 42: 3-16. 

Hanson, K., and R. Moen. 2008. Diet of Canada Lynx in Minnesota Estimated from Scat 
Analysis. Department of Biology University of Minnesota Duluth. NRRI, Duluth, MN. 

Harper, S. C., L. L. Falk, and E. W. Rankin. 1990. The northern forest lands study of New 
England and New York. USDA Forest Service. Rutland, Vermont, USA. 

Harvell, C. D., C. E. Mitchell, J. R. Ward, S. Altizer, A. P. Dobson, R. S. Ostfeld, and M. D. 
Samuel. 2002. Climate warming and disease risks for terrestrial and marine biota. 
Neuroscience 296:2158-2162. 

Harvel, D., S. Altizer, I. M. Cattadori, L. Harrington, and E. Weil. 2009. Climate change and 
wildlife diseases: when does the host matter the most?  Ecology 90:912-920. 

Hatler, D. F. and A. M. M. Beal. 2003. British Columbia furbearer management guidelines, Lynx 
(Lynx canadensis). 11 pp. 

Haynes, R.H., tech. coord. 2003. An analysis of the timber situation in the United States: 1952 
to 2050. Gen. Tech. Rep. PNW-560. Portland, OR: U.S. Department of Agriculture, 
Forest Service, Pacific Northwest Research Station. 254 p. 

Heinselman, M. 1996. The Boundary Waters wilderness ecosystem. University of Minnesota 
Press, Minneapolis 

Hodges, K. E. 2000a. Ecology of snowshoe hares in southern boreal and montane forests. 
Pages 163-206 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. 
Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in the 
contiguous United States. University Press of Colorado, Boulder, Colorado. 

Hodges, K. E. 2000b. Ecology of snowshoe hares in northern boreal forests. Pages 117-162 in 
Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, 
and J. R. Squires, (eds.). Ecology and conservation of lynx in the contiguous United 
States. University Press of Colorado, Boulder, Colorado. 

Hodges, K. E., L. S. Mills, and K. M. Murphy. 2009. Distribution and abundance of snowshoe 
hares in Yellowstone National Park. Journal of Mammalogy 90: 870-878. 

Hodgkins, G. A. and R. W. Dudley. 2006. Changes in late-winter snowpack, depth, water 
equivalent and density in Maine, 1926-2004. Hydrological Processes 20:741-751. 

Hogg, E. H. 1994. Climate and the southern limit of the western Canadian boreal forest. 
Canadian Journal of Forest Research 24:1835-1845. 

Homyack, J. A. 2003. Effects of precommercial thinning on snowshoe hares, small mammals, 
and forest structure in northern Maine. M.S. Thesis, University of Maine, Orono. 196 pp. 



 

232 
 

Homyack, J. A., D. J. Harrison, and W. B. Krohn. 2004. Structural differences between 
precommercially thinned and unthinned conifer stands. Forest Ecology and Management 
194:131-141. 

Homyack, J. A., D. J. Harrison, J. A. Litvaitis, and W. B. Krohn. 2006. Quantifying densities of 
snowshoe hares in Maine using pellet plots. Wildlife Society Bulletin 34:74-80. 

Homyack, J. A., D. J.Harrison, and W. B. Krohn. 2007. Effects of precommercial thinning on 
snowshoe hares in Maine. Journal of Wildlife Management 71: 4-13. 

Homyack, J. A., J. H. Vashon, C. Libby, E. L. Lindquist, S. Loch, D. F. McAlpine, K. L. Pilgrim, 
and M. K. Schwartz. 2008. Canada lynx-bobcat (Lynx canadensis × L. rufus) hybrids at 
the southern periphery of lynx range in Maine, Minnesota and New Brunswick. The 
American Midland Naturalist 159: 504-508. 

Hone, J., C. J. Krebs, and M. O’Donaghue. 2011. Is the relationship between predator and prey 
abundances related to climate for lynx and snowshoe hares. Wildlife research 38:419-
425. 

Hoving, C. L. 2001. Historical occurrence and habitat ecology of Canada lynx (Lynx canadensis) 
in eastern North America. M.S. Thesis, University of Maine, Orono. 200 pp. 

Hoving, C. L., R. A. Joseph, and W. B. Krohn. 2003. Recent and historical distributions of 
Canada lynx in Maine and the Northeast. Northeastern Naturalist 10: 363-382. 

Hoving, C. L., D. J. Harrison, W. B. Krohn, W. B. Jakubas, and M. A. McCollough. 2004. 
Canada lynx Lynx canadensis habitat and forest succession in northern Maine, USA. 
Wildlife Biology 10: 285-294. 

Hoving, C. L., D. J. Harrison, W. B. Krohn, R. A. Joseph, and M. O’Brien. 2005. Broad-scale 
predictors of Canada lynx occurrence in eastern North America. Journal of Wildlife 
Management 69: 739-751. 

Huntington, T. G., G. A. Hodgkins, B. D. Keim, and R. W. Dudley. 2004. Changes in the 
proportion of precipitation occurring as snow in New England (1949-2000). Journal of 
Climate 17:2626-2636. 

Ims, R. A., J.-A. Henden, and S. T. Killengreen. 2008. Collapsing population cycles. Trends in 
Ecology and Evolution 23: 79-86. 

Interagency Lynx Biology Team (ILBT). 2013. Canada lynx conservation assessment and 
strategy. 3rd edition. USDA Forest Service, USDI Fish and Wildlife Service, USDI 
Bureau of Land Management, and USDI National Park Service. Forest Service 
Publication #R1-13-19, Missoula, MT. 128 pp.  

Intergovernmental Panel on Climate Change (IPCC). 2001. Climate Change 2001: Synthesis 
report, summary for policymakers. Cambridge University Press, Cambridge, UK. 34 pp. 
http://www.grida.no/publications/other/ipcc_tar/ 

IPCC. 2007a. Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II and 
III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change 

http://www.grida.no/publications/other/ipcc_tar/


 

233 
 

[Core Writing Team, Pachauri, R. K., and A. Reisinger (eds.)]. IPCC, Geneva, 
Switzerland, 104 pp. http://www.ipcc.ch/publications_and_data/ar4/syr/en/contents.html 

IPCC. 2007b. Christensen, J. H., B. Hewitson, A. Busuioc, A. Chen, X. Gao, I. Held, R. Jones, 
R. K. Kolli, W.-T. Kwon, R. Laprise, V. Magaña Rueda, L. Mearns, C. G. Menéndez, J. 
Räisänen, A. Rinke, A. Sarr and P. Whetton, 2007: Regional Climate Projections. Pages 
847-940 in: Climate Change 2007: The Physical Science Basis. Contribution of Working 
Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate 
Change [Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K. B. Averyt, M. Tignor, 
and H. L. Miller (eds.)]. Cambridge University Press, Cambridge, United Kingdom and 
New York, NY, USA. http://www.ipcc.ch/publications_and_data/ar4/wg1/en/contents.html 

IPCC. 2007c. Fischlin, A., G. F. Midgley, J. T. Price, R. Leemans, B. Gopal, C. Turley, M. D. A. 
Rounsevell, O. P. Dube, J. Tarazona, and A. A. Velichko, 2007: Ecosystems, their 
properties, goods, and services. Pages 211-272 in: Climate Change 2007: Impacts, 
Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment 
Report of the Intergovernmental Panel on Climate Change, M. L. Parry, O. F. Canziani, 
J. P. Palutikof, P. J. van der Linden, and C. E. Hanson, Eds., Cambridge University 
Press, Cambridge, United Kingdom and New York, NY, USA. 
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/contents.html 

IPCC. 2013. Climate change 2013. The Physical Science Basis. Working Group I Contribution 
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. T. F. 
Stocker, D. Qin, G. Plattner, M. M. Tignor, S. K. Allen, J. Boschung, A. Nauels, Y. Xia, V. 
Bex, P. M. Midgeley (eds). Cambridge University Press, Cambridge, United Kingdom 
and New York, NY, USA pp. http://www.ipcc.ch/pdf/assessment-
report/ar5/wg1/WG1AR5_Chapter02_FINAL.pdf 

IPCC. 2014a. Summary for policymakers. In: Climate Change 2014: Impacts, Adaptation, and 
Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to 
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Field, 
C. B., V. R. Barros, D .J. Dokken, K. J. Mach, M. D. Mastrandrea, T. E. Bilir, M. 
Chatterjee, K. L. Ebi, Y. O. Estrada, R. C. Genova, B. Girma, E. S. Kissel, A. N. Levy, S. 
MacCracken, P. R. Mastrandrea, and L. L. White (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA, pp. 1-32. http://ipcc-
wg2.gov/AR5/images/uploads/WG2AR5_SPM_FINAL.pdf 

IPCC. 2014b. Chapter 4. Terrestrial and Inland Water Systems. In: Climate Change 2014: 
Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution 
of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change [Scholes, R., J. Settele, R. Betts, S. Bunn, P. Leadley, D. Nepstad, J. 
Overpeck, M. A. Taboada, C. Allen, W. Anderegg, C. Bellard, P. Brando, F. Courchamp, 
W. Foden, D. Gerten, S. Goetz, N. Golding, P. Gonzalez, E. Hawkins, T. Hickler, G. 
Hurtt, C. Koven, J..Lawler, H. Lischke, G. Mace, M. McGeoch, C. Parmesan, R. 
Pearson, B. Rodriguez-Labajos, C. Rondinini, R. Shaw, S. Sitch, K. Tockner, P. Visconti, 
and M.Winter]. Cambridge University Press, Cambridge, United Kingdom and New York, 
NY, USA, pp. 1-153. http://ipcc-wg2.gov/AR5/images/uploads/WGIIAR5-
Chap4_FGDall.pdf 

Irland LC. 1998. Ice storm 1998 and the forests of the Northeast. Journal of Forestry 96: 32–30. 

http://www.ipcc.ch/publications_and_data/ar4/syr/en/contents.html
http://www.ipcc.ch/publications_and_data/ar4/syr/en/contents.html
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/contents.html
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/contents.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/contents.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/contents.html
http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter02_FINAL.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter02_FINAL.pdf
http://ipcc-wg2.gov/AR5/images/uploads/WG2AR5_SPM_FINAL.pdf
http://ipcc-wg2.gov/AR5/images/uploads/WG2AR5_SPM_FINAL.pdf
http://ipcc-wg2.gov/AR5/images/uploads/WGIIAR5-Chap4_FGDall.pdf
http://ipcc-wg2.gov/AR5/images/uploads/WGIIAR5-Chap4_FGDall.pdf


 

234 
 

Irland, L. C. 2000. Ice storms and forest impacts. The Science of the total Environment 262:231-
242. 

ITIS. 2016. Integrated Taxonomic Information System online database, http://www.itis.gov, 
retrieved April 14, 2016. 

Ivan, J. S. 2011a. Density, demography, and seasonal movements of snowshoe hares in central 
Colorado. Ph.D. dissertation, Colorado State University, Fort Collins. 141 pp. 

Ivan, J. S. 2011b. Monitoring Canada lynx in Colorado using occupancy estimation: Initial 
implementation in the Core Lynx Release Area. Pages 11-20 in: Wildlife research 
reports July 2010-June 2011. Colorado Division of Parks and Wildlife, Fort Collins, 
Colorado. 296 pp. 

Ivan, J. S. 2011c. Putative Canada lynx (Lynx canadensis) movements across Hwy 50 near 
Monarch Ski Area. Colorado Division of Wildlife, Fort Collins. 6 pp. 

Ivan, J. S. 2011d. Putative Canada lynx (Lynx canadensis) movements across Hwy 114 near 
North Pass, Colorado. Colorado Division of Wildlife, Fort Collins. 6 pp. 

Ivan, J. S. 2011e. Predicted lynx habitat in Colorado. Pages 21-35 in: Wildlife research reports 
July 2010-June 2011. Colorado Division of Parks and Wildlife, Fort Collins, Colorado. 
296 pp. 

Ivan, J. S. 2012. Putative Canada lynx (Lynx canadensis) movements across Hwy 40 near 
Berthoud Pass, Colorado. Colorado Division of Wildlife, Fort Collins. 5 pp. 

Ivan, J. S. 2016a. Personal communication, electronic mail reply to J. Zelenak re: WY/GYA lynx 
questions. February 10, 2016. 

Ivan, J. S. 2016b. Personal communication, electronic mail reply to K. Broderdorp re: 
Information on lynx kitten survival. March 9, 2010. 

Ivan, J. S., M. Rice, P.M. Lukacs, T. M. Shenk, D. M. Theobald, and E. Odell. 2011. Predicted 
lynx habitat in Colorado. Pages 21-35 in Wildlife Research Report - Mammals. Fort 
Collins, CO, USA. Colorado Parks and Wildlife. 
http://cpw.state.co.us/learn/Pages/ResearchMammalsPubs.aspx. 

Ivan, J. S., G. C. White, and T. M. Schenk. 2014. Density and demography of snowshoe hares 
in central Colorado. The Journal of Wildlife Management 78:580-594. 

Ivan, J. S., E. Odell, and S. Wait. 2015. Wildlife research project summary: Canada lynx 
monitoring in Colorado. Colorado Parks and Wildlife, Fort Collins, CO. 4 pp.  

Iverson, L. R. and A. M. Prasad. 2001. Potential changes in tree species richness and forest 
community types following climate change. Ecosystems 4: 186-199. 

Iverson, L. R., A. M. Prasad, S. N. Matthews, and M. Peters. 2008. Estimating potential habitat 
for 134 eastern US tree species under six climate scenarios. Forest Ecology and 
Management 254: 390-406. 

http://www.itis.gov/
http://www.itis.gov/
http://cpw.state.co.us/learn/Pages/ResearchMammalsPubs.aspx


 

235 
 

Jacobson, G. L., I. J. Fernandez, P. A. Mayewski, and C. V. Schmitt (editors). 2009. Maine’s 
Climate Future: An Initial Assessment. Orono, ME: University of Maine. Revised April 
2009. http://climatechange.umaine.edu/files/Maines_Climate_Future.pdf   

Johnson, A. H., E. R. Cook, and T. G. Siccama. 1988. Climate and red spruce growth and 
decline in the northern Appalachians. Proceedings of the National Academy of Science 
85:5369-5373. 

Johnston, D. W., A. S. Friedlander, L. G. Torres, and D. M. Lavigne. 2005. Variation in sea ice 
cover on the east coast of Canada from 1969 to 2002: climate variability and implications 
for harp and hooded seals. Climate Research 29:209-222. 

Johnston, K. M., K. A. Freund, and O. J. Schmitz. 2012. Projected range shifting by montane 
mammals under climate change: implications for Cascadia’s National Parks. Ecosphere 
3(11):97. 17 pp. http://dx.doi.org/10.1890/ES12-00077.1 

Jones, K.R., and N.D. Mulhern. 1998. An evaluation of the severity of the January 1998 ice 
storm in northern New England. US Army Corps of Engineers. Cold Regions Research 
and Engineering Laboratory Report for FEMA, Region 1. 66 p. 

Joos, F., I. C. Prentice, S. sitch, R. Meyer, G. Hooss, G. K. Plattner, S. Gerber, and K. 
Hasselmann. 2001. Global warming feedbacks on terrestrial carbon uptake under the 
Intergovernmental Panel on climate change (IPCC) emission scenarios. Global 
Biogeochemical cycles 4:891-907. 

Joyce, L. A., S. W. Running, D. D. Breshears, V. H. Dale, R. W. Malmsheimer, R. N. Sampson, 
B. Sohngen, and C. W. Woodall. 2014. Ch. 7: Forests. Climate Change Impacts in the 
United States: The Third National Climate Assessment, J. M. Melillo, Terese (T.C.) 
Richmond, and G. W. Yohe, Eds., U.S. Global Change Research Program, 175-194. 
doi:10.7930/J0Z60KZC. 

Kapfer, P. M. 2012. Bobcat (Lynx rufus) spatial ecology and harvest in Minnesota. Dissertation. 
University of Minnesota. 107pp. 

Kart, J., R. Regan, S. R. Darling, C. Alexander, K. Cox, M. Ferguson, S. Parren, K. Royar, and 
B. Popp, editors. 2005. Vermont's Wildlife Action Plan. Vermont Fish & Wildlife 
Department. Waterbury, Vermont. www.vtfishandwildlife.com 

Keith, L. B. and D. C. Surrendi. 1971. Effects of fire on a snowshoe hare population. The 
Journal of Wildlife Management 35:16-26. 

Kearney, M. S. and R. H. Luckmann. 1983. Post-glacial vegetational history of Tonquin Pass, 
British Columbia. Canadian Journal of Earth Sciences 20:776-786. 

Khidas, K., J. Duhaime, and H. M. Huynh. 2013. Morphological divergence of continental and 
island populations of Canada lynx. Northeastern Naturalist, 20(4):587-608. 

Kiehl, J. T. and P. R. Gent. 2004. The Community Climate System Model, Version 2. Journal of 
Climate 17: 3666-3682. 

http://climatechange.umaine.edu/files/Maines_Climate_Future.pdf
http://dx.doi.org/10.1890/ES12-00077.1
http://www.vtfishandwildlife.com/
http://www.vtfishandwildlife.com/


 

236 
 

Kilborn, J. 2015. Canada lynx (Lynx canadensis) in New Hampshire Wildlife Action Plan. New 
Hampshire Fish and Wildlife. http://www.wildlife.state.nh.us/wildlife/wap.html last 
accessed 6.30.2016. 

Kilgore, B. M. and M. L. Heinselman.1990. Fire in wilderness ecosystems. Pages 297–335 in 
Hendee, J. C., G. H. Stankey, and R. C. Lucas editors. Wilderness management. 2nd 
Edition. North American Press, Golden, Colorado, USA. 

Klos, P. Z., T. E. Link, and J. T. Abatzoglou. 2014. Extent of the rain-snow transition zone in the 
western U.S. under historic and projected climate. Geophysical Research Letters 
41:4560-4568. 

Knowles, N., M. D. Dettinger, and D. R. Cayan. 2006. Trends in snowfall versus rainfall in the 
western United States. Journal of Climate 19: 4545-4559. 

Koehler, G. M. 1990a. Population and habitat characteristics of lynx and snowshoe hares in 
north central Washington. Canadian Journal of Zoology 68: 845-851. 

Koehler, G. M. 1990b. Snowshoe hare, Lepus americanus, us of forest successional stages and 
population changes during 1985-1989 in north-central Washington. Canadian Field 
Naturalist 105:291-293. 

Koehler, G. M. and J. D. Brittell. 1990. Managing spruce-fir habitats for lynx and snowshoe 
hares. Journal of Forestry 88:10-14. 

Koehler, G. M. and K. B. Aubry. 1994. Lynx. Pages 74-98 in Ruggiero, L. F., K. B. Aubry, S. W. 
Buskirk, L. J. Lyon, and W. J. Zielinski, (eds.). The scientific basis for conserving forest 
carnivores: American marten, fisher, lynx, and wolverine in the Western United States. 
USDA Forest Service Gen. Tech. Rep. RM-254. 

Koehler, G. M., M. G. Hornocker, and H. S. Hash. 1979. Lynx movements and habitat use in 
Montana. Canadian Field-Naturalist 93: 441-442. 

Koehler, G. M., B. T. Maletzke, J. A. Von Kienast, K. B. Aubry, R. B. Wielgus, and R. H. Naney. 
2008. Habitat fragmentation and the persistence of lynx populations in Washington state. 
Journal of Wildlife Management 72: 1518-1524. 

Koen, E. L., J. Bowman, D. L. Murray,and P. J. Wilson. 2014a. Climate change reduces genetic 
diversity of Canada lynx at the trailing range edge. Ecography 37: 754–762. 

Koen, E. L., J. Bowman, J. L. Lalor, and P. J. Wilson. 2014b. Continental-scale assessment of 
the hybrid zone between bobcat and Canada lynx. Biological Conservation 178: 107–
115. 

Koen, E. L., J. Bowman, and P. J. Wilson. 2015. Isolation of peripheral populations of Canada 
lynx (Lynx canadensis). Canadian Journal of Zoology 93(7): 521-530. 

Kolbe, J. A. and J. R. Squires. 2006. A longevity record for Canada lynx, Lynx canadensis, in 
western Montana. Western North American Naturalist 66(4): 535-536. 



 

237 
 

Kolbe, J. A., J. R. Squires, D. H. Pletscher, and L. F. Ruggiero. 2007. The effect of snowmobile 
trails on coyote movements within lynx home ranges. Journal of Wildlife Management 
71(5): 1409-1418. 

Kramer-Schadt, S., E. Revilla, and T. Wiegand. 2005. Lynx reintroductions in fragmented 
landscapes of Germany: Projects with a future or misunderstood wildlife conservation? 
Biological Conservation 125: 169-182.  

Krebs, C. J. R. Boonstra, S. Boutine, and A. R. E. Sinclair. 2001a. What drives the 10-year cycle 
of snowshoe hares? BioScience 25:25-35.  

Krebs, C. J. 2011. Of lemmings and snowshoe hares: the ecology of northern Canada. 
Proceedings of the Royal Society of London B 

Krebs, C. J., J. Bryant, K. Kielland, M. O’Donaghue, F. Doyle, S. Carriere, D. DiFolco, N. Berg, 
R. Boonstra, S. Boutin, A. J. Kenney, D. G. Reid, K. Bodony, J. Putera, H. K. timm, T. 
Burke, J. A. K. Maier, and H. Golden. 2014. What factors determine cyclic amplitude in 
the snowshoe hare (Lepus americanus) cycle?  Canadian Journal of Zoology 92:1039-
1048. 

Krohn, W. B. and C. L. Hoving. 2010. Early Maine wildlife. Historical accounts of Canada lynx, 
moose, mountain lion, white-tailed deer, wolverine, wolves, and woodland caribou 1603 - 
1930. The University of Maine Press, Orono, Maine. 

Krohn, W., C. Hoving, D. Harrison, D. Phillips, and H Frost. 2005. Martes foot-loading and 
snowfall patterns in eastern North America. Pages 115-131 in Harrison, D. J., A. K. 
Fuller, and G. Proulx (editors). Martens and Fishers (Martes) in Human-Altered 
Environments: An international perspective. Springer, U.S.A.  

Küchler, V. J. 1964. Potential natural vegetation of the conterminous United States. American 
Geog. Soc. Special Publication No. 36. 

Kuehnast, E. L., D. G. Baker, and J. A. Zandlo. 1982. Climate of Minnesota: Part X111 - 
Duration and depth of snow cover. Technical Bulletin 333-1982. University of Minnesota. 
24 pp. 

Kullman, L. 1990. Dynamics of altitudinal tree limits in Sweden: a review. Norwegian Jounal of 
Geography 44:103-116. 

Kupfer, J. A. and D. M. Cairns. 1996. The suitability of montane ecotones as indicators of global 
climatic change. Progress in Physical Geography 20:253-272. 

Lavoie, M., P. Y. Collin, F. Lemieux, H. Jolicoeur, P. Canac-Marquis, and S. Lariviere. 2009. 
Understanding fluctuations in bobcat harvest at the northern limit of their range. The 
Journal of wildlife Management 73:870-875. 

Legaard, K., E. Simons-Legaard, S. Sader, and J. Wilson. 2013. Evaluating the interacting 
effects of forest management practices and periodic spruce budworm infestation on 
broad-scale, long term forest productivity. Final report to the Northeastern States 
Research Cooperative, U.S. Department of Agriculture. Unpubl. report. School of Forest 



 

238 
 

Resources, University of Maine, Orono. 17 pp. 
http://nsrcforest.org/sites/default/files/uploads/legaard10full.pdf last accessed 8/25/2016. 

Legg, T. E. and R. G. Baker. 1980. Palynology of Pinedale sediments, Devlins Park, Boulder 
County, Colorado. Arctic and Alpine Research 12:319-333. 

Lenton, T. M., H. Held, E. Kriegler, J. W. Hall, W. Lucht, S. Rahmstorf, and H. J. Schellnhuber. 
2008. Tipping elements in the Earth’s climate system. PNAS 105:1786-1793. 

Lewis, J.C. 2016. Draft Periodic Status Review for the Lynx. Washington Department of Fish 
and Wildlife, Olympia, Washington. 10 + iii pp. 

Lewis, C. W., K. E. Hodges, G. M. Koehler, and L. S. Mills. 2011. Influence of stand and 
landscape features on snowshoe hare abundance in fragmented forests. Journal of 
Mammalogy 92: 561-567. 

Lienard, J., J. Harrison, and N. Strigul. 2016. US forest response to projected climate-related 
stress: a tolerance perspective. Global Change Biology 22:2875-2886. 

Linden, D. W. 2006. Modeling current and historic habitat for Canada lynx (Lynx canadensis) in 
the Upper Peninsula of Michigan. M.S. Thesis, Michigan State University, East Lansing, 
MI. 153 pp. 

Litvaitis, J. A. and J. P. Tash. 2005. Species profile: Canada lynx Lynx canadensis. Pages A-
296 – A-302 in New Hampshire Wildlife Action Plan. New Hampshire Fish and Game 
Department, Concord. http://www.wildlife.state.nh.us/nongame/documents/canada-
lynx.pdf 

Litvaitis, J. A., D. Kingman, Jr., J. Lanier, and E. Orff. 1991. Status of lynx in New Hampshire. 
Transactions of the Northeast Section of the Wildlife Society 48: 70-75. 

Litvaitis, J. A., J. A. Sherburne, and J. A. Bissonette. 1985. Influence of understory 
characteristics on snowshoe hare habitat use and density. Journal of Wildlife 
Management 49: 866-873. 

Lorimer, C. G. 1977. The presettlement forest and natural disturbance cycle of northeastern 
Maine. Ecology 58: 139-148. 

Lorimer, C. G. and A. S. White. 2003. Scale and frequency of natural disturbance in the 
northeastern US: implications for early successional forest habitats and regional age 
distributions. Forest Ecology and Management 185:41-64. 

Lucht, W., S. Schaphoff, T. Erbrecht, U. Heyder, and W. Cramer. 2006. Terrestrial vegetation 
redistriution and carbon balance under climate change. Carbon Balance and 
Management 1:6 

Lukas J., J. Barsugli, N. Doesken, I. Rangwala, K. Wolter. 2014. Climate Change in Colorado, A 
Synthesis to Support Water Resources Management and Adaptation, second edition. 
114 pp. 

http://www.wildlife.state.nh.us/nongame/documents/canada-lynx.pdf
http://www.wildlife.state.nh.us/nongame/documents/canada-lynx.pdf


 

239 
 

Lynx SSA Team 2016. Canada Lynx Expert Elicitation Workshop - Final Report. April 18, 2016. 
64 pp.   

Maine Department of Inland Fisheries and Wildlife. 2003. MDIFW Eco-regional Lynx Track 
Survey. Unpubl. report. Maine Department of Inland Fisheries and Wildlife, Augusta, 
Maine. 7 pp. 

Maine Department of Inland Fisheries and Wildlife. 2012. Lynx incidental capture reports (10). 
Unpubl. data. Maine Department of Inland Fisheries and Wildlife, Augusta, Maine. 70 pp.  

Maine Forest Service, Department of Conservation. 2010. Maine State Forest Assessment and 
Strategies. Maine Forest Service, Department of Conservation, Augusta. 225 pp. 
http://www.maine.gov/dacf/mfs/publications/reports/maine_assessment_and_strategy_fi
nal.pdf last accessed on August 3, 2016. 

Maletzke, B. T. 2004. Winter habitat selection of lynx (Lynx canadensis) in northern 
Washington. M.S. Thesis, Washington State University, Pullman. 39 pp. 

Maletzke, B. T., G. M. Koehler, R. B. Wielgus, K. B. Aubry, and M. A. Evans. 2008. Habitat 
conditions associated with lynx hunting behavior during winter in northern Washington. 
Journal of Wildlife Management 72: 1473-1478. 

Mallet, D. G. 2014. Spatial and habitat responses of Canada lynx in Maine to a decline in 
snowshoe hare density. M.S. Thesis, University of Maine, Orono, Maine. 170pp. 

McAllister, K.A., R. Morgenweck, and C. Jauhola. 2000. Lynx habitat mapping direction. 
Interagency Lynx Steering Committee. 4 pp. 

McCann, N. P. 2006. Using pellet counts to predict snowshoe hare density, snowshoe hare 
habitat-use, and Canada lynx habitat-use in Minnesota. M.S. Thesis, University of 
Minnesota. 64 pp. 

McCann, N. P. and R. A. Moen. 2011. Mapping potential core areas for lynx (Lynx canadensis) 
using pellet counts from snowshoe hares (Lepus americanus) and satellite imagery. 
Canadian Journal of Zoology 89: 509-516. 

McCaskill, G., W. McWilliams, C. Barnett, B. Butler, M. Hatfield, C. Kurtz, R. Morin, W. Moser, 
C. Perry, and C. Woodall. 2011. Maine’s Forest 2008. Resour. Bull. NRS-48. Newtown 
Square, PA: U.S. Department of Agriculture, Forest Service, Northern Research Station. 
62 pp. 

McCaskill, G. L., T. Albright, C. J. Barnett, B. J. Butler, S. J. Crocker, C. M. Kurtz, W. H. 
McWilliams, P. D. Miles, R. S. Morin, M. D. Nelson, R. H. Widmann, and C. W. Woodall. 
2016. Maine Forests, 2013. Resource Bulletin NRS-103. Newtown Square, PA: U.S. 
Department of Agriculture, Forest Service, Northern Research Station. 62 pp. 

McCollough, M. 2007. Canada lynx habitat management guidelines for Maine. U. S. Fish and 
Wildlife Service Maine Field Office, Old Town, Maine. 44 pp. 



 

240 
 

McCord, C. M. and J. E. Cardoza. 1982. Bobcat and lynx. Pages 728-766 in J. A. Chapman and 
G. A. Feldhamer (eds.). Wild mammals of North America biology, management and 
economics. Johns Hopkins University Press, Baltimore, MD. 

McDonald, P. 2016. Personal communication email exchange with Kurt Broderdorp. 

McDonald, K. A. and J. H. Brown. 1992. Using montane mammals to model extinctions due to 
global change. Conservation Biology 6: 409-415. 

McKelvey, K. S., K. B. Aubry, and Y. K. Ortega. 2000a. History and distribution of lynx in the 
contiguous United States. Pages 207-264 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, 
G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and 
conservation of lynx in the contiguous United States. University Press of Colorado, 
Boulder, Colorado. 

McKelvey, K. S., S. W. Buskirk, and C. J. Krebs. 2000b. Theoretical insights into the population 
viability of lynx. Pages 21-37 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. 
Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and 
conservation of lynx in the contiguous United States. University Press of Colorado, 
Boulder, Colorado. 

McKelvey, K. S., K. B. Aubry, J. K. Agee, S. W. Buskirk, L. F. Ruggiero, and G. M. Koehler. 
2000c. Lynx conservation in an ecosystem management context. Pages 419-441 in 
Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, 
and J. R. Squires, (eds.). Ecology and conservation of lynx in the contiguous United 
States. University Press of Colorado, Boulder, Colorado. 

McKelvey, K. S., Y. K. Ortega, G. Koehler, K. Aubry, and D. Brittell. 2000d. Canada lynx habitat 
and topographic use patterns in north central Washington: a reanalysis. Pages 307-336 
in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. 
McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in the contiguous 
United States. University Press of Colorado, Boulder, Colorado. 

McKelvey, K. S., K. B. Aubry, and M. K. Schwartz. 2008. Using anecdotal occurrence data for 
rare or elusive species: The illusion of reality and a call for evidentiary standards. 
Bioscience 58: 549-555. 

McKelvey, K. S., Copeland, J. P., Schwartz, M. K., Littell, J. S., Aubry, K. B., Squires, J. R., 
Parks, S. A., Elsner, M. M. and Mauger, G. S. 2011. Climate change predicted to shift 
wolverine distributions, connectivity, and dispersal corridors. Ecological Applications, 21: 
2882–2897. doi:10.1890/10-2206.1 

McKenney, D. W., J. H. Pedlar, K. Lawrence, K. Campbell, and M. F. Hutchinson. 2007. 
Potential impacts of climate change on the distribution of North American trees. 
bioScience 57:939-948. 

McKenzie, D. Z. Gedalof, D. L. Peterson, and P. Mote. 2004. Climatic change, wildfire, and 
conservation. Conservation Biology 18:890-902. 



 

241 
 

McLaughlin, S. B., D. J. Downing, T. J. Blasing, E. R. Cook, and H. S. Adams. 1987. An 
analysis of climate and competition as contributors to decline of red spruce in high 
elevation Appalachian forests of the eastern United States. Oecologia 72:487-501. 

McNab, W. H. and P. E. Avers. 1994. Ecological subregions of the United States: Section 
descriptions. Admin. Publication WO-WSA-5. USDA Forest Service, Washington, D.C. 
267 pp. 

McNab, W. H., D. T. Cleland, J. A. Freeouf, J. Keys, J.E., G. J. Nowacki, and C. A. Carpenter, 
comps. 2007. Description of ecological subregions: sections of the conterminous United 
States. U.S. Department of Agriculture, Forest Service, Washington, DC. 

McWilliams, W. H. et al. 2005. The forests of Maine: 2003. Resource Bulletin NE-164. Newtown 
Square, PA: U.S. Department of Agriculture, Forest Service, Northeastern Research 
Station. 188p. 

Meaney, C. 2002. A review of Canada lynx (Lynx canadensis) abundance records from 
Colorado in the first quarter of the 20th Century. Report to the Colorado Department of 
Transportation. 10 pp. 

Mech, L. D. 1973. Canadian lynx invasion of Minnesota. Biol. Conserv. 5: 151-152. 

Mech, L. D. 1980. Age, sex, reproduction, and spatial organization of lynxes colonizing 
northeastern Minnesota. Journal of Mammalogy 61: 261-267. 

Meslow E. C. and L. B. Keith. 1971. A correlation analysis of weather versus snowshoe hare 
population parameters. The Journal of Wildlife Management, 35, 1–15. 

 
Mills, L. S., M. Zimova, J. Oyler, S. Running, J. T. Abatzoglou, and P. M. Kukacs. 2013. 

Camouflage mismatch in seasonal coat color due to decreased snow duration. PNAS 
110:7360-7365. 

 
Milward, A. A. and C. E. Kraft. 2004. Physical influences of landscape on a large-extent 

ecological disturbance: the northeastern North American ice storm of 1998. Landscape 
Ecology 19:99-111. 

 
Minnesota Department of Natural Resources. 2003. Field guide to the native plant communities 

of Minnesota: the Laurentian mixed forest province. Ecological Land Classification 
Program, Minnesota County Biological Survey, and Natural Heritage and Nongame 
Research Program. Minnesota DNR, St. Paul. 

Minnesota Department of Natural Resources. 2013. Minnesota’s list of endangered, threateded, 
and special concern species. St. Paul, Minnesota. 18pp. 

Minnesota Department of Natural Resources. 2015. Adopted Expedited Emergency Game and 
Fish Rules: Lynx Management Zone. 6234. 3pp.  

Minnesota Department of Natural Resources. 2016. Mines & Advanced Projects of Iron Ore, 
Metallic Minerals, Industrial Minerals, and Selected Construction Aggregates. January 
2016. 1p. 



 

242 
 

Minnesota Forest Resource Council. 2012. Sustaining Minnesota Forest Resources: Voluntary 
Site-Level Forest Management Guidelines for Landowners, Loggers and Resource 
Managers. St. Paul, Minnesota. 590pp. 

Minnesota Forest Resource Council. 2013. Sustaining Minnesota Forest Resources: Voluntary 
Site-Level Forest Management Guidelines for Landowners, Loggers and Resource 
Managers. St. Paul, Minnesota. 590pp. 

Minnesota Forest Resources Council. 2014. Minnesota's Forest Management Guidelines - 
Quick Reference Field Guide. Minnesota Department of Natural Resources. St. Paul, 
Minnesota. 84 pp. 

Moen, R. 2009. Canada lynx in the Great Lakes Region - 2009 Annual Report. Center for Water 
and Environment, Natural Resources Research Institute, Duluth, Minnesota. 

Moen, R. and C. L. Burdett. 2009. Den sites of radiocollared Canada lynx in Minnesota 2004-
2007. Natural Resource Research Institute, NRRI Technical Report No. NRRI/TR-
2009/07. 19 pp. 

Moen, R., G. Niemi, C. L. Burdett, and L. D. Mech. 2005. Canada lynx in the Great Lakes 
Region. Natural Resource Research Institute, NRRI Technical Report No. NRRI/TR-
2006-16. 28 pp. 

Moen, R., C. L. Burdett, and G. Niemi. 2008a. Movement and habitat use of Canada lynx during 
denning in Minnesota. Journal of Wildlife Management 72: 1507-1513.  

Moen, R., G. Niemi, and C. L. Burdett. 2008b. Canada lynx in the Great Lakes Region. Natural 
Resource Research Institute, NRRI Technical Report No. NRRI/TR-2008-14 Release 
1.1. 48 pp. 

Moen, R., J. M. Rasmussen, C. L. Burdett, and K. M. Pelican. 2010a. Hematology, serum 
chemistry, and body mass of free-ranging and captive Canada lynx in Minnesota. 
Journal of Wildlife Diseases 46: 13-22. 

Moen, R., L. Terwilliger, A. R. Dohmen, and S. C. Catton. 2010b. Habitat and road use by 
Canada lynx making long-distance movements. Natural Resource Research Institute, 
NRRI TR-2010/02 University of Minnesota, Duluth, USA. 26 pp.  

Moen, R., S. K. Windels, and B. Hansen. 2012. Lynx habitat suitability in and near Voyageurs 
National Park. Natural Areas Journal 32: 348-355. 

Mohan, J. E., R. M. Cox, and L. R. Iverson. 2009. Composition and carbon dynamics of forests 
in northeastern North America in a future, warmer world. Canadian Journal of Forestry 
Research 39:213-230. 

Montana Department of Fish, Wildlife and Parks. 2005. Montana’s comprehensive fish and 
wildlife conservation strategy. Montana Fish, Wildlife and Parks, Helena, Montana. 658 
pp. 

Montana Department of Natural Resources and Conservation and U.S. Fish and Wildlife 
Service. 2010a. Montana Department of Natural Resources and Conservation Forested 



 

243 
 

State Trust Lands Habitat Conservation Plan (MDNRC HCP), Final Environmental 
Impact Statement (FEIS), Vol. I. 802 pp. 
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plan
s/DNRC_HCP.html 

Montana Department of Natural Resources and Conservation and U.S. Fish and Wildlife 
Service. 2010b. MDNRC HCP, FEIS, Vol. II. 527 pp. 
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plan
s/DNRC_HCP.html 

Montana Department of Natural Resources and Conservation and U.S. Fish and Wildlife 
Service. 2010c. MDNRC HCP, FEIS, Vol. III. 399 pp. 
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plan
s/DNRC_HCP.html 

Morris, K. I. 1986. Bobcat assessment. Maine Department of Inland Fisheries and Wildlife, 
Bangor, Maine, United States. 

Mote, P. W. 2003a. Trends in snow water equivalent in the Pacific Northwest and their climatic 
causes. Geophysical Research Letters 30:3-1 – 3-4. 

Mote, P.W. 2003b. Trends in temperature and precipitation in the Pacific Northwest during the 
twentieth century. Northwest Science 77(4): 271-282.    

Mote, P., A. Hamlet, M. Clark, and D. Lettenmaier. 2005. Declining mountain snowpack in 
western North America. Bulletin of the American Meteorological Society 86: 39-49. 

Mote, P., A. K. Snover, S. Capalbo, S. D. Eigenbrode, P. Glick, J. Littell, R. Raymondi, and S. 
Reeder. 2014. Ch. 21: North-west. Climate Change Impacts in the United States: The 
Third National Climate Assessment, J. M. Melillo, Terese (T.C.) Rich-mond, and G. W. 
Yohe, Eds., U.S. Global Change Research Program, 487-513. doi:10.7930/J04Q7RWX. 

Mowat, G., K. G. Poole, and M. O'Donoghue. 2000. Ecology of lynx in northern Canada and 
Alaska. Pages 265-306 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. 
J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in 
the contiguous United States. University Press of Colorado, Boulder, Colorado. 

Murphy, K. M., T. M. Potter, J. C. Halfpenny, K. A. Gunther, M. T. Jones, P. A. Lundberg, and N. 
D. Berg. 2006. Distribution of Canada lynx in Yellowstone National Park. Northwest 
Science 80: 199-206. 

Murray, D. L. and S. Boutin. 1991. The influence of snow on lynx and coyote movements: does 
morphology affect behavior?  Oecologia 88:463-469. 

Murray, D. L., S. Boutin, and M. O'Donoghue. 1994. Winter habitat selection by lynx and 
coyotes in relation to snowshoe hare abundance. Canadian Journal of Zoology 72: 
1444-1451. 

Murray, D. L., T. D. Steury, and J. D. Roth. 2008. Assessment of Canada Lynx research and 
conservation needs in the southern range: another kick at the cat. Journal of Wildlife 
Management 72:1463-1472. 

http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plans/DNRC_HCP.html
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plans/DNRC_HCP.html
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plans/DNRC_HCP.html
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plans/DNRC_HCP.html
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plans/DNRC_HCP.html
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plans/DNRC_HCP.html


 

244 
 

National Park Service. 2002. General Management Plan - Voyageurs National Park. U.S. Dept. 
of the Interior, National Park Service. 

 
Nellis, C. H., S. P. Wetmore, and L. B. Keith. 1972. Lynx-prey interactions in central Alberta. 

Journal of Wildlife Management 36: 320-328. 

Notaro, M., V. Bennington, and S. Vavrus. 2015. Dynamically Downscaled Projections of Lake-
Effect Snow in the Great Lakes Basin. American Meteorological Society 28:1661-1684. 

Odell, E. 2016. Colorado Parks and Wildlife. Undocumented Telephone conversation with Kurt 
Broderdorp. 

O'Donoghue, M., S. Boutin, C. J. Krebs, and E. J. Hofer. 1997. Numerical responses of coyotes 
and lynx to the snowshoe hare cycle. Oikos 80: 150-162. 

O'Donoghue, M., S. Boutin, C. J. Krebs, D. L. Murray, and E. J. Hofer. 1998. Behavioural 
responses of coyotes and lynx to the snowshoe hare cycle. Oikos 82: 169-183. 

Oliver, C. D. 1980. Forest development in North America following major disturbances. Forest 
Ecology and Management 3:153-168. 

Oliver, C.D., and B. C. Larson. 1996. Forest stand dynamics. Updated ed. John Wiley & Sons, 
New York. 

Olson, L. E., J. R. Squires, N. J. DeCesare, and J. A. Kolbe. 2011. Den use and activity patterns 
in female Canada lynx (Lynx canadensis) in the Northern Rocky Mountains. Northwest 
Science 85: 455-462.   

Olson, S. J. 2015. Seasonal influences on habitat use by snowshoe hares: Implications for 
Canada lynx in northern Maine. M. S. Thesis, Univ. of Maine, Orono. 153 pp.  

Organ, J. F., J. H. Vashon, J. E. McDonald, Jr., A. D. Vashon, S. M. Crowley, W. J. Jakubas, G. 
J. Matula, Jr., and A. L. Meehan. 2008. Within-stand selection of Canada lynx natal dens 
in northwest Maine, USA. Journal of Wildlife Management 72: 1514-1517. 

Painter, T. H., A. P. Barrett, C. C. Landry, J. C. Neff, M. P. Cassidy, C. R. Lawrence, K. E. 
McBride, and G. L. Farmer. 2007. Impact of disturbed desert soils on duration of 
mountain snow cover. Geophysical Research Letters 34:L12502. 

Parker, G. R., J. W. Maxwell, and L. D. Morton. 1983. The ecology of lynx (Lynx canadensis) on 
Cape Breton Island. Canadian Journal of Zoology 61:770-786. 

Passamaquoddy Tribe. 2014. Environment. http://www.passamaquoddy.com/?page_id=134. 
Accessed May 15, 2014. 

Patton, G. 2006. Idaho snow-track survey, Winter 2006. Unpubl. report, Idaho Department of 
Fish and Game, Nampa, Idaho. 31 pp. 

Payne, J. T., A. W. Wood, A. F. Hamlet, R. N. Palmer, and D. P. Lettenmaier, 2004: Mitigating 
the effects of climate change on the water resources of the Columbia River basin. 
Climatic Change, 62, 233-256. 

http://www.passamaquoddy.com/?page_id=134


 

245 
 

Pederson, G. T., S. T. Gray, C. A. Woodhouse, J. L. Betancourt, D. B. Fagre, J. S. Littell, E. 
Watson, B. H. Luckman, and L. J. Graumlich. 2011. The unusual nature of recent 
snowpack declines in the North American cordillera. Science 333:332-335. 

Peers, M. J. L., D. H. Thornton, and D. L. Murray. 2013. Evidence for large-scale effects of 
competition: niche displacement in Canada lynx and bobcat. Proc R Soc B 280: 
20132495. http://dx.doi.org/10.1098/rspb.2013.2495 

Peng, C., Z. Ma, X. Lei, Q Zhu, H. Chen, W. Wang, S. Liu, W. Li, X Fang, and X. Zhou. 2011. A 
drought-induced pervasive increase in tree mortality across Canada’s boreal forests. 
Nature Climate Change 1:467-471. 

Penobscot Indian Nation. 2012. Chapter VII Inland Fish and Game Regulations. Approved by 
Chief and Council, June 13, 2012. 34 pp. Accessed May 15, 2014. Revised June 4, 
2016 http://www.narf.org/nill/codes/penobscot/ch07.PDF 

Penobscot Indian Nation. 2014. Department of Natural Resources. Accessed May 15, 2014. 
Revised 2016. https://www.penobscotnation.org/departments/natural-resourcesNatural 
Resources  

Peters, G. P., R. M. Andrew, T. Boden, J. G. Canadell, P. C. Ciais, C. LeQuere, G. Marland, M. 
R. Raupach, and C. Wilson. 2013. The challenge to keep global warming below 2oC. 
Nature Climate Change 3.1 (2013):4-6. 

Peterson, T. 2003. Projected climate change effects on Rocky Mountain and Great Plains birds: 
generalities of biodiversity consequences. Global Change Biology 9: 647-655. 

Poole, K. G. 1994. Characteristics of an unharvested lynx population during a snowshoe hare 
decline. Journal of Wildlife Management 58: 608-618. 

Poole, K. G. 1997. Dispersal patterns of lynx in the Northwest Territories. Journal of Wildlife 
Management 61: 497-505. 

Poole, K. G. 2003. A review of the Canada lynx, Lynx canadensis, in Canada. The Canadian 
Field Naturalist 117: 360-376. 

Prasad, A. M., L. R. Iverson., S. Matthews., M. Peters. 2007-ongoing. A Climate Change Atlas 
for 134 Forest Tree Species of the Eastern United States [database]. 
http://www.nrs.fs.fed.us/atlas/tree, Northern Research Station, USDA Forest Service, 
Delaware, Ohio. 

Pulliam, H. R. 1988. Sources, Sinks, and Population Regulation. The American Naturalist 132: 
652-661. 

Qian, Y., W. I. gustafson, L. R. Leung, and S. J. Ghan. 2009. Effects of soot-induced snow 
albedo change on snowpack and hydrological cycle in western United States based on 
weather research and forecasting chemistry and regional climate simulations. Journal of 
Geophysical Research 114:D03108. 

http://dx.doi.org/10.1098/rspb.2013.2495
http://www.narf.org/nill/codes/penobscot/ch07.PDF
http://www.narf.org/nill/codes/penobscot/ch07.PDF
https://www.penobscotnation.org/departments/natural-resources
https://www.penobscotnation.org/departments/natural-resources
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf


 

246 
 

Quinn, N. W. S. and G. Parker. 1987. Lynx. Pages 683-694 in M. Novak, J.A. Barber, M.E. 
Obbard, B. Malloch (eds.). Wild furbearer management and conservation in North 
America. Ontario Ministry of Natural Resources. 

Raffa, K. F., B. H. Aukema, B. J. Bentz, A. L. Carroll, J. A. Hicke, M. G. Turner, and W. H. 
Romme. 2008. Cross-scale drivers of natural disturbances prone to anthropogenic 
amplification: the dynamics of bark beetle eruptions. Bioscience 58:501-517. 

Rangwala, I. and J. R. Miller. 2012. Climate change in mountains: a review of elevation-
dependant warming and its possible causes. Climate Change 114:527-547. 

Rangwala, I., E Sinsky, and J. R. Miller. 2013. Amplified warming projections for high altitude 
regions of the northern hemisphere mid-latitudes from CMIP5 models. 10 pp. 

Ravenscroft, C., R. M. Scheller, D.J. Mladenoff, and M. A. White. 2010. Forest restoration in a 
mixed ownership landscape. Ecological Applications, 20(2), 2010, pp. 327–346. 

Ray, J. C., J. E. Organ, and M. S. O’Brien. 2002. Canada lynx (Lynx canadensis) in the northern 
Appalachians: current knowledge, research priorities, and a call for regional cooperation 
and action. Report of a meeting held in Portland, Maine April, 2002. Wildlife 
Conservation Society, Toronto, Ontario, Canada. 
http://carnivorecology.free.fr/pdf/WCSlynx.pdf  Last accessed 5/26/2016. 

Regnier, J., R. St-Amant, and P. Duval. 2012. Predicting insect distributions under climate 
change from physiological responses: spruce budworm as an example. Biological 
Invasions 14:1571-1586. 

Reichard, M. V., D. L. Caudell, and A. A. Kocan. 2004. Survey of Helminth lung parasites of 
bobcats (Lynx rufus) from Alabama, Kansas, New Mexico, Oklahoma, and Virginia, 
U.S.A. Comparative Parasitology 71:88-90. 

Reimer, J. P. 2016. Personal communication. Re: Lynx range - area request. May 5, 2016. 10 
pp. 

Rizzo, B. and E. Wiken. 1992. Assessing the sensitivity of Canada’s ecosystems to climatic 
change. Climatic Change 21:37-55. 

Roberts, N. M. and S. M. Crimmins. 2010. Bobcat population status and management in North 
America: evidence of large-scale population increase. Journal of Fish and Wildlife 
Management 1:169-174. 

Robinson, L. 2006. Ecological relationships among partial harvesting, vegetation, snowshoe 
hares, and Canada lynx in Maine. M. S. Thesis, University of Maine, Orono, Maine, 
USA. 184 pp. 

Rodriguez, A. and M. Delibes. 2003. Population fragmentation and extinction in the Iberian lynx. 
Biological Conservation 109: 321-331.  

Romero-Lankao, P., J.B. Smith, D.J. Davidson, N.S. Diffenbaugh, P.L. Kinney, P. Kirshen, P. 
Kovacs, and L. Villers Ruiz, 2014: North America. In: Climate Change 2014: Impacts, 
Adaptation, and Vulnerability. Part B: Regional Aspects. Contribution of Working Group 



 

247 
 

II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change 
[Barros, V.R., C.B. Field, D.J. Dokken, M.D. Mastrandrea, K.J. Mach, T.E. Bilir, M. 
Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. 
MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA, pp. 1439-1498. http://ipcc-
wg2.gov/AR5/report/graphics/Ch26 

Roth, J. D., J. D. Marshall, D. L. Murray, D. m. Nickerson, and T. D. Steury. 2007. Geographical 
gradients in diet affect population dynamics of Canada lynx. Ecology, 88: 2736–2743.  

Row, J. R., C. Gomez, E. L. Koen, J. Bowman, D. L. Murray, and P. J. Wilson. 2012. Dispersal 
promotes high gene flow among Canada lynx populations across mainland North 
America. Conservation Genetics 13: 1259-1268. 

Rowe, J. S. 1972. Forest regions of Canada. Canadian Forestry Service, Publication 1300, 
Ottawa, Canada. 

Ruediger, B., J. Claar, S. Gniadek, B. Holt, L. Lewis, S. Mighton, B. Naney, G. Patton, T. 
Rinaldi, J. Trick, A. Vandehey, F. Wahl, N. Warren, D. Wenger, and A. Williams. 2000. 
Canada lynx conservation assessment and strategy, second edition. USDA Forest 
Service, USDI Fish and Wildlife Service, USDI Bureau of Land Management, USDI 
National Park Service. Forest Service Publication #R1-00-53, Missoula, MT. 

Ruggiero, L. F., M. K. Schwartz, K. B. Aubry, C. J. Krebs, A. Stanley, S. W. Buskirk. 2000a. 
Species conservation and and natural variation among populations. Pages 101-116 in 
Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, 
and J. R. Squires, (eds.). Ecology and conservation of lynx in the contiguous United 
States. University Press of Colorado, Boulder, Colorado. 

Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. 
R. Squires. 2000b. The scientific basis for lynx conservation: qualified insights. Pages 
443-454 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. 
McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in the contiguous 
United States. University Press of Colorado, Boulder, Colorado. 

Rupp, T. S., F. S. Chapin III, and A. M. Starfield. 2000. Response of subarctic vegetation to 
transient climatic change on the Seward Peninsula in north-west Alaska. Global Change 
biology 6:541-555.  

Rustad, L., J. Campbell, J. S. Dukes, T. Huntington, K. F. Lambert, J. Mohan, and N. 
Rodenhouse. 2012. Changing climate, changing forests: the impacts of climate change 
on forests of the Northeastern United States and Eastern Canada. General Technical 
Report NRS-99. Newtown Square, Pennsylvania: U. S. Department of Agriculture, 
Forest Service, Northern Research Station. 48pp. 

Sarmiento, L. and B. D. Stough. 1956. Troglostrongylus wilsoni (Stough, 1953) n. comb. 
(Nematoda: Metastrongylidae) from the lungs of bobcat, Lynx rufus rufus. The Journal of 
Parasitology 42:45-48. 

Saunders, J. K., Jr. 1963. Food habits of the lynx in Newfoundland. Journal of Wildlife 
Management 27: 384–390. 

http://ipcc-wg2.gov/AR5/report/graphics/Ch26
http://ipcc-wg2.gov/AR5/report/graphics/Ch26


 

248 
 

Scalzitti, J., C. Strong, and A. Kochanski. 2016. Climate change impact on the roles of 
temperature and precipitation in western U.S. snowpack variability. Geophysical 
Research Letters 43:5361-5369. 

Schindler, D. W. and P. G. Lee. 2010. Comprehensive conservation planning to protect 
biodiversity and ecosystem services in Canadian boreal regions under a warming 
climate and increasing exploitation. Biological Conservation 143:1571-1586.                        

Schmitz, O. J., E. Post, C. E. Burns, and K. M. Johnston. 2003. Ecosystem responses to global 
climate change: moving beyond color mapping. BioScience 53:1200-1205. 

Schwartz, M. K., L. S. Mills, K. S. McKelvey, L. F. Ruggerio, and F. W. Allendorf. 2002. DNA 
reveals high dispersal synchronizing the population dynamics of Canada lynx. Nature 
415: 520-522. 

Schwartz, M. K., L. S. Mills, Y. Ortega, L. F. Ruggerio, and F. W. Allendorf. 2003. Landscape 
location affects genetic variation of Canada lynx (Lynx canadensis). Molecular ecology 
12: 1807-1816. 

Schwartz, M. K., K. L. Pilgrim, K. S. McKelvey, E. L. Lindquist, J. J. Clarr, S. Loch, and L. F. 
Ruggerio. 2004. Hybridization between Canada lynx and bobcats: genetic results and 
management implications. Conservation Genetics, 5: 349-355. 

Scott, S. A. 2009. Spatio-temporal dynamics of snowshoe hare density and relationships to 
Canada lynx occurrence in northern Maine. M.S. thesis. University of Maine at Orono. 
190 pp. 

Seymour, R. S. 1992. The red spruce-balsam fir forest of Maine: Evolution of silvicultural 
practice in response to stand development patterns and disturbances. Pages 217-244 in 
The Ecology and Silviculture of Mixed-Species Forests: A Festschrift for David M. Smith. 
Kelty, M.J., B.C. Larson, and C.D. Oliver (eds.). Kluwer Academic Publishers, 
Netherlands. 308pp. 

Seymour, R. S. and M. L. Hunter, Jr. 1992. New forestry in eastern spruce-fir forests: principles 
and applications in Maine. Maine Agricultural and Forest Experiment Station, University 
of Maine, Miscellaneous Publication 716, Orono, Maine, USA. 36 pp. 

Seymour, R. S., A. S. White, and P. G. deMaynadier. 2002. Natural disturbance regimes in 
northeastern North America - evaluating silvicultural systems using natural scales and 
frequencies. Forest Ecology and Management 155:357-367. 

Shenk, T. M. 2008. Post-release monitoring of lynx reintroduced to Colorado. Wildlife research 
report, July 2007–June 2008. Colorado Division of Wildlife, Fort Collins, Colorado. 25 pp. 

Shenk, T. M. 2009. Post-release monitoring of lynx reintroduced to Colorado. Wildlife research 
report, July 2008–August 2009. Colorado Division of Wildlife, Fort Collins, Colorado. 28 
pp. + Appendices. 

Shenk, T. M. 2010. Post-release monitoring of lynx reintroduced to Colorado. Wildlife research 
report, July 2009–June 2010. Colorado Division of Wildlife, Fort Collins, Colorado. 26 pp. 



 

249 
 

Silver, H. 1957. A history of New Hampshire game and furbearers. New Hampshire Fish and 
Game Department, Concord. 

Simons, E. M. 2009. Influences of past and future forest management on the spatiotemporal 
dynamics of habitat supply for Canada lynx and American martens in northern Maine. 
Ph.D. dissertation, University of Maine at Orono. 247 pp. 

Simons-Legaard, E. M. 2016. Modeling timber harvest and habitat uncertainty: landscape trends 
(2010-2060) for Canada lynx and American marten in Maine. University of Maine Report 
to U. S. Fish and Wildlife Service, Maine Field Office. 19 pp. 

Simons-Legaard, E. M., D. J. Harrison, W. B. Krohn, and J. H. Vashon. 2013. Canada lynx 
occurrence and forest management in the Acadian Forest. Journal of Wildlife 
Management 77: 567-578. 

Singleton, P.H., W.L.Gaines, and J.F. Lehmkuhl. 2002. Landscape 
permeability for large carnivores in Washington: a geographic information system 
weighted-distance and least-cost corridor assessment. Res. Pap. PNW-RP-549. 
Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest 
Research Station. 89 p. 

Siren, A.P. K., A. Newell, J. R. Killborn. 2015. Influence of stand and landscape composition on 
snowshoe hare density and population fluctuations in the White Mountain National 
Forest. Unpublished Report, University of Massachusetts, Amherst, Massachusetts. 

Slough, B. G. 1999. Characteristics of Canada lynx, Lynx canadensis, maternal dens and 
denning habitat. Canadian Field-Naturalist 113: 605-608. 

Slough, B. G. and G. Mowat. 1996. Population dynamics of lynx in a refuge and interactions 
between harvested and unharvested populations. Journal of Wildlife Management 60: 
946-961. 

Soja, A. J., N. M. Tchebakova, N. H. F. French, M. D. Flannigan, H. H. Shugart, B. J. Stocks, A. 
I. Sukhinin, E. I. Parfenova, F. S. Chapin III, and P. W. Stackhouse Jr. 2007. Climate-
induced boreal forest change: predictions versus current observations. National 
Aeronautic and Space Administration Report 
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20080007122.pdf 

Squires, J. R. 2014. Personal communication. Peer review of proposed critical habitat 
designation for the Canada lynx. January 15, 2014. 11 pp. 

Squires, J. R. and T. Laurion. 2000. Lynx home range and movements in Montana and 
Wyoming: preliminary results. Pages 337-349 in Ruggiero, L. F., K. B. Aubry, S. W. 
Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology 
and conservation of lynx in the contiguous United States. University Press of Colorado, 
Boulder, Colorado. 

Squires, J. R. and L. F. Ruggiero. 2007. Winter prey selection of Canada lynx in northwestern 
Montana. Journal of Wildlife Management 71: 310-315. 

https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20080007122.pdf


 

250 
 

Squires, J. R., S. Tomson, L. F. Ruggiero, and B. Oakleaf. 2001. Distribution of lynx and other 
forest carnivores in the Wyoming Range, southcentral Wyoming. Progress report: 
winters 2000 and 2001. Unpubl. report, USDA Forest Service, Rocky Mountain 
Research Station, Missoula, Montana. 42 pp. 

Squires, J. R., N. J. DeCesare, S. Tomson, L. F. Ruggiero, and B. Oakleaf. 2003. Distribution of 
lynx and other forest carnivores in the Wyoming Range, southcentral Wyoming. Final 
Report. USDA Forest Service, Rocky Mountain Research Station, Missoula, Montana, 
and the Wyoming Game and Fish Department. 46 pp. 

Squires, J. R., L. F. Ruggiero, and J. A. Kolbe. 2004a. Ecology of lynx in western Montana, 
including Seeley Lake. Progress report - January 2003-September 2004. Unpubl. report, 
USDA Forest Service, Rocky Mountain Research Station, Missoula, Montana. 21 pp. + 
App. 

Squires, J. R., K. S. McKelvey, and L. F. Ruggiero. 2004b. A snow-tracking protocol used to 
delineate local lynx, Lynx canadensis, distributions. Canadian Field-Naturalist 118: 583-
589. 

Squires, J. R., N. J. DeCesare, J. A. Kolbe, and L. F. Ruggiero. 2004c. Movements of lynx 
relative to landscape features, including transportation corridors. 2004 progress report. 
Unpubl. report. USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana. 32 pp. 

Squires, J. R., L. F. Ruggiero, J. A. Kolbe, and N. J. DeCesare. 2006a. Lynx ecology in the 
intermountain west. Unpubl. report. USDA Forest Service, Rocky Mountain Research 
Station, Missoula, Montana. 51 pp.  

Squires, J. R., D. H. Pletscher, T. J. Ulizio, and L. F. Ruggiero. 2006b. The association between 
landscape features and transportation corridors on movements and habitat-use patterns 
of wolverines. Final report, June 2006. Unpubl. report. USDA Forest Service, Rocky 
Mountain Research Station, Missoula, Montana. 53 pp. 

Squires, J. R., N. J. DeCesare, J. A. Kolbe, and L. F. Ruggiero. 2008. Hierarchical den selection 
of Canada lynx in western Montana. Journal of Wildlife Management 72: 1497-1506.  

Squires, J. R., N. J. DeCesare, J. A. Kolbe, and L. F. Ruggiero. 2010. Seasonal resource 
selection of Canada lynx in managed forests of the Northern Rocky Mountains. Journal 
of Wildlife Management 74: 1648-1660. 

Squires, J. R., L. E. Olson, D. L. Turner, N. J. DeCesare, and J. A. Kolbe. 2012. Estimating 
detection probability for Canada lynx Lynx Canadensis using snow-track surveys in the 
Northern Rocky Mountains, Montana, USA. Wildlife Biology 18: 215-224. 

Squires, J. R., N. J. DeCesare , L. E. Olson , J. A. Kolbe, M. Hebblewhite, and S. A. Parks. 
2013. Combining resource selection and movement behavior to predict corridors for 
Canada lynx at their southern range periphery. Biological Conservation 157: 187-195. 

Squires J., J. Ivan, and R. Ghormley. 2016. Canada Lynx and Snowshoe Hare Response to 
Spruce-Beetle Tree Mortality, April 2016 Update. Unpublished. 5pp. 



 

251 
 

Starfield, A. M. and F. S. Chapin, III. 1996. Model of transient changes in arctic and boreal 
vegetation in response to climate and land use change. Ecological Applications 6:842-
864. 

State of Minnesota. 2016. 84.0895 Protection of threatened and endangered species. 

Stenseth, N. C., Kung-Sik Chan, H. Tong, R. Boonstra, S. Boutin, C. J. Krebs, E. Post, M. 
O’Donague, H. G. Yoccoz, M. C. Forchhammer, and J. W. Hurell. 1999. Common 
dynamic structure of Canada lynx populations within three climatic regions. Science 
285:1071-1073. 

Stenseth, N. C,  G. Ottersen, J. W. Hurrell, A. Mysterud, M. Lima, Kung-Sik Chan, H. G. 
Yoccoz, and B. Adlandsvik. 2003. Studying climate effects on ecology through the use of 
climate indices: the North Atlantic Oscillation, El Nino Southern Oscillation and beyond. 
The Royal Society of London B 270:2087-2096. 

Stenseth, N. C., A. Shabbar, K. S. Chan, S. Boutin, E. K. Rueness, D. Ehrich, J. W. Hurrell, O. 
C. Lingjaerde, and K. S. Jakobsen. 2004. Snow conditions may create an invisible 
barrier for lynx. Proceedings of the National Academy of Sciences 101: 10632-10634. 

Steury, T. D. and D. L. Murray. 2004. Modeling the reintroduction of lynx to the southern portion 
of its range. Biological Conservation 117: 127-141. 

Stinson, D. W. 2001. Washington State recovery plan for the lynx. Washington Department of 
Fish and Wildlife, Olympia, Washington. 78 pp. + 5 maps. 

Stocks, B. J., M. A. Fosberg, T. J. Lynham, L. Mearns, B. M. Wotton, Q. Yang, J-Z Jin, K. 
Lawrence, G. R. Hartley, J. A. Mason, and D. W. McKenney. 1998. Climate change and 
fores fire potential in Russian and Canadian boreal forests. Climatic Change 38:1-13. 

Stoelinga, M.T., M.D. Albright, and C.F. Mass. 2010. A new look at snowpack trends in the 
Cascade Mountains. American Meteorological Society. 23: 2473-2491. 

Sturm, M. S., J. P. McFadden, G. E. Liston, F. S. Chapin III, C. H. Racine, and J. Holmgren. 
2001. Snow-shrub interactions in the arctic tundra: a hypothesis with climatic 
implications. Journal of Climate 14:336-344. 

Sturtevant, B. R., B. R. Miranda, D. J. Shinneman, E.J. Gustafson,  and P. T. Wolter. 2012. 
Comparing modern and presettlement forest dynamics of a subboreal wilderness: Does 
spruce budworm enhance fire risk? Ecological Applications 22:1278-1296. 

Sullivan, T. P. and D. S. Sullivan. 1988. Influence of stand thinning on snowshoe hare 
population dynamics and feeding damage in lodgepole pine forest. Journal of Applied 
Ecology 25:791-805. 

Sultaire, S. M., J. N. Pauli, K. J. Martin, M. W. Meyer, M. Notaro, and B. Zuckerberg. 2016a. 
Climate change surpasses land-use change in contracting range boundary of a winter-
adapted mammal. Proceedings of the Royal society B 283:20153104. 



 

252 
 

Sultaire, S. M., J. N. Pauli, K. J. Martin, M. W. Meyer, B. Zuckerberg. 2016b. Extensive forests 
and persistent snow cover momote snowshoe hare occupancy in Wisconsin. The 
Journal of Wildlife Management 80:894-905. 

Tang, G. and B. Beckage. 2010. Projecting the distrubition of forests in New England in 
response to climate change. Diversity and Distributions 16:144-158. 

Thiel, R. P. 1987. The status of Canada lynx in Wisconsin, 1865-1980. Wisconsin Academy of 
Sciences, Arts and Letters. pp. 90-96. 

Thomas, J. A., J. G. Hallett, and M. A. O’Connell. 1997. Habitat use by snowshoe hares in 
managed landscapes of northeastern Washington. Report submitted to Washington 
Department of Fish and Wildlife, USDA Forest Service. 

Thompson, R. W. and J. C. Halfpenny. 1989. Canada lynx presence on the Vail ski area and 
proposed expansion areas. Unpubl. Rep., Western Ecosystems, Inc., Lafayette, CO. 29 
pp. 

Thompson, R. W. and J. C. Halfpenny. 1991. Canada lynx presence on the proposed East Fork 
ski area. Unpubl. Rep., Western Ecosystems, Inc., Boulder, CO. 35 pp. 

U.S. District Court, Montana. 2014a. Order, CV 13-57-M-DWM, Friends of the Wild Swan, et al. 
vs. Daniel Ashe, et al. May 8, 2014. 9 pp.  

U.S. District Court, Montana. 2014b. Order, CV 13-57-M-DWM, Friends of the Wild Swan, et al. 
vs. Daniel Ashe, et al. June 25, 2014. 2 pp. 

U.S. District Court, Montana. 2016. Order, CV 14-270-M-DLC (Consolidated with Case No. 14-
272-M-DLC), WildEarth Guardians et al. vs. U.S. Dept. of the Interior et al. September 7, 
2016. 30 pp.  

U.S. Fish and Wildlife Service. 2005. Draft recovery outline for the contiguous United States 
distinct population segment of the Canada lynx. Unpublished draft. U.S. Fish and Wildlife 
Service, Region 6, Denver, Colorado. 21 pp. 

U.S. Fish and Wildlife Service. 2007. Biological opinion on the effects of Northern Rocky 
Mountains Lynx Amendment on the Distinct Population Segment (DPS) of Canada lynx 
(Lynx canadensis) (lynx) in the contiguous United States. Dated March 23, 2007. 125 
pp. 

U.S. Fish and Wildlife Service. 2008a. Revised critical habitat for the contiguous United States 
distinct population segment of the Canada lynx relative to the Kettle Range in 
Washington State. Memorandum, Region 1 to Region 6. Spokane, Washington  6pp. 

U.S. Fish and Wildlife Service 2008b. Biological Opinion ES/LK-6-CO-08-F-024 of the effects of 
the Southern Rockies Lynx Amendment. 94 pp. 

U.S. Fish and Wildlife Service. 2011. Biological Opinion - Superior National Forest Plan 
Reinitiation. Bloomington, MN. 



 

253 
 

U.S. Fish and Wildlife Service. 2013. LYCA incidental take 2001-2013. Unpubl. database. U.S. 
Fish and Wildlife Service, Bloomington, Minnesota. 

U.S. Fish and Wildlife Service. 2014. Draft Environmental Assessment: Revised Designation of 
Critical Habitat for the Contiguous United States Distinct Population Segment of the 
Canada Lynx. U.S. Fish and Wildlife Service, Denver, Colorado. 113 pp. 
http://www.fws.gov/mountain-
prairie/species/mammals/lynx/20140606DraftEnvironmentalAssessment.pdf 

U. S. Fish and Wildlife Service. 2015. Species Status Assessment Framework. Version 3.3. 
October 2015. 

U.S. Fish and Wildlife Service. 2016. Canada lynx incidental take database. Unpul. Data. 
Bloomington, MN. 55425. 

U.S. Fish and Wildlife Service and IEc, Inc. 2014. Economic Analysis for the Proposed Revised 
Critical Habitat Designation for the Canada lynx (Lynx canadensis). Unpublished Report, 
U.S. Fish and Wildlife Service, Denver, Colorado. 82 pp. http://www.fws.gov/mountain-
prairie/species/mammals/lynx/index.htm 

U.S. Forest Service. 2004a. Superior National Forest Management Plan. Duluth, Minnesota. 

U.S. Forest Service. 2004b. Chippewa National Forest Management Plan.  

U.S. Forest Service. 2004c. Chequamegon-Nicolet National Forest Forest  Management Plan.  

U.S. Forest Service. 2007. Northern Rockies Lynx Management Direction Record of Decision. 
USDA Forest Service, National Forests in Montana, and parts of Idaho, Wyoming, and 
Utah. 52 pp. + Att. 

U.S. Forest Service. 2008a. Biological Assessment of the Southern Rockies Lynx Amendment 
on Threatened, Endangered and Proposed Species. U.S. Forest Service Rocky 
Mountain Region. 132 pp. 

U.S. Forest Service. 2008b. Southern Rockies Lynx Amendment Record of Decision. USDA 
Forest Service Rocky Mountain Region, Golden, Colorado. 78 pp. 

U.S. Forest Service. 2009. Preliminary assessment of environmental attributes necessary to 
support a viable lynx population on National Forest System lands in northern New 
Mexico. USDA Forest Service, Southwestern Region, Albuquerque, New Mexico. 30 pp. 

U.S. Forest Service. 2011a. Programmatic Biological Assessment for Federally Listed Species. 
Superior National Forest. Duluth, Minnesota. 171 pp. 

U.S. Forest Service. 2011b. Western bark beetle strategy: human safety, recovery and 
resiliency. Unpublished report. 
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5337222.pdf 

 
U.S. Forest Service. 2015. Aerial Survey Highlights for Colorado for 2014. Unpublished. 8 pp. 

http://www.fws.gov/mountain-prairie/species/mammals/lynx/20140606DraftEnvironmentalAssessment.pdf
http://www.fws.gov/mountain-prairie/species/mammals/lynx/20140606DraftEnvironmentalAssessment.pdf
http://www.fws.gov/mountain-prairie/species/mammals/lynx/20140606DraftEnvironmentalAssessment.pdf
http://www.fws.gov/mountain-prairie/species/mammals/lynx/20140606DraftEnvironmentalAssessment.pdf
http://www.fws.gov/mountain-prairie/species/mammals/lynx/index.htm
http://www.fws.gov/mountain-prairie/species/mammals/lynx/index.htm
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5337222.pdf


 

254 
 

U.S. Forest Service and U.S. Fish and Wildlife Service. 2000. Canada Lynx Conservation 
Agreement. Missoula, Montana. 12 pp. 

U.S. Forest Service and U.S. Fish and Wildlife Service. 2005. Canada Lynx Conservation 
Agreement. Missoula, Montana. 9 pp. 

U.S. Forest Service and U.S. Fish and Wildlife Service. 2006. Canada Lynx Conservation 
Agreement. Missoula, Montana. 17 pp. 

United States National Assessment Team (2000) Climate change impacts on the United States: 
The potential consequences of climate variability and change. US Global Change 
Research Program. Cambridge University Press, New York, USA 

 
University of Alaska Center for Conservation Science. 2016. Canadian lynx annual distribution. 

1 pp. http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/,   
Accessed 4/28/2016. 

University of Minnesota. 2013. Mean annual snowfall statistics for Minnesota. 
http://www.climate.umn.edu/snow_fence/Components/SFF/MeanSF/aveannual1971-
2000.htm. Accessed May 15, 2013. 

van Mantgem, P.J., Stephenson, N.L., Byrne, J.C., Daniels, L.D., Franklin, J.F., Fule´ , P.Z., 
Harmon, M.E., Larson, A.J., Smith, J.M., Taylor, A.H., Veblen, T.T., 2009. Widespread 
increase of tree mortality rates in the western United States. Science 323, 521–524. 

van Zyll de Jong, C. G. 1966. Parasites of the Canada lynx Felis (Lynx) canadensis (Kerr). 
Canadian Journal of Zoology 44:499-509. 

van Zyll de Jong, C. G. 1971. The status and management of the Canada lynx in Canada. Pp. 
16-19 in Jorgensen, S. E. and L. D. Mech (eds.). Proceedings of a symposium on the 
native cats of North America: Their status and management. U.S. Dept. of Interior Fish 
and Wildlife Service, Twin Cities, MN, September 1971.   

Vashon, J. 2015. Lynx canadensis. The IUCN Red List of Threatened Species 2015: 
e.T12518A50655041. http://dx.doi.org/10.2305/IUCN.UK.2015-
4.RLTS.T12518A50655041.en 

Vashon, J. H., A. L. Meehan, W. J. Jakubas, J. F. Organ, A. D. Vashon, C. R. McLaughlin, and 
G. J. Matula, Jr. 2005a. Preliminary diurnal home range and habitat use by Canada lynx 
(Lynx canadensis) in northern Maine. Unpubl. report, Maine Department of Inland 
Fisheries and Wildlife, Bangor, Maine. 29 pp. 

Vashon, J. H., J. F Organ, W. J. Jakubas, A. D. Vashon, G. J. Matula Jr., C. R. McLaughlin, and 
S. M. Crowley. 2005b. Reproduction and mortality of Canada lynx (Lynx canadensis) in 
northern Maine. Unpubl. report, Maine Department of Inland Fisheries and Wildlife, 
Bangor, Maine. 15 pp. 

Vashon, J. H., A. L. Meehan, W. J. Jakubas, J. F. Organ, A. D. Vashon, C. R. McLaughlin, G. J. 
Matula, Jr., and S. M. Crowley. 2008a.  

http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/
http://www.climate.umn.edu/snow_fence/Components/SFF/MeanSF/aveannual1971-2000.htm
http://www.climate.umn.edu/snow_fence/Components/SFF/MeanSF/aveannual1971-2000.htm


 

255 
 

Spatial ecology of a Canada lynx population in northern Maine. Journal of Wildlife Management 
72:1479–1487. 

Vashon, J. H., A. L. Meehan, J. F. Organ, W. J. Jakubas, C. R. McLaughlin, A. D. Vashon, and 
S. M. Crowley. 2008b. Diurnal habitat relationships of Canada lynx in an intensively 
managed private forest landscape in northern Maine. Journal of Wildlife Management 
72:1488–1496. 

Vashon, J., S. McLellan, S. Crowley, A. Meehan, and K. Laustsen. 2012. Canada lynx 
assessment. Maine Dept. Inland Fisheries and Wildlife, Research and Assessment 
Section, Bangor, Maine. 107 pp. 

Veblen, T. T., K. S. Hadley, E. M. Nel, T. Kitzenberger, M. Reid, and R. Villalba. 1994. 
Disturbance regime and disturbance interactions in a Rocky Mountain subalpine forest. 
Journal of Ecology 82:125-135. 

Vermont Wildlife Action Plan Team. 2015. Vermont Wildlife Action Plan 2015. Vermont Fish & 
Wildlife Department. Montpelier, VT. http://www.vtfishandwildlife.com last accessed 
6.30.2016 

von Kienast, J. A. 2003. Winter habitat selection and food habits of lynx on the Okanogan 
Plateau, Washington. M.S. Thesis, University of Washington, Seattle. 57 pp. 

Walker, C. J. 2005. Influences of landscape structure on snowshoe hare populations in 
fragmented forests. M.S. Thesis, University of Montana, Missoula. 95 pp. 

Ward, R. M. P. and C. J. Krebs. 1985. Behavioral responses of lynx to declining snowshoe hare 
abundance. Canadian Journal of Zoology 63: 2817-2824. 

Washington Department of Fish and Wildlife. 2016. DNS 16-038: Uplisting lynx from a state 
threatened species to a state endangered species. Olympia, Washington. 2pp. 

Washington Department of Natural Resources. 2006. Lynx habitat management plan for DNR-
managed lands. State of Washington Department of Natural Resources, Olympia, 
Washington. 166 pp. http://www.dnr.wa.gov/Publications/lm_ess_lynx_plan_final.pdf 

Watry, M.K. 2016. Personal communication email to Kurt Broderdorp. 

Westerling, A.L., H.G. Hidalgo, D.R. Cayan, and T.W. Swetnam. 2006. Warming and earlier 
spring increase western U.S. forest wildfire activity. Science. 313: 940-943.  

Wild, M. A., T. M. Shenk, and R. R. Spraker. 2006. Plague as a mortality factor in Canada lynx 
(Lynx canadensis) reintroduced to Colorado. Journal of Wildlife diseases 42:646-650. 

Wirsing, A. J., T. D. Steury, and D. L. Murray. 2002. A demographic analysis of a southern 
snowshoe hare population in a fragmented habitat: evaluating the refugium model. 
Canadian Journal of Zoology 80: 169-177. 

Wrigley, M. 2016. Personal communication email to Kurt Broderdorp. 

http://www.dnr.wa.gov/Publications/lm_ess_lynx_plan_final.pdf
http://www.dnr.wa.gov/Publications/lm_ess_lynx_plan_final.pdf


 

256 
 

Wolfe, M. L., N. V. Debyle, C. S. Winchell, and T. R. McCabe. 1982. Snowshoe hare cover 
relationships in northern Utah. Journal of Wildlife Management 49: 662-670. 

Wolff, J. O. 1980. The role of habitat patchiness in the population dynamics of snowshoe hares. 
Ecological Monographs 50: 111-130. 

Woodall, C. W., P. J. Ince, K. E. Skog, F. X. Aguilar, C. E. Keegan, C. B. Sorenson, D. G. 
Hodges, and W. B. Smith. 2011. An overview of the forest products sector downturn in 
the United States. Forest Product Journal 61:595-603. 

Yan, C., N. C. Stenseth, C. J. Krebs, and Z. Zhang. 2013. Linking climate change to population 
cycles of hares and lynx. Global Change Biology 19: 3263-3271. 

Zahratka, J. L. and T. M. Shenk. 2008. Population estimates of snowshoe hares in the Southern 
Rocky Mountains. Journal of Wildlife Management 72: 906-912. 

 
Zimova, M. 2013. Camouflage mismatch in seasonal coat color due to decreased snow 

duration: will snowshoe hares keep up with climate change?  M. S. thesis. University of 
Montana, Missoula, Montana. 105pp. 

 
Zimova, M., L. S. Mills, P. M. Lukacs, and M. S. Mitchell. 2014. Snowshoe hares display limited 

phenotypic plasticity to mismatch in seasonal camouflage. Proceedings of the Royal 
Society B 281:20140029. 

 
Zimova, M., L. S. Mills, and J. Joshua Nowak. 2016. High fitness costs of climate change-

induced camouflage mismatch. Ecology Letters 19:299-307. 
 
 



From: Holt, Bryon
To: Dennis Mackey; Hendricks, Kathleen; Tracy Melbihess; Cathey, Karen
Subject: Fwd: Availability of USFWS Draft Canada Lynx Species Status Asssessment (SSA)
Date: Wednesday, January 11, 2017 1:52:43 PM

FYI

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Jan 11, 2017 at 1:30 PM
Subject: Re: Availability of USFWS Draft Canada Lynx Species Status Asssessment (SSA)
To: "Monette, DJ" <dj_monette@fws.gov>
Cc: Anna Munoz <anna_munoz@fws.gov>, Charles Traxler <Charles_Traxler@fws.gov>,
Garrett Peterson <garrett_peterson@fws.gov>, Ivy Allen <ivy_allen@fws.gov>, Joe Early
<joe_early@fws.gov>, John Nystedt <john_nystedt@fws.gov>, Nathan Dexter
<nathan_dexter@fws.gov>, Christine Eustis <christine_eustis@fws.gov>, Timothy Binzen
<timothy_binzen@fws.gov>, Scott Aikin <scott_aikin@fws.gov>, Jodi Bush
<jodi_bush@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Anna Harris <anna_harris@fws.gov>, "Willey, Seth"
<seth_willey@fws.gov>, Marjorie Nelson <marjorie_nelson@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Heather Bell <heather_bell@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>

Thanks DJ and thanks Regional Liaisons for helping us get this draft out to Tribal partners!

Let me know if you have questions or need anything else.

Jim

On Wed, Jan 11, 2017 at 1:56 PM, Monette, DJ <dj_monette@fws.gov> wrote:

Hello Folks,

Below is an e-mail template (and attachment) for you to copy paste and send to your respective Tribes in your
regions (R1,2,3,5 & 6). You may want to only focus on Tribes that are located within or adjacent to the DPS. 
Please send this out as soon as possible.

Please note that R6 has the lead, so any unanswered questions should be directed to Jim  Zelenak.

Jim, if I have missed anything, please let me know.

Please let me know if you have any questions.

Thanks,

DJ
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==============================================================
To:  Tribal Natural Resource Directors

Subject:  Availability of USFWS Draft Canada Lynx Species Status Asssessment (SSA)

Dear Tribal Partners:

Attached please find the U.S. Fish and Wildlife Service's DRAFT Species Status Assessment (SSA) for the Canada Lynx -
Contiguous United States Distinct Population Segment (DPS).  The SSA is intended to provide the biological and scientific
underpinnings for all decisions the Service must make in accordance with the Endangered Species Act (Act), including
future recovery planning for the lynx DPS. The draft report is currently undergoing peer review and review by State Fish
and Wildlife Agencies and by Federal land management agencies (BLM, NPS, and USFS) within the DPS range.  

The Service jointly respects and values the significant role of Indian Tribes in past and ongoing lynx conservation.  We also
respect the sovereignty of Tribal governments and our collective Trust responsibility to Tribes.  Continuing this effective
relationship with interested Tribes and others is essential to achieving recovery of lynx.  Therefore, we are providing this
draft for review by members of your organization with expert knowledge of the species and its habitat.  That review will
help us ensure that we have appropriately considered the best scientific and commercial information when evaluating the
current status and future viability of the lynx DPS.

We request your organization's independent scientific perspectives on the comprehensiveness and logic of the document, as
well as how well the technical conclusions are supported by the data and analyses.  We ask that your comments on the draft
SSA report focus specifically on whether the best available information was used, the quality of the scientific information,
and our interpretation and analyses of the data with regard to the species’ viability in the contiguous United States.  We
request that you direct your review to the scientific issues and assumptions related to your expertise.

We welcome consolidated comments from your Tribe by Feb. 10, 2017. Please send comments by that date
to jim_zelenak@fws.gov. Thank you for your interest and assistance.

Please note that the Literature Cited list is not complete at this time.  If you need a copy of any document cited in the draft
report, please contact Jim Zelenak at the email address above.

This document is not intended to solicit public comment and will be revised after this scientific review. This document
does not predetermine any future agency decision under the Endangered Species Act.

General Information about SSAs:

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve transparency
while conducting listing determinations and other actions in accordance with the Act, and peer review of our analyses of
the viability of species is part of that new process.  The attached draft SSA report is a rough draft; we are seeking
comments at this stage to ensure that we have time to incorporate any substantial comments as we finalize the report.
 
In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by the
Service on whether the Canada lynx warrants protections of the Act.  This document is strictly a characterization of the
species’ viability in the contiguous United States.  As a reminder, all reviews and comments submitted to the Service will
become public documents and part of our administrative record for this document.

If you have any questions, please feel free to contact me.

Sincerely,

[Insert NAL Name]

==============================================================
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-- 

DJ Monette

U.S. Fish and Wildlife Service - Headquarters, Washington, DC

Associate Native American Liaison Advisor

Cell:      (413) 244-4495

dj_monette@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Holt, Bryon
To: Tracy Melbihess
Subject: Fwd: Lynx SSA
Date: Wednesday, January 11, 2017 1:52:03 PM

FYI
---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Tue, Jan 10, 2017 at 11:23 AM
Subject: Lynx SSA
To: Dennis Mackey <dennis_mackey@fws.gov>, "Hendricks, Kathleen"
<kathleen_hendricks@fws.gov>, "Cathey, Karen" <karen_cathey@fws.gov>, Russ MacRae
<russ_macrae@fws.gov>

All,

The final draft Lynx SSA went to the peer review contractor last Friday (1/6/17).  In the next
few days, the SSA will also be sent to state and federal agencies, tribes, and NGOs as well. 
For state wildlife agencies, Jodi Bush has coordinated with AFWA for distribution to these
entities within the states; for other state agencies (e.g, IDL, OSC) Jodi will send the SSA
directly to them.  Jodi will also send the SSA to federal land mgmt agencies (FS, BLM, and
Park Service) at the national level for them to distribute to appropriate regional/local offices. 
For tribes, Jodi will coordinate through R-6's RO Tribe Liaison for distribution to tribes in R-6
and ask the R-6 liaison to coordinate with other regional liaisons in R-1,3,4, and 5 for
distribution to tribes in their respective regions.  If however the R-6 liaison cannot coordinate
with other regional liaisons, R-6 may ask each core team member to coordinate with their
respective tribal liaisons for distribution to tribes in their region.

The SSA will also be sent internally to FWS for review; the review will be sent more widely
than the original internal review.  However, the review notice will indicate that the SSA has
already undergone internal review, and that if there are any additional substantive comments
they should be submitted through each respective regional core team member.

Bryon

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
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**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Catton, Susan J -FS
To: kurt_broderdorp@fws.gov
Cc: Tamara_Smith@fws.gov; Jackson, Scott -FS
Subject: RE: 15% lynx conservation measure and measurement of 10 year period
Date: Wednesday, January 11, 2017 2:22:35 PM
Attachments: image002.png

image003.png
image004.png
image005.png

Thank you all for your response to my question.  I’m interested in any other
feedback you receive.
 
From: Kurt Broderdorp [mailto:Kurt_Broderdorp@fws.gov] 
Sent: Wednesday, January 04, 2017 1:40 PM
To: Catton, Susan J -FS <scatton@fs.fed.us>
Cc: Tamara_Smith@fws.gov; Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: RE: 15% lynx conservation measure and measurement of 10 year period
 

Susan,  We calculate the 15% from the time an assessment (biological
assessment or equivalent) is being prepared, counting backward in time
10 years.  So all vegetation management actions that affected lynx
habitat and occurred during that period within a lynx analysis unit are
quantified.  For example, for a BA being prepared today, the 10 year
time frame consists of roughly January 2007 thru January 2017. 
 
I hope this helps.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Catton, Susan J -FS [mailto:scatton@fs.fed.us] 
Sent: Tuesday, January 03, 2017 11:48 AM
To: Tamara_Smith@fws.gov; Jackson, Scott -FS; kurt_broderdorp@fws.gov
Subject: 15% lynx conservation measure and measurement of 10 year period
 
Hi Scott, Tam and Kurt.  Happy New Year!
 
A question arose on the Superior NF about the 15% lynx conservation measures and
how best to measure it.  The question is with the interpretation of the 10-year
period and what to use.  I thought I would reach out to you and the lynx biology
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team for some thoughts and insight before making a final decision on how we will
proceed.  Please feel free to forward this to other members of the Bio Team as
well.
 
Both the 2000 and the 2013 revised LCAS The 2000 LCAS contain a similar
conservation measure related to the change in lynx habitat due to management
activities on federal lands.

·       Management actions (e.g. timber sales, salvage sales) shall not change more
than 15 percent of lynx habitat within a LAU to an unsuitable condition
within a 10-year period (LCAS, 2000)
 

·       Recognizing that natural disturbances and forest management of private
lands also will occur, management-induced change of lynx habitat on federal
lands that creates the early stand initiation structural stage or
silviculturally treated to remove horizontal cover should not exceed 15% of
lynx habitat on federal lands within a LAU over a 10-year period. (LCAS
2013)
 

In 2005, the Superior National Forest adopted this conservation measure as a
standard in its LRMP.  At that time the agreement with our local USFWS office was
that the 10 year period would corresponded with the first decade of our forest plan
(2005-2015).  Following the process that we started in 2005 we should start a
second running cumulate total of change in lynx habitat from 2015-2025.  This
approach is concerning to many of my biologists however because management
activities are now being  planned and implemented a second time in LAUs with 10
years or less between these activities.  This could result in 15%-30% of lynx habitat
on federal lands in an LAU being in an unsuitable condition as a result of
management actions at the same time.
 
We have talked about several options.  One option is to use a sliding 10-year
period.  The most conservative approach would be to use the project date as year
10 and count all the management actions  that have resulted in a change to lynx
habitat for 10 years prior.  The concern with this approach is that it is unnecessarily
restrictive.  It also would result in different results for each project making it less
useful for any regular monitoring.
 
Another option we considered is to look at what is currently in an unsuitable
condition as a result of management actions at the time of the project, add to it
any management decisions that would impact lynx habitat that have yet to be
implemented over the next 10 years.  15% minus these two data set would show the
limitations/sideboards for the current project being analyzed.
 
My recollection on the 15% measure is that it is intended to be more of a limitation
in change of habitat over time rather than an allowable maximum amount of
unsuitable habitat at a given time.
 
I’m wondering how others have grappled with this one and what others are
measuring this?
 
Thanks for your insight on this.

Susan Catton 
Forest Wildlife Biologist/Program Manager



Forest Service
Superior National Forest
p: 218-626-4304 
f: 218-626-4398 
scatton@fs.fed.us
8901 Grand Ave. Pl.
Duluth, MN 55808
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.
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From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Draft Canada lynx Species Status Assessment
Date: Thursday, January 12, 2017 9:13:35 AM

Jim,

Do also want to send the SSA to Koehler, Aubry, and Apps as well?

Bryon

On Thu, Jan 12, 2017 at 8:17 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Lynx Experts and Workshop Presenters:

Attached please find the Draft Lynx SSA Report.  I apologize for clogging the inboxes of those who received this
through other channels, but I wanted to make sure everyone on our expert panel and others who presented
information at the workshop in Minneapolis received a copy.

The draft is currently undergoing peer review (we do not know who our contractors selected for peer review) and
review by State wildlife management agencies and Federal and Tribal partners.

We are providing this for your review and to ensure we accurately portrayed the information you provided at the
workshop.  If you have concerns or would like to provide feedback/comments, please do so to me by Feb. 10.

We are not seeking public comment on this draft SSA report, and we ask that you not distribute it.

Let me know if you have questions or need other information.

Also, please note that the Literature Cited list is incomplete.  If you need copies of any of the documents cited in
the draft, please contact me and we will send a PDF.

Thanks again for your help at the workshop and whatever feedback you are able to provide on this draft.

Jim    

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
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Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Baker, Richard (DNR)
To: Jonathan Mawdsley
Cc: Smith, Tamara; peter_fasbender@fws.gov; Bush, Jodi (jodi_bush@fws.gov); Zelenak, Jim
Subject: RE: For State Agency Review: Draft Lynx Species Status Assessment document
Date: Thursday, January 12, 2017 11:54:22 AM

Thanks Jonathan. See you in Texas!
 
Rich
 

From: Jonathan Mawdsley [mailto:jmawdsley@fishwildlife.org] 
Sent: Wednesday, January 11, 2017 9:29 AM
To: Baker, Richard (DNR) <richard.baker@state.mn.us>; Bush, Jodi (jodi_bush@fws.gov)
<jodi_bush@fws.gov>; Zelenak, Jim <jim_zelenak@fws.gov>
Cc: Smith, Tamara <tamara_smith@fws.gov>; peter_fasbender@fws.gov
Subject: Re: For State Agency Review: Draft Lynx Species Status Assessment document
 
Rich,
 
Many thanks for the note - as far as AFWA is concerned you are definitely welcome to submit
comments directly to U. S. FWS.  We've offered to assist in the process, but you are certainly
always welcome to communicate directly with the Service.
 
Best,
Jonathan
 

From: Baker, Richard (DNR) <richard.baker@state.mn.us>
Sent: Wednesday, January 11, 2017 8:52 AM
To: Bush, Jodi (jodi_bush@fws.gov); Zelenak, Jim
Cc: Jonathan Mawdsley; Smith, Tamara; peter_fasbender@fws.gov
Subject: FW: For State Agency Review: Draft Lynx Species Status Assessment document
 
Hi Jodi and Jim,
 
I hope you are having a good winter. This email from Jonathan Mawdsley at AFWA prompts some
concern – I see no evidence that I have received the Draft SSA report directly from you.
 
Don’t you plan to distribute it directly to the affected states?
 
FYI, I intend to compile Minnesota’s comments and submit them directly to you rather than send
them through AFWA,  since I don’t think it is appropriate for our comments to be merged with those
from other states through the AFWA process.
 
Thanks in advance for your reply,
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Regards,
 
Rich
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><> 
 

From: Jonathan Mawdsley [mailto:jmawdsley@fishwildlife.org] 
Sent: Tuesday, January 10, 2017 10:53 PM
To: Broscheidb@outlook.com; Craig McLaughlin - DNR <craig.mclaughlin@state.co.us>;
jake.ivan@state.co.us; Eric Odell <eric.odell@state.co.us>; Moore,Virgil
<virgil.moore@idfg.idaho.gov>; Sallabanks,Rex <rex.sallabanks@idfg.idaho.gov>;
chandler.woodcock@maine.gov; Connolly, James <james.connolly@maine.gov>;
jennifer.vashon@maine.gov; William Moritz <Moritzw@michigan.gov>; Mason, Russ (DNR)
<MasonR2@michigan.gov>; bumpa@michigan.gov; Kennedy, Daniel (DNR)
<kennedyd@michigan.gov>; *Commissioner (DNR) <commissioner.dnr@state.mn.us>; Leach, Jim
(DNR) <jim.leach@state.mn.us>; Telander, Paul B (DNR) <Paul.Telander@state.mn.us>; Baker,
Richard (DNR) <richard.baker@state.mn.us>; Erb, John D (DNR) <john.erb@state.mn.us>;
kmcdonald@mt.gov; Inman, Bob <bobinman@mt.gov>; jkolbe.fwp@gmail.com; seggeman@mt.gov;
'Glenn Normandeau <glenn.normandeau@wildlife.nh.gov>; mark.ellingwood@wildlife.nh.gov;
John.Kanter@wildlife.nh.gov; jill.killborn@wildlife.nh.gov; William.staats@wildlife.nh.gov;
patrick.tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us;
rick.winslow@state.nm.us; james.stuart@state.mn.us; doug.stang@dec.ny.gov;
michael.schiavone@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us;
kimberlyasmus@utah.gov; Greg Sheehan <gregsheehan@utah.gov>; louis.porter@state.vt.us;
mark.scott@state.vt.us; chris.bernier@state.vt.us; director@dfw.wa.gov; jeffrey.lewis@dfw.wa.gov;
Becker, Penny A (DFW) <Penny.Becker@dfw.wa.gov>; DNRSecretary@wisconsin.gov;
kurt.thiede@wisconsin.gov; sanjay.olson@wisconsin.gov; tom.hauge@wisconsin.gov;
erin.crain@wisconsin.gov; owen.boyle@wisconsin.gov; nathanm.roberts@wisconsin.gov;
shawn.rossler@wisconsin.gov; david.macfarland@wisconsin.gov; john.white@wisconsin.gov; Scott
Talbott <scott.talbott@wyo.gov>; john.kennedy@wyo.gov; bob.lanka@wyo.gov;
zach.walker@wyo.gov; nichole.bjornlie@wyo.gov; susan.patla@wyo.gov; Gardner, Eric S (DFW)
<Eric.Gardner@dfw.wa.gov>; Dixon,Rita <rita.dixon@idfg.idaho.gov>; jhagener@mt.gov
Cc: Ron Regan <RRegan@fishwildlife.org>; Mark Humpert <MHumpert@fishwildlife.org>; Jen Mock
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Schaeffer <JenMock@fishwildlife.org>; Jodi Bush <jodi_bush@fws.gov>
Subject: Re: For State Agency Review: Draft Lynx Species Status Assessment document
Importance: High
 
Dear Colleagues,
 
I trust that this message finds you well. The U. S. Fish and Wildlife Service has asked the
Association of Fish and Wildlife Agencies (AFWA) to assist with state fish and wildlife agency
review of the DRAFT Species Status Assessment (SSA) document for the Canada Lynx -
Contiguous United States Distinct Population Segment (DPS). 
 
Attached to this e-mail message you will find the DRAFT SSA document for the Canada Lynx -
Contiguous United States DPS.  Please also see the e-mail message of transmittal from Jodi
Bush at U. S. FWS below which contains important information about this document and the
specific input that is being solicited from the state fish and wildlife agencies at this time.
 
To facilitate this review, we would ask that comments from you and your colleagues be
provided to AFWA by COB on Friday, February 10th, 2017.  Comments can be sent
electronically as e-mail attachments to the following e-mail address:
jmawdsley@fishwildlife.org 
 
AFWA will compile all comments and share all comments directly with the U. S. Fish and
Wildlife Service.  Input from multiple individuals within a single agency is certainly welcome,
but if possible it would be helpful for us to receive a single set of comments from each of the
lynx range states.
 
Many thanks in advance for your help in providing a robust review of the attached
document.  I look forward to hearing from you.
 
With best regards,
Jonathan Mawdsley
 
Jonathan R. Mawdsley, Ph.D.
Science Advisor
Association of Fish and Wildlife Agencies
1100 First Street NE, Suite 825
Washington, DC 20002 USA
Phone: (202) 997-6628
E-mail: jmawdsley@fishwildlife.org
Web: http://www.fishwildlife.org
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From: Bush, Jodi <jodi_bush@fws.gov>
Sent: Tuesday, January 10, 2017 6:24 PM
To: Jonathan Mawdsley
Subject: Fwd: Draft Lynx SSA Transmittal email
 
Jonathan.  
 
As we discussed, attached please find the DRAFT Species Status Assessment (SSA) for the
Canada Lynx - Contiguous United States Distinct Population Segment (DPS).  As you are aware,
the draft report is currently undergoing peer review.
 
We are providing this draft to you for dissemination to our State Fish and Game Partners for
review by those individuals with expert knowledge of the species and its habitat.  Their review
will help us ensure that we have appropriately considered the best scientific and commercial
information when evaluating the current status and future viability of the lynx DPS.  We
request their independent scientific perspectives on the comprehensiveness and logic of the
document, as well as how well the technical conclusions are supported by the data and
analyses.
 
Please note that the Literature Cited list is not complete at this time.  If you need a copy of any
document cited in the draft report, please contact Jim Zelenak at the email address below.
 
This document is not intended to solicit public comment and will be revised after this scientific
review. This document does not predetermine any future agency decision under the
Endangered Species Act.
 
In general we ask that your comments on the draft SSA report focus specifically on whether the best available
information was used, the quality of the scientific information, and our interpretation and analyses of the data with
regard to the species’ viability in the contiguous United States.  We request that you direct your review to the
scientific issues and assumptions related to your expertise.

 
General Information about SSAs:
 
The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve
transparency while conducting listing determinations and other Act actions, and peer review of our analyses of the
viability of species is part of that new process.  The attached draft SSA report is a rough draft; we are seeking
comments at this stage to ensure that we have time to incorporate any substantial comments as we finalize the
report.
 
In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by
the Service on whether the Canada lynx warrants protections of the Act.  This document is strictly a
characterization of the viability species’ viability in the contiguous United States. As a reminder, all reviews and
comments submitted to the Service will become public documents and part of our administrative record for this
document.  
 
As we discussed, you will likely need to provide 30 days of review for the State Fish and
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Wildlife Agencies and may need some additional time to collate those comments.  We
welcome those consolidated comments as soon as possible after February 10, 2017.  Please
send comments to jim_zelenak@fws.gov.
 
I have also attached a list of the State Wildlife Agencies and contacts we have been in working with throughout this
process for your use.  Feel free to expand as necessary.  Thank you for your interest and assistance.  JB
 
Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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From: Catton, Susan J -FS
To: Tamara_Smith@fws.gov
Subject: RE: lynx photographer - baiting?
Date: Thursday, January 19, 2017 12:43:28 PM

I haven’t heard this but let me check with a couple of my sources.  I’ll get back with you
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, January 19, 2017 11:20 AM
To: Catton, Susan J -FS <scatton@fs.fed.us>
Subject: lynx photographer - baiting?
 
Hi Susan, 
 
I heard second hand that there may be a photographer baiting lynx on the SNF. Are you aware
of this?  
 
Thanks, 
Tam

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.
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From: Catton, Susan J -FS
To: Tamara_Smith@fws.gov
Subject: RE: lynx photographer - baiting?
Date: Thursday, January 19, 2017 12:51:25 PM

Hi Tam-  I got the scoop.  Do you want to give me a call when you have a chance?
 
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, January 19, 2017 11:20 AM
To: Catton, Susan J -FS <scatton@fs.fed.us>
Subject: lynx photographer - baiting?
 
Hi Susan, 
 
I heard second hand that there may be a photographer baiting lynx on the SNF. Are you aware
of this?  
 
Thanks, 
Tam

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.
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From: Catton, Susan J -FS
To: Tamara_Smith@fws.gov
Subject: RE: lynx photographer - baiting?
Date: Thursday, January 19, 2017 1:03:53 PM

Sounds good.  I’m in a meeting from 9-noon but free in the afternoon.
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, January 19, 2017 1:00 PM
To: Catton, Susan J -FS <scatton@fs.fed.us>
Subject: Re: lynx photographer - baiting?
 
Hi Susan - I'm booked for the day, but I'll try to give you a call tomorrow. Thanks!
 
On Thu, Jan 19, 2017 at 12:51 PM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:

Hi Tam-  I got the scoop.  Do you want to give me a call when you have a chance?
 
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, January 19, 2017 11:20 AM
To: Catton, Susan J -FS <scatton@fs.fed.us>
Subject: lynx photographer - baiting?
 
Hi Susan, 
 
I heard second hand that there may be a photographer baiting lynx on the SNF. Are you
aware of this?  
 
Thanks, 
Tam

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
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criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell



From: ann belleman
To: Smith, Tamara
Cc: Delphey, Phil
Subject: Re: advice on potential lynx issue
Date: Thursday, January 19, 2017 1:05:21 PM

Thanks for your reply Tam.  The USFS biologists on the east zone know about the issue and we just discussed
it again two days ago.  I let them know that I'd contacted you both.

The issue is a bit complicated in that activities such as these are a gray area from a USFS perspective. Ihile i's a
commercial use on USFS-administered lands (selling wildlife photos) and the FS typically  would issue SUPs - but
there's disagreement about taking and selling photos/videos depending on who you talk to. I saw this same issue
out west. 

It makes me uneasy about the lynx/T&E side, given that this guy is baiting for lynx ... which can lead to food
conditioning and possibly human habituation or increased incidental trapping if near human use areas or
roads. And he's baiting without a permit.  He's also been reluctant to share info with the biologist who's been in
touch with him.

I agree about education and wonder if LE should be involved, and if so, USFS and/or USFWS. I'm thinking the
former.

On Thursday, January 19, 2017 11:11 AM, "Smith, Tamara" <tamara_smith@fws.gov> wrote:

Hi All -  

This makes me uneasy. I think we should bring this issue to the attention of the
Forest and maybe to a law enforcement/conservation officer.  Maybe education is all
that is needed in this case... 

Thanks, 
Tam

On Tue, Jan 10, 2017 at 1:46 PM, ann belleman <babelleman@yahoo.com> wrote:
Thanks for your reply - I've cc'ed Tam. I don't disagree with you but ...  I was told by a friend and long-time
resident who knows him that he's an okay guy but sometimes just needs educating. He's an outdoorsman,
including being an ex-trapper. I don't know if there's potential for take or not but my two concerns stem from
lack of info: if there's on-going trapping in the area (I don't know) that could harm lynx (luring them into a bait
station in the vicinity), and if there's increased potential for vehicle-strike if camera/bait station is close to the
road (I don't know). 

Also, I know this a common practice w/wildlife photographers but it's occurring on fed land for commercial
purposes. I'll be interested in Tam's thoughts.

Thanks and I hope you're both well!

Ann

On Tuesday, January 10, 2017 9:59 AM, "Delphey, Phil" <phil_delphey@fws.gov> wrote:
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Hi Ann - 

Thanks for letting me know.  Mind if I tell Tam?

It doesn't seem to me that this is doing any harm, but I may be missing something. 
Unless there is the potential for take I would choose to let it ride for now.

Phil

On Tue, Jan 10, 2017 at 7:46 AM, ann belleman <babelleman@yahoo.com> wrote:
Hi Phil,

Sorry to bother you as I know you're in the middle of big changes. If I should ask someone else, just let me
know.

We were out "lynxing" yesterday and came across fresh tracks from an individual and a family group of 3 on
the Superior NF. But apparently, a retired DNR guy who's also a photographer has been setting out bait
(carcasses) in front of cameras to get photos and video - in particular of lynx. A USFS bio found one such
"trap" site in this same area and while he doesn't have direct proof this person is doing it, all the pieces fit
together (conversations with the guy, etc.) to strongly suggest he is.

It's a conundrum because while this guy may be doing illegal activities, his info is valuable (although he's
very reluctant to share any of it despite the bio having explained to the guy what the USFS lynx surveys are
for, etc.). The USFS bio is considering what to do, if anything. This doesn't sit right with me, so I wanted to
ask you for advice. I haven't told anyone I'm asking you, as I don't want to mettle unless necessary.

Thanks - Ann

-- 
Phil Delphey
Twin Cities Ecological Services Field Office
U.S. Fish and Wildlife Service
4101 American Blvd. E.
Bloomington, MN 55425
Office Phone: 952.252-0092 x206

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
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612-600-1599 Cell



From: Holt, Bryon
To: Shoemaker, Justin
Subject: Re: Lynx decision meeting invite list
Date: Wednesday, January 25, 2017 7:38:58 AM

Hi Justin,

After you and I spoke, I talked with Sarah Hall (R-1 Endangered Species Program Manager)
and she informed me that R-1 leadership will be at a Project Leaders meeting from March 6th
through March 10th, and therefore not available to attend a lynx decision meeting if it is
scheduled during those dates.  Sarah indicated that R-1 will wait to receive the invite and
meeting notice from R-6 before deciding who from R-1 to send to the meeting.

Bryon

On Wed, Jan 18, 2017 at 9:52 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Justin - For Region 3, you may want to invite:

Regional Director:  Tom Melius
Deputy Regional Director: Charles Wooley
ARD Ecological Services: Lori Nordstrom
Endangered Species Chief: Alisa Shull
R3 Recovery Coordinator: Laura Ragan

Thanks!
-Tam

On Wed, Jan 18, 2017 at 10:18 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Thanks Mark.  

We may end up sending initial invites to RDs only, and let them determine who should
attend.  Still working things out.  All Core Team members will be invited. 

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

On Wed, Jan 18, 2017 at 9:28 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Justin:

The Decision meeting/team has been discussed once or twice with the lynx core team. 
You may have been part of those discussions.  It is still a relatively new and somewhat
vague process for many of us.

I'm not sure what level of decision-maker R6 envisions be represented on this Team? 
Here is a list of potential participants from R5:
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Regional Director:  Wendi Weber
Deputy Regional Director: Deb Rocque
ARD Ecological Services: Paul Phifer
Endangered Species Chief: Martin Miller

Mark

On Tue, Jan 17, 2017 at 4:50 PM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Can you all help me assemble an invite list for the lynx decision meeting (yet to be
scheduled)?   I think I've got a handle on R6, so mainly need input on who we will
invite from the other regions.  

Are we inviting FO project leaders? ARDs? RDs? Has any of this been discussed yet? 
I'm not certain on what other regions are expecting. 

Is this info already in the project plan?

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

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

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Tamara Smith
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U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Rollie White
To: Nordstrom, Lori
Cc: Paul Phifer; Nelson, Marjorie; Justin Shoemaker/R6/FWS/DOI; Craig Hansen; Jennifer Szymanski; Jodi Bush
Subject: Re: Lynx 5 year review decision meeting
Date: Friday, January 27, 2017 3:58:27 PM

Hi Marj,
Thanks for the head's up. I see it is already to Terry Rabot's calendar.
Thanks,
-Rollie

Sent from my iPhone

On Jan 27, 2017, at 6:51 AM, Nordstrom, Lori <lori_nordstrom@fws.gov> wrote:

Thanks Marj
Since much of my career was spent on lynx I'm very interested in this.

Lori

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Thu, Jan 26, 2017 at 8:13 PM, Paul Phifer <paul_phifer@fws.gov> wrote:
Thanks Marj 

Sent from my iPhone

On Jan 26, 2017, at 7:09 PM, Nelson, Marjorie <marjorie_nelson@fws.gov>
wrote:

Good afternoon Rollie, Lori and Paul!
This is a quick note to give you a heads up that Noreen will
be inviting the RDs in the lynx range to the 5 year review
decision meeting.  I will follow up with a phone call but I
quickly wanted to get you the message that we only need
one decision maker per region, this may be delegated from
the RD as he or she sees fit.  We are looking at a 2 day
meeting on March 2nd and 3rd.
feel free to ask questions but I will get in touch with you all
individually to answer questions.
have a lovely evening,
Marj
Marjorie Nelson
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Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258



From: Nathan Hostetter
To: Smith, Tamara
Subject: Re: Lynx Occupancy Report
Date: Friday, January 27, 2017 6:27:12 PM

Will do, thanks Tam. I will email Beth and cc you about submitting the report.
-Nathan

On Fri, Jan 27, 2017 at 6:00 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
That would be great - sorry, yes I meant to reply to all on my last message.  I apologize for
the urgency of this request - I just was notified that the final report is due on Monday.

Please submit the final report to me and cc Jane Lardy-Nelson at
jane_lardynelson@fws.gov.

Thank you!
Tam

On Fri, Jan 27, 2017 at 2:35 PM, Nathan Hostetter <njhostet@ncsu.edu> wrote:
Hi Tam,

That is fine with me. We should run it by Beth too. I am not sure if NCSU needs
verification. I can email Beth if you like.

Best,
-Nathan

--
Nathan J. Hostetter
P: 1-541-410-1453
njhostet@ncsu.edu

On Fri, Jan 27, 2017 at 3:30 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Nathan - Can we consider this your final report?

On Thu, Dec 8, 2016 at 4:37 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Thanks, Nathan!  Thanks to all for your hard work on this! 

On Thu, Dec 8, 2016 at 7:23 AM, Nathan Hostetter <njhostet@ncsu.edu> wrote:
Hi All,

Attached is the draft lynx report summarizing winter surveys in 2014-15 and 2015-
16. This is still a draft report which we plan to finalize in the next few weeks.

I want to thank each of you for all your hard work on these surveys. The amount of
area surveyed over these two winters, along with all the data collection and
organization is really impressive. Thank you.

Also attached are brief responses to a few questions and comments previously
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provided by Dan, Dave, and Tim. Other comments were addressed by directly
updating the report.

Please let me know if you have any questions. Best,
-Nathan

--
Nathan J. Hostetter
P: 1-541-410-1453
njhostet@ncsu.edu

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell
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From: Nathan Hostetter
To: Tamara_Smith@fws.gov; Beth Gardner
Subject: Re: Lynx Occupancy Report
Date: Friday, January 27, 2017 6:30:48 PM

Hi Beth,

Tam emailed today. The final lynx report is due on Monday. There were no additional
comments on the last draft, so I am fine calling it the final report if you agree. 

We need to submit the final report to Tam and cc Jane Lardy-Nelson at
jane_lardynelson@fws.gov.

My guess is this email needs to come from you. Is there anything I can update or put together
to submit the report or notify NCSU?

Sorry for the rush! Best,
-Nathan 

--
Nathan J. Hostetter
P: 1-541-410-1453
njhostet@ncsu.edu

On Thu, Dec 8, 2016 at 8:23 AM, Nathan Hostetter <njhostet@ncsu.edu> wrote:
Hi All,

Attached is the draft lynx report summarizing winter surveys in 2014-15 and 2015-16. This
is still a draft report which we plan to finalize in the next few weeks.

I want to thank each of you for all your hard work on these surveys. The amount of area
surveyed over these two winters, along with all the data collection and organization is really
impressive. Thank you.

Also attached are brief responses to a few questions and comments previously provided by
Dan, Dave, and Tim. Other comments were addressed by directly updating the report.

Please let me know if you have any questions. Best,
-Nathan

--
Nathan J. Hostetter
P: 1-541-410-1453
njhostet@ncsu.edu
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From: Beth Gardner
To: jane_lardynelson@fws.gov; Smith, Tamara; Nathan Hostetter
Subject: Lynx final report
Date: Monday, January 30, 2017 1:06:26 AM
Attachments: Lynx_2016_Summary.19Oct2016.pdf

Dear Jane and Tam,

Attached please find the final report for our lynx project (at NCSU).  I apologize for the delay,
I thought I had sent the report about a month ago but it appears to have been lost in
cyberspace.

Please let me know if you need any further information from us.  

Thank you,
Beth

( Address during the project - Department of Forest and Environmental Resources, North
Carolina State University, Raleigh NC 27695)

-- 
-----------------------------
Assistant Professor
University of Washington
School of Environmental and Forest Sciences
Seattle, Washington
206-685-9995
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SUMMARY 

Occupancy modeling is increasingly used to monitor the presence and spatial distribution of rare 

and threatened species. We evaluated patterns of Canada lynx occupancy across Superior 

National Forest and designated critical habitat in northeastern Minnesota to better understand 

lynx habitat selection and inter-annual variation in occupancy. Snow-track detection/non-

detection surveys were completed in winter 2014-15 and winter 2015-16, covering more than 

3,100 km each year. We investigated three habitat covariates to explain spatial variation in lynx 

occupancy: percent evergreen forest derived from Landsat satellite imagery and the density of 

mid-story vegetation and density of trees > 12 meters, both derived from Lidar data. In general, 

percent evergreen forest provided a landscape-level metric to define ecotones, while Lidar data 

provided information on stand-level characteristics. We used an information-theoretic approach 

to compare 8 models evaluating the relative influences of forest composition on lynx occupancy. 

Results indicated that lynx occupancy was positively associated with percent evergreen forest 

and negatively associated with the density of trees >12m.  Occupancy was highly variable across 

the study (range = 0.01 – 0.99) and noticeably higher in winter 2014-15 compared to winter 

2015-16. Estimates of occupancy from this pilot study provide useful information on the 

distribution of a difficult to monitor species and can be used to inform future study designs 

aimed at monitoring lynx occupancy across the region. 
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INTRODUCTION 

Canada lynx (Lynx canadensis, hereafter lynx) were listed as threatened under the U.S. 

Endangered Species Act in 2000. Determining the presence and distribution of lynx across broad 

landscapes is important to conservation, recovery, and management efforts. Monitoring the 

presence of carnivores like lynx, however, can be especially difficult due to their cryptic nature, 

low densities, and the need to survey large geographical areas to achieve adequate survey 

coverage (Bayne et al. 2008, O’Connell et al. 2006, Whittington et al. 2015).  

Occupancy modeling is increasingly used to monitor changes in species distribution and 

the factors affecting these changes (MacKenzie et al. 2002). Occupancy methods can account for 

imperfect detection, whereby the species is present but not detected. Determining lynx 

occupancy, distribution, and habitat relationships are an important management need (Squires et 

al. 2004). Lynx populations on the southern portion of their range are particularly challenging to 

monitor due to lower densities, high annual fluctuations in density, and increased seasonal 

variation in distributions compared to populations in the core of the range (O’Donoghue et al. 

1997, Krebs et al. 2001, Murray et al. 2008). Lynx population status and trends at the southern 

end of their range is less well understood as most studies have focused on core areas in relatively 

homogenous boreal forests (Murray et al. 2008).  

Herein, we examine the spatial pattern of lynx occupancy at the southern edge of its 

distribution in northeastern Minnesota. We use spatially and temporally replicated snow-track 

surveys conducted in winter 2014-15 and 2015-16 to estimate lynx occupancy in Superior 

National Forest and critical habitat in northeastern Minnesota. We investigate three habitat 

covariates possibly affecting lynx occupancy and distribution: satellite derived percent evergreen 

forest, and Lidar derived covariates for density of mid-story vegetation and density of trees >12 

meters. Habitat covariates were selected based on previous studies and/or factors believed to 

possibly influence lynx presence (Lidar covariates, Bayne et al. 2008, Simons-Legaard et al. 

2013, Hornseth et al. 2014). While occupancy was the focus of the study, we also evaluate the 

effects of survey conditions on detection probability.  
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METHODS 

Study Area 

The study area included 22,100 km2 of Superior National Forest and designated lynx 

critical habitat in northeastern Minnesota, USA (USFWS 2014, Figure 1). Short warm summers 

and long cold winters are typical for this region (McCann and Moen 2011). Vegetation consists 

of both boreal forests and Great Lakes forests dominated by pine, fir, aspen, and spruce (McCann 

and Moen 2011).  

 

 

Figure 1. Survey routes and lynx detections (blue dots) in winter 2014-15 and winter 2015-16. 

The study area included Superior National Forest and designated Lynx Critical Habitat in 

Minnesota (green) and was divided into 5x5 km grid cells for analysis (grey grid). A few cells in 

the northwest section of the study area were removed due to missing covariates. 

 

Snow-track occupancy surveys 

Snow-track surveys (Squires et al. 2004) were conducted from November 2014 to March 

2015 and from November 2015 to April 2016 when snow cover was present (Table 1). Trained 

observers drove open roads located throughout the study area recording the locations of all lynx 

sign (tracks or scat, Figures 1 and 2). Observers also recorded snow conditions during each 

survey as Good (>3 days post snow, no blowing), Fair (1-2 days post snow, no blowing), or Poor 

(<1 day post snow or blowing snow) as snow condition is known to affect detection probability 

during snow-track surveys (Whittington et al. 2015).   
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Table 1. Summary of snow-track effort in winter 2014-15 and winter 2015-16. Data for each 

winter are summarized as first and last survey dates, the total number of days surveyed, total 

kilometers surveyed (km), total number of 5x5 km grid cells surveyed (Cells) and total number 

of surveyed cells with at least one lynx detection (cells with detection). Naïve occupancy is the 

proportion of surveyed cells with at least one lynx detection. 

Winter Start End Survey Days km 

Cells 

surveyed 

Cells 

with  

detection 

Naïve 

Occupancy 

2014-15 11/20/2014 3/11/2015 48 3,169 242 68 0.28 

2015-16 11/20/2015 4/7/2016 48 3,712 255 42 0.16 

 

Occupancy modeling  

 For analysis purposes we overlaid a 25-km2 grid across the study area, resulting in 884 

25-km2 cells (Figure 1). Grid cells were selected to match other on-going surveys on Superior 

National Forest (NABat, 

https://www.sciencebase.gov/catalog/item/546e65c5e4b0fc7976e4e894). Only grid cells that 

were contained within the U.S. boundary were included as covariate values were not available 

for grid cells overlapping the U.S.-Canada border. Each grid cell was considered a ‘site’ and 

encounter histories (detection/non-detection) were generated for each cell based on whether or 

not lynx were detected during each survey (MacKenzie et al. 2006).  

Occupancy models use detection/non-detection information from replicated surveys to 

separate the underlying state process (i.e., occupied or not) from the observation process (e.g., 

the species was present but not detected during a survey). We analyzed the snow-track survey 

data using an occupancy modeling approach to estimate lynx occupancy (ψ) and detection (p, 

MacKenzie et al. 2002). Here, occupancy is the probability lynx occupied a cell during the 

survey period and detection is the probability of detecting a lynx given it used the cell. 

Occupancy models require a closure assumption where each cell is permanently occupied or not 

occupied during the study period. Due to the nature of this study, we adopted a different 

interpretation where occupancy (ψ) was interpreted as the probability of that lynx used a site 

during the study period (MacKenzie et al. 2006). This interpretation allows for more flexibility in 

relaxing the closure assumption, which was likely violated during the surveys. 

We investigated three habitat covariates possibly affecting spatial variation in lynx 

occupancy: percent evergreen forest, mid-story vegetation density, and density of trees >12m 

https://www.sciencebase.gov/catalog/item/546e65c5e4b0fc7976e4e894?view=folder


6 
 

(Figure 3). Percent evergreen forest data were obtained from the 2011 GAP Analysis [USGS] 

available at http://gapanalysis.usgs.gov/. Mid-story vegetation density and density of trees >12m 

were obtained from Lidar data provided by Superior National Forest. Habitat covariate values for 

each grid cell were calculated as the mean value across all pixels in that cell, allowing each grid 

cell to have a unique value for each covariate (Figure 3). We included three covariates on 

detection probability: snow conditions (good, fair, or poor), survey route length (km), and date, 

which were recorded during each survey. Survey date was formatted for each winter as the 

number of days since the first survey due to survey periods overlapping the new year. We used a 

quadratic effect of date (date+date2) to allow for possible nonlinear changes in detectability. 

Route length was included as detection probability was expected to increase as the length of the 

route increased (Thompson et al. 2012).  Route length was log-transformed and all other 

continuous covariates were standardized by subtracting the mean and dividing by the standard 

deviation.  

We fit all possible model combinations for occupancy covariates, resulting in 8 models 

(Table 2). Detection covariates for survey length, snow conditions, date, and date2 were included 

in all models as these variables were believed to be important and detection probability was not 

the primary interest of this study. We compared models using Akaike’s information criterion 

corrected for small sample size (AICc), the difference in AICc units from the most parsimonious 

model (ΔAICc),  and relative model support (AICc weights, Burnham and Anderson 2002). We 

considered models with ΔAICc <2 as fitting similarly well (Burnham and Anderson 2002). We 

used model-averaged parameter estimates to evaluate covariate effects on lynx occupancy and 

detection (Burnham and Anderson 2002). Model-averaged parameter estimates were then used to 

predict lynx occupancy across the entire study area using the previously described covariate 

values. All analyses were conducted in R statistical software version 3.2.2 (R Development 

Team 2015) using the packages unmarked (Fiske and Chandler 2011) and MuMin (Barton and 

Barton 2013). 

 

RESULTS 

Snow-track surveys included >3,100 km in both winter 2014-15 and winter 2015-16 

(Table 1, Figures 1 and 2). Surveys covered 242 grid cells in 2014-15 and 255 grid cells in 2015-

16 o the possible 884 total grid cells (Table 1, Figures 1 and 2). Numerous grid cells were 

http://gapanalysis.usgs.gov/


7 
 

sampled on multiple occasion providing temporally replicated survey data required for 

occupancy modeling (Figure 3). Lynx were detected in 68 grid cells in 2014-15 and 42 gird cells 

in 2015-16 (Figure 1). Similarly, the spatial distribution of lynx detections was more constrained 

in winter 2015-16 than winter 2014-15 (Figure 1). 

Percent evergreen forest, mid-story vegetation density, and density of trees >12m were all 

included in competing models in winter 2014-15 (Table 2). Percent evergreen forest, however, 

was included in all competing models (Table 2). In winter 2015-16, two competing models were 

selected and both included percent evergreen forest and density of trees >12m (Table 2). 

 

Table 2. Comparison of models estimating lynx occupancy and detection in winter 2014-15 and 

2015-16. Covariates on the occupancy component of the model included percent evergreen forest 

(Evergreen), density of mid-story vegetation (LidarMid), and density of trees >12 meters 

(Lidar12m). All models included detection covariates for log survey length, snow conditions, 

date, and date2.  Models with the lowest AICc values have the best fit to the data using the fewest 

parameters. Models within two ΔAICc of the top model in each winter are bolded. 

   Winter 2014-15  Winter 2015-16 

Model K AICc ΔAICc AICcw  AICc ΔAICc AICcw 

Everg+LidarMid+Lidar12m 10 646.62 0.21 0.26  444.26 2.06 0.26 

Everg+Lidar12m 9 646.45 0.04 0.28  442.20 0.00 0.74 

Everg+LidarMid 9 646.41 0.00 0.28  461.76 19.56 0.00 

LidarMid+Lidar12m 9 656.53 10.12 0.00  456.83 14.63 0.00 

Everg 8 647.32 0.91 0.18  462.32 20.11 0.00 

Lidar12m 8 678.34 31.93 0.00  463.50 21.29 0.00 

LidarMid 8 654.86 8.45 0.00  465.23 23.03 0.00 

Null 7 676.28 29.87 0.00  473.07 30.87 0.00 

Note: AICc weights (AICcw) represent the relative probability that the candidate model is the 

best model. 
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Figure 2. Number of snow-track surveys conducted per grid cell during winter 2014-15 and winter 2015-16. Grid cells with zero 

surveys are not filled. 

 

Figure 3. Habitat covariates used in the analysis and prediction of lynx occupancy. Covariates included percent evergreen, mid-story 

vegetation density (LidarMid), and the density of trees >12m (Lidar12m). The Lidar12m map was rescaled due to the smaller range of 

values. 

Winter 2014-15 Winter 2015-16 
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In both winter 2014-15 and 2015-16, lynx occupancy increased as percent evergreen 

increased and decreased as density of trees >12m increased (Table 3). The model averaged 

confidence interval for the density of trees >12m, however, overlapped zero in winter 2014-15. 

Confidence intervals for mid-story vegetation widely overlapped zero in both years (Table 3).  

Transect length was strongly associated with increased detection probability in both years 

(Table 3, Figure 2). Detection probability was also positively correlated with survey date, with 

higher detection probability during late-season surveys (Table 3). Poor snow conditions were 

associated with decreased detection probability in winter 2014-15, but there was no difference 

between good and poor snow conditions in winter 2015-16 (Table 3, Figure 4).  

 

Table 3. Model averaged parameter estimates (logit scale) estimating lynx occupancy and 

detection in winter 2014-15 and winter 2015-16. Estimates with a 95% confidence interval that 

do not overlap zero are bolded.  

  Winter 2014-15   Winter 2015-16 

Parameter Mean 2.5% 97.5%   Mean 2.5% 97.5% 

OCCUPANCY   
 

   

Intercept -0.47 -1.13 0.19  -2.03 -2.89 -1.18 

Everg 1.73 0.63 2.85  1.73 0.74 2.72 

LidarMid 0.37 -0.18 1.54  0.04 -0.73 1.02 

Lidar12m -0.33 -1.44 0.21  -1.43 -2.24 -0.61 
 

       

DETECTION       
Intercept -1.20 -1.91 -0.50  -1.68 -2.62 -0.74 

log(length) 0.62 0.35 0.89  0.39 0.12 0.66 

snow:fair -0.15 -0.73 0.43  0.75 -0.12 1.62 

snow:poor -1.14 -1.76 -0.53  -0.13 -1.07 0.82 

date 0.19 -0.01 0.40  0.41 0.11 0.71 

date2 0.04 -0.18 0.26   -0.16 -0.39 0.06 
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Figure 4. Effect of survey length and snow condition on lynx detectability during snow-track 

surveys. 

 

Predicted lynx occupancy across the study area was much higher in winter 2014-15 

compared to winter 2015-16 (Figure 5). In both years, lynx occupancy was generally highest in 

the northeastern section of Superior National Forest and lowest in the southwest (Figure 5). In 

winter 2014-15, predicted lynx occupancy was >0.50 in 386 of the 884 cells (44% of study area). 

Comparatively, predicted lynx occupancy was >0.50 in only 96 cells in winter 2014-15 (11% of 

study area, Figure 5). Lynx occupancy decreased across nearly the entire forest in winter 2015-

16 (Figure 5). However, predicted occupancy remained high in patches of the forest with both 

high percent evergreen and low density of trees >12m (Figures 3 and 5).  

 

Figure 5. Predicted lynx occupancy in winter 2014-15 (left) and 2015-2016 (right) using 

year-specific model-averaged parameter estimates. 
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DISCUSSION 

Occupancy and habitat relationships 

Habitat relationships suggested lynx occupancy was highest in the northeastern section of 

Superior National Forest and generally lowest at the southern and western regions of the forest. 

Lynx occupancy was positively associated with percent of evergreen forest and negatively 

associated with the density of trees >12 m. These results also support previous studies in 

Superior National Forest where lynx presence was higher in areas with more coniferous forest 

and regenerating young forest than surrounding areas (Moen et al. 2008, McCann and Moen 

2011). These results are also consistent with more broad trends where lynx are generally 

associated with mid-successional forest, while mature forest are used but not preferred (Mowat 

and Slough 2003, Murray et al. 2008, Vashon et al. 2008).  

Superior National Forest is at the southern edge of the current lynx range. Forest 

composition at the southern periphery of the lynx range is more heterogeneous than core areas 

and results in lower hare densities, restricted lynx distribution, reduced lynx abundance, and 

larger home range sizes (Burdett et al. 2007, Vashon et al. 2008, Hornseth et al. 2014). In these 

heterogeneous regions, landscape-level metrics separating entire ecotones (e.g., evergreen vs 

deciduous forests) are often important predictors of species distribution and occupancy (Bayne et 

al. 2008). In this study, a landscape-level covariate for percent evergreen estimated lynx 

occupancy to be low in the extreme southern and western regions of the study area, where lynx 

are generally thought to be very sparse or completely absent due to the habitat characteristics of 

these regions (Moen et al. 2008, McCann and Moen 2011). In both years, however, lynx 

occupancy was best predicted by both a general landscape-level covariate (percent evergreen) 

and a more spatially variable stand-level covariate (density of trees >12 m), suggesting lynx 

occupancy is affected by habitat variables across multiple spatial scales (Bayne et al. 2008, 

Mordecai et al. 2011, Simons-Legaard et al. 2013). 

Lynx in the southern range do not exhibit periodic cyclicity, but abundance is highly 

variable likely due to immigration from Canada (Schwartz et al. 2002, Murray et al. 2008). 

During this two-year study, predicted occupancy was markedly higher in in winter 2014-15 

compared to 2015-16. Raw observations between years supported these results as lynx were 

detected more frequently and in wider range of habitats during winter 2014-15. Explicitly 

modeling the dynamic process of local colonization and extinction and possible factors affecting 
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these processes will be a worthwhile consideration if lynx surveys continue in this region. 

Although investigated, dynamic occupancy models generally require >2 years of data 

(MacKenzie et al. 2003) and did not fit lynx data analyzed herein. Dynamic occupancy models, 

however, permit the modeling of both changes in occupancy and vital rates responsible for those 

changes as functions of static habitat covariates (e.g., percent water) or temporally variable 

habitat variables (e.g., annual snow fall, snow-shoe hare density). Colonization and extinction 

rates can also be modeled as a function of habitat covariates or annual variables influencing 

changes in lynx distribution (Krebs et al. 2001). We highly suggest the consideration of dynamic 

occupancy models if collection of detection/non-detection data continues in future years.  

 

Study design considerations 

A key requirement to estimate species occupancy, density, and abundance is not only 

detection data, but information on survey effort (i.e., when and where surveys were conducted, 

MacKenzie et al. 2002). Our focus in winter 2014-15 was directed towards study design 

considerations, with an emphasis on recording both lynx detections and survey effort. The pilot 

study conducted in winter 2014-2015 provided important information on lynx monitoring across 

Superior National Forest. For instance, the probability of detecting lynx was found to be much 

less than 1.0 and a function of both snow conditions and survey length. Similar surveys were 

then repeated in winter 2015-16, allowing multi-year comparisons of lynx occupancy and 

detection probabilities. 

Spatially and temporally replicated snow-track surveys are a promising approach for 

monitoring wide-ranging species and estimating trends in species distribution across space and 

time (Hines et al. 2010, Guillera-Arroita et al. 2011, Whittington et al. 2015). Snow-track 

surveys to detect lynx are particularly effective as they do not require a response from the animal 

(e.g., entering a trap), document species presence across large geographical areas for multiple 

days or months, and are generally lower cost than live-trapping (Squires et al. 2012, Whittington 

et al. 2015). Nearly all surveys in this study were conducted while driving on roads. Effects of 

road density on lynx distribution is contradictory in the literature, with some studies finding 

negative relationships (Bayne et al. 2008) while others found no evidence of road avoidance 

(Squires et al. 2004, Hornseth et al. 2014). The increased efficiency of road-based snow-track 

surveys in Superior National Forest may be warranted due to logistical constraints, however, 
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conducting off-road surveys (e.g., snow mobile, camera traps), even on a smaller scale, will 

provide important information to evaluate the assumptions of road-based surveys and their 

ability to accurately predict lynx distribution across the broader geographical region (Squires et 

al. 2012). 

Increasing survey length and the numbers of temporal replicates increases the probability 

of detection and thus improves the precision of occupancy estimates (Whittington et al. 2015). 

Squires et al. (2012) found that detection probability generally asymptotes near survey distances 

of 7 km per 8 x 8 km grid cells and increasing survey length > 7 km did not greatly increase the 

probability of detecting lynx. Results in our study were similar, where detection probability 

continually increased with survey length, but noticeably flattened after of 5 – 10 km when using 

5x5 km grid cells (Figure 4). Sampling more grid cells would likely improve precision in 

occupancy estimates. Although beyond the scope of this study, a power analysis may be useful to 

evaluate efficient study designs based on survey route length, the number of grid cells sampled, 

and number of temporal replicates. Setting specific requirements for the precision and duration 

of monitoring efforts (e.g., detect a 10% change in occupancy over 10 years), will greatly 

enhance efforts aimed at study design development. 

Occupancy methods used in this study identified important areas of use and habitat 

relationships important to lynx distribution. These methods, however, cannot separate areas that 

were used by transient individuals from those used by resident lynx. Differences in the amount 

and type of use are particularly important when evaluating a wide-ranging species like lynx. For 

instance, lynx recovery plans separate habitats in to core, secondary, and peripheral areas based 

on occupancy, reproduction, and use documented by historical and current records. While 

occupancy surveys cannot address these metrics alone, continued occupancy surveys, in 

conjunction with ongoing den surveys can provide a combination of methods to evaluate lynx 

conservation and persistence across Superior National Forest.  

 

Project objectives 

The original objective of this project was to implement a spatial capture recapture (SCR) model 

using data from the Superior National Forest Canada Lynx genetics database.  Unfortunately, we 

were unable to implement that model to estimate density due to a lack of data collected on 

survey effort.  Sampling design for estimation of abundance using SCR models requires 
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information on survey effort, which can be difficult to attain in this region due in part to 

opportunist sampling.  Opportunistic sampling provides valuable information on documenting 

species presence and reproduction, two goals of the genetic sampling project.  Incorporating 

opportunistic data into SCR models is a current research area, thus if the genetic sampling 

project is able to conduct systematic surveys for genetic materials (which I believe they have 

started), then in the future those data may be analyzed separately or provide a means to integrate 

the opportunistic data into a model for population abundance. As such, we worked with the 

USFWS and USFS to design an occupancy study (reported on in this final report) and to improve 

the design of the genetic data collection.   

 

Products 

This report serves as the deliverable for this project.  In addition, we have assembled all data, 

modeling code, and maps presented in this report, which are available upon request (please email 

Beth Gardner at bg43@uw.edu).  Attached to this document is an appendix with the study design 

protocol and example data sheet.  Some changes were made to the implemented protocol and 

design during implementation to facilitate data collection. 
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Appendix : Lynx Occupancy Survey Design 

 

General approach (complete datasheet below): 

 Record GPS tracks during all Lynx surveys (start tracks when survey begins, stop tracks when 
survey ends). 
 

 Record locations of any lynx sign observed during the survey, even if it is the same Lynx. 
o e.g., driving down road, observe set of lynx tracks, then you see another set of tracks 

100 meters later… record location at both points. 
o If Lynx follows the road, note location of first and last observation (e.g., the lynx was 

continuously present during that section) 
 

 For occupancy surveys, it is better to survey additional areas than follow tracks to collect genetic 
material. 

o Time spent surveying different habitat types, LAU’s, and new areas contribute more 
than collection of genetic material (for occupancy approaches).  

o Time spent surveying areas where Lynx are likely absent or rarely detected is also 
helpful 

 

 

Datasheet specifics: 

 Each survey will have its own datasheet 

 General information – 
o Always enter “GPS track file name”. This will link the survey data to a .shp file 
o Enter “GPS waypoint  file name” if a waypoint file was created (e.g., lynx sign were 

observed during the survey) 
o Reason for survey – why was the area surveyed? 

 e.g., reported sighting, project area, explore new area, etc. 

 Lynx Detections –  
o Fill in this section when sign(s) of lynx were observed 
o Each line denotes the location where sign was observed 
o Record separate observations on different rows 

 e.g., lynx tracks observed while driving (record in row 1), keep driving and see 
another set of tracks 100 meters later (record in row 2), etc.   

o Take a waypoint and record the UTM’s whenever lynx sign are observed 
An example of a completed datasheet is provided below 
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Lynx Snow Tracking Datasheet

Survey Information

Survey IDa:  Start time: 

Date: End time: 

Surveyor: Overall conditionsb: 1  2  3  

Days since last snow eventc:   

Why survey ended:   

Reason for survey: Occupancy     DNA Collection 
 

Lynx Detections (each row denotes the location where sign was observed)  

 
a Survey ID: Intials_MMDDYY; (i.e., dcr_121915)  
b Overall conditions: 1 = poor (<1 day post snow or blowing snow), 2 = good (1-2 days post snow, no blowing), 3 = excellent (3 or more days post snow with no 

blowing or melting);  
c Days since last snow event: any snow event that would obliterate or make undeterminable all previous tracks. 
d Detection type: Tracks, scat, hair, etc. 

Survey IDa 
Num Lynx 
detected 

Detection 
typed 

Detection 
UTM E & N 

RMRS 
Sample # Notes  
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Lynx Detections (each row denotes the location where sign was observed)  

Survey IDa 
Num Lynx 
detected 

Detection 
typed 

Detection 
UTM E & N 

RMRS 
Sample # Notes  
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EXAMPLE Lynx Snow Tracking Datasheet Survey Information 

Survey IDa: njh_12012014 Start time: 09:15 

Date: 12/01/2014 End time: 12:15 

Surveyor: N. Hostetter Overall conditionsb: 1    2    3 

Days since last snow: 2 

Why survey ended: Detected lynx and collected genetic material 

Reason for survey: Occupancy     DNA Collection  

 
Lynx Detections (each row denotes the location where sign was observed)  

Survey IDa 
Num Lynx 
detected 

Detection 
typec 

Detection 
UTM E & N 

RMRS 
Sample # Notes  

njh_12012014 1 Tracks 
630332 
5267333 

  

njh_12012014 1 Tracks 
630332 
5267333 

  

njh_12012014 1 Hair 
630342 
5267330 

 
Back-tracked from tracks in row above. 
Collected hair. 

      

      

a Survey ID: Intials_MMDDYY; (i.e., dcr_121915)  
b Overall conditions: 1 = poor (<1 day post snow or blowing snow), 2 = good (1-2 days post snow, no blowing), 3 = excellent (3 or more days post snow with no  

blowing or melting);  
c Days since last snow event: any snow event that would obliterate or make undeterminable all previous tracks. 
d Detection type: Tracks, scat, hair, etc
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From: Smith, Tamara
To: Jane LardyNelson
Subject: Fwd: Lynx final report
Date: Monday, January 30, 2017 8:03:38 AM
Attachments: Lynx_2016_Summary.19Oct2016.pdf

Hi Jane -  Here is the report from NCSU for F13AP00837. Thanks!

---------- Forwarded message ----------
From: Beth Gardner <bg43@uw.edu>
Date: Mon, Jan 30, 2017 at 1:04 AM
Subject: Lynx final report
To: jane_lardynelson@fws.gov, "Smith, Tamara" <Tamara_Smith@fws.gov>, Nathan
Hostetter <njhostet@ncsu.edu>

Dear Jane and Tam,

Attached please find the final report for our lynx project (at NCSU).  I apologize for the delay,
I thought I had sent the report about a month ago but it appears to have been lost in
cyberspace.

Please let me know if you need any further information from us.  

Thank you,
Beth

( Address during the project - Department of Forest and Environmental Resources, North
Carolina State University, Raleigh NC 27695)

-- 
-----------------------------
Assistant Professor
University of Washington
School of Environmental and Forest Sciences
Seattle, Washington
206-685-9995

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:tamara_smith@fws.gov
mailto:jane_lardynelson@fws.gov
mailto:bg43@uw.edu
mailto:jane_lardynelson@fws.gov
mailto:Tamara_Smith@fws.gov
mailto:njhostet@ncsu.edu




1 
 

DETECTION / NON-DETECTION SURVEYS TO ESTIMATE CANADA LYNX 

OCCUPANCY IN SUPERIOR NATIONAL FOREST AND CRITICAL HABITAT IN 

MINNESOTA 

 

 

2016 Final report 

 

October, 2016 

 

 

Nathan J. Hostettera and Beth Gardnera,b 

 

a North Carolina State University, Department of Forestry and Environmental Resources, 

Raleigh, NC  27695 

b University of Washington, School of Environmental and Forest Sciences, Seattle, WA  98195 

 

 

Submitted to: 

Tamara Smith 

U.S. Fish and Wildlife Service 

4101 American Blvd. E. 

Bloomington, MN 55425 

 

  



2 
 

SUMMARY 

Occupancy modeling is increasingly used to monitor the presence and spatial distribution of rare 

and threatened species. We evaluated patterns of Canada lynx occupancy across Superior 

National Forest and designated critical habitat in northeastern Minnesota to better understand 

lynx habitat selection and inter-annual variation in occupancy. Snow-track detection/non-

detection surveys were completed in winter 2014-15 and winter 2015-16, covering more than 

3,100 km each year. We investigated three habitat covariates to explain spatial variation in lynx 

occupancy: percent evergreen forest derived from Landsat satellite imagery and the density of 

mid-story vegetation and density of trees > 12 meters, both derived from Lidar data. In general, 

percent evergreen forest provided a landscape-level metric to define ecotones, while Lidar data 

provided information on stand-level characteristics. We used an information-theoretic approach 

to compare 8 models evaluating the relative influences of forest composition on lynx occupancy. 

Results indicated that lynx occupancy was positively associated with percent evergreen forest 

and negatively associated with the density of trees >12m.  Occupancy was highly variable across 

the study (range = 0.01 – 0.99) and noticeably higher in winter 2014-15 compared to winter 

2015-16. Estimates of occupancy from this pilot study provide useful information on the 

distribution of a difficult to monitor species and can be used to inform future study designs 

aimed at monitoring lynx occupancy across the region. 
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INTRODUCTION 

Canada lynx (Lynx canadensis, hereafter lynx) were listed as threatened under the U.S. 

Endangered Species Act in 2000. Determining the presence and distribution of lynx across broad 

landscapes is important to conservation, recovery, and management efforts. Monitoring the 

presence of carnivores like lynx, however, can be especially difficult due to their cryptic nature, 

low densities, and the need to survey large geographical areas to achieve adequate survey 

coverage (Bayne et al. 2008, O’Connell et al. 2006, Whittington et al. 2015).  

Occupancy modeling is increasingly used to monitor changes in species distribution and 

the factors affecting these changes (MacKenzie et al. 2002). Occupancy methods can account for 

imperfect detection, whereby the species is present but not detected. Determining lynx 

occupancy, distribution, and habitat relationships are an important management need (Squires et 

al. 2004). Lynx populations on the southern portion of their range are particularly challenging to 

monitor due to lower densities, high annual fluctuations in density, and increased seasonal 

variation in distributions compared to populations in the core of the range (O’Donoghue et al. 

1997, Krebs et al. 2001, Murray et al. 2008). Lynx population status and trends at the southern 

end of their range is less well understood as most studies have focused on core areas in relatively 

homogenous boreal forests (Murray et al. 2008).  

Herein, we examine the spatial pattern of lynx occupancy at the southern edge of its 

distribution in northeastern Minnesota. We use spatially and temporally replicated snow-track 

surveys conducted in winter 2014-15 and 2015-16 to estimate lynx occupancy in Superior 

National Forest and critical habitat in northeastern Minnesota. We investigate three habitat 

covariates possibly affecting lynx occupancy and distribution: satellite derived percent evergreen 

forest, and Lidar derived covariates for density of mid-story vegetation and density of trees >12 

meters. Habitat covariates were selected based on previous studies and/or factors believed to 

possibly influence lynx presence (Lidar covariates, Bayne et al. 2008, Simons-Legaard et al. 

2013, Hornseth et al. 2014). While occupancy was the focus of the study, we also evaluate the 

effects of survey conditions on detection probability.  
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METHODS 

Study Area 

The study area included 22,100 km2 of Superior National Forest and designated lynx 

critical habitat in northeastern Minnesota, USA (USFWS 2014, Figure 1). Short warm summers 

and long cold winters are typical for this region (McCann and Moen 2011). Vegetation consists 

of both boreal forests and Great Lakes forests dominated by pine, fir, aspen, and spruce (McCann 

and Moen 2011).  

 

 

Figure 1. Survey routes and lynx detections (blue dots) in winter 2014-15 and winter 2015-16. 

The study area included Superior National Forest and designated Lynx Critical Habitat in 

Minnesota (green) and was divided into 5x5 km grid cells for analysis (grey grid). A few cells in 

the northwest section of the study area were removed due to missing covariates. 

 

Snow-track occupancy surveys 

Snow-track surveys (Squires et al. 2004) were conducted from November 2014 to March 

2015 and from November 2015 to April 2016 when snow cover was present (Table 1). Trained 

observers drove open roads located throughout the study area recording the locations of all lynx 

sign (tracks or scat, Figures 1 and 2). Observers also recorded snow conditions during each 

survey as Good (>3 days post snow, no blowing), Fair (1-2 days post snow, no blowing), or Poor 

(<1 day post snow or blowing snow) as snow condition is known to affect detection probability 

during snow-track surveys (Whittington et al. 2015).   
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Table 1. Summary of snow-track effort in winter 2014-15 and winter 2015-16. Data for each 

winter are summarized as first and last survey dates, the total number of days surveyed, total 

kilometers surveyed (km), total number of 5x5 km grid cells surveyed (Cells) and total number 

of surveyed cells with at least one lynx detection (cells with detection). Naïve occupancy is the 

proportion of surveyed cells with at least one lynx detection. 

Winter Start End Survey Days km 

Cells 

surveyed 

Cells 

with  

detection 

Naïve 

Occupancy 

2014-15 11/20/2014 3/11/2015 48 3,169 242 68 0.28 

2015-16 11/20/2015 4/7/2016 48 3,712 255 42 0.16 

 

Occupancy modeling  

 For analysis purposes we overlaid a 25-km2 grid across the study area, resulting in 884 

25-km2 cells (Figure 1). Grid cells were selected to match other on-going surveys on Superior 

National Forest (NABat, 

https://www.sciencebase.gov/catalog/item/546e65c5e4b0fc7976e4e894). Only grid cells that 

were contained within the U.S. boundary were included as covariate values were not available 

for grid cells overlapping the U.S.-Canada border. Each grid cell was considered a ‘site’ and 

encounter histories (detection/non-detection) were generated for each cell based on whether or 

not lynx were detected during each survey (MacKenzie et al. 2006).  

Occupancy models use detection/non-detection information from replicated surveys to 

separate the underlying state process (i.e., occupied or not) from the observation process (e.g., 

the species was present but not detected during a survey). We analyzed the snow-track survey 

data using an occupancy modeling approach to estimate lynx occupancy (ψ) and detection (p, 

MacKenzie et al. 2002). Here, occupancy is the probability lynx occupied a cell during the 

survey period and detection is the probability of detecting a lynx given it used the cell. 

Occupancy models require a closure assumption where each cell is permanently occupied or not 

occupied during the study period. Due to the nature of this study, we adopted a different 

interpretation where occupancy (ψ) was interpreted as the probability of that lynx used a site 

during the study period (MacKenzie et al. 2006). This interpretation allows for more flexibility in 

relaxing the closure assumption, which was likely violated during the surveys. 

We investigated three habitat covariates possibly affecting spatial variation in lynx 

occupancy: percent evergreen forest, mid-story vegetation density, and density of trees >12m 

https://www.sciencebase.gov/catalog/item/546e65c5e4b0fc7976e4e894?view=folder
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(Figure 3). Percent evergreen forest data were obtained from the 2011 GAP Analysis [USGS] 

available at http://gapanalysis.usgs.gov/. Mid-story vegetation density and density of trees >12m 

were obtained from Lidar data provided by Superior National Forest. Habitat covariate values for 

each grid cell were calculated as the mean value across all pixels in that cell, allowing each grid 

cell to have a unique value for each covariate (Figure 3). We included three covariates on 

detection probability: snow conditions (good, fair, or poor), survey route length (km), and date, 

which were recorded during each survey. Survey date was formatted for each winter as the 

number of days since the first survey due to survey periods overlapping the new year. We used a 

quadratic effect of date (date+date2) to allow for possible nonlinear changes in detectability. 

Route length was included as detection probability was expected to increase as the length of the 

route increased (Thompson et al. 2012).  Route length was log-transformed and all other 

continuous covariates were standardized by subtracting the mean and dividing by the standard 

deviation.  

We fit all possible model combinations for occupancy covariates, resulting in 8 models 

(Table 2). Detection covariates for survey length, snow conditions, date, and date2 were included 

in all models as these variables were believed to be important and detection probability was not 

the primary interest of this study. We compared models using Akaike’s information criterion 

corrected for small sample size (AICc), the difference in AICc units from the most parsimonious 

model (ΔAICc),  and relative model support (AICc weights, Burnham and Anderson 2002). We 

considered models with ΔAICc <2 as fitting similarly well (Burnham and Anderson 2002). We 

used model-averaged parameter estimates to evaluate covariate effects on lynx occupancy and 

detection (Burnham and Anderson 2002). Model-averaged parameter estimates were then used to 

predict lynx occupancy across the entire study area using the previously described covariate 

values. All analyses were conducted in R statistical software version 3.2.2 (R Development 

Team 2015) using the packages unmarked (Fiske and Chandler 2011) and MuMin (Barton and 

Barton 2013). 

 

RESULTS 

Snow-track surveys included >3,100 km in both winter 2014-15 and winter 2015-16 

(Table 1, Figures 1 and 2). Surveys covered 242 grid cells in 2014-15 and 255 grid cells in 2015-

16 o the possible 884 total grid cells (Table 1, Figures 1 and 2). Numerous grid cells were 

http://gapanalysis.usgs.gov/
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sampled on multiple occasion providing temporally replicated survey data required for 

occupancy modeling (Figure 3). Lynx were detected in 68 grid cells in 2014-15 and 42 gird cells 

in 2015-16 (Figure 1). Similarly, the spatial distribution of lynx detections was more constrained 

in winter 2015-16 than winter 2014-15 (Figure 1). 

Percent evergreen forest, mid-story vegetation density, and density of trees >12m were all 

included in competing models in winter 2014-15 (Table 2). Percent evergreen forest, however, 

was included in all competing models (Table 2). In winter 2015-16, two competing models were 

selected and both included percent evergreen forest and density of trees >12m (Table 2). 

 

Table 2. Comparison of models estimating lynx occupancy and detection in winter 2014-15 and 

2015-16. Covariates on the occupancy component of the model included percent evergreen forest 

(Evergreen), density of mid-story vegetation (LidarMid), and density of trees >12 meters 

(Lidar12m). All models included detection covariates for log survey length, snow conditions, 

date, and date2.  Models with the lowest AICc values have the best fit to the data using the fewest 

parameters. Models within two ΔAICc of the top model in each winter are bolded. 

   Winter 2014-15  Winter 2015-16 

Model K AICc ΔAICc AICcw  AICc ΔAICc AICcw 

Everg+LidarMid+Lidar12m 10 646.62 0.21 0.26  444.26 2.06 0.26 

Everg+Lidar12m 9 646.45 0.04 0.28  442.20 0.00 0.74 

Everg+LidarMid 9 646.41 0.00 0.28  461.76 19.56 0.00 

LidarMid+Lidar12m 9 656.53 10.12 0.00  456.83 14.63 0.00 

Everg 8 647.32 0.91 0.18  462.32 20.11 0.00 

Lidar12m 8 678.34 31.93 0.00  463.50 21.29 0.00 

LidarMid 8 654.86 8.45 0.00  465.23 23.03 0.00 

Null 7 676.28 29.87 0.00  473.07 30.87 0.00 

Note: AICc weights (AICcw) represent the relative probability that the candidate model is the 

best model. 
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Figure 2. Number of snow-track surveys conducted per grid cell during winter 2014-15 and winter 2015-16. Grid cells with zero 

surveys are not filled. 

 

Figure 3. Habitat covariates used in the analysis and prediction of lynx occupancy. Covariates included percent evergreen, mid-story 

vegetation density (LidarMid), and the density of trees >12m (Lidar12m). The Lidar12m map was rescaled due to the smaller range of 

values. 

Winter 2014-15 Winter 2015-16 
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In both winter 2014-15 and 2015-16, lynx occupancy increased as percent evergreen 

increased and decreased as density of trees >12m increased (Table 3). The model averaged 

confidence interval for the density of trees >12m, however, overlapped zero in winter 2014-15. 

Confidence intervals for mid-story vegetation widely overlapped zero in both years (Table 3).  

Transect length was strongly associated with increased detection probability in both years 

(Table 3, Figure 2). Detection probability was also positively correlated with survey date, with 

higher detection probability during late-season surveys (Table 3). Poor snow conditions were 

associated with decreased detection probability in winter 2014-15, but there was no difference 

between good and poor snow conditions in winter 2015-16 (Table 3, Figure 4).  

 

Table 3. Model averaged parameter estimates (logit scale) estimating lynx occupancy and 

detection in winter 2014-15 and winter 2015-16. Estimates with a 95% confidence interval that 

do not overlap zero are bolded.  

  Winter 2014-15   Winter 2015-16 

Parameter Mean 2.5% 97.5%   Mean 2.5% 97.5% 

OCCUPANCY   
 

   

Intercept -0.47 -1.13 0.19  -2.03 -2.89 -1.18 

Everg 1.73 0.63 2.85  1.73 0.74 2.72 

LidarMid 0.37 -0.18 1.54  0.04 -0.73 1.02 

Lidar12m -0.33 -1.44 0.21  -1.43 -2.24 -0.61 
 

       

DETECTION       
Intercept -1.20 -1.91 -0.50  -1.68 -2.62 -0.74 

log(length) 0.62 0.35 0.89  0.39 0.12 0.66 

snow:fair -0.15 -0.73 0.43  0.75 -0.12 1.62 

snow:poor -1.14 -1.76 -0.53  -0.13 -1.07 0.82 

date 0.19 -0.01 0.40  0.41 0.11 0.71 

date2 0.04 -0.18 0.26   -0.16 -0.39 0.06 
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Figure 4. Effect of survey length and snow condition on lynx detectability during snow-track 

surveys. 

 

Predicted lynx occupancy across the study area was much higher in winter 2014-15 

compared to winter 2015-16 (Figure 5). In both years, lynx occupancy was generally highest in 

the northeastern section of Superior National Forest and lowest in the southwest (Figure 5). In 

winter 2014-15, predicted lynx occupancy was >0.50 in 386 of the 884 cells (44% of study area). 

Comparatively, predicted lynx occupancy was >0.50 in only 96 cells in winter 2014-15 (11% of 

study area, Figure 5). Lynx occupancy decreased across nearly the entire forest in winter 2015-

16 (Figure 5). However, predicted occupancy remained high in patches of the forest with both 

high percent evergreen and low density of trees >12m (Figures 3 and 5).  

 

Figure 5. Predicted lynx occupancy in winter 2014-15 (left) and 2015-2016 (right) using 

year-specific model-averaged parameter estimates. 
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DISCUSSION 

Occupancy and habitat relationships 

Habitat relationships suggested lynx occupancy was highest in the northeastern section of 

Superior National Forest and generally lowest at the southern and western regions of the forest. 

Lynx occupancy was positively associated with percent of evergreen forest and negatively 

associated with the density of trees >12 m. These results also support previous studies in 

Superior National Forest where lynx presence was higher in areas with more coniferous forest 

and regenerating young forest than surrounding areas (Moen et al. 2008, McCann and Moen 

2011). These results are also consistent with more broad trends where lynx are generally 

associated with mid-successional forest, while mature forest are used but not preferred (Mowat 

and Slough 2003, Murray et al. 2008, Vashon et al. 2008).  

Superior National Forest is at the southern edge of the current lynx range. Forest 

composition at the southern periphery of the lynx range is more heterogeneous than core areas 

and results in lower hare densities, restricted lynx distribution, reduced lynx abundance, and 

larger home range sizes (Burdett et al. 2007, Vashon et al. 2008, Hornseth et al. 2014). In these 

heterogeneous regions, landscape-level metrics separating entire ecotones (e.g., evergreen vs 

deciduous forests) are often important predictors of species distribution and occupancy (Bayne et 

al. 2008). In this study, a landscape-level covariate for percent evergreen estimated lynx 

occupancy to be low in the extreme southern and western regions of the study area, where lynx 

are generally thought to be very sparse or completely absent due to the habitat characteristics of 

these regions (Moen et al. 2008, McCann and Moen 2011). In both years, however, lynx 

occupancy was best predicted by both a general landscape-level covariate (percent evergreen) 

and a more spatially variable stand-level covariate (density of trees >12 m), suggesting lynx 

occupancy is affected by habitat variables across multiple spatial scales (Bayne et al. 2008, 

Mordecai et al. 2011, Simons-Legaard et al. 2013). 

Lynx in the southern range do not exhibit periodic cyclicity, but abundance is highly 

variable likely due to immigration from Canada (Schwartz et al. 2002, Murray et al. 2008). 

During this two-year study, predicted occupancy was markedly higher in in winter 2014-15 

compared to 2015-16. Raw observations between years supported these results as lynx were 

detected more frequently and in wider range of habitats during winter 2014-15. Explicitly 

modeling the dynamic process of local colonization and extinction and possible factors affecting 
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these processes will be a worthwhile consideration if lynx surveys continue in this region. 

Although investigated, dynamic occupancy models generally require >2 years of data 

(MacKenzie et al. 2003) and did not fit lynx data analyzed herein. Dynamic occupancy models, 

however, permit the modeling of both changes in occupancy and vital rates responsible for those 

changes as functions of static habitat covariates (e.g., percent water) or temporally variable 

habitat variables (e.g., annual snow fall, snow-shoe hare density). Colonization and extinction 

rates can also be modeled as a function of habitat covariates or annual variables influencing 

changes in lynx distribution (Krebs et al. 2001). We highly suggest the consideration of dynamic 

occupancy models if collection of detection/non-detection data continues in future years.  

 

Study design considerations 

A key requirement to estimate species occupancy, density, and abundance is not only 

detection data, but information on survey effort (i.e., when and where surveys were conducted, 

MacKenzie et al. 2002). Our focus in winter 2014-15 was directed towards study design 

considerations, with an emphasis on recording both lynx detections and survey effort. The pilot 

study conducted in winter 2014-2015 provided important information on lynx monitoring across 

Superior National Forest. For instance, the probability of detecting lynx was found to be much 

less than 1.0 and a function of both snow conditions and survey length. Similar surveys were 

then repeated in winter 2015-16, allowing multi-year comparisons of lynx occupancy and 

detection probabilities. 

Spatially and temporally replicated snow-track surveys are a promising approach for 

monitoring wide-ranging species and estimating trends in species distribution across space and 

time (Hines et al. 2010, Guillera-Arroita et al. 2011, Whittington et al. 2015). Snow-track 

surveys to detect lynx are particularly effective as they do not require a response from the animal 

(e.g., entering a trap), document species presence across large geographical areas for multiple 

days or months, and are generally lower cost than live-trapping (Squires et al. 2012, Whittington 

et al. 2015). Nearly all surveys in this study were conducted while driving on roads. Effects of 

road density on lynx distribution is contradictory in the literature, with some studies finding 

negative relationships (Bayne et al. 2008) while others found no evidence of road avoidance 

(Squires et al. 2004, Hornseth et al. 2014). The increased efficiency of road-based snow-track 

surveys in Superior National Forest may be warranted due to logistical constraints, however, 
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conducting off-road surveys (e.g., snow mobile, camera traps), even on a smaller scale, will 

provide important information to evaluate the assumptions of road-based surveys and their 

ability to accurately predict lynx distribution across the broader geographical region (Squires et 

al. 2012). 

Increasing survey length and the numbers of temporal replicates increases the probability 

of detection and thus improves the precision of occupancy estimates (Whittington et al. 2015). 

Squires et al. (2012) found that detection probability generally asymptotes near survey distances 

of 7 km per 8 x 8 km grid cells and increasing survey length > 7 km did not greatly increase the 

probability of detecting lynx. Results in our study were similar, where detection probability 

continually increased with survey length, but noticeably flattened after of 5 – 10 km when using 

5x5 km grid cells (Figure 4). Sampling more grid cells would likely improve precision in 

occupancy estimates. Although beyond the scope of this study, a power analysis may be useful to 

evaluate efficient study designs based on survey route length, the number of grid cells sampled, 

and number of temporal replicates. Setting specific requirements for the precision and duration 

of monitoring efforts (e.g., detect a 10% change in occupancy over 10 years), will greatly 

enhance efforts aimed at study design development. 

Occupancy methods used in this study identified important areas of use and habitat 

relationships important to lynx distribution. These methods, however, cannot separate areas that 

were used by transient individuals from those used by resident lynx. Differences in the amount 

and type of use are particularly important when evaluating a wide-ranging species like lynx. For 

instance, lynx recovery plans separate habitats in to core, secondary, and peripheral areas based 

on occupancy, reproduction, and use documented by historical and current records. While 

occupancy surveys cannot address these metrics alone, continued occupancy surveys, in 

conjunction with ongoing den surveys can provide a combination of methods to evaluate lynx 

conservation and persistence across Superior National Forest.  

 

Project objectives 

The original objective of this project was to implement a spatial capture recapture (SCR) model 

using data from the Superior National Forest Canada Lynx genetics database.  Unfortunately, we 

were unable to implement that model to estimate density due to a lack of data collected on 

survey effort.  Sampling design for estimation of abundance using SCR models requires 
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information on survey effort, which can be difficult to attain in this region due in part to 

opportunist sampling.  Opportunistic sampling provides valuable information on documenting 

species presence and reproduction, two goals of the genetic sampling project.  Incorporating 

opportunistic data into SCR models is a current research area, thus if the genetic sampling 

project is able to conduct systematic surveys for genetic materials (which I believe they have 

started), then in the future those data may be analyzed separately or provide a means to integrate 

the opportunistic data into a model for population abundance. As such, we worked with the 

USFWS and USFS to design an occupancy study (reported on in this final report) and to improve 

the design of the genetic data collection.   

 

Products 

This report serves as the deliverable for this project.  In addition, we have assembled all data, 

modeling code, and maps presented in this report, which are available upon request (please email 

Beth Gardner at bg43@uw.edu).  Attached to this document is an appendix with the study design 

protocol and example data sheet.  Some changes were made to the implemented protocol and 

design during implementation to facilitate data collection. 
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Appendix : Lynx Occupancy Survey Design 

 

General approach (complete datasheet below): 

 Record GPS tracks during all Lynx surveys (start tracks when survey begins, stop tracks when 
survey ends). 
 

 Record locations of any lynx sign observed during the survey, even if it is the same Lynx. 
o e.g., driving down road, observe set of lynx tracks, then you see another set of tracks 

100 meters later… record location at both points. 
o If Lynx follows the road, note location of first and last observation (e.g., the lynx was 

continuously present during that section) 
 

 For occupancy surveys, it is better to survey additional areas than follow tracks to collect genetic 
material. 

o Time spent surveying different habitat types, LAU’s, and new areas contribute more 
than collection of genetic material (for occupancy approaches).  

o Time spent surveying areas where Lynx are likely absent or rarely detected is also 
helpful 

 

 

Datasheet specifics: 

 Each survey will have its own datasheet 

 General information – 
o Always enter “GPS track file name”. This will link the survey data to a .shp file 
o Enter “GPS waypoint  file name” if a waypoint file was created (e.g., lynx sign were 

observed during the survey) 
o Reason for survey – why was the area surveyed? 

 e.g., reported sighting, project area, explore new area, etc. 

 Lynx Detections –  
o Fill in this section when sign(s) of lynx were observed 
o Each line denotes the location where sign was observed 
o Record separate observations on different rows 

 e.g., lynx tracks observed while driving (record in row 1), keep driving and see 
another set of tracks 100 meters later (record in row 2), etc.   

o Take a waypoint and record the UTM’s whenever lynx sign are observed 
An example of a completed datasheet is provided below 
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Lynx Snow Tracking Datasheet

Survey Information

Survey IDa:  Start time: 

Date: End time: 

Surveyor: Overall conditionsb: 1  2  3  

Days since last snow eventc:   

Why survey ended:   

Reason for survey: Occupancy     DNA Collection 
 

Lynx Detections (each row denotes the location where sign was observed)  

 
a Survey ID: Intials_MMDDYY; (i.e., dcr_121915)  
b Overall conditions: 1 = poor (<1 day post snow or blowing snow), 2 = good (1-2 days post snow, no blowing), 3 = excellent (3 or more days post snow with no 

blowing or melting);  
c Days since last snow event: any snow event that would obliterate or make undeterminable all previous tracks. 
d Detection type: Tracks, scat, hair, etc. 

Survey IDa 
Num Lynx 
detected 

Detection 
typed 

Detection 
UTM E & N 

RMRS 
Sample # Notes  
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Lynx Detections (each row denotes the location where sign was observed)  

Survey IDa 
Num Lynx 
detected 

Detection 
typed 

Detection 
UTM E & N 

RMRS 
Sample # Notes  
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EXAMPLE Lynx Snow Tracking Datasheet Survey Information 

Survey IDa: njh_12012014 Start time: 09:15 

Date: 12/01/2014 End time: 12:15 

Surveyor: N. Hostetter Overall conditionsb: 1    2    3 

Days since last snow: 2 

Why survey ended: Detected lynx and collected genetic material 

Reason for survey: Occupancy     DNA Collection  

 
Lynx Detections (each row denotes the location where sign was observed)  

Survey IDa 
Num Lynx 
detected 

Detection 
typec 

Detection 
UTM E & N 

RMRS 
Sample # Notes  

njh_12012014 1 Tracks 
630332 
5267333 

  

njh_12012014 1 Tracks 
630332 
5267333 

  

njh_12012014 1 Hair 
630342 
5267330 

 
Back-tracked from tracks in row above. 
Collected hair. 

      

      

a Survey ID: Intials_MMDDYY; (i.e., dcr_121915)  
b Overall conditions: 1 = poor (<1 day post snow or blowing snow), 2 = good (1-2 days post snow, no blowing), 3 = excellent (3 or more days post snow with no  

blowing or melting);  
c Days since last snow event: any snow event that would obliterate or make undeterminable all previous tracks. 
d Detection type: Tracks, scat, hair, etc
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From: White, Rollie
To: Theresa Rabot
Subject: Re: Lynx 5 Year Review Decision Status meeting
Date: Monday, January 30, 2017 8:27:28 AM

I blocked my calendar and gave the family a head's up. My main concern is making sure R6
doesn't feel slighted, but I suspect that can be handled with a well placed call. Have a safe
flight!

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

On Mon, Jan 30, 2017 at 8:17 AM, Theresa Rabot <theresa_rabot@fws.gov> wrote:
Let's talk about it,  would prefer you to go instead of me 

Sent from my iPhone

On Jan 30, 2017, at 7:42 AM, White, Rollie <rollie_white@fws.gov> wrote:

Hi Terry,
I wasn't planning on it, since a) I have not seen an invite or details until just
now, and, b) they seem to want higher level coverage (i.e., Robyn).  That said, I
am not already traveling those days, though I have my ES PL Meet in Bend all
the next week. Do you need me there with you, or instead of you? I can do it if
you want me there, in either capacity (assuming they will accept me).
-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

On Mon, Jan 30, 2017 at 6:46 AM, Theresa Rabot <theresa_rabot@fws.gov>
wrote:

Are you going?  

Sent from my iPhone

Begin forwarded message:

mailto:rollie_white@fws.gov
mailto:theresa_rabot@fws.gov
mailto:Rollie_White@fws.gov
mailto:theresa_rabot@fws.gov
mailto:rollie_white@fws.gov
mailto:Rollie_White@fws.gov
mailto:theresa_rabot@fws.gov


From: "Tsugawa, Nicole" <nicole_tsugawa@fws.gov>
Date: January 27, 2017 at 9:18:49 AM PST
To: Theresa Rabot <theresa_rabot@fws.gov>
Cc: Rose Reed <rose_reed@fws.gov>
Subject: Fwd: Lynx 5 Year Review Decision Status meeting

Hi Terry,

Do you plan to attend the Lynx SSA team meeting on March 2nd and 3rd in the
Mountain-Prairie RO? Please see the email below from Stephanie Potter.

Nicole S. Tsugawa
Please copy Rose Reed (rose_reed@fws.gov) on future emails related to
scheduling
Executive Assistant
Office of the Regional Director
U.S. Fish and Wildlife Service, Pacific Region
911 NE 11th Avenue
Portland, OR 97232
nicole_tsugawa@fws.gov
(503) 231-6119

---------- Forwarded message ----------
From: Thorson, Robyn <robyn_thorson@fws.gov>
Date: Fri, Jan 27, 2017 at 8:49 AM
Subject: Re: Lynx 5 Year Review Decision Status meeting
To: "Tsugawa, Nicole" <nicole_tsugawa@fws.gov>
Cc: Theresa Rabot <theresa_rabot@fws.gov>, "Finn, Vicki"
<vicki_finn@fws.gov>

Let them know Terry is the lead on this for R1.

Robyn Thorson
Regional Director, Pacific Region One
     Idaho, Oregon, Washington, Hawaii & Pacific Islands
U.S. Fish & Wildlife Service
911 NE 11th Avenue
Portland, OR 97232
503.231.6119

On Fri, Jan 27, 2017 at 8:30 AM, Tsugawa, Nicole
<nicole_tsugawa@fws.gov> wrote:

Good morning Robyn,

mailto:nicole_tsugawa@fws.gov
mailto:theresa_rabot@fws.gov
mailto:rose_reed@fws.gov
mailto:rose_reed@fws.gov
mailto:nicole_tsugawa@fws.gov
mailto:robyn_thorson@fws.gov
mailto:nicole_tsugawa@fws.gov
mailto:theresa_rabot@fws.gov
mailto:vicki_finn@fws.gov
mailto:nicole_tsugawa@fws.gov


Do you plan to attend the Lynx SSA team meeting on
March 2nd and 3rd in the Mountain-Prairie RO? Please
see the email below from Stephanie Potter.

Thank you!

Nicole S. Tsugawa
Please copy Rose Reed (rose_reed@fws.gov) on future emails related
to scheduling
Executive Assistant
Office of the Regional Director
U.S. Fish and Wildlife Service, Pacific Region
911 NE 11th Avenue
Portland, OR 97232
nicole_tsugawa@fws.gov
(503) 231-6119

---------- Forwarded message ----------
From: Stephanie Potter <stephanie_potter@fws.gov>
Date: Thu, Jan 26, 2017 at 4:08 PM
Subject: Lynx 5 Year Review Decision Status meeting
To: Conni Conner <conni_conner@fws.gov>, Nicole Tsugawa
<nicole_tsugawa@fws.gov>, Rose Reed
<rose_reed@fws.gov>, Lori Mendoza
<lori_mendoza@fws.gov>, Kathleen King
<kathleen_king@fws.gov>

Good afternoon,

 

The Lynx SSA team has scheduled a decision meeting here in
the Mountain-Prairie Regional office on Mar 2 and 3rd .  The
meeting will last both days and Marj Nelson has asked for
Robyn, Tom,  and Wendi to attend if they are available.  If you
would please let me know whether or not they will be able to
attend, I would be grateful. 

 

Kind regards,

 

Stephanie Potter

Executive Assistant

Office of the Regional Director

mailto:rose_reed@fws.gov
mailto:nicole_tsugawa@fws.gov
mailto:stephanie_potter@fws.gov
mailto:conni_conner@fws.gov
mailto:nicole_tsugawa@fws.gov
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mailto:lori_mendoza@fws.gov
mailto:kathleen_king@fws.gov


Mountain-Prairie Region

U.S. Fish and Wildlife Service

303-236-7920

 



From: White, Rollie
To: Deborah Riley
Subject: Fwd: Lynx 5 Year Review Decision Status meeting
Date: Monday, January 30, 2017 8:51:49 AM

Hi Deborah,

Looks like Terry wants me to cover the Lynx meeting in Denver on March 2-3.  This would
require travel the afternoon before, a rental car, a stay at the same hotel Terry and I stayed in
back in September (Hampton Inn Denver West Federal Center, Lakewood) and I would really
like to get home the night of the third.  Since the meeting goes until 4 PM, figure 1.5 hours to
drive and return rental car, and I should be at the airport an hour and a half before my flight, a
7 PM flight back to Portland is the earliest I should do. Can you let me know what options
there are?
Thanks,

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

---------- Forwarded message ----------
From: Theresa Rabot <theresa_rabot@fws.gov>
Date: Mon, Jan 30, 2017 at 8:17 AM
Subject: Re: Lynx 5 Year Review Decision Status meeting
To: "White, Rollie" <rollie_white@fws.gov>

Let's talk about it,  would prefer you to go instead of me 

Sent from my iPhone

On Jan 30, 2017, at 7:42 AM, White, Rollie <rollie_white@fws.gov> wrote:

Hi Terry,
I wasn't planning on it, since a) I have not seen an invite or details until just now,
and, b) they seem to want higher level coverage (i.e., Robyn).  That said, I am not
already traveling those days, though I have my ES PL Meet in Bend all the next
week. Do you need me there with you, or instead of you? I can do it if you want
me there, in either capacity (assuming they will accept me).
-Rollie

Rollie White
Assistant Regional Director - Ecological Services

mailto:rollie_white@fws.gov
mailto:deborah_riley@fws.gov
mailto:Rollie_White@fws.gov
mailto:theresa_rabot@fws.gov
mailto:rollie_white@fws.gov
mailto:rollie_white@fws.gov


Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

On Mon, Jan 30, 2017 at 6:46 AM, Theresa Rabot <theresa_rabot@fws.gov>
wrote:

Are you going?  

Sent from my iPhone

Begin forwarded message:

From: "Tsugawa, Nicole" <nicole_tsugawa@fws.gov>
Date: January 27, 2017 at 9:18:49 AM PST
To: Theresa Rabot <theresa_rabot@fws.gov>
Cc: Rose Reed <rose_reed@fws.gov>
Subject: Fwd: Lynx 5 Year Review Decision Status meeting

Hi Terry,

Do you plan to attend the Lynx SSA team meeting on March 2nd and 3rd in the
Mountain-Prairie RO? Please see the email below from Stephanie Potter.

Nicole S. Tsugawa
Please copy Rose Reed (rose_reed@fws.gov) on future emails related to
scheduling
Executive Assistant
Office of the Regional Director
U.S. Fish and Wildlife Service, Pacific Region
911 NE 11th Avenue
Portland, OR 97232
nicole_tsugawa@fws.gov
(503) 231-6119

---------- Forwarded message ----------
From: Thorson, Robyn <robyn_thorson@fws.gov>
Date: Fri, Jan 27, 2017 at 8:49 AM
Subject: Re: Lynx 5 Year Review Decision Status meeting
To: "Tsugawa, Nicole" <nicole_tsugawa@fws.gov>
Cc: Theresa Rabot <theresa_rabot@fws.gov>, "Finn, Vicki"
<vicki_finn@fws.gov>

Let them know Terry is the lead on this for R1.

mailto:Rollie_White@fws.gov
mailto:theresa_rabot@fws.gov
mailto:nicole_tsugawa@fws.gov
mailto:theresa_rabot@fws.gov
mailto:rose_reed@fws.gov
mailto:rose_reed@fws.gov
mailto:nicole_tsugawa@fws.gov
mailto:robyn_thorson@fws.gov
mailto:nicole_tsugawa@fws.gov
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mailto:vicki_finn@fws.gov


Robyn Thorson
Regional Director, Pacific Region One
     Idaho, Oregon, Washington, Hawaii & Pacific Islands
U.S. Fish & Wildlife Service
911 NE 11th Avenue
Portland, OR 97232
503.231.6119

On Fri, Jan 27, 2017 at 8:30 AM, Tsugawa, Nicole
<nicole_tsugawa@fws.gov> wrote:

Good morning Robyn,

Do you plan to attend the Lynx SSA team meeting on
March 2nd and 3rd in the Mountain-Prairie RO? Please see
the email below from Stephanie Potter.

Thank you!

Nicole S. Tsugawa
Please copy Rose Reed (rose_reed@fws.gov) on future emails related to
scheduling
Executive Assistant
Office of the Regional Director
U.S. Fish and Wildlife Service, Pacific Region
911 NE 11th Avenue
Portland, OR 97232
nicole_tsugawa@fws.gov
(503) 231-6119

---------- Forwarded message ----------
From: Stephanie Potter <stephanie_potter@fws.gov>
Date: Thu, Jan 26, 2017 at 4:08 PM
Subject: Lynx 5 Year Review Decision Status meeting
To: Conni Conner <conni_conner@fws.gov>, Nicole Tsugawa
<nicole_tsugawa@fws.gov>, Rose Reed <rose_reed@fws.gov>,
Lori Mendoza <lori_mendoza@fws.gov>, Kathleen King
<kathleen_king@fws.gov>

Good afternoon,

 

The Lynx SSA team has scheduled a decision meeting here in the
Mountain-Prairie Regional office on Mar 2 and 3rd .  The
meeting will last both days and Marj Nelson has asked for
Robyn, Tom,  and Wendi to attend if they are available.  If you
would please let me know whether or not they will be able to

mailto:nicole_tsugawa@fws.gov
mailto:rose_reed@fws.gov
mailto:nicole_tsugawa@fws.gov
mailto:stephanie_potter@fws.gov
mailto:conni_conner@fws.gov
mailto:nicole_tsugawa@fws.gov
mailto:rose_reed@fws.gov
mailto:lori_mendoza@fws.gov
mailto:kathleen_king@fws.gov


attend, I would be grateful. 

 

Kind regards,

 

Stephanie Potter

Executive Assistant

Office of the Regional Director

Mountain-Prairie Region

U.S. Fish and Wildlife Service

303-236-7920

 



From: White, Rollie
To: Nordstrom, Lori
Cc: Nelson, Marjorie; Paul Phifer; Justin Shoemaker/R6/FWS/DOI; Craig Hansen; Jennifer Szymanski; Jodi Bush;

Theresa Rabot
Subject: Re: Lynx 5 year review decision meeting
Date: Monday, January 30, 2017 12:28:21 PM

Marj,

And, per Terry Rabot, I will be representing R1 at the meeting.

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

On Mon, Jan 30, 2017 at 12:11 PM, Nordstrom, Lori <lori_nordstrom@fws.gov> wrote:
Marj -
Per Tom Melius, I will be representing R3 at this lynx meeting. 

Lori

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Thu, Jan 26, 2017 at 6:09 PM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
Good afternoon Rollie, Lori and Paul!
This is a quick note to give you a heads up that Noreen will be inviting the RDs in
the lynx range to the 5 year review decision meeting.  I will follow up with a phone
call but I quickly wanted to get you the message that we only need one decision
maker per region, this may be delegated from the RD as he or she sees fit.  We
are looking at a 2 day meeting on March 2nd and 3rd.
feel free to ask questions but I will get in touch with you all individually to answer
questions.
have a lovely evening,
Marj
Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258
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mailto:jodi_bush@fws.gov
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mailto:Rollie_White@fws.gov
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From: Bell, Heather
To: Jennifer Szymanski
Subject: how do you feel about the lynx core team getting together next week to discuss the core teams

recommendation....
Date: Tuesday, January 31, 2017 10:39:49 AM

Seems like they should go through a similar process that the decision makers are going to do...
or do we just let them do their own thing.  

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google
Site: https://sites.google.com/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS
visit http://www.fws.gov/endangered/improving_ESA/SSA.html.

mailto:heather_bell@fws.gov
mailto:jennifer_szymanski@fws.gov
https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/recovery-planning-and-implementation/
http://www.fws.gov/endangered/improving_ESA/SSA.html


From: Bell, Heather
To: Szymanski, Jennifer; Mary_Parkin
Subject: Re: how do you feel about the lynx core team getting together next week to discuss the core teams

recommendation....
Date: Tuesday, January 31, 2017 12:04:21 PM

yes.  the lynx core team has heard that some decision makers might ask for their
recommendation and they would like to be of like mind. i suggested that they talk to you
before that did that to find out WHETHER or NOT this group of DMs will be asking for a
team recommendation......i suggested it might bias their presentation etc.    OR they could just
think about it individually and be ready to respond.  I got them to hold off for a bit......I would
love some support that this is not a good idea.  i think the lynx team has likely had enough of
my ideas! 

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google
Site: https://sites.google.com/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS
visit http://www.fws.gov/endangered/improving_ESA/SSA.html.

On Tue, Jan 31, 2017 at 11:47 AM, Szymanski, Jennifer <jennifer_szymanski@fws.gov>
wrote:

Similar in terms of determining T, E or NW?  I am not sure why they would do this.  I understand
some of them are listing biologists, but as a core team member, their role should simply be
science.  If the DMs are interested in their policy recommendation, then they can give it.  

One of the reasons I embrace the SSA process so strongly is the separation  of science from the
decision.  So, I am hesitant to advocate for core members to provide decision recommendations. 
I think by doing so, it diminishes the impartiality of the core team (at least in perception).  

Is that what you are asking about?

On Tue, Jan 31, 2017 at 11:39 AM, Bell, Heather <heather_bell@fws.gov> wrote:
Seems like they should go through a similar process that the decision makers are going to
do...
or do we just let them do their own thing.  

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead

mailto:heather_bell@fws.gov
mailto:jennifer_szymanski@fws.gov
mailto:mary_parkin@fws.gov
https://sites.google.com/a/fws.gov/ssa/
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Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.com
/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/endan
gered/improving_ESA/SSA.html.

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 
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From: Tamara Smith
To: Zelenak, Jim; Mark McCollough; Bryon Holt; Kurt Broderdorp
Cc: Jodi Bush; Mary Parkin; Heather Bell; Jonathan Cummings; Justin Shoemaker; Szymanski, Jennifer
Subject: RE: Lynx Decision Meeting Needs
Date: Friday, February 03, 2017 5:30:28 AM

Hi Jim- I'm flying back from Flint this morning, but I should be back in the office in time for
the call. Talk to you soon!
-Tam

Sent from my Verizon, Samsung Galaxy smartphone

-------- Original message --------
From: "Zelenak, Jim" <jim_zelenak@fws.gov>
Date: 2/1/17 5:49 PM (GMT-05:00)
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, "Szymanski, Jennifer" <jennifer_szymanski@fws.gov>
Subject: Lynx Decision Meeting Needs

-------- Original message --------
From: "Zelenak, Jim" <jim_zelenak@fws.gov>
Date: 2/1/17 5:49 PM (GMT-05:00)
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, "Szymanski, Jennifer" <jennifer_szymanski@fws.gov>
Subject: Lynx Decision Meeting Needs

Hi All: 

On the Core Team call yesterday I agreed to try to arrange (via doodle poll) a time for us to talk with Jennifer
regarding preparations/tasks for the decision meeting in Denver in early March.  However, because of Jennifer's
tightly-packed schedule, I've instead coordinated with her on a call time that works for her.

I will send a calendar invitation shortly for that call, to be held this Friday, Feb. 3, at 9:00 AM Central Time.

Because the call will include discussion of the role of the Core Team at the decision meeting, I request that all Core
Team members make it a priority to be on the call and to have questions ready for Jennifer.

Thanks,

Jim
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Rollie White
To: Deborah Riley
Subject: Fwd: Lynx
Date: Tuesday, February 7, 2017 9:52:25 AM

Hi Deb,
Can you help schedule a time that works for all?
Thanks,

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

Begin forwarded message:

From: "Thabault, Michael" <michael_thabault@fws.gov>
Date: February 7, 2017 at 7:51:28 AM HST
To: Rollie White <rollie_white@fws.gov>
Cc: Paul Phifer <paul_phifer@fws.gov>, "Nordstrom, Lori"
<lori_nordstrom@fws.gov>,  Marjorie Nelson <marjorie_nelson@fws.gov>,
Deborah Riley <deborah_riley@fws.gov>
Subject: Re: Lynx

Same here.  Marj and I can do 11:00- 1:00 MT on Monday and from 1:00 to the
end of the day MT on Tuesday.

Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
michael_thabault@fws.gov

On Tue, Feb 7, 2017 at 10:02 AM, Rollie White <rollie_white@fws.gov> wrote:
I am out in Honolulu visiting my office here all this week. They have me fully
booked. But Monday and Tuesday next week I have some blocks open. 
Deborah Riley can help get something on my calendar that works for all. 
-Rollie
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Sent from my iPhone

On Feb 7, 2017, at 5:23 AM, Paul Phifer <paul_phifer@fws.gov> wrote:

Yes, I think we want this to be as exciting as possible with many
surprises.  I'm open tomorrow, Wednesday, 3-5pm ET.  You all
open sometime in there?

Sent from my iPhone

On Feb 6, 2017, at 5:54 PM, Thabault, Michael
<michael_thabault@fws.gov> wrote:

Oh sure, but if we explain expectations that takes all
the spontaneity out of it. We can have a quick call with
Marj.   Wed afternoon, Thursday morning Fri
afternoon of this week looks like Marj and I have some
time. Mon Tues of next week looking pretty good Wed
on is out.

Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
michael_thabault@fws.gov

On Mon, Feb 6, 2017 at 3:31 PM, Nordstrom, Lori
<lori_nordstrom@fws.gov> wrote:

I think that's a good idea!

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Mon, Feb 6, 2017 at 3:41 PM, Paul Phifer
<paul_phifer@fws.gov> wrote:

It seems like we will all be going to the lynx
meeting.  Do we want a
pre meeting to discuss expectations and preparing?
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Sent from my iPhone



From: Holt, Bryon
To: Cathey, Karen
Subject: Lynx Decision Meeting
Date: Tuesday, February 07, 2017 11:11:02 AM

Karen,

As you know there is a lynx decision meeting scheduled for March 2-3, 2017 at the R-6 RO;
the meeting is to decide if lynx should remain listed as T, uplisted to E, or delisted based on
the analysis contained in the lynx SSA. On our lynx SSA core team call today there was
discussion on apprising each regional decision maker regarding the overall assessment of the
SSA but also providing specific emphasis on our respective regions/geographic areas.  Rollie
White is the decision maker for R-1.  How should we proceed with ascertaining if Rollie
would like to be briefed on the lynx SSA prior to the decision meeting?

Bryon

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Backsen, Sarah
To: Shoemaker, Justin
Subject: Re: Lynx SSA review - need input
Date: Tuesday, February 07, 2017 1:52:47 PM

Ok, thanks!

Sarah Backsen
Listing Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

On Tue, Feb 7, 2017 at 1:49 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Not exactly what your looking for, but this email string has some thoughts anyway.  We did
a briefing for the DRD before we sent it out for peer review, and I believe we explained
things to them at that briefing.  

There's also a disclaimer that we added to the SSA report before it went out to anyone:

"This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status assessment report has
not undergone peer review, and it should not be cited or referenced as an agency document. At this time it is intended for
the sole purpose of soliciting scientific reviews from expert peer reviewers, from State and Federal partners with expert
knowledge of the species and its habitat, and from internal reviewers by Department of Interior staff. The document  is not
intended to solicit public comment. This document will be revised after this scientific review. This document does not
predetermine any future agency decision under the Endangered Species Act. For more information
contact Jim_Zelenak@fws.gov."

If I dig up anything else I'll froward it your way.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Thabault, Michael <michael_thabault@fws.gov>
Date: Tue, Sep 20, 2016 at 2:49 PM
Subject: Re: Lynx SSA review - need input
To: "Shoemaker, Justin" <justin_shoemaker@fws.gov>
Cc: Marjorie Nelson <marjorie_nelson@fws.gov>, Seth Willey <seth_willey@fws.gov>

yes
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Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
michael_thabault@fws.gov

On Tue, Sep 20, 2016 at 1:47 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Ok.  

I'm seeing the Service review (by RD, ARD, other regions, whoever) as a chance to share
the SSA report as a heads-up for leadership, for the Service to get oriented, and get
constructive feedback on the document as opposed to any kind of approval of the SSA
report at this point.  I'm assuming others understand the science in the report needs to be
reviewed by States and peer reviewers before it is truly game ready and resulting policy
decisions are made.  

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

On Tue, Sep 20, 2016 at 2:10 PM, Thabault, Michael <michael_thabault@fws.gov>
wrote:

Hey Justin, to the RDs office sooner rather than later I think so concurrent review all
around.  We should brief the RDs office before it goes to states.  Will probably need
another briefing at the 5-yr review call as well but that one should be shorter.

Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
michael_thabault@fws.gov

On Tue, Sep 20, 2016 at 12:28 PM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Mike,

The lynx SSA report is nearly finished and ready to start circulating for reviews.  I
talked w/ Jodi and Seth about a plan for getting the necessary reviews done in the
limited time we have.  

Here's the plan with a few places we could use your input:
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- Send out SSA report for Service only review and comment. For R6 that means you,
Marj, Seth, and me. Report will also go to coordinating regions for concurrent review
and comment. We can offer to our RD's office for review at this time, or wait until
after peer review, thoughts?  2 wks max for this step. 

- After Service reviews are incorporated, send to States, peer reviewers, and Federal
agencies for review.  

- We probably need an RD briefing at some point, either at time of Service review, or
after peer review and when we're ready to make a call on the 5 yr review.  Thoughts?

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov
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From: Smith, Tamara
To: Zelenak, Jim
Cc: Mark McCollough; Bryon Holt; Kurt Broderdorp; Heather Bell; Mary Parkin; Jonathan Cummings; Justin

Shoemaker; Jodi Bush; Szymanski, Jennifer
Subject: Re: New Folders on Lynx SSA Drive
Date: Tuesday, February 07, 2017 5:08:13 PM

(Fake) suggested edits and comments worked fine for me.

On Tue, Feb 7, 2017 at 3:04 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I've added a new folder "Peer and Partner Review Jan 2017" that includes a PDF of the Draft SSA that was sent
out for peer and partner review and several subfolders for the various reviewing groups and one for the current
working draft of the SSA Report.  As review comments come in, I will move copies to the appropriate folders. 
Right now we only have Marty's and Mary's most recent comments in the "FWS Reviews" folder and a short
letter from New Mexico Dept. of Game and Fish in the "State Agency Reviews" folder. 

Core Team - please open the Google Docs version of the working draft and make sure that you can access and
edit and insert comments (do a test run/fake comment even if you have no edits or comments so I can verify that
you have access) - please use suggesting mode so all changes are visible.

Lynx SSA > SSA > SSA Documentation and Report > Peer and Partner Review Jan 2017 > Working Draft.

Please let me know if you have any trouble.  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell
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From: Holt, Bryon
To: Jim Zelenak
Subject: Re: New Folders on Lynx SSA Drive
Date: Wednesday, February 08, 2017 7:35:55 AM

Jim,

Editing worked fine for me.

Bryon

On Tue, Feb 7, 2017 at 3:08 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
(Fake) suggested edits and comments worked fine for me.

On Tue, Feb 7, 2017 at 3:04 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I've added a new folder "Peer and Partner Review Jan 2017" that includes a PDF of the Draft SSA that was sent
out for peer and partner review and several subfolders for the various reviewing groups and one for the current
working draft of the SSA Report.  As review comments come in, I will move copies to the appropriate folders. 
Right now we only have Marty's and Mary's most recent comments in the "FWS Reviews" folder and a short
letter from New Mexico Dept. of Game and Fish in the "State Agency Reviews" folder. 

Core Team - please open the Google Docs version of the working draft and make sure that you can access and
edit and insert comments (do a test run/fake comment even if you have no edits or comments so I can verify
that you have access) - please use suggesting mode so all changes are visible.

Lynx SSA > SSA > SSA Documentation and Report > Peer and Partner Review Jan 2017 > Working Draft.

Please let me know if you have any trouble.  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell
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-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Smith, Tamara
To: Peter Fasbender
Subject: lynx SSA decision meeting
Date: Monday, February 13, 2017 8:52:50 AM

Hi Pete - 

Is it okay with you if I attend the lynx SSA DM meeting in March 1-3 in Denver?  I think the
other core team members are planning to be there in person.

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell
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From: Holt, Bryon
To: Melbihess, Tracy
Cc: Karen Cathey; Hendricks, Kathleen
Subject: Re: Lynx Decision Meeting
Date: Monday, February 13, 2017 12:43:24 PM

Tracy,

I will draft a briefing paper on 2/17 and forward to you and Karen for review/edit.  You guys
can modify/beef up the briefing paper, if needed, while I am on A/L 2/21-2/24.  I will take a
look at briefing paper and edit/correct it, if necessary on 2/27 prior to the phone call with
Rollie.

Sound like a plan?

Bryon

On Mon, Feb 13, 2017 at 12:35 PM, Melbihess, Tracy <tracy_melbihess@fws.gov> wrote:
Hi Karen, 
As we just discussed by phone, we need to prep some talking points for the lynx briefing
with Rollie, but the RO does not have a preference on whether we provide a briefing paper
or a Power Point presentation.  With Bryon's limited time, sounds like it may be easiest if he
provides some bullets to you and I that we can morph into a bp.  

Please discuss with Bryon and let me know.  If we can build in a day or two for
Kathleen/Dennis/Greg to review the material prior to the briefing that would be helpful. 

Thank you, 
Tracy 

---------- Forwarded message ----------
From: Riley, Deborah <deborah_riley@fws.gov>
Date: Mon, Feb 13, 2017 at 1:20 PM
Subject: Re: Lynx Decision Meeting
To: "Melbihess, Tracy" <tracy_melbihess@fws.gov>
Cc: "Hall, Sarah" <sarah_hall@fws.gov>

Tracy,

Good news!  Rollie is fine with just a powerpoint presentation.  No briefing paper needed.

Thanks,

-deb

Deborah A. Riley
Supervisory Secretary
Office of the ARD For Ecological Services
U.S. Fish and Wildlife Service, Pacific Region 
911 NE 11th Avenue
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Portland, OR 97232
deborah_riley@fws.gov
(503) 231-6151

On Mon, Feb 13, 2017 at 11:53 AM, Melbihess, Tracy <tracy_melbihess@fws.gov> wrote:
Hi Deb, 
The scheduling issue has gotten a bit more complicated; I'll give you a ring to discuss here
in a few minutes after I touch base with Crystal Garcia on Greg's availability. 

Tracy 

On Fri, Feb 10, 2017 at 1:31 PM, Riley, Deborah <deborah_riley@fws.gov> wrote:
At this point, Rollie if free until noon on the 17th and 1 pm on the 21st.  If you send him an invite, I
can accept it for him.

Thanks,

-deb

Deborah A. Riley
Supervisory Secretary
Office of the ARD For Ecological Services
U.S. Fish and Wildlife Service, Pacific Region 
911 NE 11th Avenue
Portland, OR 97232
deborah_riley@fws.gov
(503) 231-6151

On Fri, Feb 10, 2017 at 12:00 PM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Hi Karen,

Thanks for your note.  I'm adding Deborah Riley to the conversation; while I can see Rollie's calendar, she
has direct access to it to schedule meetings for him.  At a quick glance, it looks like he should be available
either of those days (but will defer to Deb).

Anything else I can do on my (RO) end to help facilitate the briefing?

Thanks for setting this up,
Sarah
 

Sarah Hall
Endangered Species Recovery Program Manager
USFWS Pacific Region
503-231-6868

On Fri, Feb 10, 2017 at 9:28 AM, Cathey, Karen <karen_cathey@fws.gov> wrote:
Hi, Sarah - We will be working with our folks down in Boise to prepare a brief next week.  Looking at
our collective schedules, it looks like Friday the 17 (morning) or Tuesday the 21 (morning) might
work.  Can you check Rollie's schedule?  There are other times too, if those don't work.

Karen Cathey

Office Lead
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U.S. Fish & Wildlife Service
11103 E. Montgomery Dr., Ste 2
Spokane Valley, WA  99206
509-893- -8008

---------- Forwarded message ----------
From: Zablan, Marilet <marilet_zablan@fws.gov>
Date: Wed, Feb 8, 2017 at 7:44 AM
Subject: Re: Lynx Decision Meeting
To: Gregory Hughes <greg_m_hughes@fws.gov>, Karen Cathey
<karen_cathey@fws.gov>
Cc: sarah hall <sarah_hall@fws.gov>, Bryon Holt <bryon_holt@fws.gov>

Thanks Greg & Karen!

Sarah Hall is our RO POC on this, & will coordinate with your office on briefing
schedule/format for Rollie, who yes, is planning to attend the Denver meeting.

~MAZ
Marilet A. Zablan, Program Manager for Restoration & Endangered Species Classification
  US Fish & Wildlife Service, Pacific Regional Office - Ecological Services, 911 NE 11th Avenue, Portland, OR
97232
  phone: 503-231-2345    email: marilet_zablan@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Tue, Feb 7, 2017 at 3:52 PM, Barry, Cynthia <cynthia_barry@fws.gov> wrote:
Greg,
I am fairly certain that Marilet and Kit have this scheduled....but, if not..... let this email serve as a
starting point for setting it up the briefing....

Thanks!
Cindy
Cynthia Uptegraft Barry
Deputy Assistant Regional Director - Ecological Services
Pacific Region, U.S. Fish and Wildlife Service
911 N.E. 11th Ave, Portland, OR  97232
office (503) 231-2256
cell (503) 816-0558

Exhibit contagious enthusiasm!

---------- Forwarded message ----------
From: Hughes, Gregory <greg_m_hughes@fws.gov>
Date: Tue, Feb 7, 2017 at 3:49 PM
Subject: Re: Lynx Decision Meeting
To: "Cathey, Karen" <karen_cathey@fws.gov>
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Cc: Dennis Mackey <dennis_mackey@fws.gov>, Rollie White
<Rollie_White@fws.gov>, Cynthia Barry <cynthia_barry@fws.gov>

Karen,
I would think absolutely he would like to be briefed. Hopefully he has had a call
from Mike T letting him know this is coming already. I will just send him your
note and ask him.
Rollie, do you need or would you like a briefing and if so, how would you like to
be briefed on this?
Thanks,
Greg

On Tue, Feb 7, 2017 at 12:25 PM, Cathey, Karen <karen_cathey@fws.gov>
wrote:

Hi, Greg/Dennis.  Please see message below.  Should we start with a call between the 3-4 of us to
determine the best route?  BP versus teleconference versus in-person meeting?

Karen Cathey

Office Lead
U.S. Fish & Wildlife Service
11103 E. Montgomery Dr., Ste 2
Spokane Valley, WA  99206
509-893- -8008

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Tue, Feb 7, 2017 at 11:11 AM
Subject: Lynx Decision Meeting
To: "Cathey, Karen" <karen_cathey@fws.gov>

Karen,

As you know there is a lynx decision meeting scheduled for March 2-3, 2017 at
the R-6 RO; the meeting is to decide if lynx should remain listed as T, uplisted
to E, or delisted based on the analysis contained in the lynx SSA. On our lynx
SSA core team call today there was discussion on apprising each regional
decision maker regarding the overall assessment of the SSA but also providing
specific emphasis on our respective regions/geographic areas.  Rollie White is
the decision maker for R-1.  How should we proceed with ascertaining if Rollie
would like to be briefed on the lynx SSA prior to the decision meeting?

Bryon

-- 
**************************************************
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Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 

Greg Hughes

State Supervisor, Idaho Fish and Wildlife Office

U.S. Fish and Wildlife Service - Pacific Region

Boise, Idaho

208-378-5243

-- 

Classification and Recovery Branch Chief
Idaho Fish and Wildlife Office (IFWO), Region 1
US Fish and Wildlife Service
#208-378-5287 (office)

and temporary assignment to

Mexican Wolf Recovery Program
Southwest Regional Office, Region 2
US Fish and Wildlife Service
#208-258-0253 (cell)

mailto:bryon_holt@fws.gov


-- 

Classification and Recovery Branch Chief
Idaho Fish and Wildlife Office (IFWO), Region 1
US Fish and Wildlife Service
#208-378-5287 (office)

and temporary assignment to

Mexican Wolf Recovery Program
Southwest Regional Office, Region 2
US Fish and Wildlife Service
#208-258-0253 (cell)

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: White, Rollie
To: Thabault, Michael
Cc: Phifer, Paul; Marjorie Nelson; Lori Nordstrom
Subject: Re: Lynx Meeting in CO
Date: Monday, February 13, 2017 12:55:52 PM

I arrive at the airport at 7:15 Denver time, then have to get my rental car.  Might be too late to
join you.  Phifer can have my beverage (and my green M&Ms) if that's the case. I am staying
at the Hampton Inn.

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

On Mon, Feb 13, 2017 at 12:41 PM, Thabault, Michael <michael_thabault@fws.gov> wrote:
BTW what time do you get here on the 1st?  There could be an adult beverage in your
future.

Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
michael_thabault@fws.gov

On Mon, Feb 13, 2017 at 1:31 PM, Phifer, Paul <paul_phifer@fws.gov> wrote:
Here are my travel plans.  Mike and Marj, I expect to be picked up in a stretch
limo, and I only eat green M&Ms and fresh spring water bottled that day.  
______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

---------- Forwarded message ----------
From: St Cyr, Karen <karen_stcyr@fws.gov>
Date: Mon, Feb 13, 2017 at 3:26 PM
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Subject: Lynx Meeting in CO
To: Paul Phifer <paul_phifer@fws.gov>

You have a reservation at the Homewood Suites, 139 Union Blvd., Lakewood, CO,
checking in on 3/1 and checking out on 3/3.

-- 
Karen A. St. Cyr 
U.S. Fish and Wildlife Service
Office of the Assistant Regional Director 
Ecological Services
300 Westgate Center Drive
Hadley, MA  01035
PH:  413-253-8304

mailto:paul_phifer@fws.gov


From: Nordstrom, Lori
To: Marjorie Nelson
Cc: Michael Thabault; Paul Phifer; Rollie White
Subject: Re: Lynx Recommendation Team Materials - Invitation to collaborate
Date: Wednesday, February 15, 2017 2:20:15 PM

Thanks Marj
I think it would be helpful to folks to upload the 2000 and 2003 listing rules for the DPS
discussions.

Lori

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Wed, Feb 15, 2017 at 3:59 PM, Marjorie Nelson (via Google Drive) <drive-shares-
noreply@google.com> wrote:

Marjorie Nelson has invited you to contribute to the following shared
folder:

Lynx Recommendation Team Materials

Hi all,
This is a google drive folder within which we are depositing the lynx
material for the recommendation team meeting in a few weeks. As
we receive the peer review and we develop other materials, those will
be deposited here.
let us know if you have questions,
Mike - I'll get hard copies down to Stephanie to get to Noreen.
Marj

Open

Google Drive: Have all your files within reach from any device. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA
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From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: lynx
Date: Friday, February 17, 2017 10:07:00 AM

Thanks Jim.  I promise not to perpetuate the errors and I have already read WDFW's
comments.

Bryon

On Fri, Feb 17, 2017 at 9:29 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I do not, Bryon.  I have to work on "cheat sheets" for decision makers before we meet, and put together a
powerpoint, but I've been getting waylaid by other things here lately (like being asked to sit in on that wolverine
DPS call yesterday - what was that all about - I couldn't believe how little time and clarity there was on the DPS
stuff, which is what I thought the whole point of the call was.....). But I digress....

Anyway, Mark did send me a copy of the briefing memo/white paper that he and his FS put together to brief their
RO.  I've attached it here, though I noted several errors (none all that big a deal) in a quick read of it.

E.g., the lynx pop. in Minnesota does not occur primarily on "private industrial forest lands"
- that is only true in Maine; in MN, under 16% of the unit is private and nearly half is Fed.;
Recovery outline defined CO as "provisional core area," distinct from the "real" core areas;
the revised CH in 2009 was not the result of litigation but rather our own decision based on
Julie MacDonald influence on the 2006 CH; the final EE workshop report was completed in
April 2016, not Jan. 2016 (nor in Feb. 2016 as he states later); the Core Team wrote the SSA
between April - Oct. 2016, not Jan. - Nov.; and several other minor errors.

He also implies (parenthetically) that climate change may be considered a "catastrophic
event," though we intentionally chose not to consider it thus in the EE workshop, the
subsequent report, of the draft SSA report. 

Other stuff that is mostly about Maine I still find concerning.  For example, he points out the
projected 50-60% decline in "habitat" - he does not mention this is "high-quality hare
habitat" that will likely decrease in quality but will also still support hares - and he also fails
to acknowledge that this decline will also likely represent a return to a condition more
similar to historical conditions than the current anthropogenically-influenced unnaturally
high amount and distribution of high-quality habitat, and that it is modeled to remain stable
or perhaps even increase after the initial decline.

I also question his characterization of the probability of persistence projections - he talks
about the functional extirpation "from one or more geographic units by mid-century," but
expert projections showed that 4 of the 5 units that have pops are very likely to do so at mid-
century and there is only roughly a 50-50 chance that we could lose the other one.

Anyway, Bryon - you may be able to use some of this in your memo, or at least as a
template, but please don't perpetuate the errors or questionable interpretation.  Also -
definitely take a look at the comments and attachments we received from WADFW.

Jim

mailto:bryon_holt@fws.gov
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On Fri, Feb 17, 2017 at 10:02 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
HI Jim,

Do you have any recent lynx briefing statements you could send me so that I do not have
to completely reinvent the wheel??

Bryon

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Holt, Bryon
To: Tracy Melbihess; Cathey, Karen
Subject: Lynx briefing statement for lynx decision meeting
Date: Friday, February 17, 2017 4:10:53 PM
Attachments: Draft Briefing Memo on SSA for RD_2-17-17.docx

Tracy,

Attached is the draft briefing statement for Rollie.  Please review and suggest necessary and
appropriate edits.

Thanks,

Bryon

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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INFORMATION MEMORANDUM FOR THE REGIONAL DIRECTOR 

DATE:    February 17, 2017  
 
FROM:  Greg Hughes, Supervisor, Boise Field Office 

SUBJECT:  Decision Meeting to review the draft Species Status Assessment (SSA) 
and determine the listing status of the Canada lynx   

Statement of Purpose:  This briefing document was drafted to provide background information 
concerning a March 2-3, 2017, meeting of decision-makers from Regions 1, 3, 5, and 6 who will 
assemble at Region 6 headquarters in Lakewood, Colorado to review the draft Canada lynx SSA 
and to participate in a decision process to determine whether the Canada lynx should remain 
listed as threatened, be uplisted to endangered, or be found to no longer warrant listing on the 
Federal endangered species list.  
 
BACKGROUND 
 
The core of the lynx population is centered in the boreal forest (primarily the taiga) of Canada 
and Alaska.  Lynx occur in the contiguous U.S. as peninsular extensions of the Canadian 
population within boreal forests within six geographically separate units: northern Maine (Unit 
1), northeastern Minnesota (Unit 2), northwestern Montana/northeastern Idaho (Unit 3), north-
central Washington (Unit4), greater Yellowstone area (Unit 5), and western Colorado (Unit 6).  
The six geographic units are largely geographically separated and isolated from one another in 
the contiguous U.S. but each are connected to populations in Canada.  Canada lynx in the U.S. 
were designated as a DPS because of differences in management in Canada (harvesting) and are 
considered a single DPS.  The Canada lynx DPS was listed as threatened under the Endangered 
Species Act (Act) in 2000 due to, at that time, the inadequacy of existing regulatory mechanisms 
(Factor D). 
 
We were remanded the listing decision after litigation seeking to list the lynx as endangered.  We 
addressed the remand and published our decision to retain the lynx listed as threatened in 2003.   
 
At the time of listing, lynx were believed to occur primarily in the western U. S., but since then 
populations have been documented in Maine and Minnesota.  Overall federal lands comprise 
approximately 64 percent of the lands encompassed by the six geographic units, but the percent 
of Federal land varies by unit: Unit 1 (less than 2 percent); Unit 2 (47 percent); Unit 3 (84 
percent); Unit 4 (91 percent); Unit 5 (97 percent); and Unit 6 (90 percent).  In Maine (Unit 1) 
lynx occur mostly on private industrial forest lands.  Since listing, the U. S. Forest Service 
(USFS) and Bureau of Land Management developed agreements with the Service to manage 
lynx and incorporated standards for lynx management into their management plans.  
Comparable, long-term agreements with private forest landowners have not been developed. 
 
As the science of climate change has advanced, the Service has increasingly acknowledged in 
our Federal Register documents that climate change is a significant stressor to the continued 
existence of Canada lynx DPS.  Lynx require boreal forest, and deep, fluffy snow to support high 
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snowshoe hare populations (their primary prey) and to maintain a competitive advantage over 
bobcats and other species.  Additional primary stressors identified in the Lynx Conservation 
Assessment and Strategy (LCAS, updated 2013) and critical habitat documents (2014) include 
incompatible forest management, habitat loss and fragmentation, and development. 
 
We published a Recovery Outline for the DPS in 2005 that focused on interim conservation 
measures in six “core” areas in Maine, Minnesota, northwestern Montana/northeastern Idaho, the 
greater Yellowstone area, and Washington (north Cascades and Kettle/Wedge); Colorado was 
identified as a seventh “provisional core’ area due to reintroduced population and uncertain long-
term persistency. 
 
We designated critical habitat for the DPS in 2006, revised it in 2009, and again in 2014 as a 
result of litigation. The Court remanded the most recent critical habitat rule; we have not 
determined next steps in our response to this litigation. 
 
We also expanded the DPS to include wherever lynx occur in the contiguous U.S., but still 
acknowledged the importance of the six core areas for recovery.   
 
In 2013 the Service was sued for not having a recovery plan, and in 2014 a Federal court in 
Montana found the Service’s delay was unreasonable.  A settlement agreement specified that a 
recovery plan would be completed by January 2018, if the lynx remained listed as endangered or 
threatened. 
 
INTRODUCTION 
 
In 2007 the Service announced it would initiate a 5-year status review of the Canada lynx, but it 
was never started because of the demands of responding to litigation concerning critical habitat.  
In response to the remand concerning a recovery plan, in January 2015 the Service announced 
that we would re-initiate a five-year status review.  In March 2015 the Service determined that 
we would use the SSA format to inform ESA classification decisions, recovery planning 
direction, and other determinations for the Canada lynx.  A FIT team was assigned to work with 
a core team of lynx biologists from Regions 1, 3, 5, and 6, representing each of the core lynx 
areas (and who had been engaged for years with the Interagency Lynx Biology Team and were 
authors of the LCAS). 
 
As part of the process to assemble and interpret the best available science for the SSA, the 
Service invited a panel of lynx, snowshoe hare, climate change, and forest management experts 
to a workshop in Minnesota in October 2015.  Workshop participants, facilitated by the FIT 
team, spent three days giving presentations and participating in facilitated exercises to document 
the status and stresses to lynx and snowshoe hares.  A final report summarizing the workshop 
was completed in April 2016. 
 
The SSA for the Canada lynx is a comprehensive document summarizing the best available 
science to assess the current status of, threats to, and future viability of the lynx DPS.  In January 
2017 the Service initiated a 30-day review of the draft SSA using a blind Peer Review process, 
State and Federal agencies, Tribes, lynx experts who attended the workshop, and several others.  
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The draft SSA will be used first to inform the 5-year review for lynx.  A Decision Team 
representing each of the USFWS core areas where lynx occur, will meet with the authors of the 
SSA and others on March 2 and 3, 2017 to review the SSA, consider the comments we have 
received, and make one of three determinations: (1) keep the DPS status as threatened, (2) 
upgrade it to endangered, or (3) determine that the DPS no longer warrants listing.  If the lynx 
remains listed as threatened or endangered, the core team will complete the SSA and 5-year 
review and write a recovery plan by January 2018. 
 
DISCUSSION 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
that lynx require.  Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska.  Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends on 
intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
The reason lynx were listed (lack of existing regulatory mechanisms) has largely been addressed 
by formal and binding amendments or revisions to most Federal land management plans within 
the DPS range (except in Maine where there is little federal ownership of lynx habitat).  
However, the efficacy of this regulatory framework remains to be proven. 
 
Although we have no reliable population-size estimates for any of the geographic units, northern 
Maine (Unit 1) is believed to currently have habitat to support the largest resident population in 
the DPS, perhaps 500-1,000 individual lynx.  In northeastern Minnesota (Unit 2), a resident 
population of perhaps 50-200 lynx occupies the Arrowhead Region of the State.  Northwestern 
Montana and northeastern Idaho (Unit 3) continue to support resident lynx, thought to number 
200-300.  In North-central Washington (Unit 4), recent extensive wildfires have temporarily 
reduced the amount of high-quality lynx habitat and may have caused a decline in lynx numbers 
there from perhaps 100 before the large fires to half of that currently. The greater Yellowstone 
area (GYA; Unit 5) is thought to have historically supported a small resident population; 
however, resident lynx have not been documented recently in this unit. Since the release of 
Canadian and Alaskan lynx in 1999-2006, resident lynx currently occupy western Colorado 
(Unit 6). 
 
Conclusions of the SSA are based on the Service’s assessment of the future viability of the DPS 
in the near term (through the year 2025), mid-term (2050), and end of century in terms of the 
conservation biology principle of resiliency, redundancy, and representation as summarized here: 
 
Resiliency: All five geographic units that currently support populations (all units except the 
GYA) are expected by lynx experts to continue to do so through mid-term (2050).  Only one 
(Northwestern Montana/ Northeastern Idaho), however, has an estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century.  We (and experts) question whether the GYA currently supports a viable population.  
The experts we consulted projected that all the other geographic units have a 50 percent or 
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greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century, with a moderate to high likelihood that resident lynx will 
be lost from two to four units by then. 
 
We expect resident lynx populations in the five remaining geographic units to be smaller and 
more fragmented and isolated in the future, and each geographic unit and the DPS as a whole 
will, therefore be less resilient in the future.  Uncertainty increases at mid-to late-century 
concerning the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change. However, review of the best available 
science in concert with input from lynx experts suggests that the probability of the persistence of 
resident breeding populations will decline in all geographic units, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond 
that time frame. 
 
In the near term, north-central Washington may be most vulnerable to extirpation due to large-
scale wildfires resulting in the temporary loss of nearly 50 percent of lynx habitat, likely 
reducing the unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover, especially should additional wildfires 
occur within the next 10 years.  However, the experts felt the potential extirpation of lynx, 
should it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect 
outbreaks), may be ameliorated to some extent because of Washington’s juxtaposition and 
connectivity to Canadian lynx populations.  The experts felt that lynx immigration from Canada 
may rapidly recolonize Washington as the habitat recovers from fires or other impacts.  
However, the Washington Department of Fish and Wildlife (WDFW) submitted comments on 
the draft SSA stating they have collected information on lynx harvests in southern British 
Columbia (BC) since 1985 and that the data indicate few lynx are captured in southern BC in any 
given year, which may indicate that the density of lynx in southern BC may be very low. The 
WDFW stated the majority of lynx captures in BC occurs just north of Washington border, 
which could further minimize potential immigration of BC lynx to Washington. 
 
In the long-term, the most vulnerable units may be Maine and Minnesota where climate change 
effects are expected to be greatest, there are no long-term commitments to forest management 
that benefit hares and lynx, and there is little high elevation refugia. Despite the lack of 
elevational refugia, lynx may also persist at the end of the century in Maine and Minnesota, 
depending on the timing and severity of climate change effects and, in Maine, on trends in 
development and private forest management.  Also, in Maine over the next 15-20 years lynx 
habitat conditions are also likely to decline significantly from current historically high and 
anthropogenically influenced levels as private forest management practices, particularly a shift 
away from landscape-level clearcutting, result in forest succession detrimental to snowshoe hare 
and lynx needs. 
 
Loss of units will reduce resilience, representation (loss of adaptive capacity, ecological settings, 
and perhaps some genetic attributes), and redundancy (smaller, more fragmented populations 
will be more vulnerable to catastrophic events). 
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Redundancy:  The DPS is widely scattered in six geographic units from Maine to Washington, 
thus we do not believe the DPS is vulnerable to extirpation from a single catastrophic event. 
Similarly, there is currently a low likelihood of functional extirpation of any of the individual 
geographic units from a single catastrophic event. 
 
Representation:  Lynx are specialist carnivores that require boreal forest and deep-fluffy snow 
that support high populations of snowshoe hares, their primary prey.  Lynx are unlikely to adapt 
to alternate forest types, lower snow regimes, or alternative prey. We conclude that there is 
currently minor genetic variation in North American lynx populations because they have an 
exceptional ability to disperse and there are few barriers to dispersal. We lack evidence of past 
genetic constraints, however there could be further genetic structuring or bottlenecks as habitat 
retracts northward or upward in elevation diminishing the frequency of gene flow between 
populations in the DPS and Canada.  For example, increasingly ice-free conditions in the St. 
Lawrence Seaway will further reduce or eliminate gene flow between lynx populations in the 
Maine unit with core populations in northern Canada.  There are differences in behavior, 
ecological settings, and perhaps genetic adaptations that are currently expressed throughout the 
DPS and could be important adaptive capacity for the future persistence of lynx in a changing 
climate. To date we have not detected meaningful loss of ecological breadth in the DPS at the 
southern margin of the species' range where change is rapidly occurring. 
 
Overall conclusion:  We conclude that the functional extirpation of resident lynx populations 
from one or more geographic units by mid-century and two or three (of five) units by the end of 
the century would demonstrate a loss of resiliency, reduced redundancy, and, possibly, reduced 
representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
 



From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: Lynx SSA
Date: Wednesday, February 22, 2017 12:44:31 PM

Hi Jim - Thanks, Ok.  Yes - I'll be coming to the meeting in Denver!

On Tue, Feb 21, 2017 at 12:25 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Whatever you think she needs to know about the big picture and especially locally what you & experts think is up
with lynx there. She already knows the listing/CH history.  Let her know we still haven't received comments from
State of MN (now 10 days overdue).

On the Canada stuff, I think it would be helpful at the decision meeting to be prepared to discuss differences, if
any, between lynx status, mgmt., and harvest in DPS-adjacent provinces now versus time of listing. Do you know
yet if you will be in Denver for the meeting?

Just learned that 2 of 5 peer reviewers have submitted conmments to our contractors - should see those later
today.  Other 3 peer reviewers are asking to submit theris by Mar. 3, which will make it tough to summarize and
discuss their comments on Mar. 3 at the decision meeting....

Hope all is well.

On Tue, Feb 21, 2017 at 11:07 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim - I'll be briefing Lori on Thursday... is there anything specific that you would like
me to bring up?  Thanks!

On Tue, Feb 21, 2017 at 10:46 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
In lieu of a Core Team call today, I request that Core Team members continue to review substantive
comments we've received so far that pertain to or reference their geographic units or major sections of the
draft report for which they we responsible.

Thus far, we have only received substantive info/comments from a few of our State agency partners; please
see assignments below.

Colorado - Kurt, Jim and Mark need to review these as they have general comments (Jim), plus some
specific to Unit 6 (Kurt), but also quite a few comments on the climate change and veg. mgmt. sections of
Ch. 3 (Mark).

Washington - Jim and Bryon

Montana - Jim and whole team (manner in which we present EE results), and Mark in particular (climate
change section of Ch. 3).

Maine - Mostly Jim and Mark.

We are still awaiting comments from Minnesota and Idaho.

In addition to being prepared to summarize comments /issues on your unit or sections you wrote and outline
responses to them, we will also have some deiscussions at the decision meeting regarding the DPS and how
it meets criteria under our current policy. Because the lynx DPS was designated based on differences in
cross-border management and status, I would like us (Core Team) to be prepared to discuss current lynx
status and management in adjacent Canadian Provinces.

Please try to track down current info and be prepared to summarize at decision meeting  as follows:
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Mark - current status and mgmt. in New Brunswick and Quebec;

Tam - same for Ontario and Manitoba;

Jim - Saskatchewan and Alberta;

Bryon - B.C.

Kurt - you get off the hook on this one!

We have our monthly State/Fed. partners update/coordination call tomorrow at 1 PM.  I will send out a
reminder for that one later today.

Thanks.

  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell



From: Catton, Susan J -FS
To: Tamara_Smith@fws.gov
Subject: RE: lynx baiting in Grand Marais
Date: Wednesday, February 22, 2017 12:48:50 PM
Attachments: image002.png

image003.png
image004.png
image005.png

Hi Tam,
I would say yes.  I’m also checking with our FS law enforcement.  If baits and cameras are on
FS lands this could be an outfitter guide and law enforcement issue for us as well.
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Wednesday, February 22, 2017 12:46 PM
To: Catton, Susan J -FS <scatton@fs.fed.us>
Subject: Re: lynx baiting in Grand Marais
 
Hi Susan - Hmmm... Do you think this is another one we should let our law enforcement folks
know about?
 
On Wed, Feb 22, 2017 at 12:42 PM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:

Hi Tam,
Please see the link below.   Provides information about an ecotourism trip to Grand Marais
to view Canada Lynx at bait stations
 
http://www.wisebirding.co.uk/minnesota-canadian-lynx-and-owls-2017
 

Susan Catton 
Forest Wildlife Biologist/Program Manager
Forest Service
Superior National Forest
p: 218-626-4304 
f: 218-626-4398 
scatton@fs.fed.us
8901 Grand Ave. Pl.
Duluth, MN 55808
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the

mailto:scatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:scatton@fs.fed.us
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intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)
 
612-600-1599 Cell



From: Smith, Tamara
To: Nordstrom, Lori
Cc: Peter Fasbender; Laura Ragan; Shull, Alisa; Barbara Hosler
Subject: Re: informal briefing for Lynx SSA
Date: Thursday, February 23, 2017 12:09:08 PM
Attachments: Lynx SSA briefing 23Feb2017.docx

Hi All -  I have attached a briefing paper for today's call. Laura has agreed to print a few
copies to hand out. I'll be calling in but I believe Pete will be driving over to the RO.

Please use the following call-in information. 
1-877-627-8215
3932803#

Thanks
Tam

On Tue, Feb 14, 2017 at 1:04 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Lori - Great! I added Jennifer to the calendar invite. Thanks!

On Tue, Feb 14, 2017 at 12:52 PM, Nordstrom, Lori <lori_nordstrom@fws.gov> wrote:
Excellent, is Jennifer also going to be included?  Check in with her, maybe she and I just
need to have a separate conversation.

I've been reading the lynx SSA and it's giving me "deja vu all over again" after spending
so much of my career on these same lynx listing issues! 

Thanks
Lori

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN 55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Tue, Feb 14, 2017 at 12:37 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Lori - 

I'd like to schedule a time for us to talk about the lynx SSA prior to the decision maker
meeting scheduled for March 2nd - 3rd.  I will look at our calendars and send calendar
invitations.  

Thanks!
Tam

-- 
Tamara Smith
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U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell
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Date: February 23, 2017 
Briefing for ARD for Endangered Species 
Prepared by: Tamara Smith, Fish and Wildlife Biologist, Minnesota/Wisconsin Field Office 
Subject: pre- briefing for the March 2nd DM meeting for Canada lynx SSA – Great Lakes Region 

 
• Information in the SSA will be used by FWS decision makers to inform: 

o Recovery planning direction and classification decisions  
• Through the SSA process we have: 

o Compiled and summarized the best available scientific and commercial data 
o Assessed the historical distribution, current status of, threats to, and future viability of 

resident lynx populations in the DPS  
o Evaluated the current and likely future conditions for the DPS in terms of the “3 Rs” 

• October 2015 – expert workshop to address current and likely future status of lynx populations in 
the DPS, concluded: 

o Representation (ability to adapt over long-term environmental changes) 
• Few threats to the genetic fitness or adaptive capacity of lynx in the DPS 
• High gene flow; no major barriers to dispersal 
• Adaptability and evolutionary capacity of the DPS does not appear to have been 

diminished and is unlikely to become so, independent of threats that may impact the 
redundancy and persistence of lynx populations 

o Redundancy  (ability to withstand catastrophic events) 
• No catastrophic event that could result in the functional extirpation of the entire DPS 
• No or a very low likelihood of functional extirpation of any of the individual geographic 

units due to a single catastrophic event 
o Resiliency (ability to withstand stochasticity) 

• Predicted decreasing persistence of lynx in each geographic unit (e.g., Fig. 1) 
• All 5 occupied units have >70% expectation of supporting resident lynx populations by 

year 2050; Declining likelihood and greater uncertainty by 2100  
• Overarching threat to long-term persistence of DPS is climate change due to loss of 

snow conditions favorable for lynx and subsequent (lagged) loss of boreal forest 
habitats. Timing and magnitude of such losses are uncertain. 
 

• Is the DPS Discrete? (Great Lakes Region Perspective) 
o Int’l Regulatory mechanisms - Yes - Differences in regulatory mechanisms (legal harvest) in 

DPS-adjacent provinces (for MN -Ontario, Manitoba) 
o Int’l Conservation status –Yes - Last COSEWIC Assessment: May 2001; Last COSEWIC 

Designation: Not at Risk; SARA Status: No Schedule, No Status 
o Int’l Management of Habitat differences - Maybe? – need to look into this 

• DPS Significance? (Great Lakes Region Perspective) 
o Persistence in a unique or unusual ecological setting – Perhaps? Unique in that the MN unit 

is part of the southernmost portion of the range and in fragmented habitats. In these areas, 
lynx may respond with more flexible habitat selection patterns, enabling them to move 
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among variable environments to enhance their fitness. This flexibility could increase lynx 
persistence in landscapes experiencing anthropogenic change (e.g., high fragmentation 
areas). 

o Loss would result in a significant gap in the range - Perhaps? There is documented 
movement between MN and Ontario (ON), but uncertainty on how much that contributes to 
lynx persistence in MN (or ON). Lynx do leave MN without retuning. Males generally go 
north and return but females tend to stay. About 1/3 of lynx radiocollared in MN were 
located in ON at least once. The movement to the north (and return) is documented, and it 
is likely that in the past, but especially in the recent years (since 1980's) periodic 
supplementation of lynx in MN with lynx from ON is occurring and is important for 
maintaining the MN population over the long-term. If movement back and forth was 
prevented, stochastic processes would likely result in disappearance of lynx from MN. 

o Only surviving natural occurrence of a taxon that may be more abundant elsewhere as an 
introduced population outside its historical range  - No 

o Differs markedly from other populations of the species in its genetic characteristics – No 
 

• Minnesota Unit (Unit 2) – current conditions (summary on pg. 100) (Table 1) 
• Evidence of lynx persistence (not known at time of listing) 
• Approximately 50-200 resident lynx –monitoring not designed to get population estimates 
• Federal Regulations  

o Superior NF – implementing revised Forest Plan w/ lynx specific conservation measures  
o No formal effectiveness monitoring; but S7 consultations result in 

avoidance/minimization measures on FS lands; reduced adverse effects to lynx  
• State regulations 

o MN - lynx were recently classified as a Species of Special Concern  
o Incidental trapping does occur; MN has modified trapping regulations within Lynx Mgmt 

Zones to minimize incidental trapping  
o MNDNR regulates timber and management on state and private lands 
o MN Forest Resource Council has developed voluntary guidelines with some general 

wildlife recommendations (not lynx specific) 
• Tribal regulations (Grand Portage and Bois Forte) 

o Integrated management plan for priority wildlife management for timber sales  
• Factors Affecting Current Conditions: 

o Documented hybridization with bobcat; competition with bobcat 
o Since 2000, 45 lynx mortalities documented (incidental trapping, vehicle collisions, 

illegal shooting). Four died from legal trapping in Ontario.  
o Minerals exploration – displacement and/or habitat loss  
o Connectivity to Ontario (ON) –Documented travel to/from ON, where trapping is legal 
o Forest management  
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• Minnesota Unit - Future Conditions 
• Factors Affecting the future conditions 

o Climate change – loss/retraction of boreal forest; diminished snow conditions 
o No ability for upward movement – no elevational refugia 
o Competition and hybridization with bobcat 
o Connectivity to Ontario & habitat/trapping conditions there 
o Minerals development – displacement and/or habitat loss  
o Increased disease, insect outbreaks, fire, etc. 

• Experts projected the mean probability persistence to the year 2025 was greater than 90 
percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and would decline to 
approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Figure 1, Table 2). 

• Core team members concluded that climate-mediated conversion of boreal to temperate forest 
and loss of favorable snow conditions could result in a slightly lower probability of persistence 
than the median most likely estimate of experts, including the possibility that resident lynx could 
be extirpated from this unit by the end of the century (p. 163) 

• Peer review – with high scenario climate change, lynx habitat in MN would disappear 
 

• Issues from the States & Peer Reviewers 
• State Comments:  

o Minnesota - Still have not received comments from the State of MN – overdue 
o Michigan – reviewed it and have no comments 
o Wisconsin – brief comment agreeing that lynx are not resident in WI 

• Peer Review Comments – see highlighted sections (from Moen).  
• Other issues   

o Chippewa (MN) and Chequamegon-Nicolet National Forests (WI) continue to consult on 
lynx - mgmt. plans include lynx specific conservation measures 

o HCP for lynx trapping in MN - not completed 
 

• Background info: Lynx needs: Large boreal forests that support hare; minimum hare density of 
0.5/ha; favorable continuous snow >4 mo.   

 

Table 1: Minnesota Unit size and percent ownership  

Size USFS  NPS 
 

BLM Private State Tribal  

21,101 km2 44.9% 2.5% 0.01% 15.5% 36.2% 1.0% 
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Figure 1. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

 

Table 2. Future (2050 to 2100) resiliency of the Minnesota unit of the Canada lynx DPS (from expert 
workshop). 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 2 
Minnesota 

2050 median 80% 
(range 35 to 

100%) 

  

2100 median 35% 
(range 0 to 100%) 

● Smaller population could be susceptible 
to stochastic effects 

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

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

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

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

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

● Extent and pace of deteriorating snow 
conditions  

● Response of bobcat and fisher to 
changing snow regime 

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

 



From: Ron Moen
To: Smith, Tamara
Subject: Re: clarification on lynx SSA comment
Date: Thursday, February 23, 2017 3:24:01 PM
Attachments: Attachment information..txt

Galatowitsch_2009_Climate_Change_Adaption_Strategies_Conservation.pdf

Hi Tam --

   The relevant figure is on page 2016 of Galatowitsch et al. There is also some text indicating boreal
forest biome gone. Their timeframe is 2060 - 2069, although I can certainly see it going a little more than
that, perhaps starting at 2050 but that wouldn't have a literature citation.

    Good job on the overall document--Much easier for us to look for potential holes than for you (FWS) to
put it all together. 

Ron

From:   "Smith, Tamara" <tamara_smith@fws.gov>
Date sent:                  Thu, 23 Feb 2017 15:08:20 -0600
Subject:                     clarification on lynx SSA comment
To:                            Ron Moen <rmoen@d.umn.edu>

> Hi Ron -
>
> I have a quick clarification question on one of your peer review
> comments for the lynx SSA.
>
> What time frame were you thinking regarding the comment below?
>
> Disappearance of suitable habitat with climate change. I am not sure
> that I agree with this statement. With climate change, and with a high
> scenario, I do believe that lynx habitat in MN would disappear (see
> Galatowitsch et al. 2009). Text is on 160-1++
>
> Thanks!
> Tam
> --
> Tamara Smith
> U.S. Fish and Wildlife Service
> Twin Cities Field Office
> 4101 American Boulevard East
> Bloomington, MN 55425
> 952-252-0092, Ext. 219  (new number)
> 952-646-2873  (new fax number)
>
> 612-600-1599 Cell
>

--
Ron Moen   218-788-2610 or 218-726-7774                                                             
Natural Resources Research Institute
Biology Department, Swenson College of Science and Engineering
University of Minnesota Duluth

mailto:rmoen@d.umn.edu
mailto:tamara_smith@fws.gov
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Scenario planning should be an effective tool for developing responses to climate change but will depend
on ecological assessments of broad enough scope to support decision-making. Using climate projections
from an ensemble of 16 models, we conducted an assessment of a midcontinental area of North America
(Minnesota) based on a resistance, resilience, and facilitation framework. We assessed likely impacts and
proposed options for eight landscape regions within the planning area. Climate change projections sug-
gest that by 2069, average annual temperatures will increase 3 �C with a slight increase in precipitation
(6%). Analogous climate locales currently prevail 400–500 km SSW. Although the effects of climate
change may be resisted through intensive management of invasive species, herbivores, and disturbance
regimes, conservation practices need to shift to facilitation and resilience. Key resilience actions include
providing buffers for small reserves, expanding reserves that lack adequate environmental heterogeneity,
prioritizing protection of likely climate refuges, and managing forests for multi-species and multi-aged
stands. Modifying restoration practices to rely on seeding (not plants), enlarge seed zones, and include
common species from nearby southerly or drier locales is a logical low-risk facilitation strategy. Monitor-
ing ‘‘trailing edge” populations of rare species should be a high conservation priority to support decision-
making related to assisted colonization. Ecological assessments that consider resistance, resilience, and
facilitation actions during scenario planning is a productive first step towards effective climate change
planning for biodiversity with broad applicability to many regions of the world.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Climate change resulting from CO2 emissions will continue over
the next century regardless of the scope and magnitude of mitiga-
tion efforts (IPCC, 2007). The rapid rate of climate change, coupled
with other anthropogenic stresses, will deplete species diversity in
some regions if habitats become unsuitable and migration is insuf-
ficient. Although climate change predictions are derived from glo-
bal models, strategies to minimize effects on biodiversity need to
be formulated at local and regional scales to account for land-use
differences, extent of natural ecosystems, and ecology of the indig-
enous flora and fauna. The adjustments humans make in response
to climate change, or that natural systems make unassisted, has
been called adaptation by IPCC (2001). Scenario planning will
likely be a crucial tool for developing these climate adaptation
strategies, given the high uncertainty of ecological responses to
ll rights reserved.

: +1 612 624 4941.
itsch), freli001@umn.edu (L.
anticipated changes and the complexity of addressing multiple
stressors (Peterson et al., 2003; Brooke, 2008). Scenarios are pro-
jections of plausible alternative futures for a specific purpose,
developed deliberatively and based on a shared understanding of
system dynamics and how actions may alter the future trajectory
of ecosystems. The foundation for scenario planning is an assess-
ment that identifies key drivers of system dynamics, uncertainties
with potential to have large impacts, and external changes most
likely to influence the system in the future (Peterson et al.,
2003). The challenge of converting highly context- or case- specific
research results into assessments has hindered the incorporation
of ecological information into climate change adaptation conserva-
tion planning (Brooke, 2008).

Climate change adaptation conservation planning, using a vari-
ety of conservation tools, is underway for some countries (e.g., UK,
South Africa, Australia), groups of countries (i.e., Small Island
Developing States (SIDS), European Union (EU)), and states/prov-
inces within countries (e.g., Queensland, Australia; Alaska and Flor-
ida, USA) (IPCC, 2002; Hannah et al., 2005; Ferris, 2006; Von
Maltitz et al., 2006; Pew Center on Global Climate Change, 2007;
QCCCE, 2008). Some of these efforts have identified key ecosystems
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mailto:phil0308@umn.edu
http://www.sciencedirect.com/science/journal/00063207
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or species likely to be most threatened by climate change and com-
pare adaptation options, but most are more general; scoping im-
pacts, identifying major barriers to action, and discussing key
issues needed for decision-making. Even when highly vulnerable
species and ecosystems have been identified, conservationists have
been reluctant to commit to specific adaptation plans (Heller and
Zavaleta, 2009). This reluctance often stems from a lack of climate
change predictions for specific regions, uncertainty about how spe-
cies will actually respond, and limited evidence that the proposed
actions will have the desired effects. When these uncertainties are
informally weighed against the risk of actions being counterpro-
ductive and the costs of implementation, plans stall (McLachlan
et al., 2007). This inaction or ‘‘paralysis by analysis” is not new to
conservation biology and is one of the primary reasons scenario
planning has been used to approach other problems with high
uncertainty and complexity (Peterson et al., 2003). Scenario plan-
ning has the advantage of explicitly incorporating different
assumptions about specific policies and actions when envisioning
alternative futures (Nassauer and Corry, 2004). Ecological assess-
ments need to be developed that can effectively serve as a basis
for scenario planning.

For over 20 years, challenges to sustaining species and ecosys-
tem diversity in remnant natural areas generated key conserva-
tion planning principles that are relevant to the new challenge
we face with climate change. As with traditional conservation
planning, a ‘‘coarse-filter approach” of prioritizing reserve selec-
tion of communities and ecosystems will provide more efficiency
than attempting to build scenarios for every vulnerable species
(Hunter et al., 1988). Connecting these reserves with corridor
systems, stepping stone reserves, and buffer zones will be crucial
to allow species’ ranges to adjust to new climatic conditions
(Halpin, 1997). However, as predictions of warming have become
increasingly dire, there is recognition that these planning frame-
works need to be supplemented to facilitate regional planning
under a greater array of environmental and socio-economic situ-
ations (Halpin, 1997; Heller and Zavaleta, 2009). Millar et al.
(2007) identified three kinds of adaptation actions for forest eco-
systems: defensive actions intended to resist the influence of cli-
mate change; practices aimed at promoting resilient ecosystem
responses to climate change; and active involvement in facilitat-
ing change to ecosystems or particular species. Distinguishing
between resistance, resilience and facilitation options during
ecological assessments and scenario planning is important for
two reasons. First, conservation actions reflect assumptions
about species and ecosystem responses to climate change and
so recognizing these options can help ecologists comprehensively
assemble the information needed for assessments. Second, devel-
oping scenarios that variably depend on resistance, resilience
and facilitation actions allow regional conservation planning
teams to compare the feasibility, risks, and potential outcomes
without needing to reach consensus on aspects of climate
change that are too uncertain to resolve. The resistance/resil-
ience/facilitation framework is potentially applicable to many
kinds of ecosystems and regional landscape contexts, although
this has not yet been applied to systems other than forests.

We used the state of Minnesota (USA) as a case study for regio-
nal climate change adaptation ecological assessments using the
resistance/resilience/facilitation framework. At the convergence
of three major biomes—boreal forest, hardwood forest, and Great
Plains grasslands—Minnesota is a good test case for this framework
and for regional adaptation planning in general. In addition,
approximately 50% of Minnesota’s landscape has been converted
for agriculture, industry and urbanization, but the state has an
extensive protected areas network (Fig. 1), ranging from the
400,000 ha Boundary Waters Canoe Wilderness Area to small
(<10 ha) remnant grasslands and wetlands surrounded by agricul-
ture. Specifically, our objectives were to: (1) develop climate pro-
jections for different regions of the state, (2) assess likely impacts
to wetland, forest and prairie ecosystems, and (3) propose a range
of key adaptation strategies for each region based on the resis-
tance/resilience/facilitation framework. How Minnesota’s conser-
vation practices need to change so its protected areas network
continues to support the state’s biodiversity should provide in-
sights for many other midcontinental locales. As importantly, we
report this ecological assessment as an example of information
assembly that would ideally be part of scenario planning for cli-
mate change adaptation.

2. Regional projected climate change

To initiate the ecological assessment for Minnesota, we created
climate change projection maps using the LLNL-Reclamation-SCU
downscaled climate projections derived from the World Climate
Research Programme’s (WCRP’s) Coupled Model Intercomparison
Project phase 3 (CMIP3) multi-model dataset, stored and served
at the LLNL Green Data Oasis (LLNL et al., 2008). These simulations
use general circulation models (GCMs) produced for the Intergov-
ernmental Panel on Climate Change (IPCC) Fourth Assessment Re-
port (AR4), scaled to a finer resolution (i.e., ‘‘downscaled”) using
bias-correction to eliminate discrepancies between the GCM and
historical observations, and spatial interpolations to merge
course-resolution (2� grid squares, or approximately 200 km by
200 km) GCM values with observed spatial patterns at a 1/8� grid
square resolution (approximately 12 by 12 km).

Using averaged results from a single run of all 16 models in the
CMIP3 archive, we produced projections of changes in annual and
summer temperature and precipitation for two time periods,
2030–2039, and 2060–2069, relative to a baseline period (1970–
1999) (data from Maurer et al., 2002; cited in LLNL et al., 2008),
for the A2 (upper mid-range) emissions scenario (IPCC, 2001).
Model ensemble averages are viewed with greater confidence than
individual climate models, because they neutralize extreme results
for given regions, and illustrate agreed-upon trends.

Climate change projections were evaluated for eight landscape
regions in Minnesota (Fig. 2). These regions were based on Min-
nesota’s Ecological Classification System (MN DNR, 2003), Forest
Resources Council Regional Landscape Classification (MFRC,
2008), and Wetland Ecological Units (MN DNR, 1997) so that they
reflect major differences in landform and natural vegetation and
generally follow political boundaries. For each region, the mini-
mum and maximum average annual temperature and precipita-
tion was determined for the recent past, 2030–2039, and 2060–
2069. To estimate current analogs for future conditions, the four
coordinate pairs for each region and time were located on maps
showing isopleth lines for the US 1961–1990 average annual tem-
perature and precipitation (Owenby et al., 1992). Average sum-
mer (June–August) temperature and precipitation were also
calculated for each region and time. However, climate maps for
summer averages were not available, so we plotted potential ana-
log locations using maps for July averages (High Plains Regional
Climate Center, 2008).

Changes in average annual temperature and precipitation by
2069 suggest a shift in regional climates equivalent to current con-
ditions approximately 400–500 km SSW (Fig. 3). Average annual
and summer temperatures are projected to increase 3 �C (Tables
1 and 2). Average annual precipitation is predicted to increase
slightly (4.8–7.8%) over this interval, although average summer
precipitation is expected to decrease slightly, up to 4%. These
trends are consistent with other published projections, which sug-
gest that analogs are likely to exist for Minnesota’s future climates
(Williams et al., 2007) in more southerly midwestern US states
(Kling et al., 2003).



Fig. 1. Protected areas are categorized based on their habitat quality and level of protection. ‘‘High quality – high protection”: Science and Natural Areas, Nature Conservancy
preserves, Designated Old Growth Forest, Prairie Bank lands, the BWCA Wilderness and Voyageurs National Park. ‘‘High quality – variable protection”: areas designated as
moderate – outstanding quality by the Minnesota County Biological Survey. ‘‘Variable quality – high protection”: State Parks, Wildlife Management Areas, Waterfowl
Production Areas, and National Wildlife Refuges. The boundaries of the eight landscape regions are delineated (see Fig. 3 for names and Table 3 for land cover descriptions).
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3. Anticipated responses of Minnesota ecosystems to climate
change

The likely response to climate change in Minnesota will vary
greatly among landscape regions since each differs in the type
and extent of remnant ecosystems, land use in the matrix around
protected areas, and prevailing environmental conditions (Fig. 1,
Table 3). Two of the landscape regions (Agassiz Lake Plain and
Southwest Prairie) lie along the eastern edge of Great Plains grass-
lands. Both regions have been extensively transformed by drainage
and cultivation, resulting in losses of prairies and wetlands of >90%.
The Boreal peatlands region on the Canadian border is a poorly
drained landscape of bogs, tamarack swamps, and fens. Less than
10% of the landscape in this region has been converted for human
use (MN DNR, 1997). The remaining five regions are forested land-
scapes. The Hardwood Hills region spans the prairie-forest border,
with remnant oak woodlands and hardwood forests within a ma-
trix of agricultural and urban lands. The Mississippi Blufflands re-
gion is a rugged landscape of primarily hardwood forests on high-
relief hillsides. Three landscape regions (Western Superior Up-
lands, Northern Superior Uplands, and Central Lakes) once had
extensive coniferous forests that have been replaced by aspen
and birch following logging (Friedman and Reich, 2005). After cre-
ating the climate projections for Minnesota’s landscape regions, we
applied relevant literature and local expert knowledge of land-use
patterns, vegetation types, soils and hydrology to determine the
likely ecosystem responses to climate change within Minnesota’s
major biomes.

3.1. Wetlands

The effects of climate change on hydrology will determine how
wetland ecosystems respond in Minnesota and elsewhere. All but
one of Minnesota’s landscape regions (Mississippi Blufflands) are
predominantly glaciated terrain where interactions between atmo-
spheric moisture and groundwater govern wetland hydrology
(Winter, 2000). For these wetlands, a positive water balance is
maintained when precipitation and groundwater additions exceed



Fig. 2. Projected changes in average annual temperature (C) and precipitation (mm/day) from recent conditions (1970–1999) to 2030–2039 and 2060–2069 based on an
ensemble of 16 models under the A2 emissions scenario. Isolines in the projection maps indicate the degree of change relative to the baseline period; color gradient indicates
the relative difference in temperature/precipitation across Minnesota within the given decade.
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evapotranspiration (ET) losses. Johnson et al. (2005) estimated that
a 20% increase in precipitation is needed to compensate for a 3 �C
rise in temperature to maintain water balance in wetlands in the
eastern Great Plains, including the Southwest Prairie region of
Minnesota. Projections from the ensemble model suggest that
while Minnesota will experience a 3 �C rise in temperature state-
wide by 2069, increases in moisture may be only one-third of what
is needed to offset ET. Glacial till deposits have low hydraulic con-
ductivity in most landscape regions; consequently, in all but local-
ized areas, wetland ecosystems of Minnesota will likely have
shorter hydroperiods.

Decreases in water supply to Minnesota wetlands will likely
cause significant shifts in plant communities either as direct re-
sponses to water level changes or indirectly through altered soil
and water chemistry, decomposition, and disturbance regimes.
The decreased hydroperiod expected under a warmer climate will
favor several invasive species, especially reed canary grass (Phalaris
arundinacea) (Galatowitsch et al., 1999). The rate of colonization
and spread of reed canary grass greatly exceeds that of native
graminoids and forbs in newly created habitats, such as in draw-
downs, after fire and in restorations. Of critical conservation con-
cern is the anticipated impacts to calcareous fens which are
sustained by mineral-rich groundwater discharge and support a
relatively large proportion of rare plant species. There are approx-
imately 100 fens in the state, 20% of the total known for North
America (MN DNR, 1997). Lower hydraulic head in the groundwa-
ter recharge will reduce flow to fens, favoring non-calciphitic veg-
etation (Siegel, 2006). Across western Minnesota, freshwater
marshes and meadows may become brackish to alkaline as poten-
tial ET increases. Currently, potential ET exceeds average annual
precipitation in the Agassiz Lake Plain and Southwest Prairie, with
brackish wetlands occurring along their western edge. By 2069, ET
will exceed precipitation across the state; the conditions in these
landscape regions will be more similar to the Rainwater Basin of
Nebraska and northern Kansas.
Boreal peatlands, which occupy more than 2,400,000 ha of
northern Minnesota and dominate an entire landscape region,
may experience the most radical changes of the state’s wetland
ecosystems. With decreasing water levels and warmer tempera-
tures, shrub growth is expected to increase at the expense of
graminoids in ombrotrophic bogs (Weltzin et al., 2000). Lower
water tables would also favor the spread of peat fires (Woodwell
et al., 1995), likely changing the bog surface and vegetation compo-
sition. If the climate of this landscape region becomes similar to
Sioux Falls, South Dakota by 2069, the response of peat deposits
and vegetation is unclear.

3.2. Forests

Climate effects for Minnesota forests will include warmer
summers with more frequent and longer droughts. Because Min-
nesota is situated on the prairie-forest border, summer precipita-
tion is already marginal for forests on some soils. Many
contemporary forests are projected to become savannas (Heinsel-
man, 1996), with forests restricted to cooler, wetter refuges, such
as silty soils, lowlands, and north slopes. The boreal biome will
likely be lost from Minnesota, while cold-temperate deciduous
forests may persist only on north slopes in northern Minnesota.
Black spruce (Picea mariana), white spruce (Picea glauca), balsam
fir (Abies balsamea), tamarack (Larix laricina), and paper birch
(Betula papyrifera) are likely to exit the state under high emis-
sions scenarios (i.e., A1F1) (Prasad et al., 2008). Boreal red pine
(Pinus resinosa) and jack pine (Pinus banksiana) will also likely
be lost, but the species may persist in a mixture with oaks (Quer-
cus macrocarpa, Quercus alba, Quercus rubra) and red maple (Acer
rubrum) on nutrient poor sites.

Large-scale mortality due to a combination of drought stress,
blowdown, fire, and insect damage is likely, and has led to rapid
and widespread forest change in the past (Camill and Clark,
2000; Foster et al., 2006). Severe thunderstorms, the predominant



Fig. 3. Analog climate envelopes for each Minnesota landscape region based on projections for 2060–2069 shown on a base map of mean annual precipitation and
temperature (1961–1990) (National Climate Data Center – Owenby et al., 1992).

Table 1a
Projected minimum and maximum average annual temperature (�C) for landscape
regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069, based on
ensemble modeling (see text for details).

Landscape region Average annual temperature (�C)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 3.0 6.5 4.7 8.1 6.2 9.7
Boreal Peatlands 3.0 4.5 4.7 6.2 6.2 7.7
Central Lakes 4.0 5.0 5.7 6.7 7.2 8.2
Hardwood Hills 4.5 7.4 6.2 9.0 7.7 10.7
Mississippi Blufflands 6.5 7.5 8.1 9.1 9.8 10.8
Northern Superior Uplands 2.0 4.5 3.7 6.2 5.2 7.7
Southwest Prairie 6.0 7.5 7.7 9.1 9.2 10.8
Western Superior Uplands 4.3 6.5 6.0 8.1 7.5 9.7
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cause of forest damage in Minnesota, are expected to increase
(Trapp et al., 2007). Blowdowns and warmer, drier weather will
lead to more severe fires quickly transforming forests to other for-
est types or potentially savanna. Tree mortality may increase from
insect outbreaks; severe winter cold spells will be less frequent,
favoring the establishment and spread of a greater array of insects.
For example, the eastern larch beetle (Dendroctonus simplex) has
caused extensive mortality in recent years—higher population
sizes likely the result of lower winter mortality. Likewise, warmer
winters could allow mountain pine beetle (Dendroctonus pondero-
sae) to establish in Minnesota (Logan, 2007). Exotic, invasive insect
pests, plants, and earthworms that hinder establishment and
growth of native tree seedlings are expected to spread faster in a
warmer climate (Logan et al., 2003; Bohlen et al., 2004). Rising
white-tailed deer (Odocoileus virginianus) populations in northern
Minnesota will also impact regeneration of several dominant tree
species (e.g., Thuja occidentalis, Pinus strobus, Betula alleghaniensis,
Q. rubra) (Côté et al., 2004).

Tree species capable of growing in climates analogous to those
projected for Minnesota include elms (Ulmus americana, Ulmus
thomasii, Ulmus rubra), hackberry (Celtis occidentalis), American
basswood (Tilia americana), bur oak ( Q. macrocarpa) and white
oak (Q. alba). Because of ecotypic differentiation across tree ranges,
how local populations of these species will adapt is unclear (Davis



Table 1b
Predicted minimum and maximum average annual precipitation (mm/day) for landscape regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069, based on ensemble
modeling (see text for details).

Landscape region Average annual precipitation (mm/day)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 1.4 1.7 1.4 1.7 1.5 1.8
Boreal Peatlands 1.6 1.9 1.6 1.9 1.7 2.0
Central Lakes 1.6 2.0 1.7 2.1 1.7 2.1
Hardwood Hills 1.6 2.3 1.7 2.4 1.7 2.4
Mississippi Blufflands 2.1 2.4 2.2 2.5 2.2 2.5
Northern Superior Uplands 1.8 2.1 1.9 2.2 1.9 2.2
Southwest Prairie 1.6 2.1 1.7 2.2 1.7 2.2
Western Superior Uplands 1.9 2.2 2.0 2.3 2.0 2.3

Table 2a
Predicted minimum and maximum average summer (June–August) temperatures (�C)
for landscape regions in Minnesota, for 1950–1999, 2030–2039, and 2060–2069,
based on ensemble modeling (see text for details).

Landscape region Average summer temperature (�C)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 18.5 21.5 20.2 23.2 21.8 25.0
Boreal Peatlands 17.5 18.5 19.2 20.1 20.8 21.9
Central Lakes 17.0 19.5 18.7 21.2 20.4 23.0
Hardwood Hills 19.5 21.5 21.2 23.2 23.0 25.0
Mississippi Blufflands 20.0 21.5 21.7 23.2 23.5 25.0
Northern Superior Uplands 14.0 17.5 15.6 19.1 17.3 20.9
Southwest Prairie 20.5 21.5 22.2 23.2 24.0 25.1
Western Superior Uplands 20.0 21.5 21.7 23.2 21.0 24.0
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et al., 2005), and migration is unlikely to keep pace with the rate of
climate change. In existing woodlands, fire and drought-intolerant
tree species will likely die and be unable to reproduce, thus leaving
vacant niches for grassland species and fire-resistant woody spe-
cies (e.g. Q. macrocarpa). Sheltered areas with mesic soils may con-
tinue to support woodland ‘‘islands” or savanna vegetation.

3.3. Prairies

Although many of Minnesota’s existing grasslands may persist,
a gradual shift in composition to drier species (e.g. mesic prairie to
dry prairie; dry oak savanna to prairie) will likely occur in response
to higher temperatures and ET. Diverse prairies with high environ-
mental heterogeneity are likely to transition smoothly: existing
mesic species will decline in abundance, as dry-tolerant species in-
crease. While all prairie communities may experience declines in
mesic and wet species, isolated, homogeneous natural areas and
low-diversity mesic-wet mesic prairies may be most susceptible
Table 2b
Predicted minimum and maximum average summer (June–August) precipitation (mm/da
based on ensemble modeling (see text for details).

Landscape region Average summer precipitation (mm/day)

1970–1999

Min Max

Agassiz Lake Plain 2.4 3.0
Boreal Peatlands 2.9 3.1
Central Lakes 3.0 3.5
Hardwood Hills 2.9 3.6
Mississippi Blufflands 3.5 3.7
Northern Superior Uplands 3.0 3.3
Southwest Prairie 2.7 3.6
Western Superior Uplands 3.3 3.6
to biodiversity losses, opening niches for invasion of exotic species.
Wet prairies are likely to experience significant drying. Losses of
this distinctive vegetation type may be particularly pronounced
in the Southwest Prairie region, where the protected natural areas
tend to be very small, fairly homogeneous, and very isolated within
the agricultural landscape matrix. Rare wet-prairie species, such as
the federally threatened western prairie fringed orchid (Platanthera
praeclara), are especially vulnerable to extinction, as the last rem-
nants of their habitat are lost.

Losses of today’s prairies could potentially be offset, because
grasslands have the greatest potential for expansion in Minnesota
with oncoming climate change. Many wetlands and wetland
perimeters will become suitable for upland prairie species, and
the prairie-forest border will likely shift northward as anticipated
decreased soil moisture and increased fire frequency favors grass-
land vegetation over woodland vegetation (Davis et al., 1998). The
ability of prairie vegetation to expand into drying wetlands and
receding forests will depend on whether a sufficient number of
appropriate seeds can disperse into and effectively colonize these
niches as they are vacated. Thus, protected natural areas that con-
tain both woodland and prairie in close proximity are more likely
to make this transition with minimal facilitation.

Unfortunately, the highly fragmented nature of Minnesota’s
protected areas, as well as the abundance of invasive species in
the landscape, will limit the ability of prairie species to colonize
newly-opened niches. Prairie species have limited long-range dis-
persal abilities (Kiviniemi and Eriksson, 1999; Bischoff, 2002;
Soons et al., 2005), making them unlikely to effectively colonize
isolated wetlands located in agricultural fields, urban areas, or
highly degraded sites, or extensive areas of present-day forest
which may fail to regenerate after large disturbances (e.g. wind-
storms, fire and insect outbreaks). Even when connected via corri-
dors, grassland expansion into these vacant niches is unlikely to
keep pace with the rate of forest die-out (van Dorp et al., 1997;
y) for landscape regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069,

2030–2039 2060–2069

Min Max Min Max

2.4 3.0 2.4 2.9
2.9 3.1 2.9 3.1
3.0 3.5 2.9 3.4
3.0 3.7 2.8 3.5
3.6 3.8 3.4 3.5
3.0 3.3 3.0 3.3
2.8 3.7 2.6 3.5
3.4 3.6 3.2 3.5



Table 3
Each landscape region’s primary ecosystems and extent of protected areas is summarized along with the most significant ecosystem impacts predicted to occur as a result of
global climate change, and several key adaptation strategies that may be important for climate change adaptation during the next 50–60 years.

Landscape region Conservation context Most significant ecosystem impacts
anticipated

Key adaptation strategies

Agassiz Lake Plain This region consisted of extensive prairies
with aspen parkland on sandy glacial lake
deposits and on heavy clays of the Red River
Valley. Although there are extensive
protected areas on the lake plain, the river
valley is mostly converted to drained,
agricultural land

Reduced extent of wet prairies and
meadows; shorter hydroperiods in
wetlands; increased brackish and alkaline
conditions in wetlands; reduced
groundwater flow to calcareous fens

Prohibit agricultural drainage
improvements in vicinity of protected
wetlands; Prohibit groundwater
withdrawals in recharge areas of calcareous
fens; Restore agricultural lands to expand
small reserves using facilitation practices

Boreal Peatlands Flat, poorly drained landscape dominated by
peatland vegetation, including bogs, black
spruce and tamarack swamps, and fens.
Protected areas include several large
Scientific and Natural Areas

Lower water table in peatlands; increase in
peat fires; increased shrub growth in bogs;
increased tree mortality from drought,
disease, insects and disturbances

Prohibit drainage improvements in vicinity
of peatlands; Control peat fires

Central Lakes Second-growth commercial forests of aspen,
maple-basswood, and oak, with some jack,
red and white pine on complex glacial
deposits (including numerous lakes). Region
includes large lake plains with extensive
peatlands or bogs, tamarack swamps, and
sedge meadows. Many sizeable protected
areas (state parks, wildlife refuges)

Increase in large-scale tree mortality; loss of
boreal forests; expansion of weedy
grassland species; influx of exotic
submersed aquatics in lakes; lower water
table in peatlands; increase in peat fires

Manage forests to reduce water stress;
Facilitate transition from forests to
grasslands (rather than invasive species) on
shallow and sandy soils; Facilitate
expansion of oaks on loamy soils; Remove
exotic submersed aquatics from lakes

Hardwood Hills Hardwood forests and oak woodlands and
savannas were interspersed with prairies
along this ‘prairie-forest border’ region. This
region includes the Minneapolis-St. Paul
metropolitan area and most of the non-
metropolitan area has been converted to
agriculture. Most of the protected areas are
small wildlife management areas

Increased tree mortality from drought,
pests, disturbances; influx of exotic
submersed aquatics in lakes; shorter
hydroperiods in wetlands; expansion of
weedy grassland species

Manage forests for reduced water stress;
Use fire to reduce dominance by weedy
grassland species; Monitor changes in
community composition to detect species’
declines

Mississippi Blufflands Steep, highly dissected topography once
supported hardwood forests on north slopes
and oak savannas and prairies on hilltops
and south slopes, with riverbottom forests,
oak woodlands and prairies in the valleys.
Today, small prairie remnants and second
growth oak forests are embedded within a
predominantly agricultural landscape. A
large state forest and National Wildlife
Refuge are the most significant protected
areas in this region

Increased tree mortality from drought,
pests, disturbance; reduced groundwater
flow to calcareous fens

Protect potential refugial habitats; manage
forests for reduced water stress; Prohibit
groundwater withdrawals in recharge areas
of calcareous fens

Northern Superior Uplands Red and white pine forests and boreal
forests of jack pine and black spruce, have
mostly been replaced by second-growth
commercial forests with aspen, spruce and
balsam fir mixtures. Glacially scoured
bedrock terrain, often rugged and with
numerous lakes. Protected areas include
BWCA Wilderness, Voyageur’s National
Park, Superior National Forest

Increase in large-scale tree-mortality;
reduced regeneration from increased deer
herbivory; loss of boreal forests

Minimize deer herbivory in white cedar and
pine forests; Protect potential refugial
habitats; Monitor community changes to
detect species’ declines; Facilitate transition
from forests to grasslands (rather than
invasive species) on shallow and sandy soils

Southwestern Prairie Bisected by the Minnesota River valley, this
landscape was once a mosaic of tallgrass
prairie and emergent wetlands. More than
90% is now drained agricultural land. Many
small wildlife management areas comprise
most of the protected areas network in this
region

Increased exotic invasions in small
protected areas; loss of rare wet-prairie
species; reduced extent of wet prairies and
meadows; shorter hydroperiods in
wetlands; brackish and alkaline conditions
increase in wetlands; reduced groundwater
flow to calcareous fens

Restore agricultural lands to expand small
reserves using facilitation practices;
Intensify invasive species removal; Prohibit
agricultural drainage improvements in
vicinity of protected wetlands; Prohibit
groundwater withdrawals in recharge areas
of calcareous fens

Western Superior Uplands Second-growth commercial oak woodlands
and hardwood forests on non-calcareous
glacial tills, ranging from clayey to sandy.
Protected areas with high-quality vegetation
are of minor extent, although several large
state parks and wildlife areas are in this
region

Increased tree mortality from drought,
pests, disturbances; shorter hydroperiods in
wetlands, influx of exotic submersed
aquatics in lake.

Facilitate transition from forests to
grasslands (rather than invasive species) on
shallow and sandy soils; Facilitate
expansion of oaks on loamy soils; Manage
forests for reduced water stress: Prohibit
drainage improvements in vicinity of
protected wetlands; Intensify invasive
species removal
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Soons et al., 2005); the sheer volume of seeds required to vegetate
such a large area makes unassisted transition of boreal forests to
high-quality prairie highly improbable. Instead, weedy species
are more likely to colonize and spread in drying wetlands and dy-
ing forests, because of their superior dispersal and competitive
abilities, and their relatively broad environmental tolerances
(Lockwood et al., 2005). Without management, these ecosystems
will become communities of exotic species—not native prairies.
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4. Adaptation options

To address the most significant impacts anticipated for each
landscape region, we describe adaptation actions intended to resist
climate change, promote resilience to change, or facilitate change
(Table 3). As part of a scenario planning process, regional partici-
pants would build a set of scenarios that link alternative futures
to logical sets of these actions, in a way that is consistent with
the reality of both the ecological and socioeconomics of the region
(Peterson et al., 2003; Brooke, 2008).

4.1. Resistance strategies

As Millar et al. (2007) noted, resisting climate change is akin to
paddling upstream. Resistance actions, i.e., those that oppose
changes associated with a shifting climate, will be most useful
for overcoming small magnitudes of climate change and, under
greater climate change, to save native species for the short
term—perhaps a few decades—until other adaptation options are
found. Strategies might include increasing water supply, reducing
herbivory and invasive species abundance, and fighting insect
and disease outbreaks that can overwhelm native plant communi-
ties under stress. In some cases, disturbance frequency can be
manipulated to help certain plant communities persist as relicts.

Management actions that promote regeneration may increase
persistence of existing plant communities by decades or more.
Reducing the impacts of woody plant herbivory by white-tailed
deer should be considered a key resistance strategy in forested sys-
tems. Deer reduce establishment, growth, and, therefore, seed pro-
duction of many woody and herbaceous species in forests (Ruhren
and Handel, 2003; Côté et al., 2004) and prairies (Spotswood et al.,
2002). Strategically-located deer exclosures and intensive hunting
zones may be critical for certain rare plant species and communi-
ties (for example Canadian yew (Taxus canadensis) and white cedar
forests), thus preserving them until other strategies such as as-
sisted migration can take place.

To maintain the current composition of native communities,
intensive vegetation management will be required as rates of inva-
sion increase with species from southern regions migrating north-
ward in response to warmer climates. Thus, resistance strategies
could logically include broadening our scope of potential ‘‘invad-
ers” and removing incoming migrants as they arrive. For example,
removing encroaching non-calciphytic vegetation in fens will be
required to maintain species composition as groundwater recharge
declines. Species with the capacity for rapid response to climate
change will be perceived as management problems and potentially
possess traits normally considered invasive. Increased surveillance
of already-present diseases, insect pests and exotic plants will also
be required, with increase in efforts towards control or eradication.
Control of exotic submersed aquatic vegetation will likely be an
increasing management concern in lakes; longer ice-free condi-
tions and warmer conditions will increase productivity of extant
species and spread of invasive exotics species from the south
(Grace and Tilly, 1976; Haag, 1983; Anderson et al., 1996; Magnu-
son et al., 1997). Statewide surveillance and management pro-
grams should anticipate that biological inertia will vary among
ecosystems; some, especially forests, could resist invasion by
southern and invasive species for decades or more than a century
(Von Holle et al., 2003), whereas others will have only short lags
in response to climate change.

Management that mitigates drought stress may also be neces-
sary to prolong the lifespan of existing plant communities. For
example, agricultural and urban drainage projects need to be
more-critically evaluated to prevent lowering the water tables of
remaining wetlands, and existing drainage systems may need to
be modified so wetlands and wet prairies have improved water
supply. In terrestrial ecosystems, well-watered vegetation can re-
sist the effects of heat and, most importantly, manufacture second-
ary defensive compounds that help resist insects and disease that
attack plants under stress. Thinned forest stands will be more
resistant to drought because of reduced ecosystem demand for
water, and the remaining trees will face less competition for water
(Millar et al., 2007).

Fire management can be used to help certain plant communi-
ties persist as relicts for a time in a warming climate. For example,
fire control could allow mesic forests of maple and oak to persist in
climates somewhat warmer and drier than those historically occu-
pied. Due to Minnesota’s location on the prairie-forest border, it is
expected that fires will lead to rapid conversion of forests to grass-
land vegetation types in a warming climate. On the other hand, use
of frequent fire could help keep out invasive species in prairies
(Pauly, 1997).

4.2. Resilience strategies

Adaptation options that maintain or restore an ecosystem’s
resilience are widely recommended responses to climate change,
although how to promote gradual change while aiming for post-
disturbance recovery to a prior condition may be difficult to recon-
cile ‘‘on-the-ground” (Dale et al., 2001; Price and Neville, 2003;
Spittlehouse and Stewart, 2003; Millar et al., 2007). Managing eco-
systems so disturbances do not trigger a shift to a stable state of a
few invasive species is clearly critical, given anticipated lags in
adaptation or migration of many plant species. An abrupt shift to
an invasives-dominated state can arise following a disturbance
when a latent seedbank of invasives is present, when stressors fa-
vor establishment of the invaders over indigenous species, or when
the disturbance itself undermines the capacity of the indigenous
community to regenerate. High proportions of the protected areas
network in the western and southern parts of Minnesota are likely
to be especially vulnerable to climate change impacts because they
receive high propagule loads of invasive species or are surrounded
by agricultural land.

The importance of buffers for reserves is not a new idea, but a
response to climate change in fragmented landscape regions needs
to more-highly prioritize systematic planning of buffers for pro-
tected areas based on maximizing resilience. Buffering protected
areas will often necessitate restoration, but the goal may not al-
ways need to be revegetation of high-diversity natural communi-
ties; in some cases buffer protection can focus on reducing
specific impacts. For example, in the vicinity of high-quality wet-
lands, drainage ‘‘improvements” that lower water tables should
be curtailed or reversed to minimize problems associated with cli-
mate-triggered water stress. Ecosystems in relatively intact land-
scapes currently may have sufficient resilience but land and
water use policies should be conservatively implemented in these
regions as well, to avert resilience loss.

In highly converted landscape regions, many reserves may not
have adequate environmental heterogeneity for plant and animal
populations to escape or recover from increasing episodes of
drought and heat expected with climate change. These reserves
should be enlarged so they contain more physiographic diversity.
Statewide, locations that are cooler and wetter, such as north-fac-
ing slopes and depressions, are likely climate refuges. However, we
know relatively little about the degree to which topographical fea-
tures will be able to provide refuges for species because nearly all
climate observations are made on sites with low relief. In aquatic
ecosystems, refuges will often be tied to specific hydrologic set-
tings. For example, floating bogs, which form as shelves extending
into lakes, could potentially serve as refuges because they will be
less affected by water level declines than other kinds of peatlands.
Relict floating Sphagnum bogs (poor fens) are scattered throughout
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southern Minnesota and even into northern Iowa (Grant and
Thorne, 1955).

Vegetation management within reserves will also be crucial for
maintaining resilience. In forests, multi-aged and multi-species
stands will be more resilient to change because there will be with-
in-stand variability in resistance to wind (within and across spe-
cies), and more species will be available to fill niches for those
lost to drought and insect mortality (Rich et al., 2007). Northern
and mesic tree species can be allowed to contract their niche, so
that species adapted to warmer and drier conditions can expand.
Prescribed fire can be used to allow episodes of natural selection
and recruitment among small seedlings as the climate warms.
Selection at the seedling stage is very intense in tree species, allow-
ing relatively fast adaptation in terms of generation times (Davis
et al., 2005); thus increasing reproduction opportunities during a
warming climate could help tree species adapt to climate change.
The minimum age of reproduction is a limiting factor as to how
much selection and adaptation could occur over the next several
decades.

For both prairies and forests, disturbance prescriptions, such as
controlled fires and floods, will need to be shifted over time in
accordance with new climate realities (Ryan, 1991). For sites that
have analog communities, knowledge of these communities may
be critical for guiding management prescriptions.

4.3. Facilitation strategies

Shifting from a conservation practice paradigm centered on
resistance and resilience to one focused on facilitation and resil-
ience will be necessary to avoid unsustainable land management
expectations and, consequently, serious losses in biodiversity
when these expectations cannot be met or are no longer effective.
Facilitation actions could ‘‘mimic, assist, or enable ongoing natural
adaptive processes such as species dispersal and migration, popu-
lation mortality and colonization, changes in species dominances
and community composition, and changing disturbance regimes”
(Millar et al., 2007). The high level of fragmentation in southern
Minnesota and southward into Iowa means that many immigrating
colonists may not accomplish range shifts without assistance if
they cannot adapt in place. Landscape corridors, often touted as a
way to foster range shifts, are unlikely to be an effective strategy
for much of Minnesota given the amount of acquisition and resto-
ration required to create corridors through agricultural landscapes
and the low probability that many plant species will jump to these
corridors and move at a rate that keeps pace with climate change.

Assisted colonization (also called assisted migration) has be-
come a contentious conservation issue because of ecological uncer-
tainty and perceived risks (McLachlan et al., 2007). However, both
risks and uncertainty are likely to be low when facilitating gradual
shifts of common species (Hunter, 2007, in part). Making relatively
minor changes to ecosystem restoration practice should be one
straightforward way to facilitate transitions for these species. To
avoid creating relict communities at the onset of restorations,
seeds rather than plants should be relied on for revegetation
(Young, 2007). Germination and seedling establishment are often
the most sensitive life stages to environmental cues, so seeding al-
lows prevailing conditions to filter species composition. Seeding
prairie restorations (but not forests and wetlands) in Minnesota
is already the norm and is supported by a well-developed network
of native seed producers and restoration nurseries. Seed mixes for
climate change facilitation need to have broader seed zones than
are currently recommended (which can be as restrictive as setting
zones to be within 30 km of projects). Drawing propagules from
sources in the geographic direction of projected climate shifts
and including many propagule sources to maximize genetic diver-
sity will help ensure greater adaptability to a variable climate (Mil-
lar et al., 2007). Mixes should include some species from climates
expected in the near future (sensu ‘‘ecological blueprint concept”,
Frelich and Puettmann, 1999).

Restorations for wildlife habitat, legally-required mitigation,
and expanding protected areas should provide significant facilita-
tion opportunities for common species in Minnesota, without rely-
ing on remnant/relict natural ecosystems to serve as recipient
sites. However, following large-scale forest mortality, natural com-
munities may require species augmentation, if regeneration of the
prior community fails. Overseeding these sites with mixes includ-
ing species from adjacent, warmer locales may be an effective
adaptation action that will reduce the likelihood that invasive spe-
cies will dominate in these protected areas.

Facilitating climate transitions will undoubtedly be a less cer-
tain practice for uncommon species or even subdominant species
(such as forest understory forbs) that may have specific habitat
requirements, poor dispersal and regeneration capacity, or few
and small populations. The biology of these species is often poorly
understood and propagation practices undeveloped. Nonetheless,
assisted colonizations will likely need to be attempted; species
with small ranges/distributions generally face greater risk of
extinction as a result of climate change (Schwartz et al., 2006). A
system for monitoring candidates for assisted colonization is par-
ticularly important for species with narrow ranges that could expe-
rience fundamental habitat changes because of climate change,
e.g., those restricted to calcareous fens, ombrotrophic bogs, and
at the ‘‘trailing edge” of freshwater habitats in Minnesota. Species
of special conservation importance from these wetlands may need
to be translocated to less impacted sites when chemical changes
(i.e., calcium, acidity, alkalinity) become unsuitable. Monitoring
‘‘trailing edge” populations of all rare/threatened species (e.g., Les-
pedeza leptostachya, P. praeclara) needs to be a conservation priority
so if populations begin to decline, plans for assisted colonization
can be implemented for these species along with associates, such
as specialized pollinators (e.g., hawkmoths for P. praeclara, Sheviak
and Bowles, 1986) and seed dispersers (e.g., ants for forest spring
ephemerals). As with common species, introduced populations of
rarer species should attempt to maximize genetic diversity by rely-
ing on multiple donor sites. In addition, assisted colonization pro-
jects should be conducted in multiple years, bet-hedging against
years with unfavorable conditions for establishment.

5. Adopting climate change adaptation conservation practices

In conclusion, there are limitations on the magnitude of climate
change for which each of the three strategies discussed in this pa-
per will be helpful. In general, resistance, resilience and facilitation
strategies will allow adaptation to small, medium and large magni-
tudes of expected climate change, respectively. It may be necessary
to switch from one strategy to another as the climate continues to
warm. Local expertise at the ecoregional scale will be necessary to
match the appropriate strategies with the expected responses of
the species present given the predicted rate and magnitude of cli-
mate change. Local knowledge of the physiography of the land-
scape also comes into play. For example, on a flat landscape
there may be no refuges from a given magnitude of climate change,
triggering a facilitation strategy such as assisted migration. On the
other hand, a hilly landscape may provide refuges for some species
on north slopes with cooler temperatures, and a facilitation strat-
egy may not be triggered until a larger magnitude of climate
change occurs.

Coupling monitoring to decision-making, i.e., adaptive manage-
ment, should be central to scenario plans developed for biodiver-
sity conservation. Explicitly considering the information needed
to assess whether strategies are proving effective or need to be
shifted should drive a serious commitment to biological monitor-



S. Galatowitsch et al. / Biological Conservation 142 (2009) 2012–2022 2021
ing. The uncertainties associated with climate change cannot be
surmounted a priori; the only rationale approach to adaptation will
be based on contemporaneous information. Major institutional
development and reform in environmental agencies and organiza-
tions will almost universally be needed to ensure reliable data is
collected, analyzed and used as part of iterative decision-making.
As importantly, planning and monitoring cannot be constrained
by political boundaries (e.g., states) – there must be coordination
across broad geographic areas, as indicated by current projections
of climate analogs. The aggregated challenges posed by climate
change to biodiversity conservation will hopefully spur, not stall,
meaningful adaptation planning.
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From: Smith, Tamara
To: Ron Moen
Subject: Re: clarification on lynx SSA comment
Date: Thursday, February 23, 2017 4:17:39 PM

Thanks for the quick reply, Ron!  We appreciate your careful review of the SSA!

On Thu, Feb 23, 2017 at 3:21 PM, Ron Moen <rmoen@d.umn.edu> wrote:
Hi Tam --

   The relevant figure is on page 2016 of Galatowitsch et al. There is also some text indicating boreal
forest biome gone. Their timeframe is 2060 - 2069, although I can certainly see it going a little more
than that, perhaps starting at 2050 but that wouldn't have a literature citation.

    Good job on the overall document--Much easier for us to look for potential holes than for you (FWS)
to put it all together. 

Ron

From:   "Smith, Tamara" <tamara_smith@fws.gov>
Date sent:                  Thu, 23 Feb 2017 15:08:20 -0600
Subject:                     clarification on lynx SSA comment
To:                            Ron Moen <rmoen@d.umn.edu>

> Hi Ron -
>
> I have a quick clarification question on one of your peer review
> comments for the lynx SSA.
>
> What time frame were you thinking regarding the comment below?
>
> Disappearance of suitable habitat with climate change. I am not sure
> that I agree with this statement. With climate change, and with a high
> scenario, I do believe that lynx habitat in MN would disappear (see
> Galatowitsch et al. 2009). Text is on 160-1++
>
> Thanks!
> Tam
> --
> Tamara Smith
> U.S. Fish and Wildlife Service
> Twin Cities Field Office
> 4101 American Boulevard East
> Bloomington, MN 55425
> 952-252-0092, Ext. 219  (new number)
> 952-646-2873  (new fax number)
>
> 612-600-1599 Cell
>

--
Ron Moen   218-788-2610 or 218-726-7774                                                             
Natural Resources Research Institute
Biology Department, Swenson College of Science and Engineering

mailto:tamara_smith@fws.gov
mailto:rmoen@d.umn.edu
mailto:rmoen@d.umn.edu
mailto:tamara_smith@fws.gov
mailto:rmoen@d.umn.edu


University of Minnesota Duluth

www.d.umn.edu/~rmoen,   www.nrri.umn.edu/lynx,   www.nrri.umn.edu/moose

The following section of this message contains a file attachment
prepared for transmission using the Internet MIME message format.
If you are using Pegasus Mail, or any other MIME-compliant system,
you should be able to save it or view it from within your mailer.
If you cannot, please ask your system administrator for assistance.

   ---- File information -----------
     File:  Galatowitsch_2009_Climate_Change_Adaption_Strategies_Conservation.pdf
     Date:  11 Jan 2013, 12:26
     Size:  1174791 bytes.
     Type:  Unknown

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

http://www.d.umn.edu/~rmoen
http://www.nrri.umn.edu/lynx
http://www.nrri.umn.edu/moose


From: Smith, Tamara
To: Nordstrom, Lori
Cc: Peter Fasbender; Laura Ragan; Shull, Alisa; Barbara Hosler; Jim Zelenak
Subject: Re: informal briefing for Lynx SSA
Date: Thursday, February 23, 2017 4:28:02 PM
Attachments: Galatowitsch_2009_Climate_Change_Adaption_Strategies_Conservation.pdf

Hi Lori - 

To follow up on our conversation today, I asked Ron Moen to clarify this comment in the peer
review -  "Disappearance of suitable habitat with climate change. I am not sure that I agree with this 
statement. With climate change, and with a high scenario, I do believe that lynx habitat in MN would 
disappear (see Galatowitsch et al. 2009). Text is on 160-1++ "

He replied that he was referring to the 2060-2069 time frame in Galatowitsch et al. 2009
(attached), when they predicted the loss of the boreal forest biome in MN.

He also noted that "Their timeframe is 2060 -2069, although I can certainly see it going a little
more than that, perhaps starting at 2050 but that wouldn't have a literature citation."

Thanks, 
Tam 

On Thu, Feb 23, 2017 at 12:09 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi All -  I have attached a briefing paper for today's call. Laura has agreed to print a few
copies to hand out. I'll be calling in but I believe Pete will be driving over to the RO.

Please use the following call-in information. 
1-877-627-8215
3932803#

Thanks
Tam

On Tue, Feb 14, 2017 at 1:04 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Lori - Great! I added Jennifer to the calendar invite. Thanks!

On Tue, Feb 14, 2017 at 12:52 PM, Nordstrom, Lori <lori_nordstrom@fws.gov> wrote:
Excellent, is Jennifer also going to be included?  Check in with her, maybe she and I just
need to have a separate conversation.

I've been reading the lynx SSA and it's giving me "deja vu all over again" after spending
so much of my career on these same lynx listing issues! 

Thanks
Lori

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
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mailto:tamara_smith@fws.gov
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U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN 55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Tue, Feb 14, 2017 at 12:37 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Lori - 

I'd like to schedule a time for us to talk about the lynx SSA prior to the decision maker
meeting scheduled for March 2nd - 3rd.  I will look at our calendars and send calendar
invitations.  

Thanks!
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

mailto:lori_nordstrom@fws.gov
mailto:tamara_smith@fws.gov


612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell
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a b s t r a c t

Scenario planning should be an effective tool for developing responses to climate change but will depend
on ecological assessments of broad enough scope to support decision-making. Using climate projections
from an ensemble of 16 models, we conducted an assessment of a midcontinental area of North America
(Minnesota) based on a resistance, resilience, and facilitation framework. We assessed likely impacts and
proposed options for eight landscape regions within the planning area. Climate change projections sug-
gest that by 2069, average annual temperatures will increase 3 �C with a slight increase in precipitation
(6%). Analogous climate locales currently prevail 400–500 km SSW. Although the effects of climate
change may be resisted through intensive management of invasive species, herbivores, and disturbance
regimes, conservation practices need to shift to facilitation and resilience. Key resilience actions include
providing buffers for small reserves, expanding reserves that lack adequate environmental heterogeneity,
prioritizing protection of likely climate refuges, and managing forests for multi-species and multi-aged
stands. Modifying restoration practices to rely on seeding (not plants), enlarge seed zones, and include
common species from nearby southerly or drier locales is a logical low-risk facilitation strategy. Monitor-
ing ‘‘trailing edge” populations of rare species should be a high conservation priority to support decision-
making related to assisted colonization. Ecological assessments that consider resistance, resilience, and
facilitation actions during scenario planning is a productive first step towards effective climate change
planning for biodiversity with broad applicability to many regions of the world.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Climate change resulting from CO2 emissions will continue over
the next century regardless of the scope and magnitude of mitiga-
tion efforts (IPCC, 2007). The rapid rate of climate change, coupled
with other anthropogenic stresses, will deplete species diversity in
some regions if habitats become unsuitable and migration is insuf-
ficient. Although climate change predictions are derived from glo-
bal models, strategies to minimize effects on biodiversity need to
be formulated at local and regional scales to account for land-use
differences, extent of natural ecosystems, and ecology of the indig-
enous flora and fauna. The adjustments humans make in response
to climate change, or that natural systems make unassisted, has
been called adaptation by IPCC (2001). Scenario planning will
likely be a crucial tool for developing these climate adaptation
strategies, given the high uncertainty of ecological responses to

anticipated changes and the complexity of addressing multiple
stressors (Peterson et al., 2003; Brooke, 2008). Scenarios are pro-
jections of plausible alternative futures for a specific purpose,
developed deliberatively and based on a shared understanding of
system dynamics and how actions may alter the future trajectory
of ecosystems. The foundation for scenario planning is an assess-
ment that identifies key drivers of system dynamics, uncertainties
with potential to have large impacts, and external changes most
likely to influence the system in the future (Peterson et al.,
2003). The challenge of converting highly context- or case- specific
research results into assessments has hindered the incorporation
of ecological information into climate change adaptation conserva-
tion planning (Brooke, 2008).

Climate change adaptation conservation planning, using a vari-
ety of conservation tools, is underway for some countries (e.g., UK,
South Africa, Australia), groups of countries (i.e., Small Island
Developing States (SIDS), European Union (EU)), and states/prov-
inces within countries (e.g., Queensland, Australia; Alaska and Flor-
ida, USA) (IPCC, 2002; Hannah et al., 2005; Ferris, 2006; Von
Maltitz et al., 2006; Pew Center on Global Climate Change, 2007;
QCCCE, 2008). Some of these efforts have identified key ecosystems
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or species likely to be most threatened by climate change and com-
pare adaptation options, but most are more general; scoping im-
pacts, identifying major barriers to action, and discussing key
issues needed for decision-making. Even when highly vulnerable
species and ecosystems have been identified, conservationists have
been reluctant to commit to specific adaptation plans (Heller and
Zavaleta, 2009). This reluctance often stems from a lack of climate
change predictions for specific regions, uncertainty about how spe-
cies will actually respond, and limited evidence that the proposed
actions will have the desired effects. When these uncertainties are
informally weighed against the risk of actions being counterpro-
ductive and the costs of implementation, plans stall (McLachlan
et al., 2007). This inaction or ‘‘paralysis by analysis” is not new to
conservation biology and is one of the primary reasons scenario
planning has been used to approach other problems with high
uncertainty and complexity (Peterson et al., 2003). Scenario plan-
ning has the advantage of explicitly incorporating different
assumptions about specific policies and actions when envisioning
alternative futures (Nassauer and Corry, 2004). Ecological assess-
ments need to be developed that can effectively serve as a basis
for scenario planning.

For over 20 years, challenges to sustaining species and ecosys-
tem diversity in remnant natural areas generated key conserva-
tion planning principles that are relevant to the new challenge
we face with climate change. As with traditional conservation
planning, a ‘‘coarse-filter approach” of prioritizing reserve selec-
tion of communities and ecosystems will provide more efficiency
than attempting to build scenarios for every vulnerable species
(Hunter et al., 1988). Connecting these reserves with corridor
systems, stepping stone reserves, and buffer zones will be crucial
to allow species’ ranges to adjust to new climatic conditions
(Halpin, 1997). However, as predictions of warming have become
increasingly dire, there is recognition that these planning frame-
works need to be supplemented to facilitate regional planning
under a greater array of environmental and socio-economic situ-
ations (Halpin, 1997; Heller and Zavaleta, 2009). Millar et al.
(2007) identified three kinds of adaptation actions for forest eco-
systems: defensive actions intended to resist the influence of cli-
mate change; practices aimed at promoting resilient ecosystem
responses to climate change; and active involvement in facilitat-
ing change to ecosystems or particular species. Distinguishing
between resistance, resilience and facilitation options during
ecological assessments and scenario planning is important for
two reasons. First, conservation actions reflect assumptions
about species and ecosystem responses to climate change and
so recognizing these options can help ecologists comprehensively
assemble the information needed for assessments. Second, devel-
oping scenarios that variably depend on resistance, resilience
and facilitation actions allow regional conservation planning
teams to compare the feasibility, risks, and potential outcomes
without needing to reach consensus on aspects of climate
change that are too uncertain to resolve. The resistance/resil-
ience/facilitation framework is potentially applicable to many
kinds of ecosystems and regional landscape contexts, although
this has not yet been applied to systems other than forests.

We used the state of Minnesota (USA) as a case study for regio-
nal climate change adaptation ecological assessments using the
resistance/resilience/facilitation framework. At the convergence
of three major biomes—boreal forest, hardwood forest, and Great
Plains grasslands—Minnesota is a good test case for this framework
and for regional adaptation planning in general. In addition,
approximately 50% of Minnesota’s landscape has been converted
for agriculture, industry and urbanization, but the state has an
extensive protected areas network (Fig. 1), ranging from the
400,000 ha Boundary Waters Canoe Wilderness Area to small
(<10 ha) remnant grasslands and wetlands surrounded by agricul-

ture. Specifically, our objectives were to: (1) develop climate pro-
jections for different regions of the state, (2) assess likely impacts
to wetland, forest and prairie ecosystems, and (3) propose a range
of key adaptation strategies for each region based on the resis-
tance/resilience/facilitation framework. How Minnesota’s conser-
vation practices need to change so its protected areas network
continues to support the state’s biodiversity should provide in-
sights for many other midcontinental locales. As importantly, we
report this ecological assessment as an example of information
assembly that would ideally be part of scenario planning for cli-
mate change adaptation.

2. Regional projected climate change

To initiate the ecological assessment for Minnesota, we created
climate change projection maps using the LLNL-Reclamation-SCU
downscaled climate projections derived from the World Climate
Research Programme’s (WCRP’s) Coupled Model Intercomparison
Project phase 3 (CMIP3) multi-model dataset, stored and served
at the LLNL Green Data Oasis (LLNL et al., 2008). These simulations
use general circulation models (GCMs) produced for the Intergov-
ernmental Panel on Climate Change (IPCC) Fourth Assessment Re-
port (AR4), scaled to a finer resolution (i.e., ‘‘downscaled”) using
bias-correction to eliminate discrepancies between the GCM and
historical observations, and spatial interpolations to merge
course-resolution (2� grid squares, or approximately 200 km by
200 km) GCM values with observed spatial patterns at a 1/8� grid
square resolution (approximately 12 by 12 km).

Using averaged results from a single run of all 16 models in the
CMIP3 archive, we produced projections of changes in annual and
summer temperature and precipitation for two time periods,
2030–2039, and 2060–2069, relative to a baseline period (1970–
1999) (data from Maurer et al., 2002; cited in LLNL et al., 2008),
for the A2 (upper mid-range) emissions scenario (IPCC, 2001).
Model ensemble averages are viewed with greater confidence than
individual climate models, because they neutralize extreme results
for given regions, and illustrate agreed-upon trends.

Climate change projections were evaluated for eight landscape
regions in Minnesota (Fig. 2). These regions were based on Min-
nesota’s Ecological Classification System (MN DNR, 2003), Forest
Resources Council Regional Landscape Classification (MFRC,
2008), and Wetland Ecological Units (MN DNR, 1997) so that they
reflect major differences in landform and natural vegetation and
generally follow political boundaries. For each region, the mini-
mum and maximum average annual temperature and precipita-
tion was determined for the recent past, 2030–2039, and 2060–
2069. To estimate current analogs for future conditions, the four
coordinate pairs for each region and time were located on maps
showing isopleth lines for the US 1961–1990 average annual tem-
perature and precipitation (Owenby et al., 1992). Average sum-
mer (June–August) temperature and precipitation were also
calculated for each region and time. However, climate maps for
summer averages were not available, so we plotted potential ana-
log locations using maps for July averages (High Plains Regional
Climate Center, 2008).

Changes in average annual temperature and precipitation by
2069 suggest a shift in regional climates equivalent to current con-
ditions approximately 400–500 km SSW (Fig. 3). Average annual
and summer temperatures are projected to increase 3 �C (Tables
1 and 2). Average annual precipitation is predicted to increase
slightly (4.8–7.8%) over this interval, although average summer
precipitation is expected to decrease slightly, up to 4%. These
trends are consistent with other published projections, which sug-
gest that analogs are likely to exist for Minnesota’s future climates
(Williams et al., 2007) in more southerly midwestern US states
(Kling et al., 2003).
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3. Anticipated responses of Minnesota ecosystems to climate
change

The likely response to climate change in Minnesota will vary
greatly among landscape regions since each differs in the type
and extent of remnant ecosystems, land use in the matrix around
protected areas, and prevailing environmental conditions (Fig. 1,
Table 3). Two of the landscape regions (Agassiz Lake Plain and
Southwest Prairie) lie along the eastern edge of Great Plains grass-
lands. Both regions have been extensively transformed by drainage
and cultivation, resulting in losses of prairies and wetlands of >90%.
The Boreal peatlands region on the Canadian border is a poorly
drained landscape of bogs, tamarack swamps, and fens. Less than
10% of the landscape in this region has been converted for human
use (MN DNR, 1997). The remaining five regions are forested land-
scapes. The Hardwood Hills region spans the prairie-forest border,
with remnant oak woodlands and hardwood forests within a ma-
trix of agricultural and urban lands. The Mississippi Blufflands re-
gion is a rugged landscape of primarily hardwood forests on high-

relief hillsides. Three landscape regions (Western Superior Up-
lands, Northern Superior Uplands, and Central Lakes) once had
extensive coniferous forests that have been replaced by aspen
and birch following logging (Friedman and Reich, 2005). After cre-
ating the climate projections for Minnesota’s landscape regions, we
applied relevant literature and local expert knowledge of land-use
patterns, vegetation types, soils and hydrology to determine the
likely ecosystem responses to climate change within Minnesota’s
major biomes.

3.1. Wetlands

The effects of climate change on hydrology will determine how
wetland ecosystems respond in Minnesota and elsewhere. All but
one of Minnesota’s landscape regions (Mississippi Blufflands) are
predominantly glaciated terrain where interactions between atmo-
spheric moisture and groundwater govern wetland hydrology
(Winter, 2000). For these wetlands, a positive water balance is
maintained when precipitation and groundwater additions exceed

Fig. 1. Protected areas are categorized based on their habitat quality and level of protection. ‘‘High quality – high protection”: Science and Natural Areas, Nature Conservancy
preserves, Designated Old Growth Forest, Prairie Bank lands, the BWCA Wilderness and Voyageurs National Park. ‘‘High quality – variable protection”: areas designated as
moderate – outstanding quality by the Minnesota County Biological Survey. ‘‘Variable quality – high protection”: State Parks, Wildlife Management Areas, Waterfowl
Production Areas, and National Wildlife Refuges. The boundaries of the eight landscape regions are delineated (see Fig. 3 for names and Table 3 for land cover descriptions).
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evapotranspiration (ET) losses. Johnson et al. (2005) estimated that
a 20% increase in precipitation is needed to compensate for a 3 �C
rise in temperature to maintain water balance in wetlands in the
eastern Great Plains, including the Southwest Prairie region of
Minnesota. Projections from the ensemble model suggest that
while Minnesota will experience a 3 �C rise in temperature state-
wide by 2069, increases in moisture may be only one-third of what
is needed to offset ET. Glacial till deposits have low hydraulic con-
ductivity in most landscape regions; consequently, in all but local-
ized areas, wetland ecosystems of Minnesota will likely have
shorter hydroperiods.

Decreases in water supply to Minnesota wetlands will likely
cause significant shifts in plant communities either as direct re-
sponses to water level changes or indirectly through altered soil
and water chemistry, decomposition, and disturbance regimes.
The decreased hydroperiod expected under a warmer climate will
favor several invasive species, especially reed canary grass (Phalaris
arundinacea) (Galatowitsch et al., 1999). The rate of colonization
and spread of reed canary grass greatly exceeds that of native
graminoids and forbs in newly created habitats, such as in draw-
downs, after fire and in restorations. Of critical conservation con-
cern is the anticipated impacts to calcareous fens which are
sustained by mineral-rich groundwater discharge and support a
relatively large proportion of rare plant species. There are approx-
imately 100 fens in the state, 20% of the total known for North
America (MN DNR, 1997). Lower hydraulic head in the groundwa-
ter recharge will reduce flow to fens, favoring non-calciphitic veg-
etation (Siegel, 2006). Across western Minnesota, freshwater
marshes and meadows may become brackish to alkaline as poten-
tial ET increases. Currently, potential ET exceeds average annual
precipitation in the Agassiz Lake Plain and Southwest Prairie, with
brackish wetlands occurring along their western edge. By 2069, ET
will exceed precipitation across the state; the conditions in these
landscape regions will be more similar to the Rainwater Basin of
Nebraska and northern Kansas.

Boreal peatlands, which occupy more than 2,400,000 ha of
northern Minnesota and dominate an entire landscape region,
may experience the most radical changes of the state’s wetland
ecosystems. With decreasing water levels and warmer tempera-
tures, shrub growth is expected to increase at the expense of
graminoids in ombrotrophic bogs (Weltzin et al., 2000). Lower
water tables would also favor the spread of peat fires (Woodwell
et al., 1995), likely changing the bog surface and vegetation compo-
sition. If the climate of this landscape region becomes similar to
Sioux Falls, South Dakota by 2069, the response of peat deposits
and vegetation is unclear.

3.2. Forests

Climate effects for Minnesota forests will include warmer
summers with more frequent and longer droughts. Because Min-
nesota is situated on the prairie-forest border, summer precipita-
tion is already marginal for forests on some soils. Many
contemporary forests are projected to become savannas (Heinsel-
man, 1996), with forests restricted to cooler, wetter refuges, such
as silty soils, lowlands, and north slopes. The boreal biome will
likely be lost from Minnesota, while cold-temperate deciduous
forests may persist only on north slopes in northern Minnesota.
Black spruce (Picea mariana), white spruce (Picea glauca), balsam
fir (Abies balsamea), tamarack (Larix laricina), and paper birch
(Betula papyrifera) are likely to exit the state under high emis-
sions scenarios (i.e., A1F1) (Prasad et al., 2008). Boreal red pine
(Pinus resinosa) and jack pine (Pinus banksiana) will also likely
be lost, but the species may persist in a mixture with oaks (Quer-
cus macrocarpa, Quercus alba, Quercus rubra) and red maple (Acer
rubrum) on nutrient poor sites.

Large-scale mortality due to a combination of drought stress,
blowdown, fire, and insect damage is likely, and has led to rapid
and widespread forest change in the past (Camill and Clark,
2000; Foster et al., 2006). Severe thunderstorms, the predominant

Fig. 2. Projected changes in average annual temperature (C) and precipitation (mm/day) from recent conditions (1970–1999) to 2030–2039 and 2060–2069 based on an
ensemble of 16 models under the A2 emissions scenario. Isolines in the projection maps indicate the degree of change relative to the baseline period; color gradient indicates
the relative difference in temperature/precipitation across Minnesota within the given decade.
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cause of forest damage in Minnesota, are expected to increase
(Trapp et al., 2007). Blowdowns and warmer, drier weather will
lead to more severe fires quickly transforming forests to other for-
est types or potentially savanna. Tree mortality may increase from

insect outbreaks; severe winter cold spells will be less frequent,
favoring the establishment and spread of a greater array of insects.
For example, the eastern larch beetle (Dendroctonus simplex) has
caused extensive mortality in recent years—higher population
sizes likely the result of lower winter mortality. Likewise, warmer
winters could allow mountain pine beetle (Dendroctonus pondero-
sae) to establish in Minnesota (Logan, 2007). Exotic, invasive insect
pests, plants, and earthworms that hinder establishment and
growth of native tree seedlings are expected to spread faster in a
warmer climate (Logan et al., 2003; Bohlen et al., 2004). Rising
white-tailed deer (Odocoileus virginianus) populations in northern
Minnesota will also impact regeneration of several dominant tree
species (e.g., Thuja occidentalis, Pinus strobus, Betula alleghaniensis,
Q. rubra) (Côté et al., 2004).

Tree species capable of growing in climates analogous to those
projected for Minnesota include elms (Ulmus americana, Ulmus
thomasii, Ulmus rubra), hackberry (Celtis occidentalis), American
basswood (Tilia americana), bur oak ( Q. macrocarpa) and white
oak (Q. alba). Because of ecotypic differentiation across tree ranges,
how local populations of these species will adapt is unclear (Davis

Fig. 3. Analog climate envelopes for each Minnesota landscape region based on projections for 2060–2069 shown on a base map of mean annual precipitation and
temperature (1961–1990) (National Climate Data Center – Owenby et al., 1992).

Table 1a
Projected minimum and maximum average annual temperature (�C) for landscape
regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069, based on
ensemble modeling (see text for details).

Landscape region Average annual temperature (�C)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 3.0 6.5 4.7 8.1 6.2 9.7
Boreal Peatlands 3.0 4.5 4.7 6.2 6.2 7.7
Central Lakes 4.0 5.0 5.7 6.7 7.2 8.2
Hardwood Hills 4.5 7.4 6.2 9.0 7.7 10.7
Mississippi Blufflands 6.5 7.5 8.1 9.1 9.8 10.8
Northern Superior Uplands 2.0 4.5 3.7 6.2 5.2 7.7
Southwest Prairie 6.0 7.5 7.7 9.1 9.2 10.8
Western Superior Uplands 4.3 6.5 6.0 8.1 7.5 9.7
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et al., 2005), and migration is unlikely to keep pace with the rate of
climate change. In existing woodlands, fire and drought-intolerant
tree species will likely die and be unable to reproduce, thus leaving
vacant niches for grassland species and fire-resistant woody spe-
cies (e.g. Q. macrocarpa). Sheltered areas with mesic soils may con-
tinue to support woodland ‘‘islands” or savanna vegetation.

3.3. Prairies

Although many of Minnesota’s existing grasslands may persist,
a gradual shift in composition to drier species (e.g. mesic prairie to
dry prairie; dry oak savanna to prairie) will likely occur in response
to higher temperatures and ET. Diverse prairies with high environ-
mental heterogeneity are likely to transition smoothly: existing
mesic species will decline in abundance, as dry-tolerant species in-
crease. While all prairie communities may experience declines in
mesic and wet species, isolated, homogeneous natural areas and
low-diversity mesic-wet mesic prairies may be most susceptible

to biodiversity losses, opening niches for invasion of exotic species.
Wet prairies are likely to experience significant drying. Losses of
this distinctive vegetation type may be particularly pronounced
in the Southwest Prairie region, where the protected natural areas
tend to be very small, fairly homogeneous, and very isolated within
the agricultural landscape matrix. Rare wet-prairie species, such as
the federally threatened western prairie fringed orchid (Platanthera
praeclara), are especially vulnerable to extinction, as the last rem-
nants of their habitat are lost.

Losses of today’s prairies could potentially be offset, because
grasslands have the greatest potential for expansion in Minnesota
with oncoming climate change. Many wetlands and wetland
perimeters will become suitable for upland prairie species, and
the prairie-forest border will likely shift northward as anticipated
decreased soil moisture and increased fire frequency favors grass-
land vegetation over woodland vegetation (Davis et al., 1998). The
ability of prairie vegetation to expand into drying wetlands and
receding forests will depend on whether a sufficient number of
appropriate seeds can disperse into and effectively colonize these
niches as they are vacated. Thus, protected natural areas that con-
tain both woodland and prairie in close proximity are more likely
to make this transition with minimal facilitation.

Unfortunately, the highly fragmented nature of Minnesota’s
protected areas, as well as the abundance of invasive species in
the landscape, will limit the ability of prairie species to colonize
newly-opened niches. Prairie species have limited long-range dis-
persal abilities (Kiviniemi and Eriksson, 1999; Bischoff, 2002;
Soons et al., 2005), making them unlikely to effectively colonize
isolated wetlands located in agricultural fields, urban areas, or
highly degraded sites, or extensive areas of present-day forest
which may fail to regenerate after large disturbances (e.g. wind-
storms, fire and insect outbreaks). Even when connected via corri-
dors, grassland expansion into these vacant niches is unlikely to
keep pace with the rate of forest die-out (van Dorp et al., 1997;

Table 1b
Predicted minimum and maximum average annual precipitation (mm/day) for landscape regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069, based on ensemble
modeling (see text for details).

Landscape region Average annual precipitation (mm/day)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 1.4 1.7 1.4 1.7 1.5 1.8
Boreal Peatlands 1.6 1.9 1.6 1.9 1.7 2.0
Central Lakes 1.6 2.0 1.7 2.1 1.7 2.1
Hardwood Hills 1.6 2.3 1.7 2.4 1.7 2.4
Mississippi Blufflands 2.1 2.4 2.2 2.5 2.2 2.5
Northern Superior Uplands 1.8 2.1 1.9 2.2 1.9 2.2
Southwest Prairie 1.6 2.1 1.7 2.2 1.7 2.2
Western Superior Uplands 1.9 2.2 2.0 2.3 2.0 2.3

Table 2a
Predicted minimum and maximum average summer (June–August) temperatures (�C)
for landscape regions in Minnesota, for 1950–1999, 2030–2039, and 2060–2069,
based on ensemble modeling (see text for details).

Landscape region Average summer temperature (�C)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 18.5 21.5 20.2 23.2 21.8 25.0
Boreal Peatlands 17.5 18.5 19.2 20.1 20.8 21.9
Central Lakes 17.0 19.5 18.7 21.2 20.4 23.0
Hardwood Hills 19.5 21.5 21.2 23.2 23.0 25.0
Mississippi Blufflands 20.0 21.5 21.7 23.2 23.5 25.0
Northern Superior Uplands 14.0 17.5 15.6 19.1 17.3 20.9
Southwest Prairie 20.5 21.5 22.2 23.2 24.0 25.1
Western Superior Uplands 20.0 21.5 21.7 23.2 21.0 24.0

Table 2b
Predicted minimum and maximum average summer (June–August) precipitation (mm/day) for landscape regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069,
based on ensemble modeling (see text for details).

Landscape region Average summer precipitation (mm/day)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 2.4 3.0 2.4 3.0 2.4 2.9
Boreal Peatlands 2.9 3.1 2.9 3.1 2.9 3.1
Central Lakes 3.0 3.5 3.0 3.5 2.9 3.4
Hardwood Hills 2.9 3.6 3.0 3.7 2.8 3.5
Mississippi Blufflands 3.5 3.7 3.6 3.8 3.4 3.5
Northern Superior Uplands 3.0 3.3 3.0 3.3 3.0 3.3
Southwest Prairie 2.7 3.6 2.8 3.7 2.6 3.5
Western Superior Uplands 3.3 3.6 3.4 3.6 3.2 3.5
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Soons et al., 2005); the sheer volume of seeds required to vegetate
such a large area makes unassisted transition of boreal forests to
high-quality prairie highly improbable. Instead, weedy species
are more likely to colonize and spread in drying wetlands and dy-

ing forests, because of their superior dispersal and competitive
abilities, and their relatively broad environmental tolerances
(Lockwood et al., 2005). Without management, these ecosystems
will become communities of exotic species—not native prairies.

Table 3
Each landscape region’s primary ecosystems and extent of protected areas is summarized along with the most significant ecosystem impacts predicted to occur as a result of
global climate change, and several key adaptation strategies that may be important for climate change adaptation during the next 50–60 years.

Landscape region Conservation context Most significant ecosystem impacts
anticipated

Key adaptation strategies

Agassiz Lake Plain This region consisted of extensive prairies
with aspen parkland on sandy glacial lake
deposits and on heavy clays of the Red River
Valley. Although there are extensive
protected areas on the lake plain, the river
valley is mostly converted to drained,
agricultural land

Reduced extent of wet prairies and
meadows; shorter hydroperiods in
wetlands; increased brackish and alkaline
conditions in wetlands; reduced
groundwater flow to calcareous fens

Prohibit agricultural drainage
improvements in vicinity of protected
wetlands; Prohibit groundwater
withdrawals in recharge areas of calcareous
fens; Restore agricultural lands to expand
small reserves using facilitation practices

Boreal Peatlands Flat, poorly drained landscape dominated by
peatland vegetation, including bogs, black
spruce and tamarack swamps, and fens.
Protected areas include several large
Scientific and Natural Areas

Lower water table in peatlands; increase in
peat fires; increased shrub growth in bogs;
increased tree mortality from drought,
disease, insects and disturbances

Prohibit drainage improvements in vicinity
of peatlands; Control peat fires

Central Lakes Second-growth commercial forests of aspen,
maple-basswood, and oak, with some jack,
red and white pine on complex glacial
deposits (including numerous lakes). Region
includes large lake plains with extensive
peatlands or bogs, tamarack swamps, and
sedge meadows. Many sizeable protected
areas (state parks, wildlife refuges)

Increase in large-scale tree mortality; loss of
boreal forests; expansion of weedy
grassland species; influx of exotic
submersed aquatics in lakes; lower water
table in peatlands; increase in peat fires

Manage forests to reduce water stress;
Facilitate transition from forests to
grasslands (rather than invasive species) on
shallow and sandy soils; Facilitate
expansion of oaks on loamy soils; Remove
exotic submersed aquatics from lakes

Hardwood Hills Hardwood forests and oak woodlands and
savannas were interspersed with prairies
along this ‘prairie-forest border’ region. This
region includes the Minneapolis-St. Paul
metropolitan area and most of the non-
metropolitan area has been converted to
agriculture. Most of the protected areas are
small wildlife management areas

Increased tree mortality from drought,
pests, disturbances; influx of exotic
submersed aquatics in lakes; shorter
hydroperiods in wetlands; expansion of
weedy grassland species

Manage forests for reduced water stress;
Use fire to reduce dominance by weedy
grassland species; Monitor changes in
community composition to detect species’
declines

Mississippi Blufflands Steep, highly dissected topography once
supported hardwood forests on north slopes
and oak savannas and prairies on hilltops
and south slopes, with riverbottom forests,
oak woodlands and prairies in the valleys.
Today, small prairie remnants and second
growth oak forests are embedded within a
predominantly agricultural landscape. A
large state forest and National Wildlife
Refuge are the most significant protected
areas in this region

Increased tree mortality from drought,
pests, disturbance; reduced groundwater
flow to calcareous fens

Protect potential refugial habitats; manage
forests for reduced water stress; Prohibit
groundwater withdrawals in recharge areas
of calcareous fens

Northern Superior Uplands Red and white pine forests and boreal
forests of jack pine and black spruce, have
mostly been replaced by second-growth
commercial forests with aspen, spruce and
balsam fir mixtures. Glacially scoured
bedrock terrain, often rugged and with
numerous lakes. Protected areas include
BWCA Wilderness, Voyageur’s National
Park, Superior National Forest

Increase in large-scale tree-mortality;
reduced regeneration from increased deer
herbivory; loss of boreal forests

Minimize deer herbivory in white cedar and
pine forests; Protect potential refugial
habitats; Monitor community changes to
detect species’ declines; Facilitate transition
from forests to grasslands (rather than
invasive species) on shallow and sandy soils

Southwestern Prairie Bisected by the Minnesota River valley, this
landscape was once a mosaic of tallgrass
prairie and emergent wetlands. More than
90% is now drained agricultural land. Many
small wildlife management areas comprise
most of the protected areas network in this
region

Increased exotic invasions in small
protected areas; loss of rare wet-prairie
species; reduced extent of wet prairies and
meadows; shorter hydroperiods in
wetlands; brackish and alkaline conditions
increase in wetlands; reduced groundwater
flow to calcareous fens

Restore agricultural lands to expand small
reserves using facilitation practices;
Intensify invasive species removal; Prohibit
agricultural drainage improvements in
vicinity of protected wetlands; Prohibit
groundwater withdrawals in recharge areas
of calcareous fens

Western Superior Uplands Second-growth commercial oak woodlands
and hardwood forests on non-calcareous
glacial tills, ranging from clayey to sandy.
Protected areas with high-quality vegetation
are of minor extent, although several large
state parks and wildlife areas are in this
region

Increased tree mortality from drought,
pests, disturbances; shorter hydroperiods in
wetlands, influx of exotic submersed
aquatics in lake.

Facilitate transition from forests to
grasslands (rather than invasive species) on
shallow and sandy soils; Facilitate
expansion of oaks on loamy soils; Manage
forests for reduced water stress: Prohibit
drainage improvements in vicinity of
protected wetlands; Intensify invasive
species removal
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4. Adaptation options

To address the most significant impacts anticipated for each
landscape region, we describe adaptation actions intended to resist
climate change, promote resilience to change, or facilitate change
(Table 3). As part of a scenario planning process, regional partici-
pants would build a set of scenarios that link alternative futures
to logical sets of these actions, in a way that is consistent with
the reality of both the ecological and socioeconomics of the region
(Peterson et al., 2003; Brooke, 2008).

4.1. Resistance strategies

As Millar et al. (2007) noted, resisting climate change is akin to
paddling upstream. Resistance actions, i.e., those that oppose
changes associated with a shifting climate, will be most useful
for overcoming small magnitudes of climate change and, under
greater climate change, to save native species for the short
term—perhaps a few decades—until other adaptation options are
found. Strategies might include increasing water supply, reducing
herbivory and invasive species abundance, and fighting insect
and disease outbreaks that can overwhelm native plant communi-
ties under stress. In some cases, disturbance frequency can be
manipulated to help certain plant communities persist as relicts.

Management actions that promote regeneration may increase
persistence of existing plant communities by decades or more.
Reducing the impacts of woody plant herbivory by white-tailed
deer should be considered a key resistance strategy in forested sys-
tems. Deer reduce establishment, growth, and, therefore, seed pro-
duction of many woody and herbaceous species in forests (Ruhren
and Handel, 2003; Côté et al., 2004) and prairies (Spotswood et al.,
2002). Strategically-located deer exclosures and intensive hunting
zones may be critical for certain rare plant species and communi-
ties (for example Canadian yew (Taxus canadensis) and white cedar
forests), thus preserving them until other strategies such as as-
sisted migration can take place.

To maintain the current composition of native communities,
intensive vegetation management will be required as rates of inva-
sion increase with species from southern regions migrating north-
ward in response to warmer climates. Thus, resistance strategies
could logically include broadening our scope of potential ‘‘invad-
ers” and removing incoming migrants as they arrive. For example,
removing encroaching non-calciphytic vegetation in fens will be
required to maintain species composition as groundwater recharge
declines. Species with the capacity for rapid response to climate
change will be perceived as management problems and potentially
possess traits normally considered invasive. Increased surveillance
of already-present diseases, insect pests and exotic plants will also
be required, with increase in efforts towards control or eradication.
Control of exotic submersed aquatic vegetation will likely be an
increasing management concern in lakes; longer ice-free condi-
tions and warmer conditions will increase productivity of extant
species and spread of invasive exotics species from the south
(Grace and Tilly, 1976; Haag, 1983; Anderson et al., 1996; Magnu-
son et al., 1997). Statewide surveillance and management pro-
grams should anticipate that biological inertia will vary among
ecosystems; some, especially forests, could resist invasion by
southern and invasive species for decades or more than a century
(Von Holle et al., 2003), whereas others will have only short lags
in response to climate change.

Management that mitigates drought stress may also be neces-
sary to prolong the lifespan of existing plant communities. For
example, agricultural and urban drainage projects need to be
more-critically evaluated to prevent lowering the water tables of
remaining wetlands, and existing drainage systems may need to
be modified so wetlands and wet prairies have improved water

supply. In terrestrial ecosystems, well-watered vegetation can re-
sist the effects of heat and, most importantly, manufacture second-
ary defensive compounds that help resist insects and disease that
attack plants under stress. Thinned forest stands will be more
resistant to drought because of reduced ecosystem demand for
water, and the remaining trees will face less competition for water
(Millar et al., 2007).

Fire management can be used to help certain plant communi-
ties persist as relicts for a time in a warming climate. For example,
fire control could allow mesic forests of maple and oak to persist in
climates somewhat warmer and drier than those historically occu-
pied. Due to Minnesota’s location on the prairie-forest border, it is
expected that fires will lead to rapid conversion of forests to grass-
land vegetation types in a warming climate. On the other hand, use
of frequent fire could help keep out invasive species in prairies
(Pauly, 1997).

4.2. Resilience strategies

Adaptation options that maintain or restore an ecosystem’s
resilience are widely recommended responses to climate change,
although how to promote gradual change while aiming for post-
disturbance recovery to a prior condition may be difficult to recon-
cile ‘‘on-the-ground” (Dale et al., 2001; Price and Neville, 2003;
Spittlehouse and Stewart, 2003; Millar et al., 2007). Managing eco-
systems so disturbances do not trigger a shift to a stable state of a
few invasive species is clearly critical, given anticipated lags in
adaptation or migration of many plant species. An abrupt shift to
an invasives-dominated state can arise following a disturbance
when a latent seedbank of invasives is present, when stressors fa-
vor establishment of the invaders over indigenous species, or when
the disturbance itself undermines the capacity of the indigenous
community to regenerate. High proportions of the protected areas
network in the western and southern parts of Minnesota are likely
to be especially vulnerable to climate change impacts because they
receive high propagule loads of invasive species or are surrounded
by agricultural land.

The importance of buffers for reserves is not a new idea, but a
response to climate change in fragmented landscape regions needs
to more-highly prioritize systematic planning of buffers for pro-
tected areas based on maximizing resilience. Buffering protected
areas will often necessitate restoration, but the goal may not al-
ways need to be revegetation of high-diversity natural communi-
ties; in some cases buffer protection can focus on reducing
specific impacts. For example, in the vicinity of high-quality wet-
lands, drainage ‘‘improvements” that lower water tables should
be curtailed or reversed to minimize problems associated with cli-
mate-triggered water stress. Ecosystems in relatively intact land-
scapes currently may have sufficient resilience but land and
water use policies should be conservatively implemented in these
regions as well, to avert resilience loss.

In highly converted landscape regions, many reserves may not
have adequate environmental heterogeneity for plant and animal
populations to escape or recover from increasing episodes of
drought and heat expected with climate change. These reserves
should be enlarged so they contain more physiographic diversity.
Statewide, locations that are cooler and wetter, such as north-fac-
ing slopes and depressions, are likely climate refuges. However, we
know relatively little about the degree to which topographical fea-
tures will be able to provide refuges for species because nearly all
climate observations are made on sites with low relief. In aquatic
ecosystems, refuges will often be tied to specific hydrologic set-
tings. For example, floating bogs, which form as shelves extending
into lakes, could potentially serve as refuges because they will be
less affected by water level declines than other kinds of peatlands.
Relict floating Sphagnum bogs (poor fens) are scattered throughout

S. Galatowitsch et al. / Biological Conservation 142 (2009) 2012–2022 2019



southern Minnesota and even into northern Iowa (Grant and
Thorne, 1955).

Vegetation management within reserves will also be crucial for
maintaining resilience. In forests, multi-aged and multi-species
stands will be more resilient to change because there will be with-
in-stand variability in resistance to wind (within and across spe-
cies), and more species will be available to fill niches for those
lost to drought and insect mortality (Rich et al., 2007). Northern
and mesic tree species can be allowed to contract their niche, so
that species adapted to warmer and drier conditions can expand.
Prescribed fire can be used to allow episodes of natural selection
and recruitment among small seedlings as the climate warms.
Selection at the seedling stage is very intense in tree species, allow-
ing relatively fast adaptation in terms of generation times (Davis
et al., 2005); thus increasing reproduction opportunities during a
warming climate could help tree species adapt to climate change.
The minimum age of reproduction is a limiting factor as to how
much selection and adaptation could occur over the next several
decades.

For both prairies and forests, disturbance prescriptions, such as
controlled fires and floods, will need to be shifted over time in
accordance with new climate realities (Ryan, 1991). For sites that
have analog communities, knowledge of these communities may
be critical for guiding management prescriptions.

4.3. Facilitation strategies

Shifting from a conservation practice paradigm centered on
resistance and resilience to one focused on facilitation and resil-
ience will be necessary to avoid unsustainable land management
expectations and, consequently, serious losses in biodiversity
when these expectations cannot be met or are no longer effective.
Facilitation actions could ‘‘mimic, assist, or enable ongoing natural
adaptive processes such as species dispersal and migration, popu-
lation mortality and colonization, changes in species dominances
and community composition, and changing disturbance regimes”
(Millar et al., 2007). The high level of fragmentation in southern
Minnesota and southward into Iowa means that many immigrating
colonists may not accomplish range shifts without assistance if
they cannot adapt in place. Landscape corridors, often touted as a
way to foster range shifts, are unlikely to be an effective strategy
for much of Minnesota given the amount of acquisition and resto-
ration required to create corridors through agricultural landscapes
and the low probability that many plant species will jump to these
corridors and move at a rate that keeps pace with climate change.

Assisted colonization (also called assisted migration) has be-
come a contentious conservation issue because of ecological uncer-
tainty and perceived risks (McLachlan et al., 2007). However, both
risks and uncertainty are likely to be low when facilitating gradual
shifts of common species (Hunter, 2007, in part). Making relatively
minor changes to ecosystem restoration practice should be one
straightforward way to facilitate transitions for these species. To
avoid creating relict communities at the onset of restorations,
seeds rather than plants should be relied on for revegetation
(Young, 2007). Germination and seedling establishment are often
the most sensitive life stages to environmental cues, so seeding al-
lows prevailing conditions to filter species composition. Seeding
prairie restorations (but not forests and wetlands) in Minnesota
is already the norm and is supported by a well-developed network
of native seed producers and restoration nurseries. Seed mixes for
climate change facilitation need to have broader seed zones than
are currently recommended (which can be as restrictive as setting
zones to be within 30 km of projects). Drawing propagules from
sources in the geographic direction of projected climate shifts
and including many propagule sources to maximize genetic diver-
sity will help ensure greater adaptability to a variable climate (Mil-

lar et al., 2007). Mixes should include some species from climates
expected in the near future (sensu ‘‘ecological blueprint concept”,
Frelich and Puettmann, 1999).

Restorations for wildlife habitat, legally-required mitigation,
and expanding protected areas should provide significant facilita-
tion opportunities for common species in Minnesota, without rely-
ing on remnant/relict natural ecosystems to serve as recipient
sites. However, following large-scale forest mortality, natural com-
munities may require species augmentation, if regeneration of the
prior community fails. Overseeding these sites with mixes includ-
ing species from adjacent, warmer locales may be an effective
adaptation action that will reduce the likelihood that invasive spe-
cies will dominate in these protected areas.

Facilitating climate transitions will undoubtedly be a less cer-
tain practice for uncommon species or even subdominant species
(such as forest understory forbs) that may have specific habitat
requirements, poor dispersal and regeneration capacity, or few
and small populations. The biology of these species is often poorly
understood and propagation practices undeveloped. Nonetheless,
assisted colonizations will likely need to be attempted; species
with small ranges/distributions generally face greater risk of
extinction as a result of climate change (Schwartz et al., 2006). A
system for monitoring candidates for assisted colonization is par-
ticularly important for species with narrow ranges that could expe-
rience fundamental habitat changes because of climate change,
e.g., those restricted to calcareous fens, ombrotrophic bogs, and
at the ‘‘trailing edge” of freshwater habitats in Minnesota. Species
of special conservation importance from these wetlands may need
to be translocated to less impacted sites when chemical changes
(i.e., calcium, acidity, alkalinity) become unsuitable. Monitoring
‘‘trailing edge” populations of all rare/threatened species (e.g., Les-
pedeza leptostachya, P. praeclara) needs to be a conservation priority
so if populations begin to decline, plans for assisted colonization
can be implemented for these species along with associates, such
as specialized pollinators (e.g., hawkmoths for P. praeclara, Sheviak
and Bowles, 1986) and seed dispersers (e.g., ants for forest spring
ephemerals). As with common species, introduced populations of
rarer species should attempt to maximize genetic diversity by rely-
ing on multiple donor sites. In addition, assisted colonization pro-
jects should be conducted in multiple years, bet-hedging against
years with unfavorable conditions for establishment.

5. Adopting climate change adaptation conservation practices

In conclusion, there are limitations on the magnitude of climate
change for which each of the three strategies discussed in this pa-
per will be helpful. In general, resistance, resilience and facilitation
strategies will allow adaptation to small, medium and large magni-
tudes of expected climate change, respectively. It may be necessary
to switch from one strategy to another as the climate continues to
warm. Local expertise at the ecoregional scale will be necessary to
match the appropriate strategies with the expected responses of
the species present given the predicted rate and magnitude of cli-
mate change. Local knowledge of the physiography of the land-
scape also comes into play. For example, on a flat landscape
there may be no refuges from a given magnitude of climate change,
triggering a facilitation strategy such as assisted migration. On the
other hand, a hilly landscape may provide refuges for some species
on north slopes with cooler temperatures, and a facilitation strat-
egy may not be triggered until a larger magnitude of climate
change occurs.

Coupling monitoring to decision-making, i.e., adaptive manage-
ment, should be central to scenario plans developed for biodiver-
sity conservation. Explicitly considering the information needed
to assess whether strategies are proving effective or need to be
shifted should drive a serious commitment to biological monitor-
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ing. The uncertainties associated with climate change cannot be
surmounted a priori; the only rationale approach to adaptation will
be based on contemporaneous information. Major institutional
development and reform in environmental agencies and organiza-
tions will almost universally be needed to ensure reliable data is
collected, analyzed and used as part of iterative decision-making.
As importantly, planning and monitoring cannot be constrained
by political boundaries (e.g., states) – there must be coordination
across broad geographic areas, as indicated by current projections
of climate analogs. The aggregated challenges posed by climate
change to biodiversity conservation will hopefully spur, not stall,
meaningful adaptation planning.
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016 
 
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews 
from expert peer reviewers, from State and Federal partners with expert knowledge of the species 
and its habitat, and from internal reviewers by Department of Interior staff. The document is not 
intended to solicit public comment. This document will be revised after this scientific review. This 
document does not predetermine any future agency decision under the Endangered Species Act. 
For more information contact Jim_Zelenak@fws.gov.     
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 



 

5 
 

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

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

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

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

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

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

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

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

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

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

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

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

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

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

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

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

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

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

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

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

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

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

 
Geographic 

Unit 
 

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

References (Page Nos.) 
Female Male 

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

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

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

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

Table 6) 

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

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

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

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 

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

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

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

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

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

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

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

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

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

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

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

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

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

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

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

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

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

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 



 

91 
 

foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 



 

94 
 

surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

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

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



 

103 
 

mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 



 

109 
 

Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

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

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

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

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

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

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

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

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

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

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

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

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

Factors Affecting Current Conditions 

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

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

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

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

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

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

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



 

153 
 

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

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

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

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

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

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

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

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

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

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

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

● Little elevation refugia 

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

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

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of loss of spruce-
fir 

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

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

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

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

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

● Extent and pace of deteriorating 
snow conditions  

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

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

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

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

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

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

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

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

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

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

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

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

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

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

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

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

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

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

● Future trends in hare populations 

 

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

 

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



 

184 
 

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

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

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

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

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

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
 



 

212 
 

 
Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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From: Rollie White
To: DElia, Jesse
Subject: Re: Lynx DPS Question
Date: Thursday, February 23, 2017 5:00:29 PM

Just sent it. Thanks a bunch.

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

On Feb 23, 2017, at 9:05 AM, DElia, Jesse <jesse_delia@fws.gov> wrote:

Hi Rollie,

Just getting back from annual leave.  Would be happy to take a look at the DPS
analysis for Lynx and can set up a time for us to meet on Monday.  Do you have a
copy of the SSA you could forward to me?

Jesse

On Wed, Feb 22, 2017 at 8:27 AM, White, Rollie <rollie_white@fws.gov> wrote:
Jesse,
Would you be able to take a look at the Lynx SSA and give me verbal feedback
on the DPS discussion?  I have a 5 Year Review Decision Meeting at the end of
next week, and Terry shared that there may be some DPS uncertainties.  I'd love
to hear from you by Tuesday of next week.  I am NOT asking you to read the
whole document...

Thanks,

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov
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-- 
Jesse D'Elia, Ph.D.
U.S. Fish and Wildlife Service
Pacific Regional Office
911 NE 11th Ave, Portland, OR 97232
phone: 503.231.2349



From: Baker, Richard (DNR)
To: Bush, Jodi (jodi_bush@fws.gov); Zelenak, Jim
Cc: Jonathan Mawdsley (jmawdsley@fishwildlife.org); lori_nordstrom@fws.gov; Alisa Shull;

peter_fasbender@fws.gov; Tamara Smith; Ron Moen; Catton, Susan (scatton@fs.fed.us); Norris, Jane C (DNR);
Erb, John D (DNR); Pierce, Ann M (DNR); Skinner, Luke C (DNR); Leach, Jim (DNR); Telander, Paul B (DNR);
Cornicelli, Lou (DNR); Larson, Mike A (DNR)

Subject: Minnesota"s Comments on the Draft Lynx Species Status Assessment
Date: Friday, February 24, 2017 7:53:19 AM
Attachments: 20170224 Minnesota DNR Lynx SSA comments.docx

Jodi/Jim,
 
Thank you for the opportunity to comment on the draft Lynx SSA and for your patience in awaiting
our response. The comments attached to this email were authored by Minnesota Department of
Natural Resources’ Furbearer Biologist, Dr. John Erb. I have carefully reviewed and concur with these
comments, and they should be considered submitted on behalf of the Minnesota Department of
Natural Resources.
 
Please feel free to get back to me with any questions or concerns. We look forward to the next draft
of the SSA.
 
Sincerely,
 
Rich Baker
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><> 
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Minnesota DNR Review of Draft Lynx SSA 

We appreciate the opportunity to review the draft Lynx SSA and hope our comments are useful to the 
review process.  We do have a variety of concerns and suggestions, some editorial and some 
substantive.  We recognize many of the comments are critical of a variety of statements and 
conclusions, but do wish to stress that our intent is to improve the scientific credibility of this document 
and any conclusions that may arise from it.  We recognize the tremendous effort that went in to 
preparing this and the difficulties in conducting such work in the face of much uncertainty, regulatory 
frameworks, and time limitations.  We commend the effort even though we may disagree with many 
conclusions.  We also realize that some of our structural or organizational suggestions may not be 
consistent with your current SSA process guidelines/rules, but nevertheless chose to offer those 
concerns and suggestions herein.   

We will start with some overarching thoughts as well as concerns on a few mechanistic ideas that are 
woven throughout nearly all areas of the document. 

1) We believe this document could be reduced in length by 50% or more by reorganizing it and 
reducing speculation and redundancies.  There are so many points in the document, many 
speculative, which are repeated dozens of times that it detracts substantially from the 
usefulness and readability.  If there are points that are repeated so often, then in our opinion 
that point should become a heading with 1 clear and concise discussion of why it’s relevant, and 
all supporting literature.  An example is the argument about bobcats increasing and 
outcompeting lynx.  Later we will question the merit of this idea some, but this idea is 
mentioned MANY times in various sections.  If it is believed to be so relevant, then it needs to be 
a focal section, thoroughly critiqued in 1 spot, and then dropped.  We would also add that we 
even question the need for Chapter 2.  We don’t see this as a broad literature review document 
for lynx or hares.  It should have a much more targeted focus on current status and projected 
changes, reporting only literature that is directly related to any proposed cause-effect process 
you deemed to be of relevance to future changes.  And importantly, these literature sources 
should be thoroughly critiqued, not just reported.  We recall few instances of actual questioning 
of the merits of any study, unless there was already another citable article published that 
challenged it.  Every study should be independently critiqued if it is a study used as the 
mechanistic basis for some proposed future change. 

2) We question why climate change (or Vegetation Management, Wildland Fire, etc) needs to be a 
specific section in this document.  It leads to a much broader discussion of these topics than 
necessary, lengthens the document noticeably, and we would argue it detracts from what 
should be a more complete and mechanistic discussion.  To be fair, under many of these 
sections you do use sub-headings focused more on the mechanistic relevance to lynx (e.g., hare 
habitat).  But forcing these ideas into, for example, a Climate Change section leads to too much 
superfluous general climate change discussion, in our opinion leads to a tendency to ’force’ a 
climate explanation on every observation at the expense of other possible hypotheses, too 
often separates potential positive and negative impacts for any category, and leads to far too 
much conjecture.  We question the usefulness of any paragraph filled with “might”, “could 
potentially”, “is thought to”, “he/she speculated that”, “may have effects”, etc.  We certainly 
understand the document needs to consider threats and must involve some speculation, but 
speculation should not be pervasive, and it also needs to consider possible positive or mitigating 



aspects of “change” that could offset threats and include all ‘reasonable’ hypotheses for an 
observation besides just a climate explanation, etc.  And for each topic, this balanced 
assessment needs to be in 1 place only.  For example, a focus on “Changes to Hare Habitat” 
should be a main section heading that includes relevance of climate change, vegetation 
management, and human encroachment (as opposed to these being in separate discussions).  

3) To summarize much of the above, we would suggest that the non-process-oriented portion of 
this document should start with what is now Chapter 4 – provide the best available information 
on ‘where we are’ today, and how it compares to the past.  Then a shorter chapter to explain 
how you reviewed the literature, laying out what you or others conclude are the key factors that 
are relevant to the near future (e.g., hare abundance/distribution, lynx denning habitat?, 
human-caused lynx mortality, connectivity of populations, competitors, etc).  List only the 
strongest citations for each of those mechanisms so others can determine if they agree on the 
merits of the study.  Then the last chapter tackles potential changes (positive and negative) for 
each of those ‘change mechanisms’ (e.g., hare habitat, etc.) in succession, including anything 
related to climate, development, or veg management in the same section.  Projections should 
focus only on perhaps the next 20-30 years (see our next comment), and be based largely/only 
on specific attempts that have been made to quantify/map projected changes (not just purely 
speculative “could effect”, “might happen”, statements).  Each sub-heading in this category 
should end with a final ‘net conclusion’ for this variable.  This will then further allow a critique 
by others on the ‘trustworthiness’ of the projections. 

4) We’re sure we are paraphrasing here (or maybe you would just disagree), but we would 
summarize your conclusions like this:  lynx distribution/numbers now may not be so different 
than historically, with perhaps some lynx reductions in places, but possibly some increases 
(Maine).  But the 3 R’s are pretty good at this time. In the near future (next 20-40) years, things 
may not change that much, but possibly some reductions in some units.  But things look bad 
further out (by turn of century), largely (but not solely) a result of climate change.  We do not 
know how far out you are REQUIRED to consider, but regardless of whether this scenario proves 
accurate or not in the future, we would argue that ANY prediction this far out should not be 
considered trustworthy.  The uncertainty here is enormous, and we do not feel it is often 
properly acknowledged, and in fact sometimes implied, with your word choices, not to exist.  
We’re not cynical of climate change, but very skeptical of our ability to predict the actual future 
for specific species in specific areas.  There is uncertainty in the climate scenarios, uncertainty in 
our knowledge of the relevant biological mechanisms, and it fully ignores (or at least can’t know) 
other non-climate changes (bad or good) that could occur (adaptation, mitigation, economic 
forces that affect habitat and populations, global politics, etc.).  With all this uncertainty, we 
disagree that a Species Status Assessment with many potential implications should have so 
much speculative leeway that far out in time.  If that much speculation is allowed, one could 
easily construct a positive or neutral scenario that far out, at least in terms of the climate angle 
(e.g., see the book “Landscapes and Cycles” by Jim Steele – not that our mention of this is an 
endorsement of any specific idea he presents). 

5) Smaller point, but the Literature needs to be cleaned up.   We did not even cross-check a 
majority of the citations, but it was not uncommon when we did to find some error (e.g., year 
mismatch) or omission (a listed citation not in the Lit Cited). 



Because some of the future threats you identified hinge on mechanisms you suggest will change as a 
result of climate change, and they are repeated in many places, we will focus our next set of comments 
on some of those ideas and where we either disagree or at least feel the idea is not sufficiently 
critiqued.    

Lynx need deep/fluffy snow or bobcats can’t catch hares in it 

• Certainly no disagreement from us that lynx have adaptations for deep snow, but this is not an 
argument that they NEED or REQUIRE it as often stated or implied.  Also safe to say there is a 
good CORRELATION between lynx distribution and deeper/fluffier snow. But: 

o We are unaware of any study that rigorously disentangles the correlation between lynx, 
snow, boreal forest, roads/humans, and hares.  They clearly need hares, which appear 
to do best in boreal-like forest, which is found where there is deep/fluffy snow and 
fewer roads/humans.  Lynx obviously can catch enough hares during the 7 or so snow-
free months of the year to clearly demonstrate they don’t need snow for that purpose. 

o Even in northern areas with ‘great’ snow conditions, lynx still  ‘crash’, suggesting that 
snow per se is not the driver of the decline (even if it may influence synchrony or lynx 
ecology). 

o On p. 61, you mention Stenseth et al. (2004) saying only that they estimated that snow 
density affects lynx hunting success – no details.  It is not until 6 pages later (p. 67) that 
you add the note that they estimated that lynx hunting efficiency for hares may be 
HIGHER in compacted snow than fluffy snow (if nothing else, this is another example of 
why combining points into more focused sections is needed).  Our main question, 
however, is why you take a result that could be considered a positive (or at least 
mitigating) ‘response’ to the supposed negative effects of climate-induced increases in 
snow density, and immediately try and assume a negative effect.  Specifically, on P. 67 
you state that this higher hunting efficiency by lynx on compacted snow may cause a 
(positive) numerical response by lynx, but you quickly follow with the assertion that this 
could actually be bad (drive hare population to low levels), citing Stenseth et al. (2004, 
10633).  I found no such suggestion in that paper, and more importantly, it would be 
speculation only and ignore the fact that for hundreds of years lynx (along with other 
variables) have already been driving hares to low numbers (i.e., the hare cycle) without 
negatively affecting long-term hare persistence.  More compaction is bad because lynx 
will eat too many hares, and by reverse inference, if snow got increasingly deep/fluffy 
they wouldn’t be able to catch enough.  So any change from right now is bad??? 

o A possible response to this concern is that maybe it’s hares that need deep/fluffy snow, 
and not lynx per se.  We will discuss the color mis-match idea next, but outside of 
maybe that we find little data to suggest hares do NEED a specific depth/type of snow.  
Once again, we obviously know hares have persisted in spite of 7-8 months of snow-free 
conditions.  Even in the boreal forest, hares experience high mortality from a wide 
variety of mammalian and avian predators, yet they have evolved to ‘deal with this’ and 
persist where habitat is good.   It would appear that the strongest case to be made is 
that cover type (e.g., spruce/fir or similar coniferous/mixed) and horizontal complexity 
is the primary driver behind their distribution, not snow or presence of only a certain 
number (or species) of predators.  



o The color mis-match idea is certainly an interesting one that does relate directly to 
snow.  And there is now some data suggesting differential survival of hares based on 
color mis-match (presumably this would have been the finding 100 years ago as well, 
since snow has always been variable in timing and not all hares turn white on November 
1st).  But to go beyond that and suggest long-term population consequences is 
premature, and we would argue not very intuitive.  The fact that there is wide individual 
variability in the timing of pelage change (p. 68), combined with hares being an r-
selected species (i.e., high reproduction and well adapted to deal with fluctuating 
environments), suggests to us that there is a high likelihood that timing of coat color 
change will evolve if snow conditions change.  At the southern edge of their range, snow 
conditions have likely fluctuated for eons.  Ignoring that for the moment, we would say 
that the way to describe the Zimova et al. (2016) conclusion on p. 68 would be that IF 
there is no selection operating on the timing of molt, and IF there is no compensatory 
reproduction/mortality in response, and IF the high-emissions scenario happens, then in 
maybe 80 years or so hare population growth might drop below 1.0 (they do not 
estimate it would drop below 1.0 in the moderate emissions scenario as you state).  Is 
this really something to base management decisions on?  Even in the absence of climate 
change, one can come up with theoretically-possible 'disasters' for any wildlife 
population/species, but it doesn’t mean they have much applied value now.  

o This point relates both to the above discussion as well as the competitive exclusion idea 
we discuss next.  But on p. 66, with similar statements scattered in dozens of places, you 
state that “Bobcats…..are unable to hunt hares successfully in areas with deep/soft 
snow”.  You list 2 citations, and we would say that neither contains any data (nor cites 
any) demonstrating variable hare hunting success by bobcats based on snow conditions.  
We already know that in notable parts of lynx range, coyotes and lynx are coarsely 
sympatric and both species prey extensively on hares.  In examining Figure 5.1 of Krohn 
et al. (2005), it would appear to us that if the foot loading – leg length arguments were 
drivers here, bobcats should be more equipped to pursue hares in deep snow than 
coyotes – they have similar leg length, but lower foot loading.  We see little data to 
support the conclusion that snow, at least via its effect on hare hunting success, is solely 
or even largely responsible for the mostly allopatric distributions of lynx and bobcat. 
 In this same sentence, you state that bobcats “….experience high mortality in 

deep snow winters (Litvaitas et al. 1986, p.116)”.  This citation is not in the Lit 
Cited, but we think we know what it is and on p. 116 there is no such statement.  
They do mention that snow may affect mobility of bobcats, and one of the 
citations they list (Petraborg and Gunvalson 1962) does anecdotally suggest 
bobcats can become stressed during severe winters, but that much of the actual 
mortality was attributable to vulnerability to human-caused mortality in those 
situations.  And even then, no evidence that bobcat populations were then or 
shortly thereafter excluded from those areas.  So unless we missed something, 
we don’t see much data to support the claim that bobcats experience high 
natural mortality directly from deep snow. 

o We’re speculating more now (but see p. 69 in Werdelin. 1981.,  Ann. Zool Fennica 18:37-
71), but while bobcats are certainly less-adapted to deep/fluffy snow than lynx, we 



believe reduced prey diversity in northern areas may be more limiting to bobcats than 
snow directly.  From our limited understanding, Eurasian Lynx are the precursor to both 
species, and the first wave of arrivals to NA came south, glaciers eventually restricted 
them from the north, and they evolved into bobcats in an area with more diverse prey 
(and less snow).  The second wave of Eurasian Lynx immigrants arrived in the north after 
the glaciers, and already snow-adapted, but lacking a similar-sized prey than they were 
accustomed to (roe deer).  Hares were the most abundant and closest-sized option, so 
Canadian lynx evolved as ‘hare-addicts’ in an area with lower prey diversity (and more 
snow, which they were already well-adapted to).  They didn’t later expand further south 
because there were no hares there, and the nearest niches to the south were already 
filled (bobcats, etc).  Our point here is that if anything occurs to cause hare habitat to 
contract northward (for any reason, including climate change), we agree that it is likely 
to impact southern lynx.  But we see little data to support the notion that snow will 
change and all of a sudden allow bobcats to move in and either kill lynx or outcompete 
them for hares.  Kapfer (2012) concluded that snow and temperature did not appear to 
be directly limiting bobcat distribution in MN, and found more support for deer density 
limiting the northern edge, and others have also recognized the likely importance of 
ungulates to northern bobcats, especially in more severe winters (see discussion in 
Anderson and Lovallo 2003).  So while snow could still be a relevant indirect variable (if 
changes allow deer increase), we would argue that whether bobcats advance northward 
in meaningful numbers will be as or more dependent on whether non-hare prey 
diversity/density increases in those areas than on snow conditions directly.  As such, and 
with no clear data to suggest bobcats will kill lots of lynx, we currently doubt the merits 
of the lynx-hare-bobcat competition argument.  We recognize the largely speculative 
nature of our own comments here, but as we have argued above, we believe these 
ideas are no less supported by data than some of the existing arguments in the 
document. 

Competitive exclusion 

• Some of our above points are relevant here as well, but a few additional notes.  The idea of 
outcompeting or excluding is based on the premise of overlap, at least initially.  If lynx range 
were to contract (say because hare habitat contracts), and bobcat expand into areas lynx USED 
to be, then they remain allopatric and competition or exclusion is not relevant.  So in using these 
terms, it assumes bobcat/coyotes/etc invade lynx-occupied areas first, kill or outcompete them 
for hares, thereby excluding or notably reducing lynx from areas they would otherwise have 
remained.  To this idea: 

o The primary study commonly pointed to for bobcats excluding lynx is Parker (1983) on 
Cape Breton Island.  In that paper the authors do not provide any data demonstrating 
that bobcats excluded lynx from the lowlands, they just point to an apparent correlation 
when in 1955 a causeway way built, bobcats apparently crossed, and lynx were 
eventually found primarily in the highlands.  But there is no data provided to clearly 
demonstrate lynx were present in notable numbers in the lowlands prior to that, or 
what the actual mechanism may be (did bobcats kill lynx, or eat all the hares?).  
Additionally, a casual review of the history of the island notes that the mining and steel 



industry blossomed after 1900, and that after WWII (when the causeway was built) 
other industry and human development ensued.  Presumably the causeway allowed 
more human disturbances, and possibly more human-caused lynx mortality, starting in 
1955.  The authors state in their paper that “Whether the decline in lynx densities was 
coincidental with the dispersion of bobcats or a direct result of that phenomenon is 
uncertain”.  And in a 2001 Nova Scotia Lynx Status Report, the same author reports that 
“there is no historical correlational evidence that either [bobcats or coyotes] has 
adversely affected lynx densities or range limits in the past 20-30 years”.  Given the 
publication date, that would refer back to either 1970 or 1980, so it is not necessarily 
inconsistent with the earlier speculation (which referenced 1955 up until the 1983 
article).  But there is some inconsistency, and given their earlier conclusion of “cause 
uncertain”, it is not a particularly well-supported example to serve as the ‘poster child’.  

o We could not retrieve the Robinson 2006 thesis, but the other citation on this point that 
you list (Peers et al. 2017) on p. 66, along with Murray and Boutin (1991) listed 
elsewhere, does provide some evidence of local niche separation with either bobcats or 
coyotes, but importantly these findings come from areas WHERE THESE SPECIES ARE 
SYMPATRIC.  Presumably this is to be expected in that there must be at least some niche 
separation for 2 species to co-exist in the same general areas.  These are important and 
useful studies, but they do not show any demographic effects on lynx nor imply 
“outcompete” or “exclude”, only some degree of coexistence through smaller-scale 
niche partitioning.   

o So collectively, while this may be a reasonable idea to consider, we argue it currently 
has little solid data behind it.  Yet you probably state or infer this “outcompete or 
exclude” concept dozens of times. 

Are disturbances good or bad? 

• Starting on p. 70 you discuss forest disturbance events.  Perhaps because this is in the Climate 
Change section, itself a part of the Threats section, the ‘tone’ of this entire discussion in our 
opinion is negative.  For example, there are a lot of terms like “dramatically affected”, 
“stressed”, “increase vulnerability to”, “extensively damaged”, etc.  We’re not suggesting these 
are incorrect statements where used, but this section does not provide a balanced review of 
how disturbances can be good or bad for lynx or hares.  There is just a theme of negativity 
because these disturbances may be driven by climate change.  In only 1 place from p. 70-72 is 
there any hint that disturbance can be good for hares/lynx (as well demonstrated in Maine and 
elsewhere), yet this ‘good disturbance’ is quickly turned to a negative point by suggesting this 
particular example of disturbance may not happen again due to climate change.  Ten pages or so 
later (Vegetation Management, Wildfire, etc sections), there is additional discussion of 
disturbances.  We do feel many of those discussions are more balanced, but we strongly argue 
that these discussions all need to be together.  As but 2 examples: 1) on p. 70 you say “Increased 
fire frequency……….could affect connectivity and gene flow in lynx populations”, which hints 
that the assumption is it will be a negative effect.  Then on p. 84 you note that “Because of (1) 
fire’s important role in creating and maintaining high-quality early-successional hare habitat in 
most lynx habitats in the contiguous U.S.,……..”.  These ideas needs to be more concisely 
discussed together, examining net potential changes.  2) On p. 70 you note that “For example, 



drought can weaken trees, increasing their vulnerability to insects and pathogens”, then on p. 
71/2 “Widespread clearcutting following the most recent spruce budworm outbreak in Maine 
was the primary driver creating the current broad distribution of high-quality lynx habitat”, then 
on p. 79/80 “Removal of larger trees from mature multi-story forest stands to reduce 
competition and increase tree growth or resistance to forest insects may reduce the horizontal 
cover (e.g., boughs on snow), thus degrading the quality of winter habitat for lynx”.  Individually, 
each of these statements may have some truth in selected situations, but it is not helpful or 
useful to have them scattered about.  The potential negative AND positive consequences of 
them need to all be in one spot under more mechanistic sections, objectively balanced (even if 
they must be under a “Threats” section).  Headings like “Future Changes to Hare Habitat” are 
more meaningful, where you combine positive and negative possibilities/data related to climate 
change (e.g., disturbances can both create hare habitat or have negative effects), forest 
management (some is good or could mitigate, some can be bad) , human 
encroachment/development (presumably not much good here), etc.  And then each section can 
end with 1 forecast, even if “Too much uncertainty to make defendable predictions of the 
future”.     

Cyclicity is not necessarily “good” 

• There are several places in the document where you state or imply that cyclicity is inherently a 
good thing, or a change to non-cyclic is in itself bad.  Examples include: 

o P. 34 - non-cyclic or weakly-cyclic hare populations are unlikely to allow the rapid lynx 
population recovery observed in northern lynx populations when hare numbers increase 
dramatically after cyclic population crashes 

o P. 65 – The collapse of cycles in herbivores with high-amplitude population cycles also 
would imply collapses of important ecosystem functions such as pulsed flows of 
resources and disturbances throughout the ecosystem, including declines in predator 
communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 

o P. 65 – If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or 
the adjoining U.S. (ILBT 2013, p. 69). 

• While change from cyclic to non-cyclic (or pulsed to non-pulsed) is certainly a sign that 
something is changing, and possibly an indicator of an emerging concern, we do not find these 
arguments compelling at all.  Average population density will be higher for ‘stable’ populations 
than fluctuating populations (e.g., Boyce and Daley. 1980. Am. Nat. 115:480-491.), all other 
things equal.  This implies lower persistence for fluctuating populations (e.g., Inchausti and 
Halley. 2003. J. Anim. Ecol. 72:899-908.), again all other things equal.  So cyclic behavior can’t be 
considered inherently good (in fact, it can be considered bad) and these statements should be 
removed in our opinion. 

• Diminished amplitude does not necessarily mean there will be less dispersers on average, only 
that dispersal will be less pulsed.  It has flaws for the same reasons above.  Sending out 0 
dispersers for a number of years, followed by 100 for a few, cannot automatically be viewed as 
better than 50 every year (or from above principle, maybe it would be more than the average 
for a fluctuating population).  And since this idea you reported rests on the assumption of 
climate change induced alterations to snowpack and cyclicity, we would note that there is a 



logical but perhaps speculative argument to be made that more compacted snow could increase 
lynx dispersal distances and have positive effects on colonization of patches.....all other things 
equal.    

Hare Range/Density contraction 

• On p. 68, you state that hare range is contracting “….because of changing snow conditions and 
reduced survival because of delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et 
al. 2016a, entire).  Shortly thereafter, “Loss of snow now contributes more than loss of habitat in 
determining the range of snowshoe hares in the Great Lakes region (Sultaire et al. 2016a, 
entire).  We do not believe these are currently defendable statements. 

o While we won’t question the conclusion of a possible range contraction too much, we 
would note that comparisons of finer-scale species presence at 2 distant points in time 
(each based on 1 or 2 years of presence data) is less than desirable for detecting a range 
contraction.  Especially at the edge of a species range, it is highly likely that this has 
always been a fluctuating boundary, so it takes more continuous time series data to 
truly assess a systematic range contraction.  Even if we assume those range contractions 
in PA and WI are accurate: 
 neither study contains any direct data whatsoever to support the notion that it 

is due to reduced survival because of pelage mis-match as you state. 
 In another paper you cite later (Sultaire et al. 2016b), where they included more 

detailed vegetative metrics in their analysis, they state, for example, “As we 
predicted, landscape-scale forest amount and local vegetative cover were 2 
important constraints of the snowshoe hare range limit”.  Vegetative metrics 
constituted 3 of the 5 variables (the other 2 being snow-related) in their top 
model, all 12 of the top models contained vegetation metrics, and no snow-only 
model was even in the top 12.  So even if snow is relevant, clearly so is 
vegetation and it is not mentioned. 

 Neither area of apparent hare range contraction in those 2 studies seems 
immediately relevant to lynx (you concluded that resident lynx did not 
historically nor do currently occur in Wisconsin, and I’m sure this would be true 
for PA as well).  Range contraction anywhere may still be a relevant observation, 
but we would argue these observations are not very relevant to lynx at the 
moment. 

 In none of the discussion in this section (or those initial 2 papers) do we find any 
consideration of non-snow alternative hypotheses, outside of some discussion 
about predators in one of the WI papers.  This is perplexing in that there are 
other hypotheses that seem just as reasonable as snow, in our opinion.  For 
example, WI and PA are 2 states with the highest deer densities, we know deer 
increased dramatically in many areas from the 1970’s to present, and there is 
extensive literature (including some from PA and WI) on the effects of deer 
browsing on understory (i.e., important hare habitat), and past research to 
support various vegetation connections in the demography of a hare cycle.  In 
WI, the area where hare range is suggested to have declined is also quite 
correlated (based on our visual exam) with the area of WI that has the highest 



deer densities.  And the second Sultaire paper we mentioned above clearly 
found vegetation a relevant explanatory variable.  Other unconsidered and 
speculative but reasonable hypotheses: 1) increasing data (e.g., several MN 
studies) showing the impacts of northern expansion of exotic earthworms on 
forest understory (hare habitat); 2) in PA, there has been notable 
recolonization/expansion of both fishers and bobcats which could play a role in 
hare dynamics; 3) related to #2, we’re not aware of anyone considering the idea 
that as a result of widespread predator reductions that likely had lingering 
effects all the way through the 1970’s, perhaps hares had expanded into areas 
of otherwise marginal habitat, and now some contraction could arise in part 
from natural recolonization of native predators.  While we really don’t want to 
suggest the review needs more speculation, we do believe that your discussion 
here is not supported and should simply say that “There is some evidence that 
range may be contracting (so far in areas not too relevant to lynx), but that the 
cause-effect connections are unknown and could include snow, deer, predators, 
fragmentation, etc., etc.  

 Finally, we would note that while we would not consider our data well-suited to 
examine hare range contraction in MN, data from 2 separate surveys here at 
least does not suggest any ‘lynx-relevant’ contraction of hare range, and more 
importantly, both surveys suggest hare numbers have been increasing for nearly 
20 years in much of northern MN, completely contrary to many of the 
mechanistic suggestions presented in this review (e.g., snow is supposedly 
getting ‘worse’ for hares, bobcats have increased significantly, etc).  The most 
parsimonious albeit speculative explanation for this in MN is a notable increase 
in young forest.   

We will now list our remaining comments by page numbers: 

6) Page 8 – assumption that lynx require deep-snow.  As stated above, we do not find much data to 
support the idea that they require specific snow conditions.  We do not believe one can say 
much beyond they require hares, and thus hare habitat/populations should be a main focus 
here.  The rest is speculative. 

7) Page 8 – assume hares have limited capacity to respond to disturbances.  The Maine (and 
probably MN) story shows otherwise, even if the disturbances weren’t climate-change induced.  
And for an r-selected species, it is not intuitive that they can’t respond to disturbances.  In fact, 
their demographic traits (other than maybe dispersal distance) are finely honed specifically to 
be able to rapidly respond to changing conditions.  What matters is knowing any thresholds for 
when the type, size, or frequency of the disturbance is too much, and I’m not sure we know 
that.  And we certainly can’t predict the exact magnitude of disturbances well into the future. 

8) Page 8 – assume changes to Federal Land Management Plans have been positive for lynx, and 
will continue to be so.  While perhaps reasonable, it clearly is an assumption of unknown 
significance.  Is there any specific study that has attempted to quantify hare/lynx response to 
changes in Federal land management plans?   

9) P. 8 – projections to year 2100.  We know we’re reiterating now, and do it again later, but…..we 
would not personally trust any projections much more than 10-20 years out, even if our 



speculative bet was in agreement with that in this document.  With thousands of 
modelers/analysts and millions of monitoring dollars, few if any predicted the financial collapse 
even 1 year out.  This is not a realistic time frame given the massive amount of uncertainty here, 
even just in the biological mechanisms. 

10) P. 10 – “The western geographic units (units 3 through 6) may be more likely to support resident 
lynx longer than units 1 and 2 under projected climate change scenarios given the higher 
percentage of land managed specifically for lynx conservation and their greater topographic 
potential to facilitate the upward elevational shift in in lynx habitats projected by climate 
models”.  At least in the context of regulation/ownership, this is a big assumption.  It assumes a 
cause-effect with Federal regulations, and fully ignores non-regulatory factors in Units 1 and 2 
that may have even done more for lynx on the private/state/county lands – e.g., 
disturbance/logging that may have created more favorable habitat in these Units in the past 2-3 
decades.  Just because something was not done in the name of lynx conservation doesn’t mean 
it isn’t beneficial to lynx. 

11) Page 11 – Resiliency section – you acknowledge much uncertainty, then go on to say AS snow 
conditions become less favorable, bobcats LIKELY will outcompete/displace lynx, and this in turn 
WILL reduce lynx abundance.  We know how hard this would be to do, but just to make our 
point, can you assign any probability of these things occurring in the face of all the uncertainty?  
We presume not, and we question some of these ASSUMPTIONS anyway.  Just say “Future 
effects cannot be predicted with confidence”. 

12) Page 20 – second full paragraph, first 2 sentences – “Additionally,….”.  We think this is a very 
accurate and informative statement, yet the document then proceeds thereafter to make many 
assumptions and use leading words (will, require, likely to, etc), largely ignoring (or using 
citations that ignore) the vast amount of uncertainty on many mechanisms.  As stated earlier, 
we think this could be avoided if you were to limit your forecasting to a period of time that one 
can put some faith in the projections. 

13) P. 26 – “…..and the amount of structure (e.g., downed, large, woody debris, tip-up mounds) 
seems to be more important than the age of the forest stand for lynx denning habitat”.  An 
important caveat is that you won’t get a lot of COARSE woody debris, including large tip-up 
mounds, if a certain percentage of the forest was not allowed to attain older age.  So age does 
still matter, at least based on what the literature has found for lynx denning habitat. 

14) Last sentence on p. 29, continuing to p. 30 – “These factors probably further reduce the 
likelihood that an individual lynx in the southern periphery of the range will survive, reproduce 
successfully, and have one or more offspring recruited into the resident breeding population”.  
We would agree, but to some extent these things are ‘normal’ for a species at the edge of their 
range, we can’t really quantify “reduce the likelihood”, and from your own conclusions it 
appears that current lynx distribution is not much different today than historically.  So is this 
really meaningful? 

15) P. 31, last paragraph – we find little in this paragraph that is anything but speculation.  The most 
defendable statement is “….the influence of predation (and we would add, hare competitors) on 
lynx populations is unknown”.   What more really needs to be said?  We have already 
questioned the merits of several of the statements/assumptions in this paragraph, to which we 
would now add that Gonzalez et al. (2007) does not demonstrate lynx NEED snow for 4 months 
– all they did was look for correlation with snow - no assessment of how hares factor in, 



whether snow is correlated with hares or hare habitat, no lynx/hare survival experiment, etc.  In 
fact, one of the co-authors of that article later published a relevant paper on wolverines/snow 
(McKelvey et al. 2011. Pop. Ecol. 53:263-266) arguing that this type of correlational analysis 
cannot lead to defendable cause-effect conclusions.  This section also states “Lynx also need 
landscapes where they are unlikely to suffer reduced fitness because of competition with other 
hare predators, or encounter traps or other anthropogenic causes of mortality” – we would 
argue that could easily describe much of Canada where lynx are secure.  There are of course 
other hare predators there (to varying degrees, weasels, raptors, red fox, fisher, marten, coyote, 
wolf, wolverine, and even red squirrels have been documented to prey on hare leverets).  We’re 
not even sure if lynx are consistently in the top 2  - e.g., see Tables 6.3 and 6.4 in Hodges 2000.  
Consumption of hares by all these CAN reduce lynx fitness (to an unknown degree), yet lynx are 
abundant there.  And some lynx certainly “encounter traps” in much of Canada and Alaska.  The 
themes of paragraphs like this are not well supported by data, are filled with speculations, 
usually negative, and should be eliminated without more support.  “We don’t know”, as you 
started with, is sufficient. 

16) P. 33 – “Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration”.  We would also just note that none of the lambda estimates in that 
paragraph include confidence intervals, and had they, it would not be surprising if many 
encompassed both positive and negative values for lambda. 

17) P. 34, first full paragraph – we would eliminate most of the first sentence and say “In summary, 
lynx need……landscapes with hare densities capable of supporting……(i.e., the second sentence).  
The rest is speculation. 

18) P. 36 -  “In its 2003 remanded determination, the Service determined….”.  We don’t like the 
remainder of this sentence/discussion being presented as either/or.  There is good reason to 
believe that both dispersers and resident breeders (some which may have been dispersers) are 
important. 

19) P. 38 – last 2 sentences in first paragraph – We have touched on some concerns related to this 
before, but re-state that we don’t really agree with the logic that competitors are known to be 
some big driver here.  The presence of more generalist predators to the south may indeed 
contribute to reduced cyclicity (not necessarily reduced hare abundance).  It is much more likely 
that reduced hare habitat quality is what reduces hare abundance in the south, and more 
generalists, due to prey-switching, reduce cyclic tendencies (which also means there may be 
reduced troughs as well, not just reduced “potential for high-density hare populations”).  
Average density of a fluctuating population will be lower than that for a stable population, other 
things equal.  From this, one COULD actually argue that generalists can be good for lynx.  But in 
fact lynx are not better off in the south because all other things are not equal – hare habitat is 
generally worse or patchier. 

20) P. 38 – “Long-term snow conditions presumably limit the winter distribution of potential lynx 
competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes”.  In our opinion, 
“presumably limit” is not useful.  While we did not have a copy of the book that chapter was in, 
we do have the newer version and only see some anecdotal reference to this idea, which we 
have already questioned.  Of course snow has “effects” on animal movement/etc, and maybe 
more so on coyotes/bobcats than lynx, but I am unaware of any data to support the idea that 
this alone creates anything but possibly local-scale allopatry, with no demonstrated effects on 



bobcat/coyote demography, or then in turn on lynx persistence.  Repeating these ideas over and 
over is misleading.  This idea needs to be critically ‘vetted’ in one spot, which we believe leads to 
a conclusion of “effects unknown” as Murray et al. (2008) basically concluded, and then no need 
to mention again. 

21) P. 43 – “Siren (2014, p. 10) suspected that the relatively few lynx detections documented in 
2012-2014 may be related to the presence and abundance of bobcat, coyote, and fisher 
populations in much of northern New Hampshire”.  This article is not in Lit Cited (nor is Siren 
2016 cited elsewhere).  And this sentence, along with the one at the end of the paragraph, is 
just more speculation.   

22) P. 44 – “In Minnesota, research conducted since the 2003 remand has demonstrated the 
continuous presence of a resident lynx population”.  Though as you note at the end of this 
paragraph, influence of immigration is unknown, so I guess “resident population” depends on 
how you define resident, and population. 

23) P. 44 – “and there is no indication of substantial immigration from Canada after the 1980s 
(Squires in Lynx SSA Team 2016, p. 20)”.  What monitoring was in place starting in 1980 that 
could confidently identify “immigration from Canada” if it occurred. 

24) P. 53 – Unit 2 NE MN – since it was noted for Maine, Minnesota has also distributed the “How to 
Avoid Lynx” brochure to trappers at our fur registration stations and made it available at our 
website.  And we don’t think it is correct to state that in 2015 we added more trapping 
regulations for lynx avoidance.  Administrative procedure just required that we re-issue the 
same emergency rule that was in place before.  No changes have been deemed necessary. 

25) P. 54 – “which requires Montana to implement a set of reasonable restrictions on trapping in 
lynx habitat”.  Time will tell if it is effective (they only had ~ 1 lynx take per 3 years before).  
Reasonable is in the eye of the beholder, and is unnecessary here.  Why use it? 

26) P. 55 – “….the use of body-gripping traps (foothold, conibear, snares, etc.) for trapping other 
furbearers is prohibited in Washington (except for damage control or nuisance wildlife, which 
requires special permits). This avoids the potential for lynx to be incidentally captured in traps 
set legally for other animals”.  True, and by our own arguments above we would say this next 
point fits the “effects unknown” summary, but using the argument this document has suggested 
many times (competitors are assumed to have an effect) would suggest that your statement 
should be modified to note that the trapping prohibition in WA could also have negative effects 
on lynx via ‘allowing’ more potential competitors.  Same goes for Colorado statement later. 

27) P. 57 – Unit 2 NE MN – while we can’t honestly say how relevant it is, MN state forest 
management is also FSC and SFI certified.  We also question whether regulation is the only 
relevant factor here – no doubt a fair amount of logging in MN has offered some lynx/hare 
benefits, but it is mostly driven by economics not regulation. 

28) P. 59+ - as argued elsewhere, we think the Climate Change section should be ‘dis-banded’.  
Mechanistic sections (hare habitat, lynx survival, competition, etc) should be the focus, with all 
potential (positive and negative) changes related to climate change/veg management/etc falling 
underneath there, and only if there is some defendable connections.  As is, there is unnecessary 
definition of what “climate” means, general discussions that “climate change may be bad for 
wildlife”, then even much discussion of why in the past you concluded climate change was not 
likely relevant in this case, but that now you think it is.  And then many of the specific ideas you 
put forth are repeated many times.  Focus on the mechanistic connection, cite any literature 



that actually attempted an analysis (not just said “might affect”) on how climate change may 
explicitly affect that variable, and then critique whether the science really demonstrates a causal 
link to lynx/hares.  There is so much uncertainty in all of this that it does not warrant repeated 
speculative statements, nor does repeating it make it any more true. 

29) P. 65 – “Greatly reduced lynx fur harvests in Canada beginning in the mid-1980s may be linked 
to climate warming (Yan et al. 2013, p. 3269)”.  While using “may be linked” may make this 
defendable, we do not feel it is objective.  It is well known that the end of WWII, as well as the 
mid-1980’s, both ushered in a period of declining fur prices, and both preceded by high fur 
prices.  While there is likely no data that can now re-create the past truth (only look for 
correlations), the most parsimonious conclusion is that these declines in lynx fur harvests were a 
result of (possibly lagged) declines in trapper effort, and possibly overharvest preceding this, as 
suggested by Poole (1993) and Mowat et al. (2000).  Yan et al.’s attempt to consider this 
alternative (their appendix S6) is not compelling to us, and would argue that parts of it make our 
case.  But absent discussing our specific concerns with them, at best we would say one could 
only conclude that “climate change” (not just climate) could only have potential relevance to the 
1980/90s decline, not the 1950’s decline.  And even then, this idea would only become an 
alternative, also untestable, HYPOTHESIS to what we would argue is a more parsimonious 
explanation (fur prices/effort).  But nothing to do with this point, which includes some 
suggestive literature, is even mentioned here – only that it “may be linked to climate warming”.   
It also may be linked to fur prices, fuel prices, other economic opportunities for a trapper (e.g., 
job growth in the 50’s and 90’s), weather affecting trappers (not lynx), etc.  The wolverine article 
we mentioned earlier (McKelvey et al. 2011) is also relevant here in terms of harvest data 
concerns, as well as the concerns with snow correlations. 

30) P. 66 – “lynx are subjected to niche displacement to habitats of inferior quality, which probably 
limits lynx survival and productivity at the southern edge of their range (Peers et al. 2016, entire; 
Robinson 2006, pp. 120).  Our bigger point here is once again this is purely speculation, at least 
the second part of the sentence.  But another point here is that we’re not sure it is even stated 
correctly – by our read (of Peers), they concluded that lynx might be displaced FROM the 
supposedly poorer lynx habitat, not INTO it.  For example, it says “[lynx] avoid competition at 
large scales by restricting their niche to highly suitable conditions….”.  As such, this would not 
necessarily lead directly to reductions in survival or productivity, though it could affect density 
(but all is still speculation, as is almost all of this paragraph). 

31) P. 67 – “...coyotes were deemed the most likely to pose local or regionally important 
exploitation impacts to lynx”.  Yet there is really no data of any demographically “important” 
effects and they do co-exist in many areas.  And as noted before, Murray et al. (2008) concluded 
there is insufficient data. 

32) P. 67 – “The hybridization rate is currently low between the species (0.24 percent) but could 
increase as bobcat populations move north with climate change (Murray et al. 2007, p. 1465; 
Koen et al. 2015, p. 528).  We suppose anything “could increase”, but it also might not.  Is there 
more support for one speculation?  If the bobcat/lynx ‘boundary line’ just moves north as some 
predict, why would the rate of hybridization be expected to increase.  It would only be expected 
to POSSIBLY increase, we think, if bobcats advanced north but lynx did not contract. 

33) P. 67 – “The diverse predator community could explain why hare populations have declined and 
seem to remain low in Maine (Scott 2009, p. 43)”.  We could not acquire this thesis, but it’s clear 



that it is more speculation (“could explain”).  And based on how the sentence is worded (just 
says “Maine”), it doesn’t seem correct or at least appropriately qualified.  Over the last 30ish 
years, haven’t hares been quite abundant and lynx doing well in Maine (better than historically 
you conclude)?  To what part of Maine does this refer?  Is there evidence of increase in 
predators in that area, evidence that hare mortality from them has increased, etc.?  Elsewhere 
the focus seems primarily that hare HABITAT quality may have (or be starting to) decline after 
peaking in the 1990’s.  What data even leads to this specific speculation that predators may be 
to blame? 

34) P. 69 – “Some areas of the DPS (e.g., Maine, Minnesota) lack potential elevational refugia and, 
therefore, lynx populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–
1102)”.  There are a whole lot of “If’s” behind this “are anticipated to”, so we see little reason to 
report this as though a fact.  At best, it should say “the potential for latitudinal contraction could 
be comparatively higher in these Units due to minimal elevational relief”.  

35) P. 72 – After concluding there are no real current problems, you state “However, exotic species 
could be introduced in the future as boreal systems are increasingly exploited for forest 
products, mining, energy production, and other natural resources (Schinder and Lee 2010, 
entire)”.  All sorts of things COULD happen – we might develop a highly effective control for 
some exotic species.  But if you are going to make negative speculations, then they at least need 
to be based on some attempt at analysis.  What exotic pest is deemed most likely, what is the 
specific mechanism that will ‘transport’ it to the boreal forest, what is the causal link to lynx 
persistence (e.g., some disturbances, exotic or not, could be ‘good’ for lynx/hare habitat)?  This 
is a Status Review and should only include best knowledge of current status, with clear and 
defendable shorter-term forecasts about future change.  This speculative sentence, which is not 
the only one of its kind, assumes negativity and is uninformative – delete it. 

36) P. 72 – “For example, in January, 1998 a severe ice storm extensively damaged the canopy of 
many northeastern U.S. and eastern Canadian forests, causing moderate to severe forest 
damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and Mulhern 
1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire)”.  But if nobody has 
documented specific effects for lynx, why say this?  There was also a blowdown of trees in 
Minnesota’s BWCAW that affected ~ 400,000 acres, and probably?? improved habitat for 
lynx/hares.  Unless there is some reasonable data to show a connection to lynx/hare 
demography (e.g., the Maine story), simply say disturbances are projected to increase, some 
could be good for lynx/hares, some bad, but we can’t predict the future.  It would shorten the 
document a lot. 

37) P. 72 – “No apparent climate-influenced parasites or diseases have been identified that would 
affect Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016, pp. 27, 37-39)”.  Same general comment as #35. 

38) Starting on p. 73 – Vegetation Management, Wildland Fire Management, and Habitat 
Fragmentation sections– this is probably redundant with one of our initial comments, but we 
see no need for these section headings (or Climate Change), nor the need for much of this 
information to be anywhere in this document.  Use very mechanistic headings (e.g., “Projected 
Changes to hare habitat”), concisely discuss in one spot all relevant processes (disturbances, veg 
mgmt., human development/fragmentation, or whatever) for which we have supporting studies 
(e.g., hares depend on X, not just “X might affect Y”) and for which we can demonstrate 



reasonable confidence that changes will occur in the NEAR future.  We see little if any 
need/value for general reviews of all the hare habitat literature, different ways commercial 
timber management takes place, how such methods may or may not affect hare habitat, what 
economic trends may occur, whether/how the forest industry (or other land management 
agencies) might adapt to projected changes in forests from climate change, what historic fire 
regimes (or human policies toward them) have been or might be, how humans fragmented the 
landscape in the past, why snow is supposedly so important (again), what fragmentation means, 
more general review of lynx/hare literature, whether lynx have been documented to 
cross/use/get hit on roads, how many ski resorts there are out west, what locatable or salable 
minerals refer to, that utility lines are often along road corridors, etc.  This is completely 
unnecessary, at least for our conception of what a Species Status Assessment should contain.  
Besides just adding an enormous amount of superfluous information, it forces the constant 
repeating of many highly speculative ideas.  For this reason, we will not offer many specific 
comments on these sections, instead hoping that much is simply discarded.  But we will offer a 
few. 

39) P. 86 – first paragraph – yes, fire frequency and size COULD increase, and yes, this does HAVE 
THE POTENTIAL to cause temporary adverse impacts on hare habitat, but depending on details, 
it also COULD be positive (e.g., be a counter-balance to historic fire-suppression policies).  I 
don’t think there is sufficient predictive capability to decide how this will play out.  You correctly 
note here that any negative effect may only be temporary and followed by positive effects, but 
add that even so it would likely (any citation?) reduce landscape-level hare densities, and 
therefore lynx numbers.  Possible, but are periodic reductions in landscape-level hare densities 
not a historical reality of boreal landscapes and lynx-hare dynamics.  Even lynx, along with other 
cycle contributors, can cause landscape-level reductions in hare density.  ‘Stability’ is not the 
norm in these settings, and temporal/spatial variability should not be viewed as abnormal or 
bad.  Useful conclusions can only be drawn if we can predict with high confidence how big/how 
often/where fires would occur in a given area, and we can’t.  Could be good in some areas, bad 
in some, good at one point in time, bad at another. 

40) P. 87 – “Lynx must contend with aspects of their habitat at the southern extent of the boreal 
forest for which they are not as well-adapted”.  As a side note, in our opinion the only thing in 
these areas that they are demonstrably not able to ‘deal with’ is lower hare density.  Regardless, 
this general idea is nonetheless true, but also true for every species at their range limits and it 
should be noted that this is “the norm” for lynx in the DPS.  Historically, lynx in these areas have 
almost certainly been comparatively rare, ephemeral, unstable, patchy, or variable……..and yet 
persistent over the long haul.  The problem in our opinion is that ESA generally ignores 
everything north of the border, expects consistent ‘safe population levels’, thereby ignoring 
historic reality (instability, especially at the range edge), and then leads to assessments that 
portray all of this historic reality as now being “risks”.  Certainly humans can, and have, altered 
the system.  But so has ‘nature’, and we do not have 1,000 years of lynx/hare abundance data to 
offer any clues of just how much natural variability there was in their southern numbers.  There 
have always been a lot of ‘undesirable’ conditions in the DPS for lynx, and it is important to not 
lose sight of this, but I think it commonly does in this section.  In the beginning, a conclusion is 
that habitat loss/fragmentation has been relatively low in the DPS to date, then much discussion 
of why fragmentation can be bad.  There are suggestions that the DPS naturally has patchier 



habitat, then reasons why patchiness is ‘bad’.  Examples of why fragmentation may be bad, then 
a paragraph that concludes “..lynx showed no sensitivity to the degree of forest fragmentation 
in areas of high or low suitable habitat”.  Notes that the snow environment in the DPS is 
[naturally] patchy and marginal in space and time, then speculative discussion on why this is 
bad.  Distinguishing ‘bad’ from ‘normal’ is not just semantics to us.  It is, or should be, a very 
relevant focus.  Even setting that aside for the moment, we note the following: P. 91 – “Roads, 
development, climate change, and forest management fragment snowshoe hare and lynx 
habitat in the DPS.  We know little about how hare and lynx respond to these anthropomorphic 
changes to their habitat, which requires additional research (Murray et al. 2008, p. 1464; Squires 
et al. 2013, p. 194).  Enough said. 

41) P. 89 – “Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is 
more competition for a limited resource and exploitation competition inflicted by generalists 
(e.g., coyotes) and other predators (Buskirk et al. 2000a, p. 95)”.  Hares may fluctuate less 
dramatically in the south BECAUSE of more generalist predators, but I don’t see that the lack of 
fluctuation per se leads to more competition.  In fact, by definition, generalists are typically 
‘prey-switchers’.  Even if there are more species of predators, it doesn’t mean there is more 
pressure on any one prey species, other things equal.   We’re not even sure if there is data to 
show that there are more hare predator species in the DPS compared to the north or whether 
annual hare mortality is lower in the north, but we think data in Hodges (2000) suggests “no” to 
both those questions.  Our comment here also applies to the last sentence in the second 
paragraph on this page. 

42) P. 99 – “Hares do not seem to cycle in this region, but underwent a 50 percent decline starting in 
2006 and have remained at lower levels”.  Perhaps a citation for these observations is listed 
elsewhere in the document, but we would like to see it in order to evaluate just how much 
confidence is behind it. 

43) P. 101 – Unit 3 discussion – “Regulations prohibit lynx trapping and require measures to reduce 
the likelihood of trapping lynx incidentally when legally trapping other species”.  Can’t this be 
noted for all Units? 

44) P. 120 – “Of those 42 hybrids, 13 unique individual lynx-bobcat genotypes (5 Female, 8 Male) 
were also identified (Catton et al. 2015, p. 1)”.  We would clarify this sentence to say “genetic 
analysis indicated that those 42 samples were from 13 unique individual hybrids”.  

45) P. 120 – “The DNA analyses also showed persistence of individual lynx in Minnesota of 2 years 
(N = 27 lynx), 3 years (N = 11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 
5 years, who produced 7 kittens in Minnesota (Catton et al. 2015, pp. 3-5)”.  Small note is that 
the 2016 report is now out with slight updates if interested.  But our main point here is just that 
since specific numbers are reported, we think total sample size is relevant.  This was based on 
236 individuals whose initial detection was not a mortality, meaning also that 78.4% have not 
been detected in more than 1 year. 

46) P. 121 – “Identified factors affecting the current conditions of lynx in Minnesota include 
reduction in habitat quality or quantity, habitat fragmentation, climate change, increased access 
for competing carnivores, and human-caused mortality”.  This is a general statement that could 
be used for any wildlife species, not based on any specific “identified factor affecting the current 
condition of lynx in MN”.  Admittedly, that may just be due to lack of data, but the wording of 
this statement is, for the most part, not supported by any specific data or analysis. 



47) P. 121-122 – Factors Affecting Current Conditions (in MN) – Starting with the second paragraph 
in this section, a majority of the content is just generic statements unsupported by specific 
data/citations.  Regardless of generic statements of “could affect”, “might impact”, the best 
available data, imperfect as it may be (but consistent across 2 surveys; Erb 2015), is that hare 
numbers in northern MN appear to have increased over the past 15-20 years, yet this is not 
mentioned anywhere.  And this, in spite of, or coincidental with, a notable increase in bobcats 
over the same time, a reduction (we assume, but didn’t specifically confirm) in snow conditions, 
and at least no clear indication of any notable change in lynx.  In regards, to snow-compacted 
trails, we reiterate that Murray et al. (2008) stated in their review that “the issue of snowmobile 
trails harming southern lynx populations has been adopted without strong empirical support”.  
You also say that “Throughout the SNF and northern Minnesota, human activities have reduced 
connectivity between patches of suitable lynx habitat”.  We’re hard pressed to believe this is the 
case, as there are few major roads/barriers in this area (and we know lynx can and do cross or 
go around them), secondary forest trails are unlikely to affect/impede lynx, and they are a highly 
mobile species.  And see the conclusion about NE MN having only minor fragmentation on p. 
189, which basically contradicts this other statement.  If there are any key factors “affecting 
current conditions”, we’d argue it has been the logging increase that began in the mid-80’s and 
continued perhaps to the present, and this has probably been beneficial to lynx, or at least 
hares. 

48)  P. 122 – 2 sentences – “Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40)”, and “…similar to bobcat, wolf populations may increase with 
changing snow conditions and prey availability as influenced by climate change”.  First comment 
is that an important clarifier to the coyote increase is that this applies only to non-forested 
portions of MN.  In forested areas relevant to lynx, coyotes have not increased, and in fact have 
likely decreased (presumably due to wolf presence in the northern forests; Levi and Wilmers. 
2012. Ecology 93:921-929).  Other than the observation that wolves COULD kill a lynx, nobody 
has really suggested that wolves are likely to be a lynx competitor, and we would agree.  So 
rather than your hinting (in our opinion) that a climate-induced wolf increase could be bad for 
lynx, we would argue that it could be good (keep coyotes suppressed, if that really matters to 
lynx), or at least a mitigating factor to any possible bobcat increase (if bobcats really affect lynx).  
The other noteworthy of mention for this section is that if deer (and bobcat and wolves) do 
increase, it is at least something very amenable to management action (increase deer hunting 
quotas) if there is the political support to keep deer densities lower (as has been considered in 
the name of moose management). 

49) P. 122 – last sentence in this section on hybridization – see our comment #32. 
50) P. 156+ - As we began to read this section, we were happy to see full acknowledgment of the 

vast amount of uncertainty in longer-term forecasting here.  But before we read on, we already 
knew that such forecasting was nevertheless done, in spite of this.  We certainly recognize that 
decisions often have to be made in the face of much uncertainty, and that the process required 
to make projections can often be fruitful.  Nevertheless, we put little faith in long-term 
projections in these situations, even if it may serve as a useful academic exercise.  And we 
question whether long-term forecasting is even REQUIRED in this situation.  That needs to be 
justified.  We know that one argument here is that this document is not a “decision document”.  
But it will obviously be used in a decision that has many implications, so we think it behooves 



the process to only present information which can be defended as reliable.  We would note that 
most wildlife ‘system dynamics’ are nonlinear, and chaos theory tells us that even in 
deterministic systems (e.g., IF we knew all the biological/climate/management variables AND 
they were constants), future projections are still highly sensitive to initial conditions so even 
minor errors in our knowledge of the ‘start conditions’ can lead to exponentially diverging 
projections into the future.  And there is indeed much uncertainty in our knowledge of the 
current state of the system (i.e., no reliable population estimates).  So what is a reasonable time 
to consider?  We don’t have the magic answer, and from a 2009 Memo we saw from the 
Solicitor to the Director of USFWS, neither did they.  But from my read of the Memo, we 
strongly doubt there is “...not only the foreseeability of the threats, but also the foreseeability of 
the impacts from the threats” 87 years out (to 2100).  The Memo also notes that “..the 
foreseeable future extends only so far as the Secretary can explain reliance on the data to 
formulate a reliable prediction. What must be avoided is reliance on assumption, speculation, or 
preconception”.  I would argue that even in the shorter-term, MANY statements rely on quite a 
lot of biological assumption, speculation, and perhaps preconception.  The Memo also notes 
that “The further into the future that is being considered, the greater the burden to explain how 
the future remains foreseeable for the period being assessed”.  On this point, we note that this 
seems in contradiction to your (correctly) stated observation that the further out you look, the 
LESS confidence you have.  Finally, “…..the mere fact that someone has made a prediction 
concerning the future does not mean that the thing predicted is foreseeable for the purpose of 
making a listing determination….”.   Putting all this together, we simply do not believe 
projections to the year 2100 should even be included – the process of having discussed it 
internally is fine, but all that should be reported is that it was concluded to be unreliable.  We 
think a priori considerations alone should make this clear, and we think this is reinforced by 
Figure 7 which shows significant variability in the assessments of lynx experts (i.e., the 
difference between Median-low and Median-high projections).  And we would argue even this 
significantly underestimates reality (i.e., the true range of uncertainty is much wider…on both 
ends); lots of psychological studies clearly demonstrate there are many cognitive biases that 
lead us to have more confidence than we should (for a shorter popular discussion, see 
http://www.nature.com/news/how-scientists-fool-themselves-and-how-they-can-stop-1.18517, 
or perhaps the book called “The Black Swan” for a longer commentary).  By reporting estimated 
persistence to 2100, even with the table showing (underestimated) uncertainty among the 
experts, there will become a de-facto assumption by many readers, including many decision-
makers we suspect, that it is trustworthy (in spite of the uncertainty).  For example, toward the 
end of the Executive Summary, which may be all many will read or later cite, it only says “…the 
probability of the persistence of resident breeding populations will decline in all geographic 
units, with the negative DPS-wide trajectory continuing to the end of the century…”.  And “The 
probability of losses in resiliency, redundancy, and representation puts the Canada lynx DPS at 
increasing risk of extirpation through the end of this century”.  Not a lot of uncertainty 
expressed there.  Besides the fact that it is absolute probability values, not “increasing risk” or 
“will decline”, which matters, these statements portray confidence that simply cannot be 
scientifically justified…..even if there is valid reason to believe it COULD be true.  There is also a 
large body of psychological research showing that saying and then repeating ideas leads people 
to BELIEVE they are true and supported by data, even in cases where they are known to be false 

http://www.nature.com/news/how-scientists-fool-themselves-and-how-they-can-stop-1.18517


(which we are not suggesting here).  For the integrity of the document and process, we believe 
some of these statements and approaches need to be changed.  At most, we can’t see 
projecting beyond 50 years, and to be honest, we have little confidence in this case even past 20 
years.  Besides, aren’t the SSAs to be done every 5 years (or 5 years post-delisting if by chance 
that happened), meaning you can update if more confidence is developed in the data and our 
ability to forecast?  Saying “we don’t know” is far more defensible than speculative guesses. 

51) For the sake of time, and because we’ve already noted both our broad forecasting concern (#50) 
and numerous more specific comments above, we have opted to not review in detail all the 
information contained in Chapter 5, and to some extent even many non-Minnesota sections in 
Chapter 4.  Nevertheless, a scan of these sections suggests that many of my above concerns also 
apply to comments made in these sections, and should you agree with any of them, then we feel 
changes need to be made in these sections as well. 

52) P. 158 – “In each geographic unit, the experts we consulted expect the probability that resident 
lynx populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below)”.  While one can assume our forthcoming comment is already understood by all those 
that may read/use this SSA, that is probably wishful thinking and so we feel it needs to be made 
– except for a few highly improbable situations that could hypothetically occur, the estimated 
probability of persistence will always decline the further out in time you project, even if there 
are no KNOWN threats.  The potential for some type of major negative event always becomes 
higher the further out you consider.  This is true for individuals (which don’t live forever), 
populations, and species.  It is true for lynx, as well as humans.  So a decline in estimated 
probability of persistence with longer timeframes is ‘normal’.  I believe this point needs to be 
explicitly acknowledged – a decline is not automatically a concern, it is the actual estimated 
probability that may matter (and we have already expressed concerns about the reliability of 
the actual numbers, especially those projecting more than 20-30 years out). 

53) P. 158 – “Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century”.  We will assume we are mis-reading something here, but when we look at Figure 7, 
year 2050, average projection, it looks to us like the experts project that 4 of the 6 units, with a 
5th close, are expected to persist with probability > 50%.  Can this be clarified? 

54) P. 163 – Unit 2 NE MN – Very little to add beyond that which we’ve said.  We question what we 
think can only be called the assumptions of direct impacts of snow, bobcat competition, and 
hybridization concern.  We do think the fate of the boreal forest will be crucial for hares/lynx, 
but question the ability (regardless of mechanism) to produce a reliable estimate of persistence 
probability 87 (or 50) years out.   

55) P. 186 – “In response to a 2008 court ruling, the MN DNR began to draft a plan to address 
incidental take of lynx that may result from otherwise legal trapping in Minnesota. This plan is 
still under development by the MN DNR and will be designed to reduce the likelihood of 
incidental take from trapping (ILBT 2013, p. 49)”.  The State of MN completed and submitted an 
ITP/HCP to the USFWS in 2008.  We also implemented regulatory changes, approved by the 
Court, to reduce incidental take of lynx.   



56) P. 191 – “The lynx is state listed, however, and Minnesota's Endangered Species Statute and the 
associated Rules impose a variety of restrictions, a permit program, and several exemptions 
pertaining to species designated as endangered or threatened”.  Lynx in MN are actually listed 
as a “Species of Special Concern” and thus not specifically covered by rules specific to our State 
ESA.   

57) Pp. 190-192 (but also applying to pp. 183-190) – we would just start by saying our comment #50 
applies here as well.  To that we would add that we feel the tone of much of this section goes 
even beyond the concerns about speculation we have referenced above.  We feel, correct or 
not, that much of this comes across as biased and ‘scare tactics’.  Examples: 

a. Under the possibility of Federal protections being removed, and even if a state harvest 
did not occur, you say “Under the state statute, a person may not take, import, 
transport, or sell any portion of an endangered or threatened species. However, these 
acts may be allowed by permit issued by the DNR”.  Notwithstanding our correction 
noted in # 56, were you really suggesting we might issue such permits liberally and 
jeopardize lynx?  If not, what is the point? 

b. “There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the 
state”.  You can expect this, and we could do it (though we doubt it), but what is the 
point of this unless you are implying it is a “threat” and using it to create fear about a 
post-delisting scenario?  Are you questioning our ability to responsibly manage a 
harvest? 

c. “Without Federal listing driving voluntary conservation guidelines, however, there 
would be little or no motivation for private forest landowners to intentionally engage in 
forest management to benefit lynx”.  What evidence are you suggesting there may be 
that private forest landowners have been compelled by Federal law to adopt voluntary 
guidelines now? 

d. “Without Federal-listing, these projects [wetland permits, highways, powerlines, etc] 
would not consider impacts to lynx critical habitat. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and 
fragmentation and would result in reduced justification for habitat protection initiatives 
in northeastern Minnesota”.  Can you even document (not speculate) whether Federal 
laws have ‘saved’ lynx or lynx habitat on Federal Lands (or on federally-funded projects) 
to date?  In reality, there has likely been little if any practical effect of the federal nexus 
on county/state/private lands, but do you have any documentation of how non-federal-
nexus-projects on those other, mostly state/county, lands in lynx range have harmed 
lynx?  And if the focus is just the Federal lands, what are the truly ‘foreseeable’ projects 
expected to occur, what are the suspected effects on lynx, what mitigation could occur 
(even if not legally required), and will Federal land managers in fact disregard lynx if 
they are delisted (if so, THEY might want to reconsider).  And while you are correct that 
federal listing certainly adds ‘legal teeth’ to many things, the assumption that nobody 
will care about or advocate for lynx habitat needs in our state forest wildlife 
management practices/policies is not valid. Fear of what COULD happen is not a 
justification for keeping a species listed. 



e. “In a future scenario without Federal listing, Minnesota’s incidental take planning effort 
for trapping may be further delayed or halted and may result in the diminishment of 
protective measures to minimize injury, take, and mortality of lynx.  As it is, 
approximately 16 lynx have been reported to be incidentally trapped in Minnesota since 
listing, resulting in at least 6 mortalities”.  First, there have actually been 24 accidental 
captures and 11 mortalities in the 17 years since delisting.  Second, we HAVE lynx 
avoidance regulations in place and have not documented any need for changes at this 
time.  Are you implying we need to make changes, that we will drop existing changes if 
de-listed (but still state-protected), or that incidental take is or would be a population-
level concern even though it was not deemed a threat at listing?  We see this as biased 
fear, and one that suggests you believe the state is unwilling to address new 
documented concerns should they arise. 

f. “It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so 
it may also be suggested for lynx)”.  Side point – you could clarify by adding that the first 
wolf season was ~ 20 years after the wolf population in MN/WI/MI surpassed federal 
numeric recovery goals.  Main point – why do you feel the need to say this unless you 
are assuming we will start a season, and would do so in a manner that would jeopardize 
lynx?  And if this is your assumption, is this not a catch-22 situation – if you delist, it 
indicates there are no serious threats, and then you turn around and imply a threat 
from delisting.  Would there not be a 5-year PDL monitoring plan?  Would you not be 
able to re-list if we in fact enacted all the changes you suggest we COULD and harmed 
lynx populations? 

g. “Illegal shooting and non-reporting would likely increase without federal protection. 
High-profile law Federal enforcement cases may have helped to reduce illegal shooting 
of lynx”.  Is there any data to support this idea?  We’ve never met a poacher who self-
reported or even cared about the law (state or federal).  And for accidental take, if 
anything, reporting could actually increase.  

h. “With a diminished snow regime, populations of bobcats would be expected to increase 
and expand north and eastward into areas currently occupied by lynx. Incidental take of 
lynx from bobcat trapping and hunting activities would likely increase without Federal 
listing”.  I would describe this as an “IF, IF, IF, Then POSSIBLY” statement.  Plus, you have 
repeatedly suggested, we argue with little to no supporting data, that bobcats will 
somehow outcompete/exclude lynx if they do expand, so how could incidental take 
increase if the lynx will have ‘moved out’ or been killed soon after bobcats arrive?  Plus, 
would not the limited accidental take of lynx that might occur be offset by the removal 
of the supposed lynx-killing/competing bobcats and coyotes by trappers/hunters?  Our 
next comment is partially relevant here too. 

i. “Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime 
in northern Minnesota and trapping would be expected to occur there that may lead to 
greater incidental take of lynx”.  Trapping already occurs “there” for these species, 
coyotes are unlikely to increase anyway (unless wolves recede, and if that occurred, red 
fox might decrease).  So how much would the potential impact of an unknown amount 
of a suspected increase in incidental take be offset by a suspected increase in trapping 



of these suspected lynx competitors.  And setting this aside, this logic suggests you have 
quite a bit more confidence than we do in being able to predict future fur prices and 
trapping effort.  

j. “We believe that despite a closed hunting and trapping season, incidental take would 
continue and possibly increase and could become a significant threat to a population of 
lynx that will likely be significantly diminished by mid- to late-century”.  See many 
comments from a-i. 

Thank you for the opportunity to review the draft.  We hope our comments were helpful and look 
forward to your responses. 



From: Jonathan Mawdsley
To: Baker, Richard (DNR); Bush, Jodi (jodi_bush@fws.gov); Zelenak, Jim
Cc: lori_nordstrom@fws.gov; Alisa Shull; peter_fasbender@fws.gov; Tamara Smith; Ron Moen; Catton, Susan

(scatton@fs.fed.us); Norris, Jane C (DNR); Erb, John D (DNR); Pierce, Ann M (DNR); Skinner, Luke C (DNR);
Leach, Jim (DNR); Telander, Paul B (DNR); Cornicelli, Lou (DNR); Larson, Mike A (DNR)

Subject: RE: Minnesota"s Comments on the Draft Lynx Species Status Assessment
Date: Friday, February 24, 2017 7:56:54 AM

Rich,
 
Many thanks for the note and for submitting these comments – we greatly appreciate your time and
effort in reviewing this document.
 
With best regards,
Jonathan Mawdsley
 

From: Baker, Richard (DNR) [mailto:richard.baker@state.mn.us] 
Sent: Friday, February 24, 2017 8:51 AM
To: Bush, Jodi (jodi_bush@fws.gov); Zelenak, Jim
Cc: Jonathan Mawdsley; lori_nordstrom@fws.gov; Alisa Shull; peter_fasbender@fws.gov; Tamara Smith;
Ron Moen; Catton, Susan (scatton@fs.fed.us); Norris, Jane C (DNR); Erb, John D (DNR); Pierce, Ann M
(DNR); Skinner, Luke C (DNR); Leach, Jim (DNR); Telander, Paul B (DNR); Cornicelli, Lou (DNR); Larson,
Mike A (DNR)
Subject: Minnesota's Comments on the Draft Lynx Species Status Assessment
 
Jodi/Jim,
 
Thank you for the opportunity to comment on the draft Lynx SSA and for your patience in awaiting
our response. The comments attached to this email were authored by Minnesota Department of
Natural Resources’ Furbearer Biologist, Dr. John Erb. I have carefully reviewed and concur with these
comments, and they should be considered submitted on behalf of the Minnesota Department of
Natural Resources.
 
Please feel free to get back to me with any questions or concerns. We look forward to the next draft
of the SSA.
 
Sincerely,
 
Rich Baker
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
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E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><> 
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From: Kurt Broderdorp
To: Jim Zelenak
Subject: RE: compilation of state comments
Date: Friday, February 24, 2017 8:31:00 AM

Jim, I wanted to confirm with you that I will not be attending the Lynx
SSA meeting next week.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, February 23, 2017 2:57 PM
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Justin Shoemaker; Marjorie Nelson
Subject: Fwd: compilation of state comments
 
I'll add this to the drive, but thought this compilation might be useful as you prepare for the
decision meeting next week.
 
 
---------- Forwarded message ----------
From: Jonathan Mawdsley <jmawdsley@fishwildlife.org>
Date: Thu, Feb 23, 2017 at 2:46 PM
Subject: re: compilation of state comments
To: "Bush, Jodi <jodi_bush@fws.gov> (jodi_bush@fws.gov)" <jodi_bush@fws.gov>,
"jim_zelenak@fws.gov" <jim_zelenak@fws.gov>

Jodi and Jim,
 
Please find attached a compilation of state comments that we at AFWA have received in
regards to the Draft Species Status Assessment for the Canada Lynx DPS.  You will see that
we have divided the comments into two sections, the first being general comments from the
individual states, the second being a page-by-page inventory of the more detailed comments
that we received in response to specific passages in the draft document itself.  I very much
hope that this compilation will be of assistance to you.  Please let me know if there is anything
else that AFWA can do to assist in the development of this important document.
 
With best regards,
Jonathan Mawdsley
 
Jonathan R. Mawdsley, Ph.D.
Science Advisor
Association of Fish and Wildlife Agencies
1100 First Street, NE, Suite 825
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Washington, DC 20002 USA
Phone: (202) 838-3462
Cell: (202) 997-6628
Fax: (202) 350-9869
E-mail: jmawdsley@fishwildlife.org
Web: http://www.fishwildlife.org
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jmawdsley@fishwildlife.org
http://www.fishwildlife.org/
mailto:jim_zelenak@fws.gov


From: Smith, Tamara
To: Pat Lund
Subject: Fwd: lynx baiting in Grand Marais
Date: Friday, February 24, 2017 4:01:49 PM
Attachments: image003.png

image005.png
image004.png
image002.png

Hi Pat - 

I thought you should be aware of this.

Thanks, 
Tam

---------- Forwarded message ----------
From: Catton, Susan J -FS <scatton@fs.fed.us>
Date: Wed, Feb 22, 2017 at 12:48 PM
Subject: RE: lynx baiting in Grand Marais
To: "Tamara_Smith@fws.gov" <Tamara_Smith@fws.gov>

Hi Tam,

I would say yes.  I’m also checking with our FS law enforcement.  If baits and cameras are on
FS lands this could be an outfitter guide and law enforcement issue for us as well.

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Wednesday, February 22, 2017 12:46 PM
To: Catton, Susan J -FS <scatton@fs.fed.us>
Subject: Re: lynx baiting in Grand Marais

 

Hi Susan - Hmmm... Do you think this is another one we should let our law enforcement folks
know about?

 

On Wed, Feb 22, 2017 at 12:42 PM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:

Hi Tam,

Please see the link below.   Provides information about an ecotourism trip to Grand Marais
to view Canada Lynx at bait stations
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http://www.wisebirding.co.uk/minnesota-canadian-lynx-and-owls-2017

 

Susan Catton 
Forest Wildlife Biologist/Program Manager
Forest Service

Superior National Forest
p: 218-626-4304 
f: 218-626-4398 
scatton@fs.fed.us
8901 Grand Ave. Pl.
Duluth, MN 55808
www.fs.fed.us 

Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Boulevard East

Bloomington, MN 55425

http://www.wisebirding.co.uk/minnesota-canadian-lynx-and-owls-2017
mailto:scatton@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112


952-252-0092, Ext. 219  (new number)

952-646-2873  (new fax number)

 

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell



From: Rollie White
To: marjorie_nelson@fws.gov
Subject: Lynx question
Date: Sunday, February 26, 2017 8:27:14 AM

Hi Marj,
Reading the SSA, I am hanging up on statements that the species was listed due to
"inadequacy of existing regulatory mechanisms".  That makes no sense to me.   The
"inadequacy" has to be regulation of a stressor or threat (that is inadequately regulated).  What
was the underlying threat?  
Thanks for any perspective you can offer.

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov
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From: Rollie White
To: marjorie_nelson@fws.gov
Subject: Re: Lynx question
Date: Sunday, February 26, 2017 8:38:43 AM

And, part II.

This is odd to me as well:

Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and
consideration of a future in which the DPS is not listed under the ESA. However, given the
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the
unlikely hypothetical future in which the DPS is not listed and all protections and
conservation efforts disappear. Rather, we assume that although some protections could
be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for
some states to reinstitute limited trapping/hunting harvest), that conditions for delisting
would include requirements and incentives to continue to conserve lynx and its habitats and
to assure persistence of resident lynx populations in those places that can support them on
Federal, State and Tribal lands (perhaps some private lands as well). Our evaluation,
therefore, considers the possibility of the future relaxing of some lynx conservation
measures and efforts, but not the complete absence of all protections for lynx.

Why would we consider the potential future Listing status of a species in an SSA? This is
circular reasoning, isn't it?  In my mind, if the species is not yet listed when we do the SSA,
we are looking at its current nonlisted status.  If the species IS listed, we look at the listed
status.  We don't know what would change at the point of some future delisting, so how can
we project the species' status at that time?

-RW

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

On Feb 26, 2017, at 8:27 AM, Rollie White <rollie_white@fws.gov> wrote:

Hi Marj,
Reading the SSA, I am hanging up on statements that the species was listed due to
"inadequacy of existing regulatory mechanisms".  That makes no sense to me.  
The "inadequacy" has to be regulation of a stressor or threat (that is inadequately
regulated).  What was the underlying threat?  
Thanks for any perspective you can offer.

-Rollie
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Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov
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From: Rollie White
To: Rollie White
Subject: Re: Lynx listing
Date: Sunday, February 26, 2017 10:57:36 AM

These trends indicate the range of the lynx in the DPS is likely to contract as a direct result
of climate change. Because of climate change and other stressors, lynx biologists believed
that only one to three of the six units may persist to the end of the century (Lynx SSA Team
2016, p. 48). 

P. 64

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

On Feb 26, 2017, at 10:35 AM, Rollie White <rollie_white@fws.gov> wrote:

Federal lands make up approximately 64 percent of the lands encompassed by
the six geographic units evaluated in this SSA. Of those Federal lands, roughly
87 percent is managed by the U.S. Forest Service (USFS), 11 percent by the
National Park Service (NPS), and two percent by the Bureau of Land
Management (BLM). The amount of Federal land varies by unit, ranging from
one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see
Table 2, above, and Chapter 4, below, for ownership in each geographic unit).
Federal lands management is guided by a number of statutes and associated
regulations, policies, standards, guidelines, and best management practices
applied by managing agencies to meet legislative mandates and achieve
agency missions (for a summary of relevant Acts and associated regulations
and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory
mechanisms provide some benefits to lynx and protect lynx habitats (USFWS
2014, pp. 24-34). For example, the conservation priority in the management of
NPS lands in accordance with the National Park Service Organic Act (16 USC
1 et seq. as amended), the National Parks and Recreation Act (Public Law 95-
625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides
an adequate regulatory framework for the conservation of lynx populations and
habitats in the NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33).
However, it was the absence of specific management direction and
conservation measures for lynx and lynx habitats in USFS and BLM land
management plans that led the Service to conclude that the regulatory
mechanisms in those plans at the time of listing were inadequate to provide for
the conservation of the DPS. Therefore, the evaluation below focuses on the
efforts of USFS and BLM, in collaboration with the Service, to address the
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regulatory inadequacy for which the DPS was listed.

The Service designated lynx in the contiguous U.S. as a DPS and listed it as
threatened under the ESA in 2000 because of the inadequacy, at that time, of
existing regulatory mechanisms. Specifically, at that time the Service believed
that most lynx populations and potential lynx habitats (broad forest vegetation
classes defined as “lynx forest types” [65 FR 16071]) in the contiguous U.S.
occurred on Federal (USFS, NPS, and BLM) lands in the western states, and
that the plans that guided management of those lands (particularly USFS and
BLM lands) included “...programs, practices, and activities within the authority
and jurisdiction of Federal land management agencies that may threaten lynx
or lynx habitat. The lack of protection for lynx in these Plans render them
inadequate to protect the species” (65 FR 16052, 16082). At that time, the
Service found that USFS and BLM management plans did not adequately
address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp.
2-1 through 6-3), those plans allowed actions that cumulatively could result in
significant detrimental effects to lynx in the contiguous U.S. As a result, the
Service concluded in the final rule that the lack of Federal land management
plan guidance for the conservation of lynx and the potential for those plans to
allow or direct actions that could adversely affect lynx constituted a significant
threat to the DPS (68 FR 40096).

In 1998, in anticipation of the DPS’s listing under the ESA, regional and state
directors of the Service, USFS, BLM, and NPS approved preparation of the
interagency LCAS to provide a consistent and effective approach to conserve
lynx and to assist with Section 7 consultation on Federal lands. An interagency
Steering Committee selected a Science Team to assemble the best available
scientific information on lynx and appointed the ILBT to prepare a lynx
conservation strategy applicable to Federal land management in the contiguous
U.S. (USFWS 2014, p. 15). The first edition of the LCAS was completed in
January, 2000 and revised in August, 2000 (Ruediger et al. 2000, entire). The
Steering Committee subsequently issued several amendments and
clarifications, and the most recent revision of the LCAS was completed in
August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17
risk factors (e.g., timber and fire management, recreation, roads, livestock
grazing, trapping, etc.) thought to have the potential to affect lynx habitat
suitability, productivity, mortality, and movements and that may be addressed
under programs, practices, and activities within the authority and jurisdiction of
Federal land management agencies. These risk factors included programs or
practices with the potential to result in habitat conversion, habitat
fragmentation, or obstruction to lynx movement; roads or winter recreation trails
that may facilitate access to historical lynx habitat by competitors; and fire
suppression, which changes the vegetation mosaic maintained by natural
disturbance processes. The risks identified in the 2000 LCAS were based on
potential effects to lynx habitats and to individual lynx, lynx populations, or both;
therefore, not all of the risks initially identified in the LCAS were thought to
threaten lynx populations in the DPS (68 FR 40096). In the 2013 revised LCAS,
risk factors were redefined as “Anthropogenic Influences on Lynx and Lynx
Habitat,” and grouped into two tiers based on the potential magnitude of effects
(ILBT 2013, pp. 1, 68). First tier influences (climate change, vegetation



management, wildland fire management, and habitat fragmentation - discussed
in the remainder of this chapter, below) are those with potential to negatively
affect lynx populations and habitats, while second tier influences are those that
may affect individual lynx but are not expected to substantially impact
populations or habitats (ILBT 2013, pp. 68-85).

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov
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From: Rollie White
To: Nordstrom, Lori
Subject: Re: The lynx book
Date: Monday, February 27, 2017 4:26:06 PM

Lori,
Thanks for sending that, and for today's discussion. Very helpful.
-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

On Feb 27, 2017, at 1:37 PM, Nordstrom, Lori <lori_nordstrom@fws.gov> wrote:

Rollie
This is the lynx book (some of the chapters became the lynx bible) that I
referenced. It's on Amazon!

Ruggiero et al 2000. Ecology and conservation of lynx in the United States.
https://www.amazon.com/Ecology-Conservation-General-Technical-Gtr-
30www/dp/0870815776

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov
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From: Smith, Tamara
To: Zelenak, Jim
Cc: Mark McCollough; Bryon Holt; Kurt Broderdorp
Subject: Re:
Date: Tuesday, February 28, 2017 9:25:42 AM

That's helpful, Jim - Thanks!  Safe travels and we'll see you all tomorrow!

On Tue, Feb 28, 2017 at 9:20 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks, Tam.  I'll probably see you at the airport - I get in around 5:10.

I have not requested that other Core Team members prepare Powerpoints; however, if having a couple slides
would help in explaining unit-specific info/issues/peer and partner review in the event that detailed questions
arise, then feel free to prepare some, and we can make sure they get loaded onto whatever machine we will be
using in the morning.

I intend to present brief summaries of SSA results and general themes of comments for each unit, and then ask
each unit lead (you-all) to briefly add any important info/detail that I may have overlooked or not presented in
adequate detail.  I'm not really sure how all this will happen, and Jennifer has reminded me to focus only on the
most salient points, but there is a lot of information to transmit in a relatively short time - 45 minutes or so.

Wish we had another week (or month).... 

Safe travels all!

On Tue, Feb 28, 2017 at 7:58 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -  I will be arriving at 4PM, but am going to hang out at the airport and ride over to
the hotel with Lori and Jennifer, who are arriving around 5PM.

Just to be clear, are other core team members preparing Powerpoints to present/discuss
unit-specific information and State/Peer Review comments or are we just expected to be
prepared with talking points regarding our units & state comments?

Thanks!
Tam

On Mon, Feb 27, 2017 at 4:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Core Team,

Attached below are a few slides showing the decision maker (DM) exercises that Jennifer has developed for
the meeting this week.

Prior to these exercises, DMs will have been through several other exercises regarding definitions of T and
E, and of "foreseeable future," etc.  They also will have seen my presentation by then (assuming I can finish
it between now and then...), and so will know that the figures in this exercise are the results of the EE
workshop, will have an understanding of the process used to generate the data and associated uncertainties,
and will know of any differences between these projections and Core Team conclusions or differences of
opinion.

For each scenario, DMs will be asked whether they find the DPS endangered based on the data (they will not
initially be reminded of the time frames represented by the data).  Their responses/scores for Scenario 1 will
determine if Scenario 2 is necessary, response to 2 will determine necessity of 3, etc.

Please take a look at the graphics and notes, and if you have any major concerns or questions, please email
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Jennifer to let her know.

We will not have the Core/FIT call tomorrow because I really need to keep working on the presentation and
other materials for the meeting.

I'll arrive at the Hampton across from the RO about 6 PM on Wed. night.  Hope we can get together for
dinner. I have your cell numbers and vice-versa.  Talk to you then.

Thanks again for all the help and for being prepared to present/discuss your unit-specific information and
State/Peer Review comments at the meeting. See you in a few days.

 
---------- Forwarded message ----------
From: Szymanski, Jennifer <jennifer_szymanski@fws.gov>
Date: Mon, Feb 27, 2017 at 2:50 PM
Subject: 
To: Jim Zelenak <jim_zelenak@fws.gov>

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
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4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:jim_zelenak@fws.gov


From: Baker, Richard (DNR)
To: Andrew Bray
Cc: Joyal, Lisa (DNR); Tamara_Smith@fws.gov
Subject: RE: Lynx Distribution
Date: Friday, March 10, 2017 4:15:14 PM

Mr. Bray,
 
To request data from Minnesota’s Rare Features Database, please review the PDF’s at the bottom of
the DNR’s webpage at http://www.dnr.state.mn.us/nhnrp/nhis.html.
 
You should be aware that our records of Canada Lynx are limited to the few den sites that we have
detected. If you need clarification on the requirements of the biological assessment that you are
developing, I recommend that you contact Tamara Smith at the USFWS’s Twin Cities Field Office,
whom I’ve copied here.
 
Rich Baker
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><> 
 

From: Andrew Bray [mailto:a.bray@trileaf.com] 
Sent: Friday, March 10, 2017 4:01 PM
To: Baker, Richard (DNR) <richard.baker@state.mn.us>
Subject: Lynx Distribution
 
Richard –
 
We are in the process of completing a biological assessment which is located just outside
of Duluth. Our proposed location is within the Lynx critical habitat. If I get you a precise
location can you inform me as to if any lynx have been documented in the area?  
 
Many thanks,
 
Andrew Bray
Project Scientist II
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2550 South I-35., Suite 200
Austin, Texas 78704
Office : (512) 519-9388
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From: Smith, Tamara
To: McCollough, Mark
Cc: Jim Zelenak
Subject: Re: climate change and loss of spruce-fir forest in ME and MN
Date: Tuesday, March 14, 2017 1:47:53 PM
Attachments: Galatowitsch_2009_Climate_Change_Adaption_Strategies_Conservation.pdf

Hi Mark and Jim - The paper I was referring to at the DM was the Galatowitsch et al. 2009 
paper (attached). 

On Tue, Mar 14, 2017 at 10:22 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim and Tam:

While working on responses to comments this morning I found these new research results
coming from UMaine that predicts loss of spruce-fir from Maine and Great Lakes Forest by
the end of the century (and substantial declines by 2060). See pages Maine 88-99 in the
University of Maine Center for Sustainable Research report below.

Maps generated for the years 2030, 2060, and 2090 suggest that suitable habitat for white
and black spruce will disappear from the U.S. by 2060 and from the Acadian Region by
2090 (Figure 9). Patches of suitable habitat for balsam fir and red spruce are projected to
remain in the U.S. ca. 2060, but dwindle to only a few located at high altitudes along the
Appalachian Mountains by 2090.

This research also indicates that several of our northern hardwoods, red maple and paper
birch, also decline.  Forest management greatly accelerates the declines caused by
climate change. 

I was not aware of this research when I wrote the climate change section for the lynx SSA. 
Sorry, but we have been moving at such speed that I haven't had time to talk to forestry and
climate change researchers at UMaine.  I'm surprised that Erin Simons-Legaard did not
mention the thesis and final reports to me (although I knew they were working on it).  Tam,
you mentioned a similar prediction at the decision meeting, but I don't know if this was the
same source (I doubt it). I will try to get a copy of the Andrews 2015 thesis from UMaine
that has more details.
 
Is this a "decision-changer" concerning the preliminary lynx listing decision if we have two
independent sources calling for substantial declines in spruce-fir by 2060 in Maine and
Great Lakes?

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

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office

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

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (temp. use ext. 201)
952-646-2873 

612-600-1599 Cell
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a b s t r a c t

Scenario planning should be an effective tool for developing responses to climate change but will depend
on ecological assessments of broad enough scope to support decision-making. Using climate projections
from an ensemble of 16 models, we conducted an assessment of a midcontinental area of North America
(Minnesota) based on a resistance, resilience, and facilitation framework. We assessed likely impacts and
proposed options for eight landscape regions within the planning area. Climate change projections sug-
gest that by 2069, average annual temperatures will increase 3 �C with a slight increase in precipitation
(6%). Analogous climate locales currently prevail 400–500 km SSW. Although the effects of climate
change may be resisted through intensive management of invasive species, herbivores, and disturbance
regimes, conservation practices need to shift to facilitation and resilience. Key resilience actions include
providing buffers for small reserves, expanding reserves that lack adequate environmental heterogeneity,
prioritizing protection of likely climate refuges, and managing forests for multi-species and multi-aged
stands. Modifying restoration practices to rely on seeding (not plants), enlarge seed zones, and include
common species from nearby southerly or drier locales is a logical low-risk facilitation strategy. Monitor-
ing ‘‘trailing edge” populations of rare species should be a high conservation priority to support decision-
making related to assisted colonization. Ecological assessments that consider resistance, resilience, and
facilitation actions during scenario planning is a productive first step towards effective climate change
planning for biodiversity with broad applicability to many regions of the world.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Climate change resulting from CO2 emissions will continue over
the next century regardless of the scope and magnitude of mitiga-
tion efforts (IPCC, 2007). The rapid rate of climate change, coupled
with other anthropogenic stresses, will deplete species diversity in
some regions if habitats become unsuitable and migration is insuf-
ficient. Although climate change predictions are derived from glo-
bal models, strategies to minimize effects on biodiversity need to
be formulated at local and regional scales to account for land-use
differences, extent of natural ecosystems, and ecology of the indig-
enous flora and fauna. The adjustments humans make in response
to climate change, or that natural systems make unassisted, has
been called adaptation by IPCC (2001). Scenario planning will
likely be a crucial tool for developing these climate adaptation
strategies, given the high uncertainty of ecological responses to

anticipated changes and the complexity of addressing multiple
stressors (Peterson et al., 2003; Brooke, 2008). Scenarios are pro-
jections of plausible alternative futures for a specific purpose,
developed deliberatively and based on a shared understanding of
system dynamics and how actions may alter the future trajectory
of ecosystems. The foundation for scenario planning is an assess-
ment that identifies key drivers of system dynamics, uncertainties
with potential to have large impacts, and external changes most
likely to influence the system in the future (Peterson et al.,
2003). The challenge of converting highly context- or case- specific
research results into assessments has hindered the incorporation
of ecological information into climate change adaptation conserva-
tion planning (Brooke, 2008).

Climate change adaptation conservation planning, using a vari-
ety of conservation tools, is underway for some countries (e.g., UK,
South Africa, Australia), groups of countries (i.e., Small Island
Developing States (SIDS), European Union (EU)), and states/prov-
inces within countries (e.g., Queensland, Australia; Alaska and Flor-
ida, USA) (IPCC, 2002; Hannah et al., 2005; Ferris, 2006; Von
Maltitz et al., 2006; Pew Center on Global Climate Change, 2007;
QCCCE, 2008). Some of these efforts have identified key ecosystems
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or species likely to be most threatened by climate change and com-
pare adaptation options, but most are more general; scoping im-
pacts, identifying major barriers to action, and discussing key
issues needed for decision-making. Even when highly vulnerable
species and ecosystems have been identified, conservationists have
been reluctant to commit to specific adaptation plans (Heller and
Zavaleta, 2009). This reluctance often stems from a lack of climate
change predictions for specific regions, uncertainty about how spe-
cies will actually respond, and limited evidence that the proposed
actions will have the desired effects. When these uncertainties are
informally weighed against the risk of actions being counterpro-
ductive and the costs of implementation, plans stall (McLachlan
et al., 2007). This inaction or ‘‘paralysis by analysis” is not new to
conservation biology and is one of the primary reasons scenario
planning has been used to approach other problems with high
uncertainty and complexity (Peterson et al., 2003). Scenario plan-
ning has the advantage of explicitly incorporating different
assumptions about specific policies and actions when envisioning
alternative futures (Nassauer and Corry, 2004). Ecological assess-
ments need to be developed that can effectively serve as a basis
for scenario planning.

For over 20 years, challenges to sustaining species and ecosys-
tem diversity in remnant natural areas generated key conserva-
tion planning principles that are relevant to the new challenge
we face with climate change. As with traditional conservation
planning, a ‘‘coarse-filter approach” of prioritizing reserve selec-
tion of communities and ecosystems will provide more efficiency
than attempting to build scenarios for every vulnerable species
(Hunter et al., 1988). Connecting these reserves with corridor
systems, stepping stone reserves, and buffer zones will be crucial
to allow species’ ranges to adjust to new climatic conditions
(Halpin, 1997). However, as predictions of warming have become
increasingly dire, there is recognition that these planning frame-
works need to be supplemented to facilitate regional planning
under a greater array of environmental and socio-economic situ-
ations (Halpin, 1997; Heller and Zavaleta, 2009). Millar et al.
(2007) identified three kinds of adaptation actions for forest eco-
systems: defensive actions intended to resist the influence of cli-
mate change; practices aimed at promoting resilient ecosystem
responses to climate change; and active involvement in facilitat-
ing change to ecosystems or particular species. Distinguishing
between resistance, resilience and facilitation options during
ecological assessments and scenario planning is important for
two reasons. First, conservation actions reflect assumptions
about species and ecosystem responses to climate change and
so recognizing these options can help ecologists comprehensively
assemble the information needed for assessments. Second, devel-
oping scenarios that variably depend on resistance, resilience
and facilitation actions allow regional conservation planning
teams to compare the feasibility, risks, and potential outcomes
without needing to reach consensus on aspects of climate
change that are too uncertain to resolve. The resistance/resil-
ience/facilitation framework is potentially applicable to many
kinds of ecosystems and regional landscape contexts, although
this has not yet been applied to systems other than forests.

We used the state of Minnesota (USA) as a case study for regio-
nal climate change adaptation ecological assessments using the
resistance/resilience/facilitation framework. At the convergence
of three major biomes—boreal forest, hardwood forest, and Great
Plains grasslands—Minnesota is a good test case for this framework
and for regional adaptation planning in general. In addition,
approximately 50% of Minnesota’s landscape has been converted
for agriculture, industry and urbanization, but the state has an
extensive protected areas network (Fig. 1), ranging from the
400,000 ha Boundary Waters Canoe Wilderness Area to small
(<10 ha) remnant grasslands and wetlands surrounded by agricul-

ture. Specifically, our objectives were to: (1) develop climate pro-
jections for different regions of the state, (2) assess likely impacts
to wetland, forest and prairie ecosystems, and (3) propose a range
of key adaptation strategies for each region based on the resis-
tance/resilience/facilitation framework. How Minnesota’s conser-
vation practices need to change so its protected areas network
continues to support the state’s biodiversity should provide in-
sights for many other midcontinental locales. As importantly, we
report this ecological assessment as an example of information
assembly that would ideally be part of scenario planning for cli-
mate change adaptation.

2. Regional projected climate change

To initiate the ecological assessment for Minnesota, we created
climate change projection maps using the LLNL-Reclamation-SCU
downscaled climate projections derived from the World Climate
Research Programme’s (WCRP’s) Coupled Model Intercomparison
Project phase 3 (CMIP3) multi-model dataset, stored and served
at the LLNL Green Data Oasis (LLNL et al., 2008). These simulations
use general circulation models (GCMs) produced for the Intergov-
ernmental Panel on Climate Change (IPCC) Fourth Assessment Re-
port (AR4), scaled to a finer resolution (i.e., ‘‘downscaled”) using
bias-correction to eliminate discrepancies between the GCM and
historical observations, and spatial interpolations to merge
course-resolution (2� grid squares, or approximately 200 km by
200 km) GCM values with observed spatial patterns at a 1/8� grid
square resolution (approximately 12 by 12 km).

Using averaged results from a single run of all 16 models in the
CMIP3 archive, we produced projections of changes in annual and
summer temperature and precipitation for two time periods,
2030–2039, and 2060–2069, relative to a baseline period (1970–
1999) (data from Maurer et al., 2002; cited in LLNL et al., 2008),
for the A2 (upper mid-range) emissions scenario (IPCC, 2001).
Model ensemble averages are viewed with greater confidence than
individual climate models, because they neutralize extreme results
for given regions, and illustrate agreed-upon trends.

Climate change projections were evaluated for eight landscape
regions in Minnesota (Fig. 2). These regions were based on Min-
nesota’s Ecological Classification System (MN DNR, 2003), Forest
Resources Council Regional Landscape Classification (MFRC,
2008), and Wetland Ecological Units (MN DNR, 1997) so that they
reflect major differences in landform and natural vegetation and
generally follow political boundaries. For each region, the mini-
mum and maximum average annual temperature and precipita-
tion was determined for the recent past, 2030–2039, and 2060–
2069. To estimate current analogs for future conditions, the four
coordinate pairs for each region and time were located on maps
showing isopleth lines for the US 1961–1990 average annual tem-
perature and precipitation (Owenby et al., 1992). Average sum-
mer (June–August) temperature and precipitation were also
calculated for each region and time. However, climate maps for
summer averages were not available, so we plotted potential ana-
log locations using maps for July averages (High Plains Regional
Climate Center, 2008).

Changes in average annual temperature and precipitation by
2069 suggest a shift in regional climates equivalent to current con-
ditions approximately 400–500 km SSW (Fig. 3). Average annual
and summer temperatures are projected to increase 3 �C (Tables
1 and 2). Average annual precipitation is predicted to increase
slightly (4.8–7.8%) over this interval, although average summer
precipitation is expected to decrease slightly, up to 4%. These
trends are consistent with other published projections, which sug-
gest that analogs are likely to exist for Minnesota’s future climates
(Williams et al., 2007) in more southerly midwestern US states
(Kling et al., 2003).
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3. Anticipated responses of Minnesota ecosystems to climate
change

The likely response to climate change in Minnesota will vary
greatly among landscape regions since each differs in the type
and extent of remnant ecosystems, land use in the matrix around
protected areas, and prevailing environmental conditions (Fig. 1,
Table 3). Two of the landscape regions (Agassiz Lake Plain and
Southwest Prairie) lie along the eastern edge of Great Plains grass-
lands. Both regions have been extensively transformed by drainage
and cultivation, resulting in losses of prairies and wetlands of >90%.
The Boreal peatlands region on the Canadian border is a poorly
drained landscape of bogs, tamarack swamps, and fens. Less than
10% of the landscape in this region has been converted for human
use (MN DNR, 1997). The remaining five regions are forested land-
scapes. The Hardwood Hills region spans the prairie-forest border,
with remnant oak woodlands and hardwood forests within a ma-
trix of agricultural and urban lands. The Mississippi Blufflands re-
gion is a rugged landscape of primarily hardwood forests on high-

relief hillsides. Three landscape regions (Western Superior Up-
lands, Northern Superior Uplands, and Central Lakes) once had
extensive coniferous forests that have been replaced by aspen
and birch following logging (Friedman and Reich, 2005). After cre-
ating the climate projections for Minnesota’s landscape regions, we
applied relevant literature and local expert knowledge of land-use
patterns, vegetation types, soils and hydrology to determine the
likely ecosystem responses to climate change within Minnesota’s
major biomes.

3.1. Wetlands

The effects of climate change on hydrology will determine how
wetland ecosystems respond in Minnesota and elsewhere. All but
one of Minnesota’s landscape regions (Mississippi Blufflands) are
predominantly glaciated terrain where interactions between atmo-
spheric moisture and groundwater govern wetland hydrology
(Winter, 2000). For these wetlands, a positive water balance is
maintained when precipitation and groundwater additions exceed

Fig. 1. Protected areas are categorized based on their habitat quality and level of protection. ‘‘High quality – high protection”: Science and Natural Areas, Nature Conservancy
preserves, Designated Old Growth Forest, Prairie Bank lands, the BWCA Wilderness and Voyageurs National Park. ‘‘High quality – variable protection”: areas designated as
moderate – outstanding quality by the Minnesota County Biological Survey. ‘‘Variable quality – high protection”: State Parks, Wildlife Management Areas, Waterfowl
Production Areas, and National Wildlife Refuges. The boundaries of the eight landscape regions are delineated (see Fig. 3 for names and Table 3 for land cover descriptions).
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evapotranspiration (ET) losses. Johnson et al. (2005) estimated that
a 20% increase in precipitation is needed to compensate for a 3 �C
rise in temperature to maintain water balance in wetlands in the
eastern Great Plains, including the Southwest Prairie region of
Minnesota. Projections from the ensemble model suggest that
while Minnesota will experience a 3 �C rise in temperature state-
wide by 2069, increases in moisture may be only one-third of what
is needed to offset ET. Glacial till deposits have low hydraulic con-
ductivity in most landscape regions; consequently, in all but local-
ized areas, wetland ecosystems of Minnesota will likely have
shorter hydroperiods.

Decreases in water supply to Minnesota wetlands will likely
cause significant shifts in plant communities either as direct re-
sponses to water level changes or indirectly through altered soil
and water chemistry, decomposition, and disturbance regimes.
The decreased hydroperiod expected under a warmer climate will
favor several invasive species, especially reed canary grass (Phalaris
arundinacea) (Galatowitsch et al., 1999). The rate of colonization
and spread of reed canary grass greatly exceeds that of native
graminoids and forbs in newly created habitats, such as in draw-
downs, after fire and in restorations. Of critical conservation con-
cern is the anticipated impacts to calcareous fens which are
sustained by mineral-rich groundwater discharge and support a
relatively large proportion of rare plant species. There are approx-
imately 100 fens in the state, 20% of the total known for North
America (MN DNR, 1997). Lower hydraulic head in the groundwa-
ter recharge will reduce flow to fens, favoring non-calciphitic veg-
etation (Siegel, 2006). Across western Minnesota, freshwater
marshes and meadows may become brackish to alkaline as poten-
tial ET increases. Currently, potential ET exceeds average annual
precipitation in the Agassiz Lake Plain and Southwest Prairie, with
brackish wetlands occurring along their western edge. By 2069, ET
will exceed precipitation across the state; the conditions in these
landscape regions will be more similar to the Rainwater Basin of
Nebraska and northern Kansas.

Boreal peatlands, which occupy more than 2,400,000 ha of
northern Minnesota and dominate an entire landscape region,
may experience the most radical changes of the state’s wetland
ecosystems. With decreasing water levels and warmer tempera-
tures, shrub growth is expected to increase at the expense of
graminoids in ombrotrophic bogs (Weltzin et al., 2000). Lower
water tables would also favor the spread of peat fires (Woodwell
et al., 1995), likely changing the bog surface and vegetation compo-
sition. If the climate of this landscape region becomes similar to
Sioux Falls, South Dakota by 2069, the response of peat deposits
and vegetation is unclear.

3.2. Forests

Climate effects for Minnesota forests will include warmer
summers with more frequent and longer droughts. Because Min-
nesota is situated on the prairie-forest border, summer precipita-
tion is already marginal for forests on some soils. Many
contemporary forests are projected to become savannas (Heinsel-
man, 1996), with forests restricted to cooler, wetter refuges, such
as silty soils, lowlands, and north slopes. The boreal biome will
likely be lost from Minnesota, while cold-temperate deciduous
forests may persist only on north slopes in northern Minnesota.
Black spruce (Picea mariana), white spruce (Picea glauca), balsam
fir (Abies balsamea), tamarack (Larix laricina), and paper birch
(Betula papyrifera) are likely to exit the state under high emis-
sions scenarios (i.e., A1F1) (Prasad et al., 2008). Boreal red pine
(Pinus resinosa) and jack pine (Pinus banksiana) will also likely
be lost, but the species may persist in a mixture with oaks (Quer-
cus macrocarpa, Quercus alba, Quercus rubra) and red maple (Acer
rubrum) on nutrient poor sites.

Large-scale mortality due to a combination of drought stress,
blowdown, fire, and insect damage is likely, and has led to rapid
and widespread forest change in the past (Camill and Clark,
2000; Foster et al., 2006). Severe thunderstorms, the predominant

Fig. 2. Projected changes in average annual temperature (C) and precipitation (mm/day) from recent conditions (1970–1999) to 2030–2039 and 2060–2069 based on an
ensemble of 16 models under the A2 emissions scenario. Isolines in the projection maps indicate the degree of change relative to the baseline period; color gradient indicates
the relative difference in temperature/precipitation across Minnesota within the given decade.
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cause of forest damage in Minnesota, are expected to increase
(Trapp et al., 2007). Blowdowns and warmer, drier weather will
lead to more severe fires quickly transforming forests to other for-
est types or potentially savanna. Tree mortality may increase from

insect outbreaks; severe winter cold spells will be less frequent,
favoring the establishment and spread of a greater array of insects.
For example, the eastern larch beetle (Dendroctonus simplex) has
caused extensive mortality in recent years—higher population
sizes likely the result of lower winter mortality. Likewise, warmer
winters could allow mountain pine beetle (Dendroctonus pondero-
sae) to establish in Minnesota (Logan, 2007). Exotic, invasive insect
pests, plants, and earthworms that hinder establishment and
growth of native tree seedlings are expected to spread faster in a
warmer climate (Logan et al., 2003; Bohlen et al., 2004). Rising
white-tailed deer (Odocoileus virginianus) populations in northern
Minnesota will also impact regeneration of several dominant tree
species (e.g., Thuja occidentalis, Pinus strobus, Betula alleghaniensis,
Q. rubra) (Côté et al., 2004).

Tree species capable of growing in climates analogous to those
projected for Minnesota include elms (Ulmus americana, Ulmus
thomasii, Ulmus rubra), hackberry (Celtis occidentalis), American
basswood (Tilia americana), bur oak ( Q. macrocarpa) and white
oak (Q. alba). Because of ecotypic differentiation across tree ranges,
how local populations of these species will adapt is unclear (Davis

Fig. 3. Analog climate envelopes for each Minnesota landscape region based on projections for 2060–2069 shown on a base map of mean annual precipitation and
temperature (1961–1990) (National Climate Data Center – Owenby et al., 1992).

Table 1a
Projected minimum and maximum average annual temperature (�C) for landscape
regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069, based on
ensemble modeling (see text for details).

Landscape region Average annual temperature (�C)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 3.0 6.5 4.7 8.1 6.2 9.7
Boreal Peatlands 3.0 4.5 4.7 6.2 6.2 7.7
Central Lakes 4.0 5.0 5.7 6.7 7.2 8.2
Hardwood Hills 4.5 7.4 6.2 9.0 7.7 10.7
Mississippi Blufflands 6.5 7.5 8.1 9.1 9.8 10.8
Northern Superior Uplands 2.0 4.5 3.7 6.2 5.2 7.7
Southwest Prairie 6.0 7.5 7.7 9.1 9.2 10.8
Western Superior Uplands 4.3 6.5 6.0 8.1 7.5 9.7
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et al., 2005), and migration is unlikely to keep pace with the rate of
climate change. In existing woodlands, fire and drought-intolerant
tree species will likely die and be unable to reproduce, thus leaving
vacant niches for grassland species and fire-resistant woody spe-
cies (e.g. Q. macrocarpa). Sheltered areas with mesic soils may con-
tinue to support woodland ‘‘islands” or savanna vegetation.

3.3. Prairies

Although many of Minnesota’s existing grasslands may persist,
a gradual shift in composition to drier species (e.g. mesic prairie to
dry prairie; dry oak savanna to prairie) will likely occur in response
to higher temperatures and ET. Diverse prairies with high environ-
mental heterogeneity are likely to transition smoothly: existing
mesic species will decline in abundance, as dry-tolerant species in-
crease. While all prairie communities may experience declines in
mesic and wet species, isolated, homogeneous natural areas and
low-diversity mesic-wet mesic prairies may be most susceptible

to biodiversity losses, opening niches for invasion of exotic species.
Wet prairies are likely to experience significant drying. Losses of
this distinctive vegetation type may be particularly pronounced
in the Southwest Prairie region, where the protected natural areas
tend to be very small, fairly homogeneous, and very isolated within
the agricultural landscape matrix. Rare wet-prairie species, such as
the federally threatened western prairie fringed orchid (Platanthera
praeclara), are especially vulnerable to extinction, as the last rem-
nants of their habitat are lost.

Losses of today’s prairies could potentially be offset, because
grasslands have the greatest potential for expansion in Minnesota
with oncoming climate change. Many wetlands and wetland
perimeters will become suitable for upland prairie species, and
the prairie-forest border will likely shift northward as anticipated
decreased soil moisture and increased fire frequency favors grass-
land vegetation over woodland vegetation (Davis et al., 1998). The
ability of prairie vegetation to expand into drying wetlands and
receding forests will depend on whether a sufficient number of
appropriate seeds can disperse into and effectively colonize these
niches as they are vacated. Thus, protected natural areas that con-
tain both woodland and prairie in close proximity are more likely
to make this transition with minimal facilitation.

Unfortunately, the highly fragmented nature of Minnesota’s
protected areas, as well as the abundance of invasive species in
the landscape, will limit the ability of prairie species to colonize
newly-opened niches. Prairie species have limited long-range dis-
persal abilities (Kiviniemi and Eriksson, 1999; Bischoff, 2002;
Soons et al., 2005), making them unlikely to effectively colonize
isolated wetlands located in agricultural fields, urban areas, or
highly degraded sites, or extensive areas of present-day forest
which may fail to regenerate after large disturbances (e.g. wind-
storms, fire and insect outbreaks). Even when connected via corri-
dors, grassland expansion into these vacant niches is unlikely to
keep pace with the rate of forest die-out (van Dorp et al., 1997;

Table 1b
Predicted minimum and maximum average annual precipitation (mm/day) for landscape regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069, based on ensemble
modeling (see text for details).

Landscape region Average annual precipitation (mm/day)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 1.4 1.7 1.4 1.7 1.5 1.8
Boreal Peatlands 1.6 1.9 1.6 1.9 1.7 2.0
Central Lakes 1.6 2.0 1.7 2.1 1.7 2.1
Hardwood Hills 1.6 2.3 1.7 2.4 1.7 2.4
Mississippi Blufflands 2.1 2.4 2.2 2.5 2.2 2.5
Northern Superior Uplands 1.8 2.1 1.9 2.2 1.9 2.2
Southwest Prairie 1.6 2.1 1.7 2.2 1.7 2.2
Western Superior Uplands 1.9 2.2 2.0 2.3 2.0 2.3

Table 2a
Predicted minimum and maximum average summer (June–August) temperatures (�C)
for landscape regions in Minnesota, for 1950–1999, 2030–2039, and 2060–2069,
based on ensemble modeling (see text for details).

Landscape region Average summer temperature (�C)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 18.5 21.5 20.2 23.2 21.8 25.0
Boreal Peatlands 17.5 18.5 19.2 20.1 20.8 21.9
Central Lakes 17.0 19.5 18.7 21.2 20.4 23.0
Hardwood Hills 19.5 21.5 21.2 23.2 23.0 25.0
Mississippi Blufflands 20.0 21.5 21.7 23.2 23.5 25.0
Northern Superior Uplands 14.0 17.5 15.6 19.1 17.3 20.9
Southwest Prairie 20.5 21.5 22.2 23.2 24.0 25.1
Western Superior Uplands 20.0 21.5 21.7 23.2 21.0 24.0

Table 2b
Predicted minimum and maximum average summer (June–August) precipitation (mm/day) for landscape regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069,
based on ensemble modeling (see text for details).

Landscape region Average summer precipitation (mm/day)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 2.4 3.0 2.4 3.0 2.4 2.9
Boreal Peatlands 2.9 3.1 2.9 3.1 2.9 3.1
Central Lakes 3.0 3.5 3.0 3.5 2.9 3.4
Hardwood Hills 2.9 3.6 3.0 3.7 2.8 3.5
Mississippi Blufflands 3.5 3.7 3.6 3.8 3.4 3.5
Northern Superior Uplands 3.0 3.3 3.0 3.3 3.0 3.3
Southwest Prairie 2.7 3.6 2.8 3.7 2.6 3.5
Western Superior Uplands 3.3 3.6 3.4 3.6 3.2 3.5
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Soons et al., 2005); the sheer volume of seeds required to vegetate
such a large area makes unassisted transition of boreal forests to
high-quality prairie highly improbable. Instead, weedy species
are more likely to colonize and spread in drying wetlands and dy-

ing forests, because of their superior dispersal and competitive
abilities, and their relatively broad environmental tolerances
(Lockwood et al., 2005). Without management, these ecosystems
will become communities of exotic species—not native prairies.

Table 3
Each landscape region’s primary ecosystems and extent of protected areas is summarized along with the most significant ecosystem impacts predicted to occur as a result of
global climate change, and several key adaptation strategies that may be important for climate change adaptation during the next 50–60 years.

Landscape region Conservation context Most significant ecosystem impacts
anticipated

Key adaptation strategies

Agassiz Lake Plain This region consisted of extensive prairies
with aspen parkland on sandy glacial lake
deposits and on heavy clays of the Red River
Valley. Although there are extensive
protected areas on the lake plain, the river
valley is mostly converted to drained,
agricultural land

Reduced extent of wet prairies and
meadows; shorter hydroperiods in
wetlands; increased brackish and alkaline
conditions in wetlands; reduced
groundwater flow to calcareous fens

Prohibit agricultural drainage
improvements in vicinity of protected
wetlands; Prohibit groundwater
withdrawals in recharge areas of calcareous
fens; Restore agricultural lands to expand
small reserves using facilitation practices

Boreal Peatlands Flat, poorly drained landscape dominated by
peatland vegetation, including bogs, black
spruce and tamarack swamps, and fens.
Protected areas include several large
Scientific and Natural Areas

Lower water table in peatlands; increase in
peat fires; increased shrub growth in bogs;
increased tree mortality from drought,
disease, insects and disturbances

Prohibit drainage improvements in vicinity
of peatlands; Control peat fires

Central Lakes Second-growth commercial forests of aspen,
maple-basswood, and oak, with some jack,
red and white pine on complex glacial
deposits (including numerous lakes). Region
includes large lake plains with extensive
peatlands or bogs, tamarack swamps, and
sedge meadows. Many sizeable protected
areas (state parks, wildlife refuges)

Increase in large-scale tree mortality; loss of
boreal forests; expansion of weedy
grassland species; influx of exotic
submersed aquatics in lakes; lower water
table in peatlands; increase in peat fires

Manage forests to reduce water stress;
Facilitate transition from forests to
grasslands (rather than invasive species) on
shallow and sandy soils; Facilitate
expansion of oaks on loamy soils; Remove
exotic submersed aquatics from lakes

Hardwood Hills Hardwood forests and oak woodlands and
savannas were interspersed with prairies
along this ‘prairie-forest border’ region. This
region includes the Minneapolis-St. Paul
metropolitan area and most of the non-
metropolitan area has been converted to
agriculture. Most of the protected areas are
small wildlife management areas

Increased tree mortality from drought,
pests, disturbances; influx of exotic
submersed aquatics in lakes; shorter
hydroperiods in wetlands; expansion of
weedy grassland species

Manage forests for reduced water stress;
Use fire to reduce dominance by weedy
grassland species; Monitor changes in
community composition to detect species’
declines

Mississippi Blufflands Steep, highly dissected topography once
supported hardwood forests on north slopes
and oak savannas and prairies on hilltops
and south slopes, with riverbottom forests,
oak woodlands and prairies in the valleys.
Today, small prairie remnants and second
growth oak forests are embedded within a
predominantly agricultural landscape. A
large state forest and National Wildlife
Refuge are the most significant protected
areas in this region

Increased tree mortality from drought,
pests, disturbance; reduced groundwater
flow to calcareous fens

Protect potential refugial habitats; manage
forests for reduced water stress; Prohibit
groundwater withdrawals in recharge areas
of calcareous fens

Northern Superior Uplands Red and white pine forests and boreal
forests of jack pine and black spruce, have
mostly been replaced by second-growth
commercial forests with aspen, spruce and
balsam fir mixtures. Glacially scoured
bedrock terrain, often rugged and with
numerous lakes. Protected areas include
BWCA Wilderness, Voyageur’s National
Park, Superior National Forest

Increase in large-scale tree-mortality;
reduced regeneration from increased deer
herbivory; loss of boreal forests

Minimize deer herbivory in white cedar and
pine forests; Protect potential refugial
habitats; Monitor community changes to
detect species’ declines; Facilitate transition
from forests to grasslands (rather than
invasive species) on shallow and sandy soils

Southwestern Prairie Bisected by the Minnesota River valley, this
landscape was once a mosaic of tallgrass
prairie and emergent wetlands. More than
90% is now drained agricultural land. Many
small wildlife management areas comprise
most of the protected areas network in this
region

Increased exotic invasions in small
protected areas; loss of rare wet-prairie
species; reduced extent of wet prairies and
meadows; shorter hydroperiods in
wetlands; brackish and alkaline conditions
increase in wetlands; reduced groundwater
flow to calcareous fens

Restore agricultural lands to expand small
reserves using facilitation practices;
Intensify invasive species removal; Prohibit
agricultural drainage improvements in
vicinity of protected wetlands; Prohibit
groundwater withdrawals in recharge areas
of calcareous fens

Western Superior Uplands Second-growth commercial oak woodlands
and hardwood forests on non-calcareous
glacial tills, ranging from clayey to sandy.
Protected areas with high-quality vegetation
are of minor extent, although several large
state parks and wildlife areas are in this
region

Increased tree mortality from drought,
pests, disturbances; shorter hydroperiods in
wetlands, influx of exotic submersed
aquatics in lake.

Facilitate transition from forests to
grasslands (rather than invasive species) on
shallow and sandy soils; Facilitate
expansion of oaks on loamy soils; Manage
forests for reduced water stress: Prohibit
drainage improvements in vicinity of
protected wetlands; Intensify invasive
species removal
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4. Adaptation options

To address the most significant impacts anticipated for each
landscape region, we describe adaptation actions intended to resist
climate change, promote resilience to change, or facilitate change
(Table 3). As part of a scenario planning process, regional partici-
pants would build a set of scenarios that link alternative futures
to logical sets of these actions, in a way that is consistent with
the reality of both the ecological and socioeconomics of the region
(Peterson et al., 2003; Brooke, 2008).

4.1. Resistance strategies

As Millar et al. (2007) noted, resisting climate change is akin to
paddling upstream. Resistance actions, i.e., those that oppose
changes associated with a shifting climate, will be most useful
for overcoming small magnitudes of climate change and, under
greater climate change, to save native species for the short
term—perhaps a few decades—until other adaptation options are
found. Strategies might include increasing water supply, reducing
herbivory and invasive species abundance, and fighting insect
and disease outbreaks that can overwhelm native plant communi-
ties under stress. In some cases, disturbance frequency can be
manipulated to help certain plant communities persist as relicts.

Management actions that promote regeneration may increase
persistence of existing plant communities by decades or more.
Reducing the impacts of woody plant herbivory by white-tailed
deer should be considered a key resistance strategy in forested sys-
tems. Deer reduce establishment, growth, and, therefore, seed pro-
duction of many woody and herbaceous species in forests (Ruhren
and Handel, 2003; Côté et al., 2004) and prairies (Spotswood et al.,
2002). Strategically-located deer exclosures and intensive hunting
zones may be critical for certain rare plant species and communi-
ties (for example Canadian yew (Taxus canadensis) and white cedar
forests), thus preserving them until other strategies such as as-
sisted migration can take place.

To maintain the current composition of native communities,
intensive vegetation management will be required as rates of inva-
sion increase with species from southern regions migrating north-
ward in response to warmer climates. Thus, resistance strategies
could logically include broadening our scope of potential ‘‘invad-
ers” and removing incoming migrants as they arrive. For example,
removing encroaching non-calciphytic vegetation in fens will be
required to maintain species composition as groundwater recharge
declines. Species with the capacity for rapid response to climate
change will be perceived as management problems and potentially
possess traits normally considered invasive. Increased surveillance
of already-present diseases, insect pests and exotic plants will also
be required, with increase in efforts towards control or eradication.
Control of exotic submersed aquatic vegetation will likely be an
increasing management concern in lakes; longer ice-free condi-
tions and warmer conditions will increase productivity of extant
species and spread of invasive exotics species from the south
(Grace and Tilly, 1976; Haag, 1983; Anderson et al., 1996; Magnu-
son et al., 1997). Statewide surveillance and management pro-
grams should anticipate that biological inertia will vary among
ecosystems; some, especially forests, could resist invasion by
southern and invasive species for decades or more than a century
(Von Holle et al., 2003), whereas others will have only short lags
in response to climate change.

Management that mitigates drought stress may also be neces-
sary to prolong the lifespan of existing plant communities. For
example, agricultural and urban drainage projects need to be
more-critically evaluated to prevent lowering the water tables of
remaining wetlands, and existing drainage systems may need to
be modified so wetlands and wet prairies have improved water

supply. In terrestrial ecosystems, well-watered vegetation can re-
sist the effects of heat and, most importantly, manufacture second-
ary defensive compounds that help resist insects and disease that
attack plants under stress. Thinned forest stands will be more
resistant to drought because of reduced ecosystem demand for
water, and the remaining trees will face less competition for water
(Millar et al., 2007).

Fire management can be used to help certain plant communi-
ties persist as relicts for a time in a warming climate. For example,
fire control could allow mesic forests of maple and oak to persist in
climates somewhat warmer and drier than those historically occu-
pied. Due to Minnesota’s location on the prairie-forest border, it is
expected that fires will lead to rapid conversion of forests to grass-
land vegetation types in a warming climate. On the other hand, use
of frequent fire could help keep out invasive species in prairies
(Pauly, 1997).

4.2. Resilience strategies

Adaptation options that maintain or restore an ecosystem’s
resilience are widely recommended responses to climate change,
although how to promote gradual change while aiming for post-
disturbance recovery to a prior condition may be difficult to recon-
cile ‘‘on-the-ground” (Dale et al., 2001; Price and Neville, 2003;
Spittlehouse and Stewart, 2003; Millar et al., 2007). Managing eco-
systems so disturbances do not trigger a shift to a stable state of a
few invasive species is clearly critical, given anticipated lags in
adaptation or migration of many plant species. An abrupt shift to
an invasives-dominated state can arise following a disturbance
when a latent seedbank of invasives is present, when stressors fa-
vor establishment of the invaders over indigenous species, or when
the disturbance itself undermines the capacity of the indigenous
community to regenerate. High proportions of the protected areas
network in the western and southern parts of Minnesota are likely
to be especially vulnerable to climate change impacts because they
receive high propagule loads of invasive species or are surrounded
by agricultural land.

The importance of buffers for reserves is not a new idea, but a
response to climate change in fragmented landscape regions needs
to more-highly prioritize systematic planning of buffers for pro-
tected areas based on maximizing resilience. Buffering protected
areas will often necessitate restoration, but the goal may not al-
ways need to be revegetation of high-diversity natural communi-
ties; in some cases buffer protection can focus on reducing
specific impacts. For example, in the vicinity of high-quality wet-
lands, drainage ‘‘improvements” that lower water tables should
be curtailed or reversed to minimize problems associated with cli-
mate-triggered water stress. Ecosystems in relatively intact land-
scapes currently may have sufficient resilience but land and
water use policies should be conservatively implemented in these
regions as well, to avert resilience loss.

In highly converted landscape regions, many reserves may not
have adequate environmental heterogeneity for plant and animal
populations to escape or recover from increasing episodes of
drought and heat expected with climate change. These reserves
should be enlarged so they contain more physiographic diversity.
Statewide, locations that are cooler and wetter, such as north-fac-
ing slopes and depressions, are likely climate refuges. However, we
know relatively little about the degree to which topographical fea-
tures will be able to provide refuges for species because nearly all
climate observations are made on sites with low relief. In aquatic
ecosystems, refuges will often be tied to specific hydrologic set-
tings. For example, floating bogs, which form as shelves extending
into lakes, could potentially serve as refuges because they will be
less affected by water level declines than other kinds of peatlands.
Relict floating Sphagnum bogs (poor fens) are scattered throughout
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southern Minnesota and even into northern Iowa (Grant and
Thorne, 1955).

Vegetation management within reserves will also be crucial for
maintaining resilience. In forests, multi-aged and multi-species
stands will be more resilient to change because there will be with-
in-stand variability in resistance to wind (within and across spe-
cies), and more species will be available to fill niches for those
lost to drought and insect mortality (Rich et al., 2007). Northern
and mesic tree species can be allowed to contract their niche, so
that species adapted to warmer and drier conditions can expand.
Prescribed fire can be used to allow episodes of natural selection
and recruitment among small seedlings as the climate warms.
Selection at the seedling stage is very intense in tree species, allow-
ing relatively fast adaptation in terms of generation times (Davis
et al., 2005); thus increasing reproduction opportunities during a
warming climate could help tree species adapt to climate change.
The minimum age of reproduction is a limiting factor as to how
much selection and adaptation could occur over the next several
decades.

For both prairies and forests, disturbance prescriptions, such as
controlled fires and floods, will need to be shifted over time in
accordance with new climate realities (Ryan, 1991). For sites that
have analog communities, knowledge of these communities may
be critical for guiding management prescriptions.

4.3. Facilitation strategies

Shifting from a conservation practice paradigm centered on
resistance and resilience to one focused on facilitation and resil-
ience will be necessary to avoid unsustainable land management
expectations and, consequently, serious losses in biodiversity
when these expectations cannot be met or are no longer effective.
Facilitation actions could ‘‘mimic, assist, or enable ongoing natural
adaptive processes such as species dispersal and migration, popu-
lation mortality and colonization, changes in species dominances
and community composition, and changing disturbance regimes”
(Millar et al., 2007). The high level of fragmentation in southern
Minnesota and southward into Iowa means that many immigrating
colonists may not accomplish range shifts without assistance if
they cannot adapt in place. Landscape corridors, often touted as a
way to foster range shifts, are unlikely to be an effective strategy
for much of Minnesota given the amount of acquisition and resto-
ration required to create corridors through agricultural landscapes
and the low probability that many plant species will jump to these
corridors and move at a rate that keeps pace with climate change.

Assisted colonization (also called assisted migration) has be-
come a contentious conservation issue because of ecological uncer-
tainty and perceived risks (McLachlan et al., 2007). However, both
risks and uncertainty are likely to be low when facilitating gradual
shifts of common species (Hunter, 2007, in part). Making relatively
minor changes to ecosystem restoration practice should be one
straightforward way to facilitate transitions for these species. To
avoid creating relict communities at the onset of restorations,
seeds rather than plants should be relied on for revegetation
(Young, 2007). Germination and seedling establishment are often
the most sensitive life stages to environmental cues, so seeding al-
lows prevailing conditions to filter species composition. Seeding
prairie restorations (but not forests and wetlands) in Minnesota
is already the norm and is supported by a well-developed network
of native seed producers and restoration nurseries. Seed mixes for
climate change facilitation need to have broader seed zones than
are currently recommended (which can be as restrictive as setting
zones to be within 30 km of projects). Drawing propagules from
sources in the geographic direction of projected climate shifts
and including many propagule sources to maximize genetic diver-
sity will help ensure greater adaptability to a variable climate (Mil-

lar et al., 2007). Mixes should include some species from climates
expected in the near future (sensu ‘‘ecological blueprint concept”,
Frelich and Puettmann, 1999).

Restorations for wildlife habitat, legally-required mitigation,
and expanding protected areas should provide significant facilita-
tion opportunities for common species in Minnesota, without rely-
ing on remnant/relict natural ecosystems to serve as recipient
sites. However, following large-scale forest mortality, natural com-
munities may require species augmentation, if regeneration of the
prior community fails. Overseeding these sites with mixes includ-
ing species from adjacent, warmer locales may be an effective
adaptation action that will reduce the likelihood that invasive spe-
cies will dominate in these protected areas.

Facilitating climate transitions will undoubtedly be a less cer-
tain practice for uncommon species or even subdominant species
(such as forest understory forbs) that may have specific habitat
requirements, poor dispersal and regeneration capacity, or few
and small populations. The biology of these species is often poorly
understood and propagation practices undeveloped. Nonetheless,
assisted colonizations will likely need to be attempted; species
with small ranges/distributions generally face greater risk of
extinction as a result of climate change (Schwartz et al., 2006). A
system for monitoring candidates for assisted colonization is par-
ticularly important for species with narrow ranges that could expe-
rience fundamental habitat changes because of climate change,
e.g., those restricted to calcareous fens, ombrotrophic bogs, and
at the ‘‘trailing edge” of freshwater habitats in Minnesota. Species
of special conservation importance from these wetlands may need
to be translocated to less impacted sites when chemical changes
(i.e., calcium, acidity, alkalinity) become unsuitable. Monitoring
‘‘trailing edge” populations of all rare/threatened species (e.g., Les-
pedeza leptostachya, P. praeclara) needs to be a conservation priority
so if populations begin to decline, plans for assisted colonization
can be implemented for these species along with associates, such
as specialized pollinators (e.g., hawkmoths for P. praeclara, Sheviak
and Bowles, 1986) and seed dispersers (e.g., ants for forest spring
ephemerals). As with common species, introduced populations of
rarer species should attempt to maximize genetic diversity by rely-
ing on multiple donor sites. In addition, assisted colonization pro-
jects should be conducted in multiple years, bet-hedging against
years with unfavorable conditions for establishment.

5. Adopting climate change adaptation conservation practices

In conclusion, there are limitations on the magnitude of climate
change for which each of the three strategies discussed in this pa-
per will be helpful. In general, resistance, resilience and facilitation
strategies will allow adaptation to small, medium and large magni-
tudes of expected climate change, respectively. It may be necessary
to switch from one strategy to another as the climate continues to
warm. Local expertise at the ecoregional scale will be necessary to
match the appropriate strategies with the expected responses of
the species present given the predicted rate and magnitude of cli-
mate change. Local knowledge of the physiography of the land-
scape also comes into play. For example, on a flat landscape
there may be no refuges from a given magnitude of climate change,
triggering a facilitation strategy such as assisted migration. On the
other hand, a hilly landscape may provide refuges for some species
on north slopes with cooler temperatures, and a facilitation strat-
egy may not be triggered until a larger magnitude of climate
change occurs.

Coupling monitoring to decision-making, i.e., adaptive manage-
ment, should be central to scenario plans developed for biodiver-
sity conservation. Explicitly considering the information needed
to assess whether strategies are proving effective or need to be
shifted should drive a serious commitment to biological monitor-
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ing. The uncertainties associated with climate change cannot be
surmounted a priori; the only rationale approach to adaptation will
be based on contemporaneous information. Major institutional
development and reform in environmental agencies and organiza-
tions will almost universally be needed to ensure reliable data is
collected, analyzed and used as part of iterative decision-making.
As importantly, planning and monitoring cannot be constrained
by political boundaries (e.g., states) – there must be coordination
across broad geographic areas, as indicated by current projections
of climate analogs. The aggregated challenges posed by climate
change to biodiversity conservation will hopefully spur, not stall,
meaningful adaptation planning.
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Abstract
A	fundamental	problem	in	ecology	is	forecasting	how	species	will	react	to	major	dis-
turbances.	As	 the	climate	warms,	 large,	 frequent,	and	severe	 fires	are	 restructuring	
forested	landscapes	at	large	spatial	scales,	with	unknown	impacts	on	imperilled	preda-
tors.	We	use	the	United	States	federally	Threatened	Canada	lynx	as	a	case	study	to	
examine	how	predators	navigate	recent	large	burns,	with	particular	focus	on	habitat	
features	and	the	spatial	configuration	(e.g.,	distance	to	edge)	that	enabled	lynx	use	of	
these	transformed	landscapes.	We	coupled	GPS	location	data	of	lynx	in	Washington	in	
an	area	with	several	recent	large	fires	and	a	number	of	GIS	layers	of	habitat	data	to	
develop	models	of	lynx	habitat	selection	in	recent	burns.	Random	Forest	habitat	mod-
els	showed	lynx-	selected	islands	of	forest	skipped	by	large	fires,	residual	vegetation,	
and	areas	where	some	trees	survived	to	use	newly	burned	areas.	Lynx	used	burned	
areas	as	early	as	1	year	postfire,	which	is	much	earlier	than	the	2–4	decades	postfire	
previously	thought	for	this	predator.	These	findings	are	encouraging	for	predator	per-
sistence	in	the	face	of	fires,	but	increasingly	severe	fires	or	management	that	reduces	
postfire	residual	trees	or	slow	regeneration	will	likely	jeopardize	lynx	and	other	preda-
tors.	Fire	management	should	change	to	ensure	heterogeneity	is	retained	within	the	
footprint	of	large	fires	to	enable	viable	predator	populations	as	fire	regimes	worsen	
with	climate	change.

K E Y W O R D S

Canada	lynx,	fire	regime,	habitat	use,	Lynx canadensis,	North	Cascade	Mountains,	predators,	
Random	Forest	models,	Washington,	wildfire

1  | INTRODUCTION

Climate	change	is	inducing	hotter,	drier,	and	longer	summers	in	North	
America.	Consequently,	hotter,	 larger,	and	more	severe	wildfires	are	
burning	(Balshi	et	al.,	2009;	Fauria	&	Johnson,	2007;	Littell	et	al.,	2010;	
Westerling,	 Hidalgo,	 Cayan,	 &	 Swetnem,	 2006),	 and	 in	 2015,	 the	
United	States	saw	a	record-	setting	4.1	million	ha	consumed	(National	
Interagency	Fire	Center	2016).	Fire	suppression	efforts	also	increased	
in	2014	and	2015;	over	$3.5	billion	USD	were	spent	on	firefighting	ef-
forts	(National	Interagency	Fire	Center	2016).	Boreal	forests	account	

for	more	than	one-	third	of	global	forest	covering	much	of	the	circum-
polar	north,	making	an	increase	in	the	boreal	fire	regime	significant	not	
only	for	the	economy	(National	Interagency	Fire	Center	2016)	but	for	
ecosystem	services	such	as	carbon	storage	(Brassard	&	Chen,	2006;	
Goldammer	 &	 Furyaev,	 1996)	 and	 for	 wildlife	 habitat	 (Appenzeller,	
2015).

Boreal	forests	are	characterized	by	dramatic	and	frequent	distur-
bances	that	create	a	continually	shifting	mosaic	of	successional	stages	
across	the	landscape	(Agee,	2000;	Perera	&	Buse,	2014),	and	the	most	
important	boreal	and	sub-	boreal	forest	disturbance	is	wildfire	(Agee,	
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2000).	Wildfires	burn	millions	of	hectares	per	year	in	the	boreal	forest,	
often	over	large	areas	and	at	intensities	that	initiate	stand	replacement	
(Perera	 &	 Buse,	 2014).	 These	 dramatic	 fires	 drive	 the	 boreal	 land-
scape’s	heterogeneity	of	forest	age	structure	and	species	assemblages.

Boreal	fires	create	heterogeneity	both	at	the	landscape	level	and	
within	a	single	burn	perimeter	as	fire	behavior	varies	greatly	according	
to	weather,	microclimate,	fuels,	and	topography	(Cansler	&	McKenzie,	
2014;	Perera	&	Buse,	2014)	 (Figure	1).	As	a	 result,	 some	areas	burn	
at	a	high	intensity,	consuming	forest	canopies	and	leaving	only	burnt	
snags	 behind,	while	 other	 areas	 burn	 at	 a	 lower	 intensity	 such	 that	
the	understory	burns	but	many	trees	survive	(Brassard	&	Chen,	2006;	
Perera	&	Buse,	2014).	Fire	skips,	areas	within	a	burn	perimeter	 that	
do	not	burn	at	all,	leave	the	original	forest	structure	and	species	com-
position	intact	(Perera	&	Buse,	2014).	Consequently,	the	composition	
of	 the	 residual	vegetation	and	structural	 features	 such	as	 live	 trees,	
snags,	and	downed	logs	fluctuates	across	a	burn.

In	turn,	forest	regeneration	patterns	vary,	influenced	by	the	pres-
ence	or	absence	of	residual	vegetative	reproductive	structures	such	as	
coniferous	seeds	released	from	serotinous	cones,	underground	suck-
ers,	or	wind-	blown	seeds	from	fire	skips	and	burn	edges	(Brassard	&	
Chen,	2006;	Perera	&	Buse,	2014).	Residual	snags	and	logs	also	affect	
regrowth	as	they	provide	substrate,	shade,	and	physical	protection	for	
young	seedlings	 (Brassard	&	Chen,	2006).	Finally,	site-	specific	varia-
tions	 in	 soils,	 climate,	 and	 topography	 also	 affect	 regeneration	 pat-
terns	 and,	 combined	with	varying	 residual	 vegetation	 compositions,	
result	 in	 a	 heterogeneous	 landscape	 within	 a	 single	 fire	 perimeter	
(Bonnet,	Schoettle,	&	Shepperd,	2005;	Brand,	1991;	Crotteau,	Varner,	
&	Ritchie,	2013;	Franklin	&	Dyrness,	1973;	Irvine,	Hibbs,	&	Shatford,	
2009;	 Perera	 &	 Buse,	 2014;	 Turner,	 Romme,	 Gardner,	 &	 Hargrove,	
1997).

With	 the	 onset	 of	 climate	 change,	 more	 frequent,	 larger,	 and	
more	severe	fires	will	increase	the	amount	of	forest	in	an	open	stand-	
initiation	 stage	 (Balshi	 et	al.,	 2009;	 Fauria	 &	 Johnson,	 2007;	 Littell	
et	al.,	2010;	Soja	et	al.,	2007;	Westerling	et	al.,	2006)	and	change	the	
composition	and	spatial	patterns	of	residual	vegetation,	potentially	ho-
mogenizing	the	landscape	within	a	fire	perimeter	(Cansler	&	McKenzie,	
2014).	Warmer	and	drier	summers	could	also	change	forest	regenera-
tion	patterns	following	a	fire	by	limiting	the	establishment	and	growth	
of	plant	species	dependent	on	moist	conditions	(Littell	et	al.,	2010).

A	change	in	fire	regime	and	regeneration	patterns	will	likely	affect	
the	wildlife	 of	 boreal	 forests.	Historically,	 as	 succession	 progresses,	
plant	 communities	 change	 in	 composition	 and	 structure,	 and	 ani-
mal	communities	shift	 in	response	to	the	changing	habitat	 (Fisher	&	
Wilkinson,	2005;	Fox,	1983).	For	example,	the	snowshoe	hare	(Lepus 
americanus)	 is	an	important	boreal	prey	species	whose	presence	can	
be	predicted	based	on	a	forest	stand’s	developmental	stage.	Hares	de-
pend	on	high	stem	density	forests	to	provide	browse	and	cover,	a	fea-
ture	primarily	found	in	young	stands	and	in	old-	growth	forests	where	
canopy	 gaps	 promote	 a	 multilayered	 structure	 (Hodges,	 2000a,b;	
Hodson,	Fortin,	&	Belanger,	2011).	Unfortunately,	although	responses	
of	animals	to	fire	are	documented	for	some	small	mammals	and	birds,	
substantial	 information	gaps	exist	regarding	responses	of	larger	prey	
species	and	carnivores	to	fire	(Fisher	&	Wilkinson,	2005).	This	lack	of	
information	 hinders	 both	 current	 conservation	 and	management	 of	
boreal	forest	carnivores	and	the	ability	to	adapt	conservation	strate-
gies	as	fire	regimes	shift	under	climate	change.

One	such	carnivore	is	the	Canada	lynx	(Lynx canadensis),	an	iconic	
boreal	 forest	 species	 that	 depends	 on	 the	 snowshoe	 hare	 for	 prey	
and	is	thus	closely	linked	to	forest	structure.	Studies	of	lynx	in	Alaska,	
Canada,	and	to	a	 lesser	extent	 in	the	sub-	boreal	regions	of	the	con-
tiguous	US	document	general	trends	in	lynx	response	to	fire,	but	lack	
detailed	information	that	could	be	used	to	improve	lynx	management	
and	conservation	(Koehler,	1990;	Paragi,	Johnson,	Katnik,	&	Magoun,	
1997;	Staples,	1995).	These	studies	describe	lynx	as	selecting	against	
recent	burns	in	the	open	stage	where	shrubs	and	trees	have	not	grown	
tall	enough	to	provide	cover	and	browse	for	snowshoe	hares,	espe-
cially	during	the	winter	when	snow	covers	low	understory	structure,	
but	have	not	probed	in	detail	what	habitat	features	lynx	use	when	they	
are	within	a	recent	burn	scar	(Hodson	et	al.,	2011;	von	Kienast,	2003;	
Koehler	 et	al.,	 2008;	 Maletzke,	 Koehler,	 Wielgus,	 Aubry,	 &	 Evans,	
2008).	Recent,	more	detailed	studies	in	sub-	boreal	forests	of	the	west-
ern	US	document	high	hare	densities	in	regenerating	stands	with	high	
sapling	densities	within	0-	2	decades	postfire	(Cheng,	Hodges,	&	Mills,	
2015;	Hodges,	Mills,	&	Murphy,	2009),	raising	the	question	of	whether	
lynx	also	use	burns	more	quickly	after	 fire	 than	previously	detected	
with	limited	datasets.

As	forest	regeneration	progresses,	burns	in	an	early-	stand	devel-
opment	 stage	 (2–4	 decades	 postfire)	 are	 often	 composed	 of	 dense	
regenerating	deciduous	shrubs	and	conifer	trees	that	provide	quality	
snowshoe	hare	habitat	and	thus	quality	lynx	habitat	(Hodges,	2000b;	
Mowat	&	Slough,	2003;	Paragi	et	al.,	1997;	Stephenson,	1984).	Stands	
regenerating	postfire	that	move	into	a	late-	stand	development	stage,	
where	a	closed	canopy	 inhibits	understory	growth	and	self-	thinning	

F IGURE  1 A	postfire	mosaic	within	the	Tripod	Burn	in	
northcentral	Washington,	USA.	The	fire	burned	in	2006;	this	picture	
was	taken	in	August	2016	(the	radio-	collared	lynx	were	on	air	from	
2007	to	2013).	Within	the	burn	scar,	there	are	wet	meadows,	dry	
meadows,	fire	skips	where	trees	were	not	burned,	dead	trees,	and	
areas	with	scattered	to	dense	patches	of	young	trees	regrowing	after	
the	fire.	Lynx	are	more	likely	to	use	areas	with	denser	cover,	whether	
the	cover	is	derived	from	residual	unburned	material	or	areas	with	
dense	regeneration	of	trees	or	shrubs.	Photograph	copyright	Karen	
E.	Hodges



     |  3VANBIANCHI et Al.

eliminates	branches	in	the	understory,	do	not	provide	good	snowshoe	
hare	and	lynx	habitat	(Hodson	et	al.,	2011;	Koehler,	1990;	Paragi	et	al.,	
1997).	Forests	in	this	late-	stand	development	stage	may	not	provide	
understory	conditions	preferred	by	snowshoe	hares	and	 lynx	until	a	
disturbance	resets	forest	succession	by	returning	the	area	to	the	early-	
stand	development	stage	or	until	the	forest	matures	into	old	growth	
so	that	canopy	gaps	form,	encouraging	shrub	growth,	and	tree	boughs	
provide	understory	cover	(Hodson	et	al.,	2011;	Maletzke	et	al.,	2008;	
Squires,	Decesare,	Kolbe,	&	Ruggiero,	2010).	However,	beyond	these	
general	 descriptions	 of	 lynx	 response	 to	 fire,	 little	 detail	 is	 known	
about	how	lynx	respond	to	different	burn	severities,	to	the	heteroge-
neity	of	regeneration	in	a	burned	area,	or	to	the	spatial	configuration	
of	a	burned	area.

Here,	we	use	Canada	lynx	as	a	case	study	for	examining	whether	
and	how	predators	use	recently	burned	areas.	In	addition	to	intrinsic	
interest	and	legal	requirements	for	protecting	this	species,	lynx	typify	
forest	predators	because	they	use	a	range	of	habitats	and	are	highly	
mobile	with	records	of	dispersing	lynx	moving	up	to	1,100	km	(Mowat,	
Poole,	&	O’Donoghue,	2000).	Canada	lynx	in	the	contiguous	US	occur	
at	 the	 southern	 edge	 of	 lynx	 range	 in	 low-	density	 populations	 and	
have	been	federally	listed	as	Threatened	since	2000	(USFWS	2000),	
but	a	Recovery	Plan	is	still	lacking.

Within	Washington	State,	the	North	Cascade	Mountains	are	des-
ignated	as	critical	lynx	habitat	(USFWS	2014)	and	support	one	of	the	
few	remaining	lynx	populations	in	the	contiguous	US	and	the	only	res-
ident	breeding	population	 in	Washington	 (Stinson,	2001).	According	
to	a	2008	population	model	of	Washington	 lynx	habitat	by	Koehler	
et	al.	 (2008),	 the	 state	 provided	 habitat	 for	 an	 estimated	 87	 lynx.	
Washington	 lynx	use	home	ranges	that	average	88	km2	 (Vanbianchi,	
2015)	 and	 select	 sub-	boreal	 forest	 types	on	moderate	 slopes	 at	 el-
evations	between	1,200	and	2,000	m	 (Koehler,	1990;	Koehler	et	al.,	
2008;	McKelvey,	Ortega,	Koehler,	Aubry,	&	Brittell,	2000).	Specifically,	
lynx	 in	 the	North	Cascades	 select	old-	growth	multilayer	Engelmann	
spruce	 (Picea engelmannii)–subalpine	 fir	 (Abies lasiocarpa)	 forest	 (the	
climax	sere	of	 the	Abies lasiocarpa	Zone;	Franklin	&	Dyrness,	1973),	
where	 canopy	 openings	 encourage	 dense	 understory	 growth	 and	
low-	reaching	boughs	create	additional	horizontal	cover	and	forage	for	
snowshoe	hares	(Hodges,	2000b;	Koehler	et	al.,	2008;	Lewis,	Hodges,	
Koehler,	&	Mills,	2011).	Lynx	also	select	young	lodgepole	pine	(Pinus 
contorta)	forest	(often	present	as	an	early-	seral	stage	of	the	Abies la-
siocarpa	Zone;	Franklin	&	Dyrness,	1973),	where	high	stem	densities	
support	snowshoe	hares	(Koehler,	1990;	McKelvey	et	al.,	2000).

The	North	Cascades	region	has	experienced	a	dramatic	 increase	
in	wildfires	over	 the	 last	30	years	 (National	 Interagency	Fire	Center	
2016).	 In	1994,	 two	 fires	of	1,554	ha	and	3,686	ha	were	 large	 rela-
tive	 to	previous	decades.	Then,	 in	2003	 and	2006,	 one	 fire	 burned	
8,620	ha,	 and	 three	 fires	 burned	 >20,000	ha	 each	 (Figure	2).	These	
fires	 have	 raised	 serious	 concerns	 about	 whether	 lynx	 populations	
will	 remain	viable	within	 the	 state;	 the	 state	has	uplisted	 lynx	 from	
Threatened	 to	 Endangered	 (Interagency	 Lynx	 Biology	 Team	 2013;	
Lewis,	2016).

We	 examine	 (1)	 lynx	 use	 of	 burned	 areas	 1–6	years	 and	
17–19	years	postfire	in	Washington	and	(2)	what	habitat	features	lynx	

selected	within	burned	sites.	We	present	results	from	14	radio-	collared	
lynx	 (monitored	 2007–2013)	 from	 the	 eastern	 slope	 of	 the	 North	
Cascades.	In	2006,	the	large	Tripod	fire	burned	most	of	the	prime	lynx	
habitat	in	the	state	(Koehler	et	al.,	2008;	Stinson,	2001).	We	examine	
how	lynx	used	the	Tripod	Burn	and	the	1994	Whiteface	Burn.	Because	
lynx	 behavior	 postfire	 is	 so	 poorly	 known,	we	used	Random	Forest	
models	to	determine	which	habitats	lynx	selected	in	this	landscape,	as	
this	approach	enables	detection	of	unexpected	patterns.	We	used	lynx	
locations	and	spatial	data	 (forest	cover,	 topographic	setting,	climate,	
and	burn	history)	as	potential	driving	variables	(Vanbianchi,	2015).

2  | METHODS

2.1 | Study area

Our	two	study	areas,	the	Whiteface	and	Tripod	Burn	study	areas,	are	
on	the	Eastern	slope	of	the	North	Cascade	Mountains	in	Washington	
and	 fall	 within	 the	 Okanogan-	Wenatchee	 Lynx	 Management	 Zone	
designated	 by	 the	Washington	 State	 Lynx	 Recovery	 Plan	 (Stinson,	
2001).	 The	 Whiteface	 Burn	 covers	 1,554	ha	 in	 the	 Okanogan-	
Wenatchee	National	Forest,	Washington.	Approximately	15	km	east	
of	the	Whiteface	Burn	study	area,	the	70,644	ha	Tripod	Burn	occurs	
within	both	the	Loomis	State	Forest	and	the	Okanogan-	Wenatchee	
National	Forest	(Figure	2).	To	match	data	from	14	radio-	collared	lynx,	
we	examined	only	the	eastern	portion	of	the	Tripod	Burn,	a	46,800	ha	
area	that	includes	the	1994	Thunder	Mountain	Burn	(3,686	ha).

Cold,	 snowy	 winters	 and	 mild	 summers	 characterize	 the	 study	
areas,	 with	 average	 monthly	 temperatures	 in	 nearby	 Mazama,	
Washington	 (elevation:	 664	m),	 ranging	 between	 −10°C	 and	 23°C,	
with	an	average	annual	snowfall	of	305	cm	(Western	Regional	Climate	
Center,	 http://www.wrcc.dri.edu/,	 accessed	 June	 20,	 2014).	 Forest	
types	 range	 from	 sub-	boreal	 forests	 in	 high-	elevation	 areas	 and	
cool,	mid-	elevation	pockets	and	aspects,	to	low-	elevation	dry	forests	
(Lillybridge,	Kovalchik,	Williams,	&	Smith,	1995).	The	sub-	boreal	for-
est	 consists	 of	 Engelmann	 spruce–subalpine	 fir	 forest	 or	 lodgepole	
pine	 forests.	On	warmer	mid-	elevation	 sites,	 “mixed	 forests”	 transi-
tion	from	sub-	boreal	types	into	a	drier	forest	dominated	by	Douglas	fir	
(Pseudotsuga menziesii),	while	lower	elevations	are	dominated	by	“dry	
forests”	of	Douglas	fir–ponderosa	pine	(Pinus ponderosa).

The	Whiteface	Burn	ranges	from	1,280		m	elevation	at	its	southern	
end	to	2,222	m	at	the	northern	end,	with	an	average	of	1,650	m	and	
80%	of	its	area	above	1,500	m.	Dry,	mixed,	and	deciduous	forest	types	
cover	55%	of	the	forested	areas	within	the	burn,	largely	at	lower	eleva-
tions.	Sub-	boreal	forest	types	exist	at	higher	elevations	and	comprise	
45%	of	the	regenerating	and	residual	 forest.	 In	the	Whiteface	Burn,	
82%	of	 the	fire	burned	at	a	high	severity	 (>50%	canopy	cover	 loss),	
while	10%	burned	at	 low	severity	 (<50%	canopy	cover	 loss)	and	8%	
of	the	area	within	the	burn	perimeter	did	not	burn	(Vanbianchi,	2015;	
Vanbianchi,	Gaines,	Murphy,	Pither,	&	Hodges,	unpublished	data).

The	Tripod	 Burn	 study	 area	 is	 higher	 than	 the	Whiteface	 Burn,	
ranging	from	855	m	to	2,390	m	with	93%	of	its	area	above	1,500	m.	
In	contrast	to	the	Whiteface	Burn,	the	Tripod	Burn	study	area	has	a	
large	sub-	boreal	forest	component	with	88%	of	the	regenerating	and	

http://www.wrcc.dri.edu/
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residual	forest	type	in	this	category.	The	Tripod	Burn	study	area	also	
has	more	 lodgepole	pine	 forest,	which	comprises	35%	of	 the	 forest	
within	 the	 regenerating	 and	 residual	 forest	 category.	 In	 the	 Tripod	
Burn,	63%	of	the	area	burned	at	high	severity	and	8%	burned	at	low	
severity.	 The	 Tripod	 fire	 nearly	 surrounded	 but	 did	 not	 reburn	 the	
1994	Thunder	Mountain	Burn	 (3,686	ha),	 so	8%	of	 the	Tripod	Burn	
study	area	 is	classified	as	an	old	(1985-	1997)	burn.	Fire	skips	 in	the	
Tripod	Burn	study	area	make	up	21%	of	the	burn	and	include	a	1,850-	
ha	 island	 of	 forest	 that	 has	 not	 burned	 since	 the	 1970	 Forks	 Fire	
(Vanbianchi,	2015;	Vanbianchi	et	al.,	unpublished	data).

2.2 | Lynx data

Lynx	 data	 were	 provided	 to	 us	 courtesy	 of	 the	 Washington	
Department	of	Fish	and	Wildlife.	Lynx	were	trapped	and	fitted	with	
global	 positioning	 system	 (GPS)	 telemetry	 collars	 in	 the	 Okanogan	
-	Wenatchee	 National	 Forest	 and	 the	 Loomis	 State	 Forest	 from	
January	2007	 to	April	2012.	Trapping	 took	place	during	 the	winter	

using	 box	 traps	 (Kolbe,	 Squires,	 &	 Parker,	 2003)	 as	 a	 collaboration	
among	the	Washington	Department	of	Fish	and	Wildlife,	Washington	
Department	 of	Natural	 Resources,	U.S.	 Forest	 Service,	U.S.	 Bureau	
of	Land	Management,	and	the	U.S.	Fish	and	Wildlife	Service	 (ethics	
clearances	and	all	necessary	permitting	were	handled	by	these	agen-
cies).	The	collars	were	programmed	to	record	GPS	locations	every	4	hr	
for	1	year,	except	for	one	collar	programmed	to	record	GPS	locations	
every	six	hours.	We	used	data	from	14	adult	lynx	(three	females	and	
11	males).	Lynx	were	on	air	for	varying	durations,	and	the	average	fix	
rate	was	72%;	we	also	omitted	data	from	dispersing	or	wandering	lynx	
that	left	the	study	area.	The	average	straight-	line	distance	travelled	by	
a	lynx	in	the	four-	hour	period	between	GPS	fix	attempts	was	766	m	
(Vanbianchi,	2015;	Vanbianchi	et	al.,	unpublished	data).

2.3 | Study area delineation

We	 used	 a	 raster	 dataset	 depicting	 wildfires	 in	 ArcGIS	 10.1	 (ESRI	
2012)	to	define	the	perimeter	of	the	Whiteface	Burn.	To	outline	the	

F IGURE  2 Large	fires	in	northcentral	
Washington,	Pacific	Northwest	USA,	
over	the	last	30	years.	The	Okanogan	
Lynx	Management	Zone	is	the	only	area	
in	the	state	that	retains	a	population	of	
lynx.	During	the	1980s	and	1990s,	fires	
>1000	ha	were	considered	large,	but	fires	
in	the	2000s	have	been	substantially	larger.	
The	top	edge	of	the	map	is	the	Canada–
Washington	border
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Tripod	Burn	study	area,	we	used	the	raster	dataset	to	define	the	east-
ern	fire	perimeter.	All	of	the	lynx	with	home	ranges	near	the	Tripod	
Burn	 resided	 on	 the	 eastern	 edge	 of	 the	 burn.	 Because	 the	 Tripod	
Burn	extends	further	west	than	any	of	the	nearby	lynx	ventured,	we	
limited	 the	 western	 boundary	 by	 connecting	 sequential	 lynx	 loca-
tions	with	a	straight	line	and	then	buffering	the	lines	by	the	average	
step	 length	 (766	m)	between	GPS	fixes.	The	outermost	edge	of	 the	
buffered	lines	was	used	to	delineate	the	western	extent	of	the	Tripod	
Burn	study	area.	To	examine	 lynx	habitat	use	 in	 the	Whiteface	and	
Tripod	Burn	study	areas,	we	used	ArcGIS	10.1	(ESRI	2012)	to	gener-
ate	 random	 available	 locations	within	 each	 study	 area	 equal	 to	 the	
number	of	used	locations	 in	each	study	area	(Barbet-	Massin,	Jiguet,	
Albert,	&	Thuiller,	2012).

2.4 | Habitat variables

We	used	GIS	 layers	 to	 represent	 the	 landscape	 characteristics	 that	
are	 important	 to	 lynx	 habitat	 use	 (Table	 S1).	We	used	ArcGIS	10.1	
(ESRI	2012)	 to	derive	 continuous	 representations	of	 each	predictor	
variable	using	30	m2	pixels	projected	into	the	1983	North	American	
Datum	Albers	coordinate	system.	To	explore	habitat	selection	at	dif-
ferent	 scales,	we	examined	variables	within	3	×	3	and	27	×	27	pixel	
windows	(90	and	810	m	width,	respectively).	Previous	lynx	research	
demonstrates	 lynx	choose	habitats	both	at	 fine	 scales	and	at	 larger	
patch	or	higher	scales	(Koehler	et	al.,	2008;	Maletzke	et	al.,	2008).	The	
3	×	3	window	is	the	smallest	window	we	could	use	with	our	statistical	
approach	and	thus	models	the	fine-	scale	habitat	selection.	We	then	
wanted	this	fine-	scale	choice	to	nest	within	our	large-	scale	window;	
we	chose	a	27	×	27	window	as	more	appropriate	than	a	9	×	9	window	
because	previous	research	documents	these	animals	are	highly	mobile	
and	have	large	home	ranges.

We	categorized	land	cover	into	five	forest	types	and	three	nonfor-
est	types	(Table	S1).	Forest	types	were	lodgepole	pine	and	spruce-	fir,	
that	 is,	 sub-	boreal	 types	known	to	be	selected	by	 lynx	 in	 the	North	
Cascades	(Koehler	et	al.,	2008;	Maletzke	et	al.,	2008;	McKelvey	et	al.,	
2000),	 “dry	 forest”	 (dominated	 by	 Douglas	 fir	 or	 ponderosa	 pine),	
“mixed	forest”	(transitional	between	sub-	boreal	and	dry	types),	and	de-
ciduous.	Nonforested	types	were	grassy	meadows,	shrubby	meadows,	
and	barren	areas	such	as	rock	outcrops	or	 ice	fields.	The	 land	cover	
data	 categorized	 23%	 of	 the	Whiteface	 Burn	 simply	 as	 “disturbed,”	
based	on	residual	 trees	providing	<10%	cover.	To	assign	“disturbed”	
areas	to	one	of	our	eight	cover	types,	we	used	the	ArcGIS	10.1	tool,	
Nibble,	to	assign	“disturbed”	pixels	a	land	cover	type	that	was	based	on	
the	cover	types	of	the	surrounding	pixels.

In	high-	severity	burned	areas,	only	blackened	tree	trunks	remain,	
while	 a	 low-	severity	 burn	 consumes	understory	 cover	but	 trees	 sur-
vive.	To	capture	the	effect	of	burn	severity,	we	included	variables	de-
picting	fire	age	and	severity.	Old	burns	burned	in	1994	and	included	
the	Whiteface	Burn	and	a	burn	within	the	Tripod	fire	scar	that	did	not	
reburn.	The	new	burn	was	the	2006	Tripod	fire.	Low	severity	was	clas-
sified	based	on	canopy	cover	loss	of	1-	50%,	while	higher	severity	had	
>51%	loss.	We	ended	up	with	four	categories	of	burn:	old,	high	severity,	
old,	low	severity,	new,	high	severity,	and	new,	low	severity	(Table	S1).

We	examined	how	the	spatial	arrangement	of	burn	pattern	may	in-
fluence	lynx	habitat	selection	by	including	a	patch	metric	depicting	the	
distance	from	each	pixel	within	the	burn	to	the	nearest	edge.	We	also	
modeled	slope	and	the	distance	to	the	nearest	draw,	as	both	variables	
have	evidence	suggesting	they	affect	 lynx	movement	 (Koehler	et	al.,	
2008;	Maletzke	et	al.,	2008;	Stinson,	2001).

Lynx	may	select	burned	areas	with	a	cool,	moist	climate	where	for-
est	recovery	can	occur	faster	(Buskirk	et	al.,	2000).	Thus,	we	included	
the	Compound	Topographic	Index	as	a	measure	of	wetness	based	on	
the	amount	of	upstream	contributing	area	and	slope	(Gessler,	Moore,	
McKenzie,	&	Ryan,	1995;	Moore,	Gessler,	Nielsen,	&	Petersen,	1993),	
a	 Heat	 Load	 Index	 variable	 depicting	 temperature	 based	 on	 aspect	
and	slope	(McCune	&	Keon,	2002),	and	a	variable	for	the	average	pre-
cipitation	accumulated	during	the	growing	season.	Finally,	we	had	no	
understory	cover	GIS	layer	available	for	the	study	areas,	so	we	used	
forest	canopy	cover	as	a	proxy	for	the	structure	of	a	forest	(Table	S1).

2.5 | Model development

We	 developed	 Random	 Forest	 (Breiman,	 2001)	 habitat	 models	 for	
the	Whiteface	Burn	and	Tripod	Burn	by	using	randomForest	 (Liaw	&	
Wiener,	2002)	and	 rfUtilities	 (Evans	&	Murphy,	2014)	packages	 in	R	
software	(Version	3.1.2,	R	Core	team	2014).	While	Resource	Selection	
Functions	may	be	 the	predominant	methodology	 for	 predicting	 and	
describing	 habitat	 use,	 a	 relatively	 new	machine-	learning	 algorithm,	
Random	Forest	 (Breiman,	 2001),	 has	 recently	 been	 applied	 to	 habi-
tat	analysis	studies	(Mochizuki	&	Murakami,	2013;	Wilsey,	Lawler,	&	
Cimprich,	2012).	Random	Forest	has	several	advantages	over	Resource	
Selection	Functions;	 it	 is	nonparametric,	and	 it	accounts	 for	 interac-
tions	 among	variables	 and	across	 scales,	 and	 the	 complex	nonlinear	
relationships	common	to	ecological	data	(Cutler	et	al.,	2007;	Evans	&	
Cushman,	 2009;	 Evans,	Murphy,	Holden,	&	Cushman,	 2011).	 In	 ad-
dition,	Random	Forest	accommodates	many	predictor	variables,	does	
not	assume	 independence	of	 samples,	 and	does	not	 require	a	priori	
hypotheses	regarding	the	direction	of	the	response	variable,	thus	al-
lowing	unexpected	interactions	to	be	discovered	(Evans	et	al.,	2011).	
Random	Forest	often	 creates	highly	predictive	 classification	and	 re-
gression	models,	but	it	is	criticized	for	offering	limited	insight	as	to	the	
mechanistic	 relationships	 between	 predictor	 and	 response	 variables	
(McCue,	McGrath,	&	Wiersma,	2013;	Murphy,	Evans,	&	Storfer,	2010).	
However,	 partial	 plots	 (graphical	 representation	 of	 the	 functional	
relationship	 between	 predictor	 and	 response	 variables)	 and	 overall	
model	significance	tests	have	increased	model	interpretability	(Evans	
&	Cushman,	 2009;	 Evans	 et	al.,	 2011;	Murphy	 et	al.,	 2010).	 Indeed,	
Random	Forest	and	other	related	machine-	learning	algorithms	often	
yield	 better	 predictions	 than	parametric	 statistical	models,	 including	
Generalized	Linear	Models	(Cutler	et	al.,	2007;	McCue	et	al.,	2013).

For	each	model,	we	compared	all	lynx-	used	points	within	the	burn	
to	an	equal	number	of	random	available	points	within	the	burn	(Evans	&	
Cushman,	2009).	We	subsampled	80%	of	the	data	using	the	R	program	
Spatial	Intensity	Weighted	Subsample	(Evans,	2015)	using	R	packages	
spatialEco	(Evans,	2015),	sp	(Bivand,	Pebesma,	&	Gomez-	Rubio,	2013;	
Pebesma	&	Bivand,	2005),	 and	 spatstat	 (Baddeley,	Rubak,	&	Turner,	
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2015)	leaving	20%	of	the	data	for	an	independent	validation.	We	ex-
plored	whether	any	one	lynx	selected	habitat	significantly	differently	
from	the	others	 in	a	general	model	of	habitat	selection	 (Vanbianchi,	
2015);	no	lynx	showed	significant	individual	variation.

We	developed	Random	Forest	models	following	methods	outlined	
in	Murphy	et	al.	(2010).	Specifically,	we	removed	growing	season	pre-
cipitation	within	a	large-		and	small-	scale	area	from	the	Whiteface	Burn	
Model	and	growing	season	precipitation	within	a	large-	scale	area	from	
the	Tripod	Burn	Model	as	they	were	identified	as	multivariate	redun-
dant	variables	and	we	tested	for	but	detected	no	highly	collinear	vari-
ables	as	identified	by	Spearman’s	rank	test	(r	>	0.8).	We	identified	the	
most	parsimonious	set	of	predictor	variables	for	each	burn	model	that	
contributed	to	overall	model	performance.	For	each	burn	model,	we	
ran	a	Random	Forest	model	using	4,000	bootstrap	samples	and	then	
calculated	a	Model	Improvement	Ratio	for	each	variable	based	on	each	
variable’s	importance	to	the	model.	Variables	with	Model	Improvement	
Ratios	above	increasingly	high	thresholds	(thresholds	range	from	0	to	
1	in	0.1	increments)	were	grouped.	The	final	group	of	variables	were	

chosen	 based	 on	 minimizing	 the	 out-	of-	bag	 error,	 the	 within-	class	
error,	and	the	number	of	variables	(Table	S2).	To	insure	that	each	fire	
model	explained	significantly	more	variation	in	the	data	than	expected	
by	random	chance,	we	assessed	significance	by	randomizing	the	used	
and	available	data	1,000	times	to	create	a	null	distribution	of	model	
accuracy	based	on	a	 random	dataset.	A	fire	model	was	significant	 if	
the	model	accuracies	were	significantly	better	than	the	random	model	
accuracy	distribution	(Murphy	et	al.,	2010).

3  | RESULTS

Only	5.7%	(789	of	13,972)	of	lynx	locations	near	the	Tripod	Burn	were	
within	burned	areas	(Figure	3).	Surprisingly,	however,	lynx	used	new	
burned	areas	regularly,	entering	them	as	early	as	1	year	postfire,	and	
were	able	to	make	the	best	of	the	burn	by	selecting	habitat	character-
istics	that	provided	cover.	The	majority	of	the	lynx	points	within	the	
burn	were	not	the	result	of	multiday	forays	but	rather	were	individual	

F IGURE  3 Lynx	locations	with	two	burned	areas	in	northcentral	Washington	(note	different	scales).	The	Tripod	Burn	study	area	was	
truncated	to	the	area	used	by	radio-	collared	lynx.	(a)	Lynx	locations	within	the	Whiteface	Burn.	(b)	Lynx	locations	within	the	Tripod	Burn.	Habitat	
types	and	lynx	locations	outside	the	burns	are	shown	in	faded	colors
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fixes	 sandwiched	 between	 locations	 in	 mature	 forest.	 Within	 the	
Tripod	Burn,	the	top	predictors	of	 lynx	 locations	were	variables	de-
scribing	burn	severity	or	distance	from	the	edge	of	the	burn	(Figure	4,	
Figure	 S1).	Within	 the	Tripod	Burn,	 lynx	 selected	 areas	 near	 to	 re-
sidual	trees	or	fire	skips,	especially	a	large	island	of	regenerating	trees	
that	resulted	from	the	1970	Forks	fire	(1,850	ha).	In	addition,	79%	of	
the	lynx	locations	within	the	Tripod	Burn	were	<1,000	m	from	the	fire	
perimeter	or	in	or	near	a	patch	of	residual	trees.	Variable	importance	
scores	show	that	lynx	avoided	areas	of	recent	high-severity	burn	and	

areas	further	than	~500	m	from	the	burn	perimeter.	At	a	broad	scale	
(0.66	km2),	 lynx	 selected	 for	 areas	 with	 fire	 skips	 and	 high	 canopy	
cover.	At	 a	 fine	 scale	 (0.008	km2),	 lynx	 selected	areas	with	 residual	
patches.	Climate,	topography,	and	forest	type	selection	patterns	were	
of	much	 less	 importance	 than	selection	explained	by	burn	variables	
(Figure	S1).

In	contrast,	lynx	selected	older	burns;	all	five	lynx	near	the	older	
1994	Whiteface	Burn	used	it,	with	11%	(765	points	of	6,772)	of	their	
locations	within	the	burn	(Figure	3).	Top	predictors	in	the	older	1994	

F IGURE  4 Lynx	selection	of	habitat	within	the	Tripod	Burn.	Probability	of	use	represents	the	effect	of	a	focal	habitat	variable	on	lynx	habitat	
selection	when	the	effect	of	all	other	habitat	variables	in	the	model	is	averaged.	Histograms	show	the	distribution	of	the	focal	habitat	variable	
throughout	the	Tripod	Burn	study	area.	The	dots	represent	the	percentage	of	lynx	points	found	within	each	histogram	category	of	the	focal	
habitat	variable.	Panels	show	lynx	use	of	(a)	new,	high-	severity	burn	at	a	broad	scale;	(b)	new,	high-	severity	burn	at	a	fine	scale;	(c)	fire	skips	at	a	
broad	scale;	(d)	fire	skips	at	a	fine	scale;	and	(e)	distance	to	the	edge	of	the	burn



8  |     VANBIANCHI et Al.

Whiteface	 Burn	Model	 described	 forest	 types	 and	 percent	 canopy	
cover,	 topographic	 setting,	 and	 microclimates,	 but	 did	 not	 include	
any	of	the	variables	describing	burn	severity	(Figure	5).	Distance	from	
perimeter	was	not	included	in	the	final	Whiteface	Burn	Model;	 lynx	
occurred	across	the	entire	area,	and	there	is	no	evidence	for	lynx	pre-
ferring	to	be	nearer	the	unburned	habitats	adjacent	to	the	burn.	The	
lack	of	an	edge	signature	in	the	Whiteface	Burn	means	lynx	were	re-
sponding	to	structure	within	the	burn,	not	to	the	perimeter.	Spruce-	
fir	and	dry	forest	were	the	most	important	broad-	scale	predictors	of	
lynx	locations.	Lynx	avoided	spruce-	fir	cover	but	selected	dry	forest	
and	areas	with	deciduous	forests	at	a	broad	scale	(Figure	5).	Habitat	
quality	 also	varied	 according	 to	microclimate	 as	 cool,	moister	 areas	

supported	 denser	 regeneration	 (Casady,	 van	 Leeuwen,	 &	 Marsh,	
2010;	Crotteau	et	al.,	2013;	Lillybridge	et	al.,	1995)	and	provided	the	
high-	cover	habitats	lynx	selected	regardless	of	forest	type.	Dry	forest	
cover	within	 a	 small-	scale	 area	was	 also	 selected	by	 lynx,	 although	
this	variable’s	importance	was	less	than	that	of	dry	forest	at	a	broad	
scale	(Figure	S1).	Similarly,	spruce-	fir	forest	was	also	avoided	within	
a	small-	scale	area	and	was	of	less	importance	than	at	a	broad	scale.	
Additional	explanatory	variables	in	the	Whiteface	Burn	were	low	heat	
load	values	found	on	shallow,	northeast-	facing	slopes	and	moist	sites	
as	depicted	by	the	Compound	Topographic	Index	(Gessler	et	al.,	1995;	
Moore	et	al.,	1993),	indicating	lynx	use	of	areas	with	more	moisture	
(Figure	6).

F IGURE  5 Lynx	selection	of	forest	types	in	the	Whiteface	Burn	study	area.	Probability	of	use	represents	the	effect	of	a	focal	habitat	variable	
on	lynx	habitat	selection	when	the	effect	of	all	other	habitat	variables	in	the	model	is	averaged.	Panels	show	lynx	selection	for	(a)	spruce-	fir	
forest	at	a	broad	scale;	(b)	spruce-	fir	forest	at	a	fine	scale;	(c)	dry	forest	at	a	broad	scale;	(d)	dry	forest	at	a	fine	scale;	and	(e)	deciduous	forest	at	a	
broad	scale
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4  | DISCUSSION

The	patterns	of	habitat	use	revealed	in	this	study	can	be	distilled	to	a	
single	overarching	theme:	Forest	structure	allows	lynx	to	use	areas	of	
new	burns	and	thrive	in	old	burns.	Useable	structure	can	be	residual	
living	trees	left	in	a	recent	burn	or	areas	of	dense	forest	regeneration	
in	an	old	burn.	While	previous	studies	have	shown	snowshoe	hares	
and	 lynx	 use	 dense	 understory	 structure	 in	 undisturbed	 forest,	 our	
results	highlight	an	even	more	critical	importance	of	forest	structure	
for	lynx	venturing	into	burned	areas.

4.1 | The new Tripod Burn

Although	our	results	confirm	the	overall	 low	probability	of	 lynx	using	
new,	high-	severity	burned	areas	(Koehler	et	al.,	2008;	Mowat	&	Slough,	
2003;	Paragi	et	al.,	1997),	our	 large	and	detailed	dataset	was	able	 to	
detect	rarer	habitat	uses	to	reveal	that	lynx	made	the	most	of	the	Tripod	
Burn	area	immediately	postfire,	which	contradicts	previous	assumptions	
that	new	burns	have	no	value	as	lynx	habitat.	Lynx	made	the	most	of	
the	Tripod	Burn	by	selecting	suitable	fire	skips	as	hunting	habitat	where	
islands	of	unburned	forest	remained	quality	hare	habitat	 (Lewis	et	al.,	
2011),	and	more	marginal	residual	cover	for	traveling	across	otherwise	
open-	burned	 areas	 (Vanbianchi,	 2015;	 Vanbianchi	 et	al.,	 unpublished	
data).	 Lynx	 primarily	 used	 residual	 forest	 structure	 in	 areas	 <550	m	

from	the	burn	perimeter,	and	one	lynx	also	regularly	used	a	large	fire	
skip	over	5	km	from	the	burn	perimeter.	Use	of	this	and	other	fire	skips	
demonstrates	the	usefulness	and	importance	of	large	patches	of	quality	
habitat	contained	within	burns	and	corroborates	previous	observations	
in	this	region	of	lynx	using	islands	of	young	trees	that	supported	snow-
shoe	hares	within	a	10-	year-	old	burn	(Lewis	et	al.,	2011).	Further	dem-
onstrating	the	importance	of	residual	cover	to	lynx	in	new	burns,	forest	
cover	types	were	not	highly	predictive	of	lynx	use	in	the	Tripod	Burn:	
Anything	that	offered	cover	was	used.	The	relative	unimportance	of	for-
est	cover	 type	within	burns	contrasts	with	mature	 forests	where	 the	
presence	of	boreal	forest	types	is	highly	predictive	of	lynx	use	(Koehler	
et	al.,	2008;	Vanbianchi,	2015;	Vanbianchi	et	al.,	unpublished	data).

4.2 | The old Whiteface Burn

Lynx	use	of	the	Whiteface	Burn	centered	around	forest	structure.	
However,	 rather	 than	 lynx	 depending	 on	 postfire	 residual	 struc-
ture	 as	 in	 the	new,	Tripod	Burn,	 the	20-	year-	old	Whiteface	Burn,	
had	 largely	 regenerated	 enough	 that	 lynx	were	 able	 to	 use	 areas	
of	dense	regeneration	in	addition	to	fire	skips.	Indeed,	results	from	
additional	habitat	models	revealed	that	much	of	the	Whiteface	Burn	
provided	high-	quality	core	lynx	habitat,	although	habitat	quality	var-
ied	and	not	all	areas	supported	core	lynx	habitat	(Vanbianchi,	2015;	
Vanbianchi	et	al.,	unpublished	data).

F IGURE  6 Lynx	selection	of	climate	in	the	Whiteface	Burn	study	area.	Probability	of	use	represents	the	effect	of	a	focal	habitat	variable	
on	lynx	habitat	selection	when	the	effect	of	all	other	habitat	variables	in	the	model	is	averaged.	Panels	show	lynx	selection	for	(a)	average	heat	
load	at	a	broad	scale;	(b)	average	heat	load	at	a	fine	scale;	(c)	average	cumulative	topographic	index	at	a	broad	scale;	and	(d)	average	cumulative	
topographic	index	at	a	fine	scale
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Lynx	 in	 the	Whiteface	Burn	favored	areas	where	cool	and	moist	
growing	conditions	supported	thick	understory	cover.	Similar	to	habi-
tat	selection	in	the	Tripod	Burn,	the	importance	of	dense	forest	cover	
outweighed	 the	 importance	 to	 lynx	of	 boreal	 forest	 types	 in	 undis-
turbed	forests:	 lynx	in	the	Whiteface	Burn	selected	for	the	normally	
avoided	dry	forest	and	against	spruce-	fir	forests.	A	field	examination	of	
the	Whiteface	Burn	explained	this	interesting	switch	in	lynx-	selected	
forest	type.	At	the	northern	end	of	the	Whiteface	Burn,	sub-	boreal	cli-
mate	conditions	support	the	regeneration	of	spruce-	fir	forests,	while	
at	the	southern,	lower-	elevation	end	of	the	Whiteface	Burn,	dry	forest	
regeneration	is	common.	Spruce-	fir	regeneration	at	the	northern	end	
of	 the	 burn	 is	 short	 and	 sparse,	 and	 sub-	boreal	 forest	 regeneration	
in	the	Whiteface	Burn	thus	provides	 little	cover	for	snowshoe	hares	
and	lynx.	In	contrast,	at	the	southern	end	of	the	burn	and	especially	
in	draws,	large	amounts	of	willow	(Salix	spp.)	and	alder	(Alnus	spp.)	are	
mixed	with	Douglas	fir	and	ponderosa	pine	trees	in	the	regenerating	
dry	forests.	The	densely	growing	deciduous	species	provide	thick	un-
derstory	cover	for	snowshoe	hare	and	lynx,	which	matches	findings	by	
Mowat	and	Slough	(2003)	that	lynx	and	snowshoe	hares	in	the	Yukon	
selected	dense	willow	patches.	By	selecting	the	dry	forests	lynx	usu-
ally	avoid	(Maletzke	et	al.,	2008;	Vanbianchi,	2015;	Vanbianchi	et	al.,	
unpublished	data),	lynx	in	the	Whiteface	Burn	demonstrated	the	im-
portance	of	thick	understory	structure	over	forest	type	for	lynx	habi-
tat,	confirming	prior	research	(Mowat	&	Slough,	2003).

Our	 results	 clearly	demonstrate	 that	 residual	 forest	 cover,	espe-
cially	fire	skips,	allow	lynx	to	use	new	burns	and	that	as	burns	regener-
ate,	microclimates	conducive	to	growing	dense	cover	create	rich	lynx	
habitat.	However,	as	climate	change	progresses	and	summers	 in	the	
boreal	 region	 become	 drier	 and	warmer,	 the	wildfire	 season	 is	 pre-
dicted	 to	become	even	 longer	 and	more	 severe	 (Balshi	 et	al.,	 2009;	
Fauria	&	Johnson,	2007;	Littell	et	al.,	2010),	with	more	frequent	fires	
burning	 larger	 areas	 at	 higher	 severity	 (Hessburg	 et	al.,	 2015).	 Not	
only	will	 this	ongoing	regime	shift	cause	more	 lynx	habitat	to	revert	
to	 the	 open	 stand-	initiation	 stages	 (O’Hara,	 Latham,	 Hessburg,	 &	
Smith,	1996)	that	snowshoe	hares	and	lynx	generally	avoid,	but	also	
higher	severity	burns	may	homogenize	areas	within	a	burn	perimeter	
so	that	the	residual	trees	and	fire	skips	lynx	select	are	less	abundant	
(Cansler	&	McKenzie,	2014).	Additionally,	climate	change	may	also	de-
grade	regenerating	lynx	habitat	in	burns	as	warmer	and	drier	summers	
will	likely	hinder	the	regeneration	of	dense	forest	stands	(Littell	et	al.,	
2010).

The	 finding	 that	 lynx	 are	 able	 to	 use	 areas	 of	 new	burns	 offers	
hope	to	lynx	in	increasingly	burned	landscapes	and	corroborates	a	re-
cent	 study	 that	 indicates	 lynx	occupancy	 is	 affected	by	habitat	 loss	
but	not	by	habitat	fragmentation	on	a	landscape	scale	(Hornseth	et	al.,	
2014).	These	 authors	 suggest	 that	 in	 central	Ontario,	 lynx	 adapted	
their	habitat	selection	patterns	so	that	fragmentation	of	quality	 lynx	
habitat	did	not	affect	lynx	occurrence;	lynx	were	able	to	adapt	to	local	
habitat	conditions	and	use	small	patches	of	resources,	thus	surviving	
in	fragmented	landscapes	(Hornseth	et	al.,	2014).	However,	a	tipping	
point	must	exist	in	burned	landscapes	past	which	the	amount	of	use-
able	 fire	 residuals	 does	 not	 compensate	 for	 the	 amount	 of	 habitat	
lost	to	new,	high-	intensity	burned	areas	and	lynx	populations	suffer.	

Discovering	where	this	tipping	point	exists	 is	an	area	for	further	ex-
ploration.	 Furthermore,	while	 lynx	 have	 the	 ability	 to	 occupy	 home	
ranges	and	a	broader	landscape	fragmented	by	disturbances,	how	dif-
ferent	habitats	and	habitat	configurations	affect	population	dynamics	
is	unknown	for	lynx	in	Washington.	Indeed,	a	recent	study	in	Montana	
found	that	reproductive	success	was	highest	for	female	lynx	living	in	
home	ranges	with	more	continuous	high-	quality	habitat	 (Kosterman,	
2014).	Additionally,	snowshoe	hares	in	the	North	Cascades	are	sensi-
tive	to	matrix	habitat	types	and	hare	densities	are	highest	in	contin-
uous	habitat	or	in	habitat	patches	surrounded	by	matrix	habitat	more	
similar	to	core	forest	habitats	(Lewis	et	al.,	2011).	Using	a	spectrum	of	
habitat	types	may	allow	lynx	to	exist	in	the	North	Cascades,	but	ques-
tions	remain	regarding	how	lynx	population	dynamics	are	affected	by	
more	 frequent	wildfires,	 and	a	prey	 species	 that	 is	 also	 sensitive	 to	
more	open	habitats.	As	 climate	 change	 increases	 the	amount	of	 re-
cently	burned	areas	in	boreal	landscapes,	discovering	how	lynx	popu-
lation	dynamics	are	affected	by	wildfires	becomes	urgent.

4.3 | Implications for forest predators and fire  
management

In	 terms	 of	 conservation	 of	 forest	 carnivores,	 our	 findings	 offer	 a	
mixed	 message.	 First,	 lynx	 use	 burned	 landscapes	 more	 often	 and	
more	 rapidly	 postfire	 than	 previously	 thought,	 which	 offers	 some	
hope	that	lynx	and	potentially	other	forest	carnivores	are	resilient	to	
large	disturbances	(see	also	Fisher	&	Wilkinson,	2005).	In	contrast,	if	
fire	regimes	do	shift	such	that	landscapes	are	more	frequently	burned	
by	severe	fires	than	in	the	past,	leading	to	high	proportions	of	land-
scapes	 in	 early-	seral	 conditions,	 there	 may	 be	 inadequate	 mature	
forest,	 postfire	 residuals,	 or	 regrowth	 to	 sustain	 predators	 in	 these	
heavily	burned	landscapes.	Although	we	have	focused	on	the	highly	
vulnerable	Washington	lynx	population,	which	is	thought	to	number	
<100	 individuals	 (Lewis,	 2016),	 we	 note	 that	 regime	 shifts	 in	 fires	
are	 also	 likely	 affecting	 lynx	 and	 other	 predators	 within	 Montana,	
Wyoming,	and	Colorado.	We	suspect	other	forest	predators	likewise	
depend	 on	 postfire	 heterogeneity	 in	 order	 to	 make	 use	 of	 burned	
landscapes,	 although	 research	on	predators	and	 fire	 is	quite	 limited	
(Fisher	&	Wilkinson,	2005).

Current	forest	and	fire	management	involves	many	practices	that	
may	be	damaging	the	ability	of	predators	to	use	postfire	landscapes.	
Areas	disturbed	by	wildfires	are	not	uniform.	Instead,	wildfires	create	
a	diversity	of	habitat	conditions	that	depend	upon	burn	severity	and	
microclimates	 that	 influence	 forest	 regeneration	 rates	 and	patterns.	
In	turn,	lynx	respond	to	burned	areas	with	habitat	selection	patterns	
that	are	more	nuanced	than	previously	described	patterns	for	lynx	in	
harvested	areas	(Simons-	Legaard,	Harrison,	Krohn,	&	Vashon,	2013).	
The	 heterogeneous	 habitats	 created	 by	wildfires	 are	 in	 contrast	 to	
disturbed	habitats	 created	by	 timber	harvest	which,	 even	when	de-
signed	to	emulate	a	fire	disturbance,	create	more	uniform	patterns	of	
disturbance	with	less	edge	area	and	fewer	standing	live	trees	left	after	
harvest	 (McRae,	 Duchesne,	 Freedman,	 Lynham,	 &	Woodley,	 2001).	
Regeneration	patterns	between	burned	areas	and	harvested	areas	also	
differ	as	residual	trees	and	coarse	woody	debris	left	postfire	can	seed	
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and	protect	young	seedlings	 (Brassard	&	Chen,	2006).	Furthermore,	
cycles	of	harvest	are	often	shorter	 than	burn	cycles	and	occur	over	
smaller	 areas	 (McRae	 et	al.,	 2001).	 Lynx	 and	 snowshoe	 hares	 avoid	
harvest	conditions	that	eliminate	understory	cover,	such	as	thins	and	
new	clear-	cuts,	but	are	benefitted	by	old	clear-	cuts	that	promote	thick	
forest	regeneration	(Simons-	Legaard	et	al.,	2013;	Squires	et	al.,	2010).	
In	 contrast	 to	 this	 relatively	 simple	 and	more	 predictable	 response,	
the	heterogeneous	habitat	created	by	burns	provides	lynx	with	more	
varied	habitats	to	suit	their	survival	needs	than	areas	disturbed	by	tim-
ber	harvest,	especially	in	new	burns	where	fire	skips	and	low-	severity	
burns	create	cover	for	lynx.

Treatments	 such	 as	 burn-	out	 operations	 of	 dead	 fuels	 and	 fire	
skips	to	avoid	new	spot	fires	during	a	fire	or	postfire	salvage	logging	
reduce	 habitat	 quality,	with	 road	 building,	 soil	 compaction,	 and	 re-
moval	of	residual	living	and	dead	tree	biomass	(Lindenmayer,	Burton,	
&	 Franklin,	 2008;	 Peterson	 et	al.,	 2009).	 Salvage	 logging	 slows	 and	
alters	tree	regeneration	in	the	immediate	years	postfire,	as	well	as	re-
moving	existing	vegetation	that	might	act	as	habitat	or	cover	for	some	
species	(Boucher,	Gauthier,	Noel,	Greene,	&	Bergeron,	2014;	Donato	
et	al.,	2006).	Because	fire	skips	are	important	habitat	constituents	for	
lynx	after	fires,	lynx	conservation	would	be	aided	by	preventing	burn-	
outs,	 reducing	postfire	 salvage	 logging,	and	ensuring	 that	 trees	 that	
survived	 the	 fire	 are	 protected.	 For	 example,	Colorado	may	 salvage	
log	thousands	of	square	kilometers	of	beetle-	killed	forest	in	an	effort	
to	reduce	fuels	and	alter	fire	sizes	and	severity	(USDA	2015),	but	the	
salvage	itself	may	damage	lynx	habitat	if	residual	trees	are	eliminated.

We	 therefore	 agree	with	 recent	 advances	 in	 fire	 and	 landscape	
ecology:	Forest	management	needs	to	change	before	fire,	during	fire-
fighting,	and	after	fires,	if	we	are	to	sustain	forest	mosaics	that	contain	
appropriate	amounts	and	configurations	of	different	stand	types	that	
predators	and	their	prey	can	use	 (Hessburg	et	al.,	2015;	Perry	et	al.,	
2011).	 Prefire,	 management	 tools	 include	 fuels	 reductions,	 harvest,	
and	prescribed	fires,	all	as	ways	to	affect	where	large	wild	fires	might	
burn.	Managers	could	prescribe	burns	and	craft	timber	harvest	units	
that	would	act	as	natural	 fire	breaks	to	decrease	the	spread	and	 in-
tensity	 of	 increasingly	 severe	 fires,	 thus	 preserving	 heterogeneous	
burn	patterns	that	provide	cover	for	predators.	Similarly,	forest	man-
agement	that	promotes	cooler,	 less	severe	fires	may	lead	to	a	faster	
postfire	return	of	suitable	habitat	conditions	for	hares	and	lynx.	During	
fires,	firefighting	decisions	about	where	to	deploy	defenses	will	 like-
wise	affect	the	size,	shape,	and	severity	of	each	fire.	Postfire,	salvage	
logging	is	an	additive	disturbance	that	may	be	a	direct	threat	to	carni-
vore	conservation	if	it	removes	residual	structures	the	animals	could	
otherwise	use	 to	access	 recent	burns	and	hinders	 regeneration.	We	
suggest	that	landscape-	scale	planning	that	affects	the	distribution	of	
fire	sizes	and	severities	will	be	essential	to	ensure	predators	remain	on	
these	increasingly	fire-	disturbed	landscapes.

ACKNOWLEDGMENTS

Funding	was	 provided	 by	 the	University	 of	 British	 Columbia	 and	 a	
Natural	 Sciences	 and	 Engineering	 Research	Council	 grant	 (312222)	
to	K.E.H.	Lynx	trapping	and	collaring	were	funded	as	a	 joint	project	

of	 the	 Washington	 Department	 of	 Fish	 and	 Wildlife,	 Washington	
Department	of	Natural	Resources,	U.S.	Forest	Service,	U.S.	Bureau	of	
Land	Management,	and	the	U.S.	Fish	and	Wildlife	Service.	Comments	
from	 P.	 Hessburg	 and	 J.	 Klironomos	 strengthened	 the	 paper.	 We	
thank	two	anonymous	reviewers	for	their	comments.

AUTHOR CONTRIBUTIONS

CMV	assembled	the	GIS	layers,	analyzed	the	GIS	and	telemetry	data,	
and	wrote	the	initial	draft.	MAM	advised	on	the	use	of	R	and	Random	
Forest	models	 and	provided	editorial	 comments	on	 the	manuscript.	
KEH	initiated	the	idea;	secured	data,	funding,	and	agency	collabora-
tions;	and	helped	write	the	paper.	All	authors	were	essential	for	this	
paper	and	approved	its	final	form.

DATA ACCESSIBILITY

Data	 are	 archived	 at	 the	 University	 of	 British	 Columbia	 and	 the	
Washington	 Department	 of	 Fish	 and	 Wildlife,	 as	 per	 government	
requirements.

CONFLICT OF INTEREST

None	declared.

REFERENCES

Agee,	J.	K.	(2000).	Disturbance	ecology	of	North	American	boreal	forests	
and	associated	northern	mixed/subalpine	forest.	In	L.	F.	Ruggiero,	K.	B.	
Aubry,	S.	W.	Buskirk,	G.	M.	Koehler,	C.	J.	Krebs,	K.	S.	McKelvey,	&	J.	R.	
Squires	(Eds.),	Ecology and conservation of lynx in the United States	(pp.	
39–82).	Boulder:	University	of	Colorado	Press.

Appenzeller,	T.	(2015).	The	new	north.	Science,	349,	806–809.
Baddeley,	 A.,	 Rubak,	 E.,	 &	 Turner,	 R.	 (2015)	 Spatial point patterns: 

Methodology and applications with R.	London:	Chapman	and	Hall/CRC	
Press.

Balshi,	M.	S.,	McGuire,	A.	D.,	Duffy,	P.,	Flannigan,	M.,	Walsh,	J.,	&	Melillo,	
J.	 (2009).	 Assessing	 the	 response	 of	 area	 burned	 to	 changing	 cli-
mate	in	western	boreal	North	America	using	a	Multivariate	Adaptive	
Regression	 Splines	 (MARS)	 approach.	 Global Change Biology,	 15,	
578–600.

Barbet-Massin,	M.,	Jiguet,	F.,	Albert,	C.	H.,	&	Thuiller,	W.	(2012).	Selecting	
pseudo-	absences	for	species	distribution	models:	How,	where	and	how	
many?	Methods in Ecology and Evolution,	3,	327–338.

Bivand,	R.	S.,	Pebesma,	E.,	&	Gomez-Rubio,	V.	(2013).	Applied spatial data 
analysis with R,	2nd	ed.	NY:	Springer.

Bonnet,	V.	H.,	Schoettle,	A.	W.,	&	Shepperd,	W.	D.	 (2005).	Postfire	envi-
ronmental	conditions	influence	the	spatial	pattern	of	regeneration	for	
Pinus ponderosa. Canadian Journal of Forest Research,	35,	37–47.

Boucher,	 D.,	 Gauthier,	 S.,	 Noel,	 J.,	 Greene,	D.	 F.,	 &	 Bergeron,	Y.	 (2014).	
Salvage	 logging	 affects	 early	 post-	fire	 tree	 composition	 in	 Canadian	
boreal	forest.	Forest Ecology and Management,	325,	118–127.

Brand,	D.	G.	 (1991).	The	establishment	of	boreal	 and	 sub-	boreal	 conifer	
plantations:	And	 integrated	analysis	of	environmental	conditions	and	
seedling	growth.	Forest Science,	37,	68–100.

Brassard,	W.,	&	Chen,	H.	Y.	H.	 (2006).	 Stand	 structural	 dynamics	 of	 the	
North	American	 boreal	 forests.	Critical Reviews in Plant Sciences,	25,	
115–137.

Breiman,	L.	(2001).	Random	forests.	Machine Learning,	45,	5–32.



12  |     VANBIANCHI et Al.

Buskirk,	S.	T.,	Ruggiero,	L.	F.,	Aubry,	K.	B.,	Pearson,	D.	E.,	Squires,	J.	R.,	&	
McKelvey,	K.	S.	(2000).	Comparative	ecology	of	lynx	in	North	America.	
In	L.	F.	Ruggiero,	K.	B.	Aubry,	S.	W.	Buskirk,	G.	M.	Koehler,	C.	J.	Krebs,	
K.	S.	McKelvey,	&	J.	R.	Squires	(Eds.),	Ecology and Conservation of Lynx in 
the United States	(pp.	397–418).	Boulder:	University	of	Colorado	Press.

Cansler,	C.	A.,	&	McKenzie,	D.	 (2014).	Climate,	 fire,	size,	and	biophysical	
setting	control	fire	severity	and	spatial	pattern	in	the	northern	Cascade	
Range,	USA.	Ecological Applications,	24,	1037–1056.

Casady,	G.	M.,	van	Leeuwen,	W.	J.	D.,	&	Marsh,	 S.	 E.	 (2010).	 Evaluating	
post-	wildfire	vegetation	regeneration	as	a	response	to	multiple	envi-
ronmental	 determinants.	Environmental Modeling and Assessment,	15,	
295–307.

Cheng,	 E.,	Hodges,	K.	 E.,	&	Mills,	 L.	 S.	 (2015).	 Impacts	 of	 fire	 on	 snow-
shoe	hares	 in	Glacier	National	Park,	Montana,	USA.	Fire Ecology,	11,	
119–136.

Crotteau,	J.	S.,	Varner,	J.	M.,	&	Ritchie,	M.	W.	(2013).	Post-	fire	regeneration	
across	a	fire	severity	gradient	in	the	southern	Cascades.	Forest Ecology 
and Management,	287,	103–112.

Cutler,	D.	R.,	Edwards,	T.	C.,	Beard,	K.	H.,	Cutler,	A.,	Hess,	K.	T.,	Gibson,	J.,	&	
Lawler,	J.	J.	(2007).	Random	Forest	for	classification	in	ecology.	Ecology,	
88,	2783–2792.

Donato,	D.	C.,	Fontaine,	J.	B.,	Campbell,	J.	L.,	Robinson,	W.	D.,	Kauffman,	J.	
B.,	&	Law,	B.	E.	(2006).	Post-	wildfire	logging	hinders	regeneration	and	
increases	fire	risk.	Science,	311,	352.

ESRI	(2012).	ArcGIS 10.1.	Redlands,	CA:	ESRI.
Evans,	 J.	 S.	 (2015).	 spatialEco.	 R	 package	 version	 2.0-0,	 Retrieved	 from	

http://CRAN.R-project.org/package=spatialEco.
Evans,	J.	S.,	&	Cushman,	S.	A.	(2009).	Gradient	modeling	of	conifer	species	

using	random	forests.	Landscape Ecology,	24,	673–683.
Evans,	J.	S.,	&	Murphy,	M.	A.	 (2014).	 rfUtilities.	R	package	version	1.0-0,	

Retrieved	from	http://CRAN.R-project.org/package=rfUtilities.
Evans,	J.	S.,	Murphy,	M.	A.,	Holden,	Z.	A.,	&	Cushman,	S.	A.	(2011).	Modeling	

species	distribution	and	change	using	random	forest.	In	A.	D.	Drew,	Y.	
F.	Wiersma,	&	F.	Huettmann	(Eds.),	Predictive species and habitat model-
ing in landscape ecology: Concepts and applications	(pp.	139–159).	New	
York:	Springer.

Fauria,	M.	M.,	&	Johnson,	E.	A.	(2007).	Climate	and	wildfires	in	the	North	
American	boreal	forest.	Philosophical Transactions of the Royal Society B: 
Biological Sciences,	363,	2317–2329.

Fisher,	 J.	T.,	&	Wilkinson,	 L.	 (2005).	The	 response	of	mammals	 to	 forest	
fire	and	timber	harvest	in	the	North	American	boreal	forest.	Mammal 
Review,	35,	51–81.

Fox,	J.	F.	(1983).	Post-fire	succession	of	small-mammal	and	bird	communi-
ties.	In	R.	W.	Wein,	&	D.	A.	ManLean	(Eds.),	The role of fire in northern cir-
cumpolar ecosystems	(pp.	155–180).	Toronto,	ON:	John	Wiley	and	Sons.

Franklin,	 J.	 F.,	 &	Dyrness,	 C.	 T.	 (1973).	Natural vegetation of Oregon and 
Washington.	 Portland,	 OR:	 U.S.	 Department	 of	 Agriculture,	 Forest	
Service,	Pacific	Northwest	Research	Station.

Gessler,	P.	E.,	Moore,	I.	D.,	McKenzie,	N.	J.,	&	Ryan,	P.	J.	(1995).	Soil-	landscape	
modeling	and	spatial	prediction	of	soil	attributes.	International Journal 
of GIS,	9,	421–432.

Goldammer,	 J.	 G.,	 &	 Furyaev,	V.	V.	 (1996).	 Fire	 in	 ecosystems	 of	 boreal	
Eurasia:	 Ecological	 impacts	 and	 links	 to	 the	 global	 system.	 In	 J.	 G.	
Goldammer,	&	V.	V.	Furyaev	(Eds.),	Fire Ecosystems in Boreal Eurasia	(pp.	
1–20).	the	Netherlands:	Springer.

Hessburg,	P.	F.,	Churchill,	D.	J.,	Larson,	A.	J.,	Haugo,	R.	D.,	Miller,	C.,	Spies,	
T.	A.,	…	Reeves,	G.	H.	(2015).	Restoring	fire-	prone	Inland	Pacific	land-
scapes:	Seven	core	principles.	Landscape Ecology,	30,	1805–1835.

Hodges,	K.	E.	(2000a).	The	ecology	of	snowshoe	hares	in	northern	boreal	for-
est.	In	L.	F.	Ruggiero,	K.	B.	Aubry,	S.	W.	Buskirk,	G.	M.	Koehler,	C.	J.	Krebs,	
K.	S.	McKelvey,	&	J.	R.	Squires	(Eds.),	Ecology and conservation of lynx in 
the United States	(pp.	117–162).	Boulder:	University	of	Colorado	Press.

Hodges,	 K.	 E.	 (2000b).	 Ecology	 of	 snowshoe	 hares	 in	 southern	 boreal	
and	montane	 forest.	 In	L.	F.	Ruggiero,	K.	B.	Aubry,	S.	W.	Buskirk,	G.	
M.	Koehler,	C.	J.	Krebs,	K.	S.	McKelvey,	&	J.	R.	Squires	(Eds.),	Ecology 

and conservation of lynx in the United States	 (pp.	 163–206).	 Boulder:	
University	of	Colorado	Press.

Hodges,	K.	E.,	Mills,	L.	S.,	&	Murphy,	K.	M.	(2009).	Distribution	and	abun-
dance	 of	 snowshoe	 hares	 in	 Yellowstone	 National	 Park.	 Journal of 
Mammalogy,	90,	870–878.

Hodson,	J.,	Fortin,	D.,	&	Belanger,	L.	(2011).	Changes	in	relative	abundance	
of	 snowshoe	 hares	 (Lepus americanus)	 across	 a	 265-	year	 gradient	 of	
boreal	forest	succession.	Canadian Journal of Zoology,	89,	908–920.

Hornseth,	M.	L.,	Walpole,	A.	A.,	Walton,	L.	R.,	Bowman,	J.,	Ray,	J.	C.,	Fortin,	
M.,	&	Murray,	D.	L.	(2014).	Habitat	loss,	not	fragmentation,	drives	oc-
currence	 patterns	 of	 Canada	 Lynx	 at	 the	 southern	 range	 periphery.	
PLoS One,	9,	1–11.

Interagency	Lynx	Biology	Team	(2013).	Canada lynx conservation assessment 
and strategy,	 3rd	 ed.	 Forest	 Service	 Publication	 R1-13-19,	Missoula,	
MT:	USDA	Forest	Service,	USDI	Fish	and	Wildlife	Service,	USDI	Bureau	
of	Land	Management,	and	USDI	National	Park	Service.

Irvine,	D.	R.,	Hibbs,	D.	E.,	&	Shatford,	J.	P.	A.	(2009).	The	relative	importance	
of	biotic	and	abiotic	controls	on	young	conifer	growth	after	fire	in	the	
Klamath-	Siskiyou	region.	Northwest Science,	83,	334–347.

von	Kienast,	 J.	 (2003).	Winter	 habitat	 selection	 and	 food	 habits	 of	 lynx	
on	 the	 Okanogan	 Plateau,	 Washington.	 M.S.	 Thesis.	 University	 of	
Washington,	Seattle,	USA.

Koehler,	G.	M.	 (1990).	Population	and	habitat	characteristics	of	 lynx	and	
snowshoe	 hares	 in	 north	 central	 Washington.	 Canadian Journal of 
Zoology,	68,	845–851.

Koehler,	G.	M.,	Maletzke,	B.	T.,	von	Kienast,	J.	A.,	Aubry,	K.	B.,	Wielgus,	R.	
B.,	&	Naney,	R.	H.	(2008).	Habitat	fragmentation	and	the	persistence	of	
lynx	populations	in	Washington	State.	Journal of Wildlife Management,	
72,	1518–1524.

Kolbe,	J.	A.,	Squires,	J.	R.,	&	Parker,	T.	W.	(2003).	An	effective	box	trap	for	
capturing	lynx.	Wildlife Society Bulletin,	31,	980–985.

Kosterman,	M.	K.	(2014).	Correlates	of	Canada	lynx	reproductive	success	in	
Northwestern	Montana.	M.	S.	Thesis,	University	of	Montana,	Missoula,	
USA.

Lewis,	J.	C.	 (2016).	Draft periodic status review for the lynx in Washington. 
Olympia,	WA:	Washington	 Department	 of	 Fish	 and	Wildlife.	 http://
wdfw.wa.gov/publications/01826/

Lewis,	C.	W.,	Hodges,	K.	E.,	Koehler,	G.	M.,	&	Mills,	L.	S.	(2011).	Influence	
of	stand	and	landscape	features	on	snowshoe	hare	abundance	in	frag-
mented	forests.	Journal of Mammalogy,	93,	561–567.

Liaw,	A.,	&	Wiener,	M.	 (2002).	Classification	and	Regression	by	Random	
Forest.	R News,	2,	18–22.

Lillybridge,	T.	R.,	Kovalchik,	B.	L.,	Williams,	C.	K.,	&	Smith,	B.	G.	(1995)	Field 
guide for forested plant associations of the Wenatchee National Forest. 
General	 Technical	 Report,	 Portland,	 OR:	 U.S.	 Forest	 Service,	 Pacific	
Northwest	Research	Station.

Lindenmayer,	D.,	Burton,	P.	J.,	&	Franklin,	J.	F.	(2008).	Salvage Logging and its 
Ecological Consequences.	Washington,	DC:	Island	Press.

Littell,	J.	S.,	Oneil,	E.	E.,	McKenzie,	D.,	Hicke,	J.	A.,	Lutz,	J.	A.,	Norheim,	R.	
A.,	&	Elsner,	M.	M.	(2010).	Forest	ecosystems,	disturbance,	and	climate	
change	in	Washington	State,	USA.	Climatic Change,	102,	129–158.

Maletzke,	B.	T.,	Koehler,	G.	M.,	Wielgus,	R.	B.,	Aubry,	K.	B.,	&	Evans,	M.	
A.	 (2008).	 Habitat	 conditions	 associated	with	 lynx	 hunting	 behavior	
during	winter	in	northern	Washington.	Journal of Wildlife Management,	
72,	1473–1478.

McCue,	A.	J.,	McGrath,	M.	J.,	&	Wiersma,	Y.	F.	(2013).	Benefits	and	draw-
backs	 of	 two	 modelling	 approaches	 for	 a	 generalist	 carnivore:	 Can	
models	predict	where	Wile	E.	Coyote	will	 turn	up	next?	 International 
Journal of Geographical Information Science,	28,	1590–1609.

McCune,	B.,	&	Keon,	D.	(2002).	Equations	for	potential	annual	direct	inci-
dent	 radiation	and	heat	 load	 index.	 Journal of Vegetation Science,	13,	
603–606.

McKelvey,	K.	 S.,	Ortega,	Y.	K.,	 Koehler,	G.	M.,	Aubry,	K.	B.,	&	Brittell,	 J.	
D.	 (2000).	Canada	lynx	habitat	and	topography	use	patterns	in	north	
central	Washington:	A	reanalysis.	In	L.	F.	Ruggiero,	K.	B.	Aubry,	S.	W.	

http://CRAN.R-project.org/package=spatialEco
http://CRAN.R-project.org/package=rfUtilities
http://wdfw.wa.gov/publications/01826/
http://wdfw.wa.gov/publications/01826/


     |  13VANBIANCHI et Al.

Buskirk,	G.	M.	Koehler,	C.	J.	Krebs,	K.	S.	McKelvey,	&	J.	R.	Squires	(Eds.),	
Ecology and conservation of lynx in the United States	 (pp.	 307–336).	
Boulder:	University	of	Colorado	Press.

McRae,	D.	J.,	Duchesne,	L.	C.,	Freedman,	B.,	Lynham,	T.	J.,	&	Woodley,	S.	
(2001).	Comparisons	between	wildfire	and	forest	harvesting	and	their	
implications	in	forest	management.	Environmental Reviews,	9,	223–260.

Mochizuki,	S.,	&	Murakami,	T.	(2013).	Scale	dependent	effects	in	resource	
selection	 by	 crop-	raiding	 Japanese	 macaques	 in	 Niigata	 Prefecture,	
Japan.	Applied Geography,	42,	13–22.

Moore,	I.	D.,	Gessler,	P.	E.,	Nielsen,	G.	A.,	&	Petersen,	G.	A.	(1993).	Terrain	
attributes:	Estimation	methods	and	scale	effects.	In	A.	J.	Jakeman,	M.	
B.	Beck,	&	M.	McAleer	(Eds.),	Modeling change in environmental systems 
(pp.	189–214).	London:	Wiley.

Mowat,	G.,	Poole,	K.	G.,	&	O’Donoghue,	M.	(2000).	Ecology	of	lynx	in	north-
ern	Canada	and	Alaska.	In	L.	F.	Ruggiero,	K.	B.	Aubry,	S.	W.	Buskirk,	G.	
M.	Koehler,	C.	J.	Krebs,	K.	S.	McKelvey,	&	J.	R.	Squires	(Eds.),	Ecology 
and conservation of lynx in the United States	 (pp.	 265–306).	 Boulder:	
University	of	Colorado	Press.

Mowat,	G.,	&	Slough,	B.	(2003).	Habitat	preference	of	Canada	lynx	through	
a	cycle	in	snowshoe	hare	abundance.	Canadian Journal of Zoology,	81,	
1736–1745.

Murphy,	M.	A.,	Evans,	J.	S.,	&	Storfer,	A.	(2010).	Quantifying	Bufo	boreas	
connectivity	 in	 Yellowstone	 National	 Park	 with	 landscape	 genetics.	
Ecology,	91,	252–261.

National	Interagency	Fire	Center	(2016).	Statistics.	Retrieved	from	http://
www.nifc.gov/fireInfo/fireInfo_statistics.html

O’Hara,	K.	L.,	Latham,	P.	A.,	Hessburg,	P.	F.,	&	Smith,	B.	G.	(1996).	A	struc-
tural	classification	for	Inland	Northwest	vegetation.	Western Journal of 
Applied Forestry,	11,	97–102.

Paragi,	T.	F.,	Johnson,	W.	N.,	Katnik,	D.	D.,	&	Magoun,	A.	J.	(1997).	Selection	
of	 post-	fire	 series	by	 lynx	 and	 snowshoe	hares	 in	 the	Alaskan	 taiga.	
Northwestern Naturalist,	78,	77–86.

Pebesma,	E.	J.,	&	Bivand,	R.	S.	(2005).	Classes	and	methods	for	spatial	data	
in	R.	R News 5	(2).

Perera,	A.	H.,	&	Buse,	L.	J.	(2014).	Ecology of wildfire residuals in boreal for-
ests.	Hoboken,	NJ:	John	Wiley	and	Sons,	Ltd..

Perry,	D.	A.,	 Hessburg,	 P.	 F.,	 Skinner,	 C.	N.,	 Spies,	T.	A.,	 Stephens,	 S.	 L.,	
Taylor,	A.	H.,	···	Riegel,	G.	(2011).	Ecology	of	mixed-	severity	fire	regimes	
in	Washington,	Oregon,	and	California.	Forest Ecology and Management,	
262,	703–717.

Peterson,	 D.	 L.,	 Agee,	 J.	 K.,	 Aplet,	 G.	 H.,	 Dykstra,	 D.	 P.,	 Graham,	 R.	 T.,	
Lehmkuhl,	J.	F.,	 ···	Stuart,	J.	D.	 (2009)	Effects of timber harvest follow-
ing wildfire in Western North America.	Portland,	OR:	U.S.	Forest	Service,	
Pacific	Northwest	Research	Station.

R	Core	Team	(2014).	R: A language and environment for statistical comput-
ing.	 Vienna,	 Austria:	 R	 Foundation	 for	 Statistical	 Computing.	 http:// 
www.R-project.org/

Simons-Legaard,	E.	M.,	Harrison,	D.	J.,	Krohn,	W.	B.,	&	Vashon,	J.	H.	(2013).	
Canada	lynx	occurrence	and	forest	management	in	the	Acadian	Forest.	
Journal of Wildlife Management,	77,	567–578.

Soja,	A.	J.,	Tchebakova,	N.	M.,	French,	N.	H.	F.,	Flannigan,	M.	D.,	Shugart,	
H.	H.,	Stocks,	B.	J.,	 ···	Stackhouse,	P.	W.	 (2007).	Climate-	induced	bo-
real	forest	change:	Predictions	versus	current	observations.	Global and 
Planetary Change,	56,	247–296.

Squires,	J.	R.,	Decesare,	N.	J.,	Kolbe,	J.	A.,	&	Ruggiero,	L.	F.	(2010).	Seasonal	
resource	selection	of	Canada	lynx	in	managed	forests	of	the	Northern	
Rocky	Mountains.	Journal of Wildlife Management,	74,	1648–1660.

Staples,	W.	R.	(1995)	Lynx	and	coyote	diet	and	habitat	relationships	during	
a	 low	 hare	 population	 on	 the	 Kenai	 Peninsula,	 Alaska.	 M.S.	 Thesis,	
University	of	Alaska,	Fairbanks,	USA.

Stephenson,	R.	O.	(1984).	The relationship of fire history to furbearer popu-
lations and harvest.	Juneau,	AK:	Alaska	Department	of	Fish	and	Game.

Stinson,	D.	W.	(2001).	Washington state recovery plan for the lynx.	Olympia,	
Washington:	Washington	Department	of	Fish	and	Wildlife.

Turner,	M.	G.,	Romme,	W.	H.,	Gardner,	R.	H.,	&	Hargrove,	W.	W.	 (1997).	
Effects	 of	 fire	 size	 and	 pattern	 on	 early	 succession	 in	 Yellowstone	
National	Park.	Ecological Monographs,	67,	411–433.

U.S.	 Department	 of	 Agriculture	 (2015).	 Draft Environmental Impact 
Statement Spruce Beetle Epidemic and Aspen Decline Management 
Response.	Delta	County,	CO:	U.S.	Department	of	Agriculture.

U.S.	Fish	and	Wildlife	Service	(2000).	Determination	of	threatened	status	
for	the	contiguous	U.S.	distinct	population	segment	of	the	Canada	lynx	
and	related	rule;	final	rule.	Federal Register,	65,	16052–16086.

U.S.	 Fish	 and	 Wildlife	 Service	 (2014).	 Revised	 Designation	 of	 Critical	
Habitat	for	the	Contiguous	United	States	Distinct	Population	Segment	
of	the	Canada	Lynx	and	Revised	Distinct	Population	Segment	Boundary.	
Federal Register,	79,	54782–54846.

Vanbianchi,	C.	M.	(2015).	Habitat	use	and	connectivity	for	Canada	lynx	in	
the	North	Cascade	Mountains,	Washington.	MSc.	Thesis.	University	of	
British	Columbia,	Kelowna.

Westerling,	A.	L.,	Hidalgo,	H.	G.,	Cayan,	D.	R.,	&	Swetnem,	T.	W.	 (2006).	
Warming	and	earlier	spring	increases	western	U.S.	forest	wildfire	activ-
ity.	Science,	313,	940–943.

Wilsey,	C.	B.,	Lawler,	J.	J.,	&	Cimprich,	D.	A.	(2012).	Performance	of	habi-
tat	suitability	models	for	the	endangered	black-	capped	vireo	built	with	
remotely-	sensed	data.	Remote Sensing of Environment,	119,	35–42.

SUPPORTING INFORMATION

Additional	 Supporting	 Information	may	 be	 found	 online	 in	 the	 sup-
porting	information	tab	for	this	article.

 How to cite this article:	Vanbianchi	CM,	Murphy	MA,	
Hodges	KE.	Canada	lynx	use	of	burned	areas:	Conservation	
implications	of	changing	fire	regimes.	Ecol Evol. 2017;00: 
1–13.	https://doi.org/10.1002/ece3.2824

http://www.nifc.gov/fireInfo/fireInfo_statistics.html
http://www.nifc.gov/fireInfo/fireInfo_statistics.html
http://www.R-project.org/
http://www.R-project.org/


From: Smith, Tamara
To: Jim Zelenak
Subject: lynx comments
Date: Friday, March 17, 2017 3:07:53 PM
Attachments: 2017 03 13 Summary of Peer and State review comments _TS.docx

Hi Jim -  I got as far as I could... I'll continue to work on this next week.  I didn't get a chance
to summarize the CC comments from MN DNR or write responses. 

Have a good weekend, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (temp. use ext. 201)
952-646-2873 

612-600-1599 Cell

mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov


Summary of Peer review and State review comments, concerns, issues/themes – Draft Lynx SSA Report 

I. Peer Reviews 

Peer Reviewer 1 – Ron Moen (Tam) 

1. Future condition predictions to 2100 are too far into the future. There is no uncertainty that we 
will have climate change, but there is uncertainty in the magnitude of change, the rate of 
change, and the response of plant species, emergence of new communities, and the response of 
animals. 

2. Future conditions - The text talks about probability, but it really is probability. It is quantitative 
estimate because experts were asked to give a number at the workshop, and then values were 
averaged/median, variance, etc. However, there is very large uncertainty that far into the 
future, and I am sure that others on the panel would agree.  

3. Future conditions comment on "confidence intervals." , it is important to strongly indicate that 
the CI's are on opinions of experts—biological basis but not based on measurements. To me it 
seems to imply a false precision 

4. With high scenario climate change, lynx habitat in MN would disappear, according to 
Galatowitsch et al. (2009), which indicates that the boreal forest biome in MN will be gone by 
2060 – 2069.  In his comments, Moen indicated that he thinks that the disappearance may 
happen sooner (~2050). 

5. Both "upward in elevation" and "receding northward" should be included in discussions of 
climate change impacts, unless are focused only on Maine and Minnesota (186-24). There is not 
enough elevational relief in MN to have a upward movement. 

6. Lynx movement to the north (and return) is documented, and it is likely movement occurred in 
the past, but especially in the recent years (since 1980's) periodic supplementation of lynx in MN 
with lynx from ON has occurred, and is important for maintaining population over the long-
term. May be most relevant to MN because of lack of barriers. 

7. There is too much emphasis on the ability of lynx to move in deep “fluffy” snow.  In the context 
of comparison to competitors of lynx (e.g., coyotes and bobcats) there is no question that foot-
loading of lynx is less given their foot size and body mass. However, what lynx benefit most from 
is the presence of a crust in the snow. The crust enables them to walk on top of the snow. If 
there is a new snowfall, they will go through the new snow until they hit the crust.  It should be 
phrased in the context of relative ability to move. There are further implications of snow quality 
for both lynx and for snowshoe hare for lynx movement and predation success. 

8. Connection with Canada. It seems like for most segments of the DPS at the present time that a 
connection with Canada and cross-border movement is more important to the persistence of 
lynx in the units than implied in 199-10++. There are 2 issues, one is the immigration of lynx into 
the U.S. DPS, and then the second is the movement out of the DPS. 

9. In the past mining has had a smaller footprint in MN, but there are now proposals to increase 
mining with a shift to extraction of non-ferrous metals. Discussed in 94-25++.  

10. The one possible action would be to some sort of a PVA. If we were to take data collected across 
units (as well as in central area of lynx distribution), there could be some sort of a reasonable 
PVA output. I would be more confident in a PVA like this than I would be in the probabilities of 
persistence to 2100.  We just published a PVA for lynx on Isle Royale (Licht et al. 2016). 
Technically this is outside the DPS, but it is very close to the MN portion of DPS. There was also 
the more general modeling approach of Steury and Murray (2004) that is already cited in the 
SSA. You may be possible to generalize across locations, but a PVA approach would probably be 
an improvement. 
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11. Clarify the text regarding the plan for lynx incidental take in Minnesota. The plan was in the 
hands of the FWS, the text here indicates that it is still being developed by the DNR.  

12. Fires in Minnesota. Although fires are discussed already (189-1++), it might be good to include 
that  3 recent fires have burned about 20% of northern NE MN, and a windstorm in 1999) 
covered significant percentage too.   
 

Minor comments 

13. Comment: Please make the correction - lynx were recently classified as a Species of Special 
Concern in MN.   

14. Snowshoe hare population cycle. While the cycle has been cited and described many times in 
the peer-reviewed literature, a couple of recent papers could perhaps be cited in the discussion 
on 6-12++. Somewhere in the document there is text about 11 year cycle, I'd go with 
approximately decadal. These citations are about lynx range to the north of the DPS: Krebs, 
Charles J., et al. 2014 Canadian Journal of Zoology 92.12 (2014): 1039-1048. and Krebs, Charles 
J., et al. Canadian Journal of Zoology 91.8 (2013): 562.   

15. Be consistent or define “large”. Sometimes there were large numbers of lynx, other years of 
peaks there weren't so many, and it would also depend on geographic location in the U.S. It 
would also be good to clarify that at the same time lynx were moving into areas that we 
consider lynx to be able to live today (the DPS units).  

16. Do not describe the lynx population as centered in north-central Canada (13-26) and instead 
indicate that it is broadly distributed across Canada. Some of the recent papers seem to imply an 
east and west distinction in Canada in terms of genetic interchange, but based on peer-reviewed 
literature there is a consistent lynx presence across Canada.   

17. Mountain vs. Southern edge. In 62:5++. Can vegetation move fast enough to keep up? It might 
be beneficial to state that the rate of climate change is much faster than in historical record 

18. Lynx bobcat confusion – not really to experts; indicate that for the public, there can be 
confusion 

19. Lynx den site selection. 23-19 text inconsistent. 
20. Hare habitat. In 25-37 clarify text to include a time scale of  shifting hare habitat quality 
21. In Minnesota, dens were placed at the top end of a fallen tree under branches, we never had a 

den at the base of a tree in a tip-up mound.  Moen 2009. 
22. Hare evolution. Place a caveat should near 68:16++ covering the issue of evolution by hares—

they would be under strong selection pressure to modify date of hair color change. Not sure if it 
would be possible, but it could happen  

23. Home range method. The type of home range calculation (MCP vs. kernel) should be specified. It 
is not given in 28-1++ and 30:27++, 103-14++.  

24. Home range size. Home range size in recent times could cite Burdett et al. (2007 J. Mammalogy) 
although they did not place it in the context of the lynx/hare cycle—was north vs. south 
contrast. Found in 28:20.  

25. Burdett, C.L., R.A. Moen, G.J. Niemi, and L.D. Mech. 2007.  Defining space use and movements 
of Canada lynx with global positioning system telemetry.  Journal of Mammalogy 88(2):457-467.  

26. Density in boreal vs. south. It would be more correct to indicate that densities do not reach 
those in the boreal forest instead of using a qualifier like regularly—I don't know of anywhere in 
the DPS units where densities in south reach north densities in the north. This is in 87-12 text.  

Comment [TAS1]: Jim – I just added minor 
comments here for my own reference/organization. 
They don’t need to be included with the Major 
comments that you send up the chain. 

Formatted: Font: 11 pt



27. Female kitten production. I wonder if a general table contrasting DPS units would be useful. 
130-13++ has details for Montana. I don't think the same or similar detailed presentation is 
given for other units.   

28. Fitness of kittens.  29:23++ what said about low phase seems correct. It seems more appropriate 
to say the contrast of high kitten mortality during low phase is the largest difference, and that a 
kitten born during the high phase has higher survival and therefore a higher potential for 
reproduction in high phase. The issue I see is that there are more kittens born during high 
phase, and they don't all reproduce—so it wouldn't be as stark as this wording seems to imply. 
When able to survive, then they have a chance of reproducing.  

29. Marten and Lynx. In 31:31 both predators and competitors are used in the same subject—it 
would be cleaner to separate out which are predators and which are competitors, or maybe 
which are both and which are just competitors.  

30. Access by competitors. Instead of saying may have free access, it would be better to say 
something like increased access, I think. Free access is never available. (89-39). 

31. Landscape size. Would it be better to indicate size of landscape here—or could we have a basis 
for knowing how big of a landscape is large and then just the descriptive term "large" can be 
used (32-2)?  

32. Land use in Maine: it doesn't seem too relevant that forest area has increased by 0.79%--might 
be better to say that it is stable (87-34). Also in this section the change in the future associated 
with human population increase is discussed, but is not placed in the context of expansion of 
human population within area of DPS. Perhaps it should be.  

33. Land use in Colorado. It would be good to discuss what the percent of land area covered by ski 
areas is—text says small proportion 94-16++ but is this < 1%, < 10%, etc. Issue also comes up in 
212-42++. It would be good to make a better case for importance of ski  areas in fragmentation. 
I remember John Squires showed clear responses by lynx at at least one ski area from his 
presentation. 

34. When describing the Colorado DPS unit (151-15++) it would be nice to have a map if allowed.  
35. State Forest issue: Text is on 168-39, discussion of State Forest laws (Maine) as opposed to state 

forests (areas of land) that seemed like it could use clarification. Simply adding laws to state 
forest would have fixed it, I believe.  

36. Liver fluke in lynx. Mentioned in Maine (183-27). First, it would be good to put latin name here 
(Platynosonum fastosum) because there is a much better known liver fluke of livestock that also 
infects wild ruminants (Fascioloides spp.). A literature search did not indicate that ps had been 
found in wild cats, but perhaps it has as an unpublished source that should be included. There 
were several papers in the 1970's, again in the late 1990's, and a review published in 2014: 

37. Basu, A.K. and R.A. Charles. 2014 A review of the cat liver fluke Platynosomum fastosum 
Kossack, 1910 (Trematoda: Dicrocoeliidae). Veterinary Parasitology 200:1–7 
(http://dx.doi.org.libpdb.d.umn.edu:2048/10.1016/j.vetpar.2013.12.016) 

38. The cat liver fluke had been found as far north as Ohio and Illinois, typically it was a disease of 
more tropical areas.  

39. Make the correction in text to numbers of lynx in Minnesota. Population size is probably best 
put at 50 – 200, or something similar. The text says "hundreds"  in 96-42 which could mean 500 
lynx.  The statement on p (120-7) that we have no estimates of lynx densities in MN – Moen did 
some work estimating density, by comparing to adjacent Ontario. However, if the intent here is 
to say that there are no regular surveys done to estimate population, that is correct. Same issue 
arises in 216-24 and 44-18++. Moen 2009. 

40. Lynx in Minnesota and Ontario. Text is in 98-25++. One thing that is probably missing for MN is 
the extent to which the MN population is a part of the ON population. The movement to the 



north (and return is documented, and it is likely in my opinion that in the past, but especially in 
the recent years (since 1980's) periodic supplementation of lynx in MN with lynx from ON has 
happened, and is important for maintaining population over the long-term. If a fence were built 
and maintained that prevented movement back and forth, stochastic processes would likely 
result in disappearance of lynx from MN much sooner.  

41. Lynx and snowshoe hare habitat in MN. It seems odd that 60% of lynx habitat on SNF is suitable 
for snowshoe hare (119-18++). It would seem that all habitat suitable for lynx would also be 
suitable for snowshoe hare. Similarly, that only 23K acres are unsuitable for lynx in SNF. 
Although I guess what this would then imply is that there is some factor that is preventing lynx 
from establishing themselves in SNF.  

42. Bobcat hunting with dogs. As written this is correct, but to my knowledge there is essentially no 
bobcat hunting with dogs in NE MN. Dogs are used in NW MN and North Central MN, but in NE 
MN harvest is primarily by trapping. Yes, the potential is there, but in reality until cultures 
change it will not happen to an extent that it shoudl be included here.  

43. Precision. I would say that survival cannot be estimated to 4 decimal places (154-4). Even if 
original publication carried out this many decimal places, I wouldn't use it.  

44. Cite the Isle Royale. 2015 paper by Licht et al. should be cited (97-28). Extirpation human-
caused.  
 

45. Lynx dispersal to the north. In some cases lynx that were radiocollared in Minnesota would 
move to the north, and live for years. Mostly this was female lynx, and we would get a call from 
either the OMNR or the trapper indicating they had recovered the collar. Many of these lynx 
went all the way to the eastern edge of Lake Superior (Ontario side). This text is 100-31++. It 
probably should be stated that lynx do leave MN (not so sure how important for other DPS 
units) and not return. Males would generally go north and then return, females would generally 
stay. Given that about 1/3 of lynx radiocollared in MN were located in Ontario at least once, this 
is not trivial.  

46. Lynx dispersal. Given the nature of the border (Boundary Waters Canoe Area) and observed 
movement of lynx based on radiotelemetry  that documents distance of movements, it seems 
unlikely that connectivity would be compromised. The text could maybe be left in as a "This is 
theoretically possible" phrase, but it doesn't seem like it should stay in without evidence to the 
contrary.  
 

47. Chippewa and Chequamegon-Nicolet National Forests. Given their locations relative to existing 
lynx habitat, it seems like this would be a good opportunity to ask whether the forests should 
consult regarding lynx (185-21). If there is a low likelihood of lynx presence, and if present the 
lynx is a dispersing individual rather than a resident, should this consultation be continued? 

48. Citation for lynx harvest in Minnesota stopping. Text is on 53-34. Seems like there should be a 
better citation than the workshop, but I can't find one either. Maybe the MN DNR HCP if they 
did one?   

49. 1854 Treaty Authority/Fond du Lac Reservation. Text is on 59-2++. Because are referring to 
Critical Habitat, Fund du Lac reservation is out—they are just south/west of the Critical Habitat 
boundary. The 1854 Treaty Authority does not own land, but is responsible for implementation 
of treaty. Uncertain if they should be mentioned here. 

1.50. See list of additional literature to consider.  

Peer Reviewer 2 – Dennis Murray (Bryon) 



 

Peer Reviewer 3 – Dan Harrison (Mark) 

 

Peer Reviewer 4 – John Squires (Jim) 

1.  What is “adequate” resiliency and redundancy for southern (DPS) lynx populations?  How do we 
know the DPS demonstrates “adequate resiliency?” 

Response – We said that the persistence of resident pops in most places that have supported them 
historically (i.e., no compelling evidence of major declines in resident populations or of significant 
contraction of breeding range [noting metapopulation structure and likely natural “winking on and off” 
of ephemeral peripheral populations]) is evidence of historical and recent resiliency. We also indicated 
that continued climate warming is likely to result in smaller and more fragmented populations, which 
we expect would be less resilient than the historical or recent condition, leading at some point to loss of 
functional populations in some geographic units.  Likewise, we noted that the DPS units/populations are 
large and spread over a very large geographical range and therefore that the DPS is not vulnerable to 
catastrophe-induced extirpation – there is no single event capable of wiping out the entire DPS.  In fact, 
most units are so large as to preclude such extirpation (but perhaps not WA, where a very large fire 
might be capable of extirpating what currently remains of the population, and also GYA where, if a 
resident pop was to become established, it would likely be very small and geographically restricted, and 
therefore more vulnerable to catastrophic extirpation than other units [even more so than WA]).  
Therefore, redundancy is not currently an issue.  We noted that eventual future loss of some resident 
populations would be a reduction in redundancy, though it is uncertain whether redundancy would be 
diminished to the point that catastrophic extirpation would be likely/possible. 

2.  Contraction of small, localized populations could be expression of loss of resiliency and redundancy 
among southern lynx populations; such contraction is a “major conservation concern.” Author also feels 
we treat these populations “dismissively.” 

Response – Smaller and relatively more isolated peripheral (to the taxon range) pops would be expected 
to be less resilient than larger, more contiguous pops at the core of the range, and while their 
contraction and/or ephemeral “winking on and off” could be an indication of that expected lower level 
of resilience, it also may just be a reflection of the inability of the marginal habitats at the edge of the 
range to support persistent lynx pops.  That is, even the most resilient lynx population cannot persist in 
a landscape where hare densities are not consistently adequate most of the time to support lynx 
survival, reproduction, and recruitment – even in the core of the species’ range, there may be a near-
complete absence of reproduction and zero or near-zero recruitment for several years at the trough of 
the hare cycle.  So, is the contraction and/or winking off or small, relatively isolated, peripheral pops 
evidence of reduced or inadequate resilience on the part of the lynx pop., or just what you would expect 
at the crappy edge of the species’ range?  I don’t know and I’m not sure it is relevant. The 
contraction/loss of the 6-8 lynx that the Garnets might support does not seem significant to the 
persistence of the other 200-250 lynx that the author believes persist in the core of unit 3, nor does it 
have meaningful implications for the adequacy of redundancy in the DPS as a whole.  The author fails to 
identify why or in what capacity he thinks these small and likely naturally ephemeral populations 
contribute at all, let alone meaningfully, to the conservation of the DPS.  That is not being dismissive; it 
is trying to most parsimoniously assess the available information and draw plausible conclusions based 
upon it. 



3.  Questions our assessment of historical lynx occupancy in Wyoming/GYA; cites Reeve et al. 1986 
(which, unfortunately, includes predominantly anecdotal [unverified] records) to “…refute the notion, as 
reported in the SSA document, that lynx were ‘intermittent’ in the region.” 

Response – We do not say we are certain the GYA only held resident lynx intermittently; rather, we 
acknowledge that based on the historical record, it is a possibility, and that metapopulation dynamics 
theory would suggest that ephemeral populations would be expected at the periphery of the range, 
especially in a cyclic “ebb and flow” dispersal system like that of lynx. But more importantly, Squires’ 
reliance on unverified occurrence data is troubling and scientifically indefensible.  His colleagues 
McKelvey et al. in publications in 2000 and again in 2008 present a compelling case for the importance 
of relying on only verified data for assessing historical distribution of rare species, especially those that 
are easy to confuse with a more common and similar sympatric species (like lynx v. bobcat).  When you 
dig into Reeve et al. 1986, you see that only 22 of the 262 lynx records that Squires cites were verified, 
and that these do not suggest a continual presence of resident lynx in the GYA over time.  In fact, in the 
66 years after 1920 covered by Reeve et al., there are only 8 verified records; one in each of the 
following years: 1940, 1949, 1952, 1954, 1957, 1963, 1969, and 1983.  Even if we were willing to 
consider “probable” (but still unverified) records (which we are not, for the reasons presented by 
McKelvey et al. 2008), they would suggest a low-level of occurrence for much of the last century (mean 
= 1.3 anecdotal observations per year, range 0-5, from 1918-1969), followed by big increases beginning 
in 1970 and continuing through 1985 (mean = 7.8 anecdotal observations per year, range 3-19, from 
1970-1986) – likely a reflection of the big irruptions of lynx out of Canada in the early 1970s and early 
1980s (McKelvey et al. 2000, Fig. 8.6; also Fig. 8.3).  In that publication, the authors considered all of the 
records reported in Reeve et al. 1986 and, along with newer records from 1987-1999, found a total of 
only 30 verified records of lynx in Wyoming over 144 years (1856-1999).  These verified data simply do 
not “refute the notion” that the GYA, with its largely marginal habitats/hare densities, was perhaps only 
capable of supporting small numbers of resident lynx intermittently during that time. It is also possible, 
and we acknowledge so in the report, that it may have supported a small but persistent resident 
population, although the record does not strongly support that conclusion.  Either way, the very few 
resident lynx indicated by the record, whether persistent or ephemeral, do not constitute a significant 
contribution to the DPS or to its conservation. 

4.  Feels we did not stress importance of Wyoming Range to lynx in Wyoming; that we “downplayed the 
historical importance of the Wyoming population throughout the document; suggests the team 
review/edit the wording to “provide a better balance.”  Best habitat in the state; has been “highly 
impacted by natural and anthropogenic disturbance (fire, timber manipulation, proposed energy 
development, conflicting wildlife management priorities).” 

Response: We acknowledged relatively higher hare densities and lynx occurrence data in this area.  The 
author provides no rationale/evidence suggesting how this area is or was historically important to the 
DPS; he also provides no evidence or citations to evidence of the high level of impacts he indicated.  Fire 
is a natural and necessary component of hare and lynx habitat.  It is unclear how proposed development 
may have “highly impacted” lynx habitat in this area, nor exactly how “conflicting wildlife management 
priorities” has resulted in impacts to lynx or hare habitats.  We are aware of no information that 
quantifies impacts in this area or that otherwise supports the author’s contention that this area has 
been “highly impacted” or that such impacts have resulted in declines in hares or lynx.   

5.  Puzzled by our grouping of states in Section 2.3.2.2. 



Response - We clearly state up front that we present information from our early listing decision 
documents and then present our current understanding of those areas, but we can add clarification. 

Peer Reviewer 5 – Mike Schwartz (Jim) 

 

 

II. Substantive State Agency Reviews 

Colorado Parks and Wildlife (Kurt) 

 

Idaho Fish and Game (Bryon) 

 

Idaho Office of Species Conservation (Jim) 

1.  The State of Idaho disagrees with the Service’s determination that the Canada lynx qualifies as a DPS. 
Based on the species distribution at the time of listing and the robust populations in Canada and Alaska, 
the species does not qualify as a discrete and significant population as contemplated by the Service’s 
DPS Policy. In fact, within the Lynx SSA, the Service recognizes that lynx distribution in the contiguous 
United States is difficult to define and is at the very southern periphery of the species range. Based on 
the best available information within the Lynx SSA, the State encourages the Service to revisit its prior 
DPS determination. 
 
Furthermore, as pointed out by IDFG, Idaho lacks a persistent lynx population. This is supported by 
historical and current survey records. Dispersing lynx in Idaho are part of a larger population that occurs 
in Montana and British Columbia – lending further credence that this is not a distinct population. Future 
ESA considerations must take into account Idaho’s historic and current lack of a persistent lynx 
population. 
 
Response – The DPS designation is a policy decision/application, and policy decisions are beyond the 
scope of the SSA.  Although a persistent resident lynx population has not been identified in Idaho, the 
relatively large number of verified historical records and recent evidence of occupancy and some 
indication of reproduction suggest that parts of northern Idaho likely support small numbers of resident 
lynx, at least ephemerally. 

Maine Department of Inland Fisheries and Wildlife (including Maine Forest Products Council) (Mark) 

 

Minnesota Department of Natural Resources (Tam) 

Most of MNDNR’s substantial comments focused on the many uncertainties that come with predicting 
future conditions, particularly with climate change, into the long-term future.   



MN DNR are concerned unclear evidence of causal relationships, for example, they are not aware of any 
study that has attempted to quantify hare/lynx response to the changes in Federal land management 
plans.  

MN DNR does agree that lynx have adaptations for deep snow, but disagree that they need snow. Lynx 
need hare and hare need boreal forest, but lynx do not need snow because they survive 7 months out of 
the year without snow. MN DNR does not believe one can say much beyond that lynx require hares, and 
thus hare habitat/populations should be a main focus in the SSA.   

 

Montana Fish, Wildlife & Parks (Jim) 

 

Washington Department of Fish and Wildlife (Bryon) 

 

Wyoming Game and Fish Department (Jim)   

 

 

Note:  Non-substantive comments, letters of support, or submission of minor corrections/new data 
were received from Michigan, New Hampshire, New Mexico, and Wisconsin,  

No comments were received from New York, Oregon, Utah, or Vermont  



From: Holt, Bryon
To: Zelenak, Jim
Cc: Jodi Bush; Mark McCollough; Tamara Smith; Kurt Broderdorp
Subject: Re: Lynx SSA Comments
Date: Monday, March 20, 2017 9:08:24 AM

Hi Jim,

I typed this response, and then re-read your reply and noticed that I had missed where you had
indicated agreement with a potential resident population in the panhandle of Idaho.  But, I had
already typed this up and so thought I would go ahead and send my thoughts along anyway.

I agree with almost all of your conclusions, however, as you and I have discussed on several
occasions I do not agree with your conclusions that Idaho does not support a persistent
resident lynx breeding population.  This is primarily do to occupancy of the Selkirk Mountains
in northwest Idaho.  I believe the Selkirk Mountains in northwest Idaho and northeast
Washington supports a very low density, but persistent lynx breeding population.  From this
area through time we consistently, but albeit infrequently, receive opportunistically obtained
verified lynx records (video, tree cameras, etc.).  You point out that we have no evidence of
reproduction from the Selkirks.  Therefore all these verified records could be of transient lynx,
which is true.  But, historically we have not consistently made any effort to document
persistent lynx presence or reproduction for that matter in the Selkirks. This year marks the
first year of a research effort to document lynx and fisher presence in the Selkirks; several
different sets of lynx tracks have been documented.  Two different sets of these lynx tracks
consisted of multiple lynx traveling together well south of the Canadian border, and the
observers noted the tracks traveling together seemed to be different sizes.  The two groups of
tracks were well separated and on different sides of a mountain range, and thus, likely
represent two separate groups of lynx.  I think hair samples were obtained (via backtracking)
so we'll see what the DNA says.

Bryon

On Fri, Mar 17, 2017 at 9:58 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI - Mike's response to my request for clarification.  I'm not sure it really clarifies much for me, but I'm glad he
responded.  I sent a similar request to Squires and hope he replies, too.

My biggest problem is that the 83 physical remains he refers to for WY, although considered as "reliable" by
McKelvey et al. 2000, were nonetheless not all considered "verified" (only 30 records for WY were thus
considered), and Mike co-authored the 2008 McKelvey et al. paper highlighting the importance of using only
verified data to establish historical range.  Whereas in Washington, 134 of the 144 were verified and in Minnesota
76 of 179 were verified.

Also interesting that ID had 96 reliable physical remains and 74 verified records - both higher than WY - but there
is general agreement that a persistent resident population did not and does not occur there (though some folks
think maybe a small number of residents occurs in the panhandle more often than not....which I concur is likely).

Copied to Core Team to share Mike's kudos on the effort. Thanks!

---------- Forwarded message ----------
From: Schwartz, Michael K -FS <michaelkschwartz@fs.fed.us>
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Date: Fri, Mar 17, 2017 at 10:11 AM
Subject: RE: Lynx SSA Comments
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hi Jim,

Thanks for the note.  Great job on the SSA report.  That was a really impressive piece of work
created in a very short time frame.  I hope my comments in general will help.  Like you, I wish I too
had more time to review the document. 

 

Resolution of this issue comes down the operational definition of persistence, how historical
records are viewed (i.e., does a trapped animal mean it was the only animal or representative of a
larger population), and comparisons to other records (see table 8.1, figure 8.7 in McKelvey).

 

My view is that 83 physical records distributed over time (with the acknowledgement that they
were listed as a predator until 1973, where state records would be scant) is enough to suggest
some level of consistency.  Interestingly, Washington only had 144 physical records and Minnesota
only 179. 

 

By analogy, let’s revisit the idea of lynx populations as tide pools at different sizes and distances
from the ocean.  Places like Iowa (1 physical record) clearly have either a miniscule pool and a
great distance from the current main distribution.  Places like Washington and Minnesota have
decent size pools and close proximity.  New Hampshire and Wyoming are interesting because
clearly there is some pool available but as functional distance (and in Wyoming’s case straight line
distance) is great this pool only occasionally fills and persists for periods of time.  But the fact that
the pool exists and the same part of the range is occasionally filled suggests to me persistence at
some temporal grain.  If the Service wishes to use a more restrictive definition of persistence or
views the trapping records as complete censuses, then a different conclusion is reached.

 

Hope this clarifies my view. Once again good work on an important document.

Best Regards,

Mike

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, March 16, 2017 12:00 PM
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To: Schwartz, Michael K -FS <michaelkschwartz@fs.fed.us>
Cc: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Subject: Lynx SSA Comments

 

Hi Mike,

 

Thanks for peer-reviewing the draft SSA report.  I wish we'd had a little more time to edit it
thoroughly and tighten it up before it went out to you and other peer reviewers and our State,
Federal and Tribal partners, but I don't get to decide on the schedule.

 

Anyway, I have a question about one of your comments regarding the historic presence of
lynx in Wyoming.  You said:

 

"The opposite may be true in Wyoming. Here there is a consistent signal of lynx from at
least the 1970s onwards (p 41, 147 SSA) with strong signals at the beginning of the 21st
century."

 

I'm wondering what information suggests the consistent signal you describe, and whether
you interpret that to confirm the presence of a persistent resident population?  After in-depth
review of the "certain" (i.e., verified) records in Reeve et al. 1986 and the verified records in
McKelvey et al. 2000, I reach a less certain conclusion regarding whether Wyoming
continuously or consistently supported a resident population.

 

Based on those documents, there are 33 or 34 (McKelvey et al's total did not include one of
Reeve et al's "certains" - a record from 1969) verified records from Wyoming from 1856-
1999.  These include 4 records from the 1800s, 3 of which were from the southeast part of
the state that seems unlikely to have supported a persistent resident population. Then there
were 10 records from 1904-1920, 7 from YNP and surrounding area, 2 from the upper Wind
Rivers, and 1 from the Big Horns.  Of these 10, 8 were from the years 1917-1920, which
may suggest dispersing lynx associated with an irruption.

 

There were no verified records in WY from 1921-1939, then there were 9 records from
1940-1957, all from the west-central border area (northern Wyoming Range).  Six of these 9
were killed in 1952-1955, again suggestive of a pulse of dispersing lynx.

 

After 1957, there were single records from 1963 and 1983 (and perhaps one in 1969), both
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from southeast WY, one clearly in anomalous habitat, and then 8 records from the Wyoming
Range from 1996-2000 that included one adult male, one adult female, and her 6 kittens
from 2 consecutive years (none of which appear to have survived to independence; and the
female starved about the time the second litter would have been ready to disperse from the
maternal home range).

 

Since 2000, as documented in the report, there have been only a handful of verified records
that suggest 3 lynx in the park over a couple of years and 10 Colorado lynx that passed thru
WY, with a couple temporarily hanging out in the area of the Wyoming Range previously
occupied by the late 1990s resident pair, but with no evidence of reproduction.

 

I know Reeve et al. had many more data that they categorized as "probable," but Kevin did
not consider these verified, and you and Kevin built a compelling argument in your 2008
paper about why only verified data should be used to evaluate historical range.  I think the
vagaries in historical lynx trapping records, the strong likelihood of bobcats being
misidentified as lynx, problems with unconfirmed track or observation data, and the pulsed,
ebb/flow dynamics of lynx distribution all further strengthen the argument for only using
verified data for lynx.

 

I also have seen the anecdotal reference to 18 lynx being trapped from a relatively small area
of the Wyoming Range over a short time in 1972, but this also suggests a pulse of dispersing
lynx associated with the unprecedented irruption of the early 1970s documented in
McKelvey et al. 2000.  If all or most of these were resident lynx, why were the all suddenly
simultaneously vulnerable to trapping in one year?  

 

I'm also asking this of John, who also peer reviewed the report and who also referred to
Reeve et al. 1986 as evidence of a persistent population in Wyoming.  I've also copied Kevin
on this message in case he has any insights he'd care to share.

 

Anyway, if you are relying on other data or genetic analyses to reach your conclusions, or
perhaps have thought about this more clearly than I have, I'd appreciate knowing about it
and the information you believe suggests a consistent signal of lynx for Wyoming.

 

Thanks,

 

Jim

 



--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Kurt Broderdorp
To: Leslie Ellwood
Subject: RE: Lynx mtg with Peter McDonald - April 5
Date: Tuesday, March 21, 2017 7:07:00 AM

I talked with Peter M. and they want to start the meeting in the

morning on the 5th, because Randy G. is having surgery and has to
check in that afternoon, or has to get somewhere that afternoon for
surgery the next day.
 
On another note, Sarah Backsen mentioned that you had a powerpoint
presentation you did for the GS tiger beetle and said you would be will
to share that with me. 
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Ellwood, Leslie [mailto:leslie_ellwood@fws.gov] 
Sent: Monday, March 20, 2017 5:04 PM
To: Kurt Broderdorp
Subject: Lynx mtg with Peter McDonald - April 5
 
Hi Kurt,
 
Looks like the meeting has been scheduled for April 5 - does that still work for you?
 
I don't know if you had discussed w/ Drue.  I'm not sure if its in morning or afternoon but will
check.
 
Hope your SSA is going well!
 
Leslie

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747
 

mailto:kurt_broderdorp@fws.gov
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From: Kurt Broderdorp
To: Leslie Ellwood
Subject: RE: Lynx mtg with Peter McDonald - April 5
Date: Tuesday, March 21, 2017 9:53:00 AM

No agenda yet, but Peter mentioned that they wanted to start as early
as possible.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Ellwood, Leslie [mailto:leslie_ellwood@fws.gov] 
Sent: Tuesday, March 21, 2017 9:22 AM
To: Kurt Broderdorp
Subject: Re: Lynx mtg with Peter McDonald - April 5
 
Sounds good for the meeting - do you two figure out a start time?
 
I will send you the power point.  I had suggested to Sarah that you might find some of the
organization useful.  I'll send that soon.
 
Leslie

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747
 
 
On Tue, Mar 21, 2017 at 7:07 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
I talked with Peter M. and they want to start the meeting in the

morning on the 5th, because Randy G. is having surgery and has to
check in that afternoon, or has to get somewhere that afternoon for
surgery the next day.
 
On another note, Sarah Backsen mentioned that you had a powerpoint
presentation you did for the GS tiger beetle and said you would be will
to share that with me. 
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Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Ellwood, Leslie [mailto:leslie_ellwood@fws.gov] 
Sent: Monday, March 20, 2017 5:04 PM
To: Kurt Broderdorp
Subject: Lynx mtg with Peter McDonald - April 5
 
Hi Kurt,
 
Looks like the meeting has been scheduled for April 5 - does that still work for you?
 
I don't know if you had discussed w/ Drue.  I'm not sure if its in morning or afternoon but will
check.
 
Hope your SSA is going well!
 
Leslie

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747
 
 

mailto:leslie_ellwood@fws.gov


From: Kurt Broderdorp
To: Leslie Ellwood
Subject: RE: Lynx mtg with Peter McDonald - April 5
Date: Tuesday, March 21, 2017 11:32:00 AM

Not that I know of, but you might want to check with Peter.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Ellwood, Leslie [mailto:leslie_ellwood@fws.gov] 
Sent: Tuesday, March 21, 2017 11:12 AM
To: Broderdorp, Kurt
Subject: Re: Lynx mtg with Peter McDonald - April 5
 
No, but I will.  I'll send out an email to everyone.
 
Anyone else besides you, Drue, Peter M, Randy Ghormley?

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747
 
 
On Tue, Mar 21, 2017 at 10:57 AM, Broderdorp, Kurt <kurt_broderdorp@fws.gov> wrote:
Did you coordinate with Peter about the meeting location?
 
On Tue, Mar 21, 2017 at 9:55 AM, Ellwood, Leslie <leslie_ellwood@fws.gov> wrote:
Sounds good - we have the room reserved for the full day, recognizing that it will probably
just be the morning.
 
 

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747
 
 
On Tue, Mar 21, 2017 at 9:53 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
No agenda yet, but Peter mentioned that they wanted to start as early
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as possible.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Ellwood, Leslie [mailto:leslie_ellwood@fws.gov] 
Sent: Tuesday, March 21, 2017 9:22 AM
To: Kurt Broderdorp
Subject: Re: Lynx mtg with Peter McDonald - April 5
 
Sounds good for the meeting - do you two figure out a start time?
 
I will send you the power point.  I had suggested to Sarah that you might find some of the
organization useful.  I'll send that soon.
 
Leslie

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747
 
 
On Tue, Mar 21, 2017 at 7:07 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
I talked with Peter M. and they want to start the meeting in the

morning on the 5th, because Randy G. is having surgery and has to
check in that afternoon, or has to get somewhere that afternoon for
surgery the next day.
 
On another note, Sarah Backsen mentioned that you had a powerpoint
presentation you did for the GS tiger beetle and said you would be will
to share that with me. 
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
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From: Ellwood, Leslie [mailto:leslie_ellwood@fws.gov] 
Sent: Monday, March 20, 2017 5:04 PM
To: Kurt Broderdorp
Subject: Lynx mtg with Peter McDonald - April 5
 
Hi Kurt,
 
Looks like the meeting has been scheduled for April 5 - does that still work for you?
 
I don't know if you had discussed w/ Drue.  I'm not sure if its in morning or afternoon but will
check.
 
Hope your SSA is going well!
 
Leslie

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747
 
 
 

 
--
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186
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From: Holt, Bryon
To: Gregory Hughes; Dennis Mackey; Karen Cathey
Subject: Lynx Decision Mtg Breifing
Date: Thursday, March 23, 2017 11:12:55 AM
Attachments: 2017 01 06 DRAFT Lynx SSA Persistence Chart.pdf

All,

Attached is a chart that is informative to today's discussion.

Bryon

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.

Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them.

We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 



From: Backsen, Sarah
To: Shoemaker, Justin
Cc: Hansen, Craig
Subject: Re: lynx decision meeting notes
Date: Monday, March 27, 2017 1:54:09 PM

I have the link to the google doc where Craig and I took notes:

https://docs.google.com/document/d/1D3pzVROz_70LxdumOZq04eBI7PndCXRiyR67my-
zKcM/edit?ts=58b83869

So do we think this is still the most up to date version?  If so, I'll send Jodi the link.

Sarah Backsen
Listing Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

On Mon, Mar 27, 2017 at 1:01 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
I can't seem to find the notes from you or Craig. I know you both sent them. ??  I don't know
if Jim has done anything with them. 

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Mon, Mar 27, 2017 at 11:52 AM, Backsen, Sarah <sarah_backsen@fws.gov> wrote:
Justin, do you have the latest version of the lynx decision meeting notes?  They've been
out of my hands since the meeting, and I assume they may have been edited since then.  If
you have them, could you send them to Jodi?

Sarah Backsen
Listing Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Mar 27, 2017 at 11:34 AM
Subject: lynx decision meeting notes
To: "Fierce, Sarah" <sarah_backsen@fws.gov>

Sarah.  Jim is out on leave.  Can you send me the lynx decision meeting notes?  Thanks.
JB
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Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



From: Backsen, Sarah
To: Shoemaker, Justin
Cc: Hansen, Craig
Subject: Re: lynx decision meeting notes
Date: Monday, March 27, 2017 2:00:46 PM

Ok, will do.

Sarah Backsen
Listing Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

On Mon, Mar 27, 2017 at 1:59 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
All I know is I haven't done anything to them yet.  I'd say send to Jodi if you don't mind.

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Mon, Mar 27, 2017 at 1:54 PM, Backsen, Sarah <sarah_backsen@fws.gov> wrote:
I have the link to the google doc where Craig and I took notes:

https://docs.google.com/document/d/1D3pzVROz_70LxdumOZq04eBI
7PndCXRiyR67my-zKcM/edit?ts=58b83869

So do we think this is still the most up to date version?  If so, I'll send Jodi the link.

Sarah Backsen
Listing Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

On Mon, Mar 27, 2017 at 1:01 PM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

I can't seem to find the notes from you or Craig. I know you both sent them. ??  I don't
know if Jim has done anything with them. 

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Mon, Mar 27, 2017 at 11:52 AM, Backsen, Sarah <sarah_backsen@fws.gov> wrote:
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Justin, do you have the latest version of the lynx decision meeting notes?  They've
been out of my hands since the meeting, and I assume they may have been edited
since then.  If you have them, could you send them to Jodi?

Sarah Backsen
Listing Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Mar 27, 2017 at 11:34 AM
Subject: lynx decision meeting notes
To: "Fierce, Sarah" <sarah_backsen@fws.gov>

Sarah.  Jim is out on leave.  Can you send me the lynx decision meeting notes? 
Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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From: Backsen, Sarah
To: Bush, Jodi
Subject: Re: lynx decision meeting notes
Date: Monday, March 27, 2017 2:03:02 PM

Hi Jodi,

Here's the link to the google doc where Craig and I took notes during the meeting.  I don't
know if this version reflects any edits/corrections Jim may have made to them since then.

https://docs.google.com/document/d/1D3pzVROz_70LxdumOZq04eBI7PndCXRiyR67my-zKcM/edit?ts=58b83869

Thanks,

Sarah Backsen
Listing Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

On Mon, Mar 27, 2017 at 11:34 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Sarah.  Jim is out on leave.  Can you send me the lynx decision meeting notes?  Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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mailto:sarah_backsen@fws.gov
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From: Smith, Tamara
To: Zelenak, Jim
Cc: Bryon Holt; Kurt Broderdorp; McCollough, Mark
Subject: Re: Lynx SSA Core Team Priorities
Date: Tuesday, April 04, 2017 8:57:31 AM

Hi Jim - I have calls most of the day but could jump off one early to make a core team call at
11-12 MT (12-1 CT). Let me know either way! Thanks! -Tam

On Tue, Apr 4, 2017 at 7:20 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  I am available at 1:00 eastern today (actually all day).

I need to talk to you in the conference call or one-on-one about this assignment.  My
supervisors have questions.

Mark

On Mon, Apr 3, 2017 at 6:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mark and Team,

I started on it before I left and added a few more of Squires's comments and my responses
today.  You should be able to see comments in rows 6 thru 19, below the yellow-
highlighted made-up comments Jodi entered early on as examples.  Bryon also entered a
comment (row 13) from Idaho F&G.  Can you each please let me know if you are able to
see the comments entered thus far, and do a test entry to let me know that you are able to
work in the spreadsheet?  Thanks.

I just spoke with Jodi today and she would like us to try to get substantive peer and agency
review comments and responses (as brief as possible) entered into the spreadsheet by COB
on April 21.  I think everyone knows which comments they've been assigned, but just in
case:

Mark - you have comments from State of Maine and Dan Harrison's peer review;

Tam - you have MNDNR's comments and Ron Moen's peer review;

Bryon - you have Idaho and Washington comments and Dennis Murray's peer review;

Kurt - you have Colorado's comments;

Jim - has Montana comments and Squires' and Schwartz's peer reviews.

Most of the other comments (e.g., NH, MI, WI, WY) were minor and can just be
addressed in the final report.

We were tentatively scheduled to have a Core Team/Internal FWS (monthly) call
tomorrow at 10 AM Mountain Time, but I noticed late this afternoon that we have a
regional all-staff mtg/call scheduled then, so some folks from R6 who normally participate
would miss it.

Please let me know if you could be available for a Core Team call tomorrow at 11-12
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MST (one hour later than ususal) - depending on what I hear from you all, i will send a
notice tomorrow morning.  We may have to reschedule the larger internal call or perhaps
hold it simultaneously with the State call on Wed - I'm waiting to hear back from Jodi on
that.

Sorry for the scheduling confusion.  Thanks for hanging in there on this.

On Mon, Apr 3, 2017 at 2:43 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

I see that no one has started this exercise yet.  I would like some additional direction on
this before I get started.  Are we having a core team call tomorrow?

I hope you enjoyed some much-needed time off.

thanks,  Mark

On Fri, Mar 31, 2017 at 12:44 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team:

After discussing with Jodi, we believe the highest priority right now is to get the substantive comments
from peer reviewers and State and Federal agencies along with draft or bulleted responses entered into the
comment tracking database/spreadsheet on the drive.  You should be able to pull many of these in from
the comment summaries you sent me the week before last.

We are requesting that for now folks stop editing/revising the working draft of the SSA report and instead
focus on moving comments/responses into the spreadsheet.  Having the comments organized in the
sortable spreadsheet will help us focus on the most important topics/themes and will help us prioritize the
parts of the SSA report most in need of (or in need of most) revision/correction/addition.

Thanks,

Jim    

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

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

Mark McCollough, Ph.D.
Endangered Species Specialist
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US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

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

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (temp. use ext. 201)
952-646-2873 
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612-600-1599 Cell



From: Smith, Tamara
To: Zelenak, Jim
Cc: Mark McCollough; Bryon Holt; Kurt Broderdorp; Jodi Bush; Justin Shoemaker
Subject: Re: Lynx SSA Core Team Call
Date: Thursday, April 06, 2017 8:10:52 AM

Hi Jim - That date/time works for me and looking at Pete's calendar, it seems he is free at that
time also. I sent him a calendar invite. Thanks! - Tam

On Wed, Apr 5, 2017 at 5:12 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

I'd like to have a Core Team call next Tuesday, April 11, at the usual time (10 AM Mountain Time) and numbers
(866-857-8504, passcode: 7620543).

I'd also like Core Team to try to arrange to have their immediate supervisor join us on the call so we can discuss
next steps, time line, work load expectations, etc., so we are sure we are all on the same page moving forward.

Please let me know  ASAP if the date or time absolutely doesn't work for your supervisor, and we will work to
find a better time if needed.

Thanks!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 201 
952-646-2873 

612-600-1599 Cell

mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Backsen, Sarah
To: Shoemaker, Justin
Cc: Craig Hansen
Subject: Re: Lynx agenda and materials
Date: Thursday, April 06, 2017 8:57:58 AM

Looks like the ES conference room is available - how about we meet there?

Sarah Backsen
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

On Thu, Apr 6, 2017 at 8:54 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
The attached excel sheet may be of some use to us for our disucssion this morning. 

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Szymanski, Jennifer <jennifer_szymanski@fws.gov>
Date: Tue, Feb 28, 2017 at 8:34 AM
Subject: Lynx agenda and materials
To: Justin Shoemaker <justin_shoemaker@fws.gov>

Attached is the file with the agenda and exercises.  Also, I have attached the summary slides
showing status.  For the classification exercises, I will display slide 1 and ask given this risk
profile, would lynx be "in danger of extinction"?  If they say, no, then we display slide 2 and ask
the same question.  If they say no, then slide 3.  If they say yes to any of the slides, we apply the
time-frame for which they defined E and T and that's the conclusion.  For example, if they
define "present" as within 8 years and foreseeable future as 9 to 50 years,  yes to slide 1 means
E, yes to slide 2 means T, all others NW.  

Jennifer
P.S. if you want to chat tomorrow, here is my cell 60-799-3899
-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
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***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 



From: Smith, Tamara
To: Peter Fasbender
Subject: Fwd: Lynx SSA Comments
Date: Wednesday, April 12, 2017 2:53:29 PM

fyi - Jim is fine with the plan that I laid out and is suggesting others do the same. :)

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Apr 12, 2017 at 2:42 PM
Subject: Re: Lynx SSA Comments
To: "Smith, Tamara" <tamara_smith@fws.gov>
Cc: Mark McCollough <mark_mccollough@fws.gov>, Bryon Holt <bryon_holt@fws.gov>,
Kurt Broderdorp <kurt_broderdorp@fws.gov>

Sounds good, Tam - and thanks for developing a plan.  I'm copying the rest of team here because I think it would be
good for others to use the same approach.

Therefore, Team, please focus on getting comments entered into the spreadsheet and bins assigned, but then focus
on answering those from your geographic unit or that deal specifically with other sections of the document you
wrote.  For other comments - e.g., policy comments, comments from Colorado that address issues in Maine (or vice-
versa, or similar), or comments from your state agency that deal with broad topics like fire mgmt. or climate change
- please enter them and make a note in the far right column that they are policy, big picture, or topic- or other-unit-
specific and therefore need to be addressed by someone else.

Also look for comments that are likely of a common theme or are like repeated elsewhere, and perhaps jot brief
notes about those, too.  Hopefully this will help avoid or minimize duplication of effort, although it may mean we
may need to discuss some as a group.

Anyway - thanks for your continued efforts on this.   

On Wed, Apr 12, 2017 at 12:08 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -  

I am out next week, but will do what I can this week. Here is my plan - let me know if this
sounds reasonable. I plan to add all of Moen's and MNDNR comments onto the spreadsheet,
categorize them, etc. then focus on responding to the MN specific comments first. I'll upload
what I have by the end of the day Friday (4/14).  When I get back on the 25th I'll continue
providing responses, if needed. 

I imagine there is a lot of overlap/commonalities between multiple reviewers on some topics
(e.g., some similar climate change comments) that you may find once you sort by category,
etc. Hopefully we can avoid duplication of effort in our responses to similar comments.

Does that sound okay?

Thanks!
Tam
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On Tue, Apr 11, 2017 at 12:09 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
All:

I just wanted to make sure folks were clear on assignments discussed on the call earlier.  Part of it is deciding
which of the comments you've been assigned are substantive and require responses in the table on the drive,
and making sure your responses are as concise as possible. 

I recognize some of the comments will require more detailed responses, and that we will still need to make sure
we make other necessary edits/changes to the document for the minor comments not needing responses.

Anyway, if you have any questions about assignments or concerns about time lines, please let me know.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 201 
952-646-2873 

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 201 
952-646-2873 

612-600-1599 Cell



From: Ivan - DNR, Jake
To: Zelenak, Jim
Cc: Odell - DNR, Eric; Kurt Broderdorp
Subject: Re: Request for info - Colorado lynx in Wyoming
Date: Tuesday, April 18, 2017 11:53:46 AM
Attachments: Summary of movements of Colorado lynx in Wyoming.pdf

Hi Jim,

The Wyoming report is attached.  I think it contains all of the information you
requested.  Let me know if you have questions.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Mon, Apr 10, 2017 at 7:57 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Same format would be fine.  Thanks very much Jake and Eric.

On Fri, Apr 7, 2017 at 5:06 PM, Ivan - DNR, Jake <jake.ivan@state.co.us> wrote:
I think I can get this done in the next few weeks.  I assume the format of the
Montana report is OK?  I have notes on how I did all of that so that's what I'll
shoot for unless I hear something different.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Mon, Apr 3, 2017 at 10:06 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
As always, sooner is better, but whenever you can squeeze it in; in the next couple of weeks would be most
helpful.  I really appreciate it.

On Mon, Apr 3, 2017 at 10:01 AM, Odell - DNR, Eric <eric.odell@state.co.us> wrote:
Hi Jim-

I talked with Jake and this is likely something that can be produced. What is
the timeframe?

On Mon, Apr 3, 2017 at 9:44 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Jake and Eric,
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A while back, you provided the attached documentation of the number of CO lynx that dispersed to
MT, how much time they spent there, and what was know about their eventual fates.

I'm working on addressing John Squires' peer review comments on the draft Lynx SSA report (along
with those you and other State agency folks submitted - thanks!), and similar information would be
helpful to evaluate John's comment that CO-released lynx "repeatedly recolonized" the Wyoming
Range/Union Pass/Togwotee Pass area of the GYA geographic area.  My understanding is that 10 CO
lynx dispersed into or through Wyoming, including a male and female that settled simultaneously but
temporarily in the area that was occupied by native resident pair that John et al. had radio-marked in the
late 1990s, but the CO lynx eventually left without reproducing.

If you could provide a summary for CO lynx in Wyoming like the one you prepared for me for
Montana, it would really help me understand the pattern of lynx use/movements into and through
Wyoming and respond appropriately to John's peer review comments.

Let me know if you can do this.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Summary of movements of Colorado lynx in Wyoming 

 
 

 
April 18, 2017 

 
Jake Ivan, Wildlife Researcher 
Colorado Parks and Wildlife 

317 W. Prospect 
Fort Collins, CO 80526 

970-472-4310 
 
INTRODUCTION 
 

In an effort to restore a viable population of federally threatened Canada lynx (Lynx 
canadensis) to the southern portion of their former range, 218 individuals were reintroduced into 
Colorado from 19992006 by the Colorado Division of Wildlife (now Colorado Parks and 
Wildlife, CPW).  Most of these animals settled into home ranges within the state as intended, but 
some made extensive movements into other states (Devineau et al. 2010).  Recently the United 
States Fish and Wildlife Service (USFWS) requested information regarding the number of 
reintroduced lynx that ventured to Wyoming, where these individuals went once in Wyoming, 
how long they stayed, whether they reproduced while there, and their ultimate fates.  The 
purpose of this brief report is to fulfill the USFWS request.  The information, analysis, and 
presentation follow the same format as a similar request made in 2013 regarding lynx that 
travelled from Colorado to Montana. 
 
METHODS 
 

CPW collected location data from reintroduced and Colorado-born lynx (i.e., those born 
to reintroduced individuals) from 1999–2011 using both traditional VHF telemetry and the Argos 
satellite system.  VHF locations were obtained from daytime flights using fixed-winged aircraft, 
but these aircraft rarely sampled individuals that left the state.  Dual-transmitter satellite/VHF 
collars were first deployed on reintroduced lynx in April, 2000 and each individual was outfitted 
with this system for the remainder of the reintroduction project.  Satellite collars tracked animal 
movements irrespective of political boundaries.  The data reviewed for this report are almost 
exclusively (99%) Argos satellite data. 



Satellite transmitters were designed to transmit for 12 hours 1 day per week, so it was 
possible to obtain several satellite locations on a given day.  In fact, the data presented here were 
often clustered with several locations relatively near each other on a given day, followed by 
another cluster 1 or more weeks later.  Note that the precision of Argos data is relatively poor 
compared to GPS technology.  Argos lists the standard deviation of the locational error 
distribution as 250m, 250–500m, 500–1500m, and >1500m for class 3, 2, 1, and 0 locations, 
respectively (CLS America 2008).  Therefore if a transmitter remains stationary while an Argos 
satellite passes over multiple times computing numerous class 3 location estimates, 68% of the 
resultant estimates can be expected to fall within 250 m of the true location of the transmitter; 
95% will fall within 2 SD (500 m) of the true location.  Similarly, 95% of class 1 locations can 
be expected to fall within 3000m (1.9 miles) of the true location.  Argos systems also produce 
location estimates of class A, B, and Z, but these locations do not have associated error 
estimates.   
 We queried our database for lynx locations that occurred within the state of Wyoming, 
then used the ‘Points to Lines’ tool in ArcGIS 10.1 to connect locations for each individual.  
Note that these line segments only serve to connect sequential points – they do not reflect actual 
movement paths of individuals.  We also matched individuals that traveled to Wyoming with 
mortality and reproduction databases to determine the fates of these individuals and identify 
known denning attempts.  All individuals were indexed by a unique 7-character ID that identified 
their place of origin, year of release, sex, and count.  For example, “QU04M05” is an individual 
originally trapped in Quebec, released into Colorado in 2004, and was the 5th male released that 
year. 

To be complete and to be consistent with data reported previously, to allow the reader to 
interpret all data themselves, and because any given Argos location of low precision class may 
actually be relatively accurate, I included all classes of telemetry data in this exercise.  Thus, 
large, abrupt deviances in lynx “paths” may reflect large, abrupt movements or simply poor 
precision.  Also, due to the manner in which Argos locations are computed, data submitted by 
Argos to CPW came with 2 estimated locations (usually quite far apart) for each fix.  Algorithms 
were developed to select and store the most likely position, and selections could be overridden 
manually.  However, when lynx made unusual movements, such as to another state, the 
algorithm, or override, could have selected and stored the wrong location.  Any instances (at 
least 3 in this case) where this might have occurred were noted in Table 1, but these locations 
were retained on maps for the sake of consistency with previous exercises. 
 
RESULTS 
 

Of the 48,006 locations obtained from lynx reintroduced or born in Colorado during the 
reintroduction project, 2,094 (4.4%) occurred in Wyoming.  These 2,094 locations were 
collected from 31 adult lynx (16 males, 15 females) that were released into Colorado between 
1999 and 2006 and were located in Wyoming between 1999 and 2010.  On average, individuals 
that traveled to Wyoming first did so about 1.5 years (range 0.25 – 5.5) after release.  CPW does 
not have records of Colorado-born lynx traveling to Wyoming.    

Lynx that went to Wyoming were there long enough to transmit 4–286 ( ̅  68) locations 
per individual across approximately 7–634 ( ̅  162) days (Table 1; tally is approximate because 
we do not know where animals were in between weekly locations).  Most of these individuals 
entered and exited Wyoming via the Medicine Bow Mountains or the Park Range and traveled 



no farther into the state than the northern extent of these ranges (Figures 1−31).  At least 8 lynx 
made it to the Greater Yellowstone Area and beyond.  A few lynx entered/exited via the Uinta 
Mountains in Utah (Figures 1–31).  Of the 31 individuals that spent time in Wyoming, only 3 
were known to have died there.  Twelve others were known to have died elsewhere (Colorado, 
Nebraska, Utah, Montana, Alberta) and the fates of the other 16 were unknown because their 
collars failed before they died (Table 1).   

CPW and Wyoming Game & Fish personnel located the den (3 kittens) of BC00F14 on 
6/7/04 on the west side of the Medicine Bow Mountains.  No other dens or reproductive activity 
are known for reintroduced lynx that traveled to Wyoming.  However, a male (QU04M04) and 
female (QU04F02) occupied the same area near Pinnacle Buttes along Highway 287 during the 
breeding season in 2006.  Similarly, a male (QU04M05) and female (QU04F01) occurred 
together along the east side of the Wyoming Range during the winter of 2004-05.  It is not 
known whether any of these latter individuals bred, denned, and/or produced kittens in these 
areas.   

Note that the data and figures included here represent known movements of lynx from 
Colorado into Wyoming.  There were likely other individuals who made the trip.  For instance, 
one individual was trapped in Alberta in 2008 after having previously travelled to Wyoming then 
back to Colorado in 2004 (where he spent the next 4 years).  His collar had expired by the time 
he was trapped in Alberta, but he likely traversed Wyoming on his way.  Also, CPW stopped 
monitored collared lynx in April, 2011.  Movements into Wyoming may or may not have 
continued since then, but we have no documentation.  
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Table 1.  Number of locations, dates, duration, and fate of known lynx reintroduced into 
Colorado that subsequently traveled to Montana, 1999–2010. 

Lynx No. Locations in 
WY* 

Approx. Dates in 
WY 

Approx. Days in 
WY Fate Date Cause Location 

AK99M06 4 10/8/99 - 10/20/99 12 Died 11/16/1999 Shot NE 

BC00F14 63 8/10/03 - 7/8/04 332 Died 7/28/2004 
Probable 
Predation 

West of 
Centennial, WY 

BC00M13 4 
3/21/01,             

7/8/04 - 10/26/04 
111 Unk N/A N/A N/A 

BC03F03 26 8/10/04 - 11/2/04 84 Died 5/19/2005 
Hit by 

Vehicle 

I-70 east of 
Eisenhower 
Tunnel, CO 

BC03M02 5 6/4/04 - 6/11/04 7 Died 1/28/2010 Trapped 
Nordegg, 
Alberta 

BC03M06 10 8/27/04 - 9/17/04 21 Died 6/6/2008 Unk Clear Creek, CO 

BC03M09 172 8/4/03 - 8/9/04 371 Unk N/A N/A N/A 

BC04F02 21 8/19/05 - 9/23/05 35 Unk N/A N/A N/A 

BC04F03 27 9/1/09 - 9/22/09 21 Unk N/A N/A N/A 

BC04M01 277 
6/25/04,             

7/18/09 - 8/15/09, 
9/12/09 - 3/20/10 

218 Unk N/A N/A N/A 

BC04M08 15 

8/24/04 - 10/5/04, 
5/31/05 - 6/21/05, 
9/6/05 - 10/25/06, 

9/19/06 

113 Died 1/4/2008 Shot Basalt, CO 

BC04M13 44 7/29/05 - 11/4/05 98 Unk N/A N/A N/A 

BC05M03 25 
8/16/05 - 9/27/05, 

7/18/06 
43 Died 6/28/2013 

Hit by 
Vehicle 

Hwy13 N of 
Rifle, CO 

BC05M08 6 7/19/05 - 8/9/05 21 Died 10/11/2005 Plague 
Terryall Creek, 
CO 

BC06M13 164 
7/15/06 - 5/5/07,      
6/2/07 - 6/23/07 

315 Died 12/11/2008 Illness 
Capitol  Reef 
NP, UT 

MB05F01 65 
7/18/06 - 9/12/06, 
10/3/06 - 11/21/06 

105 Unk N/A N/A N/A 

MB05F02 17 
8/15/06 - 9/12/06, 

1/9/07** 
29 Died 2/14/2007 Shot Eastern NE 

MB05F03 44 7/18/06 - 10/24/06 98 Unk N/A N/A N/A 

QU03M01 9 3/30/04 - 4/20/04 21 Unk N/A N/A N/A 

QU04F01 138 
6/6/04 - 3/27/05, 

4/17/05 - 5/15/05, 
7/17/05 - 4/16/06 

595 Unk N/A N/A N/A 



QU04F02 286 

9/12/04 - 3/6/05, 
4/3/05**,            

6/28/05 - 9/13/05, 
10/11/05 - 7/11/06, 
10/24/06 - 2/9/07 

634 Died 3/14/2007 Unk 
NW of Dubois, 
Wy 

QU04F07 20 8/1/04 - 9/19/04 49 Died 9/21/2004 Illness 
Gray Rocks 
Reservoir, WY 

QU04M04 150 
4/27/05 - 8/5/05, 
8/26/05 - 6/25/06 

403 Died 3/21/2007 Starvation Cimarron, CO 

QU04M05 85 
9/26/04 - 4/10/05, 
7/3/05 - 8/14/05, 
9/11/05 - 1/15/06 

364 Unk N/A N/A N/A 

QU05F04 217 
9/6/05 - 7/4/06,       

8/15/06 - 1/30/07 
469 Unk N/A N/A N/A 

QU05F05 34 
7/5/05 - 8/30/05, 

11/22/05,            
3/28/06, 4/25/06 

59 Unk N/A N/A N/A 

QU05F08 71 

7/12/05 - 8/16/05, 
9/20/05,             

11/22/05**,          
3/7/06 - 5/9/06, 

12/26/06  - 2/13/07 

147 Unk N/A N/A N/A 

QU05M08 49 
9/13/05 - 11/22/05, 

7/8/06 - 8/5/06,     
9/9/06 

99 Died 10/13/2006 Unk Lyman, NE 

YK00F11 32 
8/2/06 - 9/20/06, 

10/4/06 - 11/15/06 
91 Unk N/A N/A N/A 

YK05M03 10 6/21/05 - 8/2/05 42 Died 11/16/2005 Unk Stevensille, MT 

YK06M02 4 6/4/07 - 6/18/07 14 Unk N/A N/A N/A 

 
*Collected mostly (99%) from ARGOS satellite collars.  51% of locations were assigned location codes of ‘0’, ‘A’, 
‘B’, or ‘Z’ by ARGOS indicating no estimate of precision was attainable.  The remaining 49% were LC 3, 2, or 1 
indicating that the SD of the error distribution was 250m, 250–500m, 500–1500m, respectively. 
 
**Of the 2 locations submitted to CPW by Argos for this day, CPW likely stored the wrong location. 
 
 



 
 

Figure 1.  Known locations of lynx AK99M06 in Wyoming. 



 
 

Figure 2.  Known locations of lynx BC00F14 in Wyoming. 



 
 

Figure 3.  Known locations of lynx BC00M13 in Wyoming. 



 
 
Figure 4.  Known locations of lynx BC03F03 in Wyoming. 



 
 

Figure 5.  Known locations of lynx BC03M02 in Wyoming. 



 
 

Figure 6.  Known locations of lynx BC03M06 in Wyoming. 



 
 

Figure 7.  Known locations of lynx BC03M09 in Wyoming. 



 
 

Figure 8.  Known locations of lynx BC04F02 in Wyoming. 



 
 
Figure 9.  Known locations of lynx BC04F03 in Wyoming. 



 
 

Figure 10.  Known locations of lynx BC04M01 in Wyoming. 



 
 
Figure 11.  Known locations of lynx BC04M08 in Wyoming. 



 
 
Figure 12.  Known locations of lynx BC04M13 in Wyoming. 



 
 
Figure 13.  Known locations of lynx BC05M03 in Wyoming. 



 
 

Figure 14.  Known locations of lynx BC05M08 in Wyoming. 



 
 

Figure 15.  Known locations of lynx BC06M13 in Wyoming. 



 
 

Figure 16.  Known locations of lynx MB05F01 in Wyoming. 



 
 

Figure 17.  Known locations of lynx MB05F02 in Wyoming. 



 
 

Figure 18.  Known locations of lynx MB05F03 in Wyoming. 



 
 

Figure 19.  Known locations of lynx QU03M01 in Wyoming. 



 
 

Figure 20.  Known locations of lynx QU04F01 in Wyoming. 



 
 

Figure 21.  Known locations of lynx QU04F02 in Wyoming. 



 
 

Figure 22.  Known locations of lynx QU04F07 in Wyoming. 



 
 

Figure 23.  Known locations of lynx QU04M04 in Wyoming. 



 
 

Figure 24.  Known locations of lynx QU04M05 in Wyoming. 



 
 

Figure 25.  Known locations of lynx QU05F04 in Wyoming. 



 
 

Figure 26.  Known locations of lynx QU05F05 in Wyoming. 



 
 

Figure 27.  Known locations of lynx QU05F08 in Wyoming. 



 
 

Figure 28.  Known locations of lynx QU05M08 in Wyoming. 



 
 

Figure 29.  Known locations of lynx YK00F11 in Wyoming. 



 
 

Figure 30.  Known locations of lynx YK05M03 in Wyoming. 



 
 

Figure 31.  Known locations of lynx YK06M02 in Wyoming. 



From: Baker, Richard (DNR)
To: Norris, Jane C (DNR); Pierce, Ann M (DNR); Carlson, Bruce (DNR); Texler, Hannah L (DNR); Nordquist, Gerda E

(DNR); Anderson, Derek (DNR); Smith, Tamara; Peter Fasbender; Andrew Horton; Jill Utrup
Subject: Annual Coordination Meeting with USFWS
Start: Wednesday, May 17, 2017 2:00:00 PM
End: Wednesday, May 17, 2017 3:00:00 PM
Location: MN_DNR_ROOM_C2_MAIN_CONF
Attachments: 2014 Coordination Meeting Agenda.docx

You will recall that we meet annually with staff of the USFWS’ Twin Cities Field Office to discuss endangered species priorities for the coming year.
This usually includes a discussion of spending priorities for “traditional Section 6 funds” and for TCFO “discretionary funds.” Last year we didn’t
receive final numbers for the traditional section 6 allocation until mid-June, and I’m not sure we ever held a coordination meeting. (I attached the
agenda for the 2014 meeting, fyi.)
 
 
Details to follow…
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Minnesota DNR/FWS Twin Cities Field Office 

Annual Endangered Species Coordination Meeting 
July 1, 2014  10am – noon 

 
• Introductions/Roles 
• Review current staffing and responsibilities 
• Review planned use of 2014 traditional Section 6 funds 

50% Salary for Derek Anderson – Fieldwork; Data Management 
• Review unmet needs for e/t plant conservation 
• Spending priorities for, and availability of, other sources of funding 
• Other topics of mutual interest 

o FWS 
 Update on Dakota Skipper and Poweshiek Skipperling listing 
 Update on Northern Long-eared Bat listing 
 Update on Little Brown Bat status assessment 
 Discussion of new SSA (Species Status Assessment) process 
  
  

o DNR 
 Update on Topeka Shiner monitoring 
 SWG projects 
 Update on SWAP status 
 Results of discussion with Zoo 
 Karner Blue Butterfly next steps 
 Species needing listing consideration (e.g., Polemonium occidentale) 
 Mussel propagation facility 
  
  

• Quick updates on federally-listed, proposed, or candidate species in Minnesota 
o Canada Lynx 
o Northern Long-eared Bat 
o Piping Plover 
o Rufa Red Knot 
o Sprague’s Pipit 
o Massassauga 
o Topeka Shiner 
o Higgin’s Eye Pearlymussel 
o Sheepnose Mussel 
o Snuffbox Mussel 
o Spectaclecase Mussel 
o Winged Mapleleaf Mussel 
o Dakota Skipper 
o Karner Blue Butterfly 
o Poweshiek Skipperling 
o Leedy’s Roseroot 
o Minnesota Dwarf Trout Lily 
o Prairie Bush Clover 
o Western Prairie Fringed Orchid 



From: Kurt Broderdorp
To: Jim Zelenak
Subject: Lynx SSA
Date: Monday, May 08, 2017 9:14:00 AM

Jim,  Sorry I didn’t get back to you sooner, but I was on annual leave. 
Your assumption is correct, I will not be able to spend time working on
lynx SSA issues for a while.  I have a meeting coming up today, but
maybe we can talk a little later today.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov


From: Kurt Broderdorp
To: Jim Zelenak
Cc: Ann Timberman
Subject: Lynx SSA
Date: Friday, May 12, 2017 7:17:00 AM

Jim,  I apologize for taking so long to respond to you about my
involvement in the Lynx SSA.  I have been attempting to finalize my
report for the other SSA, and moving on to the decision document,
followed by development of a 12-month finding.  Unfortunately, I will
not likely have the time to help finalizing the Lynx SSA Report.  I may
attempt to listen in to the follow-up call, but I probably can’t be of
much assistance or answer question since I have not been working with
the document for some time.
 
I hope all is well with you, and I appreciate your persistence in
completing the Report, and having to deal with a much broader
landscape.  Have a good weekend.
 
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:ann_timberman@fws.gov


From: Smith, Tamara
To: Laurel Hill
Subject: GLRI - project Canada lynx
Date: Friday, May 26, 2017 8:59:27 AM
Attachments: GLRI TE Template -lynx.xlsx

Hi Laurel - If this is not too late, I've attached a project idea for lynx. It is to supplement
ongoing work costs for processing DNA samples collected in the Superior National Forest,
which is in the GL watershed. 

Thanks!
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell

mailto:tamara_smith@fws.gov
mailto:laurel_hill@fws.gov


From: Broderdorp, Kurt
To: jim_zelenak@fws.gov
Subject: Annual Leave Re: Lynx SSA State/Federal Partner Coordination Call
Date: Tuesday, June 27, 2017 3:53:38 PM

I will be out of the office starting on Friday June 23, 2017, returning on Monday July 10th
2017. 

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov


From: Dunlap, Bob (DNR)
To: Baker, Richard (DNR); Ron Moen; Catton, Timothy J -FS; Tamara_Smith@fws.gov; Nordquist, Gerda E (DNR);

Erb, John D (DNR)
Subject: Injured lynx on the Gunflint
Date: Wednesday, July 05, 2017 1:16:07 PM
Attachments: image003.png

image004.png
image005.png
image002.png
Lynx_20170703_1.jpg
Lynx_20170703_2.jpeg

Hi all,
 
On Monday evening my wife and I along with two friends were on our way back from a day trip in
the BWCA and driving southeast along the Gunflint Trail when we came upon a lynx lying down in
the road and seemingly flailing about (photo 1). As we slowly drove around it for a closer look it was
clear that it was both injured and dazed and I assume recently hit by a vehicle. Surprisingly, it
stumbled back upright and stood near the edge of the road, confirming that its right front leg was
broken (photo 2). After directing a few cars around it, we watched it limp into the woods on the east
side of the road. When we arrived back in Grand Marais we called the local CO (Mary Manning) and
gave her the details.
 
Here are the coordinates:
 
47.972061178, -90.325900549
 
I assume since it needs its front legs for hunting, the prognosis isn’t good.
 
Bob Dunlap
Zoologist | Minnesota Biological Survey

Minnesota Department of Natural Resources
500 Lafayette Rd.
St. Paul, MN, 55155
Phone: 651-259-5141
Email: Bob.Dunlap@state.mn.us
mndnr.gov
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From: Microsoft Outlook
To: Tamara_Smith@fws.gov
Subject: Undeliverable: Fwd: Injured lynx on the Gunflint
Date: Wednesday, July 05, 2017 4:22:20 PM
Attachments: details.txt

Fwd Injured lynx on the Gunflint (28.0 KB).msg

Delivery has failed to these recipients or groups:

ron_kramer@fws.gov
The e-mail address you entered couldn't be found. Please check the recipient's e-mail address and try to
resend the message. If the problem continues, please contact your helpdesk.

Diagnostic information for administrators:

Generating server: IINRESEX03.doi.net

ron_kramer@fws.gov
#550 5.1.1 RESOLVER.ADR.RecipNotFound; not found ##rfc822;ron_kramer@fws.gov

Original message headers:

Received: from ifw9r-relay1.fws.doi.net (164.159.202.10) by iinresex03.doi.net
 (10.85.57.125) with Microsoft SMTP Server id 14.3.351.0; Wed, 5 Jul 2017
 17:22:16 -0400
Received: from ifw9d-smtp_in.fws.doi.net (ifw9d-smtp_in.fws.doi.net
 [10.100.174.170])      by ifw9r-relay1.fws.doi.net (Postfix) with ESMTP id
 B41FD719       for <ron_kramer@fws.gov>; Wed,  5 Jul 2017 15:22:16 -0600 (MDT)
Received: from gsmtp22.doi.gov (unknown [10.10.134.16]) by
 ifw9d-smtp_in.fws.doi.net (Postfix) with ESMTP id 3E5A96F7     for
 <ron_kramer@fws.gov>; Wed,  5 Jul 2017 15:22:16 -0600 (MDT)
Received: from mail-oi0-f70.google.com (209.85.218.70) by gsmtp22.doi.gov
 (137.227.134.16) with Microsoft SMTP Server (TLS) id 14.3.351.0; Wed, 5 Jul
 2017 16:22:33 -0500
Received: by mail-oi0-f70.google.com with SMTP id 6so91359oik.11        for
 <ron_kramer@fws.gov>; Wed, 05 Jul 2017 14:22:15 -0700 (PDT)
X-Gm-Message-State: AIVw113jjL88trLlPw+WaJugI6kLsMxLLcbql8ESA8sLEwdiBWRrmntP
        qFCejS8Sy5YvxcaWUOCez6dJDu3sctkfTuVMJhRw7X0iJm0A42RYFrusCzBzq4R4TAOhjYNuTzY
        Z3mY1Mv7bc0ULkRF6D1Y6hqpq1gUHIVi3p/zoDpV850BAJ4gWVrUhXr6pJ63mqQmSiA2YrTFOe3
        nzmd7NRvx2fU8RvgCfv5GFlJwekQcYd/bPUeQEm+nlH/sf9roAe736itsg7PmQ9ZYu1lFp9ioFC
        vIs8Bcut/ee+SbYkUr6R0DtXEvPn0yixEJUOrBVur+wykYGXTCmsREPnVm6FLEQckmQ//jyFJHP
        bh2N5xNox1lqd+AKu+OCDVP31HICXj6otAApcXLYfTfUAtqj40pHLaltUnkQXQc7sR5KmlMb2oT
        M5xlto50GYkivrQfCT7AfOdouXXZxIY0Mu+d32mGjoLAJpJ+OcRT3rzNmlGe/Bwh7oj7y3F5WzS
        QwWxyH0WExORsLHe1K50mnDdJW6EBV92gcEXdJ2pn1f/OpyqrVvE6uArQ9PwDtqFlUeMt52Z1Fw
        sDSzbXbbdyM+el8DvkPrWa5MkejLyoQK2iavFGX79ba1Dsx71aA8g/38BaA98/YY0Pu9cz5TrBT
        DY1dMhAsyakSFZHSt/2NR+LrFyQvGIO0GiNolhXF6qq5KUk3bMqDllJxKRWY/gtUrEFkuMaxOr8
        wTVvDks5WY7k8ib4rPoSFN5kfFtH3FrFb/nkpM7cyiuWIaDhZIrTCWSIy/LG7xzGlVcPuIkKrF0
        lhyi4I9NHhh+kgpiTM1SP+WrL3Jidg36J+fRCfA9MyjJOcMPtYLwc8+oVZ7M3uJLSepNYu38do3
        jVU8oH0p8OBTkCzzax4e80ucA9BKwe4X7Anwg==
X-Received: by 10.202.90.213 with SMTP id o204mr7780213oib.220.1499289729926;
        Wed, 05 Jul 2017 14:22:09 -0700 (PDT)
X-Received: by 10.202.90.213 with SMTP id o204mr7780199oib.220.1499289729591;
        Wed, 05 Jul 2017 14:22:09 -0700 (PDT)
ARC-Seal: i=1; a=rsa-sha256; t=1499289729; cv=none;
        d=google.com; s=arc-20160816;
        b=t21s+Fm9qIqKYowyZZ6nJh0LjaOge9HiZ9nxRb4XbLG80o50ALa3Hq5l/dTjBZgUSl
         zeIeSofPdSsUAfa0biOjP79XBG6ND3ENbgG0oypFadF6d6dYTBCD8wWBZxmU4vvVTCVa
         yDnfP+gwYhPvxioJtx6SRn6E79yEXzxINPTX6HdQjKsoJiTpGdmkTBxBvT+YbL9GLxjJ
         pllioPQnwHflcbojZ5L2olF1bZ8Ry0d7KO7tRUMpbChkV9QyFtnCSYikoJiVCe5GJu6k
         rCDpHj5QCwC7c/n7DTVjQfnhNGj/EjDydSL6B1Mle9XuPIQTXPAuRhcrHuZUe5mJUSoC
         /Opg==
ARC-Message-Signature: i=1; a=rsa-sha256; c=relaxed/relaxed; d=google.com; s=arc-20160816;
        h=to:subject:message-id:date:from:references:in-reply-to:mime-version
         :arc-authentication-results;
        bh=0VKP5mJdZwXC9sdZ3mdI4YgoPUX23qT1/dIy+IjO6lM=;
        b=wBHL7Co8NeAv81JcbrnwHECgeUIZ3kldMUoaT76hcpQzjCwyWcin3G6H1FiZJ/awk3
         Gf+rejCHBybqya89lJO163rjHkJw7KkkwXybS/1oTs9IX16Y9XhxxBUNBl5oWaMVuh2T
         7cdHRfcIV7q+A0FiHfr6g9vfUrNCQ3DqgoE+V5XIns8q3rm6KjAMJsI3MoW9QZjmZ/Id
         hyRuBZk+Yo0YgGqlblYwdOiptbycD9uN1WClutlq4wfZJ5IZb2KfAIgSTkzrxBk7SIme
         fwJ2fCEV485j/Gx+9J+ZA1zLHCHxo1V3RZ8NKiu+l458lFpwnDakqtn3STv4b5aQkoxV
         ffUA==

mailto:MicrosoftExchange329e71ec88ae4615bbc36ab6ce41109e@doi.net
mailto:tamara_smith@fws.gov
mailto:ron_kramer@fws.gov


ARC-Authentication-Results: i=1; mx.google.com;
       spf=pass (google.com: domain of tamara_smith@fws.gov designates 209.85.218.71 as permitted 
sender) smtp.mailfrom=tamara_smith@fws.gov
Received: from mail-oi0-f71.google.com (mail-oi0-f71.google.com.
 [209.85.218.71])        by mx.google.com with ESMTPS id
 y18si69071oie.244.2017.07.05.14.22.09        for <ron_kramer@fws.gov>
        (version=TLS1_2 cipher=ECDHE-RSA-AES128-GCM-SHA256 bits=128/128);
        Wed, 05 Jul 2017 14:22:09 -0700 (PDT)
Received-SPF: pass (google.com: domain of tamara_smith@fws.gov designates 209.85.218.71 as permitted 
sender) client-ip=209.85.218.71;
Authentication-Results: mx.google.com;
       spf=pass (google.com: domain of tamara_smith@fws.gov designates 209.85.218.71 as permitted 
sender) smtp.mailfrom=tamara_smith@fws.gov
Received: by mail-oi0-f71.google.com with SMTP id 6so91922oik.11        for
 <ron_kramer@fws.gov>; Wed, 05 Jul 2017 14:22:09 -0700 (PDT)
X-Received: by 10.202.193.133 with SMTP id r127mr8772460oif.117.1499289728541;
        Wed, 05 Jul 2017 14:22:08 -0700 (PDT)
X-Received: by 10.202.193.133 with SMTP id r127mr8772424oif.117.1499289727357;
 Wed, 05 Jul 2017 14:22:07 -0700 (PDT)
MIME-Version: 1.0
Received: by 10.202.87.13 with HTTP; Wed, 5 Jul 2017 14:21:26 -0700 (PDT)
In-Reply-To: <CAHKAZAFyQwdgt9_sbGBTmucQpCa01vAXHyNjYnNjy519-vewTw@mail.gmail.com>
References: <BY1PR09MB0600F6E8FECE71E6765EBE50CBD40@BY1PR09MB0600.namprd09.prod.outlook.com>
 <CAHKAZAFyQwdgt9_sbGBTmucQpCa01vAXHyNjYnNjy519-vewTw@mail.gmail.com>
From: "Smith, Tamara" <tamara_smith@fws.gov>
Date: Wed, 5 Jul 2017 16:21:26 -0500
Message-ID: <CAHKAZAEF6dEe2hKWgnP2FsK-eWzHKhJ0tGThApZA01YyV5Zxtg@mail.gmail.com>
Subject: Fwd: Injured lynx on the Gunflint
To: <ron_kramer@fws.gov>
Content-Type: multipart/related; boundary="001a113dbd7ca00f9a0553989710"
X-FailoverRoute: 1
X-Gm-Spam: 0
X-Gm-Phishy: 0
Return-Path: tamara_smith@fws.gov



From: Smith, Tamara
To: ron_kramer@fws.gov
Subject: Fwd: Injured lynx on the Gunflint
Date: Wednesday, July 05, 2017 3:22:16 PM
Attachments: image002.png

image003.png
image004.png
image005.png

Hi Ron - FYI - A MNDNR employee found an injured lynx on the Gunflint trail on 7/3/2017 -
likely vehicle collision.

Hope all is well with you!
-Tam

---------- Forwarded message ----------
From: Smith, Tamara <tamara_smith@fws.gov>
Date: Wed, Jul 5, 2017 at 4:20 PM
Subject: Re: Injured lynx on the Gunflint
To: "Dunlap, Bob (DNR)" <bob.dunlap@state.mn.us>
Cc: "Baker, Richard (DNR)" <richard.baker@state.mn.us>, Ron Moen <rmoen@d.umn.edu>,
"Catton, Timothy J -FS" <tcatton@fs.fed.us>, "Nordquist, Gerda E (DNR)"
<gerda.nordquist@state.mn.us>, "Erb, John D (DNR)" <john.erb@state.mn.us>

Hi Bob - Thanks for the notification, information and photographs.  I'll forward this on to our
Law Enforcement - fyi.  I will let you know if I have any further questions. Please let me
know if you hear any more about this incident.

Thank you, 
Tam

On Wed, Jul 5, 2017 at 1:15 PM, Dunlap, Bob (DNR) <bob.dunlap@state.mn.us> wrote:

Hi all,

 

On Monday evening my wife and I along with two friends were on our way back from a day
trip in the BWCA and driving southeast along the Gunflint Trail when we came upon a lynx
lying down in the road and seemingly flailing about (photo 1). As we slowly drove around it
for a closer look it was clear that it was both injured and dazed and I assume recently hit by
a vehicle. Surprisingly, it stumbled back upright and stood near the edge of the road,
confirming that its right front leg was broken (photo 2). After directing a few cars around it,
we watched it limp into the woods on the east side of the road. When we arrived back in
Grand Marais we called the local CO (Mary Manning) and gave her the details.

 

Here are the coordinates:

 

mailto:ron_kramer@fws.gov
mailto:tamara_smith@fws.gov
mailto:bob.dunlap@state.mn.us
mailto:richard.baker@state.mn.us
mailto:rmoen@d.umn.edu
mailto:tcatton@fs.fed.us
mailto:gerda.nordquist@state.mn.us
mailto:john.erb@state.mn.us
mailto:bob.dunlap@state.mn.us


47.972061178, -90.325900549

 

I assume since it needs its front legs for hunting, the prognosis isn’t good.

 

Bob Dunlap

Zoologist | Minnesota Biological Survey

Minnesota Department of Natural Resources

500 Lafayette Rd.

St. Paul, MN, 55155

Phone: 651-259-5141

Email: Bob.Dunlap@state.mn.us

mndnr.gov

 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service

mailto:Bob.Dunlap@state.mn.us
http://mndnr.gov/
https://www.facebook.com/MinnesotaDNR
https://twitter.com/mndnr
http://www.dnr.state.mn.us/emailupdates/index.html


Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell



From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: DRAFT FINAL SSA
Date: Wednesday, July 05, 2017 4:39:13 PM
Attachments: MNDNR 2015 forestresourcesreport_14.pdf

MNDNR 2016 forestresourcesreport_14.pdf

Hi Jim -

I hope it is not too late for this...

The pg. 125 MNDNR b 2015 reference  was citing the attached MNDNR 2015 publication. I
just saw that there is a more recent one to cite, however (also attached - MNDNR 2016).  
Please change the citation on p.125 to say (MNDNR 2016, p. 2) and use the attached 2016
reference.

I'll look in to the Moen 2009 question from p. 124.

Thanks!
Tam

On Wed, Jun 28, 2017 at 4:42 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim - 

I'm leaving for MI tomorrow for field work but will try to look at this while in the airport/in
the evening. 

Sorry, I've been swamped.

Hope all is well, 
Tam

On Thu, Jun 22, 2017 at 5:54 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I've tried to address most of the peer review and many of the State/Fed comments in the attached.  I've tried to
highlight places where changes are responsive.  I've also highlighted some (maybe not all) of the citations that
still need pg numbers.  I've also tried to edit for consistency among EE results presentations in each unit. I've
also left comments regarding questions or issues on which I still need input or resolution from Core Team
members. And I've made changes to conclusions with which I disagree.

This is a clean version (except comments).  I had to abandon the Track Changes version several days ago when
it got too cluttered.  I will forward the most recent of that after I've had a chance to look through it and remove
stuff that's since been addressed.

Core Team - please review your sections and let me know if you see any major omissions or failure to
adequately address substantive comments. Also review what you submitted to see if it can be boiled down
further based on changes to text in preceding chapters.  Also please add pg numbers to citations and add
citations to the list at the end.  Do these in track changes and send them back to me by June 30.

This is still not as tight as I would like it, and I think it could be trimmed more, but I think it goes a long ways
to addressing the reviews we received. Let me know if you disagree and if so, where specifically in the
document.

mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov


Justin - you've been volunteered for technical editor - we can discuss anything you may have questions about.

One day this thing may actually be finished.....

With all the optimism I can muster,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell

mailto:jim_zelenak@fws.gov
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Minnesota’s Forest Resources 
     Revised 08/16    

  
Preface 
This report is compiled annually by Minnesota DNR – Forestry Division, Resource Assessment and 
Utilization & Marketing Program staff. The report is intended to answer frequently asked questions about 
Minnesota’s forest resources such as: current conditions and trends in forest resources, and forest resource 
industrial use.   Foresters, other natural resource managers, planners, forest industry, and forest policy 
makers will find items of interest in these pages.   
 

We thank those who cooperated in providing and updating information for this report.  They include many 
of Minnesota’s wood product companies, Minnesota DNR staff (particularly Don Deckard and Brian 
Schwingle), and the USDA Forest Service Forest Inventory and Analysis (FIA) unit.  All FIA summary 
data was obtained from FIADB version 1.6.0.02.   
 
 

Resource and Industry Highlights:  
• Overall net growth for all species continued to outpace harvest levels. According to 2014 FIA figures, 

annual net growth of growing stock on timberland was approximately 4.94 million cords, with mortality 
of approximately 2.90 million cords.   

• According to Draft 2013 mill and fuelwood survey data, the volume of wood harvested and utilized by 
industry and fuelwood users was approximately 2.88 million cords (see page 6 full table).  Hence, the 
FIA volumes of net growth are significantly above the current harvest levels providing a surplus of 
wood potentially available for additional harvest. 

o Pulpwood harvests of 2013 are down by nearly 900,000 cords compared to 2005 levels, 
resulting in opportunities (and need) for additional utilization and management. 

o Reduction in harvests since 2005 due to six mill closures representing 1.4 million cords of 
consumption.  The differential between current harvest levels and past consumption is the 
balance of the imports and exports of pulpwood.  

o MN pulpwood harvest trends include a reduction in softwood (balsam and pine) and an 
increase in aspen compared to 2012 harvests.  These trends appear to be continuing into the 
future.    

• The family owned timberlands acreage offers the greatest opportunity for increased timber harvest.  
Total pulpwood harvests from the family owned timberlands have decreased significantly since 2000. 

 
Harvest levels: Total wood harvested and utilized from timberland by industry and fuelwood users in 
Minnesota was 2.88 million cords in 2013.  Based on analysis of mill consumption (actual 
survey figures are not yet available), it appears that 2014 harvest levels are within 
the 2.6 to 3.0 million cord range. 
 
Contact Information:  
Kristen Bergstrand, U&M Coordinator 
Resource Assessment, Division of Forestry, 
Minnesota Dept. of Natural Resources 
483 Peterson Road, Grand Rapids, MN 55744 
 
Questions or requests for additional information can be directed to Kristen Bergstrand  
Email: kristen.bergstrand@state.mn.us, or Kent Jacobson, Minnesota DNR Timber Sales Business 
Consultant; Email: kent.jacobson@state.mn.us.  Report compiled by Curtis L VanderSchaaf, Forest 
Modeler. 
 

 
 
 



3 
 

 
 
 
 
Table of Contents 
 

    Page 
Preface   2 
Resource and Industry Highlights   2 
Contact Information    2 
Wood-Using Industry Overview   4 
 MN Sawmills & Specialty Mills 

Woody Biomass Utilization & Future Wood 
Markets 

 8 
 
11 

 Residential Fuelwood Consumption  13 
Forest Resources Overview   14 
Harvest Levels    17 
Sustainable Harvest Levels    23 
Wood Supply and Demand Information for Important Cover Types and Species 26 
 Aspen/Balm of Gilead   27 
 Birch   31 
 Balsam Fir   34 
 Spruce   37 
 Tamarack   42 
 Northern Hardwoods  45 
 Maple   46 
 Basswood   48 
 Oak   50 
 Lowland Hardwoods   53 
 Ash   54 
 Red Pine   55 
 Jack Pine   60 
 White Pine   63 
 White Cedar   66 
Timber Price Information    69 
Glossary  
Conversion Factors 

   72 
73 

     



4 
 

Wood-Using 
Industry 
Overview 

 

 
A brief overview of Minnesota’s wood-using industry, including mill location and product 
information for many of the larger mills, and total industry economic impact.
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Minnesota’s Forest Industry at a Glance 1 
 
Economic Impact 2014 

• $9.5 billion direct value of shipments with $16.0 billion total output effect. 
• $3.3 billion direct value added with $7.2 billion total value added effect. 
• 5th largest manufacturing sector in Minnesota by employment (#1 food products, #2 computers & 

electronics, #3 fabricated metal products, and #4 machinery). 
• 29,900 direct jobs with 62,800 jobs total employment effect.  
• $3.2 billion payroll effect with $1.5 billion in direct payroll. 
• $80 million stumpage revenue received by land owners. 
• $24 value added by primary manufacturing per $1 stumpage value. 
• $452 million total state and local tax receipts effect.  

  

 
 

 
Important Industrial Sectors  
Pulp, paper, paperboard, engineered wood products, converted paper products, window & door components 
(MN # 2 in U.S.), kitchen cabinets and cabinet parts, store fixtures, wood office & residential furniture, 
pallets & crating, millwork, wood shavings for poultry industry, and wood biomass energy. Of the total 
facilities statewide 14 have greater than 10,000 cords annual consumption.  
  
Non-Traditional Industries Dependent on Minnesota’s Forest Lands 
Balsam boughs for the wreath industry with annual sales exceeding $20 million, decorative spruce tops, 
birch bark, maple and birch syrup, wood for grilling and smoking (e.g. ash, black walnut, birch, hickory, 
maple, oak), and medicinal plants.  
 
Value Added (Gross State Product) per Capita 

                                                 
1 CY 2014 data unless otherwise noted; compiled by Don Deckard, Ph.D., Forest Economist, Minnesota DNR. 



6 
 

In 2012, Minnesota was ranked seventh nationally in forest products manufacturing with $524 direct value 
added (Gross State Product) per capita. 
 

 
 
Manufacturing Facilities as of January 2015 

• 4 primary pulp & paper mills and 3 recycled pulp & paper mills 
• 104 converted paper products plants 
• 227 sawmills and wood products 
• 349 wood kitchen cabinet and countertop manufacturers 
• 67 wood furniture and millwork shops 

 
Volume of Timber Harvested 
Annual harvest volume = 2. 88 million cords including:  

• Pulpwood = 2.12 million cords (2013 draft) 
• Sawlogs & Specialty Mills = 228 million board feet (2010) including the following specialty items: 

- **Veneer (2010) = 8.8 million board feet  
         - ***Other (2010) =53,531 cords  

                - **Posts & Poles (2010) = 6,696 cords  
• Residential fuelwood = *217,800 cords live trees from timberland (2014/15) 

 
 

*Rounded number 
** 2010 USFS TPO Report Table 4 
*** Other includes excelsior/shavings, handles, cooperage and other miscellaneous products 
 
2014 Draft Sawmill survey data shows similar sawlog & specialty MBF volumes to 2010. 
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Minnesota Pulp and Paper – 2015 

 
Minnesota Oriented Strand Board and Engineered Wood Products – 2015 

 
Firm Wood Used Product 

Louisiana-Pacific 
Two Harbors 

Aspen, Balm, Birch OSB – engineered siding panel 

Norbord 
Bemidji 

Aspen, Balm, Birch, Maple, Pine OSB   

 
Minnesota Hardboard and Specialty – 2015 

 
Firm Wood Used Product 

International Bildrite 
International Falls 

Aspen, Balm and recycled paper Sheathing 

Jarden Home Brands Aspen, Birch Specialty wood products for food 
industry, matches, other 

 
For additional information about sawmills, pulp and paper mills, engineered wood products, veneer mills, 
and dry-kiln facilities in Minnesota go to the following website and click on the Minnesota Primary Forest 
Products Producer Directory link: 

 
http://www.dnr.state.mn.us/forestry/um/index.html 

 
 
 
 

Firm Wood Used Product 
UPM - Blandin Paper Mill   
Grand Rapids 

Aspen, Balsam Fir, Basswood, 
Spruce  

Lightweight coated publication 
papers  

 Boise White Paper, LLC (PCA) 
International Falls 

Aspen, Balm, Pine, Spruce, Balsam 
Fir, Birch, Tamarack, Maple 

Office papers, label and release 
papers, base sheets, business and 
specialty printing grades 

 Verso Duluth Balsam Fir, Spruce Uncoated, lightweight 
supercalendered magazine and 
publication papers 

SAPPI North America 
Cloquet 

 Coated freesheet fine printing and 
publication paper, market pulp  

Aspen, Maple, and minor amounts 
of birch and ash 
 

Specialized cellulose 

Recycling Mills 
Rock-Tenn Company 
St. Paul 

Recycled paper and corrugated Cardboard and corrugated boxes 

Verso Recycled Fiber Mill 
Duluth 

High grade office paper and 
computer paper 

Market pulp  

Liberty Paper Company 
Becker 

Recycled paper and corrugated Cardboard and corrugated boxes 
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Minnesota’s Sawmills/Specialty Mills – 2015 
 

 
The sawmill sector is very important to forestry because it creates market diversity. The approximately 
456,600 cords used annually is about 16% of the statewide timber harvest and provides value-added 
markets for various species, sizes, and qualities of timber.  In addition, sawmills provide products we all 
use, as well as providing significant employment and economic benefits for many rural communities. 
 
Sawmills can also have a complementary impact on other wood industry sectors. For example, some 
sawmills send residue chips to paper mills, benefitting both sectors. Also, the higher-value sawlog market 
can help make logging residue economically accessible as woody biomass for energy.  Finally, high value 
markets are also important to landowners through harvest compensations, which help them, afford to 
engage in other management activities. 
 
There are over 300 sawmills in Minnesota, but most are small, portable bandsaw mills that account for a 
tiny fraction of wood use. In contrast, 31 large sawmill/specialty mills in Minnesota utilize more than 1 
million board feet or 2,000 cords annually. In fact, the top 12 mills by production volume account for 80 
percent of the total consumption, with one large softwood mill accounting for about 40 percent of the total 
volume utilized by all sawmills/specialty mills.   

 
Firm Wood Used Product 

Cass Forest Products, Cass Lake Aspen, Jack Pine, Red Pine, White Pine Cants, lumber 

Hawkins Sawmill, Isle Mixed Hardwoods Cants, lumber 
Hedstrom Lumber Co                                           
Grand Marais 

Aspen, Jack Pine, Red Pine, White Pine, 
White Spruce 

Lumber 

Savanna Pallets 
Remer 

Mixed Hardwoods Pallet lumber 

Potlatch Corporation                                            
Bemidji 

Balsam Fir, Jack Pine, Red Pine, White 
Spruce 

Lumber 

Rajala Mill Co.                                                  
Bigfork 

Black Ash, Aspen, Basswood, Paper Birch, Hard 
Maple, Red Oak, White Oak, Red Pine, White 
Pine, White Spruce, Tamarack 

Cants, lumber, veneer 

Rajala Timber Co.                                                  
Deer River 

Black Ash, Aspen, Balsam Fir, Basswood, Paper 
Birch, Jack Pine, Red Pine, Black Spruce 

Cants, lumber 

Root River Hardwoods Inc.                                  
Preston 

Basswood, Elm, Green Ash, Hickory, Hard 
Maple, Red Oak, White Ash, White Oak, Walnut 

Cants, lumber, veneer logs 

Savanna Pallets                                                     
McGregor 

Black Ash, Aspen, Basswood, Paper Birch, 
Mixed Hardwoods, Red Oak, Pine 

Boxes or crates, pallets/skids, 
hardwood lumber 

Bell Lumber and Pole Inc. Red Pine Telephone Poles 

Lonza Tamarack Arabinogalactan extract used 
in food, beauty and other 
products 

Pliny Post & Pole Red Pine Poles/pilings and posts 
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MN sawmill utilization from 2001 to 2010 reveals several key changes.  In total, the sawmill consumption 
declined during this period by 23%.  The changes were primarily located in the hardwood capacity since the 
softwood consumption is basically unchanged during this period 
 
 

 
 
 

Minnesota Roundwood Production, (in cords)  

     
Saw logs 2001 2004 2007 2010 

Softwoods 339,595 339,646 322,456 331,253 
Hardwoods 337,190 214,316 216,316 190,633 

     
Total 676,785 553,962 538,772 521,886 
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Location of mills is an important factor in determining markets for wood.  The map above shows the 
engineered wood products, pulp & paper, recycled fiber, hardboard, sheathing and larger sawmills in 
Minnesota.  These mills utilize various species of wood material, with aspen pulpwood being by far the 
largest component. 

October 2015
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 Woody Biomass Utilization & Future Wood Markets  
 
Due to the decreasing demand for paper products, changes in international markets, and the 
unstable recovery of the housing market, Minnesota continues to experience decreasing demand 
for traditional forest products such as Oriented Strand Board (OSB) and pulp and paper.  This 
market change is a sustainable opportunity to use our local forest resources which are renewable 
and climate friendly alternatives to petroleum based fuels and chemicals. The resource is available 
for bio-based market development as well as to support and strengthen our traditional forest 
products industry.  Trees can be used to make traditional wood products as well as create thermal 
energy, generate electricity and power, provide renewable chemicals and as liquid fuels. 
 
Woody biomass comes in several forms and continues to be used as a source of renewable energy 
for both industrial and non-industrial applications in Minnesota. The forest products industry has 
been using biomass for heat or power or both for over thirty years.  District and residential thermal 
heating remains an attractive option due to the volatile price of fossil fuels. 
 
There are two main factors why small-diameter timber, and tops and limbs are not useful for most 
traditional forest products: 
1) The high percentage of bark relative to wood fiber; bark fiber is not suitable for many products. 
2) The high cost of processing smaller-diameter material.  Processing efficiency is greater when 
using larger material.  
 
Small wood or biomass is a good fit for a number of other products and markets including: 
Engineered wood:  The International Bildrite insulite mill in International Falls is an engineered 
wood product mill in Minnesota that utilizes bark-on chips. 
Special Forest Products (SFP): Markets include log furniture, craftwood, etc. These tend to be 
small volume, but high value markets.   
Landscape mulch/Animal bedding: Markets are available they can be more limited in rural forested 
regions of Minnesota, but are significant near metropolitan areas or areas in central and southern 
MN near the poultry and dairy industry.   
Energy:  Energy for heat or power production is by far the largest market for woody biomass in 
Minnesota.   
Thermal Heating: Residential, commercial and district building heating. 
 

In addition to the list above, there are many small to medium wood processing companies that burn some or all of their wood waste for heat and/or process steam. 

The prospect of expanded woody biomass harvesting and processing has many potential benefits, 
including: reduced dependence on foreign energy sources, improved bottom lines for logging and 
processing operations, increased opportunities for forest management through  timber stand 
improvement, pre-commercial thinning, sanitation or salvage operations, wildlife management 
through brush land clearing, invasive species control, and potential additional value-added 
products for the forest products industry.  In fact, increased utilization of wood for bioenergy can, 

Some Large Wood-Fired Energy Producers in Minnesota 
Company Name City Fuel 
Minnesota Power Grand Rapids Mill residue, logging residue, roundwood 
SAPPI Cloquet Mill residue, logging residue, roundwood 
Minnesota Power Duluth Mill residue, logging residue, roundwood 
St. Paul District Energy St. Paul Urban wood waste, roundwood, logging residue 
Laurentian Energy Authority Hibbing/Virginia Logging residue, mill residue, roundwood 
FibroMinn Benson Turkey manure, logging residue, roundwood 
Minntac Taconite Kiln Mountain Iron Mill residue  
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on some sites, improve ease and success of regeneration. It can also reduce fuel loading and fire 
risk directly impacting the cost of fighting forest fire and forest reestablishment costs. 

What is the Future for Underutilized Wood and Woody Biomass? 
• Potentially, future policy trends leading toward reduced greenhouse gas emissions and

increased renewable energy development point toward the expansion of woody biomass
utilization over the next decade and beyond.

• The extent to which woody biomass is developed as a renewable energy resource in the
future depends on a multitude of factors including, but not limited to:  the price and
availability of alternate energy sources, procurement and operation costs of biomass
resources, state, federal and international renewable energy policies.

• Woody biomass can play an important role in Minnesota’s energy system by contributing
to a wide range of energy markets for which other renewable energy sources are not
suitable.  For example, biomass can be used twenty- four hours a day year round for
industrial process heat, torrified wood production or to produce liquid fuels where wind
and solar energy cannot.

• The DNR is interested in bioenergy for these main reasons: to mitigate climate change, as a
conservation and habitat management tool, fire fuel load reduction and as an economic
opportunity.

What are some potential opportunities for future wood markets? 
• Building: timber construction with cross laminated timber (CLT), glue laminated timber

products (Glulam) or other engineered wood products, construction materials or bridges.
• Bio-char/Torrified Wood: used as a substitute for coal, in water filtration as an absorbent

material or as a soil amendment. Wood modification treatments using heat or chemicals
improve wood properties.

• The structural properties of wood: primarily cellulose products such as cellulosic
insulation, or wood plastic composites, nano-materials to increase strength and sturdiness
of a variety of materials or as fibers used in textiles.

• Chemical products: chemical sugars used in plastics or biofuels, clean lignin fiber or bio
based adhesives that can be an alternative to petroleum-based resins and bio-oil products.

• Combined heat and power (CHP) applications: this could include thermal cooling as well
as heating and electrical power generation. 

• Jet fuel/Transportation Bio Fuels: follows the same concepts as fossil-based carbon fuel
technology with some production processes and efficiencies that need to be refined and
commercialized.

• Additional or Increasing “traditional” consumer wood products; products that are evolving
or increasing market share to reflect new consumer demands. These products embrace
technology and environmental sustainability while having competitive market pricing,
unique features or aesthetics consumers find desirable. Examples; recycled fiber products,
food packaging or boxes, pallets or skids (packing/shipping industry) and new residential
construction products or household interior furnishing.

Guidelines, policies, and educational resources have been created in Minnesota to manage our 
forest resources sustainably and promote best practices including:   
1) Forest Management and Biomass Harvesting
Guidelines http://www.frc.state.mn.us/initiatives_sitelevel_management.html,
2) Minnesota’s Logger Education Program website (http://mlep.org/), and
3) MN Forest Resource Council website (http://mn.gov/frc/) 
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Residential Fuelwood Consumption 
 
The Minnesota Pollution Control Agency (MPCA) periodically conducts a statewide survey to find 
out how much wood is harvested and burned annually for heat or pleasure in Minnesota.  This 
survey has been conducted in one form or another every few years since 1960.  Historically, the 
survey was conducted by the Minnesota Department of Natural Resources (MDNR) and the US 
Forest Service.  The survey data has been used by a variety of state and federal agencies as well as 
trade organizations to manage forests, to inform policy makers and scientists, and to assist the 
hearth and fireplace industry by examining trends in wood burning.   
 
The MPCA conducted this latest survey in 2015 to gather additional information about wood 
combustion practices.  Due to the levels of fine particles (PM2.5) in ambient air, it is important to 
have accurate information about the sources of this pollutant.  While wood combustion is not the 
largest source of fine particle concentrations in the air, residential wood combustion is an 
important source of fine particle emissions.  The survey provides an improved understanding of the 
residential wood burning in Minnesota, by type of equipment, by purpose for burning, by source of 
wood fuel, and by region of the state. 
 
The general findings of the survey show that Minnesotans burned approximately 2.13 million 
cords of wood between April 1, 2014 and March 31, 2015. This suggests the amount of residential 
wood burning is on the rise.  However, due to changes to improve the survey design and 
methodology, comparisons across surveys to identify trends should be done with caution. 
 
The increase can be seen in both the estimated number of households burning wood, as well as the 
amount of wood burned by households. There were notable increases in the amount of wood burned in 
all types of equipment, though it appears that compared to the estimates from recent years in which 
most increases were from residential backyard burning, this time much of the increase was from 
burning for heat. This may be due, in part, to factors such as variations in weather and cost of propane 
across survey years.  
 
The forest resources data on timber harvests used in this annual report is focused on the utilization 
of live trees harvested from the state’s timberlands; from all ownerships.  The residential fuelwood 
survey collected the total volume of wood burned from all fuel types and sources including 
roundwood, slab wood, wood pellets, wax logs, and pallets.  The fuelwood survey also collected 
data on harvest sources from live trees from forestlands, dead trees, cut trees and or tops and 
branches after a timber harvest, live or dead trees from pasture, croplands, and yards inside city 
limits or other non-forest lands.    
 
Using the findings from the 2014/2015 MPCA survey report, the total fuelwood consumption of 
2,130,000 cords can be separated by fuel types and sources to determine the amount of fuelwood 
from live trees from timberlands. 
 
Total residential fuelwood consumption:                   2, 130,000 cords 
 
Percent of roundwood/logs and split wood:                        93.0 % 
 
Percent of wood from live trees from forestland:                11.0 %  
Calculated volume of cords from live trees:                  217, 800* cords (*rounded number)  
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Forest 
Resources 
Overview 

 

 
 
A brief overview of Minnesota’s forest resources, including total forestland and timberland acreage, 
cover type percentages and an ownership breakdown for timberland. 
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Source: USDA Forest Service 2014 FIA database  
 
According to 2014 FIA data, Minnesota currently has about 15.7 million acres of forest land that is 
classified as “timberland”. Timberland is forest land that is productive enough to produce a commercial 
crop of trees and is not reserved from harvesting by policy or law.  Reserved forestland is land reserved 
from harvest by policy or law, including designated wilderness areas like the Boundary Waters Canoe Area 
(BWCA), old growth reserves, and others.   Other forestland is mostly forested land of very low 
productivity for tree growth, such that it is incapable of producing a commercial crop of trees.  

 

 
 

Ownership of timberland is an important factor in assessing many issues, including timber supply.  Industry 
includes Real Estate Investment Trusts (e.g. Potlatch Corporation), Timberland Investment Management 
Organizations (e.g. Molpus Woodlands Group), and integrated timber companies such as UPM Blandin and 
Rajala Timber Company.   
 
 

 

Timberland, 
15,741,292, 

29%

Other 
Forestland, 
446,066, 1%

Reserved 
Forestland, 

1,289,955, 2%

Non Forest, 
33,235,113, 

62%

Minnesota Acres of Land by Major Land Use
2014 FIA Total Acres: Approximately 54,000,000
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                        Source: USDA Forest Service 2014 FIA database  
 
Forest Type: A classification of forest land based on the species forming a plurality of live tree stocking. 
 
It is worth noting that aspen is by far the largest forest or “cover” type in Minnesota. 
 

Area of Timberland in Minnesota by DNR Forest Type – 2014 

Forest Type Acres  
Aspen  4,649,620 
Northern Hardwoods 1,486,082 
Oak 1,471,152 
Lowland Hardwoods 1,387,267 
Black Spruce 1,333,294 
Tamarack 1,096,518 
Birch 836,011 
Red Pine 680,638 
White Cedar 599,208 
Balm of Gilead 399,902 
Balsam Fir 431,157 
Jack Pine 242,636 
White Pine 154,554 
White Spruce 137,041 
Cottonwood/ Willow 81,985 
Other Softwoods 31,375 
Non-Stocked & Other 722,852 
Total All Types 15,741,292* 
Source: USDA Forest Service 2014 FIA Database 

*Totals may not sum due to rounding. 
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Harvest Levels 
 
 
 

 
 

 
 
 
 

Information on 2013 timber harvest in Minnesota by product category and estimation of 
contribution by timberland ownership.
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Total wood harvested and utilized by industry and fuelwood users in Minnesota  
 (in thousand cords - by species – from timberland) 

 (Pulpwood 2013 (DRAFT); Sawtimber 2010; Fuelwood 2014/15)  
Species  Pulpwood* Sawlogs 

& Others  
Residential 
fuelwood**  

Commercial 
wood fuels* 

Total 

Aspen and Balm 1419.4 49.0 19.6 17.8 1505.8 
Paper Birch  37.8 14.3 23.9 11.1 87.0 
Ash  23.3 9.6 23.9 14.8 71.5 
Oak  1.2 60.3 58.8 1.9 122.2 
Basswood  10.9 12.0 4.4 0.0 27.3 
Maple  119.8 13.9 13.1 2.4 149.2 
Cottonwood  0.0 4.6 0.0 0.0 4.6 
Other Hardwood  50.5 7.7 10.9 17.5 86.6 
Sub-Total Hardwood  1662.9 171.3 154.6 65.4 2054.2 
Pine      15.3     
   Red Pine  53.8 171.4   4.1 229.2 
   White Pine  9.4 7.9   0.1 17.3 
   Jack Pine  28.6 77.7   1.9 108.2 
Spruce  235.6 17.8 0.0 0.1 253.5 
Balsam Fir  94.9 6.9 0.0 0.1 101.9 
Tamarack  29.9 1.0 0.0 16.1 47.0 
White Cedar  0.6 2.7 0.0 0.0 3.2 
Other Softwood  0.1 0.1 6.5 6.3 12.9 
Sub-Total Softwood  452.8 285.4 21.8 28.7 773.3 
Other and mixed species     41.4     
Total  2115.7 456.6 217.8 94.1 2884.2 

 
Source: USFS and MN DNR mill surveys & residential fuelwood survey.    
-Figures in chart may not total exactly due to rounding 
*Draft      **Fuelwood removed from live trees on timberland.  
 
-Figures include cords of pulpwood exported to Wisconsin and Canada: Aspen: 82,655; Spruce: 51,844 (only WI); Red Pine: 
20,003 19,894 (only WI); Maple: 13,525 (only WI); Jack Pine:12,757 (only WI); Birch: 7,783 (only WI); Ash: 5,261 (only 
WI); Basswood: 4,805 (only WI); White Pine: 4,480 (only WI); Red and White Oak: 1,184 (only WI); Tamarack: 51 (only 
WI); NWC: 42 (only WI); Balsam Fir: 34 (only WI); Elm: 2 (only WI); and total cords of sawlogs mainly exported to 
Wisconsin and Iowa of:  31,200, most of which is Oak and Maple. 
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    Source: Pulpwood (USFS, Northern Research Station), sawtimber and fuelwood (MN DNR surveys). 
 

 
 

Source: Public Lands: Public Stumpage Price Review through 2006.  Beginning with 2007, annual volume scale reports 
(harvested) are used for State and Federal lands rather than volumes sold.  Change necessary due to large volumes of re-
offered wood sold by public agencies in 2007.  Industry Lands: Minnesota Forest Industries estimate of harvested volume 
from 2013.  Private Lands = an estimate calculated as follows:  Total estimated harvest 2013, minus 2013 public volume 
harvested (sold through 2006), minus 2013 estimated industry volume harvested.   Molpus Woodlands Group (formerly 
Forest Capital Partners) timberlands contained in “Industry” totals. 
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Source: State Lands: FY 2013 Harvest, DNR Timber Sales Annual Report.  Federal: FY 2013 Harvest, Superior National 
Forest Timber Statistics, and Chippewa National Forest Timber Statistics; BIA: Public Stumpage Price Review 2013 sold.  
County Lands: Minnesota Forest Industries survey of 2013 harvested volume.  Industry Lands: Minnesota Forest Industries 
survey of 2013 harvested volume. Molpus Woodlands Group (formerly Forest Capital Partners) timberlands included in 
Industry totals.   Private Lands = an estimated figure as follows:  Total estimated harvest 2013, minus state, county, National 
Forest and BIA volume harvested, minus estimated industry volume harvested.    
 
 

 
 

                     Source: USFS, Northern Research Station survey of industrial wood using industry. 
 
Minnesota became a net importer of wood starting in 2000, due to a number of mill expansions completed during 
the 2000-2001 time period.  Near border mill locations and specific species requirements continue to induce 
procurement activities outside of Minnesota’s borders in order to meet their  raw material needs, especially for 
aspen (74,849 cords), balsam fir (13,554 cords), and maple (221,505 cords).  Imports in 2013 were largely from 
Wisconsin (249,641 cords), with fair amounts from Michigan (60,207) and Canada (8,246).  Exports in 2013 were 
mainly to Wisconsin and Canada mills.   
 
.   
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Source: Wood use data from mill and fuelwood surveys conducted by USDA Forest Service, Northern Research Station and 
MN DNR.  Specialty products include veneer, posts and poles, shavings and landscape chips. 
 
 

 

 
 

         Source: USFS, Northern Research Station surveys 
 
Pulpwood utilization includes the pulp and paper mills, engineered wood manufacturers and specialty mills.  Key 
reasons for the harvest leveling off in the early to mid-2000s, during a period of increasing primary industry 
demand and use, was limitations on specific species utilization, the lack of additional private timberland harvests 
and an increase in imports.  Most of the imported pulpwood was aspen and maple from Wisconsin and Canada.   
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Source: MN DNR sawmill and specialty mill survey and USFS, Northern Research Station surveys  
 
Sawtimber is often the highest value product for wood that meets merchantability requirements.  Generally 
speaking, a log needs to be at least 8 feet in length and 8 inches minimum diameter inside bark at the small end in 
order to be of merchantable sawlog size.  However, there are an increasing number of sawmills that can utilize 
smaller diameter material profitably.  Sawmill capacity dropped from 2001 through 2010.  Jack pine, aspen and 
oak use dropped off most significantly in the sawmill sector; while red pine actually showed a significant increase 
in use by sawmills. 
 

 
Source: MN fuelwood surveys 
Note:  Changes over time should be interpreted with caution due to changes in the survey design, 
methodology, response rate, equipment included, wood bundle volume, and conversion rates for 
different types of wood.  Dates shown on the x-axis are the year the survey was administered. 
 
Residential fuelwood is a relatively small portion of total timber harvest.   
*It is important to note that only a portion of 2.13 million cords of total residential fuelwood demand comes 
from live trees on timberland.  About 217,800 cords of residential fuelwood came from live trees on timberland 
in 2014/2015.  The remainder is from pasture land or cropland, urban tree waste, land and power line clearing, 
and dead trees.   
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Sustainable Harvest 
Levels 

 
 
 
This section contains information on estimated sustainable harvest levels* for many of 
Minnesota’s most significant tree species. 
 
* A note to readers:  there is no direct correlation between current harvest levels and long term sustained harvest 
levels because there are many options for moving towards a targeted forest age class structure.  Normally, 
transitions from the current structure to a target age class structure require several rotations.  The choice of 
amount and timing of harvest can vary considerably by decade.  Harvest plans are typically assessed periodically 
as changes to the resource, markets and other conditions dictate. 
 
There is no one best way or time period to reach a target age class structure.  Transition harvests may at some 
time be either lower or higher than long-term sustained yield estimates.  Additionally, it is important to note that it 
is possible to raise future timber availability through intensified forest management resulting in fewer losses to 
mortality and improved timber productivity.  Sustainable harvest estimates can also vary significantly because of 
differing assumptions used in deriving the estimates, such as rotation age, harvest restrictions, growth and yield, 
etc.  An active forest management and harvesting program is also key to sustaining habitat for diverse wildlife. 
 
For the above reasons, it is important to view the levels as helpful benchmarks that are only one part of the picture 
in determining long-term sustainability of our forest resources.   They should not be viewed as absolute targets.   
 
DNR sustainable harvest estimates use the full, five-year panel of 2005 FIA inventory data.  Estimates are 
adjusted downward (as appropriate by ownership) for potential timber supply restrictions that can apply to 
timberlands such as riparian, old growth, leave tree and extended rotation.   Rotation ages used to determine the 
estimates are based on average rotation ages used in the DNR’s Subsection Forest Resource Management Plans.   
 
It is important to note that DNR sustainable harvest level estimates are averages over an entire rotation.  Generally 
therefore, for cover types with age-class imbalances resulting from large acreages in older classes, current timber 
availability may be above long-term sustainable estimates.  This is due to a need to manage many old stands on 
timberlands before their health, habitat value and available timber volume deteriorates.  For cover types with 
young age-class imbalances such as red pine, current timber availability may be below long-term sustainable 
estimates.  Finally, as more of the forest area is managed, productivity is likely to increase…as it has for a number 
of decades.  
 
DNR is committed to providing excellent analysis, and will therefore periodically review sustainable harvest 
estimation procedures and assumptions.  Future changes to procedure may be made as new information and 
procedures become available.  The UPM Thunderhawk Environmental Impact Statement analysis figures are used 
for aspen and spruce-fir product groups, as the EIS focused on these product groups.  The Thunderhawk EIS 
analysis was led by Drs. Howard Hoganson and Tom Burk of the University of Minnesota’s Department of Forest 
Resources.  
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The year 1994 saw the completion of Minnesota’s Generic Environmental Impact Statement on Timber Harvesting and 
Forest Management in Minnesota (GEIS).  This study was commissioned by the Minnesota Environmental Quality Board in 
response to a citizen petition.  The GEIS assessed how three levels of statewide timber harvesting activity relate to 
Minnesota’s environmental, economic and social resources.  Base, Medium and High harvesting scenarios were looked at: 4 
million cords annually, 4.9 million cords annually, and 7 million cords annually.  Each scenario was projected over a 50 year 
planning horizon.  The GEIS did not recommend these as levels of harvest to follow, nor should their development and 
analysis be considered a plan.  Rather, they are levels the GEIS study analyzed, in order to determine impacts. 

 

 
 

*Table 6.25, GEIS, High Long-Term Sustainable Level, Timber Productivity Tech. Paper, Dec. '92. 
** 2013 NRS pulpwood survey, 2010 DNR sawmill survey, 2014 fuelwood survey.   For Harvest 
comparisons to Net Growth, it is necessary to add annual “growing stock” logging residue of approximately 
275,000 cords to this figure.   
***USFS FIA 2014 database. 
 

Note: While complete capture is not realistic, capture of a portion of annual mortality of approximately 3.88 million 
cords has the potential to increase net growth and sustainable harvest levels. 
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Source:  Harvest data 2013 USFS pulpwood survey, DNR 2010 sawmill & 2014 fuelwood survey.  Sustainable timber yield 
data source as per the notes below.   

 

 
 

Source:  Harvest data 2013 USFS pulpwood survey, DNR 2010 sawmill & 2014 fuelwood survey. 
Sustainable timber yield data source as per the notes below.  
 
NOTES:  
-Sustainable timber yield for aspen and spruce-fir in the figures above are from the UPM-Blandin Thunderhawk EIS analysis 
(Tables C-20 and C-21 average of high aspen A&B scenario model runs, 40 year planning horizon).   Estimates from the Thunderhawk EIS 
analyses are used for the aspen-balm and spruce-fir product groups, as the EIS analyses focused on these product groups, recognizing 
considerable detail regarding the mixed species nature of all cover types and projections of forest growth.  Generally, the EIS estimates 
used can serve as upper bound estimates of harvest levels sustainable at least until year 2040 -- these estimates assume that any limited 
demand for other species will not limit aspen or spruce-fir harvesting from other cover types such as from the birch or northern hardwoods 
cover types. However, the estimates do not include potential volumes from additional investments in short rotation intensive culture or 
potential volume increases resulting from investments in pre-commercial thinning.  The estimates do take into account allowable cut 
procedures currently practiced by public land management agencies. 
  
-Sustainable timber yield levels for birch, oak, basswood, maple and other hardwoods, tamarack and jack and red pine in the 
figures above are based on DNR method of calculating long-term sustainable harvest levels, which consists of area regulation for 
cover types typically managed as even-aged, and volume regulation for types typically managed as many-aged.  Estimates are adjusted 
downward as appropriate by ownership for potential timber supply restrictions that can apply to timberlands (riparian: 3%, old growth: 
0.5%, leave tree: 5%).   Rotation ages used to determine the estimates are based on average ages used in the DNR’s Subsection Forest 
Resource Management Plans. 
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Wood Supply and 
Demand Information 
for Important Cover 
Types and Species 

 
 

 
 
 

Forest resource and harvest level information for Minnesota’s most significant cover types and 
tree species.  
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Minnesota’s Aspen/Balm of Gilead Resource 
 

Aspen is a relatively short-lived, fast growing tree species that requires nearly full sunlight in order to regenerate. 
Aspen is by far the predominant cover type and species in Minnesota’s forests.  It is also the species of greatest 
industrial use by a wide margin.  The aspen resource is why the engineered wood manufacturers are located here, 
and it is also an extremely important resource to the pulp and paper sector, and the solid wood industrial segment.  
Many of Minnesota’s largest mills have specifically designed themselves to utilize aspen – it fits the products they 
make and their manufacturing processes ideally.   
                    
The aspen cover type is made up of a wide mixture of species.  Predominant secondary species include balsam fir, 
paper birch and oak.  Aspen is also a significant component in many other upland cover types. 

 

 
 

 Source: 2014 FIA database provided by USFS, Northern Research Station 

 
Source: 2014 FIA database provided by USFS, Northern Research Station 
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    The 2014 FIA inventory indicates a much more even age-class distribution than the 1990 inventory. 
 

 
Source: FIA database provided by USFS, Northern Research Station 

  
Total FIA aspen and balm of gilead (balm) volume has gone down since 1990 as significant acreages have been 
harvested and managed.  For at least the next 10 years, more of the available aspen is likely to be found in stands 
that average less volume than past harvests, which is difficult on efficiency of loggers and mills.  However, it is 
important to note that beginning in 10 years or so and then accelerating over time, more high-volume aspen stands 
will begin to reach harvest age. 

 
 

Source: Harvest data compiled by USFS, Northern Research Station & DNR   
 
Annual long-term allowable harvest= 2.358 million cords based on Table C-20 UPM-Thunderhawk DEIS, 
average of high aspen A&B scenarios, 40 year planning horizon.  
 
Based on the 2014 USFS FIA database, estimated average net annual growth of aspen & balm growing stock:  
1,368,800 cords, estimated average annual mortality of aspen & balm growing stock: 1,508,300 cords. 
 
Several factors caused the reduction in aspen and balm harvest from its peak in 1999, including: 

• Substitution of alternative species by most large mills. 
• Reductions in harvests from private timberlands. 
• Closure of several large mills. 
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Current Demand for Aspen/Balm of Gilead from Minnesota Timberlands 
 

                                                                                                                       Cords  
2013 Harvest……………………... ………………………………………1,505,800 

• Minnesota Pulpwood Industries ………………...…………...……1,336,800 
• Pulpwood Export (To Canada and Wisconsin)………………..……..82,700 
• Sawlogs & Other…………………………………………………..…49,000 
• Fuelwood (from live trees on timberland)…..………………….……37,400 

 
Source: NRS & DNR Surveys        
 
Resource Opportunities: 

• The recent reduction in aspen harvest levels has resulted in a situation where current harvest levels are 
well below long-term sustainable levels. 

• Last year, aspen-birch decline occurred on 39,000 acres, most of which were newly declining areas 
relative to the previous year. These stands should be harvested to avoid additional volume losses due to 
top kill and mortality. 

 
Resource Issues: 

• Readers should note that a great deal of the resource is in private hands, so managing it will require 
greater efforts in private landowner incentives and assistance.  

• Parts of NE Minnesota are under gypsy moth quarantine. Loggers and mills should contact MN 
Department of Agriculture to learn about compliance agreements. 

 
The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 
to a 4 inch top DOB) by percent of basal area per acre that is “Aspen” (quaking, bigtooth, and balm) ON FIA 
PLOTS.  This table shows that Aspen and Balm forest types can differ significantly and provides some idea of 
what other species can be harvested within these forest types.  This is FIA Aspen and Balm Forest Types.  Acres 
Statewide provides some idea of the relative nature of different percent species compositions within a particular 
forest type.  Only FIA plots age 20 and older were included. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 112,992 21.9 3.5 5.4 3.0 8.8 1.7 0.0 0.7 13.7 10.9 1.0 0.5 3.5 4.7 7.0 6.9
25-50% 846,930 14.0 1.6 4.0 2.9 1.7 0.9 1.3 1.5 38.6 8.8 4.8 1.7 1.2 6.0 5.7 4.3
50-75% 1,134,810 6.5 0.5 2.2 1.0 1.3 0.9 0.5 0.6 59.4 5.8 5.6 1.2 1.4 4.7 3.5 4.3
>75% 1,571,297 1.7 0.1 0.6 0.2 0.5 0.1 0.1 0.1 77.4 1.2 12.5 0.2 0.8 0.9 1.7 1.5



 30 

Predicted spatial distribution of aspen and balm CUBIC FOOT volume of trees with a diameter of 5 inches and 
greater.  Maps are constructed using interpolative procedures among FIA plots.  These maps don’t necessarily 
indicate where individual trees of a species are found, but rather where individual trees of a certain species are 
dense enough to represent a large enough volume warranting depiction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: 2010 FIA database provided by USFS, Northern Research Station 

Largetooth aspen Balsam poplar (Balm) Trembling aspen
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Minnesota’s Birch Resource 
 
Paper birch is a relatively short-lived species that requires nearly full sunlight for regeneration.  It can grow in 
nearly pure stands, or as a component in mixed stands.  It comprises the large majority of the volume in the birch 
cover type, but it is also a significant component of several other upland cover types, including aspen.   

 
 
 

   Source: 2014 FIA database provided by USFS, Northern Research Station 
 
 

 
              Source: FIA database provided by USFS, Northern Research Station 
 
Total volume of paper birch has declined since 1990, due largely to serious mortality trends associated with an 
aging resource and stress caused by periodic drought. 
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Source: Harvest data compiled by USFS, Northern Research Station & DNR  
  
DNR estimated long-term annual sustainable harvest level: 371,500 cords/year.  Estimated average net annual 
growth of paper birch growing stock:  -21,800 cords, and estimated average annual mortality of birch growing 
stock: 374,500 cords, based on 2014 FIA data. 

 
Current Demand for Birch from Minnesota Timberlands 

 
                                                                                                                                     Cords 
2013 Harvest……………………………………………………………………………87,000 

• Minnesota Pulpwood Industries………………………………………………..30,300 
• Pulpwood Export (To Wisconsin)...……………..……………………………....7,500 
• Sawlogs & Other………………………………………………………………14,300 
• Fuelwood (from growing stock)….……………………………………………35,000 

 
Source: NRS & DNR Surveys        

 
Resource Opportunities: 

• Birch harvest is well below long-term sustainable levels. 
• Birch in northeastern Minnesota is “fleck-free” (fleck is a common appearance defect in birch), so larger, 

high-quality stems are a fit for veneer markets. 
• Last year, aspen-birch decline occurred on 39,000 acres, most of which were newly declining areas 

relative to the previous year. These stands should be harvested to avoid additional volume losses due to 
top kill and mortality. 

Resource Issues: 
• There is a need to improve ability to consistently regenerate birch stands. 
• Wood quality can be highly variable; from high valued to significant rot in some older birch. 
• A major age class imbalance, with significant volumes of older birch. 
• Birch volume is declining due to mortality from age, drought, bronze birch borer and Armillaria root 

disease. 
• Parts of NE Minnesota are under gypsy moth quarantine. Loggers and mills should contact MN 

Department of Agriculture to learn about compliance agreements. 
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The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 
to a 4 inch top DOB) by percent of basal area per acre that is paper birch ON FIA PLOTS.  This table shows that 
a Birch forest type can differ significantly and provides some idea of what other species can be harvested within 
these forest types.  This is FIA Birch Forest Type.  Acres Statewide provides some idea of the relative nature of 
different percent species compositions within a particular forest type.  Only FIA plots age 20 and older were 
included. 
 

 

 
 
Predicted spatial distribution of paper birch CUBIC FOOT volume of trees with a diameter of 5 inches and 
greater.  Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t necessarily 
indicate where individual trees of a species are found, but rather where individual trees of a certain species are 
dense enough to represent a large enough volume warranting depiction. 

 

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station  

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 148,737 11.7 10.7 4.6 6.0 2.7 1.7 1.3 6.0 16.2 16.0 2.3 0.9 2.0 5.3 7.1 3.2
25-50% 415,660 12.0 3.1 4.5 4.2 1.5 1.1 1.6 3.0 16.0 35.7 0.8 0.6 0.8 5.9 5.2 2.4
50-75% 186,733 8.3 1.9 3.7 1.9 0.9 0.7 0.4 0.4 8.0 60.8 0.7 0.6 0.8 4.1 3.5 2.7
>75% 44,695 7.8 3.2 2.1 0.0 0.0 0.0 0.0 0.0 5.2 73.9 0.9 1.2 2.3 0.2 2.1 1.1

Paper birch
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Minnesota’s Balsam Fir Resource 
 
Based on 2014 FIA data, estimated average net annual growth of balsam fir growing stock: 251,800 cords; 
estimated average annual mortality of balsam fir growing stock: 312,600 cords. 
 
Balsam fir industrial use is similar to that of spruce.  It is used largely for making high quality paper, where it is 
prized for its excellent fiber qualities.  Some is also used by the sawmill industry, mostly in making studs but also 
in small quantities for other types of lumber.  Some fir is also used in making OSB.   
 
Spruce-fir estimated annual sustainable harvest level 705,500 cords/year based on Table C-20 UPM-
Thunderhawk DEIS, average of high aspen A&B scenarios, 40 year planning horizon.   

 
 

 
               Source: Harvest data compiled by USFS, Northern Research Station & DNR. 

 

Current Demand for Balsam Fir from Minnesota Timberlands 
 

                                                                                                                                     Cords 
2013 Harvest…………………………………………………………………………101,900 

• Minnesota Pulpwood Industries……………………………..……....……..…94,900 
• Pulpwood Export (To Wisconsin)…………..……………….........................……34 
• Sawlogs & Other…………………………………………………………..…..7,000 

 
Source: NRS & DNR Surveys 
 
Resource Opportunities 

• 2011 harvest was 168,600 cords and now reduced to 101,900 cords due to reduced pulp markets. 
• High-quality balsam fir has excellent qualities for pulp & paper and stud manufacture. 
• Pre-salvage and salvage operations of fir and white spruce should be occurring now, primarily in western 

Lake and eastern St. Louis counties, since spruce budworm populations have affected spruce/fir forests in 
that locale for approximately three years.  Expect a short-term, local increase in supply. 

 
Resource Issues: 

• Balsam availability dependent on harvest of aspen (39% of balsam fir in ABg type). 
• Balsam fir stands over 45 years of age are susceptible to eventual mortality from repeated outbreaks of 

spruce budworm. Landscapes that have ample forests with high percentages of older balsam fir promote 
and sustain periodic spruce budworm outbreaks. 
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• Age class imbalance. 
• Rot in older stands. High rot levels have a major impact on stand merchantability, and therefore ability to 

manage these stands.  Rot is undesirable for higher-value wood products. 
• Parts of NE Minnesota are under gypsy moth quarantine. Loggers and mills should contact MN 

Department of Agriculture to learn about compliance agreements. 
 

 
Source: 2014 FIA database provided by USFS, Northern Research Station 

 
The cover type is dominated by stands at and above 40 years, making this a relatively old resource for such a 
short-lived species.  Recommended rotation ages can vary with stand productivity and site condition, with 50 
years a common average (stands managed as extended rotations are carried beyond this age).    

 
 

 
Source: FIA database provided by USFS, Northern Research Station 

 
Much of the balsam fir volume in Minnesota (roughly 51%) is found mixed in with the aspen/balm and birch 
cover types, and is therefore tied to aspen and birch harvest.  Total balsam fir volume has dropped significantly 
since 1990. 
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The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 
to a 4 inch top DOB) by percent of basal area per acre that is balsam fir ON FIA PLOTS.  This table shows that a 
Balsam fir forest type can differ significantly and provides some idea of what other species can be harvested 
within these forest types.  This is FIA Balsam fir Forest Type.  Acres Statewide provides some idea of the relative 
nature of different percent species compositions within a particular forest type.  Only FIA plots age 20 and older 
were included. 
 

 

 
 
Predicted spatial distribution of balsam fir CUBIC FOOT volume of trees with a diameter of 5 inches and 
greater.  Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t necessarily 
indicate where individual trees of a species are found, but rather where individual trees of a certain species are 
dense enough to represent a large enough volume warranting depiction. 

 

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station  

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 41,389 3.6 23.0 8.7 23.2 3.0 0.0 5.7 10.9 12.5 5.2 2.2 0.0 0.2 0.9 0.2 0.0
25-50% 134,317 18.0 8.2 7.2 18.1 1.3 3.6 4.5 8.9 12.8 8.3 2.2 0.0 0.0 0.6 2.5 1.1
50-75% 130,688 41.5 5.8 6.2 10.5 0.2 2.3 1.1 6.0 9.8 9.5 1.9 0.0 0.2 2.7 1.1 0.2
>75% 24,169 77.5 0.0 4.3 0.0 0.0 0.0 0.0 0.0 7.0 4.3 1.0 0.0 0.0 5.1 0.9 0.0

Balsam fir
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Minnesota’s Spruce Resource 

 
 

Source: Harvest data compiled by USFS, Northern Research Station & DNR 
 
Spruce-fir estimated annual sustainable harvest level 705,500 cords/year based on Table C-20 UPM-
Thunderhawk DEIS, average of high aspen A&B scenarios, 40 year planning horizon.   Based on the 2014 FIA 
database, estimated average net annual growth of spruce growing stock: 465,700 cords, estimated average annual 
mortality of spruce growing stock: 182,400 cords.  
 

Current Demand for Spruce from Minnesota Timberlands 
 

                                                                                                                                     Cords 
2013 Harvest…………………………………………………………………………253,500 

• Minnesota Pulpwood Industries……………………………………………...183,800 
• Pulpwood Export (To Wisconsin)…..…………………………………………51,800 
• Sawlogs & Other…………………………………..…………………………...17,900 

 
Source: NRS & DNR Surveys 
 
Resource Opportunities 

• High-quality spruce has excellent properties for pulp & paper and stud manufacture.  Along with our 
balsam fir resource, it is the major reason several pulp and paper mills are located in Minnesota. 

• Increasing opportunities for thinning white spruce plantations, as stands move into merchantable size 
classes.  Thinning normally yields excellent quality pulp with little or no loss to rot or decay.   

• Pre-salvage and salvage operations of fir and white spruce should be occurring now, primarily in western 
Lake and eastern St. Louis counties, since spruce budworm populations have affected spruce/fir forests in 
that locale for approximately three years.  Expect a short-term, local increase in supply. 

 
Resource Issues: 

• Many stands have very low volume/acre of spruce. Volume could impact the ability to manage some 
stands. 

• Since black spruce is normally found on lowland sites it’s primarily only accessible during frozen 
conditions.  

• Spruce budworm has caused top kill and mortality on white spruce, including plantations.  This impact 
can be lessened by management activities such as pre-outbreak thinning to maintain stand vigor and by 
discriminating against balsam fir in some mixed stands. 
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• Parts of NE Minnesota are under gypsy moth quarantine. Loggers and mills should contact MN 
Department of Agriculture to learn about compliance agreements. 

• The incidence of eastern dwarf mistletoe in black spruce stands is significant statewide. In black spruce 
stands that are heavily infested, the disease will be difficult, if not impossible, to manage. 

Black Spruce 
 

 
 

                       Source: 2014 FIA database provided by USFS, Northern Research Station 
 
Black spruce cover type acreage is heavily weighted to ages 40 through 80, with a fair amount of acreage also 
above age 100.  Recommended harvest or “rotation” ages can vary with site productivity and site condition from 
50 to 120 years of age, with 80 to 100 years on average.   Stands managed as “extended rotation” are carried 
beyond these ages.  Black spruce exists largely on lowlands, often in nearly pure stands, or mixed with tamarack 
and/or white cedar and a variety of minor associated species.    
 
The State of Minnesota is by far the largest owner of black spruce cover type acres, but counties, private owners 
and our two national forests all have significant acreage.   
 
The vast majority of black and white spruce in Minnesota (over 93%) is used in the making of high quality paper, 
where it is prized for its excellent fiber qualities.  Some is also used by the sawmill industry, mostly in making 
studs but also in small quantities for other types of lumber.  A very small amount of spruce is also used in making 
OSB.   

 
 
 

0

50,000

100,000

150,000

200,000

250,000

0 to
10

11
to
20

21
to
30

31
to
40

41
to
50

51
to
60

61
to
70

71
to
80

81
to
90

91
to

100

100
plus

Ac
re

s

Age Class

Black Spruce Forest Type                                            
Timberland Acres by Owner & Age Class 2014 FIA  

Total Acres in Forest Type: 1,333,300         

Private

County & Municipal

State

All Federal



 39 

 
         Source: FIA database provided by USFS, Northern Research Station 

 
White Spruce 

 
 

 
Source: 2014 FIA database provided by USFS, Northern Research Station 

 
White spruce is a relatively young resource.  The cover type is dominated by stands below the age of 50, many of 
which are in the form of plantations. Many of these stands likely require a first (e.g. ages 25 to 40) or second 
thinning (e.g. ages 35-50). Recommended rotation ages can range from 40 to 90 years, depending on site 
productivity and condition (again, some stands managed as extended rotation are held beyond these ages). White 
spruce is located most often on upland sites, where in natural stands it is commonly found mixed in as a 
component in aspen, birch, balsam fir & pretty much all upland cover types.  A great deal of white spruce volume 
exists as a component in mixed stands of other upland cover types. 
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Source: FIA database provided by USFS, Northern Research Station  
 

The tables below show AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 
to a 4 inch top DOB) by percent of basal area per acre that is black spruce and white spruce ON FIA PLOTS.  
These tables show that these forest types can differ significantly and provides some idea of what other species can 
be harvested within these forest types.  This is FIA Black Spruce, White Spruce Natural, and White Spruce 
Planted Forest Types.  Acres Statewide provides some idea of the relative nature of different percent species 
compositions within a particular forest type.   
 
Black Spruce - Only FIA plots age 35 and older were included. 

 

 
White Spruce Natural - Only FIA plots age 20 and older were included. 

 

 
White Spruce Planted - Only FIA plots age 20 and older were included. 
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Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 38,727 18.6 36.8 0.9 6.5 14.1 5.5 2.2 2.7 4.2 7.5 0.5 0.0 0.0 0.5 0.0 0.0
25-50% 103,866 9.3 30.1 0.3 36.7 3.0 0.1 2.5 7.7 6.9 3.2 0.1 0.0 0.0 0.1 0.0 0.0
50-75% 281,516 2.2 29.4 0.7 58.2 2.1 0.0 0.5 2.4 1.6 2.2 0.1 0.0 0.0 0.4 0.3 0.0
>75% 805,985 0.8 13.8 0.3 82.8 0.4 0.2 0.4 0.4 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 5,286 45.4 0.0 14.7 0.0 0.0 0.0 0.0 8.4 24.8 1.9 2.0 0.0 2.7 0.0 0.0 0.0
25-50% 15,571 13.8 1.8 39.9 4.8 3.5 4.7 0.0 6.4 7.7 10.9 0.0 0.0 4.7 0.0 0.4 0.0
50-75% 10,758 9.9 0.0 72.3 0.4 0.0 3.6 0.0 0.0 3.6 4.0 0.0 0.1 1.5 1.2 2.7 0.0
>75% 20,806 2.1 0.0 92.5 1.2 0.0 0.0 0.0 0.0 2.7 0.5 0.1 0.0 1.0 0.0 0.0 0.0

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 587 12.9 0.0 22.0 21.4 0.0 0.0 0.0 0.0 26.1 17.6 0.0 0.0 0.0 0.0 0.0 0.0
25-50% 8,576 14.3 0.0 53.0 1.3 0.0 3.6 2.7 7.1 12.3 4.0 0.0 0.0 0.0 1.9 0.0 0.0
50-75% 27,418 8.8 1.5 72.5 0.5 0.0 0.0 0.0 0.0 4.5 2.0 0.9 1.3 0.2 1.6 0.9 4.3
>75% 28,177 2.0 0.0 93.2 0.1 0.0 0.0 0.7 0.0 3.1 0.7 0.0 0.0 0.0 0.0 0.0 0.0
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Predicted spatial distribution of black spruce and white spruce CUBIC FOOT volume of trees with a diameter of 5 
inches and greater.  Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t 
necessarily indicate where individual trees of a species are found, but rather where individual trees of a certain 
species are dense enough to represent a large enough volume warranting depiction. 

 

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station   
 
 
 
 

Black spruce White spruce
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Minnesota’s Tamarack Resource 
 
 

 
 

                        Source: Harvest data compiled by USFS, Northern Research Station & DNR 
 
DNR estimated long-term annual sustainable harvest level = 114,800 cords/year. Based on the 2014 FIA database, 
estimated average net annual growth of tamarack growing stock: 150,200 cords, estimated average annual 
mortality of tamarack growing stock: 244,900 cords. 
 

Current Demand for Tamarack from Minnesota Timberlands 
 

                                                                                                                                     Cords 
2013 Harvest…………………………………………………………………….……47,000 

• Minnesota Pulpwood Industries……………………………………………...29,800 
• Pulpwood Export (To Wisconsin)..……………………………………………….51 
• Sawlogs & Other………………………………………………………………1,000 
• Fuelwood……………………………………………………………………..16,100 

 
Source: NRS & DNR Surveys.       
 
Resource Opportunities: 

• Harvest is below long-term sustainable levels. 
• An eastern larch beetle outbreak has killed over 50% of mature trees on at least 103,178 acres since it 

started in 2000. At least 233,402 acres have been impacted to some degree by eastern larch beetle. 
• Lots of standing dead tamarack available now.  Long-term outlook indicates a potential future shortage of 

this cover type. 
Resource Issues: 

• Many stands have low volumes. 
• Serious mortality levels are being experienced statewide, but especially in Koochiching, Beltrami, Lake 

of the Woods and Roseau counties that are caused by eastern larch beetle and are occurring in older 
stands. 

• Winter access only. 
• Inconsistent and varying levels of marketability.  
• Additional market development potential. 
• Emerging markets include woody biomass energy, biochemical extraction and industrial lumber (pallets). 
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Source: 2014 FIA database provided by USFS, Northern Research Station 

 
Tamarack is dominated by “middle-aged” stands, but there is a fair amount of very old tamarack (average rotation 
age= 90).  The State of Minnesota owns close to 54% of the tamarack cover type acreage. 
 
Tamarack is used primarily in the manufacture of Kraft pulp, Arabinogalactan extraction and to a limited extent, 
engineered wood products. Recently, biomass energy facilities have begun to use more tamarack.  Markets for 
tamarack have therefore improved somewhat since the 1990s, and stumpage prices still remain quite low. 

 
 

 
 

            Source: FIA database provided by USFS, Northern Research Station 
 
Total volume of tamarack has risen substantially since 1990. 
The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater to a 
4 inch top DOB) by percent of basal area per acre that is tamarack ON FIA PLOTS.  This table shows that a 
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Tamarack forest type can differ significantly and provides some idea of what other species can be harvested within 
these forest types.  This is FIA Tamarack Forest Type.  Acres Statewide provides some idea of the relative nature of 
different percent species compositions within a particular forest type.  Only FIA plots age 35 and older were included. 

 
 

 
 
Predicted spatial distribution of tamarack CUBIC FOOT volume of trees with a diameter of 5 inches and greater.  
Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t necessarily indicate 
where individual trees of a species are found, but rather where individual trees of a certain species are dense 
enough to represent a large enough volume warranting depiction. 
 

 

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station  

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 31,462 10.3 11.8 0.0 26.1 0.0 0.0 5.4 20.1 0.9 14.1 2.0 0.0 0.0 0.0 9.2 0.0
25-50% 156,723 2.9 52.7 1.0 24.8 0.7 2.1 1.0 11.3 0.8 1.8 0.2 0.0 0.0 0.0 0.5 0.0
50-75% 222,331 0.2 70.7 0.0 21.6 0.3 0.0 0.2 4.5 0.3 0.7 0.1 0.0 0.0 0.4 0.5 0.3
>75% 483,596 0.0 95.1 0.0 3.7 0.0 0.0 0.0 0.5 0.2 0.2 0.0 0.0 0.0 0.0 0.1 0.0

Tamarack



 45 

Minnesota’s Northern Hardwoods Resource 
The northern hardwoods cover type is an assortment of a wide group of species.  The dominant species are the 
shade tolerant sugar maple and basswood.  There are also significant oak, red maple, aspen, and birch volumes. 
 

 
 
Source: 2014 FIA database provided by USFS, Northern Research Station 

 
Source: 2014 FIA database provided by USFS, Northern Research Station 

 
The northern hardwoods cover type is dominated by late “middle aged” stands (average rotation age = 80), many 
of which are in need of thinning in order to promote optimal growth and forest health. Northern hardwoods are 
often managed through periodic “thinning” harvests (or partial cuts), although clearcutting can be an appropriate 
tool in some situations.  The northern hardwoods cover type is owned largely by private landowners.  Continuing 
and improved availability and use of forest management technical assistance to private landowners is therefore a 
critical issue for this type.  Our northern hardwoods cover type has been something of a “neglected” resource for 
many years.  This has largely been due to a history of poor markets for many hardwood species and sizes in much 
of the state.  The market situation for most hardwoods has changed drastically in recent years, however.  Several 
Minnesota pulp and paper and engineered wood product manufacturers have increased the use of maple and other 
hardwoods.    
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Maple                     

 
 

Source: Harvest data compiled by USFS, Northern Research Station & DNR 
 

DNR estimated long-term annual sustainable harvest level = 429,600 cords.  Based on the 2014 FIA database, 
estimated average annual net growth for maple growing stock in Minnesota is 406,300 cords, estimated average 
annual mortality of maple growing stock is 161,500 cords.  

 
Current Demand for Maple from Minnesota Timberlands 

 
                                                                                                                                 Cords 
2013 Harvest……………………………………………………………………..…..149,200 

• Minnesota Pulpwood Industries………………………………….……....….106,300 
• Pulpwood Export (To Wisconsin)..……………………...................................13,500 
• Sawlogs & Other……………………………………………………………....13,900 
• Fuelwood…………………………………………...………………………….15,500 

 
Source: NRS & DNR Surveys.       
 
Resource Opportunities: 

• Harvest is well below long-term sustainable levels. 
• Investments in appropriate harvesting equipment can improve ability to manage this resource. 

 
 Resource Issues: 

• Much of the maple resource is in private ownership. Different logging equipment and intensity of 
management required in multiple-entry management (i.e., partial cutting, uneven-aged management). 

• Parts of NE Minnesota are under gypsy moth quarantine. Logger and mills should contact MN 
Department of Agriculture to learn about compliance agreements. 
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                   Source: 2014 FIA database provided by USFS, Northern Research Station 
        Note: Tree grade 1 = highest quality in the USFS tree grading system 
 
Minnesota’s maple resource is made up of 4 species: sugar maple, red maple, silver maple and black maple. 
Sugar maple in much of Minnesota tends to be of fairly low sawlog quality, due to relatively small size and poor 
form.  We are on the western edge of its natural growing range.  However, some higher quality sugar maple is 
grown in southeastern Minnesota.   
 

Predicted spatial distribution of red maple, sugar maple, and basswood CUBIC FOOT volume of trees with a 
diameter of 5 inches and greater.  Maps are constructed using interpolative procedures among FIA plots.  This 
map doesn’t necessarily indicate where individual trees of a species are found, but rather where individual trees 
of a certain species are dense enough to represent a large enough volume warranting depiction. 
 

 

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

5.0-6.9

7.0-8.9

9.0-10.9

11.0-12.9

13.0-14.9

15.0-16.9

17.0-18.9

19.0-20.9

21.0-28.9

29.0+

Co
rd

s

Diameter

Sugar Maple
Volume of Growing Stock on Timberland

by Diameter and Tree Grade 2014 FIA

Not collected

Tree too small to
grade

Graded but does
not contain
gradeable log
Gradeable log but
does not meet
grade 3 standards
Tree grade 3

Tree grade 2

Tree grade 1

Sugar maple BasswoodRed maple



 48 

Basswood 
 
 

 
 

                        Source: Harvest data compiled by USFS, Northern Research Station & DNR 
 
DNR estimated long-term annual sustainable harvest level = 280,300 cords.  Based on the 2014 FIA database, 
estimated net annual basswood growth: 190,400 cords, estimated annual mortality: 112,200 cords.   
 

Current Demand for Basswood from Minnesota Timberlands 
 

                                                                                                                                       Cords 
2013 Harvest……………………………………………………………………..……27,300 

• Minnesota Pulpwood Industries……………………………………….….…….6,100 
• Pulpwood Export (To Wisconsin)..………………………….………….………4,800 
• Sawlogs & Other……………………………………………………………….12,000 
• Fuelwood……………………………………………………………………..…4,400 

 
Source: NRS & DNR Surveys.       
 
Resource Opportunities 

• Harvest is well below long-term sustainable levels. 
• There are opportunities to improve future basswood volume and quality through investments in 

intermediate stand treatments on private and public lands. 
• Minnesota grows some of the highest quality basswood in the world.  It can be a great fit for “craft” 

woods and other niche markets. 
 

 Resource Issues 
• Much of the basswood resource is in private ownership. 
• Potential for harvest of high-quality stems as “pulpwood” on productive sites prior to their reaching 

sawlog size on private lands.  Important to get quality material to higher-value markets. 
• Different logging equipment and intensity of management required in multiple-entry management (i.e., 

partial cutting, uneven-aged management). 
• Parts of NE Minnesota are under gypsy moth quarantine. Loggers and mills should contact MN 

Department of Agriculture to learn about compliance agreements. 
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       Source: 2014 FIA database provided by USFS, Northern Research Station. 
        Note: Tree grade 1 = highest quality in the USFS tree grading system 

 

Basswood is capable of producing a large percentage of high-quality sawlog and veneer material on good 
sites in Minnesota. 
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Minnesota’s Oak Resource 
 
 

 
                        Source: Harvest data compiled by USFS, Northern Research Station & DNR 

 
The oak cover type is dominated by late “middle aged” stands (average rotation age = 80 to 100).  The oak 
resource is largely owned by private landowners. 

 
Current Demand for Oak from Minnesota Timberlands 

 
                                                                                                                                      Cords 
2013 Harvest………………………………………………………………….……122,200 

• Minnesota Pulpwood Industries…………………………………………..……….0 
• Pulpwood Export (To Wisconsin)..……………………..…………….....……1,200 
• Sawlogs & Other……………………………………………………….…….60,300 
• Fuelwood………………………………………………………………….….60,700 

 
Source: NRS & DNR Surveys.       
 
Resource Opportunities: 

• Some high quality sawlog and veneer red oak is grown on good sites in Minnesota.   
• There are opportunities to improve future oak volume and quality through investments in intermediate 

stand treatments on private and public lands. 
 

Resource Issues: 
• High quality red oak sawlog resource continues to decline. 
• Gypsy moth is making its way into Minnesota. It will likely have a negative impact on the oak resource 

where forests are primarily comprised of oak and are on shallow or sandy soils. We are still many years 
away from this initial impact. 

• Oak wilt is a preventable disease that is continuing to be found further north in Minnesota. Controlling 
oak wilt is possible but costly. 

• Where oak dominates stands, avoid harvesting during and after severe droughts or defoliation events. 
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Source: 2014 FIA database provided by USFS, Northern Research Station 

 
Oak is a tremendously important cover type and species in a large portion of Minnesota.  Many wildlife species 
commonly use acorns as part of their diet, and oaks also can provide excellent den opportunities. Additionally, it 
is the largest volume species produced by many sawmills, especially those in the southern 2/3 of the state. 
 
DNR estimated long-term annual sustainable harvest level for oak = 499,300 cords.  Based on 2014 FIA data, 
estimated net annual oak growth: 539,300 cords; estimated annual oak mortality: 236,100 cords. 

 

 
Source: 2014 FIA database provided by USFS, Northern Research Station (includes black oak, northern  

   pin oak, and northern red oak).  
   Note: Tree grade 1 = highest quality in the USFS tree grading system 

 
Some high quality sawlog and veneer red oak is grown on good sites in Minnesota.   
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The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 
to a 4 inch top DOB) by percent of basal area per acre that is Oak ON FIA PLOTS.  This table shows that an Oak 
forest type can differ significantly and provides some idea of what other species can be harvested within these 
forest types.  This is FIA Oak Forest Type.  Acres Statewide provides some idea of the relative nature of different 
percent species compositions within a particular forest type.  Only FIA plots age 20 and older were included. 

 
 

 
 
Predicted spatial distribution of northern red oak and northern pin oak (red oak family) and bur oak and white 
oak (white oak) CUBIC FOOT volume of trees with a diameter of 5 inches and greater.  Maps are constructed 
using interpolative procedures among FIA plots.  This map doesn’t necessarily indicate where individual trees of 
a species are found, but rather where individual trees of a certain species are dense enough to represent a large 
enough volume warranting depiction. 

 
 

 
Source: 2010 FIA database provided by USFS, Northern Research Station   

 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 336,261 0.4 0.4 0.0 0.0 0.3 1.4 0.5 0.1 11.8 3.9 0.8 34.2 7.5 4.4 7.4 9.4
25-50% 333,073 0.2 0.0 1.1 0.0 0.7 0.5 1.2 0.0 12.2 5.1 0.2 12.7 3.2 6.8 5.5 43.4
50-75% 397,706 0.2 0.0 0.1 0.0 0.5 0.2 0.0 0.0 8.9 2.6 0.1 4.0 3.2 3.5 2.5 68.4
>75% 289,061 0.1 0.0 0.1 0.0 0.5 0.0 0.0 0.0 1.7 0.8 0.0 0.6 0.9 1.0 1.0 91.4

Northern red oak Northern pin oak

White oakBur oak



 53 

 
 

Minnesota’s Lowland Hardwoods Resource 

 
 

Source: 2014 FIA database provided by USFS, Northern Research Station 
 
The lowland hardwoods cover type is made up of a variety of species.  Most prevalent are black ash, green ash, 
silver maple, and boxelder. 

 
 
 

                        Source: 2014 FIA database provided by USFS, Northern Research Station 
 
The lowland hardwood cover type is dominated by late “middle age” stands.  A common rotation age for black 
ash is 90 years.  
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Minnesota’s Ash Resource 
 

 
 

Source: Harvest data compiled by USFS, Northern Research Station & DNR 
 
Ash has not historically had a consistent pulpwood market although several mills have increased the use of ash in 
recent years.  DNR estimated long-term annual sustainable harvest level for ash = 353,600 cords.  Based on 2014 
FIA data, estimated net annual ash growth: 444,900 cords; estimated annual mortality: 180,700 cords. 

 
 

 
 

                 Source: 2014 FIA database provided by USFS, Northern Research Station 
    Note: Tree grade 1 = highest quality in the USFS tree grading system 

 
Of the ash species found in Minnesota (black, green and white), black ash has by far the largest volume. 
Minnesota’s ash resource is dominated by smaller diameter material.  This has an impact on processing 
opportunities: specifically, much of the ash resource is a good fit for pulpwood mills.  A modest amount of high 
quality sawlog and veneer ash is grown in Minnesota. 
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Current Demand for Ash from Minnesota Timberlands 
 

                                                                                                                                     Cords 
2013 Harvest………………………………………………………………………...71,500 

• Minnesota Pulpwood Industries……………………………………………..18,000 
• Pulpwood Export (To Wisconsin)…...………………………………....……..5,300 
• Sawlogs & Other (including fuel)………………………………….………..48,300 

 
Source: NRS & DNR Surveys.       
 
Resource Opportunities 

• Harvest is well below long-term sustainable levels. 
• Winter harvest season predominately. 
• Before emerald ash borer moves in, it’s the best time to log and merchandize ash. 
• We are expecting significant mortality wherever emerald ash borer occurs and hence the supply of ash to 

keep increasing in the early- to mid-term. 
 

Resource Issues 
• Serious health concerns in black ash. 
• Sorting high quality ash for highest value markets. 
• Invasive emerald ash borer found in Minnesota. 
• Several counties are under emerald ash borer quarantine. Loggers and mills should contact MN 

Department of Agriculture to obtain information about compliance agreements for moving ash products 
and hardwood firewood. 

• Dutch elm disease continues to take its toll on elms > 5”dbh, making elms an unlikely replacement 
species for black ash in the short and mid-term. 

 
Predicted spatial distribution of black ash, green ash, and white ash CUBIC FOOT volume of trees with a diameter of 
5 inches and greater.  Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t 
necessarily indicate where individual trees of a species are found, but rather where individual trees of a certain 
species are dense enough to represent a large enough volume warranting depiction. 

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station  

Black ash Green ash White ash
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Minnesota’s Pine Resource 
 

Red Pine 
 
 

 
Source: 2014 FIA database provided by USFS, Northern Research Station 

 
Red pine is a type dominated by young age classes, much of which is in the form of plantations in need of 
periodic thinning.  Much of the resource is owned by the federal government and private landowners. 

 

 
 

Source: FIA database provided by USFS, Northern Research Station 
 

Volume of red pine has increased greatly since 1990 as many plantations have reached merchantable sizes.   
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                        Source: Harvest data compiled by USFS, Northern Research Station & DNR 

 
DNR estimated long-term annual all-ownership sustainable harvest level is approximately 345,000 cords*.  
Based on 2014 FIA data, average net annual growth of red pine growing stock: 586,400 cords; average annual 
mortality: 22,900 cords. 
* Short-term sustainable level of 345,000 cords will continue to rise for at least 30 years as the cover type ages and 
available volume for thinning increases.  Also: intensified thinning present an additional opportunity to raise sustainable 
levels by providing added stand growth. 
           
 
Resource Opportunities 
 

• Many red pine stands are moving into size classes that will benefit from additional thinning. 
• Red pine plantations demonstrate excellent response to various management techniques.  Following 

basal area recommendations and thinning from below, or above, or in combination, can maintain 
stand productivity. 

• Increasing severity and frequency of droughts will allow bark beetles to chip away at the red pine 
supply, especially along the western edge of the red pine range. 

• Avoid thinning pines during and after severe droughts to minimize mortality.  
• Parts of NE Minnesota are under gypsy moth quarantine. Loggers and mills should contact MN 

Department of Agriculture to learn about compliance agreements. 
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Source: 2014 FIA database provided by USFS, Northern Research Station 
Note: Tree grade 1 = highest quality in the USFS tree grading system 

 
The tables below show AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 
to a 4 inch top DOB) by percent of basal area per acre that is Red Pine ON FIA PLOTS.  These tables show that 
these forest types can differ significantly and provides some idea of what other species can be harvested within 
these forest types.  This is FIA Red Pine Forest Type.  Acres Statewide provides some idea of the relative nature 
of different percent species compositions within a particular forest type.  Only FIA plots age 20 and older were 
included. 
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Percent 
of BAA 
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Statewide
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Black 
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Jack 
Pine Red Pine

Eastern 
White 
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White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 85,045 0.9 0.0 2.7 0.9 40.1 8.0 3.5 0.4 23.7 6.7 0.0 0.0 0.3 3.0 0.3 9.1
25-50% 75,373 1.8 0.0 3.2 0.8 5.1 49.9 9.7 0.0 15.5 7.7 0.0 0.3 0.0 2.0 0.0 3.9
50-75% 66,204 4.0 0.0 0.9 0.4 6.1 70.0 6.8 0.0 4.7 3.4 0.0 0.0 0.0 1.4 0.0 1.5
>75% 44,638 0.9 0.0 0.5 0.1 0.9 93.8 1.7 0.0 0.7 0.8 0.2 0.0 0.0 0.2 0.0 0.2
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< 25% 4,283 26.8 0.0 0.0 0.0 45.8 4.4 0.0 0.0 23.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25-50% 22,563 2.6 0.0 0.4 1.0 1.1 52.3 7.4 0.0 14.2 7.3 0.0 0.6 0.2 8.6 0.1 1.8
50-75% 98,344 2.0 0.0 3.9 1.1 5.6 70.4 4.9 0.3 6.3 2.4 0.9 0.0 0.0 0.5 0.0 1.5
>75% 167,633 0.7 0.0 0.5 0.1 1.7 94.4 0.1 0.0 1.7 0.3 0.1 0.0 0.1 0.0 0.0 0.1
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Predicted spatial distribution of red pine CUBIC FOOT volume of trees with a diameter of 5 inches and greater.  
Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t necessarily indicate where 
individual trees of a species are found, but rather where individual trees of a certain species are dense enough to 
represent a large enough volume warranting depiction. 

 

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station  

Red pine
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 Jack Pine 
 
 

 
 

                       Source: 2014 FIA database provided by USFS, Northern Research Station  
Ownership of the jack pine resource is well-distributed between the major ownership groups.  Private landowners 
control the largest total acreage, but the federal government has by far the largest resource as a proportion of its 
total ownership.  The jack pine cover type is heavily weighted to the 21 to 60 year age classes.  Many stands over 
age 50 are in need of management at the present time.  Periodic jack pine budworm outbreaks occur in older 
stands, which can result in heavy mortality.   
 
The accelerated harvest rates of the mid-2000s were necessary and prudent for forest health management 
purposes, but they were not sustainable for the long term.  Jack pine harvest levels recently began a downward 
trend, but may be leveling off.  The volume “slack” caused by the reduction in jack pine can be made up with 
increased thinning of the young red pine resource.  Periodic outbreaks of jack pine budworm in west-central 
counties cause mortality; the current outbreak started in 2015. It will last through about 2019 and make more jack 
pine available.  
 
Based on 2014 USFS FIA data, average net annual growth of jack pine growing stock: 85,500 cords; average 
annual mortality of jack pine growing stock: 75,600 cords.   
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                        Source: Harvest data compiled by USFS, Northern Research Station & DNR 

 

 
 
Source: FIA database provided by USFS, Northern Research Station 

 
Jack pine total volume of all live has declined from 7,266,000 cords in 1990 to 3,879,500 cords in 2014 – a 47% 
decrease.    
 
The vast majority of jack pine volume is found in trees with diameters smaller than 15 inches. 
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The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 
to a 4 inch top DOB) by percent of basal area per acre that is Jack Pine ON FIA PLOTS.  This table shows that a 
Jack pine forest type can differ significantly and provides some idea of what other species can be harvested within 
these forest types.  This is FIA Jack Pine Forest Type.  Acres Statewide provides some idea of the relative nature 
of different percent species compositions within a particular forest type.  Only FIA plots age 20 and older were 
included. 
 

 

 
 
Predicted spatial distribution of jack pine CUBIC FOOT volume of trees with a diameter of 5 inches and greater.  
Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t necessarily indicate where 
individual trees of a species are found, but rather where individual trees of a certain species are dense enough to 
represent a large enough volume warranting depiction. 

 

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station   
 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 12,046 8.0 0.0 0.0 0.0 8.2 24.9 6.6 0.0 24.8 2.2 0.1 0.0 0.0 0.0 0.0 24.5
25-50% 65,913 9.1 0.0 3.5 12.6 43.3 11.8 3.2 0.5 8.9 5.2 0.8 0.0 0.0 0.6 0.1 0.2
50-75% 67,021 4.5 1.3 1.5 3.8 68.5 5.2 3.2 0.0 6.7 3.9 0.0 0.0 0.5 0.1 0.6 0.1
>75% 70,995 2.7 0.1 0.4 1.9 89.2 1.8 0.0 0.0 3.4 0.2 0.0 0.0 0.0 0.0 0.0 0.3
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White Pine 
 
 

 
Source: 2014 FIA database provided by USFS, Northern Research Station  

 
The cover type is heavily weighted to age classes of 60 years plus.   National forests and private landowners are 
by far the predominant ownership groups for the white pine cover type. 

   
 

 
                         Source: MN DNR sawmill surveys  

 
Most white pine volume occurs in the white pine, red pine, aspen and northern hardwoods cover types.  The vast 
majority of white pine volume is in trees with diameters greater than 15 inches.  Volume has increased 
substantially since the 1990 inventory.  Based on 2014 FIA data, average net annual growth of white pine 
growing stock:  189,300 cords; average annual mortality: 39,000 cords. 
 
Changes in climate may reduce white pine blister rust in parts of the state leading to more white pine in the long 
term. 
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Source: FIA database provided by USFS, Northern Research Station 
 
 

 
 

Source: 2014 FIA database provided by USFS, Northern Research Station 
    Note: Tree grade 1 = highest quality in the USFS tree grading system 
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The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 
to a 4 inch top DOB) by percent of basal area per acre that is White Pine ON FIA PLOTS.  This table shows that 
a White pine forest type can differ significantly and provides some idea of what other species can be harvested 
within these forest types.  This is FIA White Pine Forest Type.  Acres Statewide provides some idea of the relative 
nature of different percent species compositions within a particular forest type.  Only FIA plots age 20 and older 
were included. 
 

 

 
 

Predicted spatial distribution of eastern white pine CUBIC FOOT volume of trees with a diameter of 5 inches and 
greater.  Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t necessarily 
indicate where individual trees of a species are found, but rather where individual trees of a certain species are dense 
enough to represent a large enough volume warranting depiction. 

 

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station  

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 10,781 7.2 0.0 8.9 0.0 0.3 24.5 20.1 0.0 3.9 4.8 0.9 0.0 0.2 3.5 4.2 21.3
25-50% 72,059 1.3 0.5 1.7 1.4 5.8 11.4 47.6 0.0 11.4 4.9 0.2 1.4 0.0 3.2 0.4 7.8
50-75% 49,493 2.2 0.4 4.1 0.5 1.0 8.0 67.9 0.0 3.4 3.5 0.0 0.2 0.0 3.1 0.1 3.9
>75% 12,996 14.3 0.0 0.0 2.3 0.0 0.4 81.9 0.0 0.4 0.0 0.0 0.0 0.1 0.0 0.0 0.2

Eastern white pine
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Minnesota’s White Cedar Resource 
 

Northern white cedar is a slow-growing, long-lived conifer. The white cedar cover type in Minnesota is located 
largely in the northeastern 1/3 of the state and is made up of a variety of species.  Cover type volume is dominated 
by white cedar, but includes spruce, tamarack, birch, balsam fir, ash and several other minor species.  Significant 
volumes of cedar can also be found mixed with other lowland cover types and it also exists as a minor component 
of some upland cover types.  Cedar is significant because it provides critical habitat for white-tailed deer and for 
many rare plant species including the threatened ram’s head orchid, and because it is a potentially valuable timber 
resource. 

 
 

Source: 2014 FIA database provided by USFS, Northern Research Station 
 
White cedar is generally an old resource, and it is getting older: around 304,000 cover type acres exist in stands 
over age 100, with less than 7,300 cover type acres below age 30.   Much of the white cedar resource exists on 
very wet sites, many of which have low productivity and slow growth.  High amounts of heart rot are common in 
older stands on wet sites.  Much of the volume of white cedar is contained in material below 13 inches in 
diameter.           

 
 
 

 
                        Source: Harvest data compiled by USFS, Northern Research Station & DNR 
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With no pulpwood market for cedar, the small amount of utilization is entirely for sawtimber, specialty products 
and a small amount of fuelwood.  Net annual growth for white cedar growing stock is approximately 269,800 
cords, and average annual mortality is approximately 53,000 cords, according to the 2014 FIA inventory.  Annual 
harvest is around 5,000 cords, so there is a great deal of potential in the resource for more utilization and 
management, if regeneration issues can be solved. 

 
 

 
 

Source: FIA database provided by USFS, Northern Research Station 
 
Resource Opportunities: 

• Cedar can be a great fit for some value-added products due to its natural decay resistance. 
• Product markets include post & poles, railings and rough lumber. 

 
Resource Issues 

• White cedar has been somewhat of a “neglected” resource for many years.  Probably the single biggest 
reason for this is an inability to consistently regenerate it on many sites.  Cedar is in need of greater 
research efforts in regeneration techniques. 

• Use of white cedar for industrial products is very modest.  There is no pulpwood market for cedar.  The 
modest amount of utilization in Minnesota is essentially entirely for sawtimber, specialty products and a 
small amount for fuelwood. 

• Cedar has tremendous importance for wildlife habitat and ecological diversity. 
• Cedar is very long-lived, and can be difficult to regenerate naturally. 
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The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 
to a 4 inch top DOB) by percent of basal area per acre that is Northern White Cedar ON FIA PLOTS.  This table 
shows that a NWC forest type can differ significantly and provides some idea of what other species can be 
harvested within these forest types.  This is FIA NWC Forest Type.  Acres Statewide provides some idea of the 
relative nature of different percent species compositions within a particular forest type.  Only FIA plots age 35 
and older were included. 

 
 

 
 
Predicted spatial distribution of northern white cedar CUBIC FOOT volume of trees with a diameter of 5 inches 
and greater.  Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t 
necessarily indicate where individual trees of a species are found, but rather where individual trees of a certain 
species are dense enough to represent a large enough volume warranting depiction. 

 

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station    

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 3,361 7.0 0.0 0.0 0.0 0.0 0.0 0.0 11.9 42.2 0.0 7.8 0.0 25.3 0.0 5.8 0.0
25-50% 82,759 6.6 10.3 1.9 11.2 0.0 0.0 1.9 46.2 4.6 10.1 1.7 0.0 0.0 1.2 2.7 0.0
50-75% 253,045 5.3 8.1 1.5 5.5 0.0 0.2 0.6 67.6 2.0 4.5 0.9 0.0 0.1 0.1 3.0 0.0
>75% 253,418 2.1 3.4 0.2 2.6 0.0 0.0 0.0 87.4 0.2 1.9 0.4 0.0 0.0 0.0 1.2 0.0

Northern white cedar
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Timber Price 
Information 

 
 

 
 
Average Prices Received by Product for Stumpage Sold by Public Land Agencies in Minnesota: 
2000-2014 
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Average Prices Received for Stumpage Sold  
by Public Land Agencies in Minnesota: 2000-2014 

 
Notes:  
• Average prices based on those reported by Minnesota Counties (Aitkin, Becker, Beltrami, Carlton, Cass, 

Clearwater, Crow Wing, Hubbard, Itasca, Koochiching, Lake, Pine, St. Louis, and Wadena), USDA 
Chippewa and Superior National Forests, USDI Bureau of Indian Affairs, and Minnesota DNR- Division of 
Forestry.  Agency specific prices are available on the DNR website, in the annual  “Minnesota Public 
Stumpage Price Review” at http://www.dnr.state.mn.us/forestry/timbersales/stumpage.html 

• Reporting agencies have different fiscal years and different product specifications.  Some agencies report their 
data based on appraised volume estimates, others report based on actual scale receipts.  All prices presented as 
reported.  

• The reported sales data includes numerous different products and units of measure. Conversion factors used: 
500 BF/ Cd for hardwoods, 400 BF/ Cd for softwoods.   

• Use caution when comparing prices shown in these tables with actual prices received or expected on any 
specific timber sale.   For recent timber stumpage prices, readers can go to the DNR website and view recent 
auction results at http://www.dnr.state.mn.us/forestry/timbersales/index.html.  

 
 

 
 
In 2014, across all species and as reported on public lands, a total of 61,799 tons of biomass was sold for 
bioenergy consumption with an average price of $1.07 per ton. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Species 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Aspen 25.28 28.76 27.36 28.95 37.20 59.70 47.52 27.50 26.14 23.07 25.16 25.55 25.58 24.99 30.62
Balm 25.27 32.06 27.53 25.12 31.71 45.25 38.85 17.00 21.18 20.83 21.22 20.01 22.77 20.56 24.80
Birch 7.69 8.31 8.16 9.04 12.21 20.57 14.76 9.68 9.06 9.17 8.48 9.41 9.31 8.44 9.89
Ash 4.09 3.91 5.86 3.62 5.51 5.43 8.22 6.21 6.86 8.73 6.97 7.41 6.26 6.62 6.82
Oak 9.27 7.74 5.77 4.35 8.28 16.28 18.27 16.23 8.39 15.32 13.41 11.29 11.69 15.44 13.10
Basswood 5.68 5.48 6.51 6.05 6.58 10.64 8.06 10.35 7.41 8.10 7.50 7.58 6.61 9.16 8.82
Balsam Fir 14.84 14.61 13.99 13.46 21.12 33.54 30.56 18.36 15.98 14.67 16.10 17.91 14.19 9.86 10.62
W. Spruce 32.63 29.90 30.51 21.87 31.80 43.39 35.06* 21.49 18.69* 17.91 15.12 17.57 16.55
B. Spruce 22.23 29.17 27.05 31.96 31.50 43.39 35.06* 21.49 20.05 23.14 17.77 19.22 16.80
Tamarack 5.67 6.40 4.11 4.56 6.42 9.84 5.96 3.18 4.61 5.01 5.03 5.51 6.20 5.05 5.40
W. Cedar 8.46 6.74 7.06 4.68 4.60 5.50 9.26 6.39 4.10 5.44 6.19 8.21 5.12 7.86 5.30
J. Pine 21.94 21.63 22.18 21.37 29.46 30.66 37.62 28.50 9.87 13.02 17.21 8.06 16.03 13.50 13.41
R&W Pine 18.61 20.79 20.99 19.55 19.18 29.06 36.59 27.15 11.99 16.22 9.08 18.06 10.33 15.44 12.59
Maple --- --- --- --- --- 13.30 7.98 7.91 8.86 8.06 9.21 8.99 8.18 9.91 9.82

17.44*

Pulpwood ($ per cord)

---Insufficient data.

21.58*

* Spruce Species
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Species 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Aspen 28.66 34.33 30.80 34.52 40.94 65.14 45.58 28.44 37.63 36.79 --- --- --- --- 36.16
Balm 25.41 32.57 28.35 28.21 34.15 47.09 34.73 23.70 --- --- --- --- --- --- ---
Birch 9.45 10.40 10.18 12.61 16.28 24.99 17.70 10.99 16.30 13.01 14.48 15.54 14.24 15.17 15.31
Ash 10.01 11.52 10.01 9.84 13.42 21.76 12.98 7.65 20.96 10.10 17.41 18.23 18.39 15.81 11.59
Oak 25.35 24.33 32.32 34.50 26.26 42.24 25.47 20.85 22.12 21.25 21.49 19.95 20.45 22.20 23.62
Basswood 17.00 18.87 16.94 18.34 19.46 23.89 18.21 10.98 16.87 11.62 13.15 10.70 11.58 13.78 12.03
Balsam Fir 19.87 24.01 20.53 23.04 26.76 41.38 30.57 21.47 22.77 21.91 23.44 20.39 20.78 16.65 17.93
W. Spruce 34.25 33.84 34.88 35.86 41.67 48.03 31.38 30.29 28.82 24.99 24.00 25.48 29.57
B. Spruce 23.04 30.01 27.65 31.96 32.88 48.03 31.38 30.29 --- --- 26.91 24.65 27.90
Tamarack 6.60 7.37 4.55 5.21 6.96 10.07 9.31 5.40 --- --- --- --- 16.57 12.75 15.54
W. Cedar 8.32 8.68 7.91 6.16 5.98 7.47 13.48 9.35 13.98 11.65 --- --- --- --- 13.04
J. Pine 30.39 37.95 36.76 38.20 41.75 50.81 49.49 32.07 30.28 25.41 28.34 28.03 29.84 27.31 32.06
R&W Pine 53.35 43.89 40.01 39.13 39.76 55.17 45.98 33.52 27.51 29.32 31.04 36.36 31.87 40.38 42.73
Maple --- --- --- --- --- 16.30 12.36 8.30 17.59 16.59 17.41 13.86 12.94 13.76 13.57

** Spruce Species
---Insufficient data.

Pulp & Bolts in Combination*
($ per cord)

23.37** 26.54**

*A bolt is defined as a short log, usually 100” length, with a specific minimum top diameter, generally sawn for lumber.

 Species 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
 Aspen 102.28 114.11 103.19 109.91 128.77 190.44 --- --- 43.64 51.11 33.67 52.11 53.48 53.12 ---
 Birch 43.17 50.48 55.87 72.34 94.41 128.30 52.06 27.24 32.04 19.82 38.92 42.15 35.70 36.97 47.04
 Ash 71.39 81.97 66.85 76.60 99.56 144.62 --- 38.21 42.41 51.89 56.27 58.09 36.12 34.06 73.41
 Elm --- 44.10 69.00 62.08 53.82 86.52 --- 85.22 60.08 53.99 45.08 60.43 42.45 41.41 42.19
 Oak** 109.53 118.72 151.77 150.04 145.57 185.90 378.03 182.83 271.04 193.61 243.09 232.20 225.36 274.54 411.34
 Basswood 70.25 81.24 80.43 94.47 112.30 133.10 124.73 97.73 97.33 66.24 63.47 66.11 55.87 54.44 68.87
 Balsam Fir 120.65 144.20 136.32 145.47 167.74 244.43 --- 76.47 72.75 58.34 --- --- --- 66.51 ---
 Spruce 90.00 91.27 94.95 101.81 131.34 204.73 113.02 96.41 81.57 87.05 102.15 64.23 83.12 87.57 61.12
 W. Cedar 19.96 30.46 29.43 24.73 27.34 26.38 153.14 --- --- --- --- --- --- --- ---
 J. Pine 114.86 154.35 155.76 135.43 168.66 184.79 124.11 115.21 109.95 106.19 --- 145.76 138.95 112.00 89.56
 R&W Pine 176.01 170.13 153.78 153.10 139.41 181.21 143.45 114.04 119.51 107.40 123.36 140.45 121.15 126.48 146.80
 Maple --- --- --- --- --- 131.53 206.45 137.17 150.62 81.48 219.83 160.78 292.13 70.92 406.70

($ per Thousand Board Feet)*
Sawtimber

*Includes veneer for certain hardwood species.
**Primarily from public lands in Southeastern Minnesota.
---Insufficient data.
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Glossary 
 

BIA – Bureau of Indian Affairs 
 
Cover Type – A classification of forest land, typically an individual stand, based on the species forming a 
plurality of live tree stocking. 
 
CSA – Cooperative Stand Assessment.  This is the inventory system used on state-owned land.  Different 
vegetative stands are mapped using aerial photography and ground checks.  Variable radius sample plots are 
distributed throughout each cover type and measured on the ground.  A variety of information on stand condition 
is collected.  Variables such as timber volumes, species mixes and insect and disease damage for the state forest 
and wildlife management areas can be determined using CSA data. 
 
Cull – Portions of a tree that are unusable for industrial wood products because of rot, form, missing or dead 
material, or other defect. 
 
FIA – Forest Inventory & Analysis.  In this inventory, permanent plots are remeasured.  Under an older system, 
where all existing FIA plots were measured during the same year, field remeasurements were last completed in 
1977 and 1990.  A new system is now used.  Rather than measuring all plots during one year, basically 20% of all 
plots are remeasured annually, referred to as a panel.  Hence, all existing plots are remeasured during a five-year 
period, referred to as a cycle.  Three complete cycles have been completed, Cycle 12 (panels of 1999, 2000, 2001, 
2002, and 2003), Cycle 13 (panels of 2004, 2005, 2006, 2007, and 2008), and Cycle 14 (panels of 2009, 2010, 
2011, 2012, and 2013).  A fourth cycle has begun (panel of 2014).  FIA is a cooperative effort between the USDA 
Forest Service and Minnesota DNR.   
 
FIA provides extremely important information on the condition of the forest resource.  Variables such as timber 
volumes, species mixes, and changes to the forest resource over time can all be determined using FIA data.  It is 
the only way to track condition and changes over time for non-industrial private woodlands and is the only way to 
get comprehensive data across all ownerships.   
 
Growing Stock Trees – Live trees of commercial species excluding cull trees. 
   
MAI – Mean Annual Increment.   The average annual change in volume of a stand at a specified point in time.  
MAI changes with different growth phases in a tree’s life, generally being highest in the middle ages & 
decreasing with age.  The point at which MAI peaks is sometimes used as a guide to identify biological maturity 
and a stand’s readiness for harvesting. 
 
NRS – Northern Research Station.  This is where the FIA unit of the USFS is located.  These are the folks that, in 
cooperation with state DNR, accomplish the FIA inventory and Timber Product Output surveys.  Without them, 
very little of the information in this document would be available.   
 
NIPF – Non-Industrial Private Forest Land.  Forest land owned privately by people or groups not involved in 
forest industry.  More recently referred to by some as Family Forest Owners. 
 
Primary Forest Industry Manufacturers – Refers to initial processors of trees, including producers of 1. Solid 
wood products (lumber, veneer), 2.  Engineered wood products, 3. Pulp and paper, 4.  Specialty products, and 5.  
Wood energy.  These primary products are often inputs into “secondary” or “value-added” products.    
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Glossary (continued) 
 
Pulpwood – Wood that is harvested and used by primary mills that make products from reconstituted wood fiber.  
In addition to wood pulp, this includes particleboard and engineered lumber products made from chips, shavings, 
wafers, flakes, strands and sawdust. 
 
Real Estate Investment Trust (REIT) – an organization that acquires and manages income producing real estate 
such as timberlands.  Several criteria must be met to qualify as a REIT, one important requirement is that at least 
90% of its taxable income must be distributed to shareholders in the form of dividends.  A REIT structure is 
advantageous for many reasons, a large one is that earnings are considered capital gains which are taxed at a 
maximum rate of 15%, as opposed to corporate income tax rates such as 35%. 
 
Rotation Age – Age at which a stand is generally considered mature and ready for harvest.  This age can vary 
depending upon ownership objectives, e.g., desired products, previous treatments (such as thinning), economic 
and market conditions, and other considerations such as the forest age class distribution and wildlife habitat 
values.  In reality, stands may be harvested earlier, at or beyond the specified rotation age. 
 
Sawtimber – Wood that is harvested and used by sawmills. 
 
Secondary Forest Industry Manufacturers – Are those that use inputs from primary industry such as lumber to 
further process or manufacture “value-added” products such as cabinets, pallets and many others.   

 
Stumpage – The amount paid to the landowner for the right to cut and remove specified standing timber. 
 
Timberland – Forest land that is producing, or is capable of producing, more than 20 cubic feet per acre per year 
of industrial wood crops, that is not withdrawn from timber utilization by policy or law. 
 
Timberland Investment Management Organization (TIMO) – an organization that acquires and manages 
timberland investments on behalf of others.  Although these organizations generally possess large amounts of 
acreage, they differ from REITs and vertically-integrated timberland-owning companies in that they hold 
timberlands for the financial value of the land and timber rather than as a source of raw material for company-
owned mills. 
 
USDA – United States Department of Agriculture. 
 
USFS – United States Department of Agriculture - Forest Service. 
 

Conversion Factors 

Conversion factors used in the preparation of this report: 
 
1 cord = 500 board feet 
1 cord = 79 cubic feet 
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Minnesota’s Forest Resources 
     Revised 05/15    

  

Preface 
This report is compiled annually by Minnesota DNR – Forestry Division, Resource Assessment and 

Utilization & Marketing Program staff.  Publication began in the mid 1980s by John Krantz, former 

Utilization & Marketing Program Coordinator and has recently been overseen by Keith Jacobson.  The 

report is intended to answer frequently asked questions about Minnesota’s forest resources such as: current 

conditions and trends in forest resources, and forest resource industrial use.   Foresters, other natural 

resource managers, planners, forest industry, and forest policy makers will find items of interest in these 

pages.   
 

We thank those who cooperated in providing and updating information for this report.  They include many 

of Minnesota’s wood product companies, Minnesota DNR staff (particularly Jana Albers, Mike Albers, Don 

Deckard, Anna Dirkswager, and Brian Schwingle), and the USDA Forest Service Forest Inventory and 

Analysis (FIA) unit.  All FIA summary data was obtained from FIADB version 1.5.1.06.   
 

 

Resource and Industry Highlights:  

 Overall net growth for all species continued to outpace harvest levels. According to 2013 FIA figures, 

annual net growth of growing stock on timberland was approximately 5.1 million cords, with mortality 

of approximately 3.9 million cords.   

 According to Draft 2012 mill and fuelwood survey data, the volume of wood harvested and utilized by 

industry and fuelwood users was approximately 2.93 million cords.  Hence, the FIA volumes of net 

growth are significantly above the current harvest levels providing a surplus of wood potentially 

available for additional harvest. 

o Pulpwood harvests of 2012 are down by nearly 850,000 cords compared to 2005 levels, 

resulting in opportunities (and need) for additional utilization and management. 

o Reduction in harvests since 2005 due to mill closures. 

o Two additional primary pulpwood consumers closed in 2012. 

o The private timberlands acreage offers the largest opportunity for increased timber harvest.  

 The strengthening of the economy, including the housing industry, has allowed several of the primary 

mills and saw mills to make capital investments during 2012-2013 which will provide for improved 

efficiencies, expanded product markets and increased production. 

 Current trends (2014) in Minnesota’s pulpwood harvests indicate an increase in pulpwood production 

as a result of industry’s changes with species use, incremental growth in production and increases in 

pulpwood exports to Wisconsin.  Total imports of pulpwood are declining slightly. 

 

Harvest levels: Total wood harvested and utilized from timberland by industry and fuelwood users in 

Minnesota was 2.93 million cords in 2012.  Based on analysis of mill consumption (actual 

survey figures are not yet available), it appears that 2013 harvest levels are within 

the 2.4 to 2.7 million cord range. 
 

Contact Information:  

Curtis L VanderSchaaf, Forest Modeler 

Resource Assessment, Division of Forestry, 

Minnesota Dept of Natural Resources 

483 Peterson Road, Grand Rapids, MN 55744 

 

Questions or requests for additional information can be directed to Curtis VanderSchaaf,  

Email: curtis.vanderschaaf@state.mn.us, Kent Jacobson, Minnesota DNR Timber Sales Business 

Consultant; Email: kent.jacobson@state.mn.us, or Steve Vongroven, Minnesota DNR Forest Products 

Utilization & Marketing Program Coordinator; Email: steve.vongroven@state.mn.us.   
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Wood-Using 

Industry 

Overview 

 
 

A brief overview of Minnesota’s wood-using industry, including mill location and product 

information for many of the larger mills, and total industry economic impact.
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Minnesota’s Forest Industry at a Glance 
1
 

 

Economic Impact 2013 

 $8.9 billion direct value of shipments with $16.0 billion total output effect. 

 $3.1 billion direct value added with $7.2 billion total value added effect. 

 5th largest manufacturing sector in Minnesota by employment (#1 food products, #2 computers & 

electronics, #3 fabricated metal products, and #4 machinery). 

 30,100 direct jobs with 63,200 jobs total employment effect.  

 $3.2 billion payroll effect with $1.5 billion in direct payroll. 

 $80 million stumpage revenue received by land owners. 

 $24 value added by primary manufacturing per $1 stumpage value. 

 $452 million total state and local tax receipts effect.  

  

 
 

Important Industrial Sectors  

Pulp, paper, paperboard, converted paper products, window & door components (MN # 2 in U.S.), kitchen 

cabinets and cabinet parts, store fixtures, wood office & residential furniture, pallets & crating, millwork, 

wood shavings for poultry industry, and woody biomass energy (14 facilities with greater than 10,000 cords 

annual consumption). 

  
Non-Traditional Industries Dependent on Minnesota’s Forest Lands 

Balsam boughs for wreath industry with annual sales exceeding $20 million, decorative spruce tops, birch 

bark, maple and birch syrup, wood for grilling and smoking (e.g. ash, black walnut, birch, hickory, maple, 

oak), and medicinal plants.  

 

 

 

 

                                                 
1
 CY 2013 data unless otherwise noted; compiled by Don Deckard, Ph.D., Forest Economist, Minnesota DNR. 
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Value Added (Gross State Product) per Capita 

In 2012, Minnesota was ranked seventh nationally in forest products manufacturing with $524 direct value 

added (Gross State Product) per capita. 

 

 
 

Manufacturing Facilities as of January 2014  

 4 primary pulp & paper mills and 3 recycled pulp & paper mills 

 106 converted paper products plants 

 330 sawmills and wood products plants 

 361 wood kitchen cabinet and countertop manufacturers 

 67 wood furniture and millwork shops 

 

Volume of Timber Harvested 

Annual harvest volume = 2.93 million cords including: 

 Pulpwood = 2.16 million cords (2012) 

 Sawlogs & specialty = 247 million board feet (2010) including the following specialty items: 

- Veneer (2007) = 4.5 million board feet domestic plus 0.6 million board feet exported 

         - Shavings (2007) = 11,000 cords (animal bedding)  

                - Posts & Poles (2007) = 8,000 cords 

 Residential fuelwood = 183,000 cords live trees from timberland (2012) 
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Minnesota Pulp and Paper – 2014 

 

Minnesota Oriented Strand Board and Engineered Wood Products – 2014 
 

Firm Wood Used Product 
Louisiana-Pacific 

Two Harbors 

Aspen, Balm, Birch OSB – engineered siding panel 

Norbord 

Bemidji 

Aspen, Balm, Birch, Maple OSB   

 

Minnesota Hardboard and Specialty – 2014 
 

Firm Wood Used Product 
International Bildrite 

International Falls 

Aspen, Balm and recycled paper Sheathing 

Jarden Home Brands Aspen, Birch Specialty wood products for food 

industry, matches, other 

 
For additional information about sawmills, pulp and paper mills, Oriented Strand Board mills, veneer mills, 

and dry-kiln facilities in Minnesota go to the following website and click on the Minnesota Primary Forest 

Products Producer Directory link: 

 

http://www.dnr.state.mn.us/forestry/um/index.html 

 

 

 

 

 

 

Firm Wood Used Product 
UPM - Blandin Paper Mill   

Grand Rapids 

Aspen, Balsam Fir, Basswood, 

Spruce  

Lightweight coated publication 

papers  

Boise White Paper, LLC 

International Falls 

Aspen, Balm, Pine, Spruce, Balsam 

Fir, Birch, Tamarack, Maple 

Office papers, label and release 

papers, base sheets, business and 

specialty printing grades 

NewPage 

Duluth 

Balsam Fir, Spruce, small amount of 

Pine 

Uncoated, lightweight 

supercalendered magazine and 

publication papers 

SAPPI North America 

Cloquet 

 Coated freesheet fine printing and 

publication paper, market pulp  

Aspen, Maple, and minor amounts of 

birch and ash 

 

Specialized cellulose 

Recycling Mills 
Rock-Tenn Company 

St. Paul 

Recycled paper and corrugated Cardboard and corrugated boxes 

NewPage 

Recycled Fiber Mill 

Duluth 

High grade office paper and 

computer paper 

Market pulp  

Liberty Paper Company 

Becker 

Recycled paper and corrugated Cardboard and corrugated boxes 
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Minnesota Large Sawmills – 2013 
 

Mills Exceeding 3,000,000 Board Feet of Annual Production 

 

Economic importance 

The sawmill sector is very important to forestry because it creates market diversity. The approximately 

494,900 cords used annually is about 17% of the statewide timber harvest and provides value-added 

markets for various species, sizes, and qualities of timber.  In addition, sawmills provide products we all 

use, as well as providing significant employment and economic benefits for many rural communities. 

 

Sawmills can also have a complementary impact on other wood industry sectors. For example, some 

sawmills send residue chips to paper mills, benefitting both sectors. Also, the higher-value sawlog market 

can help make logging residue economically accessible as woody biomass for energy.  Finally, high value 

markets are also important to landowners through harvest compensations, which helps them afford to 

engage in other management activities. 

 

There are over 500 sawmills in Minnesota, but most are small, portable bandsaw mills that account for a 

tiny fraction of wood use. In contrast, 32 large sawmills in Minnesota utilize more than 1 million board feet 

annually. In fact, the top 10 mills by production volume account for over 70 percent of the total, with one 

large softwood mill accounting for about 40 percent of the total volume utilized by all sawmills.   

 
Firm Wood Used Product 

Cass Forest Products, Cass Lake Aspen, Jack Pine, Red Pine, White Pine Cants, lumber 

Hawkins Sawmill, Isle Mixed Hardwoods Cants, lumber 

Hedstrom Lumber Co                                           

Grand Marais 

Aspen, Jack Pine, Red Pine, White Pine, 

White Spruce 

Lumber 

Pallet Lumber Mill MN (former 

Remer Cut-Stock) Remer 

Mixed Hardwoods Pallet lumber 

Potlatch Corporation                                            

Bemidji 

Balsam Fir, Jack Pine, Red Pine, White 

Spruce 

Lumber 

Rajala Mill Co.                                                  

Bigfork 

Black Ash, Aspen, Basswood, Paper Birch, Hard 

Maple, Red Oak, White Oak, Red Pine, White 

Pine, White Spruce, Tamarack 

Cants, lumber, veneer 

Rajala Timber Co.                                                  

Deer River 

Black Ash, Aspen, Balsam Fir, Basswood, Paper 

Birch, Jack Pine, Red Pine, Black Spruce 
Cants, lumber 

Root River Hardwoods Inc                                  

Preston 

Basswood, Elm, Green Ash, Hickory, Hard 

Maple, Red Oak, White Ash, White Oak, Walnut 
Cants, lumber, veneer logs 

Savanna Pallets                                                     

McGregor 

Black Ash, Aspen, Basswood, Paper Birch, 

Mixed Hardwoods, Red Oak, Pine 

Boxes or crates, pallets/skids, 

hardwood lumber 

Woodline Sawmill                                     

Onamia 

Black Ash, Aspen, Basswood, Paper Birch, 

Hard Maple, Soft Maple, Red Oak, Pine 

Lumber, pallets/skids 
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A comparison of MN sawmill utilization from 2001 to 2007 reveals several key changes.  In total, the 

sawmill consumption declined during this period by 53,463 mbf.  The changes were primarily located in the 

hardwood capacity since the softwood consumption is basically unchanged during this period.  Of the 

changes in the hardwood capacity, the primary decline in species utilization was in the use of aspen; which 

has declined by 34,800 mbf.   

 
MN Sawmill Consumption (MBF) 

      2001   2004   2007   

Hardwoods 149,764 
 

111,219 
 

98,373 40% 

Softwoods 135,839 
 

145,242 
 

136,570 55% 

Misc Species 16,261   15,812   13,458 5% 

       Total MBF 301,864 
 

272,273 
 

248,401 
  

Changes in softwood species consumption during the 2001 to 2007 period include a 42% decline in the use 

of jack pine and a corresponding 49% increase in the use of red pine.  Other softwood species showing 

changes during this period include a near doubling in the use of spruce and close to a 50% increase in the 

use of balsam fir.  The spruce and balsam fir species volumes utilized as sawtimber during this period 

increased from 7% of the 2001 total softwood volume to 13% of the 2007 total softwood volume.   
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Location of mills is an important factor in determining markets for wood.  The map above shows the OSB, 

pulp & paper, recycled fiber, hardboard, sheathing and larger sawmills in Minnesota.  These mills utilize 

various species of wood material, with aspen pulpwood being by far the largest component. 
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Wood Energy and Woody Biomass Utilization   
 

Due to the decreasing demand for paper products, changes in international markets, and the recent 

collapse of the housing market, Minnesota continues to experience decreasing demand for 

traditional forest products such as Oriented Strand Board (OSB) and pulp and paper.  Pressure to 

find local, renewable and climate friendly alternatives to petroleum based fuels and chemicals is 

providing Minnesota with an opportunity to sustainably use our forest resources for bio-based 

markets in addition to supporting our traditional forest products industry.  In addition to pulp and 

paper, trees can be used to make thermal energy, electricity and power, renewable chemicals and 

as liquid fuels. 

 

Woody biomass includes, but is not limited to:  logging residue (non-merchantable tops and limbs 

left over from a commercial timber harvest along with non-merchantable small-diameter trees and 

stems, dead standing trees, and down logs), primary and secondary mill residue, dedicated energy 

crops, urban forest clearing material, land clearing material and brushland material.  Within the last 

couple of years, woody biomass utilization has also included whole-tree chips due to a decrease in 

available logging residue resulting from decreased levels of commercial timber harvest.   

 

Woody biomass continues to be used as a source of renewable energy for both industrial and non-

industrial applications in Minnesota.  As propane prices remain volatile and challenges with 

propane supply continues, the demand for woody biomass for thermal applications also increases; 

especially for commercial and residential facilities not connected to a natural gas line.  In the forest 

products industry, using woody biomass for combined heat and power or for thermal applications 

is a practice that has placed a demand on biomass for over thirty years.   
 

The prospect of expanded woody biomass harvesting and processing has many potential benefits, 

including: reduced dependence on foreign energy sources, improved bottom lines for logging and 

processing operations, increased opportunities for forest and wildlife management, and additional 

value-added product lines for the forest products industry.  In fact, increased utilization of wood 

for bioenergy can be a tool for offsetting forest and wildlife management costs. 

 

Mitigating for potential negative effects associated with biomass harvesting must be done in order 

to allow biomass markets to expand in a sustainable and environmentally healthy manner.  Several 

safeguards are effectively used in Minnesota including:  1) The Biomass Harvesting Guidelines 

(http://www.frc.state.mn.us/initiatives_sitelevel_management.html), 2) third-party certification 

(http://dnr.state.mn.us/forestry/certification/index.html), and 3) Minnesota’s Master Logger 

Program (http://mlep.org/). 
 

Sources of Woody Biomass 

Some sources of woody biomass include: 

 
 Logging residue.  Tops, limbs and trees below industry utilization standards leftover from 

commercial timber harvest operations.  

 “Primary” mill residue from sawmills, etc.  Excepting a couple of sawmills, the majority of 

available primary mill residue is utilized for various products; most commonly burned to 

produce energy.      

 “Secondary” mill residue from cabinet manufacturers, etc.  The majority of the residue is 

utilized.    

 Dedicated energy crops.  A very small resource in Minnesota at present.     
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 Land clearing projects.  This contributes to the metropolitan wood supply for a major 

energy facility. 

 Brush from brushlands.  A significant potential resource, but the economics of harvesting 

and procurement technology need to improve before widespread use.    

 Precommercial thinning, Timber Stand Improvement (TSI), fire hazard reduction, and 

vegetation management projects.  A potential fiber source from intensified forestry and 

wildlife management.     

 Urban forests.  A fiber source from tree clearing and maintenance and storm cleanup in 

urban areas.  Largely used in mulch markets in major metropolitan areas as well as for 

energy in St. Paul.   

 Roundwood.  Given mill shutdowns and curtailments, a meaningful amount of woody 

biomass in the form of roundwood has been used over the past few years.  
 

Markets for Woody Biomass 

Woody biomass markets normally use portions of the forest resource without traditional forest 

product markets such as tops and limbs, small diameter timber, poorly formed trees, under-utilized 

species, disease or insect infested trees, some forms of wood manufacturing residue, and 

potentially brush.  Two main factors keep small-diameter timber, tops and limbs and brush from 

being used for most traditional forest products: 
 

1) The high percentage of bark relative to wood fiber; bark fiber is not suitable for many products. 

2) The high cost of processing smaller-diameter material.  Processing efficiency is greater when 

using larger material.  
 

Woody biomass is a good fit for a number of products and markets including: 

 

 Engineered wood:  The International Bildrite insulite mill in International Falls is an 

engineered wood product mill in Minnesota that utilizes bark-on chips. 

 Special Forest Products (SFP): Markets include log furniture, craftwood, etc. These tend to 

be small volume, but high value markets.   

 Landscape mulch: Markets are limited in rural Minnesota, but are significant near 

metropolitan areas.   

 Animal bedding:  Animal bedding markets are limited in some of the highly forested 

regions of Minnesota because most of the poultry and dairy industry is located in the 

central and southern portions of the state. 

 Energy:  Energy is by far the largest market for woody biomass in Minnesota.  The table 

below contains a list of some of the larger (greater than 100,000 oven dry tons annually) 

woody-biomass energy facilities in the state. 

 

In addition to the list above, there are many small medium and small wood processing companies that burn some or all of their 

wood waste for heat and/or process steam. 

Some Large Wood-Fired Energy Producers in Minnesota 
Company Name City Fuel 

Minnesota Power Grand Rapids Mill residue, logging residue, roundwood 

SAPPI Cloquet Mill residue, logging residue, roundwood 

Minnesota Power Duluth Mill residue, logging residue, roundwood 

St. Paul District Energy St. Paul Urban wood waste, roundwood, logging residue 

Laurentian Energy Authority Hibbing/Virginia Logging residue, mill residue, roundwood 

FibroMinn Benson Turkey manure, logging residue, roundwood 

Minntac Taconite Kiln Mountain Iron Mill residue 
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Forestry Opportunities 

Several opportunities exist to use woody biomass in a manner consistent with achieving sound 

natural resource management goals.  Resource managers can use biomass harvesting as a tool to 

achieve desired conservation goals through the following practices: 

 Harvesting logging residue.  In addition to local economic benefits, use of this material can, 

on some sites, improve ease and success of regeneration and reduce fuel loading and fire 

danger. 

 Forest health management and invasive species control.  Opportunities may include bark 

beetle control in small diameter pine thinnings, spruce sanitation harvests to control dwarf 

mistletoe, and removal of trees infested with Emerald Ash Borer (EAB). 

 Harvesting brush from brushlands.  There are potential wildlife habitat benefits from 

brushland management.   

 “Precommercial thinning”, Timber Stand Improvement (TSI) and fire hazard reduction.  A 

source of currently non-economically recoverable woody material is produced during forest 

management activities such as very early thinnings and wildfire hazard reduction work.  If 

the economics become profitable and ecological concerns are addressed, the potential 

benefits of doing more of this work could be significant. 
 

What is the Future for Woody Biomass? 
 Potentially, future policy trends leading toward reduced green house gas emissions and 

increased renewable energy development point toward the expansion of woody biomass 

utilization over the next decade and beyond. 

 Technologies to expand the use of biomass for increased value added products like motor 

fuels and green chemistry substitutes are edging toward commercial deployment.   

 Using woody biomass more broadly is an emerging issue that requires time to sort out 

natural resource management issues and market development.  The extent to which woody 

biomass is used as a renewable energy resource depends on a multitude of factors 

including, but not limited to:  the price and availability of alternate energy sources, 

procurement and operation costs of biomass resources, and state and federal renewable 

policies. 

 Woody biomass can play an important role in Minnesota’s energy system by contributing 

to a wide range of energy markets for which other renewable energy sources are not 

suitable.  For example, biomass can be used for industrial process heat or to produce liquid 

fuels where wind and solar energy cannot. 

 The DNR is interested in bioenergy for these main reasons:  to mitigate climate change, as 

a conservation and habitat management tool and as an economic opportunity. 
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Residential Fuelwood Consumption 

 

The Minnesota Pollution Control Agency (MPCA) periodically conducts a statewide survey to find 

out how much wood is harvested and burned annually for heat or pleasure in Minnesota.  This 

survey has been conducted in one form or another every few years since 1960.  Historically, the 

survey was conducted by the Minnesota Department of Natural Resources (MDNR) and the US 

Forest Service.  The survey data has been used by a variety of state and federal agencies as well as 

trade organizations to manage forests, to inform policy makers and scientists, and to assist the 

hearth and fireplace industry by examining trends in wood burning.   

 

The MPCA conducted this latest survey in 2012 to gather additional information about wood 

combustion practices.  Due to the levels of fine particles (PM2.5) in ambient air, it is important to 

have accurate information about the sources of this pollutant.  While wood combustion is not the 

largest source of fine particle concentrations in the air, residential wood combustion is an 

important source of fine particle emissions.  The survey provides an improved understanding of the 

residential wood burning in Minnesota, by type of equipment, by purpose for burning, by source of 

wood fuel, and by region of the state. 

 

The general findings of the survey show that Minnesotans burned approximately 1.3 million cords 

of wood between July 1, 2011 and June 30, 2012.  This suggests the amount of residential wood 

burning is on the rise.  However, due to changes to improve the survey design and methodology, 

comparisons across surveys to identify trends should be done with caution. 

 

Much of the apparent increase seems to be due to more households burning wood for pleasure, 

predominantly in outdoor recreational burning equipment.  The amount of wood burned per 

household does not seem to have drastically changed, but what has changed is the number of 

households burning wood, largely due to the increasing popularity of backyard recreational 

burning.       

 

The forest resources data on timber harvests used in this annual report is focused on the utilization 

of live trees harvested from the state’s timberlands; from all ownerships.  The residential fuelwood 

survey collected the total volume of wood burned from all fuel types and sources including 

roundwood, slab wood, wood pellets, wax logs, and pallets.  The fuelwood survey also collected 

data on harvest sources from live trees from forestlands, dead trees, cut trees and or tops and 

branches after a timber harvest, live or dead trees from pasture, croplands, and yards inside city 

limits or other non-forest lands.    

 

Using the findings from the 2012 MPCA survey report, the total fuelwood consumption of 

1,286,062 cords can be separated by fuel types and sources to determine the amount of fuelwood 

from live trees from timberlands. 

 

Total residential fuelwood consumption:                   1,286,062 cords 

 

Percent of roundwood/logs and split wood:                        94.9 % 

 

Percent of wood from live trees from forestland:                15.0 %  

 

Calculated volume of cords from live trees:                  183,070 cords  
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Forest 

Resources 

Overview 

 

 
 

A brief overview of Minnesota’s forest resources, including total forestland and timberland acreage, 

cover type percentages and an ownership breakdown for timberland. 
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Timberland, 
15,654,278, 

29%

Other 
Forestland, 
444,368, 1%

Reserved 
Forestland, 

1,279,699, 2%

Non Forest, 
33,329,256, 

62%

Minnesota Acres of Land by Major Land Use
2013 FIA Total Acres: Approximately 54,000,000

 
 

                      Source: USDA Forest Service 2013 FIA database  

 

According to 2013 FIA data, Minnesota currently has about 15.7 million acres of forest land that is 

classified as “timberland”. Timberland is forest land that is productive enough to produce a commercial 

crop of trees and is not reserved from harvesting by policy or law.  Reserved forestland is land reserved 

from harvest by policy or law, including designated wilderness areas like the Boundary Waters Canoe Area 

(BWCA), old growth reserves, and others.   Other forestland is mostly forested land of very low 

productivity for tree growth, such that it is incapable of producing a commercial crop of trees.  

 

 
Ownership of timberland is an important factor in assessing many issues, including timber supply.  Industry 

includes Real Estate Investment Trusts (e.g. Potlatch Corporation), Timberland Investment Management 

Organizations (e.g. Molpus Woodlands Group), and integrated timber companies such as UPM Blandin and 

Rajala Timber Company.   

 

The reduction of nearly 800,000 cords of harvest since 2005 has primarily impacted the non-industrial 

private landowner (e.g. individuals, families, farmers, etc.).  This represents a significant market 

opportunity for the surplus timber supply potential from the private forest management needs.        
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Total Timberland Acreage = 15.7 Million

 
                        Source: USDA Forest Service 2013 FIA database  

 

Forest Type: A classification of forest land based on the species forming a plurality of live tree stocking. 

 

It is worth noting that aspen is by far the largest forest or “cover” type in Minnesota. 
 

Area of Timberland in Minnesota by DNR Forest Type – 2013 

Forest Type Acres  

Aspen  4,670,400 

Northern Hardwoods 1,506,163 

Oak 1,434,790 

Lowland Hardwoods 1,386,330 

Black Spruce 1,332,667 

Tamarack 1,049,892 

Birch 831,486 

Red Pine 673,075 

White Cedar 580,451 

Balm of Gilead 431,017 

Balsam Fir 389,008 

Jack Pine 240,595 

White Pine 150,089 

White Spruce 136,231 

Cottonwood/ Willow 77,006 

Other Softwoods 31,668 

Non-Stocked & Other 733,411 

Total All Types 15,654,279* 

Source: USDA Forest Service 2013 FIA Database   

*Totals may not sum due to rounding. 
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Harvest Levels 
 

 

 

 
 

 
 

 

Information on 2012 timber harvest in Minnesota by product category and estimation of 

contribution by timberland ownership.



Total wood harvested and utilized by industry and fuelwood users in Minnesota 

 (in thousand cords - by species – from timberland) 
 (Pulpwood 2012 (DRAFT); Sawtimber 2010 (DRAFT);  Fuelwood 2012)  

Species  Pulpwood* Sawlogs 

& 

Others*  

Residential 

fuelwood**  

Commercial 

wood fuels* 

Total 

Aspen and Balm 1366.1 64.6 9.2 17.8 1457.7 

Paper Birch  80.4 23.9 11.0 11.1 126.4 

Ash  23.1 5.4 16.5 14.8 59.8 

Oak  1.5 43.5 69.5 1.9 116.5 

Basswood  9.2 12.5 1.8 0.0 23.5 

Maple  112.5 5.3 7.3 2.4 127.5 

Cottonwood  2.0 3.6 0.0 0.0 5.6 

Other Hardwood  19.6 40.6 3.6 17.5 81.3 

Sub-Total 

Hardwood  

1614.6 199.4 118.9 65.4 1998.2 

Pine            

   Red Pine  109.9 185.8   4.1 299.8 

   White Pine  9.2 5.6   0.1 14.8 

   Jack Pine  37.5 77.1   1.9 116.4 

Spruce  243.5 7.4 0.0 0.1 251.0 

Balsam Fir  113.9 7.2 0.0 0.1 121.2 

Tamarack  30.2 7.1 0.0 16.1 53.4 

White Cedar  0.6 2.9 1.8 0.0 5.3 

Other Softwood  0.1 2.5 0.0 6.3 8.8 

Sub-Total Softwood  544.7 295.5 1.8 28.7 870.7 

Other and mixed 

species 

    62.3     

Total  2159.3 494.9 183.0 94.1 2931.3 

 

Source: USFS and MN DNR mill surveys & residential fuelwood survey.    

-Figures in chart may not total exactly due to rounding 

*Draft      **Fuelwood removed from live trees on timberland.  
 

-Figures include cords of pulpwood exported to Wisconsin and Canada: Aspen: 79,964; Spruce: 52,184; Red Pine: 20,003 

(only WI); Jack Pine:19,810; Maple: 13,316 (only WI); Birch: 23,606 (only WI); Ash: 5,281 (only WI); White Pine: 4,547 

(only WI); Tamarack: 3,634; Basswood: 2,022 (only WI); Red and White Oak: 1,542 (only WI); Balsam Fir: 648; NWC: 42 

(only WI); Elm: 3 (only WI); and total cords of sawlogs mainly exported to Wisconsin and Iowa of:  31,200, most of which is 

Oak and Maple. 
 

Based on analysis of mill consumption (actual survey figures are not yet available), it 

appears that 2013 harvest levels may decline to 2.5 million cords or below.  
 

Pulpwood numbers from 2012 reflect operations by the mills listed on page 7, including Verso Paper in Sartell and Georgia-

Pacific Corp in Duluth.  In 2012, Verso curtailed operations during May and the GP mill shutdown during August.  There 

have been no large-scale sawmill closings since 2010 and no large-scale biomass facility closings since 2008; excepting 

Verso Paper.  
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    Source: Pulpwood (USFS, Northern Research Station), sawtimber and fuelwood (MN DNR surveys). 
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Source: Public Lands: Public Stumpage Price Review through 2006.  Beginning with 2007, annual volume scale reports 

(harvested) are used for State and Federal lands rather than volumes sold.  Change necessary due to large volumes of re-

offered wood sold by public agencies in 2007.  Industry Lands: Minnesota Forest Industries estimate of harvested volume 

from 2012.  Private Lands = an estimate calculated as follows:  Total estimated harvest 2012, minus 2012 public volume 

harvested (sold through 2006), minus 2012 estimated industry volume harvested.   Molpus Woodlands Group (formerly 

Forest Capital Partners) timberlands contained in “Industry” totals. 
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Source: State Lands: FY 2012 Harvest, DNR Timber Sales Annual Report.  Federal: FY 2012 Harvest, Superior National 

Forest Timber Statistics, and Chippewa National Forest Timber Statistics; BIA: Public Stumpage Price Review 2012 sold.  

County Lands: Minnesota Forest Industries survey of 2012 harvested volume.  Industry Lands: Minnesota Forest Industries 

survey of 2012 harvested volume. Molpus Woodlands Group (formerly Forest Capital Partners) timberlands included in 

Industry totals.   Private Lands = an estimated figure as follows:  Total estimated harvest 2012, minus state, county, National 

Forest and BIA volume harvested, minus estimated industry volume harvested.    

 

Ownership of lands has a large impact on policy regarding forest management and timber harvest.   
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                     Source: USFS, Northern Research Station survey of industrial wood using industry. 

 

Minnesota became a net importer of wood starting in 2000, due to a number of mill expansions completed during 

the 2000-2001 time period.  Near border mill locations and specific species requirements continue to induce 

procurement activities outside of Minnesota’s borders in order to meet their 2012 raw material needs, especially 

for aspen (78,598 cords), balsam fir (16,178 cords), and maple (223,474 cords).  Imports in 2012 were largely 

from Wisconsin (261,356 cords), with fair amounts from Michigan (60,207) and Canada (9,308), and a small 

amount from the Plains States (472).  Exports in 2012 were mainly to Canada and Wisconsin mills.   

 

While Minnesota presently remains a net importer of timber, imports remain substantially less than 2005 levels.  

The change has been due to several factors, most notably reduced demand due to mill closures and slowdowns.   
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Source: Wood use data from mill and fuelwood surveys conducted by USDA Forest Service, Northern Research Station and 

MN DNR.  Specialty products include veneer, posts and poles, shavings and landscape chips. 

 

Wood use in the OSB/engineered wood sector has dropped significantly since 2005 due to mill shutdowns and 

slowdowns.  

 

Wood use for energy has risen since 2005. 
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         Source: USFS, Northern Research Station surveys 

 

Pulpwood utilization includes the pulp and paper mills, engineered wood manufacturers and specialty mills.  Key 

reasons for the harvest leveling off in the early to mid 2000s, during a period of increasing primary industry 

demand and use, was limitations on specific species availability, the lack of additional private timberland harvests 

and an increase in imports.  Most of the imported pulpwood was aspen and maple from Wisconsin and Canada.  It 

is important to note that a significant reduction in timber utilized by pulpwood consumers, including 

imports has occurred since 2005, due largely to mill closures and slowdowns. 
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Source: MN DNR sawmill and specialty mill survey   

 

Sawtimber is often the highest value product for wood that meets merchantability requirements.  Generally 

speaking, a log needs to be at least 8 feet in length and 8 inches minimum diameter inside bark at the small end in 

order to be of merchantable sawlog size.  However, there are an increasing number of sawmills that can utilize 

smaller diameter material profitably.  Sawmill capacity dropped from 2001 through 2010, leveling off between 

2007 and 2010.  Jack pine, aspen and oak use dropped off most significantly in the sawmill sector; while red pine 

actually showed a significant increase in use by sawmills. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: MN fuelwood surveys 
 

Residential fuelwood is a relatively small portion of total timber harvest.   

 

*It is important to note that only a portion of the nearly million cords of total residential fuelwood demand 

comes from live trees on timberland.  About 183,000 cords of residential fuelwood came from live trees on 

timberland in 2012.  The remainder is from sawmill residue, urban tree waste, land and power line clearing, 

and dead trees.   
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Sustainable Harvest 

Levels 

 

 

 

This section contains information on estimated sustainable harvest levels* for many of 

Minnesota’s most significant tree species. 

 
* A note to readers:  there is no direct correlation between current harvest levels and long term sustained harvest 

levels because there are many options for moving towards a targeted forest age class structure.  Normally, 

transitions from the current structure to a target age class structure require several rotations.  The choice of 

amount and timing of harvest can vary considerably by decade.  Harvest plans are typically assessed periodically 

as changes to the resource, markets and other conditions dictate. 

 

There is no one best way or time period to reach a target age class structure.  Transition harvests may at some 

time be either lower or higher than long-term sustained yield estimates.  Additionally, it is important to note that it 

is possible to raise future timber availability through intensified forest management resulting in fewer losses to 

mortality and improved timber productivity.  Sustainable harvest estimates can also vary significantly because of 

differing assumptions used in deriving the estimates, such as rotation age, harvest restrictions, growth and yield, 

etc.  An active forest management and harvesting program is also key to sustaining habitat for diverse wildlife. 

 

For the above reasons, it is important to view the levels as helpful benchmarks that are only one part of the picture 

in determining long-term sustainability of our forest resources.   They should not be viewed as absolute targets.   

 
DNR sustainable harvest estimates use the full, five-year panel of 2005 FIA inventory data.  Estimates are 

adjusted downward (as appropriate by ownership) for potential timber supply restrictions that can apply to 

timberlands such as riparian, old growth, leave tree and extended rotation.   Rotation ages used to determine the 

estimates are based on average rotation ages used in the DNR’s Subsection Forest Resource Management Plans.   

 

It is important to note that DNR sustainable harvest level estimates are averages over an entire rotation.  Generally 

therefore, for cover types with age-class imbalances resulting from large acreages in older classes, current timber 

availability may be above long-term sustainable estimates.  This is due to a need to manage many old stands on 

timberlands before their health, habitat value and available timber volume deteriorates.  For cover types with 

young age-class imbalances such as red pine, current timber availability may be below long-term sustainable 

estimates.  Finally, as more of the forest area is managed, productivity is likely to increase…as it has for a number 

of decades.  

 

DNR is committed to providing excellent analysis, and will therefore periodically review sustainable harvest 

estimation procedures and assumptions.  Future changes to procedure may be made as new information and 

procedures become available.  The UPM Thunderhawk Environmental Impact Statement analysis figures are used 

for aspen and spruce-fir product groups, as the EIS focused on these product groups.  The Thunderhawk EIS 

analysis was led by Drs. Howard Hoganson and Tom Burk of the University of Minnesota’s Department of Forest 

Resources.  

 

For a document explaining the DNR procedure used to estimate sustainable harvest levels, contact Curtis 

VanderSchaaf at: curtis.vanderschaaf@state.mn.us. 
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The year 1994 saw the completion of Minnesota’s Generic Environmental Impact Statement on Timber 

Harvesting and Forest Management in Minnesota (GEIS).  This study was commissioned by the Minnesota 

Environmental Quality Board in response to a citizen petition.  The GEIS assessed how three levels of statewide 

timber harvesting activity relate to Minnesota’s environmental, economic and social resources.  Base, Medium 

and High harvesting scenarios were looked at: 4 million cords annually, 4.9 million cords annually, and 7 million 

cords annually.  Each scenario was projected over a 50 year planning horizon.  The GEIS did not recommend 

these as levels of harvest to follow, nor should their development and analysis be considered a plan.  Rather, they 

are levels the GEIS study analyzed, in order to determine impacts.  
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*Table 6.25, GEIS, High Long-Term Sustainable Level, Timber Productivity Tech. Paper, Dec. '92. 

** 2012 NRS pulpwood survey, 2010 DNR sawmill survey, 2012 fuelwood survey.   For Harvest 

comparisons to Net Growth, it is necessary to add annual “growing stock” logging residue of approximately 

275,000 cords to this figure.   

***USFS FIA 2013 database. 

 

Note: While complete capture is not realistic, capture of a portion of annual mortality of approximately 3.95 

million cords has the potential to increase net growth and sustainable harvest levels. 
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Source:  Harvest data 2012 USFS pulpwood survey, DNR 2010 sawmill & 2012 fuelwood survey.  Sustainable timber yield 

data source as per the notes below.   
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Source:  Harvest data 2012 USFS pulpwood survey, DNR 2010 sawmill & 2012 fuelwood survey. 

Sustainable timber yield data source as per the notes below.  
 

NOTES:  
-Sustainable timber yield for aspen and spruce-fir in the figures above are from the UPM-Blandin Thunderhawk EIS analysis 
(Tables C-20 and C-21 average of high aspen A&B scenario model runs, 40 year planning horizon).   Estimates from the Thunderhawk EIS 

analyses are used for the aspen-balm and spruce-fir product groups, as the EIS analyses focused on these product groups, recognizing 

considerable detail regarding the mixed species nature of all cover types and projections of forest growth.  Generally, the EIS estimates 

used can serve as upper bound estimates of harvest levels sustainable at least until year 2040 -- these estimates assume that any limited 

demand for other species will not limit aspen or spruce-fir harvesting from other cover types such as from the birch or northern hardwoods 

cover types. However, the estimates do not include potential volumes from additional investments in short rotation intensive culture or 

potential volume increases resulting from investments in pre-commercial thinning.  The estimates do take into account allowable cut 

procedures currently practiced by public land management agencies. 

  

-Sustainable timber yield levels for birch, oak, basswood, maple and other hardwoods, tamarack and jack and red pine in the 

figures above are based on DNR method of calculating long-term sustainable harvest levels, which consists of area regulation for 

cover types typically managed as even-aged, and volume regulation for types typically managed as many-aged.  Estimates are adjusted 

downward as appropriate by ownership for potential timber supply restrictions that can apply to timberlands (riparian: 3%, old growth: 

0.5%, leave tree: 5%).   Rotation ages used to determine the estimates are based on average ages used in the DNR’s Subsection Forest 

Resource Management Plans. 
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Forest resource and harvest level information for Minnesota’s most significant cover types and 

tree species.  
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Minnesota’s Aspen/Balm of Gilead Resource 
 

Aspen is a relatively short-lived, fast growing tree species that requires nearly full sunlight in order to regenerate. 

Aspen is by far the predominant cover type and species in Minnesota’s forests.  It is also the species of greatest 

industrial use by a wide margin.  The aspen resource is why the engineered wood manufacturers are located here, 

and it is also an extremely important resource to the pulp and paper sector, and the solid wood industrial segment.  

Many of Minnesota’s largest mills have specifically designed themselves to utilize aspen – it fits the products they 

make and their manufacturing processes ideally.   
                    

The aspen cover type is made up of a wide mixture of species.  Predominant secondary species include balsam fir, 

paper birch and oak.  Aspen is also a significant component in many other upland cover types. 
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      Source: 2013 FIA database provided by USFS, Northern Research Station 
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The 2013 FIA inventory indicates a much more even age-class distribution than the 1990 inventory. 
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                                    Source: FIA database provided by USFS, Northern Research Station 

  

Total FIA aspen and balm of gilead (balm) volume has gone down since 1990 as significant acreages have been 

harvested and managed.  For at least the next 10 years, more of the available aspen is likely to be found in stands 

that average less volume than past harvests, which is difficult on efficiency of loggers and mills.  However, it is 

important to note that beginning in 10 years or so and then accelerating over time, more high-volume aspen stands 

will begin to reach harvest age. 
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Source: Harvest data compiled by USFS, Northern Research Station & DNR   

 

Annual long-term allowable harvest= 2.358 million cords based on Table C-20 UPM-Thunderhawk DEIS, 

average of high aspen A&B scenarios, 40 year planning horizon.  
 

Based on the 2013 USFS FIA database, estimated average net annual growth of aspen & balm growing stock:  

1,233,700 cords, estimated average annual mortality of aspen & balm growing stock: 1,570,200 cords. 
 

Several factors caused the reduction in aspen and balm harvest from its peak in 1999, including: 

 Substitution of alternative species by most large mills. 

 Reductions in harvests from private timberlands. 

 Closure of several large mills. 
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Current Demand for Aspen/Balm of Gilead from Minnesota Timberlands 

 

                                                                                                                       Cords  

2012 Harvest……………………... ………………………………………1,457,700 

 Minnesota Pulpwood Industries ………………...…………..……1,286,100 

 Pulpwood Export (To Canada and Wisconsin)………………..……..80,000 

 Sawlogs & Other…………………………………………………..…64,600 

 Fuelwood (from live trees on timberland)…..………………….……27,000 
 
Source: NRS & DNR Surveys        

 

Resource Opportunities: 

 The recent reduction in aspen harvest levels has resulted in a situation where current harvest levels are 

well below long-term sustainable levels. 

 Last year, aspen-birch decline occurred on 38,000 acres, primarily in the NE counties. Sales in these 

stands should be harvested to avoid additional volume losses due to topkill/mortality. 

 

Resource Issues: 

 Readers should note that a great deal of the resource is in private hands, so managing it will require 

greater efforts in private landowner incentives and assistance.   
 Lake and Cook Counties are under a gypsy moth quarantine. Loggers and mills should contact Mn Dept 

Agriculture to learn about travel restrictions and for information about compliance agreements. 

 As the years go by, more and more counties will be dealing with gypsy moth quarantines. 

 Where aspen and oak dominate hardwood stands, avoid harvesting during droughts or defoliation events. 
 

The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 

to a 4 inch top DOB) by percent of basal area per acre that is “Aspen” (quaking, bigtooth, and balm) ON FIA 

PLOTS.  This table shows that Aspen and Balm forest types can differ significantly and provides some idea of 

what other species can be harvested within these forest types.  This is FIA Aspen and Balm Forest Types.  Acres 

Statewide provides some idea of the relative nature of different percent species compositions within a particular 

forest type.  Only FIA plots age 20 and older were included. 

 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 112,992 21.9 3.5 5.4 3.0 8.8 1.7 0.0 0.7 13.7 10.9 1.0 0.5 3.5 4.7 7.0 6.9
25-50% 846,930 14.0 1.6 4.0 2.9 1.7 0.9 1.3 1.5 38.6 8.8 4.8 1.7 1.2 6.0 5.7 4.3
50-75% 1,134,810 6.5 0.5 2.2 1.0 1.3 0.9 0.5 0.6 59.4 5.8 5.6 1.2 1.4 4.7 3.5 4.3
>75% 1,571,297 1.7 0.1 0.6 0.2 0.5 0.1 0.1 0.1 77.4 1.2 12.5 0.2 0.8 0.9 1.7 1.5  
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Predicted spatial distribution of aspen and balm CUBIC FOOT volume of trees with a diameter of 5 inches and 

greater.  Maps are constructed using interpolative procedures among FIA plots.  These maps don’t necessarily 

indicate where individual trees of a species are found, but rather where individual trees of a certain species are 

dense enough to represent a large enough volume warranting depiction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: 2010 FIA database provided by USFS, Northern Research Station  

Largetooth aspen Balsam poplar (Balm) Trembling aspen



 32 

Minnesota’s Birch Resource 
 

Paper birch is a relatively short-lived species that requires nearly full sunlight for regeneration.  It can grow in 

nearly pure stands, or as a component in mixed stands.  It comprises the large majority of the volume in the birch 

cover type, but it is also a significant component of several other upland cover types, including aspen.   
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   Source: 2013 FIA database provided by USFS, Northern Research Station 
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              Source: FIA database provided by USFS, Northern Research Station 
 

Total volume of paper birch has declined since 1990, due largely to serious mortality trends associated with an 

aging resource and stress caused by periodic drought. 
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Birch Harvest in Minnesota 1994-2012
(Includes pulpwood, sawtimber, wood energy & specialty products)

 
 

           Source: Harvest data compiled by USFS, Northern Research Station & DNR  

  

DNR estimated long-term annual sustainable harvest level: 371,500 cords/year.  Estimated average net annual 

growth of paper birch growing stock:  -19,600 cords, and estimated average annual mortality of birch growing 

stock: 380,800 cords, based on 2013 FIA data. 

 

Current Demand for Birch from Minnesota Timberlands 

 

                                                                                                                                     Cords 

2012 Harvest…………………………………………………………………………..126,400 

 Minnesota Pulpwood Industries………………………………………………..56,800 

 Pulpwood Export (To Wisconsin)...……………..……………………………...23,600 

 Sawlogs & Other………………………………………………………………23,900 

 Fuelwood (from growing stock)….……………………………………………22,100 

 
Source: NRS & DNR Surveys        

 

Resource Opportunities: 

 Birch harvest is well below long-term sustainable levels. 

 Birch in northeastern Minnesota is “fleck-free” (fleck is a common appearance defect in birch), so larger, 

high-quality stems are a fit for veneer markets. 

 Last year, aspen-birch decline occurred on 38,000 acres, primarily in the NE counties. Sales in these 

stands should be harvested to avoid additional volume losses due to topkill/mortality. 

 

Resource Issues: 

 There is a need to improve ability to consistently regenerate birch stands. 

 Wood quality can be highly variable; from high valued to significant rot in some older birch. 

 A major age class imbalance, with significant volumes of older birch. 

 Birch volume is declining due to mortality from age, drought, bronze birch borer and Armillaria root 

disease. 

 Lake and Cook Counties are under a gypsy moth quarantine. Loggers and mills should contact Mn Dept 

Agriculture to learn about travel restrictions and for information about compliance agreements. 
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The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 

to a 4 inch top DOB) by percent of basal area per acre that is paper birch ON FIA PLOTS.  This table shows that 

a Birch forest type can differ significantly and provides some idea of what other species can be harvested within 

these forest types.  This is FIA Birch Forest Type.  Acres Statewide provides some idea of the relative nature of 

different percent species compositions within a particular forest type.  Only FIA plots age 20 and older were 

included. 

 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 148,737 11.7 10.7 4.6 6.0 2.7 1.7 1.3 6.0 16.2 16.0 2.3 0.9 2.0 5.3 7.1 3.2
25-50% 415,660 12.0 3.1 4.5 4.2 1.5 1.1 1.6 3.0 16.0 35.7 0.8 0.6 0.8 5.9 5.2 2.4
50-75% 186,733 8.3 1.9 3.7 1.9 0.9 0.7 0.4 0.4 8.0 60.8 0.7 0.6 0.8 4.1 3.5 2.7
>75% 44,695 7.8 3.2 2.1 0.0 0.0 0.0 0.0 0.0 5.2 73.9 0.9 1.2 2.3 0.2 2.1 1.1  

 

Predicted spatial distribution of paper birch CUBIC FOOT volume of trees with a diameter of 5 inches and 

greater.  Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t necessarily 

indicate where individual trees of a species are found, but rather where individual trees of a certain species are 

dense enough to represent a large enough volume warranting depiction. 

Paper birch

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station  
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Minnesota’s Balsam Fir Resource 

 

Based on 2013 FIA data, estimated average net annual growth of balsam fir growing stock: 235,400 cords; 

estimated average annual mortality of balsam fir growing stock: 314,000 cords. 

 

Balsam fir industrial use is similar to that of spruce.  It is used largely for making high quality paper, where it is 

prized for its excellent fiber qualities.  Some is also used by the sawmill industry, mostly in making studs but also 

in small quantities for other types of lumber.  Some fir is also used in making OSB.   

 

Spruce-fir estimated annual sustainable harvest level 705,500 cords/year based on Table C-20 UPM-

Thunderhawk DEIS, average of high aspen A&B scenarios, 40 year planning horizon.   
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               Source: Harvest data compiled by USFS, Northern Research Station & DNR. 

 

Current Demand for Balsam Fir from Minnesota Timberlands 

 

                                                                                                                                     Cords 

2012 Harvest…………………………………………………………………………121,200 

 Minnesota Pulpwood Industries……………………………..……....………113,300 

 Pulpwood Export (To Canada and Wisconsin)…………..………………......….600 

 Sawlogs & Other…………………………………………………………..…..7,300 
 
Source: NRS & DNR Surveys 

 

Resource Opportunities 

 2011 harvest was 168,600 cords and now reduced to 121,200 cords due to reduced pulp markets. 

 High-quality balsam fir has excellent qualities for pulp & paper and stud manufacture. 

 Harvesting/ pre-salvage should be occurring now, as spruce budworm populations move into SE St. Louis 

Co and SW Lake Co, in order to do pre-salvage.  Expect a short-term increase in supply. 

 
Resource Issues: 

 Balsam availability dependent on harvest of aspen (38% of balsam fir in aspen type). 

 Older stands are susceptible to spruce budworm impact. When there are concentrations of balsam fir over 

45 to 50 years of age, spruce budworm will increase to take advantage of their preferred food source.  If 

management favoring more conifers in stands, more extended rotation ages, more reserve trees and more 

mixed stands result in more balsam fir of older ages, then budworm populations will periodically build up 

to outbreak levels. 
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 Age class imbalance. 

 Rot in older stands. High rot levels have a major impact on stand merchantability, and therefore ability to 

manage these stands.  Rot is undesirable for higher-value wood products. 

 Lake and Cook Counties are under a gypsy moth quarantine. Loggers and mills should contact Mn Dept 

Agriculture to learn about travel restrictions and for information about compliance agreements. 
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Source: 2013 FIA database provided by USFS, Northern Research Station 

 
The cover type is dominated by stands at and above 40 years, making this a relatively old resource for such a 

short-lived species.  Recommended rotation ages can vary with stand productivity and site condition, with 50 

years a common average (stands managed as extended rotations are carried beyond this age).    
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Source: FIA database provided by USFS, Northern Research Station 

 

Much of the balsam fir volume in Minnesota (roughly 53%) is found mixed in with the aspen/balm and birch 

cover types, and is therefore tied to aspen and birch harvest.  Total balsam fir volume has dropped significantly 

since 1990. 
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The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 

to a 4 inch top DOB) by percent of basal area per acre that is balsam fir ON FIA PLOTS.  This table shows that a 

Balsam fir forest type can differ significantly and provides some idea of what other species can be harvested 

within these forest types.  This is FIA Balsam fir Forest Type.  Acres Statewide provides some idea of the relative 

nature of different percent species compositions within a particular forest type.  Only FIA plots age 20 and older 

were included. 

 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 41,389 3.6 23.0 8.7 23.2 3.0 0.0 5.7 10.9 12.5 5.2 2.2 0.0 0.2 0.9 0.2 0.0
25-50% 134,317 18.0 8.2 7.2 18.1 1.3 3.6 4.5 8.9 12.8 8.3 2.2 0.0 0.0 0.6 2.5 1.1
50-75% 130,688 41.5 5.8 6.2 10.5 0.2 2.3 1.1 6.0 9.8 9.5 1.9 0.0 0.2 2.7 1.1 0.2
>75% 24,169 77.5 0.0 4.3 0.0 0.0 0.0 0.0 0.0 7.0 4.3 1.0 0.0 0.0 5.1 0.9 0.0  

 

Predicted spatial distribution of balsam fir CUBIC FOOT volume of trees with a diameter of 5 inches and 

greater.  Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t necessarily 

indicate where individual trees of a species are found, but rather where individual trees of a certain species are 

dense enough to represent a large enough volume warranting depiction. 

Balsam fir

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station  
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Minnesota’s Spruce Resource 
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Spruce Harvest in Minnesota 1994-2012
(Includes black and white spruce pulpwood, sawtimber, & wood energy)

 
             Source: Harvest data compiled by USFS, Northern Research Station & DNR 

 

Spruce-fir estimated annual sustainable harvest level 705,500 cords/year based on Table C-20 UPM-

Thunderhawk DEIS, average of high aspen A&B scenarios, 40 year planning horizon.   Based on the 2013 FIA 

database, estimated average net annual growth of spruce growing stock: 458,300 cords, estimated average annual 

mortality of spruce growing stock: 173,400 cords.  
 

Current Demand for Spruce from Minnesota Timberlands 

 

                                                                                                                                     Cords 

2012 Harvest…………………………………………………………………………251,000 

 Minnesota Pulpwood Industries……………………………………………...191,300 

 Pulpwood Export (To Canada and Wisconsin)…..……………………………52,200 

 Sawlogs & Other…………………………………..…………………………...7,500 

 
Source: NRS & DNR Surveys 

 
Resource Opportunities 

 High-quality spruce has excellent properties for pulp & paper and stud manufacture.  Along with our 

balsam fir resource, it is the major reason several pulp and paper mills are located in Minnesota. 

 Increasing opportunities for thinning white spruce plantations, as stands move into merchantable size 

classes.  Thinning normally yields excellent quality pulp with little or no loss to rot or decay.  It can be 

lower volume productivity work for loggers, however. 

 Harvesting of white spruce should be occurring now in SE St. Louis Co and SW Lake Co, as spruce 

budworm populations move into this area. Expect a short-term increase in supply. 

 

Resource Issues: 

 Many stands have very low volume/acre of spruce. This increases logging costs, which not only affects 

logger profitability, but can also impact production costs all the way to finished product.   It can also 

impact the ability to manage some stands. 

 Since black spruce is normally found on lowland sites only accessible during frozen conditions, 

accessibility of the resource is a major issue.  Very little summer access. 

 Spruce budworm has caused top kill and mortality on white spruce, including plantations.  This impact 

can be lessened by management activities such as thinning to maintain stand vigor and by discriminating 

against balsam fir in some mixed stands. 
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 Lake and Cook Counties are under a gypsy moth quarantine. Loggers and mills should contact Mn Dept 

Agriculture to learn about travel restrictions and for information about compliance agreements. 

 The incidence of eastern dwarf mistletoe is increasing statewide. In stands that are heavily infested, the 

disease will be difficult to manage. 

Black Spruce 
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                       Source: 2013 FIA database provided by USFS, Northern Research Station 

Black spruce cover type acreage is heavily weighted to ages 40 through 80, with a fair amount of acreage also 

above age 100.  Recommended harvest or “rotation” ages can vary with site productivity and site condition from 

50 to 120 years of age, with 80 to 100 years on average.   Stands managed as “extended rotation” are carried 

beyond these ages.  Black spruce exists largely on lowlands, often in nearly pure stands, or mixed with tamarack 

and/or white cedar and a variety of minor associated species.    

 
The State of Minnesota is by far the largest owner of black spruce cover type acres, but counties, private owners 

and our two national forests all have significant acreage.   

 

The vast majority of black and white spruce in Minnesota (over 96%) is used in the making of high quality paper, 

where it is prized for its excellent fiber qualities.  Some is also used by the sawmill industry, mostly in making 

studs but also in small quantities for other types of lumber.  A very small amount of spruce is also used in making 

OSB.   
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         Source: FIA database provided by USFS, Northern Research Station 

 

White Spruce 
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Source: 2013 FIA database provided by USFS, Northern Research Station 

 
White spruce is a relatively young resource.  The cover type is dominated by stands below the age of 50, many of 

which are in the form of plantations.  Recommended rotation ages can range from 40 to 90 years, depending on 

site productivity and condition (again, some stands managed as extended rotation are held beyond these ages). 

White spruce is located most often on upland sites, where in natural stands it is commonly found mixed in as a 

component in aspen, birch, balsam fir & pretty much all upland cover types.  A great deal of white spruce volume 

exists as a component in mixed stands of other upland cover types. 
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Source: FIA database provided by USFS, Northern Research Station  
 

The tables below show AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 

to a 4 inch top DOB) by percent of basal area per acre that is black spruce and white spruce ON FIA PLOTS.  

These tables show that these forest types can differ significantly and provides some idea of what other species can 

be harvested within these forest types.  This is FIA Black Spruce, White Spruce Natural, and White Spruce 

Planted Forest Types.  Acres Statewide provides some idea of the relative nature of different percent species 

compositions within a particular forest type.   

 

Black Spruce - Only FIA plots age 35 and older were included. 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 38,727 18.6 36.8 0.9 6.5 14.1 5.5 2.2 2.7 4.2 7.5 0.5 0.0 0.0 0.5 0.0 0.0
25-50% 103,866 9.3 30.1 0.3 36.7 3.0 0.1 2.5 7.7 6.9 3.2 0.1 0.0 0.0 0.1 0.0 0.0
50-75% 281,516 2.2 29.4 0.7 58.2 2.1 0.0 0.5 2.4 1.6 2.2 0.1 0.0 0.0 0.4 0.3 0.0
>75% 805,985 0.8 13.8 0.3 82.8 0.4 0.2 0.4 0.4 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0  

White Spruce Natural - Only FIA plots age 20 and older were included. 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 5,286 45.4 0.0 14.7 0.0 0.0 0.0 0.0 8.4 24.8 1.9 2.0 0.0 2.7 0.0 0.0 0.0
25-50% 15,571 13.8 1.8 39.9 4.8 3.5 4.7 0.0 6.4 7.7 10.9 0.0 0.0 4.7 0.0 0.4 0.0
50-75% 10,758 9.9 0.0 72.3 0.4 0.0 3.6 0.0 0.0 3.6 4.0 0.0 0.1 1.5 1.2 2.7 0.0
>75% 20,806 2.1 0.0 92.5 1.2 0.0 0.0 0.0 0.0 2.7 0.5 0.1 0.0 1.0 0.0 0.0 0.0  

White Spruce Planted - Only FIA plots age 20 and older were included. 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 587 12.9 0.0 22.0 21.4 0.0 0.0 0.0 0.0 26.1 17.6 0.0 0.0 0.0 0.0 0.0 0.0
25-50% 8,576 14.3 0.0 53.0 1.3 0.0 3.6 2.7 7.1 12.3 4.0 0.0 0.0 0.0 1.9 0.0 0.0
50-75% 27,418 8.8 1.5 72.5 0.5 0.0 0.0 0.0 0.0 4.5 2.0 0.9 1.3 0.2 1.6 0.9 4.3
>75% 28,177 2.0 0.0 93.2 0.1 0.0 0.0 0.7 0.0 3.1 0.7 0.0 0.0 0.0 0.0 0.0 0.0  
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Predicted spatial distribution of black spruce and white spruce CUBIC FOOT volume of trees with a diameter of 

5 inches and greater.  Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t 

necessarily indicate where individual trees of a species are found, but rather where individual trees of a certain 

species are dense enough to represent a large enough volume warranting depiction. 

Black spruce White spruce

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station   
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Minnesota’s Tamarack Resource 
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Tamarack Harvest in Minnesota 1994-2012
(Includes pulpwood, sawtimber, & wood energy)

 
 

                        Source: Harvest data compiled by USFS, Northern Research Station & DNR 

 

DNR estimated long-term annual sustainable harvest level = 114,800 cords/year. Based on the 2013 FIA database, 

estimated average net annual growth of tamarack growing stock: 104,300 cords, estimated average annual 

mortality of tamarack growing stock: 274,200 cords. 

 

Current Demand for Tamarack from Minnesota Timberlands 

 

                                                                                                                                     Cords 

2012 Harvest…………………………………………………………………….……53,400 

 Minnesota Pulpwood Industries……………………………………………...26,600 

 Pulpwood Export (To Canada and Wisconsin)..……………………………….3,600 

 Sawlogs & Other………………………………………………………………7,100 

 Fuelwood……………………………………………………………………..16,100 
 

Source: NRS & DNR Surveys.       

 

Resource Opportunities: 

 Harvest is below long-term sustainable levels. 

 An eastern larch beetle outbreak has caused mortality to more than 20% of the tamarack covertype in the 

state since it started in 2000. 

 Lots of standing dead tamarack available now.  Long-term outlook indicates a lengthy shortage of this 

timber type if the outbreak continues much longer. 

 
 Resource Issues: 

 Many stands have low volumes. 

 Serious mortality levels are being experienced statewide, but especially in Koochiching, Beltrami, Lake 

of the Woods and Roseau counties that is caused by eastern larch beetle and is occurring in older stands. 

 Winter access only. 

 Inconsistent and uncertain markets.   

 Additional market development needed. 

 Emerging markets include woody biomass energy and industrial lumber (pallets). 
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Source: 2013 FIA database provided by USFS, Northern Research Station 

 

Tamarack is dominated by “middle-aged” stands, but there is a fair amount of very old tamarack (average rotation 

age= 90).  The state of Minnesota owns close to 53% of the tamarack cover type acreage. 

 

Tamarack is used primarily in the manufacture of Kraft pulp, and to a limited extent, engineered wood products. 

Recently, biomass energy facilities have begun to use more tamarack.  Markets for tamarack have therefore 

improved somewhat since the 1990s, and stumpage prices still remain quite low. 
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            Source: FIA database provided by USFS, Northern Research Station 
 

Total volume of tamarack has risen substantially since 1990. 
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The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 

to a 4 inch top DOB) by percent of basal area per acre that is tamarack ON FIA PLOTS.  This table shows that a 

Tamarack forest type can differ significantly and provides some idea of what other species can be harvested 

within these forest types.  This is FIA Tamarack Forest Type.  Acres Statewide provides some idea of the relative 

nature of different percent species compositions within a particular forest type.  Only FIA plots age 35 and older 

were included. 

 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 31,462 10.3 11.8 0.0 26.1 0.0 0.0 5.4 20.1 0.9 14.1 2.0 0.0 0.0 0.0 9.2 0.0
25-50% 156,723 2.9 52.7 1.0 24.8 0.7 2.1 1.0 11.3 0.8 1.8 0.2 0.0 0.0 0.0 0.5 0.0
50-75% 222,331 0.2 70.7 0.0 21.6 0.3 0.0 0.2 4.5 0.3 0.7 0.1 0.0 0.0 0.4 0.5 0.3
>75% 483,596 0.0 95.1 0.0 3.7 0.0 0.0 0.0 0.5 0.2 0.2 0.0 0.0 0.0 0.0 0.1 0.0  

 

Predicted spatial distribution of tamarack CUBIC FOOT volume of trees with a diameter of 5 inches and greater.  

Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t necessarily indicate 

where individual trees of a species are found, but rather where individual trees of a certain species are dense 

enough to represent a large enough volume warranting depiction. 
 

Tamarack

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station  



 46 

Minnesota’s Northern Hardwoods Resource 
The northern hardwoods cover type is an assortment of a wide group of species.  The dominant species are the 

shade tolerant sugar maple and basswood.  There are also significant oak, red maple, aspen, and birch volumes. 
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            Source: 2013 FIA database provided by USFS, Northern Research Station 
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                               Source: 2013 FIA database provided by USFS, Northern Research Station 

The northern hardwoods cover type is dominated by late “middle aged” stands (average rotation age = 80), many 

of which are in need of thinning in order to promote optimal growth and forest health. Northern hardwoods are 

often managed through periodic “thinning” harvests (or partial cuts), although clearcutting can be an appropriate 

tool in some situations.  The northern hardwoods cover type is owned largely by private landowners.  Continuing 

and improved availability and use of forest management technical assistance to private landowners is therefore a 

critical issue for this type.  Our northern hardwoods cover type has been something of a “neglected” resource for 

many years.  This has largely been due to a history of poor markets for many hardwood species and sizes in much 

of the state.  The market situation for most hardwoods has changed drastically in recent years, however.  Several 

Minnesota pulp and paper and engineered wood product manufacturers have increased the use of maple and other 

hardwoods.    
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Maple Harvest in Minnesota 1994, 1998-2012
(Includes pulpwood, sawtimber, & wood energy)

 
      

                        Source: Harvest data compiled by USFS, Northern Research Station & DNR 
 

DNR estimated long-term annual sustainable harvest level = 429,600 cords.  Based on the 2013 FIA database, 

estimated average annual net growth for maple growing stock in Minnesota is 451,900 cords, estimated average 

annual mortality of maple growing stock is 168,500 cords.  

 

Current Demand for Maple from Minnesota Timberlands 

 

                                                                                                                                 Cords 

2012 Harvest……………………………………………………………………..…..127,500 

 Minnesota Pulpwood Industries………………………………….……..…….99,200 

 Pulpwood Export (To Wisconsin)..……………………...................................13,300 

 Sawlogs & Other……………………………………………………………....5,300 

 Fuelwood…………………………………………...………………………….9,700 

 
Source: NRS & DNR Surveys.       

 

Resource Opportunities: 

 Harvest is well below long-term sustainable levels. 

 Investments in appropriate harvesting equipment can improve ability to manage this resource. 

 

 Resource Issues: 

 Much of the maple resource is in private ownership, so managing it will require significant efforts in 

private landowner incentives and assistance. 

 Different logging equipment and intensity of management required in multiple-entry management (i.e., 

partial cutting, uneven-aged management). 

 Lake and Cook Counties are under a gypsy moth quarantine. Loggers and mills should contact Mn Dept 

Agriculture to learn about travel restrictions and for information about compliance agreements. 

 Where aspen and oak dominate the stands, avoid harvesting during droughts or defoliation events. 
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                   Source: 2013 FIA database provided by USFS, Northern Research Station 

        Note: Tree grade 1 = highest quality in the USFS tree grading system 

 

Minnesota’s maple resource is made up of 4 species: sugar maple, red maple, silver maple and black maple. 

Sugar maple in much of Minnesota tends to be of fairly low sawlog quality, due to relatively small size and poor 

form.  We are on the western edge of its natural growing range.  However, some higher quality sugar maple is 

grown in southeastern Minnesota.   

 
Predicted spatial distribution of red maple, sugar maple, and basswood CUBIC FOOT volume of trees with a 

diameter of 5 inches and greater.  Maps are constructed using interpolative procedures among FIA plots.  This 

map doesn’t necessarily indicate where individual trees of a species are found, but rather where individual trees 

of a certain species are dense enough to represent a large enough volume warranting depiction. 
 

Sugar maple BasswoodRed maple

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station



 49 

Basswood 
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Basswood Harvest in Minnesota 1994-2012
(Includes pulpwood, sawtimber, & wood energy)

 
 

                        Source: Harvest data compiled by USFS, Northern Research Station & DNR 

 

DNR estimated long-term annual sustainable harvest level = 280,300 cords.  Based on the 2013 FIA database, 

estimated net annual basswood growth: 215,500 cords, estimated annual mortality: 100,300 cords.   
 

Current Demand for Basswood from Minnesota Timberlands 

 

                                                                                                                                       Cords 

2012 Harvest……………………………………………………………………..……23,500 

 Minnesota Pulpwood Industries……………………………………….….…….7,200 

 Pulpwood Export (To Wisconsin)..………………………….………….………2,000 

 Sawlogs & Other……………………………………………………………….12,500 

 Fuelwood……………………………………………………………………..…1,800 
 

Source: NRS & DNR Surveys.       
 

Resource Opportunities 

 Harvest is well below long-term sustainable levels. 

 There are opportunities to improve future basswood volume and quality through investments in 

intermediate stand treatments on private and public lands. 

 Minnesota grows some of the highest quality basswood in the world.  It can be a great fit for “craft” 

woods and other niche markets. 

 

 Resource Issues 

 Much of the basswood resource is in private ownership, so managing it will require significant efforts in 

private landowner incentives and assistance. 

 Potential for harvest of high-quality stems as “pulpwood” on productive sites prior to their reaching 

sawlog size on private lands.  Important to get quality material to higher-value markets. 

 Different logging equipment and intensity of management required in multiple-entry management (i.e., 

partial cutting, uneven-aged management). 

 Lake and Cook Counties are under a gypsy moth quarantine. Loggers and mills should contact Mn Dept 

Agriculture to learn about travel restrictions and for information about compliance agreements. 
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       Source: 2013 FIA database provided by USFS, Northern Research Station. 

        Note: Tree grade 1 = highest quality in the USFS tree grading system  

 

Basswood is capable of producing a large percentage of high-quality sawlog and veneer material on good 

sites in Minnesota. 
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Minnesota’s Oak Resource 
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Oak Harvest in Minnesota 1995-2012
(Includes pulpwood, sawtimber, & wood energy)

 
                        Source: Harvest data compiled by USFS, Northern Research Station & DNR 

 

The oak cover type is dominated by late “middle aged” stands (average rotation age = 80 to 100).  The oak 

resource is largely owned by private landowners. 

 

Current Demand for Oak from Minnesota Timberlands 

 

                                                                                                                                      Cords 

2012 Harvest………………………………………………………………….……116,500 

 Minnesota Pulpwood Industries…………………………………………..……….0 

 Pulpwood Export (To Wisconsin)..……………………..…………….....……1,500 

 Sawlogs & Other……………………………………………………….…….43,500 

 Fuelwood…………………………………………………………………….71,400 

 
Source: NRS & DNR Surveys.       

 
Resource Opportunities: 

 Some high quality sawlog and veneer red oak is grown on good sites in Minnesota.   

 There are opportunities to improve future oak volume and quality through investments in intermediate 

stand treatments on private and public lands. 

 As the frequency or severity of growing season droughts occur, expect an increasing frequency of oak 

decline and mortality. 

 

Resource Issues: 

 High quality red oak sawlog resource continues to decline. 

 Gypsy moth invasion making its way into Minnesota will have a negative impact on oak resource. 

 Where aspen and oak dominate the stands, avoid harvesting during droughts or defoliation events; forest 

tent caterpillar or gypsy moth. 
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                  Source: 2013 FIA database provided by USFS, Northern Research Station 

 

Oak is a tremendously important cover type and species in a large portion of Minnesota.  Many wildlife species 

commonly use acorns as part of their diet, and oaks also can provide excellent den opportunities. Additionally, it 

is the largest volume species produced by many sawmills, especially those in the southern 2/3 of the state. 

 

DNR estimated long-term annual sustainable harvest level for oak = 499,300 cords.  Based on 2012 FIA data, 

estimated net annual oak growth: 557,100 cords; estimated annual oak mortality: 240,400 cords. 
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                    Source: 2013 FIA database provided by USFS, Northern Research Station (includes black oak, northern  

          pin oak, and northern red oak).  

          Note: Tree grade 1 = highest quality in the USFS tree grading system 

 

Some high quality sawlog and veneer red oak is grown on good sites in Minnesota.   
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The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 

to a 4 inch top DOB) by percent of basal area per acre that is Oak ON FIA PLOTS.  This table shows that an Oak 

forest type can differ significantly and provides some idea of what other species can be harvested within these 

forest types.  This is FIA Oak Forest Type.  Acres Statewide provides some idea of the relative nature of different 

percent species compositions within a particular forest type.  Only FIA plots age 20 and older were included. 
 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 336,261 0.4 0.4 0.0 0.0 0.3 1.4 0.5 0.1 11.8 3.9 0.8 34.2 7.5 4.4 7.4 9.4
25-50% 333,073 0.2 0.0 1.1 0.0 0.7 0.5 1.2 0.0 12.2 5.1 0.2 12.7 3.2 6.8 5.5 43.4
50-75% 397,706 0.2 0.0 0.1 0.0 0.5 0.2 0.0 0.0 8.9 2.6 0.1 4.0 3.2 3.5 2.5 68.4
>75% 289,061 0.1 0.0 0.1 0.0 0.5 0.0 0.0 0.0 1.7 0.8 0.0 0.6 0.9 1.0 1.0 91.4  

 

Predicted spatial distribution of northern red oak and northern pin oak (red oak family) and bur oak and white 

oak (white oak) CUBIC FOOT volume of trees with a diameter of 5 inches and greater.  Maps are constructed 

using interpolative procedures among FIA plots.  This map doesn’t necessarily indicate where individual trees of 

a species are found, but rather where individual trees of a certain species are dense enough to represent a large 

enough volume warranting depiction. 

Northern red oak Northern pin oak

 
 

White oakBur oak

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station  
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Minnesota’s Lowland Hardwoods Resource 
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              Source: 2012 FIA database provided by USFS, Northern Research Station 
 

The lowland hardwoods cover type is made up of a variety of species.  Most prevalent are black ash, green ash, 

silver maple, and boxelder. 

 

0

50,000

100,000

150,000

200,000

250,000

0 to
10

11
to
20

21
to
30

31
to
40

41
to
50

51
to
60

61
to
70

71
to
80

81
to
90

91
to

100

100
plus

A
cr

es

Age Class

Lowland Hardwood Forest Type
Timberland Acres by Ownership & Age Class 2013 FIA                   

Total Acres in Forest Type: 1,386,000 

Private

County & Municipal

State

All Federal

 
                        Source: 2013 FIA database provided by USFS, Northern Research Station 

 

The lowland hardwood cover type is dominated by late “middle age” stands.  A common rotation age for black 

ash is 90 years.  
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Minnesota’s Ash Resource 
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Ash Harvest in Minnesota 1997-2012
(Includes pulpwood, sawtimber, & wood energy)

 
 

                        Source: Harvest data compiled by USFS, Northern Research Station & DNR 
 

Ash has not had a consistent pulpwood market although several mills have increased the use of ash in recent 

years.  DNR estimated long-term annual sustainable harvest level for ash = 353,600 cords.  Based on 2013 FIA 

data, estimated net annual ash growth: 446,000 cords; estimated annual mortality: 189,600 cords. 
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                 Source: 2013 FIA database provided by USFS, Northern Research Station 

    Note: Tree grade 1 = highest quality in the USFS tree grading system 
 

Of the ash species found in Minnesota (black, green and white), black ash has by far the largest volume. 

Minnesota’s ash resource is dominated by smaller diameter material.  This has an impact on processing 

opportunities: specifically, much of the ash resource is a good fit for pulpwood mills.  A modest amount of high 

quality sawlog and veneer ash is grown in Minnesota. 
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Current Demand for Ash from Minnesota Timberlands 

 

                                                                                                                                     Cords 

2012 Harvest………………………………………………………………………...59,800 

 Minnesota Pulpwood Industries……………………………………………..17,800 

 Pulpwood Export (To Wisconsin)…...………………………………....……..5,300 

 Sawlogs & Other (including fuel)………………………………….………..36,700 
 

Source: NRS & DNR Surveys.       
 

Resource Opportunities 

 Harvest is well below long-term sustainable levels. 

 Winter harvest season predominately. 

 Before emerald ash borer moves in, it’s the best time to log and merchandize ash. 

 We are expecting significant mortality wherever emerald ash borer occurs and the supply of ash to keep 

increasing in the early- to mid-term. 
 

Resource Issues 

 Serious health concerns in black ash. 

 Sorting high quality ash for highest value markets. 

 Invasive emerald ash borer found in Minnesota. 

 Seven counties are under an emerald ash borer quarantine (as of 2/2015). Loggers and mills should 

contact Mn Dept Agriculture to obtain information about compliance agreements for moving ash products 

and hardwood firewood. 

 Dutch elm disease continues to take its toll on elms > 5”dbh. 
 

Predicted spatial distribution of black ash, green ash, and white ash CUBIC FOOT volume of trees with a diameter of 

5 inches and greater.  Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t 

necessarily indicate where individual trees of a species are found, but rather where individual trees of a certain 

species are dense enough to represent a large enough volume warranting depiction. 
Black ash Green ash White ash

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station  
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Minnesota’s Pine Resource 
 

Red Pine 
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Source: 2013 FIA database provided by USFS, Northern Research Station 

 

Red pine is a type dominated by young age classes, much of which is in the form of plantations in need of 

periodic thinning.  Much of the resource is owned by the federal government and private landowners. 
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Source: FIA database provided by USFS, Northern Research Station 

 

Volume of red pine has increased greatly since 1990 as many plantations have reached merchantable sizes.   
 

 

 

 

 



 58 

0

50

100

150

200

250

300

350

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Th
ou

sa
nd

 C
or

ds

YEAR

Red Pine Harvest in Minnesota by Product 2002-2012
From Timberland, Statewide, All Ownerships

Fuelwood

Sawlogs & other

Pulpwood

 
                        Source: Harvest data compiled by USFS, Northern Research Station & DNR 

 

DNR estimated long-term annual all-ownership sustainable harvest level is approximately 345,000 cords*.  

Based on 2013 FIA data, average net annual growth of red pine growing stock: 597,400 cords; average annual 

mortality: 21,000 cords. 
* Short-term sustainable level of 345,000 cords will continue to rise for at least 30 years as the cover type ages and 

available volume for thinning increases.  Also: intensified thinnings present an additional opportunity to raise sustainable 

levels by providing added stand growth. 
           

 

Resource Opportunities 

 

 Many red pine stands are moving into size classes that will benefit from additional thinning. 
 Red pine plantations demonstrate excellent response to various management techniques.  Following 

basal area recommendations and thinning from below, or above, or in combination, can maintain 

stand productivity. 
 Increasing severity and frequency of droughts will allow bark beetles to chip away at the red pine 

supply, especially along the western edge of the red pine range. 

 Lake and Cook Counties are under a gypsy moth quarantine. Loggers and mills should contact Mn 

Dept Agriculture to learn about travel restrictions and for information about compliance agreements. 
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Source: 2013 FIA database provided by USFS, Northern Research Station 

Note: Tree grade 1 = highest quality in the USFS tree grading system 

 

The tables below show AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 

to a 4 inch top DOB) by percent of basal area per acre that is Red Pine ON FIA PLOTS.  These tables show that 

these forest types can differ significantly and provides some idea of what other species can be harvested within 

these forest types.  This is FIA Red Pine Forest Type.  Acres Statewide provides some idea of the relative nature 

of different percent species compositions within a particular forest type.  Only FIA plots age 20 and older were 

included. 
 

Red Pine Natural 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 85,045 0.9 0.0 2.7 0.9 40.1 8.0 3.5 0.4 23.7 6.7 0.0 0.0 0.3 3.0 0.3 9.1
25-50% 75,373 1.8 0.0 3.2 0.8 5.1 49.9 9.7 0.0 15.5 7.7 0.0 0.3 0.0 2.0 0.0 3.9
50-75% 66,204 4.0 0.0 0.9 0.4 6.1 70.0 6.8 0.0 4.7 3.4 0.0 0.0 0.0 1.4 0.0 1.5
>75% 44,638 0.9 0.0 0.5 0.1 0.9 93.8 1.7 0.0 0.7 0.8 0.2 0.0 0.0 0.2 0.0 0.2  

 

Red Pine Planted  

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 4,283 26.8 0.0 0.0 0.0 45.8 4.4 0.0 0.0 23.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25-50% 22,563 2.6 0.0 0.4 1.0 1.1 52.3 7.4 0.0 14.2 7.3 0.0 0.6 0.2 8.6 0.1 1.8
50-75% 98,344 2.0 0.0 3.9 1.1 5.6 70.4 4.9 0.3 6.3 2.4 0.9 0.0 0.0 0.5 0.0 1.5
>75% 167,633 0.7 0.0 0.5 0.1 1.7 94.4 0.1 0.0 1.7 0.3 0.1 0.0 0.1 0.0 0.0 0.1  
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Predicted spatial distribution of red pine CUBIC FOOT volume of trees with a diameter of 5 inches and greater.  

Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t necessarily indicate where 

individual trees of a species are found, but rather where individual trees of a certain species are dense enough to 

represent a large enough volume warranting depiction. 
Red pine

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station  
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 Jack Pine 
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                       Source: 2013 FIA database provided by USFS, Northern Research Station  
Ownership of the jack pine resource is well-distributed between the major ownership groups.  Private landowners 

control the largest total acreage, but the federal government has by far the largest resource as a proportion of its 

total ownership.  The jack pine cover type is heavily weighted to the 21 to 60 year age classes.  Many stands over 

age 50 are in need of management at the present time.  Periodic jack pine budworm outbreaks occur in older 

stands, which can result in heavy mortality.   

 

The accelerated harvest rates of the mid-2000s were necessary and prudent for forest health management 

purposes, but they were not sustainable for the long term.  Jack pine harvest levels recently began a downward 

trend, but may be leveling off.  The volume “slack” caused by the reduction in jack pine can be made up with 

increased thinning of the young red pine resource.  Periodic outbreaks of jack pine budworm in west-central 

counties cause mortality; the last outbreak ended in 2007.   It could start up soon and make more jack pine 

available.  

 

Based on 2013 USFS FIA data, average net annual growth of jack pine growing stock: 95,500 cords; average 

annual mortality of jack pine growing stock: 76,400 cords.   
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                        Source: Harvest data compiled by USFS, Northern Research Station & DNR 
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Source: FIA database provided by USFS, Northern Research Station 
 

Jack pine total volume of all live has declined from 7,266,000 cords in 1990 to 3,872,600 cords in 2013 – a 47% 

decrease.    

 

The vast majority of jack pine volume is found in trees with diameters smaller than 15 inches. 

 

Lake and Cook Counties are under a gypsy moth quarantine. Loggers and mills should contact Mn Dept 

Agriculture to learn about travel restrictions and for information about compliance agreements. 
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The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 

to a 4 inch top DOB) by percent of basal area per acre that is Jack Pine ON FIA PLOTS.  This table shows that a 

Jack pine forest type can differ significantly and provides some idea of what other species can be harvested within 

these forest types.  This is FIA Jack Pine Forest Type.  Acres Statewide provides some idea of the relative nature 

of different percent species compositions within a particular forest type.  Only FIA plots age 20 and older were 

included. 
 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 12,046 8.0 0.0 0.0 0.0 8.2 24.9 6.6 0.0 24.8 2.2 0.1 0.0 0.0 0.0 0.0 24.5
25-50% 65,913 9.1 0.0 3.5 12.6 43.3 11.8 3.2 0.5 8.9 5.2 0.8 0.0 0.0 0.6 0.1 0.2
50-75% 67,021 4.5 1.3 1.5 3.8 68.5 5.2 3.2 0.0 6.7 3.9 0.0 0.0 0.5 0.1 0.6 0.1
>75% 70,995 2.7 0.1 0.4 1.9 89.2 1.8 0.0 0.0 3.4 0.2 0.0 0.0 0.0 0.0 0.0 0.3  
 

Predicted spatial distribution of jack pine CUBIC FOOT volume of trees with a diameter of 5 inches and greater.  

Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t necessarily indicate where 

individual trees of a species are found, but rather where individual trees of a certain species are dense enough to 

represent a large enough volume warranting depiction. 

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station   
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White Pine 
 

0

10,000

20,000

30,000

40,000

0 to
10

11
to
20

21
to
30

31
to
40

41
to
50

51
to
60

61
to
70

71
to
80

81
to
90

91
to

100

100
plus

A
cr

e
s

Age Class

White Pine Forest Type                     
Timberland Acres by Owner & Age Class 2013 FIA  

Total Acres in Forest Type: 150,000

Private

County & Municipal

State

All Federal

 
Source: 2013 FIA database provided by USFS, Northern Research Station  

 

The cover type is heavily weighted to age classes of 60 years plus.   National forests and private landowners are 

by far the predominant ownership groups for the white pine cover type. 
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                         Source: MN DNR sawmill surveys  

 

Most white pine volume occurs in the white pine, red pine, aspen and northern hardwoods cover types.  The vast 

majority of white pine volume is in trees with diameters greater than 15 inches.  Volume has increased 

substantially since the 1990 inventory.  Based on 2013 FIA data, average net annual growth of white pine 

growing stock:  191,100 cords; average annual mortality: 34,300 cords. 
 

Changes in climate may reduce white pine blister rust in parts of the state leading to more white pine in the long 

term. 

 

Lake and Cook Counties are under a gypsy moth quarantine. Loggers and mills should contact Mn Dept 

Agriculture to learn about travel restrictions and for information about compliance agreements. 
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Source: FIA database provided by USFS, Northern Research Station 
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Source: 2013 FIA database provided by USFS, Northern Research Station 

    Note: Tree grade 1 = highest quality in the USFS tree grading system 
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The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 

to a 4 inch top DOB) by percent of basal area per acre that is White Pine ON FIA PLOTS.  This table shows that 

a White pine forest type can differ significantly and provides some idea of what other species can be harvested 

within these forest types.  This is FIA White Pine Forest Type.  Acres Statewide provides some idea of the relative 

nature of different percent species compositions within a particular forest type.  Only FIA plots age 20 and older 

were included. 
 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 10,781 7.2 0.0 8.9 0.0 0.3 24.5 20.1 0.0 3.9 4.8 0.9 0.0 0.2 3.5 4.2 21.3
25-50% 72,059 1.3 0.5 1.7 1.4 5.8 11.4 47.6 0.0 11.4 4.9 0.2 1.4 0.0 3.2 0.4 7.8
50-75% 49,493 2.2 0.4 4.1 0.5 1.0 8.0 67.9 0.0 3.4 3.5 0.0 0.2 0.0 3.1 0.1 3.9
>75% 12,996 14.3 0.0 0.0 2.3 0.0 0.4 81.9 0.0 0.4 0.0 0.0 0.0 0.1 0.0 0.0 0.2  

 

Predicted spatial distribution of eastern white pine CUBIC FOOT volume of trees with a diameter of 5 inches and 

greater.  Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t necessarily 

indicate where individual trees of a species are found, but rather where individual trees of a certain species are dense 

enough to represent a large enough volume warranting depiction. 
Eastern white pine

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station  
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Minnesota’s White Cedar Resource 
 

Northern white cedar is a slow-growing, long-lived conifer. The white cedar cover type in Minnesota is located 

largely in the northeastern 1/3 of the state and is made up of a variety of species.  Cover type volume is dominated 

by white cedar, but includes spruce, tamarack, birch, balsam fir, ash and several other minor species.  Significant 

volumes of cedar can also be found mixed with other lowland cover types and it also exists as a minor component 

of some upland cover types.  Cedar is significant because it provides critical habitat for white-tailed deer and for 

many rare plant species including the threatened ram’s head orchid, and because it is a potentially valuable timber 

resource. 
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Source: 2013 FIA database provided by USFS, Northern Research Station 

 

White cedar is generally an old resource, and it is getting older: around 291,400 cover type acres exist in stands 

over age 100, with less than 5,900 cover type acres below age 30.   Much of the white cedar resource exists on 

very wet sites, many of which have low productivity and slow growth.  High amounts of heart rot are common in 

older stands on wet sites.  Much of the volume of white cedar is contained in material below 13 inches in 

diameter.           
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                        Source: Harvest data compiled by USFS, Northern Research Station & DNR 

 



 68 

With no pulpwood market for cedar, the small amount of utilization is entirely for sawtimber, specialty products 

and a small amount of fuelwood.  Net annual growth for white cedar growing stock is approximately 260,200 

cords, and average annual mortality is approximately 50,600 cords, according to the 2013 FIA inventory.  Annual 

harvest is around 5,000 cords, so there is a great deal of potential in the resource for more utilization and 

management, if regeneration issues can be solved. 
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Source: FIA database provided by USFS, Northern Research Station 

 

Resource Opportunities: 

 Cedar can be a great fit for some value-added products due to its natural decay resistance. 

 Product markets include post & poles, railings and rough lumber. 

 

Resource Issues 

 White cedar has been somewhat of a “neglected” resource for many years.  Probably the single biggest 

reason for this is an inability to consistently regenerate it on many sites.  Cedar is in need of greater 

research efforts in regeneration techniques. 

 Use of white cedar for industrial products is very modest.  There is no pulpwood market for cedar.  The 

modest amount of utilization in Minnesota is essentially entirely for sawtimber, specialty products and a 

small amount for fuelwood. 

 Cedar has tremendous importance for wildlife habitat and ecological diversity. 

 Cedar is very long-lived, but doesn’t often regenerate naturally. 
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The table below shows AVERAGE percent species compositions by merchantable volume (5 inch dbh and greater 

to a 4 inch top DOB) by percent of basal area per acre that is Northern White Cedar ON FIA PLOTS.  This table 

shows that a NWC forest type can differ significantly and provides some idea of what other species can be 

harvested within these forest types.  This is FIA NWC Forest Type.  Acres Statewide provides some idea of the 

relative nature of different percent species compositions within a particular forest type.  Only FIA plots age 35 

and older were included. 
 

Percent 
of BAA 

Acres 
Statewide

Balsam 
Fir Tamarack

White 
Spruce

Black 
Spruce

Jack 
Pine Red Pine

Eastern 
White 
Pine

White 
Cedar Aspen

Paper 
Birch Balm Basswood

American 
Elm Maple Ash Oak

< 25% 3,361 7.0 0.0 0.0 0.0 0.0 0.0 0.0 11.9 42.2 0.0 7.8 0.0 25.3 0.0 5.8 0.0
25-50% 82,759 6.6 10.3 1.9 11.2 0.0 0.0 1.9 46.2 4.6 10.1 1.7 0.0 0.0 1.2 2.7 0.0
50-75% 253,045 5.3 8.1 1.5 5.5 0.0 0.2 0.6 67.6 2.0 4.5 0.9 0.0 0.1 0.1 3.0 0.0
>75% 253,418 2.1 3.4 0.2 2.6 0.0 0.0 0.0 87.4 0.2 1.9 0.4 0.0 0.0 0.0 1.2 0.0  

 

Predicted spatial distribution of northern white cedar CUBIC FOOT volume of trees with a diameter of 5 inches 

and greater.  Maps are constructed using interpolative procedures among FIA plots.  This map doesn’t 

necessarily indicate where individual trees of a species are found, but rather where individual trees of a certain 

species are dense enough to represent a large enough volume warranting depiction. 

Northern white cedar

 
 

Source: 2010 FIA database provided by USFS, Northern Research Station  
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Timber Price 

Information 
 

 

 

 

Average Prices Received by Product for Stumpage Sold by Public Land Agencies in Minnesota: 

2000-2013 
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Average Prices Received for Stumpage Sold  

by Public Land Agencies in Minnesota: 2000-2013 
 

Notes:  

 Average prices based on those reported by Minnesota Counties (Aitkin, Becker, Beltrami, Carlton, Cass, 

Clearwater, Crow Wing, Hubbard, Itasca, Koochiching, Lake, Pine, St. Louis, and Wadena), USDA 

Chippewa and Superior National Forests, USDI Bureau of Indian Affairs, and Minnesota DNR- Division of 

Forestry.  Agency specific prices are available on the DNR website, in the annual  “Minnesota Public 

Stumpage Price Review” at http://www.dnr.state.mn.us/forestry/timbersales/stumpage.html 

 Reporting agencies have different fiscal years and different product specifications.  Some agencies report their 

data based on appraised volume estimates, others report based on actual scale receipts.  All prices presented as 

reported.  

 The reported sales data includes numerous different products and units of measure. Conversion factors used: 

500 BF/ Cd for hardwoods, 400 BF/ Cd for softwoods.   

 Use caution when comparing prices shown in these tables with actual prices received or expected on any 

specific timber sale.   For recent timber stumpage prices, readers can go to the DNR website and view recent 

auction results at http://www.dnr.state.mn.us/forestry/timbersales/index.html.  

 
 

Species 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Aspen 25.28 28.76 27.36 28.95 37.20 59.70 47.52 27.50 26.14 23.07 25.16 25.55 25.58 24.99

Balm 25.27 32.06 27.53 25.12 31.71 45.25 38.85 17.00 21.18 20.83 21.22 20.01 22.77 20.56

Birch 7.69 8.31 8.16 9.04 12.21 20.57 14.76 9.68 9.06 9.17 8.48 9.41 9.31 8.44

Ash 4.09 3.91 5.86 3.62 5.51 5.43 8.22 6.21 6.86 8.73 6.97 7.41 6.26 6.62

Oak 9.27 7.74 5.77 4.35 8.28 16.28 18.27 16.23 8.39 15.32 13.41 11.29 11.69 15.44

Basswood 5.68 5.48 6.51 6.05 6.58 10.64 8.06 10.35 7.41 8.10 7.50 7.58 6.61 9.16

Balsam Fir 14.84 14.61 13.99 13.46 21.12 33.54 30.56 18.36 15.98 14.67 16.10 17.91 14.19 9.86

W. Spruce 32.63 29.90 30.51 21.87 31.80 43.39 35.06* 21.49 18.69* 17.91 15.12 17.57

B. Spruce 22.23 29.17 27.05 31.96 31.50 43.39 35.06* 21.49 20.05 23.14 17.77 19.22

Tamarack 5.67 6.40 4.11 4.56 6.42 9.84 5.96 3.18 4.61 5.01 5.03 5.51 6.20 5.05

W. Cedar 8.46 6.74 7.06 4.68 4.60 5.50 9.26 6.39 4.10 5.44 6.19 8.21 5.12 7.86

J. Pine 21.94 21.63 22.18 21.37 29.46 30.66 37.62 28.50 9.87 13.02 17.21 8.06 16.03 13.50

R&W Pine 18.61 20.79 20.99 19.55 19.18 29.06 36.59 27.15 11.99 16.22 9.08 18.06 10.33 15.44

Maple --- --- --- --- --- 13.30 7.98 7.91 8.86 8.06 9.21 8.99 8.18 9.91

17.44*

Pulpwood ($ per cord)

---Insufficient data.

21.58*

* Spruce Species  
 

In 2013, across all species and as reported on public lands, a total of 92,366 tons of biomass was sold for 

bioenergy consumption with an average price of $1.03 per ton. 
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Species 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Aspen 28.66 34.33 30.80 34.52 40.94 65.14 45.58 28.44 37.63 36.79 --- --- --- ---

Balm 25.41 32.57 28.35 28.21 34.15 47.09 34.73 23.70 --- --- --- --- --- ---

Birch 9.45 10.40 10.18 12.61 16.28 24.99 17.70 10.99 16.30 13.01 14.48 15.54 14.24 15.17

Ash 10.01 11.52 10.01 9.84 13.42 21.76 12.98 7.65 20.96 10.10 17.41 18.23 18.39 15.81

Oak 25.35 24.33 32.32 34.50 26.26 42.24 25.47 20.85 22.12 21.25 21.49 19.95 20.45 22.20

Basswood 17.00 18.87 16.94 18.34 19.46 23.89 18.21 10.98 16.87 11.62 13.15 10.70 11.58 13.78

Balsam Fir 19.87 24.01 20.53 23.04 26.76 41.38 30.57 21.47 22.77 21.91 23.44 20.39 20.78 16.65

W. Spruce 34.25 33.84 34.88 35.86 41.67 48.03 31.38 30.29 28.82 24.99 24.00 25.48

B. Spruce 23.04 30.01 27.65 31.96 32.88 48.03 31.38 30.29 --- --- 26.91 24.65

Tamarack 6.60 7.37 4.55 5.21 6.96 10.07 9.31 5.40 --- --- --- --- 16.57 12.75

W. Cedar 8.32 8.68 7.91 6.16 5.98 7.47 13.48 9.35 13.98 11.65 --- --- --- ---

J. Pine 30.39 37.95 36.76 38.20 41.75 50.81 49.49 32.07 30.28 25.41 28.34 28.03 29.84 27.31

R&W Pine 53.35 43.89 40.01 39.13 39.76 55.17 45.98 33.52 27.51 29.32 31.04 36.36 31.87 40.38

Maple --- --- --- --- --- 16.30 12.36 8.30 17.59 16.59 17.41 13.86 12.94 13.76

** Spruce Species

---Insufficient data.

Pulp & Bolts in Combination*

($ per cord)

23.37** 26.54**

*A bolt is defined as a short log, usually 100” length, with a specific minimum top diameter, generally sawn for lumber.

 
 

 

 Species 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

 Aspen 102.28 114.11 103.19 109.91 128.77 190.44 --- --- 43.64 51.11 33.67 52.11 53.48 53.12

 Birch 43.17 50.48 55.87 72.34 94.41 128.30 52.06 27.24 32.04 19.82 38.92 42.15 35.70 36.97

 Ash 71.39 81.97 66.85 76.60 99.56 144.62 --- 38.21 42.41 51.89 56.27 58.09 36.12 34.06

 Elm --- 44.10 69.00 62.08 53.82 86.52 --- 85.22 60.08 53.99 45.08 60.43 42.45 41.41

 Oak** 109.53 118.72 151.77 150.04 145.57 185.90 378.03 182.83 271.04 193.61 243.09 232.20 225.36 274.54

 Basswood 70.25 81.24 80.43 94.47 112.30 133.10 124.73 97.73 97.33 66.24 63.47 66.11 55.87 54.44

 Balsam Fir 120.65 144.20 136.32 145.47 167.74 244.43 --- 76.47 72.75 58.34 --- --- --- 66.51

 Spruce 90.00 91.27 94.95 101.81 131.34 204.73 113.02 96.41 81.57 87.05 102.15 64.23 83.12 87.57

 W. Cedar 19.96 30.46 29.43 24.73 27.34 26.38 153.14 --- --- --- --- --- --- ---

 J. Pine 114.86 154.35 155.76 135.43 168.66 184.79 124.11 115.21 109.95 106.19 --- 145.76 138.95 112.00

 R&W Pine 176.01 170.13 153.78 153.10 139.41 181.21 143.45 114.04 119.51 107.40 123.36 140.45 121.15 126.48

 Maple --- --- --- --- --- 131.53 206.45 137.17 150.62 81.48 219.83 160.78 292.13 70.92

($ per Thousand Board Feet)*

Sawtimber

*Includes veneer for certain hardwood species.

**Primarily from public lands in Southeastern Minnesota.

---Insufficient data.
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Glossary 
 

BIA – Bureau of Indian Affairs 
 
Cover Type – A classification of forest land, typically an individual stand, based on the species forming a 
plurality of live tree stocking. 
 
CSA – Cooperative Stand Assessment.  This is the inventory system used on state-owned land.  Different 

vegetative stands are mapped using aerial photography and ground checks.  Variable radius sample plots are 

distributed throughout each cover type and measured on the ground.  A variety of information on stand condition 

is collected.  Variables such as timber volumes, species mixes and insect and disease damage for the state forest 

and wildlife management areas can be determined using CSA data. 

 

Cull – Portions of a tree that are unusable for industrial wood products because of rot, form, missing or dead 

material, or other defect. 
 
FIA – Forest Inventory & Analysis.  In this inventory, permanent plots are remeasured.  Under an older system, 

where all existing FIA plots were measured during the same year, field remeasurements were last completed in 

1977 and 1990.  A new system is now used.  Rather than measuring all plots during one year, basically 20% of all 

plots are remeasured annually, referred to as a panel.  Hence, all existing plots are remeasured during a five-year 

period, referred to as a cycle.  Three complete cycles have been completed, Cycle 12 (panels of 1999, 2000, 2001, 

2002, and 2003), Cycle 13 (panels of 2004, 2005, 2006, 2007, and 2008), and Cycle 14 (panels of 2009, 2010, 

2011, 2012, and 2013).  FIA is a cooperative effort between the USDA Forest Service and Minnesota DNR.   

 

FIA provides extremely important information on the condition of the forest resource.  Variables such as timber 

volumes, species mixes, and changes to the forest resource over time can all be determined using FIA data.  It is 

the only way to track condition and changes over time for non-industrial private woodlands and is the only way to 

get comprehensive data across all ownerships.   
 
Growing Stock Trees – Live trees of commercial species excluding cull trees. 

   

MAI – Mean Annual Increment.   The average annual change in volume of a stand at a specified point in time.  

MAI changes with different growth phases in a tree’s life, generally being highest in the middle ages & 

decreasing with age.  The point at which MAI peaks is sometimes used as a guide to identify biological maturity 

and a stand’s readiness for harvesting. 

 

NRS – Northern Research Station.  This is where the FIA unit of the USFS is located.  These are the folks that, in 

cooperation with state DNR, accomplish the FIA inventory and Timber Product Output surveys.  Without them, 

very little of the information in this document would be available.   

 

NIPF – Non-Industrial Private Forest Land.  Forest land owned privately by people or groups not involved in 

forest industry.  More recently referred to by some as Family Forest Owners. 
 
Primary Forest Industry Manufacturers – Refers to initial processors of trees, including producers of 1. Solid 

wood products (lumber, veneer), 2.  Engineered wood products, 3. Pulp and paper, 4.  Specialty products, and 5.  

Wood energy.  These primary products are often inputs into “secondary” or “value-added” products.    
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Glossary (continued) 
 

Pulpwood – Wood that is harvested and used by primary mills that make products from reconstituted wood fiber.  

In addition to wood pulp, this includes particleboard and engineered lumber products made from chips, shavings, 

wafers, flakes, strands and sawdust. 

 

Real Estate Investment Trust (REIT) – an organization that acquires and manages income producing real estate 

such as timberlands.  Several criteria must be met to qualify as a REIT, one important requirement is that at least 

90% of its taxable income must be distributed to shareholders in the form of dividends.  A REIT structure is 

advantageous for many reasons, a large one is that earnings are considered capital gains which are taxed at a 

maximum rate of 15%, as opposed to corporate income tax rates such as 35%. 

 

Rotation Age – Age at which a stand is generally considered mature and ready for harvest.  This age can vary 

depending upon ownership objectives, e.g., desired products, previous treatments (such as thinning), economic 

and market conditions, and other considerations such as the forest age class distribution and wildlife habitat 

values.  In reality, stands may be harvested earlier, at or beyond the specified rotation age. 

 
Sawtimber – Wood that is harvested and used by sawmills. 
 
Secondary Forest Industry Manufacturers – Are those that use inputs from primary industry such as lumber to 

further process or manufacture “value-added” products such as cabinets, pallets and many others.   

 

Stumpage – The amount paid to the landowner for the right to cut and remove specified standing timber. 

 

Timberland – Forest land that is producing, or is capable of producing, more than 20 cubic feet per acre per year 

of industrial wood crops, that is not withdrawn from timber utilization by policy or law. 

 

Timberland Investment Management Organization (TIMO) – an organization that acquires and manages 

timberland investments on behalf of others.  Although these organizations generally possess large amounts of 

acreage, they differ from REITs and vertically-integrated timberland-owning companies in that they hold 

timberlands for the financial value of the land and timber rather than as a source of raw material for company-

owned mills. 

 

USDA – United States Department of Agriculture. 

 

USFS – United States Department of Agriculture - Forest Service. 

 
 

Conversion Factors 

 

Conversion factors used in the preparation of this report: 

 

1 cord = 500 board feet 

1 cord = 79 cubic feet 

 

 



From: Catton, Timothy J -FS
To: Tamara_Smith@fws.gov; Dunlap, Bob (DNR)
Cc: richard.baker@state.mn.us; Ron Moen; Nordquist, Gerda E (DNR); Erb, John D (DNR)
Subject: RE: Injured lynx on the Gunflint
Date: Thursday, July 06, 2017 7:01:12 AM
Attachments: image001.png
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image003.png
image004.png

We are trying to get someone from our Grand Marais office out to the site, will let everyone know if
anything is found.
 
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Wednesday, July 05, 2017 4:20 PM
To: Dunlap, Bob (DNR) <bob.dunlap@state.mn.us>
Cc: richard.baker@state.mn.us; Ron Moen <rmoen@d.umn.edu>; Catton, Timothy J -FS
<tcatton@fs.fed.us>; Nordquist, Gerda E (DNR) <gerda.nordquist@state.mn.us>; Erb, John D (DNR)
<john.erb@state.mn.us>
Subject: Re: Injured lynx on the Gunflint
 
Hi Bob - Thanks for the notification, information and photographs.  I'll forward this on to our
Law Enforcement - fyi.  I will let you know if I have any further questions. Please let me
know if you hear any more about this incident.
 
Thank you, 
Tam
 
On Wed, Jul 5, 2017 at 1:15 PM, Dunlap, Bob (DNR) <bob.dunlap@state.mn.us> wrote:

Hi all,
 
On Monday evening my wife and I along with two friends were on our way back from a day
trip in the BWCA and driving southeast along the Gunflint Trail when we came upon a lynx
lying down in the road and seemingly flailing about (photo 1). As we slowly drove around it
for a closer look it was clear that it was both injured and dazed and I assume recently hit by
a vehicle. Surprisingly, it stumbled back upright and stood near the edge of the road,
confirming that its right front leg was broken (photo 2). After directing a few cars around it,
we watched it limp into the woods on the east side of the road. When we arrived back in
Grand Marais we called the local CO (Mary Manning) and gave her the details.
 
Here are the coordinates:
 
47.972061178, -90.325900549
 
I assume since it needs its front legs for hunting, the prognosis isn’t good.
 
Bob Dunlap
Zoologist | Minnesota Biological Survey

mailto:tcatton@fs.fed.us
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Minnesota Department of Natural Resources
500 Lafayette Rd.
St. Paul, MN, 55155
Phone: 651-259-5141
Email: Bob.Dunlap@state.mn.us
mndnr.gov

 

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873
 
612-600-1599 Cell

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

mailto:Bob.Dunlap@state.mn.us
http://mndnr.gov/
https://www.facebook.com/MinnesotaDNR
https://twitter.com/mndnr
http://www.dnr.state.mn.us/emailupdates/index.html


From: Catton, Timothy J -FS
To: Tamara_Smith@fws.gov
Cc: Catton, Susan J -FS
Subject: RE: Injured lynx on the Gunflint
Date: Thursday, July 06, 2017 9:20:51 AM
Attachments: image001.png
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Hi Tam,
 
A few things for the Take Database.  This is in Cook County, UTMs are 699576, 5316655.  Exact
location is on State of Minnesota land, but it is within Superior National Forest proclamation
boundaries.  Vehicle type is unknown, Highway, Paved, Speed Limit is 46-60MPH, Road Number is
County 12 (Gunflint Trail), Jurisdiction is County.  OML is 20, Traffic Volume from other CC12 entries 
is 1320.
 
I’ll let you know if we learn anything more about this.
 
Tim
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Wednesday, July 05, 2017 4:20 PM
To: Dunlap, Bob (DNR) <bob.dunlap@state.mn.us>
Cc: richard.baker@state.mn.us; Ron Moen <rmoen@d.umn.edu>; Catton, Timothy J -FS
<tcatton@fs.fed.us>; Nordquist, Gerda E (DNR) <gerda.nordquist@state.mn.us>; Erb, John D (DNR)
<john.erb@state.mn.us>
Subject: Re: Injured lynx on the Gunflint
 
Hi Bob - Thanks for the notification, information and photographs.  I'll forward this on to our
Law Enforcement - fyi.  I will let you know if I have any further questions. Please let me
know if you hear any more about this incident.
 
Thank you, 
Tam
 
On Wed, Jul 5, 2017 at 1:15 PM, Dunlap, Bob (DNR) <bob.dunlap@state.mn.us> wrote:

Hi all,
 
On Monday evening my wife and I along with two friends were on our way back from a day
trip in the BWCA and driving southeast along the Gunflint Trail when we came upon a lynx
lying down in the road and seemingly flailing about (photo 1). As we slowly drove around it
for a closer look it was clear that it was both injured and dazed and I assume recently hit by
a vehicle. Surprisingly, it stumbled back upright and stood near the edge of the road,
confirming that its right front leg was broken (photo 2). After directing a few cars around it,
we watched it limp into the woods on the east side of the road. When we arrived back in
Grand Marais we called the local CO (Mary Manning) and gave her the details.
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Here are the coordinates:
 
47.972061178, -90.325900549
 
I assume since it needs its front legs for hunting, the prognosis isn’t good.
 
Bob Dunlap
Zoologist | Minnesota Biological Survey

Minnesota Department of Natural Resources
500 Lafayette Rd.
St. Paul, MN, 55155
Phone: 651-259-5141
Email: Bob.Dunlap@state.mn.us
mndnr.gov

 

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873
 
612-600-1599 Cell

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.
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From: Bush, Jodi
To: Peter Fasbender; Anna Harris; Kathleen Hendricks; Ann Timberman
Cc: Tamara Smith; Mark McCollough; Bryon Holt; Kurt Broderdorp; Jim Zelenak; Paul Phifer; rollie_white@fws.gov;

Lori Nordstrom
Subject: Fwd: DRAFT FINAL SSA
Date: Monday, July 10, 2017 3:36:52 PM
Attachments: 2017 06 22 Draft - FINAL Lynx SSA Report CLEAN.docx

Good afternoon folks.  We are wrapping up the final SSA and I wanted to reach out to you for
2 reasons: First to say thanks to you and your staff for all of your hard work throughout this
process.  I know it has been a slog and a suck on all of your time, and two, to say its not over
yet!  

We are very close but we need your staff's help to get us over the finish line.  The first draft
had substantial rewrites by Jim to address questions and concerns brought up by all the
reviewers (internal and not) and as a result - we believe its a much better document.  However,
we need your folks to look at their sections and let us know if you see any major omissions or
failure to adequately address substantive comments and to add page numbers to citations and
add citations to the list at the end.  These need to be done in track changes and sent them back
to Jim asap.  We are still trying to get this document and the SSA completed by the end of the
month but need your help.  I understand that folks are on to other priorities but a couple of
focused days on this assignment should wrap it up.    Thanks again for your help.   Also a
word to the wise, folks should also spend sometime getting their records together.  We are
likely to be FOIA'd immediately after the 5 year review is made final.  Thanks again. JB

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

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Thu, Jun 22, 2017 at 4:54 PM
Subject: DRAFT FINAL SSA
To: Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Mark
McCollough <mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Bryon
Holt <bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>

I've tried to address most of the peer review and many of the State/Fed comments in the attached.  I've tried to
highlight places where changes are responsive.  I've also highlighted some (maybe not all) of the citations that still
need pg numbers.  I've also tried to edit for consistency among EE results presentations in each unit. I've also left
comments regarding questions or issues on which I still need input or resolution from Core Team members. And I've
made changes to conclusions with which I disagree.

This is a clean version (except comments).  I had to abandon the Track Changes version several days ago when it
got too cluttered.  I will forward the most recent of that after I've had a chance to look through it and remove stuff
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that's since been addressed.

Core Team - please review your sections and let me know if you see any major omissions or failure to adequately
address substantive comments. Also review what you submitted to see if it can be boiled down further based on
changes to text in preceding chapters.  Also please add pg numbers to citations and add citations to the list at the
end.  Do these in track changes and send them back to me by June 30.

This is still not as tight as I would like it, and I think it could be trimmed more, but I think it goes a long ways to
addressing the reviews we received. Let me know if you disagree and if so, where specifically in the document.

Justin - you've been volunteered for technical editor - we can discuss anything you may have questions about.

One day this thing may actually be finished.....

With all the optimism I can muster,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the Service’s evaluation of the best available scientific information, including the 
formally elicited professional judgments and opinions of recognized lynx experts. Based on this 
information, we:  (1) describe the ecological requirements and population dynamics of the 
species; (2) evaluate the historical and current condition of lynx populations in the DPS and the 
factors that appear to have influenced them; and (3) assess the future viability of the DPS in the 
near-term (through the year 2025), in the mid-term (through 2050), and through the end of this 
century in terms of the conservation biology principles of resiliency, redundancy, and 
representation (the “3 Rs”).   
 
The lynx is a boreal forest predator whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive spruce-fir 
conifer forests of the Canadian and Alaskan taiga; however, the southern margins of both their 
ranges extend into the northern contiguous United States. The U.S. Fish and Wildlife Service 
(Service) designated lynx in the Lower 48 States as a DPS because of differences in the 
management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences between lynx habitat at the 
southern extent of its range in the contiguous United States compared to the northern range in 
Canada and Alaska. The Service listed the DPS as threatened under the Endangered Species 
Act (ESA) of 1973, as amended, in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms on some Federal lands to provide for the conservation of lynx habitats 
and populations. This SSA does not reconsider the designation of the DPS or its listing status 
under the ESA, which are Service policy decisions. Instead, it provides the scientific basis for 
the statutorily required 5-year status review for the DPS and other decisions the Service is 
required to make in accordance with the ESA. 
 
Lynx were documented historically in 24 of the contiguous United States; however, in at least 11 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually in 
association with “irruptions” (mass dispersal events) of lynx from Canada when northern 
snowshoe hare populations underwent dramatic cyclic declines roughly every decade (see 
below and section 2.3.2.1). When it listed the DPS under the ESA, the Service defined its range 
as the forested portions of 14 states; 4 in the Northeast (Maine, New Hampshire, New York, 
Vermont), 3 in the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West 
(Colorado, Idaho, Montana, Oregon, Utah, Washington, Wyoming). Based on a detailed 
analysis of verified historical lynx records that was published at about the time the DPS was 
listed and on research and monitoring that have occurred since then, it seems likely that lynx 
occurred historically in some of those states (New York, Vermont, Wisconsin, Oregon, and 
Utah) only intermittently as dispersers or as small, naturally ephemeral populations; not as 
persistent resident breeding populations. In other states (New Hampshire, Michigan, Colorado, 
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questions about “why a DPS?” and to reiterate 
that we do not take up policy decisions in the 
SSA – get both out of the way up front, as per 
discussion with Jodi 

Comment [ZJ3]: This paragraph in response 
to several comments asking how the SSA units 
relate to the DPS range and/or historical 
distribution. 



 

5 
 

and Wyoming), it remains uncertain whether resident lynx occurred historically as small but 
persistent breeding populations or only ephemerally. Parts of the remaining states (Idaho, 
Maine, Minnesota, Montana, and Washington) show the strongest evidence of historical and 
recent (at the time of listing and since then) persistent resident populations.  
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recentlysupported resident lynx. The units are 
distributed across the northern contiguous United States from Maine to Washington and south 
along the Rocky Mountains to western Colorado. Units 1 (Northern Maine), 2 (Northeastern 
Minnesota), 3 (Northwestern Montana/Northeastern Idaho, and 4 (North-central Washington) 
historically supported and currently support resident lynx populations. Based on verified records, 
it is uncertain whether units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) 
historically supported persistent populations or if they supported resident lynx only ephemerally. 
In the GYA, there are very few verified records from 1920-1999, but several resident lynx and 
some kitten production were verified in the late 1990s and early 2000s. In addition, at least 9 
radio-marked lynx released in Colorado (see below) dispersed northward into or through the 
GYA Unit from 2003-2010, but no lynx have been detected in the GYA since 2010. In Unit 6, 
there were even fewer verified records during the last century, and no reliable evidence of a 
resident breeding population. However, from 1999-2006, 218 Canadian and Alaskan lynx were 
released into the San Juan Mountains of southwestern Colorado. As a result of the subsequent 
reproduction of some of the released lynx and some of their offspring over several generations, 
resident lynx currently occupy parts of western Colorado. 
 
Units 1-5 include the same areas the Service designated as critical habitat for the DPS in 2014 
(we did not designate critical habitat in Colorado). Combined, the 6 units encompass over 
131,000 km2 (about 50,640 mi2) of occupied or potential lynx habitat and represent 
approximately the southern 2 percent of the species’ breeding distribution (98 percent occurs in 
Canada and Alaska; figure 1). The units are relatively isolated from each other, but units 1-4 are 
directly adjacent and connected to larger lynx populations and habitats in southern Canada. 
Land ownership varies among the units, with private lands accounting for most of the Northern 
Maine Unit; a mix of Federal, State and private lands in Minnesota; and predominantly Federal 
lands in the 4 western units (see chapter 1, table 1, below for additional details on unit sizes and 
land ownership). Although small numbers of lynx are regularly or occasionally documented in 
other parts of the northern contiguous United States, often peripherally to the SSA geographic 
units, these peripheral areas do not support persistent resident lynx populations. Lynx may 
occur in such areas as small and ephemeral breeding populations or as occasional dispersing 
or transient individuals. 
 

Comment [ZJ4]: Distinguish GYA and 
introduced pop in CO (below) – latter as per 
Squires’ peer review question about why we 
treated CO same as other pops. 
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Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws,which provide it with a very low foot-loading (weight per surface area 
of foot) - that allow it to more efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (see section 2.2). These characteristics are 
thought to provide lynx with a seasonal (4 to 5 winter months in most of the DPS) competitive 
advantage over other terrestrial hare predators and allow them to occupy habitats that are 
unavailable to some of their potential competitors. 
 
Lynx in the DPS occur at the southern margin of the species’ range and the southern extent of 
the environmental conditions (boreal forest distribution and structure; hare density; and snow 
conditions and duration) thought necessary to support resident lynx populations. Because of 
this, lynx habitats and thus lynx are naturally less abundant and more patchily distributed in 
most of the DPS than in the core of the species’ range in Canada and Alaska (although even in 
the core of the range lynx decline temporarily to very low densities during cyclic lows in the hare 
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Moen for CO; Murray) requested a more useful 
map showing areas that actually contain habitat.  
This map shows Units 1-5 as the 2014 
designated CH and shows potential habitat for 
Unit 6 (CO) that Kurt worked on with CPW. 
These are the actual areas we used to calculate 
the sizes and proportional land ownership in 
Table 1 qand ureferred to throughout the report. 
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population cycle; see section 2.2 below). Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important, but whether the demographic and/or genetic 
health of any, all, or some DPS populations depends on intermittent immigration of lynx from 
Canada, and if so to what extent, remains uncertain. 
 
We still lack fundamental information about lynx in the DPS, including reliable estimates of past 
and current population sizes and trends and recruitment and immigration rates. However, 
research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, genetics, and some important 
demographic parameters of lynx in the contiguous United States. For example, analysis of 
historical trapping data in the United States and Canada indicated that many lynx records in the 
contiguous United States coincided with intermittent irruptions of lynx from Canada into northern 
states when hare populations in Canada underwent steep cyclic declines (roughly every 10 
years). During these events, particularly the unprecedentedly large irruptions of the early 1960s 
and early 1970s, hundreds to thousands of lynx dispersed south into the northern Unitied 
States, as evidenced by dramatic but short-lived increases in the number of lynx trapped in 
many northern states. These lynx dispersed into both suitable and unsuitable habitats in the 
contiguous United States. In suitable habitats, immigrants may have contributed to the 
demographic and genetic health of resident populations; in unsuitable habitats, dispersing lynx 
occurred only temporarily in and disappeared relatively quickly from areas that are not capable 
of supporting resident populations. 
 
Additionally, although we knew at the time of listing that resident lynx occurred in Maine, we 
lacked information on the historical and recent distribution and quality of lynx habitat. We now 
know that forest regeneration after large-scale clear-cutting in the 1970s and 1980s has 
contributed substantially to the current broad distribution of high-quality habitat in northern 
Maine, which currently supports the largest resident lynx population in the DPS, and many more 
than likely occurred there historically under natural disturbance regimes. Similarly, we were 
uncertain whether Minnesota supported a resident population or only intermittent dispersing 
lynx, but we now know that a persistent breeding population occupies the northeastern corner of 
the state. Research and monitoring also suggest that lynx and habitats in the western United 
States are naturally less abundant and more patchily distributed than was thought at the time of 
listing, and lynx may have been extirpated recently from several areas thought to have 
previously supported small resident populations (e.g., the Kettle Mountains in northeastern 
Washington, the Garnet Mountains in western Montana [although a single lynx was documented 
there in 2016], and the GYA). We also know that extensive wildfires over the past few decades 
have impacted over a third of the high-quality lynx habitat in north-central Washington, likely 
causing a decline in lynx numbers there. Finally, as mentioned above, despite uncertainty 
regarding their historical presence, resident lynx currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
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Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographic unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (the “3 Rs”) as the framework for assessing current and future 
conditions. Resiliency describes the ability of populations and species to withstand stochastic 
events, redundancy describes a species’ ability to withstand catastrophic events, and 
representation describes a species’ ability to adapt to long-term changes in the environment. 
For lynx, the factors capable of influencing the 3 Rs that we evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS range. Additionally, consistent methods to monitor hare and lynx 
habitats have not been implemented throughout most of the range. And importantly, given the 
emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and snowshoe hare 
populations and habitats, including to what degree these changes may affect interactions 
between lynx and their potential competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range compared to the core of the species’ range 
in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly cyclic 
and, although they do not exhibit the dramatic declines of their northern counterparts, they 
typically occur at densities on the lower end of those in the northern range. Because of this, 
lynx densities in the DPS are typically similar to those in the north during hare cycle lows.  
 

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

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

● We assume that lynx exhibit a metapopulation structure in which peripheral DPS 
populations receive periodic input from lynx populations in Canada. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators.  
 

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

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

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

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
year 2100, and we asked a panel of lynx experts to estimate the likelihoods that each 
geographic unit would support resident lynx populations over the short-term (year 2025), mid-
term (2050) and longer-term (2100). As expected, the level of uncertainty regarding the viability 
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of the DPS and each of the factors that may influence it increases the farther into the future we 
(and the lynx experts we consulted) try to look, and this uncertainty greatly reduces confidence 
in future projections, particularly beyond mid-century. Beyond that time frame, uncertainty 
regarding the potential impacts of climate change and other potential stressors to lynx 
populations in the DPS becomes so great that it precludes meaningful analysis or reliable 
predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information are unavailable 
or inadequate is an appropriate and scientifically supported approach, we remind readers that 
the output remains the experts’ best professional judgement, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison, it was necessary to 
combine, quantify, graph, and summarize the qualitative information provided by experts. 
However, we caution that the results we present below, and which we graph and describe more 
fully in chapter 5, should not be interpreted as precise, statistically robust estimates of the 
probability that resident lynx will persist in the DPS or in any individual geographic unit in the 
future, and readers should consider the inherent limitations and substantial uncertainties in 
expert responses, particularly over longer time periods.  
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous United States is likely somewhat 
smaller than the historical distribution because of the potential loss of small populations in 
several places (e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern 
New York, Isle Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, 
more recently, the GYA of Southwestern Montana and northwestern Wyoming, and perhaps the 
Garnet Mountains in western Montana). However, based on verified historical records, we lack 
compelling evidence that the current distribution and relative abundance of resident lynx in the 
DPS range are substantially diminished from historical conditions, and resident populations 
continue to persist in the geographic areas with the strongest historical evidence of an ability to 
support them. In fact, there are many more lynx in northern Maine (Unit 1) now than probably 
occurred there historically, and many more in Minnesota (Unit 2) and Colorado (Unit 6) than was 
suspected when the DPS listed, but fewer in northern Washington (Unit 4). Nonetheless, in 
many parts of the DPS range habitat features (forest distribution and structure, hare densities, 
and snow conditions) appear to exist at or just above thresholds thought necessary to support 
persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest historical and recent resiliency among 
lynx populations in the DPS. Among these units, lynx in Maine appear to have recently 
demonstrated resiliency by responding positively to substantial anthropogenic increases in the 
amount and distribution of high-quality foraging habitat. Conversely, the recent absence of 
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resident lynx in the Garnet Mountains (a small and somewhat isolated mountain range at the 
southern periphery of Unit 3) may suggest a recent decline in resiliency in this part of the unit 
(but see 4.2.3 and 5.2.3, below). The persistence of lynx in north-central Washington (Unit 4) 
despite the substantial recent wildfire-mediated habitat loss suggests resiliency in that 
population. However, the post-fire increase in home range size and likely decrease in lynx 
numbers may indicate the population in Unit 4 is currently less resilient (less able to persist if 
additional or similar habitat losses occur) than it was previously. Among the other 2 geographic 
units, the current absence of resident lynx in the GYA (Unit 5) despite the large proportion of 
lands in conservation status (e.g., national parks and designated wilderness areas) may indicate 
the naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate a lack of resiliency in this unit historically. However, the recent persistence 
of resident lynx in this unit following the 1999-2006 release of 218 Canadian and Alaskan lynx 
suggests recent resiliency thus far. We conclude that the DPS as a whole currently 
demonstrates resiliency despite the possibility that resiliency may have declined recently in 
several geographic units. 
 
Redundancy – The current broad distribution of resident lynx in large, geographically discrete 
areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. The 
DPS range currently spans the northern contiguous states from Maine to Washington and south 
along the Rocky Mountains to southwestern Colorado. Resident lynx populations currently 
occupy 5 of the 6 geographic units (all but the GYA). Of the 5 occupied units, 4 are larger than 
20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 km2 (1,931 mi2; 
table 1). We find that no single catastrophic event could result in the functional extirpation (loss 
of the ability to support resident lynx populations) of the entire DPS or of any of the individual 
geographic units that currently support resident populations. Because we lack evidence that 
formerly persistent lynx populations have been lost from any other large discrete areas in the 
contiguous United States, it also seems that redundancy in the DPS has not been meaningfully 
diminished from historical levels. We conclude that the DPS currently demonstrates redundancy 
sufficient to preclude the possibility of extirpation via catastrophic event. 
 
Representation – High rates of dispersal and gene flow and, therefore, generally low levels of 
genetic differentiation across most of the lynx’s range, including the DPS (see 2.1, below), 
suggest the absences of current threats to the genetic health of lynx populations in the DPS. 
Although hybridization with bobcats (Lynx rufus) has been documented in Maine and 
Minnesota, it is not considered a substantial current threat to the DPS. Similarly, although some 
small populations may have become extirpated recently, resident lynx in the DPS remain 
broadly distributed across the range of ecological settings that seems to have supported them 
historically in the contiguous United States, suggesting relative maintenance of the breadth of 
diversity of ecological settings occupied within the DPS range. Because there are no indications 
of significant loss of or current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
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Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will likely decline through the end of the 
century largely as a result of projected continued climate warming and associated impacts, 
which are likely to exacerbate the potential adverse effects of other factors (e.g., forest 
management, competition from other hare predators). Continued warming is expected to cause 
a northward and upslope retraction of the boreal forest and snow conditions that support lynx, 
resulting in smaller, more fragmented, and increasingly isolated patches of habitat and a 
reduced probability of persistence for all resident populations in the DPS range (see section 3.2 
and ch. 5). We expect that resident populations will likely persist through mid-century in all or 
most of the 5 geographic units that currently support them (albeit in reduced numbers and 
distributions), but that lynx may be functionally extirpated (loss of the ability to support persistent 
resident populations) from 2 or 3 of the units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in lynx habitats projected by climate models. Nonetheless, 
we are unaware of any management actions that can be expected to abate the projected long-
term retreat of boreal forests and diminished snow conditions expected under continued climate 
warming. Further, climate-driven increases in the frequency, size and intensity of wildfires and 
forest insect outbreaks are expected, particularly in the western portion of the DPS, although we 
do not anticipate such events alone to cause the permanent loss of breeding lynx populations in 
any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal forest and snow 
conditions are projected to decline more severely than in the western units, and in some climate 
modeling scenarios they could disappear completely from these units before the end of the 
century. Lynx habitat conditions in Maine are also likely to decline significantly from current 
historically high and anthropogenically influenced levels because current forest management 
practices, particularly a shift away from landscape-level clearcutting, are unlikely to replace the 
large areas of high-quality hare habitat that will likely be lost over the next 15-20 years as a 
result of forest succession. 

Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore, likely be less resilient in the future. We anticipate that 
resiliency will likely foster persistence of resident lynx in most units through mid-century but that 
it will likely diminish substantially after that time, with extirpation of resident populations from 2 
or 3 units possible by the end of the century. Projected climate warming is expected to exert the 
greatest influence on the resiliency of individual populations, and thus continued presence of 
resident lynx in each geographic unit, although uncertainty remains regarding the timing, extent, 
and biological consequences of such impacts. As vegetation and snow conditions become less 
favorable, potential competitors may outcompete and displace lynx. This in turn would reduce 
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lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS would decline with the projected loss of 
populations from 2 or 3 geographic units by the end of the century, our evaluation suggests that 
none of individual geographic units that currently support resident lynx are vulnerable to 
extirpation from a single catastrophic event. Given that, we conclude that the DPS as a whole is 
not vulnerable to extirpation from a catastrophic event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS (and we expect populations to persist in 2 or 3 
of 5 units by the end of the century), extirpation of the DPS from a single catastrophic event is 
very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units, and the small 
number of immigrants necessary to maintain genetic diversity. Based on these factors and 
expert input, we find that there is no indication that the naturally low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the near future 
and no indication that future gene flow is likely to be substantially reduced. However, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. How the potential loss of resident lynx 
from 1 or more geographic units may affect representation within the DPS in terms of ecological 
diversity is uncertain. The loss of resident lynx from any of the geographic units could result in 
the loss of behavioral and potential future genetic adaptations to the climate-mediated changes 
now occurring and likely to continue into the future at the southern edge of the lynx range. Such 
potential adaptability to diminished snow conditions, increasingly patchy and isolated boreal 
forests, and reduced hare abundance may be important to the taxon as a whole as it is 
confronted by a rapidly changing climate. 
 
DPS-wide Synthesis  
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We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all 5 geographic units that 
currently support them through mid-century. Functional extirpation is possible in 2 to 3 of those 
units by the end of the century, driven largely by projected continued climate warming and 
related effects to boreal forest habitats and snow conditions. Because resident lynx in many 
parts of the DPS persist in areas that appear naturally to barely meet thresholds for hare 
densities and habitat quality and distribution, relatively small declines in these features could 
result in loss of the ability to support resident populations over large areas. Because of this, we 
believe that future lynx habitats and resident populations throughout the DPS range are likely to 
be smaller and more fragmented, and geographic units that are already relatively isolated from 
other lynx populations are likely to become even more isolated in the future. Uncertainty 
increases at mid- to late-century regarding the timing and extent of various stressors that are 
expected to affect lynx and hare habitat and snow regimes, especially those related to climate 
change. However, review of the best available science in concert with input from lynx experts 
suggests that the probability of persistence of resident breeding populations will likely decline in 
all geographic units, with the negative DPS-wide trajectory continuing to the end of the century 
and, with no evidence to the contrary, beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, we expect each 
geographic unit and the DPS as a whole to be less resilient in the future. Our analyses and 
expert input suggest that resiliency will likely foster persistence of resident lynx through mid-
century in most of the 5 geographic units that currently support them. However, we believe it is 
very unlikely that resident lynx populations would persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will likely be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations more likely than not from 2 to 3 (of 5) 
geographic units by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from 1 or more 
geographic units would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation by the end of this 
century. 

Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences between lynx habitat in the 
contiguous United States compared to the northern parts of the species’ range in Canada and 
Alaska. The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
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United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (U.S. District Court 
MT 2014b, p. 2). We completed this SSA (version 1.1) to summarize the best available 
information on the current status and likely future viability of the DPS. This SSA will inform a 
determination by Service decision makers of whether (1) the DPS continues to warrant 
protection under the ESA and (2) a recovery plan is needed to guide conservation and recovery 
of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on its primary prey, the snowshoe hare (Lepus 
americanus), to support survival, reproduction, recruitment, and, therefore, population 
persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, 
pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 
79 FR 54808-54809). Lynx survival and distribution are also influenced by snow conditions. It is 
generally restricted to areas that receive deep, powdery, and persistent snow that allows lynx, 
with their proportionately longer limbs and very large feet, to outcompete other terrestrial hare 
predators that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; 
Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-
401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; 
Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see figure 1 above and table 1 below). Lynx 
populations in the DPS (as well as some others on the margin of the range in southern 
Canadian provinces) seem to function as peripheral subpopulations of a larger metapopulation 
that is broadly distributed across Canada and interior Alaska (McKelvey et al. 2000b, p. 25; 68 
FR 40077; also see 2.2 below). The demographic and genetic health and persistence of DPS 
populations are thought to be influenced by connectivity with, and immigration of lynx from, 
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larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of snowshoe hare population 
cycles, roughly every 10 years. Many of these occurrences were in anomalous habitats, and 
lynx were unable to persist and establish populations in most of these areas (Gunderson 1978, 
entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, 
p. 23; see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous United States occur over a much smaller geographic area that 
includes parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous United States, and small breeding populations may have been 
lost from some places, neither broad-scale breeding range contraction nor substantial changes 
in population status in the contiguous United States has been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016a, p. 11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). The Service reinitiated the 5-year 
status review in 2015 (USFWS 2015a, entire), and that review will be informed by this SSA 
report. On September 7, 2016, the U.S. District Court for the District of Montana remanded the 
2014 critical habitat designation to the Service for further consideration (U.S. District Court MT 
2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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supported persistent resident lynx populations (Figure 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and 
western Colorado was designated a “Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With 
the exception of western Colorado, these units also encompass and closely mirror the areas the 
Service designated as critical habitat in 2014 (79 FR 54782). Some areas adjacent to but 
outside these geographic units are known or suspected to intermittently support resident lynx 
and occasional reproduction. Uncertainty remains as to whether resident lynx populations 
occurred historically in other areas not encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
present in Minnesota, and Federal lands predominating in the western units (Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

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

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

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

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

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

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

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 
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1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has 
developed the Species Status Assessment (SSA) Framework 
to guide how we assess the best scientific and commercial 
data available when evaluating the biological status of 
species. In conducting an SSA, we take into consideration the 
life history and ecological requirements of the species to 
understand how the species maintains itself over time 
(captured under the broad heading of “species needs”); the 
current condition of the species at the individual, population, 
and range-wide levels in terms of meeting those needs; and 
the likely changes in the environment that may influence the 
species’ future condition and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame2. Throughout the 
assessment, the SSA uses the conservation biology principles of resiliency, redundancy, and 
representation (collectively known as the “3 Rs”) as a lens to evaluate the current and future 
condition of the species. Briefly, resiliency describes the ability of the species to withstand 
stochastic events; redundancy describes the ability of the species to withstand catastrophic 
events; and representation describes the ability of the species to adapt over time to long-term 
changes in the environment. As a result, the SSA characterizes a species’ ability to sustain 
populations in the wild over time based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. Importantly, the SSA neither 
results in, nor predetermines, any decisions (e.g., listing status, critical habitat designations, 
section 7 consultation requirements, etc.) by the Service under the ESA. Instead the SSA 
provides the biological basis to inform these decisions. The SSA is a dynamic document and 
should be periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”3 .  

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 
2 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWSb. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
3 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

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

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

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

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the likelihood that each geographic unit would continue to support 
resident lynx populations in the future (i.e., that resident populations would not be functionally 
extirpated [reduced to the point that a viable breeding population could no longer be sustained]). 
In Chapter 5, we present summaries of experts’ predictions regarding the probability of lynx 
persistence in each geographic unit; the factors they thought would most likely influence those 
probabilities; and the sources of uncertainty that influenced their confidence in their predictions. 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as the most likely to have population-level impacts on 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
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conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which all protections and conservation efforts would disappear if the DPS 
was not listed. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), Federal, State, Tribal and some private land managers would 
continue efforts to conserve lynx and its habitats and to assure persistence of resident lynx 
populations in those places that can support them. Our evaluation, therefore, considers the 
possibility of the future relaxing of some lynx conservation measures and efforts, but not the 
complete absence of all protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-associated predator that relies heavily on a single, similarly-specialized prey species, 
and whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the likelihood that resident lynx populations will persist in the DPS or in individual 
geographic units. Finally, in our analyses we do not consider anthropogenic climate warming a 
catastrophic effect because it is not temporally- and spatially-discrete; characteristics of events 
traditionally considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). 
Rather, we consider climate change as an ongoing, pervasive, and cumulative stressor of lynx 
and their habitats, particularly at the southern margin of the species’ distribution, including all 
geographic areas of the DPS.  

Comment [ZJ22]: Responsive to several 
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database4, retrieved April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; MDIFW 2012, unpublished data), and males are 13-25 percent larger 
than females (Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-
adapted for traversing and hunting in deep, powdery snow, where its low foot-loading (weight 
per surface area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 
90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe 
hares, the lynx’s primary prey. In southern Canada and the northern contiguous United States, 
where the southern edge of the lynx range overlaps the northern edge of the bobcat range, the 
2 species are easily confused because of their similar size and appearance. However, the lynx’s 
longer ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has 
shorter ear tufts, small feet, and white on the underside of the tail. Bobcats are much more 
common, widespread, and abundant than lynx in most of the contiguous United States 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

                                                
4 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas, recent analyses reveal genetic exchange among lynx on either side, 
indicating that some lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; 
Bowman in Lynx SSA Team 2016a, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522).   
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
among DPS populations would be expected to increase at some point in the future if lynx and 
hare habitats shift northward and upslope, as projected with continued climate warming, 
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resulting in reduced connectivity and gene flow among smaller and more isolated lynx 
populations at the periphery of the range. This would result in (1) smaller and more distant 
potential source populations in the southern Canadian provinces, reducing the likelihood and 
number of immigrant lynx reaching DPS populations, and (2) smaller effective population sizes 
(the size of an ideal population [i.e., one that meets all the Hardy-Weinberg assumptions] that 
would lose heterozygosity at a rate equal to that of the observed population) among DPS 
populations, making them more vulnerable to drift, the consequences of which could include 
lower survival and reproduction rates and loss of adaptive potential (Schwartz 2017, pp. 4-5). 
For example, Koen et al. (2014a, pp. 757-760) correlated habitat and climate factors with low 
neutral genetic diversity and high genetic differentiation at the trailing edge of lynx range in 
southeastern Ontario and suggested that climate-mediated changes in environmental conditions 
would likely result in further loss of genetic diversity, possibly reducing adaptive potential in lynx 
populations in the southern periphery of their range.  
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward future as a result of continued climate warming (also see section 
3.2 below).   

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 6), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 363; Aubry et 
al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 37–38; Squires 
et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69). Although lynx take a variety of alternative 
prey species, especially red squirrles (Tamiasciurus hudsonicus), which may be important when 
hare numbers are low, hare abundance is the major driver of lynx population dynamics. Lynx 
denning area selection, pregnancy rates and litter sizes, as well as survival (kitten, subadult and 
adult), recruitment, and dispersal rates, and population age structure, home range sizes, 
density, and distribution are all strongly influenced by hare abundance (Koehler and Aubry 
1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, pp. 375-390; Mowat et al. 2000, 
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pp. 270-294; Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 
26-34). 
 

Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). 
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Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure than mature forests (Buehler 
and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 1990, pp. 847-848; Hodges 
2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 84-88). However, snowshoe 
hares also can be abundant in mature forests with dense understories, particularly in the 
Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 2009, pp. 1492-1496; 
Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 2012, pp. 1483-
1487). These mature forests may be a source of hares for other adjacent forest types (Griffin 
and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important winter 
foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting habitat 
for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are so closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
United States (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This 
may be due to inadequate abundance, density, or spatial distribution of hares in some places, or 
the absence of snow conditions that would allow lynx to be at a competitive advantage over 
other hare predators, or a combination of these factors (79 FR 54809). 
 
Although empirical data are lacking and would be difficult to acquire, the lynx’s physical 
adaptations (described above) are thought to provide lynx a seasonal advantage over potential 
competitors and predators, which generally have higher foot-loading, causing them to sink into 
the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray and Boutin 1991, entire; 
Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 
450). Buskirk et al. (2000a, entire) described potential exploitation (for food) and interference 
(avoidance) competition between lynx and several other terrestrial and avian predators of hares, 
several of which have also been documented to prey on lynx. Documented lynx predators 
include cougar (Puma concolor; also mountain lion), coyote (Canis latrans), wolverine (Gulo 
gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and other lynx (ILBT 2013, pp. 33, 35). 
Bobcats are also likely capable of killing lynx in some circumstances. Although lynx have co-
evolved with other predators, the influence of predation on lynx populations is unknown (ILBT 
2013, pp. 35-36). Coyotes are now more widespread and abundant in the southern periphery of 
the lynx distribution than they were historically (Gompper 2002, entire), while cougars have 
been extirpated from the eastern half of the United States but are more abundant and 

Comment [ZJ27]: This and next paragraph 
esponsive to Murray, Harrison, and several 
state commenters. 



 

28 
 

widespread in the western United States now than in the mid-1900s (Buskirk et al. 2000a, p. 
89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes were deemed the most likely to exert local or regionally important 
exploitation competition impacts to lynx, and coyotes, bobcats, and cougars were thought 
capable of imparting interference competition effects on lynx (Buskirk et al. 2000a, p. 89). 
Interference would be most likely during summer but also during winter in areas lacking deep, 
unconsolidated snow (ILBT 2013, p. 36). Except for fisher and marten, lynx predators and 
potential terrestrial competitors all have higher foot-loading, making them less efficient at 
traveling and hunting in the snow conditions favorable for lynx (Murray and Boutin 1991, entire; 
Buskirk et al. 2000a, pp 86-95; Krohn et al. 2005, entire) and, therefore, likely limiting, at least 
seasonally, interactions between lynx and these species. The fisher has foot-loading similar to 
lynx, and the marten’s is even lower (Buskirk et al. 2000a, p. 90), but both have much shorter 
legs, which likely limits their mobility in deep, unconsolidated snow compared to lynx. The extent 
to which predation and competition may influence lynx populations in the DPS remains 
uncertain. 
 
The boreal forest landscape lynx occupy is naturally dynamic. Forest stands within the 
landscape may experience abrupt changes after natural or human-caused disturbances such as 
fire, insect epidemics, wind, ice, disease, and forest management (e.g., timber harvest or 
thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat within the 
boreal forest landscape is a shifting mosaic of habitat patches of variable and changing quality 
(68 FR 40077). These stands of differing ages and conditions provide lynx foraging or denning 
habitat (or may provide these in the future depending on patterns of disturbance and forest 
succession), and some serve as travel routes for lynx moving between foraging and denning 
habitats (McKelvey et al. 2000c, pp. 427-434; Hoving et al. 2004, pp. 290-292). Lynx generally 
concentrate hunting activities in areas where snowshoe hare densities are high (Koehler et al. 
1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; O’Donoghue 
et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed that lynx 
focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
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hares/ha (0.04 hares/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels and birds, but alternate prey species do not sufficiently compensate for 
low availability of snowshoe hares, and lynx populations likely cannot persist over time in areas 
with consistently low hare densities (Brand et al. 1976, pp. 422–425; Brand and Keith 1979, pp. 
833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–268). Even in areas with 
relatively low or marginal hare densities, hares constitute the majority of the biomass in lynx 
diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; 
Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 
2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 2009, pp. 13, 16; Ivan in Lynx SSA 
Team 2016a, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
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foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293).  
 



 

31 
 

In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac) (Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the contiguous United States, and 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly the western geographic units 
(3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. Although lynx habitats are more 
contiguous in units 1 and 2 than in the western units, and units 1 and 2 are connected to larger 
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contiguous habitats and lynx populations in Canada, they remain peripheral populations, and a 
metapopulation structure in which they receive intermittent inputs from the larger population 
may still exist, even if the mainland-island contruct does not apply. Lynx disperse in both 
directions across the Canada–United States border (Aubry et al. 2000, pp. 386-387; Moen et al. 
2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx 
populations in Canada is thought to be important to the conservation of lynx populations in the 
DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 
2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, it 
remains uncertain whether the demographic and genetic health and persistence of populations 
in the DPS depend on regular or intermittent immigration of lynx from Canada and, if so, to what 
extent (McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance to support lactation during the early kitten stage and later 

provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few or no kittens are born, very few survive until their first winter, and recruitment may 
collapse completely or nearly so for several successive years (Slough and Mowat 1996, entire; 
Mowat et al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten 
born during a period of declining or low hare abundance is very unlikely to survive to 
independence, breed successfully, and replace itself within the breeding population in its 
lifetime. Conversely, a kitten born during the increase or high phase of the hare population cycle 
is much more likely to survive and, therefore, have an opportunity to breed successfully and 
replace itself via recruitment of 1 or more of its offspring into the breeding population. 
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In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an 
individual lynx will have its ecological requirements met sufficiently so that it may replace itself in 
the breeding population is probably consistently relatively low. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens, and 
females appear to select den sites near prey sources to minimize time spent away from kittens 
while foraging (Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The 
size of lynx home ranges is strongly influenced by the quality of the habitat, particularly the 
abundance of snowshoe hares, in addition to other factors such as gender, age, season, and 
density of the lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). 
Generally, females with kittens have the smallest home ranges, likely related to their need to 
stay close to dens and dependent kittens, and males have the largest home ranges (Moen et al. 
2005, p. 11; Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 2, below) vary greatly across 
the DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 2, below).  
 
Table 2. Reported annual home range sizes for Canada lynx in the contiguous United States.  

Comment [ZJ32]: As per Moen. 



 

34 
 

 

 
Geographic 

Unit 
 

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

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

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

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

Table 6)6 

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

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990 (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire;). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with landscape hare 
densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-Legaard et al. 
2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained home ranges 
where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby Voyageurs 
National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), did not 
support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western Montana, 
resident lynx used dense young forest stands with mean summer and winter hare densities of 
0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and dense 
mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 hares/ac), 
but they did not use more open young or mature stands where hare densities ranged from 0.12 
- 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
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Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrles, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24).   
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently ≥ 0.5 hares/ha 
(0.2 hares/ac) and favorable snow depth and conditions for about 4 months are needed to 
support lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx 
distribution, some places, including within the range of the DPS, seem to be at minimum 
thresholds to meet these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
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persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). However, Lyons et al. 
(2016, entire) developed spatially-explicit, individual-based population models to estimate 
reductions in potential lynx carrying capacity in Washington associated with large wildfires over 
the past 2-3 decades. Similarly, Licht et al. (2017, in press, entire) conducted a PVA of a 
potential lynx reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2.  
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx 
population in the core of the species’ range in the southern Yukon. This period of rapid growth 
was followed by a rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 
and λ = 0.46 (rapid decline) during the first2 years of the lynx population decline when hares 
were scarce. (Note – the value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) 
appears to be an error; the correct value for λ in a population in which the estimated number of 
individuals declined from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented 
above]). However, the natural range in λ that would be expected among peripheral, isolated, or 
semi-isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS 
populations), versus those that would signal long-term population decline or instability is 
unknown. Despite this, and the limitations noted above, Squires (unpubl. data in Lynx SSA 
Team 2016a, p. 20) calculated population growth rates in northwestern Montana of λ = 0.92 for 
lynx in the Seeley Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in 
the Purcell Mountains (increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; 
USFWS, Vortex 10, deterministic population simulation) used demographic data from Vashon et 
al. 2012 (pp. 17-21) to calculate finite growth rates during a period of high hare density (λ = 
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1.16; increasing trend) and during a period of low hare density (λ = 0.88; decreasing trend) for 
the lynx population in northern Maine (see also section 4.2.1, below). Neither the Montana nor 
Maine estimates incorporated rates of immigration/emigration. Schwartz (2017, p. 4) noted that 
very low immigration rates (less than 1 female/year on average for a theoretical population of 
100 lynx) could provide population stability or even growth, suggesting that the Seeley Lake 
population and perhaps other DPS populations are probably being sustained by low levels of 
immigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a lynx density of 
1 lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
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Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

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

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous United States and to assess the current distribution relative to historical conditions 
(McKelvey et al. 2008, pp. 553-554;79 FR 54814-54815; McKelvey in Lynx SSA Team 2016a, 
p.11). They also have resulted in inaccurate portrayals of lynx distribution and misperceptions 
that the historical range of lynx in the contiguous United States was once much more extensive 
than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has, 
throughout most of its range, cyclic population dynamics that are closely tied to cyclic snowshoe 
hare populations, numbers of lynx naturally fluctuate and become extremely low at times during 
a cycle. Additionally, where snowshoe hare populations are not adequate, resident lynx 
populations cannot be sustained. Many areas of boreal or boreal-like forest in the contiguous 
United States (e.g., the central Appalachian Mountains in the East, Michigan and Wisconsin in 
the Midwest, and the Southern Rocky Mountains and Southern Cascade Mountains in the West) 
likely never supported native resident lynx populations despite the presence of snowshoe hares. 
Where the boreal forest is naturally transitional, it becomes more patchy and marginal, and the 
habitat is incapable of supporting snowshoe hares at densities consistently sufficient to support 
a resident lynx population over time. Only a relatively few areas in the contiguous United States 
historically supported an adequate quantity and quality of habitat to support resident lynx 
populations continuously over time, and many historical lynx occurrences across a large area of 
the contiguous United States were likely dispersers. The occurrence of dispersing lynx is 
unpredictable, and dispersing lynx will likely continue to periodically move into areas that are not 
lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous United States when northern hare populations crashed are well-
documented (Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). 
These events have resulted in records of lynx occurrence, in some cases very rarely, in other 
cases sometimes in large numbers and with intermittent (cyclic) regularity, in places that 
otherwise lack evidence of persistent lynx presence or the habitats and hare densities 
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necessary to support a resident lynx population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 
54793-54795, 54812-54823). Many records of lynx in the contiguous United States appear to be 
related to such events, including the unprecedented ‘‘explosions’’ of lynx observed in the early 
1960s and 1970s (Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these 
events, many lynx occurred in anomalous habitats, exhibited unusual behavior, suffered high 
mortality, and numbers declined dramatically within a few years of irruptive peaks (Gunderson 
1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx 
typically do not persist in these areas of temporary range expansion, disappearing fairly quickly 
after irruptions, van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx 
populations throughout both the low and the high phases of the “10-year cycle” (i.e., across the 
natural range of hare densities) should be considered to constitute the species’ range. In its 
2003 remanded determination, the Service determined that lynx in the contiguous United States 
exist either as resident populations or as dispersers, that dispersing lynx are often found 
repeatedly and for variable amounts of time in habitats that cannot sustain breeding populations 
over time (though some breeding may occur occasionally in some of these areas), and that 
such areas probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 
40077, 40079-80). This repeated dispersal into habitats that ultimately cannot support the 
species (‘‘sink’’ habitats) often leads to confusion about where lynx populations may be viable 
(74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with 
irruptions/dispersal and those suggesting resident lynx populations, the metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous United States may naturally support resident lynx only temporarily 
or occasionally when habitat conditions (both boreal forest vegetation supporting abundant 
hares and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to 
offset the lower productivity and recruitment rates expected among lynx populations in marginal 
or suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common sympatric species, McKelvey et al. (2000a, 
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p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted with 
caution, and only verified occurrence data should be used to assess historical and current lynx 
distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
There also is increased prevalence of non-forested land uses (e.g., agriculture, development) at 
the southern periphery of boreal forests. These factors generally limit snowshoe hare 
populations in the contiguous United States from achieving landscape densities similar to those 
of the expansive northern boreal forest in Alaska and Canada, where hares are generally more 
evenly distributed across the landscape and more abundant except during cyclic population 
lows (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). Consequently, 
important foraging habitat for lynx is often more limited and fragmented in the contiguous United 
States than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 6), and 
overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and competitors at southern 
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latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 128), and 
Wirsing et al. (2002, entire) concluded that high predation rates in fragmented habitats may 
explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As a result, lynx 
generally occur at relatively low densities in the contiguous United States compared to the high 
lynx densities that occur in the boreal forest of Canada when hares are abundant (Aubry et al. 
2000, pp. 375, 393-394) or the densities of species such as the bobcat, which is a habitat and 
prey generalist. 
  
Snow conditions also are believed to influence the distribution of lynx (Ruggiero et al. 2000b, 
pp. 445-449), which are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors (see section 2.2 above), although behavioral 
adaptations may offset these morphological differences to some degree (e.g., Murray et al. 
1194, entire; 1995, entire). The lynx’s adaptations may also help it avoid predators, which also 
have higher foot-loading and/or shorter limbs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, p. 
123), presumably making them less efficient in deep, powdery snow (see section 2.2 above).  
  
Based on verified data, historical lynx occurrence was documented in 24 states in the 
contiguous United States (McKelvey et al. 2000a, 207-232) and, more recently, in 3 other states 
after some of the lynx released into southwestern Colorado dispersed into northern New 
Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 2010, p. 
526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence (McKelvey 
et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). Of these 27 states, and based on 
our current understanding of lynx and hare habitat requirements, the Service concludes that 
records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, Kansas, 
Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and South 
Dakota) represent occasional dispersing lynx that arrived in places with no historical or recent 
evidence of the habitat quality, quantity, or distribution necessary to support resident lynx (68 
FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically and are 
not capable now of supporting resident lynx populations over time.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
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marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous United States 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
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historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). The Service also noted that in 1999 and 2000 the Colorado Division of 
Wildlife (now Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska 
into southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016a, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016a, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
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resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.; Ivan 2017, 
entire; see section 4.2.5 below). However, more recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). In the 2014 revised critical habitat 
designation, the Service noted:  
 

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

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016a, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016a, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
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return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to shift the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016a, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (Devineau et al. 2010, Fig. 1, p. 526; Ivan 2017, entire), 
including 1 female that in 2004 established a den in the Snowy Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820). Formal track transects conducted during the 
winters from 2012 through 2015 resulted in the majority of the track intercepts included in the 
confirmed records. In addition, 30 lynx detections were documented in 2014-2016 using 14 
different remote cameras dispersed throughout the northernmost section of the state (Siren 
2016, pers. comm.). Most records since 2006 are in the vicinity of Pittsburg in the northernmost 
reaches of the state, though lynx detections in 2015 and 2016 suggest a southern expansion 
from the area where they had been documented in 2006 through 2014 (Siren 2016, p. 1; Siren 
2016, pers. comm.). Despite recent evidence of lynx residency and reproduction, the Service 
concluded in the 2014 revised critical habitat designation that, based on modeling of the amount 
of potentially suitable habitat and favorable snow conditions (Hoving et al. 2005, pp. 739, 749; 
Litvaitis and Tash 2005, p. A-298), it is unlikely that northern New Hampshire will support a 
resident breeding population over the long-term (79 FR 54820-54821). Siren (2014, p. 10) 
suspected that the relatively few lynx detections documented in 2012-2014 may be related to 
the presence and abundance of bobcat, coyote, and fisher populations in much of northern New 
Hampshire. We conclude that northern and central New Hampshire likely supported a small 
resident lynx population historically that was extirpated during the latter half of the 20th century. 
We are uncertain whether lynx detections in northernmost New Hampshire over the past 
decade may represent the natural reestablishment of a small resident breeding population in the 
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state or if it is a temporary phenomenon related to an expanding source population in 
neighboring northern Maine (79 FR 54821). Although bobcat populations have increased and 
expanded their range in this region in recent decades (Lavoie et al. 2009, pp. 873-874), severe 
winters and deep snow can substantially limit their populations (Reed 2013, pp. 29-33; McCord, 
1974, pp. 433-434). Maine’s bobcat harvest declined substantially after 2 deep snow winters in 
2008 and 2009 (MDIFW 2015a, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820; also see 
U.S. District Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most 
of Idaho, habitats in many parts of the state are drier forest types that support lower densities of 
hares, and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet 
mountain ranges in the northern panhandle. The number of resident lynx in northern Idaho is 
unknown but certainly small based on the amount of potential habitat, and resident lynx here are 
part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1, below). As these regenerating clearcuts, which currently provide the 
dense horizontal structure preferred by hares, mature beyond about 35 years post-harvest, hare 
densities decline as cover and forage are reduced as a result of forest succession (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in 
Maine is probably larger than the likely historical condition, when relatively small amounts of the 
spruce-fir forests in the state are thought to have been composed of young stands (Lorimer 
1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in 
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clearcutting and the proliferation of partial harvesting following enactment of the Maine Forest 
Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 percent by 
2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), perhaps to 
levels more consistent with likely historical conditions in this unit. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Lynx are occasionally detected in other parts of the state, but hare densities and snow 
conditions consistently favorable for lynx appear to be restricted to the northeastern 
“Arrowhead” region of the state, and areas to the south and west are dominated by bobcats. 
Although there are currently more lynx in Minnesota than suspected at the time of listing, it is 
unclear whether current numbers and distribution are similar to the historical condition. The 
extent to which lynx persistence in Minnesota relies on immigration from Canada is also 
unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains 
subpopulations (Squires in Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet 
Range from 2011 to 2015, prompting concerns about the potential loss of the small resident 
population (perhaps 7-10 lynx) documented there in the mid-1980s and again recently from 
2002 to 2010. However, whether this absence indicates the extirpation of a previously persistent 
resident population or the temporary loss of an historically ephemeral population is uncertain. A 
single lynx was verified in the Garnet Range in February 2016, indicating that natural 
recolonization of the area is possible; however, no other detections of that lynx or other lynx 
have been verified since then, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). Lynx in northwestern Montana (and northern 
Idaho) likely represent the southern periphery of a larger population in southwestern Alberta and 
southeastern British Columbia. The extent to which lynx persistence in this area relies on 
immigration from Canada is unknown, and there is no indication of substantial immigration from 
Canada after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few 
lynx and no recent evidence of reproduction have been documented in the Montana portion of 
the GYA where, as with the northwestern Wyoming part of the GYA (discussed above), 
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uncertainty about whether this area consistently or only intermittently supported resident lynx 
historically makes it difficult to interpret their recent apparent absence from the area (Lynx SSA 
Team 2016a, p. 57). As elsewhere in the West, recent research and habitat assessments 
suggest that habitats capable of supporting resident lynx in Montana are naturally patchier and 
less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson in 
Lynx SSA Team 2016a, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34-37 percent of 
lynx habitat (Lewis 2016, pp. 4, 6), resulting in a more than doubling of estimated female lynx 
home range size and a two-thirds or more reduction in the number of resident females that 
potentially could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). 
Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire and insect impacts could 
further diminish habitat availability and the lynx population’s probability of persistence (Lynx 
SSA Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are many 
more lynx in Maine and Minnesota than was suspected at the time of listing, and there are 
naturally fewer lynx and a more limited distribution of suitable habitats in the western United 
States than was previously thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in 
Maine are likely at historically (and unnaturally) high numbers and currently may be facilitating 
the recolonization of formerly occupied habitat in northern New Hampshire and recent lynx 
occurrences in northernmost Vermont. However, lynx persistence is uncertain in New 
Hampshire and unlikely in Vermont, and lynx numbers in Maine are projected to decline over 
the next several decades, perhaps to levels more consistent with likely historical conditions. In 
the West, small breeding populations in the GYA and the Garnet Mountains of Montana may 
recently have become extirpated (although both also may be only temporarily “winked off” in a 
metapopulation dynamics sense, and both could be recolonized by future immigration, as 
evidenced by the 2016 lynx detection in the Garnet Range). In north-central Washington, lynx 
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habitat and numbers have declined because of recent large fires and insect outbreaks, and the 
persistence of the breeding population there could be threatened if additional such impacts 
occur with similar magnitude and frequency over the next several decades. As a result of the 
release of 218 Canadian and Alaskan lynx from 1999-2006, resident lynx currently occur in 
western Colorado. Although the number of lynx in this population and its future persistence are 
uncertain, Colorado currently supports more lynx than it did, based on the historical record, for 
much of the previous century. The geographic units evaluated in this SSA include all areas in 
the contiguous United States with strong historical and recent evidence of resident lynx 
populations. Detailed assessments of the current status and future viability of resident lynx 
populations and habitats in these areas are presented in chapters 4 and 5 below. 

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

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western United States (65 FR 16061). Since then, research and monitoring have revealed that 
non-Federal lands contribute more to the conservation of the DPS than was known at the time 
of listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
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Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 also requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Table 
2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 



 

52 
 

and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States As a result, the Service concluded in the final rule 
that the lack of Federal land management plan guidance for the conservation of lynx and the 
potential for those plans to allow or direct actions that could adversely affect lynx constituted a 
significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
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actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
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Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for 7 national forests with 
potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and Wisconsin 
were revised to include recommendations from the LCAS and the CAs (Jackson 2015, p. 6; 
USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies Lynx Management 
Direction (NRLMD), which formally amended management plans to include lynx conservation 
measures, standards, and guidelines for 18 national forests covering over 150,000 km2 (57,915 
mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 (27,800 mi2) of potential 
lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 54813; Jackson 2015 in Lynx 
SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly completed the Southern 
Rockies Lynx Amendment (SRLA), which formally amended forest plans covering about 59,000 
km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of mapped (potential) lynx habitat on 7 
national forests or national forest complexes in western Colorado and southern Wyoming 
(USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). The 
management direction adopted in the Northern and Southern Rockies amendments was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 1, above). In the Western Colorado 
geographic unit, BLM Field Offices that contain potential lynx habitat include the Colorado River 
Valley, Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres 
Rios, Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008, pp. A18-10 - A18-16; BLM 2010, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
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inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or lynx habitats and thus promote the conservation of 
the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). 
Standards and guidelines developed and implemented in accordance with the NRLMD and the 
SRLA were designed to promote beneficial effects and limit potentially adverse effects of 
management activities (vegetation management [e.g., timber harvest, precommercial thinning], 
wildland fire and fuels management, grazing, recreation, road/access management, energy 
development, etc.) on important lynx habitats including winter snowshoe hare habitat (high-
quality lynx foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, 
pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand-initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. 
 
3.1.2 State Regulations and Tribal Management 
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Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (Table 2). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidences of incidental take of lynx to the Service’s Division of Management Authority to assure 
that take does not exceed the amount permitted under the intra-agency section 7 consultation 
for the CITES Export Program (USFWS 2001, entire). Most states have also adopted special 
regulations in areas where lynx occur to minimize the potential for incidental take (including 
injury) of lynx during legal trapping of other furbearers. These efforts benefit lynx and are 
expected to do so in the future with continued implementation and enforcement. 
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Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx5 (MDIFW 2016, pp. 8, 13). MDIFW also adopted and made available for download 
on its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping 
or Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated 
it in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and 
requires that all incidentally trapped lynx be reported and has staff on stand-by to help 
immobilize, evaluate, collect tissue and/or hair samples, and release, if appropriate, any lynx 
reported to the hotline. This program has resulted in the release of 98 lynx from 2000 to 2015 
(10 lynx died from traps or illegal shooting in traps) that were reported incidentally trapped in 
northern Maine (MDIFW 2014a, p. 75). After preparing a habitat conservation plan (Incidental 
Take Plan), the MDIFW in 2014 obtained an incidental take permit from the Service for lynx 
trapped incidental to predator management and animal damage control activities, and other 
legal furbearer trapping in Maine. The permit allows incidental trapping of 195 lynx (including 3 
mortalities) over a 15-year period. After 2 lynx were killed in killer-type traps in 2014, MDIFW 
imposed additional emergency trapping restrictions to further reduce mortality and injury of 
incidentally-trapped lynx (see Other Factors in section 4.2.1 below). The regulations now require 
exclusion devices on most killer-type traps, prohibit the use of drag sets on foothold traps, 
address specific trap types and sets, prohibit visual use of bait and visual attractants, multiple 
swivels on chains, and require reporting of incidental captures. The trapping incidental take 
permit is currently being litigated in Federal court. The MDIFW also is responsible for 
implementing the Maine Endangered Species Act6 (MDIFW 2009, p. 9). Although the lynx is not 
State-listed as threatened or endangered because its population is believed to exceed the 
State’s listing threshold, it is considered a species of special concern (MDIFW 2011, p 2). The 
MDIFW works collaboratively with the Service to conduct research and monitor lynx populations 
and habitats, and it recommends voluntary forest management activities to promote a 
sustainable supply of large, connected, and widely-distributed blocks of dense, young spruce-fir 
stands and to conserve large blocks of unfragmented forestland in northern and western Maine 
(MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016.  
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html.  

Comment [ZJ47]: 2014a?  Is this cite to the 
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http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. Minnesota DNR is under a Federal court order to develop an 
incidental take plan for lynx and plans to seek an incidental take permit from the Service for lynx 
trapped incidental to other legal furbearer trapping. Like Maine, Minnesota has a State 
Endangered Species Statute (84.0895) which requires the Minnesota DNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt 
rules that regulate treatment of species designated as endangered and threatened. Also like 
Maine, Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), 
and coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
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possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act7  
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (WADFW) developed a Lynx Recovery Plan8  and 
a Status Report9, and it prepares annual reports to update population and habitat information for 
the species. The WADFW also coordinates with the Service and other agencies to conduct 
research and monitor lynx populations and habitats. Additionally, the use of body-gripping traps 
(foothold, conibear, snares, etc.) for trapping other furbearers is prohibited in Washington 
(except for damage control or nuisance wildlife, which requires special permits). This avoids the 
potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 

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

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection.
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection.
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than natural historical conditions, when only 3 to 7 percent of stands were likely in such 
condition at any given time (68 FR 40094). Current timber harvest and management on State 
and private lands in Maine are governed by the Maine Forest Practices Act of 1989 and 
administered by the Maine Forest Service within the Department of Agriculture, Conservation & 
Forestry to regulate, among other things, the size, arrangement, regeneration, and management 
of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) clear-cuts are still 
permitted, but require special permits. Because of this regulatory burden and public 
referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely been 
replaced by various forms of partial harvest techniques; many of which are unlikely to maintain 
the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.2.1 and 5.2.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on most private lands to 
assure management of lynx. In 2006 and 2007, the Natural Resource Conservation Service 
(NRCS) provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically 
to manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
1 withdrew. The remaining 4 landowners were provided funding to develop lynx plans on a total 
of about 2,550 km2 (985 mi2; about 10 percent of the geographic unit). These landowners 
selected 1 or 2 township-sized (93 km2 [36 mi2]) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 652 km2 (252 mi2) within the larger area was 
targeted for managing lynx. All 4 landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS 
contracts with the landowners last for 10 years and these contracts expire(d) in 2016 and 2017. 
The HFRP described an opportunity for enrollees to apply for Safe Harbor Agreements when 
their contracts expired, although none have indicated an interest yet in doing so. Management 
plans were written for a 70-year period so some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats, but there are 
not specific recommendations pertaining to lynx. About 10,117 km2 (3,906 mi2) in northern 
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Maine is under conservation easement10, but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 
Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (about 809 km2 [312 mi2]) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for the MDIFW’s incidental take permit for trapping requires management of 25 km2 
(10 mi2) of lynx habitat within an 89-km2 (34-mi2) habitat management area on the MBPL’s 
Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below.  

                                                
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, last accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservation measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
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largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of 1 or more measures of climate (e.g., temperature or precipitation) that 
persists for an extended period, typically decades or longer, whether the change is a result of 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). 
 
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will likely increase extinction risk 
for many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, 
observed impacts attributable to climate change that may affect lynx habitats and distribution 
include upslope and northward shifts in species distributions across multiple taxa, and increased 
wildfire activity (fire frequency, size, intensity, and duration) in boreal and subarctic conifer 
forests of Canada and the western United States (IPCC 2014a, p. 31). 
 
Globally, greenhouse gas emissions are increasing and tracking levels predicted by models for 
high emissions scenarios (e.g., RCP 8.5; Peters et al. 2013; Friedlingstein et al. 2014, p. 709, 
712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 187-189). Analysis of paleoclimate indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, Fig. 7). Warming projected over this 
century ranges from 2° to 6°C (3.6° to 10.8°F) for North America, with warming higher than this 
average in areas that are inland, northerly, or mountainous. 
 
The effects of climate warming are already occurring and have accelerated over the past 3 to 4 
decades (Hansen et al. 2006, entire). To date, the observed and predicted increases in surface 
temperatures have been greater in the Northern Rockies and the Northeast (much of the lynx 
DPS) than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 
2016a, pp. 14-15). Climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm 1° to 3°C (1.8° to 5.4°F) 
by the year 2050 (IPCC 2007b, p. 889). For example, in the Northern Rocky Mountains at 
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Glacier National Park, mean summer temperatures have increased 1.7°C (3.0°F) between 1910 
and 1980 (Hall and Fagre 2003, pp. 134–137) resulting in lower snowpack, earlier spring melt, 
and distributional shifts in vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
Lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Continued climate warming is expected to diminish 
boreal forest habitats and snow conditions at the southern edge of the range that are, in some 
places, already patchily-distributed and perhaps only marginally capable of supporting resident 
lynx. Climate models project reductions in the extent of boreal forest habitats and snow 
conditions thought necessary to support lynx throughout the DPS, with both features predicted 
to migrate northward in latitude and to higher elevations (in locations where this is possible; 
Sturm et al. 2001, pp. 342-342; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2010, pp. 
761-766; ILBT 2013, p. 69; Koen et al. 2015. p. 528). This would result in fewer, smaller, and 
more fragmented and isolated areas capable of supporting resident lynx and therefore smaller 
and more isolated lynx populations that would likely be more vulnerable to stochastic 
environmental and demographic events and genetic drift (Carroll 2007, pp. 1099–1100; 
Johnston et al. 2012, p. 11; 79 FR 54811; Schwartz 2017, pp. 4-5). Climate change has also 
been linked to increases in wildfire and forest insect activities; two important components of 
boreal forest disturbance and, therefore, lynx habitat quality, quantity, and distribution. It also 
may affect other factors that could influence the future health of lynx populations in the DPS.   
 
Specifically, the effects of climate warming on lynx, hares, and their habitats in the DPS range 
that are occurring or can be reasonably anticipated include: 1) northward and upslope 
contraction of boreal spruce-fir forest types, 2) northward and upslope contraction of snow 
conditions believed to favor lynx over other terrestrial hare predators, 3) reduced hare 
populations and densities, and 4) changes in the frequency, pattern, and intensity of forest 
disturbance events. Other potential effects of projected warming include: 5) reduced gene flow 
between Canadian and DPS lynx populations, 6) changes in the periodicity and amplitude of 
northern hare cycles, which could result in reduced lynx immigration to the DPS from Canada, 
and 7) increased or novel diseases and parasites. Each of these factors is discussed in more 
detail below. 
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Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest distribution in the contiguous United States has changed dramatically in response to 
changes in climatic conditions. It nearly disappeared from the Northeast 1,000 years ago during 
the interglacial warming period, then returned south into New England only in the past few 
centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and Jacobson 
2002, entire; also see 5.2.1, below). In the West during prehistorical periods of warmer climate, 
the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-boreal forest 
ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both the Northern 
(Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). Boreal forest was 
likely continuous from the Canadian border south through the Southern Rockies of Colorado 
and northern New Mexico until the climate began warming and drying beginning about 15,000 
years ago, which caused a northward and upslope retreat of the boreal zone to its current 
distribution, which has remained relatively stable for the past 3,000 years (ILBT 2013, p. 50) 
 
Now, recent and continuing anthropogenic climate warming is projected to cause another 
northward and upslope contraction of spruce-fir forest in the contiguous United States (and in 
Canada), likely with negative consequences for both lynx and snowshoe hares in the DPS and 
their southern ranges in Canada (Gonzalez et al. 2007, entire). Recent and projected future 
increases in temperature and changes in precipitation patterns are expected to shift the 
distribution of ecosystems northward and up mountain slopes (McDonald and Brown 1992, pp. 
411–412; Danby and Hik 2007, pp. 358–359; IPCC 2007c, pp. 230, 232). McKenney et al. 
(2007) predicted that the average range for a given North American tree species will likely 
decrease in size by 12 percent and will shift northward by 700 km (435 mi) during this century. 
As climate changes over a landscape, the ecosystems that support lynx are likely to shift, 
tracking the change of temperature, but with a time lag depending on the ability of individual 
plant and animal species to migrate (McDonald and Brown 1992, pp. 413–414; Hall and Fagre 
2003, p. 138; Peterson 2003, p. 652). Boreal spruce-fir forests are thought to be limited by 
higher summer temperatures and drought (Iverson and Prasad 2001, pp.192–196). For 
example, within the last 20 to 25 years, widespread mortality and reduced growth in red spruce 
in the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, p. 501; 
Johnson et al. 1988, p. 5373). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. However, Decker and Fink 
(2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately vulnerable 
to the effects of climate change by mid-century under a moderate emissions scenario. Similarly, 
Keane et al. (in press, pp. 209, 2013) concluded that while subalpine fir is likely to shift in 
distribution in the Northern Rockies, gains (expansion) will likely balance losses (contraction), 
and Englemann spruce , though highly sensitive to climate warming, will likely persist on the 
landscape.  
 
Boreal treelines in Scandinavia moved upslope an average of 40 meters (m; 131 feet [ft]), but in 
some locations up to 100 m (328 ft), during a recent 50-year period of warming (Kullman 1990). 
However, despite recent warming, the alpine treeline in North America has thus far remained 
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relatively static (Butler et al. 1994). Upslope migration of the boreal forest treeline may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower 
elevations, the upslope movement of the deciduous-boreal ecotone is limited by an isocline of 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). In the Yukon, upslope migration of spruce-fir 
seemed to be triggered by climate thresholds and was characterized by slow, gradual change 
followed by rapid advances (Danby and Hik 2007, p. 361). However, in Vermont, the northern 
hardwood-boreal ecotone moved upslope 91 to 119 m (299-390 ft) between 1962 and 2005 
consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be closely 
associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, the rate at 
which boreal forest could retreat upslope is highly speculative depending on how climate 
change may affect complex moisture and temperature regimes, and there could be a lag time 
before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of about 3°C (5.4°F) global warming (Lucht et al. 2006, entire; Joos et al. 2001, 
entire). Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will likely be in excess of 40 percent above the global mean (Soja et al. 
2007, p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly 
during the winter, but may be offset with increases in summer drought, heat stress, and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and reduce habitat connectivity between lynx populations in the DPS and in southern 
Canada. 
 
As temperatures increase, lynx and hare habitats and, therefore, lynx distribution, are likely to 
recede northward and shift upward in elevation within its currently occupied range (Gonzalez et 
al. 2007, pp. 7, 13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; 
Vashon et al. 2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers 

Comment [ZJ56]: pg 

Comment [ZJ57]: pg 



 

68 
 

expect that lynx in mountainous habitat will, to some extent, track climate changes by using 
higher elevations on mountain slopes, assuming that vegetation communities supportive of lynx 
and hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 
2007, p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential 
elevational refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate 
change scenarios, boreal spruce-fir forests are projected to diminish dramatically and could 
disappear from much of the range of the DPS by the end of this century (Iverson and Prasad 
2001, p. 196; Gonzalez et al. 2007, pp. 15-18; Iverson et al. 2008, pp. 390–400; Galatowitsch et 
al. 2009, pp. 2015-2016). Using a dynamic vegetation model, Gonzalez et al. (2007, pp. 4, 7–8, 
10, 13–14) concluded that potential lynx habitat in the contiguous United States could decrease 
by as much as two-thirds by the end of this century. Climate modeling suggests that lynx habitat 
and populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may 
disappear completely from parts of the range of the DPS by the end of this century (Johnston et 
al. 2012, pp. 6–13).  
 
Northward and Upslope Contraction of Snow Conditions Believed to Favor Lynx - As described 
above (section 2.2), the lynx’s long limbs, large feet, and low foot-loading are believed to give it 
an advantage in snowy conditions over potential competitors and predators. However, climate 
warming is diminishing snow conditions (depth, quality, persistence) throughout the DPS. 
Warmer winter temperatures are reducing snowpack and altering snow structure throughout the 
lynx DPS via a combination of a higher proportion of precipitation falling as rain, more winter 
thaw-freeze events, higher rates of snowmelt during winter, and earlier spring melt and runoff 
(Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 
2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549). These 
trends are expected to continue with projected future climate warming (Hamlet and Lettenmaier 
1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 2007b, p. 850). 
The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth are very likely 
to decrease in most of North America except in the northernmost part of Canada where 
maximum snow depth is likely to increase.’’ Because lynx occurrence is correlated with 
prolonged periods of deep, fluffy snow, current habitats that lose this feature would decline in 
value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a large decline in snow cover in North America, 
particularly in the mountains of the western United States (Mote et al. 2005, pp. 47-48). These 
areas have historically been snow-covered from November through March, but the length of 
snowfall-conducive temperatures over many western mountain ranges could be reduced from 
about 5 months to about 3 months (December-February) by mid-century (Klos et al. 2014, p. 
4566). Spring snowpack has already declined in many parts of the Rockies, especially since the 
mid-20th century, despite overall increases in winter precipitation in many places (Mote et al. 
2005, entire; Scalzitti et al. 2016, pp. 5367-5368). The rate of decline in the snowpack of the 
Northern Rockies is unprecedented in the last 1,000 years (Pederson et al. 2011, entire). Some 
mountainous regions are warming faster than global land averages (Rangwalla and Miller 2012, 
entire), and in most mountain ranges, relative declines in snowpack vary from minimal at 
ridgetop to substantial at snow line. Losses in snowpack observed to date will likely continue 
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and could even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Similarly, 
because of diminishing snow resources, potential lynx habitat is diminishing in the northern 
Appalachians and small areas in the Canadian Maritime Provinces (Carroll 2007, p. 1093). An 
analysis of recent and potential future snow cover under a range of IPCC climate scenarios 
suggests that snow conditions correlated with historical lynx occurrence records could decline 
by 10-20 percent across the continental U.S. and Canada and by 46-84 percent in the 
contiguous United States by the end of the century century (Gonzalez et al. 2007, pp. 4, 7, 12-
14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Dyer and Mote 2006, entire; Brown 2000, pp. 2347-2354) and increased snow density 
(Hodgkins and Dudley 2006, entire). Because temperature has increased more in the winter 
than summer (Knowles et al. 2006), the amount of winter precipitation falling as rain instead of 
snow has also increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 
2006, entire; Feng and Hu 2007, entire). If greenhouse gas emissions continue at the current 
rate, by 2100, the elevation above which it snows and below which it rains could climb as much 
as 244 m (800 ft) in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and 
Wyoming, with the snow line projected to rise by an average of 290 m (950 ft) across 6 Western 
mountain regions (Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to accelerate the rate of loss of 
snow cover because of the reflective nature of snow and the relative heat-absorbing properties 
of non-snow-covered ground. This feedback effect causes the greatest warming to occur at the 
interface of snow-covered and exposed areas, increasing the rate at which melting occurs in 
spring (Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect 
has shifted the average date of peak snowmelt 3 weeks earlier in spring in the Intermountain 
West (Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and 
desert dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-
darkened landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
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These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over their potential competitors. These various forms of snow compaction and 
structure within the snowpack could give a competitive advantage to bobcats and other 
predators/competitors with higher foot-loading that would normally have difficulty traveling and 
hunting efficiently in deep, unconsolidated snow (Murray and Boutin 1991; Murray et al. 1994; 
Kolbe et al. 2010). 
 
The bobcat is the closest related species to lynx in North America, and it may outcompete or 
displaces lynx in some areas where the 2 species overlap, at both broad (Peers et al. 2013, 
entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) geographic scales. In some 
areas of sympatry, lynx may be displaced to habitats of inferior quality, which could limit survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth, consistency, and persistence likely mediate competition between the 2 
species. Because of their higher foot-loading, bobcats likely hunt less efficiently than lynx in 
deep, unconsolidated snows (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and 
they experience high mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Considering 
recent and projected future changes in snow conditions described above, stable or increasing 
bobcat populations in the DPS range (Roberts and Crimmins 2010, p. 170), and the predicted 
northward expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 
2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172), lynx may 
experience increased competition and displacement by bobcats, which could influence lynx 
distribution and persistence at the southern edge of their range. 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2007, p. 1465; Koen et al. 2015, p. 528). 
 
Although high-elevation areas in the western part of the DPS range may provide future snow 
refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also be affected by 
climate change. Because recent and current rates of climate warming are much faster than 
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occurred historically, it is possible that in these areas snow conditions favorable for lynx may 
move upslope at a faster rate than boreal forest vegetation, creating a mismatch of these lynx 
habitat elements. Thus, although it is possible that boreal forest vegetation may persist for some 
time, snow conditions thought to favor lynx could retreat upslope, potentially precluding lynx use 
of those boreal habitats and instead favoring potential competitors such as bobcats and 
coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of the range. As described above, changing snow conditions may influence lynx hunting 
behavior and effectiveness. For example, hard-packed snow is reported to be associated with a 
higher kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth 
et al. 2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
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which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). Snow patterns have also been proposed to 
potentially play a role in dampening cycles of some vole (Microtus and Myodes spp.) 
populations in northern Europe (Cornulier et al. 2013, pp. 64-65). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
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Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long, or they may be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forests (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes Region and parts of the Northwest could experience drought stress within 2 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
Wildfire ferquency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated in the western United States with 
continued climate warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western 
United States from 1970-2004, Westerling et al. (2006, entire) found rapid and dramatic 
increases in the frequency of large fires, wildfire durations, and the length of the wildfire season 
beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such as lodgepole 
pine and spruce-fir) in the Northern Rockies experienced the greatest increases. Increased 
spring and summer temperatures and an earlier spring snowmelt strongly influenced large 
wildfires, suggesting that climate is the primary driver of these changes rather than fire 
exclusion (suppression), which appears to have had little impact on natural fire regimes of these 
higher-elevation forest types in this area (ILBT 2013, p. 70). In contrast, climate change is 
increasing precipitation in boreal forest regions of eastern North America, which has reduced 
wildfire frequency (Bergeron et al. 2001, p. 388). Under multiple climate scenarios, large 
increases in fire frequency are expected for boreal forests in central and western Canada, and 
reduced frequency in eastern Canada - a situation that reflects past Paleoclimates that were 
warmer than the present (Flannigan et al. 2001, pp. 860-862). Increased fire frequency at the 
grassland – aspen parkland – boreal forest transition in western Canada may hasten the 
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conversion of boreal forest to aspen parkland and aspen parkland to grassland (Flannigan et al. 
2001, p. 860-861), which could affect connectivity and gene flow in lynx populations. In the DPS 
range, large wildifres in north-central Washington (Unit 4) have reduced lynx habitat by 35-40 
percent over the past 25 years (see section 4.2.4 below). 
 
Climate change is also likely affecting the frequency and intensity of some eruptive boreal forest 
insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes in 
temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. Warmer springs also could 
increase the frequency and duration of wildfires, which in turn could increase vulnerability of 
surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, p. 70). Increasing 
temperatures and forest homogeneity could create conditions favorable for bark beetle 
outbreaks that exceed natural disturbance thresholds, perhaps increasing the likelihood of 
additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 2008; ILBT 
2013, p. 70). By the end of the century, changes in temperatures across the boreal forests of 
western North America may cause markedly high probability of outbreak of these species 
(Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a major pest of 
spruce-fir ecosystems in eastern North America, is expected to shift northward reducing 
vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 2010, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)12 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
Reduced Gene Flow Between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
hypothesized that climate change would create increasingly unsuitable environmental conditions 
for lynx (e.g., milder winters with reduced snow quality, declining and fragmented boreal forest), 
which was associated with low genetic diversity and high genetic differentiation at the trailing 
(southern) edge of the range. High winter temperature, low snow depth, and low proportion of 
suitable habitat were also strongly correlated with neutral genetic diversity, low allelic richness, 
                                                
12 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and high genetic differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic 
structuring in southern lynx populations could be caused by a northward shift in optimal 
conditions, potentially resulting in isolation and extirpation of lynx populations at the trailing edge 
of their range or climate-induced changes in the distributions of snowshoe hare or bobcats 
causing lynx to shift northward. Lynx with the greatest allelic richness were found in areas with 
the deepest snow in the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The 
authors concluded that climate warming has reduced gene flow at the receding (southern) edge 
of the lynx’s range, and that southward gene flow from Canada into threatened United States 
populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et al. (2004, entire) documented 
population and genetic structuring in the lynx populations east and west of Hudson Bay based 
on differences in snow conditions on either side of this divide. This may be explained by the 
reluctance of lynx to disperse between areas having different snow regimes and snow quality. 
Snow conditions may be the key factor in the spatial, ecological, and genetic structuring of 
Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
  
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on 
the St. Lawrence may prevent bobcats from dispersing northward into lynx areas in central 
Quebec (Koen et al. 2015, p. 528). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific 
North American Index, and North Pacific Index which, in turn, affect patterns of temperature and 
snow in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are 
believed to have caused the collapse of cycles in voles, lemmings, and snowshoe hare 
populations (Ims et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). 
The geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
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Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the effects of climate warming on hare-lynx cycles in Canada. The authors 
concluded that climate forcing is not only essential in producing sustained cycles, but also in 
modifying cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests in Canada 
beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 3269). With 
more pronounced troughs in hare abundance cycles, lynx populations will likely decline (Hone et 
al. 2011, p. 424). Diminished lynx populations in Canada is a concern because periodic 
immigration from Canada is believed to influence the demographic and genetic health of lynx 
populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 
2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 
187; 79 FR 54789, 68 FR 40091, 40097-40100). If recent lower-amplitude hare cycles in 
Canada persist, they will likely be followed by lower-amplitude lynx cycles, possibly resulting in 
muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. This would 
likely result in reduced demographic support and further reduce gene flow into the DPS, both of 
which could influence the health and persistence of resident lynx populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000). No apparent climate-influenced parasites 
or diseases have been identified that would be expected to broadly affect lynx or snowshoe 
hare populations, but several lynx experts believed this is difficult to predict and remains a 
possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in 6 areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24).  
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007) and 
could further reduce and isolate lynx populations within the DPS and reduce connectivity 
between Canadian and DPS lynx populations and habitats. Declining boreal forests and snow 
conditions, increasing drought and fire, and increasing scale of forest insect outbreaks are 
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currently believed to be the most important stressors for lynx in the DPS, but it is possible that 
other pathways are, or may also become, important. 
 
In summary, although the rates of change and magnitudes of effects of climate warming are 
difficult to predict, climate models agree that lynx habitat and populations are likely to decline in 
the future (Carroll 2007, pp. 1098–1102; Gonzalez et al. 2007, entire) and may disappear 
completely from parts of the DPS range by the end of this century (Johnston et al. 2012, pp. 6–
13). Remaining lynx populations will likely be smaller than at present and, because of small 
population size and increased isolation, they will likely be more vulnerable to stochastic 
environmental and demographic events (Carroll 2007, pp. 1100–1103). Largely because of the 
likely consequences of projected continued anthropogenic climate warming, lynx experts expect 
a decreasing likelihood that resident lynx populations all 6 geographic units will persist in the 
future (Lynx SSA Team 2016a, pp. 35-47). Potential climate-mediated changes in habitat, prey 
base, and competitor guild, along with ongoing habitat los sand fragmentation, has led some 
authors to conclude that “…the extent of such changes and whether lynx are able to adapt to 
them will determine not how, but if, this species can persist in its current southern range” 
(Murray et al. 2008, p. 1469).  

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in 1 geographic area may not be beneficial to hares and lynx 
in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to a single common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
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from predation. Softwood (e.g., spruce-fir) has about 3 times more cover value than hardwoods 
(Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare density are 
directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 
1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 2000; 
Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest practices 
that promote high stem density and dense horizontal cover can increase snowshoe hare 
densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western United States 
After disturbances, forests generally develop through several stages described by Oliver (1980) 
as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996). The frequency and severity of disturbances have a large role in determining 
which species will dominate in a stand after the disturbance event. Snowshoe hare and lynx 
habitat are created during the stand initiation stage, after the young trees have established and 
grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide adequate horizontal 
cover. During the stem exclusion stage (when trees reach about 10 m [33 ft], depending on tree 
species) the tree crowns lift and lower branches self-prune, thus reducing the live horizontal 
branches providing food and cover for snowshoe hares. In the old growth stage, understory may 
re-develop (e.g., in forest gaps where mature trees die or fall down) and food and cover may 
again become available to support snowshoe hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
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from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

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

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

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

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

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

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
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deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, 
p. 125). The wood pellet sector is expected to grow, although woody biomass is typically the 
lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
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affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, 
Perez-Garcia et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under 
climate change, total United States timber inventories will increase, timber harvest will increase, 
and product prices will decrease relative to an assumed stable climate. Some models predict 
that consumers will gain from climate change while landowners in some regions will lose. The 
forest industry will adapt to climate change in many ways including using alternate tree species 
in manufacturing, shifts to geographic regions of the country with economic advantages in 
timber growth, and increasing forest plantations with new species that are favorably adapted to 
the new climate and markets. Many strategies have been evaluated to increase the quantity of 
carbon stored in North American forests (Irland et al. 2003) including discontinuing or greatly 
reducing harvest in some forests to build carbon reserves, increased recycling to reduce use of 
forest products, converting agricultural lands to forests, and substituting wood products for more 
energy-intensive products. Increased atmospheric carbon will increase forest growth slightly, 
except for softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters 
more carbon, is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with 
older growth conifer forest to sequester carbon could benefit lynx in the West and be to the 
detriment of lynx in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
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anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hare populations across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
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thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
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future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (0.16 hares/ac; 
Simons 2009, p. XX), which is below the landscape hare density (0.5 hares/ha [0.2 hares/ac]) 
thought necessary to support resident lynx (Ruggiero et al. 2000b, Simons-Legaard et al. 2013). 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western United States, prescribed fire for ecosystem restoration is most applicable to the 
dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests 
are generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western United States, projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
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of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high quality hare habitat (Simons 2009, Simons-Legaard et al. 
2013). In Maine and northern Washington, landscapes where boreal forest habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
(Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
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Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western United States 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak and wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of hundreds to thousands of years. After several centuries 
of forest management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 
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3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) United 
States forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is 
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the dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
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replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
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compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, multiple large 
fires in north-central Washington over the last 24 years have burned about 34-37 percent of lynx 
habitat (Lewis 2016, pp. 4-6), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-
40 years for these areas to recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 
21), during which time additional fire and other habitat impacts could further diminish habitat 
availability and the lynx population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA 
Team 2016a, p. 44; also see section 2.3.2.2, above, and sections 4.2.4 and 5.2.4, below). The 
loss of habitat resulting from these fires and its potential demographic impacts on the State’s 
only resident lynx population contributed substantially to the WADFW’s recent recommendation 
to uplist lynx from threatened to endangered under its State Endangered Species Program 
(Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx.  
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3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in most parts of the DPS range are patchy and marginal for both 
snowshoe hares and lynx. In the northern contiguous United States, boreal forest transitions to 
various types of northern hardwood forest in the Northeast and Great Lakes Region and to drier, 
more temperate montane forests in the West. The transitional nature of the boreal forest at its 
southern extent is believed (along with competition from other hare predators) to limit the 
numbers of both hares and lynx, preventing either from achieving densities comparable to those 
regularly achieved (except during the low of the hare population cycle) in the classic boreal 
forests in the core of both species’ ranges in Canada and Alaska (79 FR 54790). Lynx must 
contend with aspects of their habitat at the southern extent of the boreal forest for which they 
are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 4.5 
percent (20,000 km2) loss in forest area , and continued expansion of residential development 
will likely reduce forested patches by another 1.2 percent percent by 2030 (Theobold et al. 
2011, entire). Human-caused fragmentation in the forested western landscape resulted in a 
decline of weighted mean patch size from roughly 35,000 km2 to 3,200 km2 from natural to 
current conditions, but models predict relatively small declines in the size of forested patches 
over the next 30 years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half 
or more of the natural forest was cleared in the past 3 centuries, but as agriculture and 
settlement relocated westward and some eastern farmlands were abandoned, eastern forest 
cover rebounded (Williams 1989, Smith et al. 2005). Similarly, a large portion of Minnesota 
forests were cleared in the last century, but forest cover has rebounded. The forest area in 
northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 22). Preliminary 
findings from the 2002 United States timber assessment (Haynes 2003) indicate that 
approximately 15-20 million acres of United States forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the United States population is estimated to grow by 
another 126 million people. 
 
Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
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sources results in habitat alteration, direct habitat loss, vehicle collisions, behavioral disturbance 
from roads, and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high-quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution and generally lower densities of hares in many parts of the contiguous 
United States require lynx in most areas of the DPS range to maintain larger home ranges than 
lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger home 
ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the range of lynx, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95).  
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Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that an extremely high 
predation rate on hares living in high-quality habitats seemed to be driving the changes in 
distribution and abundance in a snowshoe hare population in Wisconsin, rather than predation 
on naturally dispersing individuals. In that study, predation pressure on hare populations 
occupying small (< 7 ha [< 17 ac]) patches of preferred habitat was so severe that 3 of the 5 
populations under investigation were extirpated in the course of the 3-year study. Fragmentation 
of landscapes exacerbates the effect of predation by allowing carnivores to concentrate their 
hunting efforts on small patches of habitat used by their preferred prey instead of preying 
disproportionately on dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich 
landscapes characteristic of the DPS, this can result in intense predation and competition for a 
limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Deep (Hoving et al. 2005, p. ; Peers et al. 2013, entire) and 
persistent (Gonzalez et al. 2007) snow are believed to give lynx a competitive advantage over 
generalist predators in the conterminous United States. Too little snow or crusting conditions 
may favor competitors and predators like bobcat, fisher, and coyotes. High elevations may 
provide snow conditions that favor lynx, whereas low elevations favor conditions for competitors. 
Lynx may have a competitive advantage at higher elevations in the DPS in the winter, but not in 
summer months when competitors likely have increased access to all habitats. 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, appropriate habitats for lynx are naturally fragmented by topography 
and vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
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flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
discourage lynx dispersal between habitat patches (although verifed records of lynx in many 
parts of the contiguous United States and long-distnce dispersal of lynx released in Colorado 
demonstrate that lynx at least occasionally navigate such habitats). In some western parts of the 
DPS range, lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, 
p. 976). In other areas of the DPS where there is little topography, including Minnesota and 
Maine, matrix forest facilitates lynx movements between suitable habitats. Large rivers are 
unlikely to fragment habitat as lynx readily swim across large bodies of water (Feierabend and 
Kielland 2014, entire) or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western United States, although snow alone does not constitute lynx habitat (i.e., many places 
receive sufficient snow but lack other features lynx need, typically adequate hare densities). 
Snow conditions are less consistent in the East. For example, lake-effect snow from Lake 
Superior can increase snow depth and duration in the Arrowhead region of Minnesota in some 
years, but not others. The Gulf of Maine has the reverse effect, and its warming influence 
reduces snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate 
that eastern Maine has extensive areas of boreal forest but does not achieve snowfall 
thresholds that gave lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
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their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and, in winter, avoided recent 
clearcuts or other large openings (Squires et al. 2010). Similarly, in Washington, Lewis et al. 
(2011, entire) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and factors. Changes in habitat, 
prey base, and perhaps competitor guild will likely impact lynx populations in the DPS and in 
southern Canada.  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
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road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J. Squires, personal communication 2012). Colorado lynx crossed 2-lane 
highways an average of 0.6 times per day and more frequently during dusk and at night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially in forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, MDIFW, unpub. data), 11 in Minnesota (T. Smith, USFWS, 
unpub. data), 1 in Idaho and 5 in Montana (USFWS 2016a, unpubl. data, compiled by K. 
Broderdorp). Between 1995 and 2011, 15 lynx were reported killed on British Columbia 
highways (British Columbia Wildlife Accident Reporting System 2012). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volume and lower speed limits. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
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(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012, pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
potential competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift from clear-cutting to partial harvesting will continue to increase the number of patches 
of high-quality hare habitat, but it will greatly reduce the size of patches and increase their 
isolation (Simons-Legaard et al. 2016, pp. 5-6),thus diminishing landscape conditions conducive 
to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
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are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous United States 
(ILBT 2013, pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow 
conditions provide for extended ski/snowboard recreational seasons. In the western states, 
many of these landscapes feature spruce-fir forests. While ski resorts occupy a small proportion 
of the landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and perhaps railroad access to facilitate 
exploration and development also directly impact lynx habitat, contribute to fragmentation, and 
result in direct mortality. Despite these potential effects, mining exploration and development is 
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generally anticipated to affect only a small portion of lynx habitat in the contiguous United 
States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site, and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
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species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the United States are of concern. 
 
Again, could use a summary paragraph here of the most important sources and consequences 
of habitat loss and fragmentation. 

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

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last2 decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps 50-200 lynx occupies the northeastern 
corner of the state. Research also suggests that lynx and habitats in the western United States 
(Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was thought 
at the time of listing, and several areas thought to have historically supported small resident 
populations currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 
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3], and the Kettle Mountains of northeastern Washington). We also know that recent extensive 
wildfires in north-central Washington (Unit 4) have substantially reduced (probably temporarily) 
the amount of high-quality lynx habitat and likely caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the 
subsequent survival and reproduction of some of these lynx and some of their offspring, 
resident lynx currently occupy parts of western Colorado (Unit 6), although the current number 
of lynx there is uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; Figure 1). Of the 5 occupied units, 
4 are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2) (see tables 1, above, and 3, below). Our analyses and lynx expert imput 
indicate no single catastrophic event that could result in the functional extirpation (loss of the 
ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016a, p. 56).  
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, p. 2], Isle Royale in Lake Superior [Licht 
et al. 2015, entire]). Any small populations that were lost were not in large, discrete geographic 
units that would have represented substantially greater redundancy in the contiguous United 
States. The implications of the potential recent loss of resident lynx in the GYA for the 
redundancy of the DPS are unclear. The historical record and recent research show that the 
GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
National Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times, and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
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mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited). There 
are no reliable estimates of current or historical resident lynx numbers in this unit. At the time of 
listing, the Northern Maine Unit was not believed to contribute significantly to the DPS. 
However, we now know that there currently is sufficient habitat in this unit to possibly support 
the largest reproducing resident population of lynx in the DPS (numbers and trends unknown, 
but enough habitat currently exists to support possibly 500 to 1000 lynx). Small numbers of 
reproducing lynx have also been documented recently in northern New Hampshire and northern 
Vermont. Historically, when Maine had a greater proportion of mature forest, lynx distribution in 
this unit was likely patchier, and lynx populations were likely lower and may have been more 
dependent on immigration from Canada. Forest management is now the primary driver of hare 
and lynx habitat in this DPS unit. Current lynx and hare habitat is at an historically high level 
because of young, regenerating softwood forests created by extensive clearcutting and 
herbicide application to salvage spruce-fir and encourage softwood regeneration following a 
severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 
2008b). Lynx responded to these conditions with high survival and reproduction, small home 
ranges, and moderate population densities. State forestry regulations passed in 1989 caused 
landowners to shift to various forms of partial harvesting that have resulted in lower landscape 
hare densities across much of the unit. Hare populations do not seem to cycle in this region, but 
hare numbers declined by 50 percent starting in 2006 and have remained at lower levels. 
Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
that wish to diversify income from their investments, which could result in forest practices less 
likely to result in hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population and are 
highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest 
continues to manage lynx habitats in accordance with its 2004 Forest Plan, which includes 
measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, and incidental trapping; other factors that could potentially 
impact resident lynx in this unit include mining development, snow compaction (related to winter 
recreation?), competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 
of unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 3 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
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2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and 
hare habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest 
and associated management (e.g., thinning, road construction, fire suppression) appear to have 
had localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size and 
intensity of wildfires have increased over the past several decades, likely in response to climate 
warming, but impacts to lynx are uncertain. Whether and if so to what extent other climate-
mediated factors have influenced the current condition of lynx populations or habitats in this unit 
is also unknown. Regulations prohibit lynx trapping and require measures to reduce the 
likelihood of trapping lynx incidentally when legally trapping other species. Hare densities have 
not been estimated broadly throughout the unit but appear to be low or marginal even in what is 
considered the highest-quality habitat, suggesting that even small decreases in habitat 
quality/hare densities could influence its continued ability to support resident lynx. The role of 
past and recent immigration in maintaining the demographic and genetic health of current lynx 
populations in this unit is unknown, but peaks in cyclic lynx numbers in Canada have declined, 
especially when compared to the unprecedented irruptions of the early 1960s and 1970s, and 
there is no evidence of significant immigration into this unit since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
There are no reliable estimates of historical or current resident lynx numbers in this unit, but 
recent habitat and home range analyses (summarized in Lewis 2016) suggest that it may have 
been capable of supporting 65-90 lynx prior to extensive wildfires  over the past 2 decades. 
Those fires affected about a third of the potential lynx habitat, led to increased home range size, 
and may have reduced the carrying capacity of this unit to 40-55 lynx currently. The recent 
increase in wildfire frequency, size, and intensity in lynx habitat in this unit may have been 
influenced by climate change (Westerling et al. 2006, pp. 942-943). There is significant risk for 
potential future wildfires to further affect the viability of lynx in this geographic unit. Burned 
habitats are expected to regenerate back into suitable lynx habitat, but this may take 10-40 
years. Results of snowshoe hare research suggest that hare densities in Washington are 
generally at the low end of the range thought necessary to support lynx persistence. The 
Okanogan-Wenatchee and Colville National Forests, which administer more than 90 percent of 
lynx habitat in Washington, continue to manage in accordance with the LCAS. Additionally, the 
WADNR, which manages approximately 4 percent of lynx habitat in Washington, developed a 
Lynx Habitat Management Plan in 1996, which was updated in 2006 and is also largely based 
on the LCAS. The Kettle Range to the east of this unit was suspected to have supported a small 
(likely fewer than 20 individuals) resident population until about 30 years ago when over-
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trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether and, if so, 
to what extent other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of reproduction 
among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but lynx managers believe it may currently support 100-250 lynx as a result 
of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historic irruptions of the early 1960s and early 1970s. Since the DPS was listed 
and the Southern Rockies Lynx Amendment completed, 2 bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in several areas of lynx habitat in the San Juan Mountains. Areas affected by beetles 
that contained multistoried stand conditions likely continue to provide habitat to support 
snowshoe hares and lynx. Areas affected by beetles and fire may require 20 years or more to 
recover to a point where the stands will again support snowshoe hares. Large-scale monitoring 
efforts in the San Juans documented continued lynx occupancy during winter 2010-11 and 
2014-15, and it is reasonably likely that lynx continue to occupy all National Forests within the 
State of Colorado. Habitat that supports snowshoe hares is patchily distributed in this 
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geographic unit, which limits their abundance. Because the majority (90 percent) of potential 
lynx habitat in Colorado is under Federal land management, actions occurring on other 
ownerships are unlikely to result in significant impacts to lynx habitat within this unit. The USFS 
manages over 85 percent of the lynx habitat in this unit, providing conservation through the 
Southern Rockies Lynx Amendment. However, regulatory mechanisms for the conservation of 
lynx are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including 
lynx habitats on some BLM and some non-Federal lands. 
 
Table 3. Summary of current conditions in 6 geographic units within the DPS range1.  

 
1Estimators used to calculate home range size are provided in table 2, above. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This unit encompasses approximately 28,909 km2 (11,162 mi2) of northern 
hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been designated 
as critical habitat for lynx (79 FR 54823-54828). Lynx have recently been documented in smaller 
areas of similar habitat outside this unit in eastern and western Maine, northern New 
Hampshire, and the northeaster corner of Vermont. Climate in this region is characterized by 
warm summers and some of the coldest temperatures and highest snowfalls in the eastern 
United States; a function of latitude, elevation, and distance from the ocean. The average terrain 
rises in northern Maine to 305-457 m (1,000-1,500 ft) with mountain peaks, particularly in 
western Maine, northern New Hampshire, and Vermont from 914-1,524 m (3,000-5,000 ft). This 



 

108 
 

region is far enough inland to be unaffected by marine influences. Average annual precipitation 
is currently 104 cm (41 in), with greatest precipitation in winter in the form of snow (average total 
snowfall is 228-280 cm (90 -110 in), with higher amounts at the highest elevations. Snow 
duration is about 4 months (mid-November through mid-April). 
 
Most of the lynx habitat in the Northeast occurs in northern Maine within the designated critical 
habitat boundary all. Land ownership in the critical habitat unit boundary is about 90 percent 
private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and 1 percent 
Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost entirely 
commercial forest lands. Lynx regularly occur outside of the designated critical habitat boundary 
in parts of northeastern, eastern, and western Maine and, recently, in northernmost New 
Hampshire and Vermont (see below). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
New Hampshire - Potential habitat in norther New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these 2 ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA, under a conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to 
mature to a climax forest type which is contained within what is considered core lynx habitat. 
The area will potentially provide good denning habitat but will likely restrict the amount of 
snowshoe hare habitat in the foreseeable future. Current conditions are in a transition state, and 
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portions of the core area currently support higher densities of snowshoe hare because of past 
forest management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a 
high component of deciduous forest and insufficient snow conditions in New Hampshire are 
unlikely to support viable lynx populations over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Recent modeling to determine potential lynx habitat connectivity in the Northeast 
suggests that the Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012) . 
The 530-km2 (205-mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife 
Refuge), 17 percent State (Vermont Department of Natural Resources), and 63 percent private 
commercial timber lands (with conservation easement). The future persistence of lynx in 
Vermont is unlikely because of the patchy and limited amount of potential habitat, climate 
change (decreasing snow), trends toward hardwood management, and increasing human 
disturbance (Vermont Fish and Wildlife 2015, Appendix A5 p. 127). 
 
Habitat Description:  In the Northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within 1 m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 



 

110 
 

mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, several 
estimates of hare densities in the highest quality, regenerating conifer or mixed forest averaged 
1.9 to 2.1 hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 
2006, hare densities declined by about half in all stand types and have remained at these lower 
levels (Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed 
in the Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha (0.2 hares/ac) at low and 
high elevations (Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower 
densities in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and 
lowland spruce-fir. Densities in high elevation (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont or New York. The average landscape hare density in home range-sized areas 
occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 2013, p. 567). Based on 
these observations, Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining 
landscape hare densities of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-
quality hare habitat within 100-km2 areas) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
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current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39 hares/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [15–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
hare densities, where hares were more accessible to lynx compared to the densest (short 
regenerating) stands Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically, lynx habitat in northern Maine was likely much less abundant and less broadly-
distributed than it is today. Both the current amount of high-quality habitat and the lynx 
population in Maine are likely larger than occurred prior to European settlement, when a 
relatively smaller proportion of the forest was in an early successional stage (Lorimer 1977, 
entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior to European settlement, lynx 
habitat was created and maintained by frequent, small-scale forest gap dynamic events and 
infrequent, large-scale stand-replacing forest disturbances (Seymour et al. 2002, pp. 359-365; 
Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests often exhibit an even-aged 
wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). Large, stand-replacing 
events (fire, wind and ice storms, insect outbreaks) are rare (interval of several hundred to 
several thousand years) and highly variable in size (Seymour et al. 2002, entire; Lorimer and 
White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark disease, and sugar 
maple defoliators have been important influences affecting forest landscape patterns (McNab 
and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm outbreaks, the 
most likely insect to affect lynx habitat, have been highly variable in Maine and eastern Canada 
in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less significant as a 
natural agent of disturbance. The typical fire regime is infrequent surface fires in the dormant 
season in the hardwood forests, and slightly more frequent but long-interval fires in conifer 
forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer and 
White 2003, p. 59). For the past several decades, early successional forests and lynx habitat in 
northern Maine, New Brunswick, and southern Quebec have been created almost exclusively by 
forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) increased 400 
percent (Simons-Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future (Simons-Legaard et al. 2016, pp. xx). In response to the 
widespread clearcutting in the 1970s and 1980s, Maine passed the Forest Practices Act in 
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1989. This Act regulated clearcutting. Various forms of partial harvesting replaced clearcutting 
as the predominant form of forest management in northern Maine. Partially harvested stands 
(e.g., selection harvest, shelterwood harvest, overstory removal) have a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006, p. 29). On average, partially harvested stands support 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006, p. 
26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), 2 tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time 4 private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 



 

114 
 

Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All 4 plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
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widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records (Vashon et al. 2012, entire; Siren 2015, entire) document that 
lynx occur throughout northern Maine and in small, isolated pockets in western and eastern 
Maine, northern New Hampshire, and Vermont (Siren 2015, entire). Population size and trends 
are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016a, p. 
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18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 townships to 
document the distribution of lynx and to inform habitat modeling at the University of Maine 
(Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire; Simons 
2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only2 records 
in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a small 
resident population likely occurred historically in New Hampshire but no longer exists (68 FR 
40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of 3 lynx, a presumed family group, were observed travelling together in 
late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over 3 winters (Brocke 1982). The reintroduction was unsuccessful in establishing 
a resident population, and in 2003 the Service concluded that a resident population may have 
existed in New York prior to 1900, however, records of lynx since 1900 likely represent 
dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire), resource use (Vashon et al. 2008b, entire), survival (Vashon et al. 2012, 
pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects of their life history 
(Vashon et al. 2012, entire). During the period when snowshoe hare populations were highest 
(2000-2006), Maine lynx had among the highest reproductive rates (average litter size 2.74, 89 
percent of adult females producing litters) in the DPS (Vashon et al. 2012, pp. 18-19). During 
the current (2006-present) period of low hare density, litter size was smaller, only 30 percent of 
females had litters, and mortality was greater. Maine lynx have among the smallest home 
ranges documented in the DPS (Vashon et al. 2008a, p. 1482; LCAS 2013, p. 24; also see 
tables 2 and 3, above). Home range sizes were similar during periods of high and low hare 
density (Mallett 2014, p. XX). Lynx populations likely increased during the period of high hare 
density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) (USFWS, 
Vortex 10, deterministic population simulation 2016; demographic data from Vashon et al. 2012, 
pp. 17-21). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002; Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and may have been more dependent on 
immigration from Canada. Current habitat is the result of widespread clearcutting to salvage 
spruce and fir damaged by a spruce budworm outbreak in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005, Fuller et al. 2007, Vashon et al. 2008b, Simons-Legaard et al. 
2013). Lynx habitat is expected to remain stable for the next few years then decline because of 
changing forest practices (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where there is regularly total 
snowfall of at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of 
lynx (to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, 
Peers et al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range 
of the lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 
cm (90-104 in; NOAA 201113). In the last 50 years, 18 of 23 snow sampling sites in and near 
Maine experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in 
New England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et 
al. 2008). Thus, average snow conditions in Maine are currently at or below snow depth 
thresholds for lynx, and further declines in annual snow depth would be expected to reduce the 
probability of lynx persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated in the Northeast. 
Unlike other units, annual precipitation in Maine is increasing because of climate change, but 
                                                
13 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 
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primarily as rain (A. Siren in Lynx SSA Team 2016a, p. 15; Fernandez et al. 2016), and 
especially rain on snow events in winter in northern Maine (Huntington and Hodgkins 2004, 
Deser et al. 2013, Fernandez et al. 2015). Snow density and compaction and crust conditions 
(caused by wet, heavy snow or rain on snow events in winter) have increased in northern New 
England (Dudley and Hodgkins 2002, Huntington et al. 2004, Huntington 2005, Hodgkins and 
Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800 to 9000 years; Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks cause 
stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River14. 
 
In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for Maine’s 
Trapping Program (MDIFW 2014, 2015a as amended, entire) and obtained a permit from the 
Service for lynx trapped incidental to other furbearer trapping in Maine. From 2000 to 2016, 114 
lynx have been reported captured in traps set for other species and 8 of those were killed 
(Vashon et al. 2012, MDIFW 2014, p. 75). In Maine, after 2 lynx were killed in killer-type traps in 
2014, the MDIFW imposed additional trapping restrictions to further reduce mortality and injury 
of incidentally-trapped lynx, (e.g., requiring killer-type traps be placed in exclusion boxes, 
eliminating the use of drag sets for foothold traps, and requiring multiple swivels on trap chains. 
No lynx have been reported incidentally trapped in New Hampshire or Vermont since 2000. 
                                                
14 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development15, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern Maine and 5 
projects are in operation; 2 have been proposed in northern New Hampshire and 2 are in 
operation; and 3 have been proposed for northeast Vermont and 2 are in operation or under 
construction. Maine’s 2 largest wind projects (combined over 300 turbines covering 932 km2 
[360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. The effects of 
wind energy projects on lynx, hares, and their habitats are unknown. Potential direct effects 
include disturbance or displacement of resident lynx from large landscapes and loss and 
fragmentation of habitat from turbines, roads, and transmission lines. Increasing power 
infrastructure associated with these projects could greatly change development potential and 
patterns in northern Maine by bringing electricity into the interior of Maine’s vast undeveloped 
forest region. Extensive road construction would further fragment habitat and increase access 
for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
                                                
15 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 
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activities (timber harvest or other vegetation management) that could benefit lynx. Another 
conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1,000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; potential 
increased competition from bobcats and fishers; loss of spruce-fir to northern hardwoods; and 
future isolation of the metapopulation because of diminishing ice conditions on the St. Lawrence 
River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land that was excluded from critical habitat. Land 
ownership in this unit is about 47 percent Federal (primarily USFS, with some NPS and BLM 
land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage Reservation) 
(see Table 1). This unit includes most of Superior National Forest (SNF; including the Boundary 
Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
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southern extent of a larger cross-border population, most of which occurs in Ontario (ON). 
Relative to other DPS lynx populations, this unit is about 1,480 km (920 mi) east of the 
Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of the Northern 
Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
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Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), and 
balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal area 
dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and larch 
from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent basal area 
dominance. 
 
In 2015, the SNF estimated that there were approximately 3,074 km2 (1,187 mi2; 60 percent of 
lynx habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 
acres of habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished 
data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
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Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx A more 
precise estimates of resident population size is not available.  
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpublished data). In addition to the 11 trapping mortalities, another 15 lynx 
were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and 2 died in Ontario of unknown causes (USFWS 2016b, 
unpublished data). Some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating, along with evidence of lynx returning to Minnesota after dispersing to 
Ontario, that survival of Minnesota lynx in Ontario for extended periods is possible (Moen 2009, 
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pp. 2-3, 10-13). Minnesota has relatively high forest road and highway densities that intersect 
lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that were 
bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNRb 2015, entire). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting of lynx-. 
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Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011a, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011a, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region as 
projected by climate models, deer mortality may be reduced; this could increase bobcat 
densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25), 
potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). According to annual 
track surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, 
similar to bobcat, wolf populations may increase with changing snow conditions and prey 
availability as influenced by climate change. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
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contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015a, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
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roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely-distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter densities were 
highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature stands (Griffin and 
Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare populations in this 
area were thought to be stable, mean summer and winter hare densities, respectively, were 
0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 0.64 and 0.47 
hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by lynx, compared 
to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 0.18 and 0.12 
hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select (Squires and 
Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the dense mature and 
dense young stands only marginally achieve the threshold density of 0.5 hares/ha (0.2 hares/ac) 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90; also see section 2.2.1, above). Nonetheless, hares accounted for 96 
percent of the biomass in lynx diets in this unit based on evidence at kill sites (Squires and 
Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-level hare 
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densities could reduce the ability of habitats in this unit to support resident lynx (Squires et al. 
2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place16.  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

                                                
16 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

Comment [ZJ151]: Maybe superfluous/not 
necessary/informative? Delete? 
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover consistent 
with historical lynx occurrence records (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; A. Lieberg 2017, pers. 
comm.; also see Lynx Status, below). This small and relatively isolated island of lynx habitat 
(Squires 2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multistoried) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of resident lynx 
in the Garnets represents the extirpation of a previously-persistent small population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
naturally ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
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to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnet Mountainss), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. There was no evidence of cyclicity in these vital rates, and no indication of substantial 
immigration of lynx into these study areas from Canada. Starvation, predation by cougars, and 
human-caused deaths each accounted for roughly one-third of documented sources of lynx 
mortality. Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley 
Lake area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing 
trend, 2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic 
Canadian population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 
0.10 (order of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 
952, Table 4), and the natural range in λ that would be expected among peripheral, isolated, or 
semi-isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that 
would signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016a, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
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“winked on” again in the future is unknown and perhaps irresolvable. On February 2, 2016, a 
single lynx was detecteded via snow-track survey and verified via DNA analysis in the Garnet 
Range in the area previously occupied by resident lynx, demonstrating that natural 
recolonization of this area by dispersing lynx is possible. However, this recent record appears to 
have been of a dispersing /transient individual because subsequent surveys have not revealed 
additional detections of that lynx or any other lynx in the area, and there currently remains no 
evidence of lynx residency in this mountain range (A. Lieberg 2017, pers. comm.). 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015a, p. 10). On the Lewis and Clark National Forest, lynx 
are considered “still present” in the Rocky Mountain Front portion of the forest, which is within 
this geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in 
the disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx 
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in those ranges (USFS 2015a, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-United States border (USFS 2015a, 
p. 10). No lynx were detected during surveys in 2007 or 2013-2014, and snow surveys could not 
be completed in 2015 because of poor snow conditions (USFS 2015a, p. 9). However, in 2012-
2014 3 lynx were incidentally trapped on the Idaho Panhandle (1 in 2012 in the Purcells, and 2 
in 2014 in the Cabinet Mountains), and another was documented by a Service grizzly bear 
trapping crew in the Purcells in 2014 (USFS 2015a, pp. 9-10; U.S. District Court ID 2016, pp. 6-
7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
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Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south (U.S. District Court ID 
2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate 
change has probably already had some impact on lynx habitats in this geographic unit, and 
such impacts are likely to continue to occur, there currently is no evidence that climate change 
has had population-level effects or has reduced the ability of this unit to support persistent 
resident lynx populations. However, such impacts would be difficult to document and, as 
described under Habitat Status, above, because lynx habitats in this unit are naturally highly-
fragmented and hare densities, even in areas considered high-quality habitat for this DSP unit, 
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often appear to barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. Modeling vegetation and 
snow suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that 
boreal and temperate conifer forest biomes were broadly distributed across this geographic unit 
and that snow conditions suitable for lynx occurred with 90-95 percent probability from 1961-
1990. (Future conditions based on this modeling are described in section 5.2.3, below). As 
described in section 3.2, above, climate change has also been implicated in recent increases in 
the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts of the 
DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA Team 
2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
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about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and backcountry 
roads and trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 
78-85) that are unlikely to exert population-level influences, despite potential impacts to 
individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-517). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous United States If lynx populations in this unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, the population growth rate 
estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA 
Team 2016a, p. 20) may reflect a gradual decline of a resident lynx population that needs but is 
not receiving adequate immigration. In contrast, the growth rate estimated for the lynx 
population in the Purcell Mountains in the northwestern part of this unit (λ = 1.16, increasing 
trend 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) suggests that the level of 
immigration, if necessary for demographic stability, has been adequate or that productivity and 
recruitment have been high enough to offset potentially diminished immigration. It is also 
possible that, despite the documented historical intermittent (cyclic) influxes of lynx from 
Canada into lynx populations in this geographic unit, immigration does not contribute 
meaningfully to the demographic stability of these populations. If that is the case, the estimated 
growth rates suggest that recruitment has failed to offset mortality in the Seeley Lake population 
but that it has more than done so in the Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This area was occupied by resident 
lynx when the DPS was listed and remains occupied currently. Evidence from recent research 
and DNA analysis shows lynx distributed within this unit, and breeding has been documented. 
Although researchers have fewer records in the portion of the unit south of Highway 20, this 
area contains boreal forest habitat and is thought to support resident lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness and access to survey this 
                                                
17 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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area is difficult. This northern portion contains extensive boreal forest vegetation types and also 
likely supports resident lynx. Additionally, lynx populations exist in British Columbia directly 
north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below).  
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (>30°) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)18. 
  
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
                                                
18 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21). Several wildfires affected lynx habitat 
in the North Cascades during the middle 1990s and early 2000s:  1994 Whiteface Burn (15.5 
km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 2001 Thirty-Mile Fire (25.7 km2 
[9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; Vanbianchi 2015, p. 23). Subsequent to 
those fires and incorporating research on lynx habitat use, Koehler et al. (2008, p. 1522) 
estimated that the Okanogan LMZ (including this geographic unit) contained approximately 
2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 LMZs in the northeastern 
corner of the state, combined, contained an additional 1,381 km2 (533 mi2) of suitable habitat. 
More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; Vanbianchi 2015, p. 
23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the Okanogan LMZ 
(Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years.. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from Washington into Canada recently documented, connectivity 
between this unit and Canada currently appears functional (ILBT 2013, p. 65). Outside of this 
geographic unit, lynx habitat in the Kettle Range and the other northeastern LMZs is limited in 
size and potentially capable of supporting only a few lynx. Koehler et al. (2008, p. 1523) 
estimated the Kettle Range could support 10 to 23 lynx based upon a lynx density of 2.3 
lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, that lynx 
density estimate was derived from research conducted in the Cascade Range within a large 
area of contiguous, high-quality habitat (Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle 
Range is much smaller and likely more fragmented, and may not be capable of supporting a 
similar density. The Kettle Range is also somewhat isolated from other lynx habitats in 
Washington (e.g., the Cascades) and British Columbia. The Kettle Range is separated from the 
Cascades in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir 

Comment [ZJ152]: These listed fires total 
1,107 km2, with another 294 suggested (1,000 
recent, including 706 Tripod fire).  The listed 
fires, if all occurred in the unit, would represent 
1107/5176= 21.4% of the unit.  With the 
additional 294 implied, 1401/5176= 27.1% of 
the unit.  We need to make sure our claims 
elsewhere that 40 or 50% of this unit has 
burned in last 20-25 years is accurate. 
 
Lewis 2016, p. 5 says 3,130 km2 of the 8,923-
km2 Okanogan LMZ (35.1%) burned from 1992-
2015, but fig. 3 shows 33.5% of LMZ burned 
during that time. 
 
Lyons et al 2016 says 2,000 km2 out of 9,200 
km2 Okanogan LMZ (21.7%) burned from 2000-
2015. (Also that 360 km2 of 3,300 km2 Kettle 
LMZ (10.9%) burned same period. 
 
Maletzke (in EE report, p. 21) said that from 
2002 to 2014, amount of lynx habitat in 
Okanogan burned from 2,600 km2 to 1,600 km2 
– a 38% reduction.  In that time, estimated # of 
female lynx declined from maybe 100 to only 
27.  
 
Overall, a 35-38% loss of habitat in the 
Okanogan LMZ is thought to have reduced the 
resident lynx pop. by more than 70%!?(pop. 
decline more than double the habitat loss – 
more fragmented habitat = larger home ranges). 
On other hand, Lewis suggests that carrying 
capacity declined by about the same % as 
habitat – 35-40%. 



 

143 
 

and ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the 
Kettle River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife 
fencing in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and 
anthropogenic features may be impediments to lynx movement between the Kettle Range and 
the Cascades and British Columbia, perhaps reducing the likelihood of natural recolonization 
and re-establishment of a resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960-61 to 1990-91 a total of 234 lynx was harvested in Washington, with 
the most (35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and 
Stevens (10 percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in 
the Kettle Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 
through 1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx 
were reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In July, 2016, the WADFW recommended that the Washington Fish and Wildlife 
Commission uplist the lynx from a State threatened to a State endangered species (Lewis 2016, 
p.1). 
  
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
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other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming male numbers are similar to female numbers) 
in 1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. 
  
The estimated quantity of lynx habitat was based on mapping areas supporting the forest-type 
and physiographic characteristics identified as being used by lynx during telemetry studies 
conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of the current condition 
(successional stage, or stand type, structure, or age, etc.) of the habitat. The estimation of lynx 
habitat was based purely on forested areas potentially supporting a forest-type potential of 
subalpine fir/Engelmann spruce, and the physiographic characteristics of elevations greater 
than 1,400 m (4,593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 1518), and did not 
consider whether the area was recently burned, harvested, etc. Recognizing that new 
information on lynx and snowshoe hare habitat use patterns had been learned since the 1980’s, 
and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. (2008, 
entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess the 
suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 km2 
(930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of 5 adult male and 2 adult female radio-collared lynx were 
monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During the 
study 2 kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the study 
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indicated female average home range size was 39 km2 (15 mi2) and average male home range 
size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult lynx, adult 
lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of the radio-
collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 percent 
with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
   
Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the 2 dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke (in Lynx SSA Team 2016a, p. 
21) estimated the average female home range size had increased to 91 km2 (35 mi2). The 
important point is the recent large, stand-replacing fires in the Cascades have resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 10-40 years to do so (Lewis 2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Factors Affecting Current Condition 
 
According to the Draft Washington State Periodic Status Review for the Lynx, the WADFW 
recommends uplisting the lynx from threatened to endangered because of: 1) observed range 
contraction in Washington following protection efforts; 2) the substantial loss of habitat in the 
last 20 years; and 3) the ongoing and anticipated threats to lynx population persistence (Lewis 
2016, pp. XX). 
 
Within Washington, the vast majority of lynx habitat is administered by the 
Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka 
the Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
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lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (748 FR 54834–54835).  
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In summary, recent wildfires have temporarily eliminated or reduced the quality of almost 40 
percent of higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-6; Maletzke 
in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and significantly 
affected the status of and current viability of the lynx population within this geographic unit. This 
geographic unit likely supports fewer resident lynx currently than it did historically, making the 
current, smaller population more vulnerable to environmental, demographic, and genetic 
stochasticity and to large catastrophic events (Lewis 2016, p. 6). Recent wildfire severity, extent, 
and intensity in lynx habitat within this geographic unit may have been influenced by climate 
change (Westerling et al. 2006, pp. 942-943), and as discussed in Chapter 5, below, climate 
change may similarly affect the future viability of lynx within this geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone National Parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 
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In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-storied 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place19. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481).  

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

                                                
19 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 
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by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled the probability of 
suitable snow across North America, showing that most of this geographic unit has a 95 percent 
probability of providing snow cover conditions consistent with historical lynx occurrence records 
(Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton National Parks) the Absaroka-Beartooth, Bridger, 
Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness 
areas. Among the 3 national forests that contribute to this unit, 75 percent of potential lynx 
habitat is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management 
activities in these areas are unlikely to adversely impact lynx and hare habitats. Large parts of 
Yellowstone National Park burned in the extensive wildfires of 1988. Although the extent to 
which those fires may have impacted potential lynx habitats is uncertain, some of the burned 
areas may soon reach a stage of regeneration capable of supporting increased densities of 
hares, perhaps increasing the likelihood that lynx could reestablish and maintain home ranges 
in some parts of the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up 
less than 3 percent of lynx habitats in this unit, it is unlikely that activities on those lands have 
impacted lynx populations or meaningfully influenced the unit’s current capacity to support 
resident lynx. 

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

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986, entire; Appendix A, p. 
67), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 verified 
(“certain”) records and over 200 unverified (“probable”) records based on trapping reports and 
observations of animals or tracks. Most records were from the northwestern corner of the State, 
which overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) 
reported 30 verified records for Wyoming, including those in Reeve et al. as well as 2 resident 
lynx, a male and a female, who were trapped, radio-marked, and monitored in the Wyoming 
Range over several years beginning in 1996 and who produced 6 kittens over 2 years. The 
female had 4 kittens in 1998 and 2 in 1999, though none of the kittens survived to 
independence, and the female died of starvation in March 2000 (Squires and Laurion 2000, p. 
346; Squires et al. 2001, pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over 
the 3 years she was monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years 
(Squires et al. 2003, pp. 12-13). The male also made multiple long-distance exploratory 
movements (up to 728 km [452 mi], including multiple highway crossings) over 3 successive 
years (Squires et al. 2003, pp. 13-16; Squires and Oakleaf 2005, entire). 
 
Eighteen lynx were reported to have been trapped from a small area in the Wyoming Range in 
winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources20 claim that 13 lynx were 
trapped in the Wyoming Range in winter 1972-73. However, Reeve et al. (1986, Appendix A, p. 
67) reported no verified (“certain”) records of lynx trapped from 1970-1982 and unverified 
(“probable”) accounts that included no lynx trapped in 1971, 5 trapped in 1972, and 1 trapped in 
1973. These conflicting anecdotal reports of lynx occurrence records illustrate compellingly why 
only verified records are appropriate for consideration of the historical distribution of rare and 
elusive species like lynx, especially those that are easily confused with or commonly 
misidentified as a similar but more abundant sympatric species, as with lynx and bobcats 
(McKelvey et al. 2000a, pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were 
                                                
20 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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correct, the large numbers of lynx reported in the early 1970s correspond to the second of 2 
well-documented and unprecendentedly large irruptions of lynx from Canada into the northern 
contiguous United States, when dispersing/transient lynx occurred temporarily in many places 
with little or no evidence of the historical presence of resident lynx (McKelvey et al. 2000a, pp. 
232-242). That the sudden increase in lynx reportedly trapped suggested by these anecdotal 
records would have reflected a pulse of dispersing lynx associated with that large irruption is 
more plausible than the notion that a previously undocumented resident lynx population 
suddenly and simultaneously became vulnerable to trapping in only a handful of winters.  
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3).On the Shoshone National 
Forest in the northeastern part of this unit, 7 lynx snow tracks were confirmed by DNA analysis 
in winter 2005/06, and a single track was verified the following winter (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
   
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton National Parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4).  

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

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15; 
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see also section 3.2, above, and 5.2.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.2.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

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

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

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

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous United 
States, no barriers to lynx dispersal from the north have been identified, and 10 lynx released in 
Colorado are known to have dispersed northward into and through this unit (Devineau et al. 
2010, p. 526; Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern 
and northern Rockies is possible. As described above in Lynx Status, the large number of lynx 
reportedly trapped from a small area of the Wyoming Range in the early 1970s (Squires and 
Laurion 2000, p. 338) may suggest dispersers associated with the irruption of many lynx from 
Canada into the northern contiguous United States documented at that time (McKelvey et al. 
2000a, pp. 235-242). No subsequent pulses of lynx dispersing from the north have been 
documented, and lynx trapping records suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia, the most likely source of lynx dispersing southward into this unit, 
dampened dramatically after the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-521).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States If lynx populations in this geographic unit are reliant on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. We 
excluded the northwest part of the State, bounded on the south by US Interstate 70 and the east 
by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. Small 
                                                
21 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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areas of similar potential lynx habitat extend into south-central Wyoming and north-central New 
Mexico, and some lynx released in Colorado traveled into or through those areas. However, 
there is no evidence that either area supports resident lynx, and we question their ability to do 
so. This unit is not directly connected to lynx habitats and populations in Canada or to other 
DPS populations, although lynx dispersing from the north apparently arrived intermittently into 
the area historically. Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit.  
 
Ivan (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in this unit. This habitat 
estimate falls between the Ivan (2011e, p. 26) estimate and the USFS’s habitat estimate of 
30,664 km2 (11,839 mi2; USFS 2008, p. 18), while retaining a greater than 60 percent probability 
of detecting lynx as described by Ivan (2011e, pp. 32-33). 
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce-subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce-subalpine fir-aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
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December. Large or medium willow-alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
 
Snowshoe hare habitat is naturally patchily-distributed in the Southern Rocky Mountains (ILBT 
2013, p. 54), limiting hare abundance in the Western Colorado Geographic Unit. Dolbeer and 
Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 hares/ac) in 
Summit County in central Colorado, with the highest densities in mature and late-successional 
spruce-fir forests. However, this study was conducted in a very limited area and did not sample 
younger sapling-stage stands (15-40 years post-disturbance) to compare hare densities with 
those reported for mature and late-successional spruce-fir forests (USFWS 2008b, p. 32). 
Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in mature Engelmann 
spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) than in mature 
lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor Park, Colorado.  
In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare densities in early (20 - 
25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 hares/ac]); intermediate 
densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 hares/ac]); and lowest 
densities in mid-seral (40 - 60 years old) lodgepole stands that had been pre-commercially 
thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more similar across the 3 
forest types during the winter months; however, in all forest types and all seasons, hare 
densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 hares/ha (< 0.12 
hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral lodgepole) in 1 summer 
(2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 hares/ac]) that exceeded 
the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum needed to support resident 
lynx over time (Ivan et al. 2014, p. 587, fig. 2).   
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). In 2008, the USFS reported that most of their LAUs in the Southern 
Rockies fell within a range of 3-8 percent in a currently unsuitable condition, with only 1 LAU 
exceeding 30 percent unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 
(25%) LAUs currently exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. 
comm.). These changes are mostly in response to the ongoing bark beetle infestations, as well 
as wildfire events that have occurred since 2008. 
 
Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents. All USFS land management plans within the unit were 
amended in 2008 to provide for the conservation of lynx. Similarly, since the DPS was listed, all 
BLM Field Offices (FOs) in Colorado have been conserving lynx discretionarily through 
application of conservation measures provided in the LCAS (Ruediger et al. 2000, entire; ILBT 
2013, entire).Three BLM FO plans in Colorado have been amended or revised to conserve lynx 
following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of potential lynx 
habitat. One additional FO plan provides conservation measures for timber management 
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actions only, but that FO administers only about 1 km2 (0.39 mi2) of potential lynx habitat. The 
remaining FOs currently have not formally amended or revised their plans specifically to provide 
conservation for lynx (these plans, combined, guide management of approximately 645 km2 
[298 mi2] of potential lynx habitat). Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
M.K. Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We 
are not aware of any specific conservation planning guiding activities on non-Federal lands in 
this geographic unit.  
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.). The CPW has developed a 
minimally-invasive, long-term, state-wide monitoring program to track the distribution, stability, 
and persistence of lynx in Colorado (Ivan 2011e, entire) that may also eventually provide 
population trend information. 
  
As of 2015, evidence of recent lynx reproduction has been documented by kittens captured on 
game cameras accompanying adult females at 3 locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016a, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan 
in Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.93 ± 0.03 within the 
study area in the San Juan Mountains and 0.82 ± 0.07 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22; 
also see table 3, above) and the kitten survival rate (0.23; Ivan 2016b, pers. comm. March 9, 
2016) were both lower in this geographic unit (during the period of intensive monitoring from 
1999-2010) than rates reported elsewhere in the DPS. 
  
Factors Affecting Current Conditions 

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

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid (20-30 years), and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Because the majority (88 percent) of potential lynx habitat in Colorado is 
under Federal land management, actions occurring on other ownerships are unlikely to result in 
significant losses of lynx habitat within Colorado. However, habitat connectivity may be 
negatively affected by intense recreational use or development within strategic areas that are 
important for habitat connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

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

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
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probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. 
 
We present and summarize the professional judgments and opinions of a panel of 10 lynx 
experts regarding the factors likely to influence the persistence of resident lynx populations in 
each of the 6 geographic units. We also present and summarize the experts’ projections, based 
on consideration of those influencing factors, of the probability that each of the geographic units 
will continue to support resident breeding populations of lynx into the future (at years 2025, 
2050, and 2100), and the sources of uncertainty that influenced their confidence in their 
predictions. Although formal elicitation of expert opinion where empirical information are 
unavailable or inadequate is an appropriate and scientifically supported approach, we remind 
readers that the output remains the experts’ best professional judgement, which is subjective 
and, therefore, inherently different than experimentally collected data subjected to rigorous 
statistical analyses. For purposes of useful and meaningful presentation and comparison, it was 
necessary to combine, quantify, graph, and summarize the qualitative information provided by 
experts. However, we caution that the results we present below and describe more fully in 
chapter 5 should not be interpreted as precise, statistically robust estimates of the probability 
that resident lynx will persist in the DPS or in any individual geographic unit in the future, and 
readers should consider the inherent limitations and substantial uncertainties in expert 
responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also Chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
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incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016a, p. 52). 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest-
and snow-associated predator that relies heavily on a single, similarly-specialized prey species, 
and whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., 
wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to 
the impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous United States and the current lack of reliable estimates of the sizes, trends, and 
many demographic parameters for most DPS populations, it is difficult to confidently predict the 
future condition of the DPS or the likelihood that any given geographic unit will support resident 
lynx in the future. We lack data to build rigorous empirical population models for lynx across the 
DPS, and uncertainty regarding the timing and magnitude of potential impacts to lynx from 
continued climate warming also limits our ability to predict the future condition of the DPS. 
Therefore, our assessment of the future condition of the DPS is based on our evaluation of the 
available scientific information regarding the factors identified by the ILBT as the most likely to 
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have population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78) and on the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016a, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 1, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. The lack of evaluation of the effectiveness of forest management plans for lynx on 
Federal lands is of concern for western geographic units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016a, pp. 36-49; also see 
5.2, below). Although all 5 geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 1 
(Northwestern Montana/Northeastern Idaho) had an expert-estimated probability of persistence 
greater than 50 percent (i.e., persistence more likely than not) by the end of the century. Expert 
input suggests that all other geographic units individually have a 50 percent or greater 
probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016a, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from 2 or 3 of the 5 units that currently 
support them by the end of the century (figure 7). 
 



 

163 
 

 
Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all 5 of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from 1 or more of the 5 geographic units that 
currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units (e.g., 
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Minnesota; Galatowitsch et al. 2009, pp. 2015-2016) and be substantially reduced in the 
remainder before the end of the century (we are aware of no climate modeling that suggests the 
complete disappearance of potential lynx habitat from the entire contiguous United States by the 
end of the century). Complete loss of lynx habitat is perhaps more likely in the Northern Maine 
and Northeastern Minnesota units where there is little potential for elevational refugia compared 
to the more topographically diverse units (3 through 6) in the western United States. Under such 
a scenario, resident lynx would be unable to persist in some units and would be severely 
restricted in number and distribution in others, with any remaining resident populations more 
vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic events 
than is currently the case. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming (we are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century). We cannot quantify the 
likelihoods of either of these extreme scenarios nor improve the precision of, or our confidence 
in, the experts’ predictions regarding persistence. Nonetheless, we believe the most likely future 
condition of the DPS is that resident lynx populations will continue to persist at the end of the 
century in 2 or 3 of the 5 units that currently support them (i.e., they will be functionally 
extirpated from 2 or 3 of the units) and that even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
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With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from 2 to 3 (of 5) units by the end of the century. Projected 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
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5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, and 
development will be the greatest future drivers of hare and lynx habitat in this unit. Lynx habitat 
and numbers are expected to decline by 50 to 60 percent by 2032 in response to aging of the 
budworm-era clearcuts and the effects of 27 years of extensive partial harvesting. In the next 
few decades, high quality hare habitat will drop from about 10 percent to 5 percent of the 
landscape, perhaps more in line with likely historical conditions. High quality habitat patches will 
become more fragmented, smaller, and more isolated, thus making the landscape less suitable 
for lynx than it currently is. For the next few decades the best habitat will occur in the southern 
portion of the range where effects of climate change and competition with bobcats are likely to 
be greatest. Absent long-term lynx management agreements, the future of lynx habitat is 
uncertain. Wood products markets will likely continue to change and could be affected by 
interest in carbon sequestration in response to climate change. Rapid changes in private forest 
land ownership are likely to continue and could result in subdivision of large ownerships. Non-
forestry land uses (wind energy development, transmission line corridors, residential and resort 
land development, and unmanaged conservation lands) will compete with forest management 
as the primary land use. Conservation easements will help reduce development pressures and 
keep some lands as working forest, but forest practices (e.g., partial harvesting, northern 
hardwood management) may not be conducive to creating new lynx habitat. Climate change is 
expected to affect the Maine unit more than some others in the DPS because snow depth and 
duration already seem to be at thresholds for lynx and there are few potential elevational 
refugia. In the near term and to mid-century, snow quantity and quality will continue to 
deteriorate, likely causing the range of lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce 
budworm outbreak, and frequent disturbance of the forest all will contribute to the trend in the 
loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50 percent by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, does not apply to private lands. Currently, there are no long-term 
management plans in place on most privately-owned forest lands in this unit, State forest 
regulations have greatly influenced harvesting practices that have (and will likely continue to) 
reduce landscape hare densities, markets for forest products are depressed, and projections 
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(under current harvest scenarios) are that habitat will diminish and shift southward in the near 
term because of post-harvest succession and recede northward over the longer-term because 
of continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forests are projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The probability of persistence of the lynx population in this unit is projected to decrease over 
time with increasing uncertainty through the end of the century, driven in the near term by 
decreaseing quality, quantity and persistence of snow and over the long term from loss of 
spruce-fir forests. If the SNF continues to follow vegetation management and other 
recommendations under the LCAS in their Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. If the DPS is de-listed, the species would be placed on the Forest’s Regional 
Forester Sensitive Species list for at least 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. It is expected that the MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
mean probabilities of persistence generated by lynx experts were > 90 percent at year 2025, 80 
percent at year 2050, and declining to 35 percent (with great uncertainty) by 2100. After 
reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, and the potential for increased 
competition, disease, and insect outbreaks), some members of the  SSA Core Team were 
slightly more pessimistic about the future of lynx in Minnesota than the lynx expert panel. The 
Core Team concluded that the climate-mediated conversion of boreal forest to temperate forest 
and the loss of favorable snow conditions could occur at a rate and extent that would result in a 
lower probability of persistence than the median most likely estimate provide by experts, 
including the possibility that resident lynx could be extirpated from this unit by the end of the 
century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
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conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have temporarily eliminated 
or reduced the quality of about a third of lynx habitat within the North Cascades, which has 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. Similar to the other geographic units, continued climate warming is anticipated 
to reduce the future quality and distribution of lynx habitat in Washington, potentially further 
exacerbating the recent temporary losses of lynx habitat from wildfires. Projected warming may 
increase wildfire frequency and severity, which may result in further losses of lynx habitat. 
Climate change is also expected to reduce the quantity and quality of snow, potentially resulting 
in permanent reductions in the quantity and distribution of lynx habitat in Washington State. 
These potential climate-driven reductions of lynx habitat may serve to further isolate lynx 
populations within this unit as well as between neighboring lynx populations in the other 
geographic units and Canada. Continued forest management on both Federal and State lands 
will benefit lynx populations in Washington, but this may not completely ameliorate the potential 
negative effects related to climate change. Considering the recent reduction in lynx habitat and 
the projected impacts of climate change, experts predicted near-term (year 2025) persistence 
probabilities of 60 to 90 percent (median = 80 percent), mid-century persistence at 30 to 80 
percent (median = 70 percent), and end-of century (year 2100) persistence probabilities less 
than 50 percent (median = 38 percent) for lynx populations within this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with the experts regarding the probability of 
long-term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
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then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally or intermittently 
support a small number of resident lynx and some reproduction throughout the remainder of the 
century. However, we conclude that it is very unlikely to support a persistent resident population 
over the short-term (through 2025), even less likely that it will do so at mid-century, and it is 
highly improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
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provide refugia from deteriorating snow conditions in the future. However, climate models 
suggest a 40 percent decline in snow persistence. Assuming that snow levels will increase in 
elevation, lynx habitat is likely to become more fragmented by areas that no longer retain 
appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Beetle kill and wildland fire will likely result 
in temporarily nonfunctional habitat. However, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. This unit would be expected to 
continue to support resident lynx in the future if survival and reproductive rates similar to those 
estimated during intensive monitoring are maintained over the long-term. However, given the 
lack of evidence of historical occupancy by resident populations, the naturally limited and 
fragmented potential habitat, generally low hare densities, low proportions of females that 
produce kittens, and low kitten survival rate, along with projected impacts of climate warming on 
all or most of these paramenters, we are less optimistic than the lynx expert panel regarding the 
likelihood that this unit will continue to support resident lynx over the long-term.  
 
Table 4, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 4. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

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

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

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

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

● Little potential elevation refugia 

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

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

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of loss of spruce-
fir 

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

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
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2100 median 

35% (range 0 to 
100%) 

will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

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

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

Ontario 
● Extent and pace of deteriorating 

snow conditions  
● Response of bobcat and fisher to 

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

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

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

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

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

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

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

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

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

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

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

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

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
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migration of spruce-fir 
● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 

repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

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

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

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

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

● Extent and pace of elevational 
migration of spruce-fir 

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

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
All of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016a, pp. 33-36 and fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
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hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short-term (over the next few decades), 
but that the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or 
loss of spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest 
management affecting large acreages of lynx habitat annually).  
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to the next spruce budworm 
outbreak. Experts believed that investment landowners would not respond to the pending 
spruce budworm outbreak like they did in the 1970s (extensive clearcuts, herbicide application). 
Experts also acknowledged concerns about the effects of the current clearcuts aging past 
conditions that support hares and lynx. .  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and potential competition from bobcats are likely to reduce the probability of lynx 
persistence in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (figure 8, below). As they did for most other geographic units, all experts 
indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time.  Comment [ZJ181]: As per several comments, 
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Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  

Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the 3 probability-of-persistence levels, i.e., highest, 
most likely, and lowest probabilities of persistence, are represented by the hollow red, filled 
green, and hollow blue points respectively. The black x mark is the median of the most likely 
responses across the experts in each response year. The red, green, and blue dashed lines 
connect the median of the highest, most likely, and lowest probability of persistence responses 
across the experts in each response year. The edges of the grey area were defined by the 
extreme responses, i.e., the range from the largest of the highest probability of persistence 
responses to the smallest of the lowest probability of persistence responses. The median lines 
and grey area are provided as a summarizing visualization to aid comprehension of the experts’ 
responses and their range, and should not be viewed as a substitute for individual responses or 
presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
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but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to 4 percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods and at similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from 1 to 3 decades later, 
our ability to project what effects the next outbreak will have on lynx habitat is still limited. Land 
ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
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elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
broadly apply pesticides to control spruce budworm or herbicides to promote spruce-fir 
regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a nearly 70 percent decline in snowshoe hare densities that 
has occurred in Maine from a period of high hare density in 2001-2006 (average of 2.1 hares/ha 
[0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2007-2009 (average 
of 1.0 hares/ha [0.4 hares/ac]). This decline occurred across all forest stand types and across a 
broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe region of southern 
Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower numbers 
through 2013 (D. Harrison, University of Maine, unpublished data). If future hare populations 
remain low, then Maine habitats will likely have a lower capacity for supporting resident lynx.  
 
Climate Change - The Northern Maine Unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016a, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled the Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). The largest increases in temperature are expected in northern 
Maine (A. Siren in Lynx SSA Team 2016a, Appendix 3; Rawlins et al. 2012, p. 9) where 
temperatures may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to 
climate change, interest in wind development has grown in northern and western Maine, 
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increasing threats to high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). 
Climate conditions are currently at or falling below threshold values needed to support lynx in 
Maine.  
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios (IPCC 2007) and predicted loss of 
forest and snow conditions able to support lynx in Maine by the end of the century. Although 
there are uncertainties about future climate warming, the area capable of supporting resident 
lynx in Maine are expected to recede northward and decline substantially this century (Vashon 
et al. (2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. Northeast winter snowfall has decreased by about 4.6 cm/decade (1.8 in/decade), 
with the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By 
the end of the century, large areas of the Northeast will experience 15-percent (under a low-
emissions scenario) to 25-percent (high-emissions scenario) reductions in snowfall (Ning and 
Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that average snowfall in 
the northeastern United States and southeastern Canada will decline by 59 cm (23 in; 31 
percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a high-emissions 
scenario by the end of the century because a higher proportion of winter precipitation is 
projected to fall as rain rather than snow. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 

Comment [ZJ184]: Over what time period?  
Cannot find this document in either old or new 
PDF files. Should this be Hayhoe et al. 2007 
(Past and future changes in climate and 
hydrological indicators in the US Northeast 
[Clim)? Mark? I’ve looked at the 2007 document 
and can’t find the numbers presented here. 



 

178 
 

Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12). Even under the lowest emissions scenarios, spruce-fir 
forest would be reduced by the end of the century (Williams and Liebhold 1997, pp. 210-214; 
Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), although some spruce-fir may 
persist at the highest elevations (Tang and Beckage 2010, pp. 148-156) and along the eastern 
coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions would likely persist. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405), which would diminish the amount and quality of lynx habitat 
(Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to higher elevations formerly 
occupied by boreal forests have also been attributed to regional warming over the last century 
(Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et al. 2016, p. 2). 
The decline of the spruce-fir forest type may be accelerated by northern hardwoods replacing 
spruce-fir following forest disturbances; however,in some situations, disturbance may favor 
persistence of balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 
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2005, p. 318). A pending spruce budworm outbreak and frequent disturbance from forest 
management could accelerate conversion to northern hardwoods. Other climate-related forest 
disturbances (forest pests, diseases) could further accelerate conversion to northern hardwoods 
(Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
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partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx habitat is expected to peak and then 
remain stable through about 2012-2020 and then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will likely be fragmented into smaller, isolated parcels and shift 
southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in thid geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, 
no climate change, no spruce budworm) project about 5 percent of northern Maine will likely 
have high quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although 
the habitat will be much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 
2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) 
of forestland in northern Maine where it is doing the same. Spruce plantations are becoming 
more common on this ownership in Maine, but not on others. Stand structure and intensive 
management of plantations are highly variable (e.g., pruning, thinning, herbicide treatments), 
thus hare densities and use by lynx vary (Roy et al. 2010, entire). Hares can achieve higher 
densities in plantations depending on the amount of lateral (horizontal) cover, but for shorter 
periods of time; about 10 to 17 years after cutting and planting in New Brunswick (Parker 1984, 
p. 163) and 15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to about 15 to 
35 years in naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, 
p. 4). The future of plantations in the northern Maine unit is uncertain. Most investment 
landowners have short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). The last budworm outbreak in the 1970s and 1980s killed millions of acres of 
spruce and fir forests in the Northern Maine Unit. A very large outbreak has recently affected 
about 40,470 km2 (15,630 mi2) of spruce-fir in southern Quebec, immediately north of Maine 
(Wagner et al. 2014, entire), and it is projected expand into northern Maine in 2018 to 2021, 
potentially putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State 
at risk of defoliation. However, despite the severe defoliation of spruce-fir forests in southern 
Quebec, some project a weaker outbreak in Maine because spruce and fir trees are younger 
and less susceptible and there is a higher hardwood component in northern Maine forests 
(Wagner et al. 2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2016, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously (K. 
Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
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entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above) (Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or be 
preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can adapt to 
lower landscape hare densities associated with mixed hardwood-softwood forest. They may 
persist, but at lower densities as they currently do in the western units of the DPS. However, the 
probability of persistence is further diminished by deteriorating snow conditions and potentially 
increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard 2013, entire). If 
left unchecked, these pressures may continue to promote dispersed development throughout 
this region. Parcelization and subdivision has increased, particularly in the southern third of the 
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jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has limited ability to 
address stressors on Maine’s North Woods, including resale and subdivision trend. This trend is 
likely to continue into the foreseeable future and will make management of large, forested 
landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 201022), and wind development in the 
lynx critical habitat are likely to accelerate in the foreseeable future. Two large wind energy 
projects are being considered in designated lynx critical habitat in this unit; if built, each would 
cover about 450-650 km2 (180-250 mi2) and become 2 of the largest such projects in Maine. 
Mining is not a traditional land use in this unit, but a large mining operation is being considered 
within designated lynx critical habitat. Extraction operations for gravel (for road building) are 
widely-scattered throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential threats unique to this unit (e.g., lack of forest planning for lynx, rapid land 
                                                
22 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 
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ownership turnover and development pressures), the Core Team also believed that the 
population status of lynx in Maine will diminish substantially in the future. The Core Team 
believed that the number of resident lynx in Maine is at an historically (unnaturally) high level 
and will likely decrease in the coming decades, perhaps to levels more like natural historical 
conditions, and perhaps (but with increasing uncertainty) to even lower numbers in the more 
distant future. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting and fragmentation of spruce-fir forest, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower-snow environment), landscape 
level hare densities are likely to decline in northern Maine. Extended periods of lower hare 
numbers would likely reduce the number of lynx and the probability that this unit would continue 
to support a persistent resident lynx population in the future. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) may 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership has provided 
opportunities to conserve some areas of the North Maine Woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
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Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. Although it is 
uncertain whether legal trapping of lynx would resume in Maine if the DPS was not listed, 
Maine’s incidental take plan for trapping would be moot, and it is possible that some protective 
measures to minimize injury, take, and mortality of lynx would cease or diminish. Habitat 
mitigation for lethal take of lynx associated with the Maine trapping HCP also would cease. 
About 10 lynx have been illegally shot and reported or otherwise discovered since listing. Illegal 
shooting and non-reporting would likely increase without Federal protection. We believe several 
high-profile Federal law enforcement cases have helped to reduce illegal shooting of lynx. With 
a diminished snow regime, populations of bobcats would be expected to increase and expand 
northward into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping, 
running with dogs, and hunting activities would likely increase without Federal listing. Similarly, 
increased fisher populations and trapping would be expected to occur in northern Maine in a 
diminished snow regime that would lead to greater incidental (lethal) take of lynx. There have 
been a few situations where lynx have destroyed livestock, but lethal actions to remove lynx 
were avoided because of Federal listing. Without Federal listing, justification for shooting lynx in 
these situations would likely increase. We believe that despite a closed hunting and trapping 
season, incidental take would continue and possibly increase and could become a significant 
threat to a population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
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existence of hare and lynx, and snow depth and duration are currently at or below the 
thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38 and figure 9, below). Near term drivers of the 
projected decline were climate-driven reduction in snow quality, quantity, and persistence; 
potential increased competition from bobcats; and forest insects. Long term drivers were 
climate-driven loss of spruce-fir forests; further reductions in snowquality, quantity, and 
persistence; potential competition from bobcats; and wildfires. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia), and all noted that an increase in northern 
hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario reduces 
the likelihood of local extirpation in this geographic unit, but the likelihood would increase if 
connectivity was to become compromised in the future if habitat recedes northward and 
becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
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Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the severity of a pending insect outbreak (and 
how this will affect future lynx habitat) and the potential introduction and spread of diseases.  
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (figure 9, below). As they did for most other geographic units, all experts 
indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time. 

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

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
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species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time.  
  
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
  
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
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The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
  
In response to a 2008 court ruling, the MNDNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MNDNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, above, new information on 
regional climate change and potential effects to lynx habitat that has become avaialbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat 
(Schwartz et al. 2004, p. 354), (2) conversion of spruce-fir to northern hardwoods, and (3) 
potential future isolation of resident lynx in this unit because of diminishing forest conditions in 
Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions supportive of lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
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with a decline later in the century, with an overall decline in the amount and duration of 
snowpack in the Midwest. Although there are uncertainties about future climate warming, lynx 
populations in Minnesota are expected to recede northward and decline over the next century 
(Lynx SSA Team 2016a, pp. 37-38).  
  
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Snow cover days of 1 inch or greater in northern 
Minnesota (1959 -1979) ranged from 130-160 days, of 6 inches or greater ranged from 85 to 
130 days, of 12 inches or greater ranged from 50 to 100 days, of 24 inches or greater ranged 
from 10 to 30 days (Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) 
projected a general reduction in the frequency of heavy lake-effect snowstorms during the 
twenty-first century, with the exception of projected mid-century increases around Lake Superior 
when local air temperatures are expected to remain low enough for precipitation to largely fall in 
the form of snow. The snow season in the Great Lakes basin is likely to become substantially 
compressed during the twenty-first century with dramatic increases in rainfall (Notaro et al. 
2015, pp. 1676-1678). The Minnesota unit may be more vulnerable to snowpack loss due to 
lack of elevational refugia (Siren in Lynx SSA Team 2016a, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)23 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
                                                
23 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
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the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
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incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016b, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit 
(MNDNR 2016b, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, potential for increased competition, 
disease, and insect outbreaks), some Core Team members were more pessimistic about the 
future of lynx in Minnesota than the lynx expert panel. The Core Team feels that, depending on 
future emissions levels, the likelihood that this unit will continue to support resident lynx at the 
end of the century may be lower than the 35 percent (median most likely) estimate based on 
expert opinion. The threat for which the lynx was listed, lack of specific conservation direction, 
associated regulations, and lynx forest management planning has not been addressed on 
private lands in Minnesota, except through voluntary guidance. There is some uncertainty about 
the future of forest management and future development on private forest lands in Minnesota 
and in adjacent lands in Ontario, although there are some basic voluntary management 
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guidelines for private lands in Minnesota. Further, if the DPS is de-listed, there is uncertainty 
whether the lynx direction on Forest lands would continue into the future. It is projected that 
habitat will diminish and recede northward over the mid- to longer-term because of continued 
climate warming. Hybridization and competition with bobcat also may increase with diminishing 
snow conditions because of continued climate warming, and it is uncertaint how insect 
outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is unlikely that lynx would become a 
legally trapped furbearer in Minnesota (although a legal wolf hunt was reinstated post-delisting 
of that species in Minnesota, so it may also be suggested for lynx). Seven lynx have been 
illegally shot and reported or otherwise discovered since listing. Illegal shooting and non-
reporting would likely increase without federal protection. High-profile law Federal enforcement 
cases may have helped to reduce illegal shooting of lynx. With a diminished snow regime, 
populations of bobcats could increase and expand north and eastward into areas currently 
occupied by lynx. Incidental take of lynx from bobcat trapping and hunting activities would likely 
increase without Federal listing. Similarly, fisher, fox, and coyote populations may increase in a 
diminished snow regime in northern Minnesota and trapping would be expected to occur there 
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that may lead to greater incidental take of lynx. We believe that despite a closed hunting and 
trapping season, incidental take would continue and possibly increase and could become a 
significant threat to a population of lynx that will likely be significantly diminished by mid- to late-
century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
that resident lynx will persist in this geographic unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that this 
unit’s ability to support resident lynx will likely diminish in the future, and the lynx population will 
likely decline as the quantity and quality of boreal forest habitat declines. Although there are 
voluntary forest management measures to consider listed species on private forest lands, there 
are no commitments by private forest landowners to manage specifically for lynx conservation. 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in this unit; slightly more so than expressed by most of the experts. 
Snow depth and duration in the area currently supporting resident lynx are projected to decline 
significantly by the end of the century, likely to the detriment of both hare and lynx populations. 
Unlike most other units, as snow condition decline there is little potential for elevational refugia 
for lynx in Minnesota except, perhaps, a small area of slightly higher elevation in the extreme 
northeastern corner of the unit. The boreal forest in this unit is already being replaced by 
northern hardwoods because of climate warming. Frequent forest cutting and disturbance, 
including a potential insect outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of boreal decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Minnesota by late-
century under both low and high emissions scenarios. Climate models portend declining snow 
conditions under low- and high-emissions scenarios. Because increases in temperature are thus 
far tracking high emissions scenarios, we are less optimistic for snow conditions that favor lynx 
by mid- to late-century. In the past decade, interest in development has increased in lynx critical 
habitat, especially proposals for large-scale mining developments. We conclude that these 
threats, individually and cumulatively, indicate diminished populations of lynx and their habitat. If 
these threats are not abated, we believe that resident lynx in this unit will have a slightly greater 
likelihood of extirpation by the end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity. 
Additionally, because of its connectivity to lynx populations and habitats in Canada, its large 
geographic extent, and the relatively large number and broad distribution of resident lynx it is 
thought to support, experts felt that future extirpation of lynx from this unit from either reduced 
genetic health or a catastrophic event is unlikely (Lynx SSA Team 2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
  
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (figure 10, below). As they did for most other geographic units, all experts 
indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time. 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of 5 years to assess its ability to sustain itself without the ESA's 
protective measures. If, within the designated monitoring period, threats to the DPS change or 
unforeseen events affect its stability, then the DPS may be relisted or the monitoring period 
extended. Given these requirements, we expect that future Federal management direction will 
continue to include regulations and guidance protective of lynx, although specific measures may 
change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
  
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished and that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions of the snow conditions and boreal/subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of  snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-

Comment [ZJ204]: Considering addressing 
this issue for all units up front in this chapter (5) 
and removing it from each unit-specific section. 
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s future ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous United States, including this geographic unit. 
Also as noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this 
chapter, current Federal management restricts, with few exceptions, fire management (fuels 
reductions, prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such 
activities and wildfire response to conserve and restore lynx and hare habitats. We expect such 
conservation-focused fire management to continue and, therefore, to benefit lynx rather than to 
affect them detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand-
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many fires over a short time period could shift some parts of this unit from 
being just barely capable of supporting resident lynx to being incapable of doing so in the future. 
Although fire suppression was considered a potential risk factor for lynx in the DPS range, given 
the trends discussed above and the likely continued increase in future fire activity resulting from 
continued climate warming and drying, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
resident populations, especially in places already apparently only marginally capable of 
supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
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geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predictions showed a lower probability of persistence for 
this unit over the short term, and then a similar declining trajectory and increasing uncertainty by 
the end of the century, reflecting a more pessimistic outcome for this geographic unit (figure 11). 
Experts felt that the probability of lynx persistence in this unit could decrease sharply over the 
next 10-20 years because of extensive recent fires in lynx habitats and the time needed for 
these areas to regenerate back to good hare/lynx habitat. However, 1 expert predicted an 
increase in persistence probability by mid-century as habitats impacted by recent large-scale 
fires regenerate into optimal hare-lynx habitat.After that, the probability could rebound (or 
decline more slowly) over the longer term as these large areas return to prime habitat providing 
high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 



 

205 
 

persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent 
(median = 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of 
the century (figure 11, below). Compared to most other geographic units, experts indicated 
greater uncertainty regarding short-and mid-term term persistence in this unit but, as for other 
units, uncertainty was greatest at the end of the century. 

 
 
Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
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LRMPs that have been implemented on all other National Forests in the DPS range (see  
section 3.1.1, above). Currently, both the OWNF and CNF are in the process of amending or 
revising their LRMPs. We expect that management direction for lynx conservation addressing 
vegetation management, wildland fire management, and habitat fragmentation on National 
Forest System lands will be incorporated into the revised or amended LRMPs. We expect that 
both the OWNF and CNF will be required to manage for lynx and their habitat into the future 
because both forests will have incorporated lynx management direction into their respective 
LRMPs. We acknowledge that LRMPs can be amended or revised; however, LRMPS are 
typically in place for 15 years or longer, and the Service, other Federal and State agencies, and 
the public would have opportunities to comment on any proposed amendments or revisions to 
LRMPs through the NEPA process. Therefore, we expect that both the OWNF and CNF will 
continue managing for lynx and their habitat into the future regardless of their listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Warming – As in other units, continued climate warming is projected to cause northward 
and upward shifts in spruce-fir habitats and loss of snow conditions thought to favor lynx. 
Recent warming likely contributed to recent increases in wilfire activity in this unit and is likely to 
continue to do so in the future. Westerling et al. (2006, pp. 942-943) compiled information on 
large wildfires in the western United States from 1970-2004 and found that large wildfire activity 
has increased significantly from the mid-1980s with higher large-wildfire frequency, longer 
wildfire duration, and longer wildfire seasons. The greatest increases occurred in high elevation 
forest types including lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). 
They also found that fire exclusion had little impact on natural fire regimes. Rather, climate 
appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
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Climate change, in addition to potentially affecting fire return intervals, fire severity (intensity, 
size), and insect outbreaks, is likely to affect the amount of precipitation falling as snow at 
elevations typically supporting lynx habitat in this geographic unit. 
 
Climate change is also expected to impact the quantity, quality, and duration of snow in the 
Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific 
Northwest using data collected by weather stations from 1930 to 1995, determined that the 
temperature increased in the Pacific Northwest, and more precipitation fell in the spring and 
summer months, especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, 
pp. 2-3) determined that an increasing temperature and precipitation trend from 1950 to 2000 is 
correlated with a 40 percent decrease in the snow water equivalent in the Cascades. Mote et al. 
(2005, p.45) determined that the Cascades are very sensitive to temperature changes, with 
large increases in temperature potentially resulting in significant declines in snowpack. 
Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined that the Cascade 
snowpack has declined by up to 40 percent in the latter half of the twentieth century, which 
resulted from increased temperatures. Furthermore, temperatures are predicted to continue 
increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to cause further 
and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). Continued 
declines of snowpack in the Cascades through 2025 are predicted to range from 9 percent 
(Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 
2486), which may also affect lynx densities supported in the Cascades.  
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx Workshop 
Report 2016, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, 
coupled with increasing wildfire risk, the potential for the Cascades to support a viable lynx 
population may be further reduced because of projected climate-mediated decreases in snow 
quantity and quality. Overall, our review of the published literature on this subject leads the Core 
Team to conclude that climate change does indeed pose the greatest risk to the long-term 
persistence of lynx, including within this geographic unit. 
  
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term and at mid-century, but a lower probablility of doing so, with more 
uncertainty, by the end of the century. As described above, the potential effects of climate 
change on the quantity and quality of snow, as well as the projected northward and upslope 
movement of spruce-fir and subalpine fir forests are likely to result in further fragmentation and 
reduction of lynx habitat within this geographic unit by the end of the century. More fragmented 
and smaller habitat patches are likely to support a smaller and more isolated lynx population 
that will be more vulnerable to stochastic environmental and demographic events. Over the past 
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25 years, wildfires have reduced lynx habitat in this geographic unit by almost 40 percent and 
likely reduced its carrying capacity for lynx by a similar amount. Additional future losses of lynx 
habitat resulting from climate-driven increases in wildfire size, frequency, and intensity may 
pose the greatest near-term threat to the persistence of this population. Connectivity between 
this unit and Canada is likely to remain intact in the future. Because lynx are highly mobile and 
able to traverse large areas of non-lynx habitat, we do not anticipate that climate change, in and 
of itself, will significantly affect connectivity between this geographic unit and the larger lynx 
population in southern British Columbia. This connectivity may contribute to maintaining a 
persistent, albeit smaller, lynx breeding population in this geographic unit into the future. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refugia from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent, and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Some experts suggested that 
lynx emigrating to this unit from Colorado could occupy such improved habitats in the near 
future. Colorado lynx have made exploratory movements into the GYA in summer months, and 
analysis of available data could improve our understanding of Colorado lynx movement into and 
use of the GYA. It is possible that lynx from Colorado are maintaining or could maintain lynx in 
GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent 
(median = 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of 
the century (figure 12, below). Unlike other units, the expert graphs for this unit were widely 
variable and had different outcomes and high uncertainty at all time frames. This was the only 
unit for which most experts believed the current probability of persistence is low (i.e., that it is 
uncertain whether this area currently supports a resident lynx population). Some experts 
increased probability of persistence into mid-century based on the possibility that large areas 
impacted by the 1980s-era wildfires may by then regenerate into hare/lynx habitat, and on 
possible continued dispersal of lynx from Colorado into this unit. Unlike other units, where 
expert confidence in their predictions was initially high but decreased greatly beyond mid-
century, expert uncertainty in this unit was high for all timpe periods and was related to 
uncertainty about whether resident lynx currentlyoccur in the GYA. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of 5 years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
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temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
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Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous United States, including this geographic unit. 
Also as noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this 
chapter, current Federal management restricts, with few exceptions, fire management (fuels 
reductions, prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such 
activities and wildfire response to conserve and restore lynx and hare habitats. We expect such 
conservation-focused fire management to continue and, therefore, to benefit lynx rather than to 
affect them detrimentally in the future. 
  
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
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reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States Nonetheless, as elsewhere in the DPS, immigration 
may influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may occur as 
several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and hares may be declining in ski areas. Ski areas 
tend to expand and may, therefore, have larger impacts on lynx in the future. There is some 
evidence of lynx using ski areas in summer months but avoiding them during the ski season. 
Two-thirds to three-quarters of the lynx in this unit are in the southern portion of the range in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) in Colorado that has not 
been well surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent 
(median = 80 percent) at mid-century, and 20 to 70 percent (median = 50 percent) at the end of 
the century (figure 13, below). Most experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with uncertainty increasing 
substantially over time; however, experts also expressed substantial uncertainty over the near- 
and mid-term. 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of potential lynx habitat in Colorado, of which, only 5 
percent is in Federal ownership. Other ownerships include state, county, municipal, etc., and 
private lands. Some BLM resource management plans have not been amended to include 
conservation specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow 
forest extensions connected to larger blocks of habitat on adjacent USFS lands. Generally these 
extensions are insufficient on their own to support a lynx home range. However, the Gunnison 
Field Office is the only BLM unit that contains sufficient habitat to map and identify LAUs. 
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The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on non-Federal ownerships within lynx habitat is unlikely 
to cause significant concern for lynx conservation in Colorado through the remainder of the 
century. 
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Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable or non-
existent for much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low in this unit. Further, the naturally limited and fragmented habitats 
and generally low hare densities, which were apparently incapable of supporting persistent 
resident populations historically, are likely to worsen with continued climate warming. This unit’s 
greater distance and relative isolation from other lynx populations in the DPS and Canada, 
which may have prevented dispersing lynx from reaching this unit during the unprecedented 
irruptions from Canada into the northern contiguous United States in the early 1960s and early 
1970s, also casts doubt on the likelihood that this unit will receive the demographic and genetic 
support from the north that is thought to be important to the maintenance of DPS populations. 
Because of these factors and uncertainties, we doubt that resident lynx will persist in this unit 
through the end of the century, although we concur with experts that lynx will persist over the 
short-term and possibly until mid-century. 
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We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
 
Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, persistent snow, which is believed to confer 
a competitive advantage for exploiting its primary prey, the snowshoe hare. Lynx in the 
contiguous United States have ecological requirements similar to those of lynx in Canada and 
Alaska, and throughout the species’ range hare abundance is the primary driver of lynx 
population dynamics. However, the DPS is at the southernmost margin of the species’ range, 
where boreal forests transition to temperate conifer and hardwood forests, and where snow 
conditions and hare abundance generally become less favorable with decreasing latitude. 
Because of this, habitat is less extensive and generally more fragmented within the DPS range 
than in the core of the species’ range in Canada and Alaska. As a result, lynx in the contiguous 
United States are naturally less abundant and more patchily distributed than in the core of the 
range (except during decadal lows in hare population cycles, when both hares and lynx occur 
temporarily in the north at densities lower than most in the range of the DPS). Maintaining 
connectivity between lynx populations in Canada and the DPS is thought to be important; 
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however, whether and if so, to what extent the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we lack precise historical and current 
population-size estimates for all of the geographic units, lynx experts familiar with each unit 
provided their estimates of the number of resident lynx each unit could potentially support. 
 

• Northern Maine (Unit 1) currently contains an unnaturally-high amount of high-quality 
hare habitat; the result of dense confier regeneration following landscape-level 
clearcutting in the 1970s and 1980s in response to a large spruce budworm outbreak. 
This unit currently is thought tosupport the largest resident population in the DPS; 
perhaps 750-1,000 individual lynx (Vashon in Lynx SSA Team 2016a, p. 18), which is 
many more lynx than probably occurred in this unit under historical habitat conditions 
and natural disturbance regimes. 
 

• In Northeastern Minnesota (Unit 2), a resident population ranging from 50-200 lynx 
occupies the Arrowhead Region of the State (Moen in Lynx SSA Team 2016a, p. 19); 
the number of resident lynx that occurred historically in this unit is unknown, but there is 
no information to suggest that it was substantially larger than the current population. 
 

• Northwestern Montana and northeastern Idaho (Unit 3) could potentially support 200-
300 resident lynx (Squires in Lynx SSA Team 2016a, p. 41); no estimate of historical 
population size is available for this unit. 
 

• In North-central Washington (Unit 4), extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 85-125 lynx 
before the large fires to less than half of that (roughly 40-55 lynx) currently (Maletzke in 
Lynx SSA Team 2016a, p. 21; Lewis 2016, pp. 5-6). 
 

• The Greater Yellowstone Area (GYA, Unit 5) is thought by some to have historically 
supported a small resident population, but the possibility that resident lynx occurred only 
ephemerally in this unit cannot be ruled out based on analysis of verified historical 
records. No lynx have been documented in the GYA since 2010, and currently this unit 
likely supports fewer than 10 (and perhaps 0) resident lynx (Squires in Lynx SSA Team 
2016a, p. 45). 
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• Our analysis of verified records suggests that lynx may have occurred only ephemerally 
in the Southern Rockies of western Colorado (Unit 6); however, it is possible that this 
unit historically supported a small resident population that, for reasons that remain 
unclear, became extirpated in the second half of the last century. Since the release of 
218 Canadian and Alaskan lynx into the San Juan Mountains of southwestern Colorado 
from 1999-2006 and subsequent reproduction among some of these lynx and several 
generations of their offspring, resident lynx, perhaps numbering 100-250 individuals 
(Ivan in Lynx SSA Team 2016a, p. 47), currently occupy parts of this geographic unit. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
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Other stressors affect lynx in 1 or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of over a third of lynx habitat, likely 
reducing this unit’s current lynx population and potentially compromising its current ability to 
support a resident population until habitats recover. Increased wildfire activity also has impacted 
lynx habitats in the other western geographic units (Northwestern Montana/Northeastern Idaho, 
the GYA, and Western Colorado), but the extent to which it may have influenced the current 
condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter the timing 
and magnitude of lynx dispersal from Canada into the contiguous United States. If lynx 
populations in the DPS depend on immigration from Canada which is no longer occurring or has 
been substantially reduced relative to historical conditions, population declines and an 
increased likelihood of extirpation among resident DPS populations would be expected. 
However, whether, and if so to what extent, these climate-mediated factors have influenced 
current lynx numbers, other demographic parameters, and/or habitat quality and distribution is 
uncertain and has not been quantified across the range of the DPS or in individual geographic 
units. Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in 
the DPS at some point in the future. 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016a, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
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about the rate of decline increasing with time from the present. The loss of resident lynx from 1 
or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, potential competitors 
are likely to outcompete and displace lynx. This in turn would reduce lynx abundance and 
density within populations, making populations more susceptible to stochastic events. 
 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
1 or more of the individual geographic units (especially the possibility of additional large wildfires 
in north-central Washington), thereby reducing redundancy within the DPS. However, as long as 
resident lynx remain geographically well-distributed in 1 or more units within the DPS, 
extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
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How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
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Although all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts to continue to do so through mid-century, only 1 
(Northwestern Montana/Northeastern Idaho) had a median expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (Lynx SSA Team 2016a, pp. 36-49, 58). The median expert-estimated persistence 
probablilities suggested a 50 percent or greater probability of functional extirpation (i.e., no 
longer capable of supporting resident lynx populations) for all other geographic units by the end 
of the century, with a moderate to high likelihood that resident lynx could be lost from 2 to 3 
units by then. 
 
Potential elevational refugia may increase the likelihood of persistence in western units, 
although uncertainty remains about the timing of warming-driven upslope movements of 
habitats and snow conditions and the extent to which hare and lynx populations may follow 
them. Regardless, future lynx habitats throughout the DPS range are likely to be smaller and 
more fragmented, and geographic units that are already relatively isolated from other lynx 
populations are likely to become even more isolated in the future. Despite the lack of elevational 
refugia, lynx may also persist at the end of the century in Maine and Minnesota, depending on 
the timing and severity of climate change effects and, in Maine, on trends in forest management 
and other commercial development on private lands. 
 
Uncertainty increases at mid- to late-century concerning the timing and extent of various 
stressors that will affect lynx and hare habitat and snow regimes, especially those related to 
climate change. However, review of the best available science in concert with input from lynx 
experts suggests that the probability of the persistence of resident breeding populations will 
decline in all geographic units, with the negative DPS-wide trajectory continuing to the end of 
the century and, with no evidence to the contrary, beyond that time frame. Our evaluation 
generally concurs with the expert input we received. We believe that lynx populations and 
habitats in the DPS will decline over time largely as a result of continued climate warming and 
associated impacts, which are likely to exacerbate the potential adverse effects of other factors 
(e.g., forest management, competition from other hare predators). 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx through mid-
century in most of the 5 geographic units that currently support them. However, we believe it is 
very unlikely that resident lynx populations will persist through the end of this century in all of the 
geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from 2 to 3 (of 5) units more likely than 
not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from 1 or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
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reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. With continued and unmitigated climate warming and projected northward and upslope 
contractions in snowy boreal forest habitats, it seems likely that at some point in the future the 
Contiguous United States may no longer be capable of supporting resident lynx populations. 
However, because there is great uncertainty in the magnitude and timing of these changes, it is 
impossible to predict when the DPS may become extirpated. 
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From: Smith, Tamara
To: Fasbender, Peter
Subject: Re: DRAFT FINAL SSA
Date: Thursday, July 13, 2017 1:06:58 PM

Hey Pete - I sent Jim my response to comments last week but still had a few to address. I
know Jim is continually working on it so I asked him if he still needed me to respond to a few
comments (I didn't want to duplicate his efforts) but I did not hear back from him yet... I'll
reach out to him now to see what still needs to be done. 

On Tue, Jul 11, 2017 at 6:02 PM, Fasbender, Peter <peter_fasbender@fws.gov> wrote:
How's this coming along for you?

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Jul 10, 2017 at 5:36 PM
Subject: Fwd: DRAFT FINAL SSA
To: Peter Fasbender <peter_fasbender@fws.gov>, Anna Harris <anna_harris@fws.gov>,
Kathleen Hendricks <kathleen_hendricks@fws.gov>, Ann Timberman
<ann_timberman@fws.gov>
Cc: Tamara Smith <Tamara_Smith@fws.gov>, Mark McCollough
<Mark_McCollough@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Paul Phifer
<paul_phifer@fws.gov>, "rollie_white@fws.gov" <rollie_white@fws.gov>, Lori
Nordstrom <lori_nordstrom@fws.gov>

Good afternoon folks.  We are wrapping up the final SSA and I wanted to reach out to you
for 2 reasons: First to say thanks to you and your staff for all of your hard work throughout
this process.  I know it has been a slog and a suck on all of your time, and two, to say its not
over yet!  

We are very close but we need your staff's help to get us over the finish line.  The first draft
had substantial rewrites by Jim to address questions and concerns brought up by all the
reviewers (internal and not) and as a result - we believe its a much better document. 
However, we need your folks to look at their sections and let us know if you see any major
omissions or failure to adequately address substantive comments and to add page numbers to
citations and add citations to the list at the end.  These need to be done in track changes and
sent them back to Jim asap.  We are still trying to get this document and the SSA completed
by the end of the month but need your help.  I understand that folks are on to other priorities
but a couple of focused days on this assignment should wrap it up.    Thanks again for your
help.   Also a word to the wise, folks should also spend sometime getting their records
together.  We are likely to be FOIA'd immediately after the 5 year review is made final. 
Thanks again. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
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---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Thu, Jun 22, 2017 at 4:54 PM
Subject: DRAFT FINAL SSA
To: Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>,
Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

I've tried to address most of the peer review and many of the State/Fed comments in the attached.  I've tried to
highlight places where changes are responsive.  I've also highlighted some (maybe not all) of the citations that
still need pg numbers.  I've also tried to edit for consistency among EE results presentations in each unit. I've also
left comments regarding questions or issues on which I still need input or resolution from Core Team members.
And I've made changes to conclusions with which I disagree.

This is a clean version (except comments).  I had to abandon the Track Changes version several days ago when it
got too cluttered.  I will forward the most recent of that after I've had a chance to look through it and remove stuff
that's since been addressed.

Core Team - please review your sections and let me know if you see any major omissions or failure to adequately
address substantive comments. Also review what you submitted to see if it can be boiled down further based on
changes to text in preceding chapters.  Also please add pg numbers to citations and add citations to the list at the
end.  Do these in track changes and send them back to me by June 30.

This is still not as tight as I would like it, and I think it could be trimmed more, but I think it goes a long ways to
addressing the reviews we received. Let me know if you disagree and if so, where specifically in the document.

Justin - you've been volunteered for technical editor - we can discuss anything you may have questions about.

One day this thing may actually be finished.....

With all the optimism I can muster,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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__________________________________
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U.S. Fish and Wildlife Service
Minnesota and Wisconsin Ecological Services Field Office
4101 American Boulevard East
Bloomington, MN  55425
Telephone:  (952) 252-0092, extension 210

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell



From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: DRAFT FINAL SSA
Date: Thursday, July 13, 2017 1:21:07 PM

I'm addressing comments now... will get to you shortly.

On Thu, Jul 13, 2017 at 1:10 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -  I know I had a few lingering comments to address but didn't want to duplicate
anything you may have already done... just confirming with you that the comments in the
MN section still need to be addressed?  Thanks! 

On Wed, Jul 5, 2017 at 4:39 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -

I hope it is not too late for this...

The pg. 125 MNDNR b 2015 reference  was citing the attached MNDNR 2015
publication. I just saw that there is a more recent one to cite, however (also attached -
MNDNR 2016).   Please change the citation on p.125 to say (MNDNR 2016, p. 2) and use
the attached 2016 reference.

I'll look in to the Moen 2009 question from p. 124.

Thanks!
Tam

On Wed, Jun 28, 2017 at 4:42 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim - 

I'm leaving for MI tomorrow for field work but will try to look at this while in the
airport/in the evening. 

Sorry, I've been swamped.

Hope all is well, 
Tam

On Thu, Jun 22, 2017 at 5:54 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I've tried to address most of the peer review and many of the State/Fed comments in the attached.  I've
tried to highlight places where changes are responsive.  I've also highlighted some (maybe not all) of the
citations that still need pg numbers.  I've also tried to edit for consistency among EE results presentations
in each unit. I've also left comments regarding questions or issues on which I still need input or resolution
from Core Team members. And I've made changes to conclusions with which I disagree.

This is a clean version (except comments).  I had to abandon the Track Changes version several days ago
when it got too cluttered.  I will forward the most recent of that after I've had a chance to look through it
and remove stuff that's since been addressed.

Core Team - please review your sections and let me know if you see any major omissions or failure to
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adequately address substantive comments. Also review what you submitted to see if it can be boiled down
further based on changes to text in preceding chapters.  Also please add pg numbers to citations and add
citations to the list at the end.  Do these in track changes and send them back to me by June 30.

This is still not as tight as I would like it, and I think it could be trimmed more, but I think it goes a long
ways to addressing the reviews we received. Let me know if you disagree and if so, where specifically in
the document.

Justin - you've been volunteered for technical editor - we can discuss anything you may have questions
about.

One day this thing may actually be finished.....

With all the optimism I can muster,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Tamara Smith
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From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: DRAFT FINAL SSA
Date: Thursday, July 13, 2017 3:17:40 PM
Attachments: 2017 06 22 Draft - FINAL Lynx SSA Report CLEAN_TS.docx

Hi Jim - See attached. I think I got through all of your comments in the MN sections and/or
addressed to me.  Thanks!

On Thu, Jul 13, 2017 at 2:15 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Okay - sounds good. I'll try to get you something today. I hope you will have at least a little
bit of breathing room before having to deal with lawsuits, etc.!  You deserve a break! ;)

On Thu, Jul 13, 2017 at 1:24 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Yes, Tam - thanks.  Don't think I've made any substantive changes to your section other than checking for unit-
to-unit consistency in reporting expert persistence probabilities (text just above the graphs).

I'm still working on reducing redundancy in Exec. Summ. and Synthesis Ch., and a few other places.

Trying to get a "final" to Justin for technical review and use in 5-year by COB tomorrow (more likely
Monday).

Cant' wait to have this leviathan off my desk and move on to other things (the FOIAs and lawsuits likely to
follow....).

Hope all is well.

 

On Thu, Jul 13, 2017 at 12:10 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -  I know I had a few lingering comments to address but didn't want to duplicate
anything you may have already done... just confirming with you that the comments in
the MN section still need to be addressed?  Thanks! 

On Wed, Jul 5, 2017 at 4:39 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -

I hope it is not too late for this...

The pg. 125 MNDNR b 2015 reference  was citing the attached MNDNR 2015
publication. I just saw that there is a more recent one to cite, however (also attached -
MNDNR 2016).   Please change the citation on p.125 to say (MNDNR 2016, p. 2) and
use the attached 2016 reference.

I'll look in to the Moen 2009 question from p. 124.

Thanks!
Tam

On Wed, Jun 28, 2017 at 4:42 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
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Hi Jim - 

I'm leaving for MI tomorrow for field work but will try to look at this while in the
airport/in the evening. 

Sorry, I've been swamped.

Hope all is well, 
Tam

On Thu, Jun 22, 2017 at 5:54 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I've tried to address most of the peer review and many of the State/Fed comments in the attached. 
I've tried to highlight places where changes are responsive.  I've also highlighted some (maybe not
all) of the citations that still need pg numbers.  I've also tried to edit for consistency among EE results
presentations in each unit. I've also left comments regarding questions or issues on which I still need
input or resolution from Core Team members. And I've made changes to conclusions with which I
disagree.

This is a clean version (except comments).  I had to abandon the Track Changes version several days
ago when it got too cluttered.  I will forward the most recent of that after I've had a chance to look
through it and remove stuff that's since been addressed.

Core Team - please review your sections and let me know if you see any major omissions or failure
to adequately address substantive comments. Also review what you submitted to see if it can be
boiled down further based on changes to text in preceding chapters.  Also please add pg numbers to
citations and add citations to the list at the end.  Do these in track changes and send them back to me
by June 30.

This is still not as tight as I would like it, and I think it could be trimmed more, but I think it goes a
long ways to addressing the reviews we received. Let me know if you disagree and if so, where
specifically in the document.

Justin - you've been volunteered for technical editor - we can discuss anything you may have
questions about.

One day this thing may actually be finished.....

With all the optimism I can muster,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the Service’s evaluation of the best available scientific information, including the 
formally elicited professional judgments and opinions of recognized lynx experts. Based on this 
information, we:  (1) describe the ecological requirements and population dynamics of the 
species; (2) evaluate the historical and current condition of lynx populations in the DPS and the 
factors that appear to have influenced them; and (3) assess the future viability of the DPS in the 
near-term (through the year 2025), in the mid-term (through 2050), and through the end of this 
century in terms of the conservation biology principles of resiliency, redundancy, and 
representation (the “3 Rs”).   
 
The lynx is a boreal forest predator whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive spruce-fir 
conifer forests of the Canadian and Alaskan taiga; however, the southern margins of both their 
ranges extend into the northern contiguous United States. The U.S. Fish and Wildlife Service 
(Service) designated lynx in the Lower 48 States as a DPS because of differences in the 
management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences between lynx habitat at the 
southern extent of its range in the contiguous United States compared to the northern range in 
Canada and Alaska. The Service listed the DPS as threatened under the Endangered Species 
Act (ESA) of 1973, as amended, in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms on some Federal lands to provide for the conservation of lynx habitats 
and populations. This SSA does not reconsider the designation of the DPS or its listing status 
under the ESA, which are Service policy decisions. Instead, it provides the scientific basis for 
the statutorily required 5-year status review for the DPS and other decisions the Service is 
required to make in accordance with the ESA. 
 
Lynx were documented historically in 24 of the contiguous United States; however, in at least 11 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually in 
association with “irruptions” (mass dispersal events) of lynx from Canada when northern 
snowshoe hare populations underwent dramatic cyclic declines roughly every decade (see 
below and section 2.3.2.1). When it listed the DPS under the ESA, the Service defined its range 
as the forested portions of 14 states; 4 in the Northeast (Maine, New Hampshire, New York, 
Vermont), 3 in the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West 
(Colorado, Idaho, Montana, Oregon, Utah, Washington, Wyoming). Based on a detailed 
analysis of verified historical lynx records that was published at about the time the DPS was 
listed and on research and monitoring that have occurred since then, it seems likely that lynx 
occurred historically in some of those states (New York, Vermont, Wisconsin, Oregon, and 
Utah) only intermittently as dispersers or as small, naturally ephemeral populations; not as 
persistent resident breeding populations. In other states (New Hampshire, Michigan, Colorado, 
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and Wyoming), it remains uncertain whether resident lynx occurred historically as small but 
persistent breeding populations or only ephemerally. Parts of the remaining states (Idaho, 
Maine, Minnesota, Montana, and Washington) show the strongest evidence of historical and 
recent (at the time of listing and since then) persistent resident populations.  
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recentlysupported resident lynx. The units are 
distributed across the northern contiguous United States from Maine to Washington and south 
along the Rocky Mountains to western Colorado. Units 1 (Northern Maine), 2 (Northeastern 
Minnesota), 3 (Northwestern Montana/Northeastern Idaho, and 4 (North-central Washington) 
historically supported and currently support resident lynx populations. Based on verified records, 
it is uncertain whether units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) 
historically supported persistent populations or if they supported resident lynx only ephemerally. 
In the GYA, there are very few verified records from 1920-1999, but several resident lynx and 
some kitten production were verified in the late 1990s and early 2000s. In addition, at least 9 
radio-marked lynx released in Colorado (see below) dispersed northward into or through the 
GYA Unit from 2003-2010, but no lynx have been detected in the GYA since 2010. In Unit 6, 
there were even fewer verified records during the last century, and no reliable evidence of a 
resident breeding population. However, from 1999-2006, 218 Canadian and Alaskan lynx were 
released into the San Juan Mountains of southwestern Colorado. As a result of the subsequent 
reproduction of some of the released lynx and some of their offspring over several generations, 
resident lynx currently occupy parts of western Colorado. 
 
Units 1-5 include the same areas the Service designated as critical habitat for the DPS in 2014 
(we did not designate critical habitat in Colorado). Combined, the 6 units encompass over 
131,000 km2 (about 50,640 mi2) of occupied or potential lynx habitat and represent 
approximately the southern 2 percent of the species’ breeding distribution (98 percent occurs in 
Canada and Alaska; figure 1). The units are relatively isolated from each other, but units 1-4 are 
directly adjacent and connected to larger lynx populations and habitats in southern Canada. 
Land ownership varies among the units, with private lands accounting for most of the Northern 
Maine Unit; a mix of Federal, State and private lands in Minnesota; and predominantly Federal 
lands in the 4 western units (see chapter 1, table 1, below for additional details on unit sizes and 
land ownership). Although small numbers of lynx are regularly or occasionally documented in 
other parts of the northern contiguous United States, often peripherally to the SSA geographic 
units, these peripheral areas do not support persistent resident lynx populations. Lynx may 
occur in such areas as small and ephemeral breeding populations or as occasional dispersing 
or transient individuals. 
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Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws,which provide it with a very low foot-loading (weight per surface area 
of foot) - that allow it to more efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (see section 2.2). These characteristics are 
thought to provide lynx with a seasonal (4 to 5 winter months in most of the DPS) competitive 
advantage over other terrestrial hare predators and allow them to occupy habitats that are 
unavailable to some of their potential competitors. 
 
Lynx in the DPS occur at the southern margin of the species’ range and the southern extent of 
the environmental conditions (boreal forest distribution and structure; hare density; and snow 
conditions and duration) thought necessary to support resident lynx populations. Because of 
this, lynx habitats and thus lynx are naturally less abundant and more patchily distributed in 
most of the DPS than in the core of the species’ range in Canada and Alaska (although even in 
the core of the range lynx decline temporarily to very low densities during cyclic lows in the hare 
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population cycle; see section 2.2 below). Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important, but whether the demographic and/or genetic 
health of any, all, or some DPS populations depends on intermittent immigration of lynx from 
Canada, and if so to what extent, remains uncertain. 
 
We still lack fundamental information about lynx in the DPS, including reliable estimates of past 
and current population sizes and trends and recruitment and immigration rates. However, 
research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, genetics, and some important 
demographic parameters of lynx in the contiguous United States. For example, analysis of 
historical trapping data in the United States and Canada indicated that many lynx records in the 
contiguous United States coincided with intermittent irruptions of lynx from Canada into northern 
states when hare populations in Canada underwent steep cyclic declines (roughly every 10 
years). During these events, particularly the unprecedentedly large irruptions of the early 1960s 
and early 1970s, hundreds to thousands of lynx dispersed south into the northern Unitied 
States, as evidenced by dramatic but short-lived increases in the number of lynx trapped in 
many northern states. These lynx dispersed into both suitable and unsuitable habitats in the 
contiguous United States. In suitable habitats, immigrants may have contributed to the 
demographic and genetic health of resident populations; in unsuitable habitats, dispersing lynx 
occurred only temporarily in and disappeared relatively quickly from areas that are not capable 
of supporting resident populations. 
 
Additionally, although we knew at the time of listing that resident lynx occurred in Maine, we 
lacked information on the historical and recent distribution and quality of lynx habitat. We now 
know that forest regeneration after large-scale clear-cutting in the 1970s and 1980s has 
contributed substantially to the current broad distribution of high-quality habitat in northern 
Maine, which currently supports the largest resident lynx population in the DPS, and many more 
than likely occurred there historically under natural disturbance regimes. Similarly, we were 
uncertain whether Minnesota supported a resident population or only intermittent dispersing 
lynx, but we now know that a persistent breeding population occupies the northeastern corner of 
the state. Research and monitoring also suggest that lynx and habitats in the western United 
States are naturally less abundant and more patchily distributed than was thought at the time of 
listing, and lynx may have been extirpated recently from several areas thought to have 
previously supported small resident populations (e.g., the Kettle Mountains in northeastern 
Washington, the Garnet Mountains in western Montana [although a single lynx was documented 
there in 2016], and the GYA). We also know that extensive wildfires over the past few decades 
have impacted over a third of the high-quality lynx habitat in north-central Washington, likely 
causing a decline in lynx numbers there. Finally, as mentioned above, despite uncertainty 
regarding their historical presence, resident lynx currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
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Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographic unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (the “3 Rs”) as the framework for assessing current and future 
conditions. Resiliency describes the ability of populations and species to withstand stochastic 
events, redundancy describes a species’ ability to withstand catastrophic events, and 
representation describes a species’ ability to adapt to long-term changes in the environment. 
For lynx, the factors capable of influencing the 3 Rs that we evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS range. Additionally, consistent methods to monitor hare and lynx 
habitats have not been implemented throughout most of the range. And importantly, given the 
emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and snowshoe hare 
populations and habitats, including to what degree these changes may affect interactions 
between lynx and their potential competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range compared to the core of the species’ range 
in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly cyclic 
and, although they do not exhibit the dramatic declines of their northern counterparts, they 
typically occur at densities on the lower end of those in the northern range. Because of this, 
lynx densities in the DPS are typically similar to those in the north during hare cycle lows.  
 

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

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

● We assume that lynx exhibit a metapopulation structure in which peripheral DPS 
populations receive periodic input from lynx populations in Canada. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators.  
 

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

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

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

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
year 2100, and we asked a panel of lynx experts to estimate the likelihoods that each 
geographic unit would support resident lynx populations over the short-term (year 2025), mid-
term (2050) and longer-term (2100). As expected, the level of uncertainty regarding the viability 
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of the DPS and each of the factors that may influence it increases the farther into the future we 
(and the lynx experts we consulted) try to look, and this uncertainty greatly reduces confidence 
in future projections, particularly beyond mid-century. Beyond that time frame, uncertainty 
regarding the potential impacts of climate change and other potential stressors to lynx 
populations in the DPS becomes so great that it precludes meaningful analysis or reliable 
predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information are unavailable 
or inadequate is an appropriate and scientifically supported approach, we remind readers that 
the output remains the experts’ best professional judgement, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison, it was necessary to 
combine, quantify, graph, and summarize the qualitative information provided by experts. 
However, we caution that the results we present below, and which we graph and describe more 
fully in chapter 5, should not be interpreted as precise, statistically robust estimates of the 
probability that resident lynx will persist in the DPS or in any individual geographic unit in the 
future, and readers should consider the inherent limitations and substantial uncertainties in 
expert responses, particularly over longer time periods.  
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous United States is likely somewhat 
smaller than the historical distribution because of the potential loss of small populations in 
several places (e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern 
New York, Isle Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, 
more recently, the GYA of Southwestern Montana and northwestern Wyoming, and perhaps the 
Garnet Mountains in western Montana). However, based on verified historical records, we lack 
compelling evidence that the current distribution and relative abundance of resident lynx in the 
DPS range are substantially diminished from historical conditions, and resident populations 
continue to persist in the geographic areas with the strongest historical evidence of an ability to 
support them. In fact, there are many more lynx in northern Maine (Unit 1) now than probably 
occurred there historically, and many more in Minnesota (Unit 2) and Colorado (Unit 6) than was 
suspected when the DPS listed, but fewer in northern Washington (Unit 4). Nonetheless, in 
many parts of the DPS range habitat features (forest distribution and structure, hare densities, 
and snow conditions) appear to exist at or just above thresholds thought necessary to support 
persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest historical and recent resiliency among 
lynx populations in the DPS. Among these units, lynx in Maine appear to have recently 
demonstrated resiliency by responding positively to substantial anthropogenic increases in the 
amount and distribution of high-quality foraging habitat. Conversely, the recent absence of 
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resident lynx in the Garnet Mountains (a small and somewhat isolated mountain range at the 
southern periphery of Unit 3) may suggest a recent decline in resiliency in this part of the unit 
(but see 4.2.3 and 5.2.3, below). The persistence of lynx in north-central Washington (Unit 4) 
despite the substantial recent wildfire-mediated habitat loss suggests resiliency in that 
population. However, the post-fire increase in home range size and likely decrease in lynx 
numbers may indicate the population in Unit 4 is currently less resilient (less able to persist if 
additional or similar habitat losses occur) than it was previously. Among the other 2 geographic 
units, the current absence of resident lynx in the GYA (Unit 5) despite the large proportion of 
lands in conservation status (e.g., national parks and designated wilderness areas) may indicate 
the naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate a lack of resiliency in this unit historically. However, the recent persistence 
of resident lynx in this unit following the 1999-2006 release of 218 Canadian and Alaskan lynx 
suggests recent resiliency thus far. We conclude that the DPS as a whole currently 
demonstrates resiliency despite the possibility that resiliency may have declined recently in 
several geographic units. 
 
Redundancy – The current broad distribution of resident lynx in large, geographically discrete 
areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. The 
DPS range currently spans the northern contiguous states from Maine to Washington and south 
along the Rocky Mountains to southwestern Colorado. Resident lynx populations currently 
occupy 5 of the 6 geographic units (all but the GYA). Of the 5 occupied units, 4 are larger than 
20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 km2 (1,931 mi2; 
table 1). We find that no single catastrophic event could result in the functional extirpation (loss 
of the ability to support resident lynx populations) of the entire DPS or of any of the individual 
geographic units that currently support resident populations. Because we lack evidence that 
formerly persistent lynx populations have been lost from any other large discrete areas in the 
contiguous United States, it also seems that redundancy in the DPS has not been meaningfully 
diminished from historical levels. We conclude that the DPS currently demonstrates redundancy 
sufficient to preclude the possibility of extirpation via catastrophic event. 
 
Representation – High rates of dispersal and gene flow and, therefore, generally low levels of 
genetic differentiation across most of the lynx’s range, including the DPS (see 2.1, below), 
suggest the absences of current threats to the genetic health of lynx populations in the DPS. 
Although hybridization with bobcats (Lynx rufus) has been documented in Maine and 
Minnesota, it is not considered a substantial current threat to the DPS. Similarly, although some 
small populations may have become extirpated recently, resident lynx in the DPS remain 
broadly distributed across the range of ecological settings that seems to have supported them 
historically in the contiguous United States, suggesting relative maintenance of the breadth of 
diversity of ecological settings occupied within the DPS range. Because there are no indications 
of significant loss of or current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
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Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will likely decline through the end of the 
century largely as a result of projected continued climate warming and associated impacts, 
which are likely to exacerbate the potential adverse effects of other factors (e.g., forest 
management, competition from other hare predators). Continued warming is expected to cause 
a northward and upslope retraction of the boreal forest and snow conditions that support lynx, 
resulting in smaller, more fragmented, and increasingly isolated patches of habitat and a 
reduced probability of persistence for all resident populations in the DPS range (see section 3.2 
and ch. 5). We expect that resident populations will likely persist through mid-century in all or 
most of the 5 geographic units that currently support them (albeit in reduced numbers and 
distributions), but that lynx may be functionally extirpated (loss of the ability to support persistent 
resident populations) from 2 or 3 of the units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in lynx habitats projected by climate models. Nonetheless, 
we are unaware of any management actions that can be expected to abate the projected long-
term retreat of boreal forests and diminished snow conditions expected under continued climate 
warming. Further, climate-driven increases in the frequency, size and intensity of wildfires and 
forest insect outbreaks are expected, particularly in the western portion of the DPS, although we 
do not anticipate such events alone to cause the permanent loss of breeding lynx populations in 
any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal forest and snow 
conditions are projected to decline more severely than in the western units, and in some climate 
modeling scenarios they could disappear completely from these units before the end of the 
century. Lynx habitat conditions in Maine are also likely to decline significantly from current 
historically high and anthropogenically influenced levels because current forest management 
practices, particularly a shift away from landscape-level clearcutting, are unlikely to replace the 
large areas of high-quality hare habitat that will likely be lost over the next 15-20 years as a 
result of forest succession. 

Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore, likely be less resilient in the future. We anticipate that 
resiliency will likely foster persistence of resident lynx in most units through mid-century but that 
it will likely diminish substantially after that time, with extirpation of resident populations from 2 
or 3 units possible by the end of the century. Projected climate warming is expected to exert the 
greatest influence on the resiliency of individual populations, and thus continued presence of 
resident lynx in each geographic unit, although uncertainty remains regarding the timing, extent, 
and biological consequences of such impacts. As vegetation and snow conditions become less 
favorable, potential competitors may outcompete and displace lynx. This in turn would reduce 
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lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS would decline with the projected loss of 
populations from 2 or 3 geographic units by the end of the century, our evaluation suggests that 
none of individual geographic units that currently support resident lynx are vulnerable to 
extirpation from a single catastrophic event. Given that, we conclude that the DPS as a whole is 
not vulnerable to extirpation from a catastrophic event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS (and we expect populations to persist in 2 or 3 
of 5 units by the end of the century), extirpation of the DPS from a single catastrophic event is 
very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units, and the small 
number of immigrants necessary to maintain genetic diversity. Based on these factors and 
expert input, we find that there is no indication that the naturally low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the near future 
and no indication that future gene flow is likely to be substantially reduced. However, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. How the potential loss of resident lynx 
from 1 or more geographic units may affect representation within the DPS in terms of ecological 
diversity is uncertain. The loss of resident lynx from any of the geographic units could result in 
the loss of behavioral and potential future genetic adaptations to the climate-mediated changes 
now occurring and likely to continue into the future at the southern edge of the lynx range. Such 
potential adaptability to diminished snow conditions, increasingly patchy and isolated boreal 
forests, and reduced hare abundance may be important to the taxon as a whole as it is 
confronted by a rapidly changing climate. 
 
DPS-wide Synthesis  
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We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all 5 geographic units that 
currently support them through mid-century. Functional extirpation is possible in 2 to 3 of those 
units by the end of the century, driven largely by projected continued climate warming and 
related effects to boreal forest habitats and snow conditions. Because resident lynx in many 
parts of the DPS persist in areas that appear naturally to barely meet thresholds for hare 
densities and habitat quality and distribution, relatively small declines in these features could 
result in loss of the ability to support resident populations over large areas. Because of this, we 
believe that future lynx habitats and resident populations throughout the DPS range are likely to 
be smaller and more fragmented, and geographic units that are already relatively isolated from 
other lynx populations are likely to become even more isolated in the future. Uncertainty 
increases at mid- to late-century regarding the timing and extent of various stressors that are 
expected to affect lynx and hare habitat and snow regimes, especially those related to climate 
change. However, review of the best available science in concert with input from lynx experts 
suggests that the probability of persistence of resident breeding populations will likely decline in 
all geographic units, with the negative DPS-wide trajectory continuing to the end of the century 
and, with no evidence to the contrary, beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, we expect each 
geographic unit and the DPS as a whole to be less resilient in the future. Our analyses and 
expert input suggest that resiliency will likely foster persistence of resident lynx through mid-
century in most of the 5 geographic units that currently support them. However, we believe it is 
very unlikely that resident lynx populations would persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will likely be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations more likely than not from 2 to 3 (of 5) 
geographic units by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from 1 or more 
geographic units would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation by the end of this 
century. 

Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences between lynx habitat in the 
contiguous United States compared to the northern parts of the species’ range in Canada and 
Alaska. The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
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United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (U.S. District Court 
MT 2014b, p. 2). We completed this SSA (version 1.1) to summarize the best available 
information on the current status and likely future viability of the DPS. This SSA will inform a 
determination by Service decision makers of whether (1) the DPS continues to warrant 
protection under the ESA and (2) a recovery plan is needed to guide conservation and recovery 
of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on its primary prey, the snowshoe hare (Lepus 
americanus), to support survival, reproduction, recruitment, and, therefore, population 
persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, 
pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 
79 FR 54808-54809). Lynx survival and distribution are also influenced by snow conditions. It is 
generally restricted to areas that receive deep, powdery, and persistent snow that allows lynx, 
with their proportionately longer limbs and very large feet, to outcompete other terrestrial hare 
predators that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; 
Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-
401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; 
Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see figure 1 above and table 1 below). Lynx 
populations in the DPS (as well as some others on the margin of the range in southern 
Canadian provinces) seem to function as peripheral subpopulations of a larger metapopulation 
that is broadly distributed across Canada and interior Alaska (McKelvey et al. 2000b, p. 25; 68 
FR 40077; also see 2.2 below). The demographic and genetic health and persistence of DPS 
populations are thought to be influenced by connectivity with, and immigration of lynx from, 
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larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of snowshoe hare population 
cycles, roughly every 10 years. Many of these occurrences were in anomalous habitats, and 
lynx were unable to persist and establish populations in most of these areas (Gunderson 1978, 
entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, 
p. 23; see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous United States occur over a much smaller geographic area that 
includes parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous United States, and small breeding populations may have been 
lost from some places, neither broad-scale breeding range contraction nor substantial changes 
in population status in the contiguous United States has been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016a, p. 11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). The Service reinitiated the 5-year 
status review in 2015 (USFWS 2015a, entire), and that review will be informed by this SSA 
report. On September 7, 2016, the U.S. District Court for the District of Montana remanded the 
2014 critical habitat designation to the Service for further consideration (U.S. District Court MT 
2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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supported persistent resident lynx populations (Figure 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and 
western Colorado was designated a “Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With 
the exception of western Colorado, these units also encompass and closely mirror the areas the 
Service designated as critical habitat in 2014 (79 FR 54782). Some areas adjacent to but 
outside these geographic units are known or suspected to intermittently support resident lynx 
and occasional reproduction. Uncertainty remains as to whether resident lynx populations 
occurred historically in other areas not encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
present in Minnesota, and Federal lands predominating in the western units (Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

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

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

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

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

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

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

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 
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1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has 
developed the Species Status Assessment (SSA) Framework 
to guide how we assess the best scientific and commercial 
data available when evaluating the biological status of 
species. In conducting an SSA, we take into consideration the 
life history and ecological requirements of the species to 
understand how the species maintains itself over time 
(captured under the broad heading of “species needs”); the 
current condition of the species at the individual, population, 
and range-wide levels in terms of meeting those needs; and 
the likely changes in the environment that may influence the 
species’ future condition and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame2. Throughout the 
assessment, the SSA uses the conservation biology principles of resiliency, redundancy, and 
representation (collectively known as the “3 Rs”) as a lens to evaluate the current and future 
condition of the species. Briefly, resiliency describes the ability of the species to withstand 
stochastic events; redundancy describes the ability of the species to withstand catastrophic 
events; and representation describes the ability of the species to adapt over time to long-term 
changes in the environment. As a result, the SSA characterizes a species’ ability to sustain 
populations in the wild over time based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. Importantly, the SSA neither 
results in, nor predetermines, any decisions (e.g., listing status, critical habitat designations, 
section 7 consultation requirements, etc.) by the Service under the ESA. Instead the SSA 
provides the biological basis to inform these decisions. The SSA is a dynamic document and 
should be periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”3 .  

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 
2 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWSb. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
3 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

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

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

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

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the likelihood that each geographic unit would continue to support 
resident lynx populations in the future (i.e., that resident populations would not be functionally 
extirpated [reduced to the point that a viable breeding population could no longer be sustained]). 
In Chapter 5, we present summaries of experts’ predictions regarding the probability of lynx 
persistence in each geographic unit; the factors they thought would most likely influence those 
probabilities; and the sources of uncertainty that influenced their confidence in their predictions. 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as the most likely to have population-level impacts on 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
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conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which all protections and conservation efforts would disappear if the DPS 
was not listed. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), Federal, State, Tribal and some private land managers would 
continue efforts to conserve lynx and its habitats and to assure persistence of resident lynx 
populations in those places that can support them. Our evaluation, therefore, considers the 
possibility of the future relaxing of some lynx conservation measures and efforts, but not the 
complete absence of all protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-associated predator that relies heavily on a single, similarly-specialized prey species, 
and whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the likelihood that resident lynx populations will persist in the DPS or in individual 
geographic units. Finally, in our analyses we do not consider anthropogenic climate warming a 
catastrophic effect because it is not temporally- and spatially-discrete; characteristics of events 
traditionally considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). 
Rather, we consider climate change as an ongoing, pervasive, and cumulative stressor of lynx 
and their habitats, particularly at the southern margin of the species’ distribution, including all 
geographic areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database4, retrieved April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; MDIFW 2012, unpublished data), and males are 13-25 percent larger 
than females (Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-
adapted for traversing and hunting in deep, powdery snow, where its low foot-loading (weight 
per surface area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 
90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe 
hares, the lynx’s primary prey. In southern Canada and the northern contiguous United States, 
where the southern edge of the lynx range overlaps the northern edge of the bobcat range, the 
2 species are easily confused because of their similar size and appearance. However, the lynx’s 
longer ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has 
shorter ear tufts, small feet, and white on the underside of the tail. Bobcats are much more 
common, widespread, and abundant than lynx in most of the contiguous United States 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

                                                
4 http://www.itis.gov.  
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas, recent analyses reveal genetic exchange among lynx on either side, 
indicating that some lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; 
Bowman in Lynx SSA Team 2016a, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522).   
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
among DPS populations would be expected to increase at some point in the future if lynx and 
hare habitats shift northward and upslope, as projected with continued climate warming, 
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resulting in reduced connectivity and gene flow among smaller and more isolated lynx 
populations at the periphery of the range. This would result in (1) smaller and more distant 
potential source populations in the southern Canadian provinces, reducing the likelihood and 
number of immigrant lynx reaching DPS populations, and (2) smaller effective population sizes 
(the size of an ideal population [i.e., one that meets all the Hardy-Weinberg assumptions] that 
would lose heterozygosity at a rate equal to that of the observed population) among DPS 
populations, making them more vulnerable to drift, the consequences of which could include 
lower survival and reproduction rates and loss of adaptive potential (Schwartz 2017, pp. 4-5). 
For example, Koen et al. (2014a, pp. 757-760) correlated habitat and climate factors with low 
neutral genetic diversity and high genetic differentiation at the trailing edge of lynx range in 
southeastern Ontario and suggested that climate-mediated changes in environmental conditions 
would likely result in further loss of genetic diversity, possibly reducing adaptive potential in lynx 
populations in the southern periphery of their range.  
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward future as a result of continued climate warming (also see section 
3.2 below).   

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 6), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 363; Aubry et 
al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 37–38; Squires 
et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69). Although lynx take a variety of alternative 
prey species, especially red squirrles (Tamiasciurus hudsonicus), which may be important when 
hare numbers are low, hare abundance is the major driver of lynx population dynamics. Lynx 
denning area selection, pregnancy rates and litter sizes, as well as survival (kitten, subadult and 
adult), recruitment, and dispersal rates, and population age structure, home range sizes, 
density, and distribution are all strongly influenced by hare abundance (Koehler and Aubry 
1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, pp. 375-390; Mowat et al. 2000, 
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pp. 270-294; Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 
26-34). 
 

Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). 
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Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure than mature forests (Buehler 
and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 1990, pp. 847-848; Hodges 
2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 84-88). However, snowshoe 
hares also can be abundant in mature forests with dense understories, particularly in the 
Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 2009, pp. 1492-1496; 
Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 2012, pp. 1483-
1487). These mature forests may be a source of hares for other adjacent forest types (Griffin 
and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important winter 
foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting habitat 
for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are so closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
United States (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This 
may be due to inadequate abundance, density, or spatial distribution of hares in some places, or 
the absence of snow conditions that would allow lynx to be at a competitive advantage over 
other hare predators, or a combination of these factors (79 FR 54809). 
 
Although empirical data are lacking and would be difficult to acquire, the lynx’s physical 
adaptations (described above) are thought to provide lynx a seasonal advantage over potential 
competitors and predators, which generally have higher foot-loading, causing them to sink into 
the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray and Boutin 1991, entire; 
Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 
450). Buskirk et al. (2000a, entire) described potential exploitation (for food) and interference 
(avoidance) competition between lynx and several other terrestrial and avian predators of hares, 
several of which have also been documented to prey on lynx. Documented lynx predators 
include cougar (Puma concolor; also mountain lion), coyote (Canis latrans), wolverine (Gulo 
gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and other lynx (ILBT 2013, pp. 33, 35). 
Bobcats are also likely capable of killing lynx in some circumstances. Although lynx have co-
evolved with other predators, the influence of predation on lynx populations is unknown (ILBT 
2013, pp. 35-36). Coyotes are now more widespread and abundant in the southern periphery of 
the lynx distribution than they were historically (Gompper 2002, entire), while cougars have 
been extirpated from the eastern half of the United States but are more abundant and 
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widespread in the western United States now than in the mid-1900s (Buskirk et al. 2000a, p. 
89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes were deemed the most likely to exert local or regionally important 
exploitation competition impacts to lynx, and coyotes, bobcats, and cougars were thought 
capable of imparting interference competition effects on lynx (Buskirk et al. 2000a, p. 89). 
Interference would be most likely during summer but also during winter in areas lacking deep, 
unconsolidated snow (ILBT 2013, p. 36). Except for fisher and marten, lynx predators and 
potential terrestrial competitors all have higher foot-loading, making them less efficient at 
traveling and hunting in the snow conditions favorable for lynx (Murray and Boutin 1991, entire; 
Buskirk et al. 2000a, pp 86-95; Krohn et al. 2005, entire) and, therefore, likely limiting, at least 
seasonally, interactions between lynx and these species. The fisher has foot-loading similar to 
lynx, and the marten’s is even lower (Buskirk et al. 2000a, p. 90), but both have much shorter 
legs, which likely limits their mobility in deep, unconsolidated snow compared to lynx. The extent 
to which predation and competition may influence lynx populations in the DPS remains 
uncertain. 
 
The boreal forest landscape lynx occupy is naturally dynamic. Forest stands within the 
landscape may experience abrupt changes after natural or human-caused disturbances such as 
fire, insect epidemics, wind, ice, disease, and forest management (e.g., timber harvest or 
thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat within the 
boreal forest landscape is a shifting mosaic of habitat patches of variable and changing quality 
(68 FR 40077). These stands of differing ages and conditions provide lynx foraging or denning 
habitat (or may provide these in the future depending on patterns of disturbance and forest 
succession), and some serve as travel routes for lynx moving between foraging and denning 
habitats (McKelvey et al. 2000c, pp. 427-434; Hoving et al. 2004, pp. 290-292). Lynx generally 
concentrate hunting activities in areas where snowshoe hare densities are high (Koehler et al. 
1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; O’Donoghue 
et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed that lynx 
focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
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hares/ha (0.04 hares/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels and birds, but alternate prey species do not sufficiently compensate for 
low availability of snowshoe hares, and lynx populations likely cannot persist over time in areas 
with consistently low hare densities (Brand et al. 1976, pp. 422–425; Brand and Keith 1979, pp. 
833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–268). Even in areas with 
relatively low or marginal hare densities, hares constitute the majority of the biomass in lynx 
diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; 
Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 
2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 2009, pp. 13, 16; Ivan in Lynx SSA 
Team 2016a, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
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foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293).  
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In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac) (Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the contiguous United States, and 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly the western geographic units 
(3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. Although lynx habitats are more 
contiguous in units 1 and 2 than in the western units, and units 1 and 2 are connected to larger 
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contiguous habitats and lynx populations in Canada, they remain peripheral populations, and a 
metapopulation structure in which they receive intermittent inputs from the larger population 
may still exist, even if the mainland-island contruct does not apply. Lynx disperse in both 
directions across the Canada–United States border (Aubry et al. 2000, pp. 386-387; Moen et al. 
2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx 
populations in Canada is thought to be important to the conservation of lynx populations in the 
DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 
2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, it 
remains uncertain whether the demographic and genetic health and persistence of populations 
in the DPS depend on regular or intermittent immigration of lynx from Canada and, if so, to what 
extent (McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance to support lactation during the early kitten stage and later 

provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few or no kittens are born, very few survive until their first winter, and recruitment may 
collapse completely or nearly so for several successive years (Slough and Mowat 1996, entire; 
Mowat et al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten 
born during a period of declining or low hare abundance is very unlikely to survive to 
independence, breed successfully, and replace itself within the breeding population in its 
lifetime. Conversely, a kitten born during the increase or high phase of the hare population cycle 
is much more likely to survive and, therefore, have an opportunity to breed successfully and 
replace itself via recruitment of 1 or more of its offspring into the breeding population. 
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In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an 
individual lynx will have its ecological requirements met sufficiently so that it may replace itself in 
the breeding population is probably consistently relatively low. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens, and 
females appear to select den sites near prey sources to minimize time spent away from kittens 
while foraging (Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The 
size of lynx home ranges is strongly influenced by the quality of the habitat, particularly the 
abundance of snowshoe hares, in addition to other factors such as gender, age, season, and 
density of the lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). 
Generally, females with kittens have the smallest home ranges, likely related to their need to 
stay close to dens and dependent kittens, and males have the largest home ranges (Moen et al. 
2005, p. 11; Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 2, below) vary greatly across 
the DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 2, below).  
 
Table 2. Reported annual home range sizes for Canada lynx in the contiguous United States.  
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Geographic 

Unit 
 

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

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

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

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

Table 6)6 

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

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990 (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire;). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with landscape hare 
densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-Legaard et al. 
2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained home ranges 
where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby Voyageurs 
National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), did not 
support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western Montana, 
resident lynx used dense young forest stands with mean summer and winter hare densities of 
0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and dense 
mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 hares/ac), 
but they did not use more open young or mature stands where hare densities ranged from 0.12 
- 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
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Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrles, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24).   
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently ≥ 0.5 hares/ha 
(0.2 hares/ac) and favorable snow depth and conditions for about 4 months are needed to 
support lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx 
distribution, some places, including within the range of the DPS, seem to be at minimum 
thresholds to meet these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
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persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). However, Lyons et al. 
(2016, entire) developed spatially-explicit, individual-based population models to estimate 
reductions in potential lynx carrying capacity in Washington associated with large wildfires over 
the past 2-3 decades. Similarly, Licht et al. (2017, in press, entire) conducted a PVA of a 
potential lynx reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2.  
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx 
population in the core of the species’ range in the southern Yukon. This period of rapid growth 
was followed by a rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 
and λ = 0.46 (rapid decline) during the first2 years of the lynx population decline when hares 
were scarce. (Note – the value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) 
appears to be an error; the correct value for λ in a population in which the estimated number of 
individuals declined from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented 
above]). However, the natural range in λ that would be expected among peripheral, isolated, or 
semi-isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS 
populations), versus those that would signal long-term population decline or instability is 
unknown. Despite this, and the limitations noted above, Squires (unpubl. data in Lynx SSA 
Team 2016a, p. 20) calculated population growth rates in northwestern Montana of λ = 0.92 for 
lynx in the Seeley Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in 
the Purcell Mountains (increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; 
USFWS, Vortex 10, deterministic population simulation) used demographic data from Vashon et 
al. 2012 (pp. 17-21) to calculate finite growth rates during a period of high hare density (λ = 
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1.16; increasing trend) and during a period of low hare density (λ = 0.88; decreasing trend) for 
the lynx population in northern Maine (see also section 4.2.1, below). Neither the Montana nor 
Maine estimates incorporated rates of immigration/emigration. Schwartz (2017, p. 4) noted that 
very low immigration rates (less than 1 female/year on average for a theoretical population of 
100 lynx) could provide population stability or even growth, suggesting that the Seeley Lake 
population and perhaps other DPS populations are probably being sustained by low levels of 
immigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a lynx density of 
1 lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
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Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

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

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous United States and to assess the current distribution relative to historical conditions 
(McKelvey et al. 2008, pp. 553-554;79 FR 54814-54815; McKelvey in Lynx SSA Team 2016a, 
p.11). They also have resulted in inaccurate portrayals of lynx distribution and misperceptions 
that the historical range of lynx in the contiguous United States was once much more extensive 
than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has, 
throughout most of its range, cyclic population dynamics that are closely tied to cyclic snowshoe 
hare populations, numbers of lynx naturally fluctuate and become extremely low at times during 
a cycle. Additionally, where snowshoe hare populations are not adequate, resident lynx 
populations cannot be sustained. Many areas of boreal or boreal-like forest in the contiguous 
United States (e.g., the central Appalachian Mountains in the East, Michigan and Wisconsin in 
the Midwest, and the Southern Rocky Mountains and Southern Cascade Mountains in the West) 
likely never supported native resident lynx populations despite the presence of snowshoe hares. 
Where the boreal forest is naturally transitional, it becomes more patchy and marginal, and the 
habitat is incapable of supporting snowshoe hares at densities consistently sufficient to support 
a resident lynx population over time. Only a relatively few areas in the contiguous United States 
historically supported an adequate quantity and quality of habitat to support resident lynx 
populations continuously over time, and many historical lynx occurrences across a large area of 
the contiguous United States were likely dispersers. The occurrence of dispersing lynx is 
unpredictable, and dispersing lynx will likely continue to periodically move into areas that are not 
lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous United States when northern hare populations crashed are well-
documented (Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). 
These events have resulted in records of lynx occurrence, in some cases very rarely, in other 
cases sometimes in large numbers and with intermittent (cyclic) regularity, in places that 
otherwise lack evidence of persistent lynx presence or the habitats and hare densities 
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necessary to support a resident lynx population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 
54793-54795, 54812-54823). Many records of lynx in the contiguous United States appear to be 
related to such events, including the unprecedented ‘‘explosions’’ of lynx observed in the early 
1960s and 1970s (Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these 
events, many lynx occurred in anomalous habitats, exhibited unusual behavior, suffered high 
mortality, and numbers declined dramatically within a few years of irruptive peaks (Gunderson 
1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx 
typically do not persist in these areas of temporary range expansion, disappearing fairly quickly 
after irruptions, van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx 
populations throughout both the low and the high phases of the “10-year cycle” (i.e., across the 
natural range of hare densities) should be considered to constitute the species’ range. In its 
2003 remanded determination, the Service determined that lynx in the contiguous United States 
exist either as resident populations or as dispersers, that dispersing lynx are often found 
repeatedly and for variable amounts of time in habitats that cannot sustain breeding populations 
over time (though some breeding may occur occasionally in some of these areas), and that 
such areas probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 
40077, 40079-80). This repeated dispersal into habitats that ultimately cannot support the 
species (‘‘sink’’ habitats) often leads to confusion about where lynx populations may be viable 
(74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with 
irruptions/dispersal and those suggesting resident lynx populations, the metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous United States may naturally support resident lynx only temporarily 
or occasionally when habitat conditions (both boreal forest vegetation supporting abundant 
hares and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to 
offset the lower productivity and recruitment rates expected among lynx populations in marginal 
or suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common sympatric species, McKelvey et al. (2000a, 
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p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted with 
caution, and only verified occurrence data should be used to assess historical and current lynx 
distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
There also is increased prevalence of non-forested land uses (e.g., agriculture, development) at 
the southern periphery of boreal forests. These factors generally limit snowshoe hare 
populations in the contiguous United States from achieving landscape densities similar to those 
of the expansive northern boreal forest in Alaska and Canada, where hares are generally more 
evenly distributed across the landscape and more abundant except during cyclic population 
lows (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). Consequently, 
important foraging habitat for lynx is often more limited and fragmented in the contiguous United 
States than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 6), and 
overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and competitors at southern 
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latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 128), and 
Wirsing et al. (2002, entire) concluded that high predation rates in fragmented habitats may 
explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As a result, lynx 
generally occur at relatively low densities in the contiguous United States compared to the high 
lynx densities that occur in the boreal forest of Canada when hares are abundant (Aubry et al. 
2000, pp. 375, 393-394) or the densities of species such as the bobcat, which is a habitat and 
prey generalist. 
  
Snow conditions also are believed to influence the distribution of lynx (Ruggiero et al. 2000b, 
pp. 445-449), which are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors (see section 2.2 above), although behavioral 
adaptations may offset these morphological differences to some degree (e.g., Murray et al. 
1194, entire; 1995, entire). The lynx’s adaptations may also help it avoid predators, which also 
have higher foot-loading and/or shorter limbs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, p. 
123), presumably making them less efficient in deep, powdery snow (see section 2.2 above).  
  
Based on verified data, historical lynx occurrence was documented in 24 states in the 
contiguous United States (McKelvey et al. 2000a, 207-232) and, more recently, in 3 other states 
after some of the lynx released into southwestern Colorado dispersed into northern New 
Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 2010, p. 
526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence (McKelvey 
et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). Of these 27 states, and based on 
our current understanding of lynx and hare habitat requirements, the Service concludes that 
records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, Kansas, 
Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and South 
Dakota) represent occasional dispersing lynx that arrived in places with no historical or recent 
evidence of the habitat quality, quantity, or distribution necessary to support resident lynx (68 
FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically and are 
not capable now of supporting resident lynx populations over time.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 

Comment [ZJ40]: Murray questions this 
citation; refers to Wirsing et al 2002 (Murray is 
co-author) as a more appropriate source on this 
topic – I added that latter to in addition to the 
sentence. 

Comment [ZJ41]: Responsive to Murray. 

Comment [ZJ42]: Responsive to Harrison. 

Comment [ZJ43]: Changes in this paragraph 
responsive to Murray peer review. 



 

43 
 

marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous United States 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
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historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). The Service also noted that in 1999 and 2000 the Colorado Division of 
Wildlife (now Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska 
into southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016a, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016a, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
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resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.; Ivan 2017, 
entire; see section 4.2.5 below). However, more recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). In the 2014 revised critical habitat 
designation, the Service noted:  
 

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

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016a, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016a, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
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return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to shift the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016a, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (Devineau et al. 2010, Fig. 1, p. 526; Ivan 2017, entire), 
including 1 female that in 2004 established a den in the Snowy Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820). Formal track transects conducted during the 
winters from 2012 through 2015 resulted in the majority of the track intercepts included in the 
confirmed records. In addition, 30 lynx detections were documented in 2014-2016 using 14 
different remote cameras dispersed throughout the northernmost section of the state (Siren 
2016, pers. comm.). Most records since 2006 are in the vicinity of Pittsburg in the northernmost 
reaches of the state, though lynx detections in 2015 and 2016 suggest a southern expansion 
from the area where they had been documented in 2006 through 2014 (Siren 2016, p. 1; Siren 
2016, pers. comm.). Despite recent evidence of lynx residency and reproduction, the Service 
concluded in the 2014 revised critical habitat designation that, based on modeling of the amount 
of potentially suitable habitat and favorable snow conditions (Hoving et al. 2005, pp. 739, 749; 
Litvaitis and Tash 2005, p. A-298), it is unlikely that northern New Hampshire will support a 
resident breeding population over the long-term (79 FR 54820-54821). Siren (2014, p. 10) 
suspected that the relatively few lynx detections documented in 2012-2014 may be related to 
the presence and abundance of bobcat, coyote, and fisher populations in much of northern New 
Hampshire. We conclude that northern and central New Hampshire likely supported a small 
resident lynx population historically that was extirpated during the latter half of the 20th century. 
We are uncertain whether lynx detections in northernmost New Hampshire over the past 
decade may represent the natural reestablishment of a small resident breeding population in the 
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state or if it is a temporary phenomenon related to an expanding source population in 
neighboring northern Maine (79 FR 54821). Although bobcat populations have increased and 
expanded their range in this region in recent decades (Lavoie et al. 2009, pp. 873-874), severe 
winters and deep snow can substantially limit their populations (Reed 2013, pp. 29-33; McCord, 
1974, pp. 433-434). Maine’s bobcat harvest declined substantially after 2 deep snow winters in 
2008 and 2009 (MDIFW 2015a, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820; also see 
U.S. District Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most 
of Idaho, habitats in many parts of the state are drier forest types that support lower densities of 
hares, and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet 
mountain ranges in the northern panhandle. The number of resident lynx in northern Idaho is 
unknown but certainly small based on the amount of potential habitat, and resident lynx here are 
part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1, below). As these regenerating clearcuts, which currently provide the 
dense horizontal structure preferred by hares, mature beyond about 35 years post-harvest, hare 
densities decline as cover and forage are reduced as a result of forest succession (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in 
Maine is probably larger than the likely historical condition, when relatively small amounts of the 
spruce-fir forests in the state are thought to have been composed of young stands (Lorimer 
1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in 
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clearcutting and the proliferation of partial harvesting following enactment of the Maine Forest 
Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 percent by 
2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), perhaps to 
levels more consistent with likely historical conditions in this unit. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Lynx are occasionally detected in other parts of the state, but hare densities and snow 
conditions consistently favorable for lynx appear to be restricted to the northeastern 
“Arrowhead” region of the state, and areas to the south and west are dominated by bobcats. 
Although there are currently more lynx in Minnesota than suspected at the time of listing, it is 
unclear whether current numbers and distribution are similar to the historical condition. The 
extent to which lynx persistence in Minnesota relies on immigration from Canada is also 
unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains 
subpopulations (Squires in Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet 
Range from 2011 to 2015, prompting concerns about the potential loss of the small resident 
population (perhaps 7-10 lynx) documented there in the mid-1980s and again recently from 
2002 to 2010. However, whether this absence indicates the extirpation of a previously persistent 
resident population or the temporary loss of an historically ephemeral population is uncertain. A 
single lynx was verified in the Garnet Range in February 2016, indicating that natural 
recolonization of the area is possible; however, no other detections of that lynx or other lynx 
have been verified since then, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). Lynx in northwestern Montana (and northern 
Idaho) likely represent the southern periphery of a larger population in southwestern Alberta and 
southeastern British Columbia. The extent to which lynx persistence in this area relies on 
immigration from Canada is unknown, and there is no indication of substantial immigration from 
Canada after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few 
lynx and no recent evidence of reproduction have been documented in the Montana portion of 
the GYA where, as with the northwestern Wyoming part of the GYA (discussed above), 
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uncertainty about whether this area consistently or only intermittently supported resident lynx 
historically makes it difficult to interpret their recent apparent absence from the area (Lynx SSA 
Team 2016a, p. 57). As elsewhere in the West, recent research and habitat assessments 
suggest that habitats capable of supporting resident lynx in Montana are naturally patchier and 
less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson in 
Lynx SSA Team 2016a, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34-37 percent of 
lynx habitat (Lewis 2016, pp. 4, 6), resulting in a more than doubling of estimated female lynx 
home range size and a two-thirds or more reduction in the number of resident females that 
potentially could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). 
Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire and insect impacts could 
further diminish habitat availability and the lynx population’s probability of persistence (Lynx 
SSA Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are many 
more lynx in Maine and Minnesota than was suspected at the time of listing, and there are 
naturally fewer lynx and a more limited distribution of suitable habitats in the western United 
States than was previously thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in 
Maine are likely at historically (and unnaturally) high numbers and currently may be facilitating 
the recolonization of formerly occupied habitat in northern New Hampshire and recent lynx 
occurrences in northernmost Vermont. However, lynx persistence is uncertain in New 
Hampshire and unlikely in Vermont, and lynx numbers in Maine are projected to decline over 
the next several decades, perhaps to levels more consistent with likely historical conditions. In 
the West, small breeding populations in the GYA and the Garnet Mountains of Montana may 
recently have become extirpated (although both also may be only temporarily “winked off” in a 
metapopulation dynamics sense, and both could be recolonized by future immigration, as 
evidenced by the 2016 lynx detection in the Garnet Range). In north-central Washington, lynx 
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habitat and numbers have declined because of recent large fires and insect outbreaks, and the 
persistence of the breeding population there could be threatened if additional such impacts 
occur with similar magnitude and frequency over the next several decades. As a result of the 
release of 218 Canadian and Alaskan lynx from 1999-2006, resident lynx currently occur in 
western Colorado. Although the number of lynx in this population and its future persistence are 
uncertain, Colorado currently supports more lynx than it did, based on the historical record, for 
much of the previous century. The geographic units evaluated in this SSA include all areas in 
the contiguous United States with strong historical and recent evidence of resident lynx 
populations. Detailed assessments of the current status and future viability of resident lynx 
populations and habitats in these areas are presented in chapters 4 and 5 below. 

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

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western United States (65 FR 16061). Since then, research and monitoring have revealed that 
non-Federal lands contribute more to the conservation of the DPS than was known at the time 
of listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
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Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 also requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Table 
2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
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and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States As a result, the Service concluded in the final rule 
that the lack of Federal land management plan guidance for the conservation of lynx and the 
potential for those plans to allow or direct actions that could adversely affect lynx constituted a 
significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
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actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
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Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for 7 national forests with 
potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and Wisconsin 
were revised to include recommendations from the LCAS and the CAs (Jackson 2015, p. 6; 
USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies Lynx Management 
Direction (NRLMD), which formally amended management plans to include lynx conservation 
measures, standards, and guidelines for 18 national forests covering over 150,000 km2 (57,915 
mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 (27,800 mi2) of potential 
lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 54813; Jackson 2015 in Lynx 
SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly completed the Southern 
Rockies Lynx Amendment (SRLA), which formally amended forest plans covering about 59,000 
km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of mapped (potential) lynx habitat on 7 
national forests or national forest complexes in western Colorado and southern Wyoming 
(USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). The 
management direction adopted in the Northern and Southern Rockies amendments was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 1, above). In the Western Colorado 
geographic unit, BLM Field Offices that contain potential lynx habitat include the Colorado River 
Valley, Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres 
Rios, Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008, pp. A18-10 - A18-16; BLM 2010, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
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inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or lynx habitats and thus promote the conservation of 
the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). 
Standards and guidelines developed and implemented in accordance with the NRLMD and the 
SRLA were designed to promote beneficial effects and limit potentially adverse effects of 
management activities (vegetation management [e.g., timber harvest, precommercial thinning], 
wildland fire and fuels management, grazing, recreation, road/access management, energy 
development, etc.) on important lynx habitats including winter snowshoe hare habitat (high-
quality lynx foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, 
pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand-initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. 
 
3.1.2 State Regulations and Tribal Management 
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Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (Table 2). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidences of incidental take of lynx to the Service’s Division of Management Authority to assure 
that take does not exceed the amount permitted under the intra-agency section 7 consultation 
for the CITES Export Program (USFWS 2001, entire). Most states have also adopted special 
regulations in areas where lynx occur to minimize the potential for incidental take (including 
injury) of lynx during legal trapping of other furbearers. These efforts benefit lynx and are 
expected to do so in the future with continued implementation and enforcement. 
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Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx5 (MDIFW 2016, pp. 8, 13). MDIFW also adopted and made available for download 
on its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping 
or Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated 
it in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and 
requires that all incidentally trapped lynx be reported and has staff on stand-by to help 
immobilize, evaluate, collect tissue and/or hair samples, and release, if appropriate, any lynx 
reported to the hotline. This program has resulted in the release of 98 lynx from 2000 to 2015 
(10 lynx died from traps or illegal shooting in traps) that were reported incidentally trapped in 
northern Maine (MDIFW 2014a, p. 75). After preparing a habitat conservation plan (Incidental 
Take Plan), the MDIFW in 2014 obtained an incidental take permit from the Service for lynx 
trapped incidental to predator management and animal damage control activities, and other 
legal furbearer trapping in Maine. The permit allows incidental trapping of 195 lynx (including 3 
mortalities) over a 15-year period. After 2 lynx were killed in killer-type traps in 2014, MDIFW 
imposed additional emergency trapping restrictions to further reduce mortality and injury of 
incidentally-trapped lynx (see Other Factors in section 4.2.1 below). The regulations now require 
exclusion devices on most killer-type traps, prohibit the use of drag sets on foothold traps, 
address specific trap types and sets, prohibit visual use of bait and visual attractants, multiple 
swivels on chains, and require reporting of incidental captures. The trapping incidental take 
permit is currently being litigated in Federal court. The MDIFW also is responsible for 
implementing the Maine Endangered Species Act6 (MDIFW 2009, p. 9). Although the lynx is not 
State-listed as threatened or endangered because its population is believed to exceed the 
State’s listing threshold, it is considered a species of special concern (MDIFW 2011, p 2). The 
MDIFW works collaboratively with the Service to conduct research and monitor lynx populations 
and habitats, and it recommends voluntary forest management activities to promote a 
sustainable supply of large, connected, and widely-distributed blocks of dense, young spruce-fir 
stands and to conserve large blocks of unfragmented forestland in northern and western Maine 
(MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016.  
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html.  
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. Minnesota DNR is under a Federal court order to develop an 
incidental take plan for lynx and plans to seek an incidental take permit from the Service for lynx 
trapped incidental to other legal furbearer trapping. Like Maine, Minnesota has a State 
Endangered Species Statute (84.0895) which requires the Minnesota DNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt 
rules that regulate treatment of species designated as endangered and threatened. Also like 
Maine, Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), 
and coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
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possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act7  
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (WADFW) developed a Lynx Recovery Plan8  and 
a Status Report9, and it prepares annual reports to update population and habitat information for 
the species. The WADFW also coordinates with the Service and other agencies to conduct 
research and monitor lynx populations and habitats. Additionally, the use of body-gripping traps 
(foothold, conibear, snares, etc.) for trapping other furbearers is prohibited in Washington 
(except for damage control or nuisance wildlife, which requires special permits). This avoids the 
potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 

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

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection.
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection.
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than natural historical conditions, when only 3 to 7 percent of stands were likely in such 
condition at any given time (68 FR 40094). Current timber harvest and management on State 
and private lands in Maine are governed by the Maine Forest Practices Act of 1989 and 
administered by the Maine Forest Service within the Department of Agriculture, Conservation & 
Forestry to regulate, among other things, the size, arrangement, regeneration, and management 
of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) clear-cuts are still 
permitted, but require special permits. Because of this regulatory burden and public 
referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely been 
replaced by various forms of partial harvest techniques; many of which are unlikely to maintain 
the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.2.1 and 5.2.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on most private lands to 
assure management of lynx. In 2006 and 2007, the Natural Resource Conservation Service 
(NRCS) provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically 
to manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
1 withdrew. The remaining 4 landowners were provided funding to develop lynx plans on a total 
of about 2,550 km2 (985 mi2; about 10 percent of the geographic unit). These landowners 
selected 1 or 2 township-sized (93 km2 [36 mi2]) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 652 km2 (252 mi2) within the larger area was 
targeted for managing lynx. All 4 landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS 
contracts with the landowners last for 10 years and these contracts expire(d) in 2016 and 2017. 
The HFRP described an opportunity for enrollees to apply for Safe Harbor Agreements when 
their contracts expired, although none have indicated an interest yet in doing so. Management 
plans were written for a 70-year period so some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats, but there are 
not specific recommendations pertaining to lynx. About 10,117 km2 (3,906 mi2) in northern 
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Maine is under conservation easement10, but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 
Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (about 809 km2 [312 mi2]) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for the MDIFW’s incidental take permit for trapping requires management of 25 km2 
(10 mi2) of lynx habitat within an 89-km2 (34-mi2) habitat management area on the MBPL’s 
Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below.  

                                                
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, last accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservation measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
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largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of 1 or more measures of climate (e.g., temperature or precipitation) that 
persists for an extended period, typically decades or longer, whether the change is a result of 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). 
 
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will likely increase extinction risk 
for many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, 
observed impacts attributable to climate change that may affect lynx habitats and distribution 
include upslope and northward shifts in species distributions across multiple taxa, and increased 
wildfire activity (fire frequency, size, intensity, and duration) in boreal and subarctic conifer 
forests of Canada and the western United States (IPCC 2014a, p. 31). 
 
Globally, greenhouse gas emissions are increasing and tracking levels predicted by models for 
high emissions scenarios (e.g., RCP 8.5; Peters et al. 2013; Friedlingstein et al. 2014, p. 709, 
712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 187-189). Analysis of paleoclimate indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, Fig. 7). Warming projected over this 
century ranges from 2° to 6°C (3.6° to 10.8°F) for North America, with warming higher than this 
average in areas that are inland, northerly, or mountainous. 
 
The effects of climate warming are already occurring and have accelerated over the past 3 to 4 
decades (Hansen et al. 2006, entire). To date, the observed and predicted increases in surface 
temperatures have been greater in the Northern Rockies and the Northeast (much of the lynx 
DPS) than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 
2016a, pp. 14-15). Climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm 1° to 3°C (1.8° to 5.4°F) 
by the year 2050 (IPCC 2007b, p. 889). For example, in the Northern Rocky Mountains at 

Comment [ZJ49]: This should have a 
citiation. 



 

65 
 

Glacier National Park, mean summer temperatures have increased 1.7°C (3.0°F) between 1910 
and 1980 (Hall and Fagre 2003, pp. 134–137) resulting in lower snowpack, earlier spring melt, 
and distributional shifts in vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
Lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Continued climate warming is expected to diminish 
boreal forest habitats and snow conditions at the southern edge of the range that are, in some 
places, already patchily-distributed and perhaps only marginally capable of supporting resident 
lynx. Climate models project reductions in the extent of boreal forest habitats and snow 
conditions thought necessary to support lynx throughout the DPS, with both features predicted 
to migrate northward in latitude and to higher elevations (in locations where this is possible; 
Sturm et al. 2001, pp. 342-342; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2010, pp. 
761-766; ILBT 2013, p. 69; Koen et al. 2015. p. 528). This would result in fewer, smaller, and 
more fragmented and isolated areas capable of supporting resident lynx and therefore smaller 
and more isolated lynx populations that would likely be more vulnerable to stochastic 
environmental and demographic events and genetic drift (Carroll 2007, pp. 1099–1100; 
Johnston et al. 2012, p. 11; 79 FR 54811; Schwartz 2017, pp. 4-5). Climate change has also 
been linked to increases in wildfire and forest insect activities; two important components of 
boreal forest disturbance and, therefore, lynx habitat quality, quantity, and distribution. It also 
may affect other factors that could influence the future health of lynx populations in the DPS.   
 
Specifically, the effects of climate warming on lynx, hares, and their habitats in the DPS range 
that are occurring or can be reasonably anticipated include: 1) northward and upslope 
contraction of boreal spruce-fir forest types, 2) northward and upslope contraction of snow 
conditions believed to favor lynx over other terrestrial hare predators, 3) reduced hare 
populations and densities, and 4) changes in the frequency, pattern, and intensity of forest 
disturbance events. Other potential effects of projected warming include: 5) reduced gene flow 
between Canadian and DPS lynx populations, 6) changes in the periodicity and amplitude of 
northern hare cycles, which could result in reduced lynx immigration to the DPS from Canada, 
and 7) increased or novel diseases and parasites. Each of these factors is discussed in more 
detail below. 
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Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest distribution in the contiguous United States has changed dramatically in response to 
changes in climatic conditions. It nearly disappeared from the Northeast 1,000 years ago during 
the interglacial warming period, then returned south into New England only in the past few 
centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and Jacobson 
2002, entire; also see 5.2.1, below). In the West during prehistorical periods of warmer climate, 
the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-boreal forest 
ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both the Northern 
(Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). Boreal forest was 
likely continuous from the Canadian border south through the Southern Rockies of Colorado 
and northern New Mexico until the climate began warming and drying beginning about 15,000 
years ago, which caused a northward and upslope retreat of the boreal zone to its current 
distribution, which has remained relatively stable for the past 3,000 years (ILBT 2013, p. 50) 
 
Now, recent and continuing anthropogenic climate warming is projected to cause another 
northward and upslope contraction of spruce-fir forest in the contiguous United States (and in 
Canada), likely with negative consequences for both lynx and snowshoe hares in the DPS and 
their southern ranges in Canada (Gonzalez et al. 2007, entire). Recent and projected future 
increases in temperature and changes in precipitation patterns are expected to shift the 
distribution of ecosystems northward and up mountain slopes (McDonald and Brown 1992, pp. 
411–412; Danby and Hik 2007, pp. 358–359; IPCC 2007c, pp. 230, 232). McKenney et al. 
(2007) predicted that the average range for a given North American tree species will likely 
decrease in size by 12 percent and will shift northward by 700 km (435 mi) during this century. 
As climate changes over a landscape, the ecosystems that support lynx are likely to shift, 
tracking the change of temperature, but with a time lag depending on the ability of individual 
plant and animal species to migrate (McDonald and Brown 1992, pp. 413–414; Hall and Fagre 
2003, p. 138; Peterson 2003, p. 652). Boreal spruce-fir forests are thought to be limited by 
higher summer temperatures and drought (Iverson and Prasad 2001, pp.192–196). For 
example, within the last 20 to 25 years, widespread mortality and reduced growth in red spruce 
in the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, p. 501; 
Johnson et al. 1988, p. 5373). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. However, Decker and Fink 
(2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately vulnerable 
to the effects of climate change by mid-century under a moderate emissions scenario. Similarly, 
Keane et al. (in press, pp. 209, 2013) concluded that while subalpine fir is likely to shift in 
distribution in the Northern Rockies, gains (expansion) will likely balance losses (contraction), 
and Englemann spruce , though highly sensitive to climate warming, will likely persist on the 
landscape.  
 
Boreal treelines in Scandinavia moved upslope an average of 40 meters (m; 131 feet [ft]), but in 
some locations up to 100 m (328 ft), during a recent 50-year period of warming (Kullman 1990). 
However, despite recent warming, the alpine treeline in North America has thus far remained 
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relatively static (Butler et al. 1994). Upslope migration of the boreal forest treeline may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower 
elevations, the upslope movement of the deciduous-boreal ecotone is limited by an isocline of 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). In the Yukon, upslope migration of spruce-fir 
seemed to be triggered by climate thresholds and was characterized by slow, gradual change 
followed by rapid advances (Danby and Hik 2007, p. 361). However, in Vermont, the northern 
hardwood-boreal ecotone moved upslope 91 to 119 m (299-390 ft) between 1962 and 2005 
consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be closely 
associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, the rate at 
which boreal forest could retreat upslope is highly speculative depending on how climate 
change may affect complex moisture and temperature regimes, and there could be a lag time 
before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of about 3°C (5.4°F) global warming (Lucht et al. 2006, entire; Joos et al. 2001, 
entire). Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will likely be in excess of 40 percent above the global mean (Soja et al. 
2007, p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly 
during the winter, but may be offset with increases in summer drought, heat stress, and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and reduce habitat connectivity between lynx populations in the DPS and in southern 
Canada. 
 
As temperatures increase, lynx and hare habitats and, therefore, lynx distribution, are likely to 
recede northward and shift upward in elevation within its currently occupied range (Gonzalez et 
al. 2007, pp. 7, 13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; 
Vashon et al. 2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers 
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expect that lynx in mountainous habitat will, to some extent, track climate changes by using 
higher elevations on mountain slopes, assuming that vegetation communities supportive of lynx 
and hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 
2007, p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential 
elevational refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate 
change scenarios, boreal spruce-fir forests are projected to diminish dramatically and could 
disappear from much of the range of the DPS by the end of this century (Iverson and Prasad 
2001, p. 196; Gonzalez et al. 2007, pp. 15-18; Iverson et al. 2008, pp. 390–400; Galatowitsch et 
al. 2009, pp. 2015-2016). Using a dynamic vegetation model, Gonzalez et al. (2007, pp. 4, 7–8, 
10, 13–14) concluded that potential lynx habitat in the contiguous United States could decrease 
by as much as two-thirds by the end of this century. Climate modeling suggests that lynx habitat 
and populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may 
disappear completely from parts of the range of the DPS by the end of this century (Johnston et 
al. 2012, pp. 6–13).  
 
Northward and Upslope Contraction of Snow Conditions Believed to Favor Lynx - As described 
above (section 2.2), the lynx’s long limbs, large feet, and low foot-loading are believed to give it 
an advantage in snowy conditions over potential competitors and predators. However, climate 
warming is diminishing snow conditions (depth, quality, persistence) throughout the DPS. 
Warmer winter temperatures are reducing snowpack and altering snow structure throughout the 
lynx DPS via a combination of a higher proportion of precipitation falling as rain, more winter 
thaw-freeze events, higher rates of snowmelt during winter, and earlier spring melt and runoff 
(Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 
2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549). These 
trends are expected to continue with projected future climate warming (Hamlet and Lettenmaier 
1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 2007b, p. 850). 
The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth are very likely 
to decrease in most of North America except in the northernmost part of Canada where 
maximum snow depth is likely to increase.’’ Because lynx occurrence is correlated with 
prolonged periods of deep, fluffy snow, current habitats that lose this feature would decline in 
value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a large decline in snow cover in North America, 
particularly in the mountains of the western United States (Mote et al. 2005, pp. 47-48). These 
areas have historically been snow-covered from November through March, but the length of 
snowfall-conducive temperatures over many western mountain ranges could be reduced from 
about 5 months to about 3 months (December-February) by mid-century (Klos et al. 2014, p. 
4566). Spring snowpack has already declined in many parts of the Rockies, especially since the 
mid-20th century, despite overall increases in winter precipitation in many places (Mote et al. 
2005, entire; Scalzitti et al. 2016, pp. 5367-5368). The rate of decline in the snowpack of the 
Northern Rockies is unprecedented in the last 1,000 years (Pederson et al. 2011, entire). Some 
mountainous regions are warming faster than global land averages (Rangwalla and Miller 2012, 
entire), and in most mountain ranges, relative declines in snowpack vary from minimal at 
ridgetop to substantial at snow line. Losses in snowpack observed to date will likely continue 



 

69 
 

and could even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Similarly, 
because of diminishing snow resources, potential lynx habitat is diminishing in the northern 
Appalachians and small areas in the Canadian Maritime Provinces (Carroll 2007, p. 1093). An 
analysis of recent and potential future snow cover under a range of IPCC climate scenarios 
suggests that snow conditions correlated with historical lynx occurrence records could decline 
by 10-20 percent across the continental U.S. and Canada and by 46-84 percent in the 
contiguous United States by the end of the century century (Gonzalez et al. 2007, pp. 4, 7, 12-
14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Dyer and Mote 2006, entire; Brown 2000, pp. 2347-2354) and increased snow density 
(Hodgkins and Dudley 2006, entire). Because temperature has increased more in the winter 
than summer (Knowles et al. 2006), the amount of winter precipitation falling as rain instead of 
snow has also increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 
2006, entire; Feng and Hu 2007, entire). If greenhouse gas emissions continue at the current 
rate, by 2100, the elevation above which it snows and below which it rains could climb as much 
as 244 m (800 ft) in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and 
Wyoming, with the snow line projected to rise by an average of 290 m (950 ft) across 6 Western 
mountain regions (Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to accelerate the rate of loss of 
snow cover because of the reflective nature of snow and the relative heat-absorbing properties 
of non-snow-covered ground. This feedback effect causes the greatest warming to occur at the 
interface of snow-covered and exposed areas, increasing the rate at which melting occurs in 
spring (Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect 
has shifted the average date of peak snowmelt 3 weeks earlier in spring in the Intermountain 
West (Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and 
desert dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-
darkened landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
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These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over their potential competitors. These various forms of snow compaction and 
structure within the snowpack could give a competitive advantage to bobcats and other 
predators/competitors with higher foot-loading that would normally have difficulty traveling and 
hunting efficiently in deep, unconsolidated snow (Murray and Boutin 1991; Murray et al. 1994; 
Kolbe et al. 2010). 
 
The bobcat is the closest related species to lynx in North America, and it may outcompete or 
displaces lynx in some areas where the 2 species overlap, at both broad (Peers et al. 2013, 
entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) geographic scales. In some 
areas of sympatry, lynx may be displaced to habitats of inferior quality, which could limit survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth, consistency, and persistence likely mediate competition between the 2 
species. Because of their higher foot-loading, bobcats likely hunt less efficiently than lynx in 
deep, unconsolidated snows (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and 
they experience high mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Considering 
recent and projected future changes in snow conditions described above, stable or increasing 
bobcat populations in the DPS range (Roberts and Crimmins 2010, p. 170), and the predicted 
northward expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 
2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172), lynx may 
experience increased competition and displacement by bobcats, which could influence lynx 
distribution and persistence at the southern edge of their range. 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2007, p. 1465; Koen et al. 2015, p. 528). 
 
Although high-elevation areas in the western part of the DPS range may provide future snow 
refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also be affected by 
climate change. Because recent and current rates of climate warming are much faster than 
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occurred historically, it is possible that in these areas snow conditions favorable for lynx may 
move upslope at a faster rate than boreal forest vegetation, creating a mismatch of these lynx 
habitat elements. Thus, although it is possible that boreal forest vegetation may persist for some 
time, snow conditions thought to favor lynx could retreat upslope, potentially precluding lynx use 
of those boreal habitats and instead favoring potential competitors such as bobcats and 
coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of the range. As described above, changing snow conditions may influence lynx hunting 
behavior and effectiveness. For example, hard-packed snow is reported to be associated with a 
higher kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth 
et al. 2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
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which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). Snow patterns have also been proposed to 
potentially play a role in dampening cycles of some vole (Microtus and Myodes spp.) 
populations in northern Europe (Cornulier et al. 2013, pp. 64-65). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
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Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long, or they may be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forests (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes Region and parts of the Northwest could experience drought stress within 2 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
Wildfire ferquency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated in the western United States with 
continued climate warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western 
United States from 1970-2004, Westerling et al. (2006, entire) found rapid and dramatic 
increases in the frequency of large fires, wildfire durations, and the length of the wildfire season 
beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such as lodgepole 
pine and spruce-fir) in the Northern Rockies experienced the greatest increases. Increased 
spring and summer temperatures and an earlier spring snowmelt strongly influenced large 
wildfires, suggesting that climate is the primary driver of these changes rather than fire 
exclusion (suppression), which appears to have had little impact on natural fire regimes of these 
higher-elevation forest types in this area (ILBT 2013, p. 70). In contrast, climate change is 
increasing precipitation in boreal forest regions of eastern North America, which has reduced 
wildfire frequency (Bergeron et al. 2001, p. 388). Under multiple climate scenarios, large 
increases in fire frequency are expected for boreal forests in central and western Canada, and 
reduced frequency in eastern Canada - a situation that reflects past Paleoclimates that were 
warmer than the present (Flannigan et al. 2001, pp. 860-862). Increased fire frequency at the 
grassland – aspen parkland – boreal forest transition in western Canada may hasten the 
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conversion of boreal forest to aspen parkland and aspen parkland to grassland (Flannigan et al. 
2001, p. 860-861), which could affect connectivity and gene flow in lynx populations. In the DPS 
range, large wildifres in north-central Washington (Unit 4) have reduced lynx habitat by 35-40 
percent over the past 25 years (see section 4.2.4 below). 
 
Climate change is also likely affecting the frequency and intensity of some eruptive boreal forest 
insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes in 
temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. Warmer springs also could 
increase the frequency and duration of wildfires, which in turn could increase vulnerability of 
surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, p. 70). Increasing 
temperatures and forest homogeneity could create conditions favorable for bark beetle 
outbreaks that exceed natural disturbance thresholds, perhaps increasing the likelihood of 
additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 2008; ILBT 
2013, p. 70). By the end of the century, changes in temperatures across the boreal forests of 
western North America may cause markedly high probability of outbreak of these species 
(Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a major pest of 
spruce-fir ecosystems in eastern North America, is expected to shift northward reducing 
vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 2010, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)12 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
Reduced Gene Flow Between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
hypothesized that climate change would create increasingly unsuitable environmental conditions 
for lynx (e.g., milder winters with reduced snow quality, declining and fragmented boreal forest), 
which was associated with low genetic diversity and high genetic differentiation at the trailing 
(southern) edge of the range. High winter temperature, low snow depth, and low proportion of 
suitable habitat were also strongly correlated with neutral genetic diversity, low allelic richness, 
                                                
12 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and high genetic differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic 
structuring in southern lynx populations could be caused by a northward shift in optimal 
conditions, potentially resulting in isolation and extirpation of lynx populations at the trailing edge 
of their range or climate-induced changes in the distributions of snowshoe hare or bobcats 
causing lynx to shift northward. Lynx with the greatest allelic richness were found in areas with 
the deepest snow in the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The 
authors concluded that climate warming has reduced gene flow at the receding (southern) edge 
of the lynx’s range, and that southward gene flow from Canada into threatened United States 
populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et al. (2004, entire) documented 
population and genetic structuring in the lynx populations east and west of Hudson Bay based 
on differences in snow conditions on either side of this divide. This may be explained by the 
reluctance of lynx to disperse between areas having different snow regimes and snow quality. 
Snow conditions may be the key factor in the spatial, ecological, and genetic structuring of 
Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
  
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on 
the St. Lawrence may prevent bobcats from dispersing northward into lynx areas in central 
Quebec (Koen et al. 2015, p. 528). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific 
North American Index, and North Pacific Index which, in turn, affect patterns of temperature and 
snow in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are 
believed to have caused the collapse of cycles in voles, lemmings, and snowshoe hare 
populations (Ims et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). 
The geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
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Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the effects of climate warming on hare-lynx cycles in Canada. The authors 
concluded that climate forcing is not only essential in producing sustained cycles, but also in 
modifying cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests in Canada 
beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 3269). With 
more pronounced troughs in hare abundance cycles, lynx populations will likely decline (Hone et 
al. 2011, p. 424). Diminished lynx populations in Canada is a concern because periodic 
immigration from Canada is believed to influence the demographic and genetic health of lynx 
populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 
2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 
187; 79 FR 54789, 68 FR 40091, 40097-40100). If recent lower-amplitude hare cycles in 
Canada persist, they will likely be followed by lower-amplitude lynx cycles, possibly resulting in 
muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. This would 
likely result in reduced demographic support and further reduce gene flow into the DPS, both of 
which could influence the health and persistence of resident lynx populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000). No apparent climate-influenced parasites 
or diseases have been identified that would be expected to broadly affect lynx or snowshoe 
hare populations, but several lynx experts believed this is difficult to predict and remains a 
possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in 6 areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24).  
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007) and 
could further reduce and isolate lynx populations within the DPS and reduce connectivity 
between Canadian and DPS lynx populations and habitats. Declining boreal forests and snow 
conditions, increasing drought and fire, and increasing scale of forest insect outbreaks are 
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currently believed to be the most important stressors for lynx in the DPS, but it is possible that 
other pathways are, or may also become, important. 
 
In summary, although the rates of change and magnitudes of effects of climate warming are 
difficult to predict, climate models agree that lynx habitat and populations are likely to decline in 
the future (Carroll 2007, pp. 1098–1102; Gonzalez et al. 2007, entire) and may disappear 
completely from parts of the DPS range by the end of this century (Johnston et al. 2012, pp. 6–
13). Remaining lynx populations will likely be smaller than at present and, because of small 
population size and increased isolation, they will likely be more vulnerable to stochastic 
environmental and demographic events (Carroll 2007, pp. 1100–1103). Largely because of the 
likely consequences of projected continued anthropogenic climate warming, lynx experts expect 
a decreasing likelihood that resident lynx populations all 6 geographic units will persist in the 
future (Lynx SSA Team 2016a, pp. 35-47). Potential climate-mediated changes in habitat, prey 
base, and competitor guild, along with ongoing habitat los sand fragmentation, has led some 
authors to conclude that “…the extent of such changes and whether lynx are able to adapt to 
them will determine not how, but if, this species can persist in its current southern range” 
(Murray et al. 2008, p. 1469).  

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in 1 geographic area may not be beneficial to hares and lynx 
in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to a single common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
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from predation. Softwood (e.g., spruce-fir) has about 3 times more cover value than hardwoods 
(Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare density are 
directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 
1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 2000; 
Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest practices 
that promote high stem density and dense horizontal cover can increase snowshoe hare 
densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western United States 
After disturbances, forests generally develop through several stages described by Oliver (1980) 
as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996). The frequency and severity of disturbances have a large role in determining 
which species will dominate in a stand after the disturbance event. Snowshoe hare and lynx 
habitat are created during the stand initiation stage, after the young trees have established and 
grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide adequate horizontal 
cover. During the stem exclusion stage (when trees reach about 10 m [33 ft], depending on tree 
species) the tree crowns lift and lower branches self-prune, thus reducing the live horizontal 
branches providing food and cover for snowshoe hares. In the old growth stage, understory may 
re-develop (e.g., in forest gaps where mature trees die or fall down) and food and cover may 
again become available to support snowshoe hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
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from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

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

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

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

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

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

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
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deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, 
p. 125). The wood pellet sector is expected to grow, although woody biomass is typically the 
lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
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affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, 
Perez-Garcia et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under 
climate change, total United States timber inventories will increase, timber harvest will increase, 
and product prices will decrease relative to an assumed stable climate. Some models predict 
that consumers will gain from climate change while landowners in some regions will lose. The 
forest industry will adapt to climate change in many ways including using alternate tree species 
in manufacturing, shifts to geographic regions of the country with economic advantages in 
timber growth, and increasing forest plantations with new species that are favorably adapted to 
the new climate and markets. Many strategies have been evaluated to increase the quantity of 
carbon stored in North American forests (Irland et al. 2003) including discontinuing or greatly 
reducing harvest in some forests to build carbon reserves, increased recycling to reduce use of 
forest products, converting agricultural lands to forests, and substituting wood products for more 
energy-intensive products. Increased atmospheric carbon will increase forest growth slightly, 
except for softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters 
more carbon, is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with 
older growth conifer forest to sequester carbon could benefit lynx in the West and be to the 
detriment of lynx in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
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anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hare populations across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
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thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
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future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (0.16 hares/ac; 
Simons 2009, p. XX), which is below the landscape hare density (0.5 hares/ha [0.2 hares/ac]) 
thought necessary to support resident lynx (Ruggiero et al. 2000b, Simons-Legaard et al. 2013). 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western United States, prescribed fire for ecosystem restoration is most applicable to the 
dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests 
are generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western United States, projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
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of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high quality hare habitat (Simons 2009, Simons-Legaard et al. 
2013). In Maine and northern Washington, landscapes where boreal forest habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
(Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
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Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western United States 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak and wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of hundreds to thousands of years. After several centuries 
of forest management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 
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3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) United 
States forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is 



 

88 
 

the dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
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replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
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compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, multiple large 
fires in north-central Washington over the last 24 years have burned about 34-37 percent of lynx 
habitat (Lewis 2016, pp. 4-6), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-
40 years for these areas to recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 
21), during which time additional fire and other habitat impacts could further diminish habitat 
availability and the lynx population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA 
Team 2016a, p. 44; also see section 2.3.2.2, above, and sections 4.2.4 and 5.2.4, below). The 
loss of habitat resulting from these fires and its potential demographic impacts on the State’s 
only resident lynx population contributed substantially to the WADFW’s recent recommendation 
to uplist lynx from threatened to endangered under its State Endangered Species Program 
(Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx.  
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3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in most parts of the DPS range are patchy and marginal for both 
snowshoe hares and lynx. In the northern contiguous United States, boreal forest transitions to 
various types of northern hardwood forest in the Northeast and Great Lakes Region and to drier, 
more temperate montane forests in the West. The transitional nature of the boreal forest at its 
southern extent is believed (along with competition from other hare predators) to limit the 
numbers of both hares and lynx, preventing either from achieving densities comparable to those 
regularly achieved (except during the low of the hare population cycle) in the classic boreal 
forests in the core of both species’ ranges in Canada and Alaska (79 FR 54790). Lynx must 
contend with aspects of their habitat at the southern extent of the boreal forest for which they 
are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 4.5 
percent (20,000 km2) loss in forest area , and continued expansion of residential development 
will likely reduce forested patches by another 1.2 percent percent by 2030 (Theobold et al. 
2011, entire). Human-caused fragmentation in the forested western landscape resulted in a 
decline of weighted mean patch size from roughly 35,000 km2 to 3,200 km2 from natural to 
current conditions, but models predict relatively small declines in the size of forested patches 
over the next 30 years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half 
or more of the natural forest was cleared in the past 3 centuries, but as agriculture and 
settlement relocated westward and some eastern farmlands were abandoned, eastern forest 
cover rebounded (Williams 1989, Smith et al. 2005). Similarly, a large portion of Minnesota 
forests were cleared in the last century, but forest cover has rebounded. The forest area in 
northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 22). Preliminary 
findings from the 2002 United States timber assessment (Haynes 2003) indicate that 
approximately 15-20 million acres of United States forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the United States population is estimated to grow by 
another 126 million people. 
 
Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 

Comment [ZJ89]: Questionable. I think we 
said this in the CH rule, but we don’t know that 
they aren’t well-adapted for the particular 
conditions down here.  Might be more accurate 
to say that lynx in the DPS face challenges with 
which their counterparts in thecore of the ragne 
do not have to contend?? 

Comment [ZJ90]: Km2 (mi2)? 

Comment [ZJ91]: This is all general and 
applies to all foreseted cover – not to lynx/hare 
forests.  Not sure this is necessary or 
informative to the issue at hand. Moen also 
questions whether projected general increase in 
human pops is relevant to DPS areas. 

Comment [ZJ92]: Citations? 

Comment [ZJ93]: Citation for patchiness and 
fragmentation leading to increased competition 
between lynx and other mesocarnivores?  
Unlikely. Or is this hypothesized?  If so, still 
need citation. 

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


 

92 
 

sources results in habitat alteration, direct habitat loss, vehicle collisions, behavioral disturbance 
from roads, and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high-quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution and generally lower densities of hares in many parts of the contiguous 
United States require lynx in most areas of the DPS range to maintain larger home ranges than 
lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger home 
ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the range of lynx, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95).  
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Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that an extremely high 
predation rate on hares living in high-quality habitats seemed to be driving the changes in 
distribution and abundance in a snowshoe hare population in Wisconsin, rather than predation 
on naturally dispersing individuals. In that study, predation pressure on hare populations 
occupying small (< 7 ha [< 17 ac]) patches of preferred habitat was so severe that 3 of the 5 
populations under investigation were extirpated in the course of the 3-year study. Fragmentation 
of landscapes exacerbates the effect of predation by allowing carnivores to concentrate their 
hunting efforts on small patches of habitat used by their preferred prey instead of preying 
disproportionately on dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich 
landscapes characteristic of the DPS, this can result in intense predation and competition for a 
limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Deep (Hoving et al. 2005, p. ; Peers et al. 2013, entire) and 
persistent (Gonzalez et al. 2007) snow are believed to give lynx a competitive advantage over 
generalist predators in the conterminous United States. Too little snow or crusting conditions 
may favor competitors and predators like bobcat, fisher, and coyotes. High elevations may 
provide snow conditions that favor lynx, whereas low elevations favor conditions for competitors. 
Lynx may have a competitive advantage at higher elevations in the DPS in the winter, but not in 
summer months when competitors likely have increased access to all habitats. 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, appropriate habitats for lynx are naturally fragmented by topography 
and vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
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flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
discourage lynx dispersal between habitat patches (although verifed records of lynx in many 
parts of the contiguous United States and long-distnce dispersal of lynx released in Colorado 
demonstrate that lynx at least occasionally navigate such habitats). In some western parts of the 
DPS range, lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, 
p. 976). In other areas of the DPS where there is little topography, including Minnesota and 
Maine, matrix forest facilitates lynx movements between suitable habitats. Large rivers are 
unlikely to fragment habitat as lynx readily swim across large bodies of water (Feierabend and 
Kielland 2014, entire) or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western United States, although snow alone does not constitute lynx habitat (i.e., many places 
receive sufficient snow but lack other features lynx need, typically adequate hare densities). 
Snow conditions are less consistent in the East. For example, lake-effect snow from Lake 
Superior can increase snow depth and duration in the Arrowhead region of Minnesota in some 
years, but not others. The Gulf of Maine has the reverse effect, and its warming influence 
reduces snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate 
that eastern Maine has extensive areas of boreal forest but does not achieve snowfall 
thresholds that gave lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
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their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and, in winter, avoided recent 
clearcuts or other large openings (Squires et al. 2010). Similarly, in Washington, Lewis et al. 
(2011, entire) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and factors. Changes in habitat, 
prey base, and perhaps competitor guild will likely impact lynx populations in the DPS and in 
southern Canada.  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
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road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J. Squires, personal communication 2012). Colorado lynx crossed 2-lane 
highways an average of 0.6 times per day and more frequently during dusk and at night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially in forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, MDIFW, unpub. data), 11 in Minnesota (T. Smith, USFWS, 
unpub. data), 1 in Idaho and 5 in Montana (USFWS 2016a, unpubl. data, compiled by K. 
Broderdorp). Between 1995 and 2011, 15 lynx were reported killed on British Columbia 
highways (British Columbia Wildlife Accident Reporting System 2012). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volume and lower speed limits. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
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(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012, pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
potential competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift from clear-cutting to partial harvesting will continue to increase the number of patches 
of high-quality hare habitat, but it will greatly reduce the size of patches and increase their 
isolation (Simons-Legaard et al. 2016, pp. 5-6),thus diminishing landscape conditions conducive 
to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
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are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous United States 
(ILBT 2013, pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow 
conditions provide for extended ski/snowboard recreational seasons. In the western states, 
many of these landscapes feature spruce-fir forests. While ski resorts occupy a small proportion 
of the landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and perhaps railroad access to facilitate 
exploration and development also directly impact lynx habitat, contribute to fragmentation, and 
result in direct mortality. Despite these potential effects, mining exploration and development is 
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generally anticipated to affect only a small portion of lynx habitat in the contiguous United 
States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site, and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
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species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the United States are of concern. 
 
Again, could use a summary paragraph here of the most important sources and consequences 
of habitat loss and fragmentation. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last2 decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps 50-200 lynx occupies the northeastern 
corner of the state. Research also suggests that lynx and habitats in the western United States 
(Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was thought 
at the time of listing, and several areas thought to have historically supported small resident 
populations currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 
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3], and the Kettle Mountains of northeastern Washington). We also know that recent extensive 
wildfires in north-central Washington (Unit 4) have substantially reduced (probably temporarily) 
the amount of high-quality lynx habitat and likely caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the 
subsequent survival and reproduction of some of these lynx and some of their offspring, 
resident lynx currently occupy parts of western Colorado (Unit 6), although the current number 
of lynx there is uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; Figure 1). Of the 5 occupied units, 
4 are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2) (see tables 1, above, and 3, below). Our analyses and lynx expert imput 
indicate no single catastrophic event that could result in the functional extirpation (loss of the 
ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016a, p. 56).  
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, p. 2], Isle Royale in Lake Superior [Licht 
et al. 2015, entire]). Any small populations that were lost were not in large, discrete geographic 
units that would have represented substantially greater redundancy in the contiguous United 
States. The implications of the potential recent loss of resident lynx in the GYA for the 
redundancy of the DPS are unclear. The historical record and recent research show that the 
GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
National Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times, and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
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mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited). There 
are no reliable estimates of current or historical resident lynx numbers in this unit. At the time of 
listing, the Northern Maine Unit was not believed to contribute significantly to the DPS. 
However, we now know that there currently is sufficient habitat in this unit to possibly support 
the largest reproducing resident population of lynx in the DPS (numbers and trends unknown, 
but enough habitat currently exists to support possibly 500 to 1000 lynx). Small numbers of 
reproducing lynx have also been documented recently in northern New Hampshire and northern 
Vermont. Historically, when Maine had a greater proportion of mature forest, lynx distribution in 
this unit was likely patchier, and lynx populations were likely lower and may have been more 
dependent on immigration from Canada. Forest management is now the primary driver of hare 
and lynx habitat in this DPS unit. Current lynx and hare habitat is at an historically high level 
because of young, regenerating softwood forests created by extensive clearcutting and 
herbicide application to salvage spruce-fir and encourage softwood regeneration following a 
severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 
2008b). Lynx responded to these conditions with high survival and reproduction, small home 
ranges, and moderate population densities. State forestry regulations passed in 1989 caused 
landowners to shift to various forms of partial harvesting that have resulted in lower landscape 
hare densities across much of the unit. Hare populations do not seem to cycle in this region, but 
hare numbers declined by 50 percent starting in 2006 and have remained at lower levels. 
Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
that wish to diversify income from their investments, which could result in forest practices less 
likely to result in hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population and are 
highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest 
continues to manage lynx habitats in accordance with its 2004 Forest Plan, which includes 
measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, and incidental trapping; other factors that could potentially 
impact resident lynx in this unit include mining development, snow compaction (related to winter 
recreation?), competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 
of unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 3 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
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2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and 
hare habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest 
and associated management (e.g., thinning, road construction, fire suppression) appear to have 
had localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size and 
intensity of wildfires have increased over the past several decades, likely in response to climate 
warming, but impacts to lynx are uncertain. Whether and if so to what extent other climate-
mediated factors have influenced the current condition of lynx populations or habitats in this unit 
is also unknown. Regulations prohibit lynx trapping and require measures to reduce the 
likelihood of trapping lynx incidentally when legally trapping other species. Hare densities have 
not been estimated broadly throughout the unit but appear to be low or marginal even in what is 
considered the highest-quality habitat, suggesting that even small decreases in habitat 
quality/hare densities could influence its continued ability to support resident lynx. The role of 
past and recent immigration in maintaining the demographic and genetic health of current lynx 
populations in this unit is unknown, but peaks in cyclic lynx numbers in Canada have declined, 
especially when compared to the unprecedented irruptions of the early 1960s and 1970s, and 
there is no evidence of significant immigration into this unit since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
There are no reliable estimates of historical or current resident lynx numbers in this unit, but 
recent habitat and home range analyses (summarized in Lewis 2016) suggest that it may have 
been capable of supporting 65-90 lynx prior to extensive wildfires  over the past 2 decades. 
Those fires affected about a third of the potential lynx habitat, led to increased home range size, 
and may have reduced the carrying capacity of this unit to 40-55 lynx currently. The recent 
increase in wildfire frequency, size, and intensity in lynx habitat in this unit may have been 
influenced by climate change (Westerling et al. 2006, pp. 942-943). There is significant risk for 
potential future wildfires to further affect the viability of lynx in this geographic unit. Burned 
habitats are expected to regenerate back into suitable lynx habitat, but this may take 10-40 
years. Results of snowshoe hare research suggest that hare densities in Washington are 
generally at the low end of the range thought necessary to support lynx persistence. The 
Okanogan-Wenatchee and Colville National Forests, which administer more than 90 percent of 
lynx habitat in Washington, continue to manage in accordance with the LCAS. Additionally, the 
WADNR, which manages approximately 4 percent of lynx habitat in Washington, developed a 
Lynx Habitat Management Plan in 1996, which was updated in 2006 and is also largely based 
on the LCAS. The Kettle Range to the east of this unit was suspected to have supported a small 
(likely fewer than 20 individuals) resident population until about 30 years ago when over-
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trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether and, if so, 
to what extent other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of reproduction 
among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but lynx managers believe it may currently support 100-250 lynx as a result 
of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historic irruptions of the early 1960s and early 1970s. Since the DPS was listed 
and the Southern Rockies Lynx Amendment completed, 2 bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in several areas of lynx habitat in the San Juan Mountains. Areas affected by beetles 
that contained multistoried stand conditions likely continue to provide habitat to support 
snowshoe hares and lynx. Areas affected by beetles and fire may require 20 years or more to 
recover to a point where the stands will again support snowshoe hares. Large-scale monitoring 
efforts in the San Juans documented continued lynx occupancy during winter 2010-11 and 
2014-15, and it is reasonably likely that lynx continue to occupy all National Forests within the 
State of Colorado. Habitat that supports snowshoe hares is patchily distributed in this 
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geographic unit, which limits their abundance. Because the majority (90 percent) of potential 
lynx habitat in Colorado is under Federal land management, actions occurring on other 
ownerships are unlikely to result in significant impacts to lynx habitat within this unit. The USFS 
manages over 85 percent of the lynx habitat in this unit, providing conservation through the 
Southern Rockies Lynx Amendment. However, regulatory mechanisms for the conservation of 
lynx are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including 
lynx habitats on some BLM and some non-Federal lands. 
 
Table 3. Summary of current conditions in 6 geographic units within the DPS range1.  

 
1Estimators used to calculate home range size are provided in table 2, above. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This unit encompasses approximately 28,909 km2 (11,162 mi2) of northern 
hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been designated 
as critical habitat for lynx (79 FR 54823-54828). Lynx have recently been documented in smaller 
areas of similar habitat outside this unit in eastern and western Maine, northern New 
Hampshire, and the northeaster corner of Vermont. Climate in this region is characterized by 
warm summers and some of the coldest temperatures and highest snowfalls in the eastern 
United States; a function of latitude, elevation, and distance from the ocean. The average terrain 
rises in northern Maine to 305-457 m (1,000-1,500 ft) with mountain peaks, particularly in 
western Maine, northern New Hampshire, and Vermont from 914-1,524 m (3,000-5,000 ft). This 



 

108 
 

region is far enough inland to be unaffected by marine influences. Average annual precipitation 
is currently 104 cm (41 in), with greatest precipitation in winter in the form of snow (average total 
snowfall is 228-280 cm (90 -110 in), with higher amounts at the highest elevations. Snow 
duration is about 4 months (mid-November through mid-April). 
 
Most of the lynx habitat in the Northeast occurs in northern Maine within the designated critical 
habitat boundary all. Land ownership in the critical habitat unit boundary is about 90 percent 
private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and 1 percent 
Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost entirely 
commercial forest lands. Lynx regularly occur outside of the designated critical habitat boundary 
in parts of northeastern, eastern, and western Maine and, recently, in northernmost New 
Hampshire and Vermont (see below). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
New Hampshire - Potential habitat in norther New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these 2 ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA, under a conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to 
mature to a climax forest type which is contained within what is considered core lynx habitat. 
The area will potentially provide good denning habitat but will likely restrict the amount of 
snowshoe hare habitat in the foreseeable future. Current conditions are in a transition state, and 
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portions of the core area currently support higher densities of snowshoe hare because of past 
forest management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a 
high component of deciduous forest and insufficient snow conditions in New Hampshire are 
unlikely to support viable lynx populations over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Recent modeling to determine potential lynx habitat connectivity in the Northeast 
suggests that the Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012) . 
The 530-km2 (205-mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife 
Refuge), 17 percent State (Vermont Department of Natural Resources), and 63 percent private 
commercial timber lands (with conservation easement). The future persistence of lynx in 
Vermont is unlikely because of the patchy and limited amount of potential habitat, climate 
change (decreasing snow), trends toward hardwood management, and increasing human 
disturbance (Vermont Fish and Wildlife 2015, Appendix A5 p. 127). 
 
Habitat Description:  In the Northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within 1 m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, several 
estimates of hare densities in the highest quality, regenerating conifer or mixed forest averaged 
1.9 to 2.1 hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 
2006, hare densities declined by about half in all stand types and have remained at these lower 
levels (Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed 
in the Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha (0.2 hares/ac) at low and 
high elevations (Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower 
densities in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and 
lowland spruce-fir. Densities in high elevation (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont or New York. The average landscape hare density in home range-sized areas 
occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 2013, p. 567). Based on 
these observations, Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining 
landscape hare densities of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-
quality hare habitat within 100-km2 areas) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
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current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39 hares/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [15–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
hare densities, where hares were more accessible to lynx compared to the densest (short 
regenerating) stands Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically, lynx habitat in northern Maine was likely much less abundant and less broadly-
distributed than it is today. Both the current amount of high-quality habitat and the lynx 
population in Maine are likely larger than occurred prior to European settlement, when a 
relatively smaller proportion of the forest was in an early successional stage (Lorimer 1977, 
entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior to European settlement, lynx 
habitat was created and maintained by frequent, small-scale forest gap dynamic events and 
infrequent, large-scale stand-replacing forest disturbances (Seymour et al. 2002, pp. 359-365; 
Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests often exhibit an even-aged 
wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). Large, stand-replacing 
events (fire, wind and ice storms, insect outbreaks) are rare (interval of several hundred to 
several thousand years) and highly variable in size (Seymour et al. 2002, entire; Lorimer and 
White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark disease, and sugar 
maple defoliators have been important influences affecting forest landscape patterns (McNab 
and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm outbreaks, the 
most likely insect to affect lynx habitat, have been highly variable in Maine and eastern Canada 
in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less significant as a 
natural agent of disturbance. The typical fire regime is infrequent surface fires in the dormant 
season in the hardwood forests, and slightly more frequent but long-interval fires in conifer 
forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer and 
White 2003, p. 59). For the past several decades, early successional forests and lynx habitat in 
northern Maine, New Brunswick, and southern Quebec have been created almost exclusively by 
forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) increased 400 
percent (Simons-Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future (Simons-Legaard et al. 2016, pp. xx). In response to the 
widespread clearcutting in the 1970s and 1980s, Maine passed the Forest Practices Act in 
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1989. This Act regulated clearcutting. Various forms of partial harvesting replaced clearcutting 
as the predominant form of forest management in northern Maine. Partially harvested stands 
(e.g., selection harvest, shelterwood harvest, overstory removal) have a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006, p. 29). On average, partially harvested stands support 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006, p. 
26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), 2 tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time 4 private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
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Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All 4 plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
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widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records (Vashon et al. 2012, entire; Siren 2015, entire) document that 
lynx occur throughout northern Maine and in small, isolated pockets in western and eastern 
Maine, northern New Hampshire, and Vermont (Siren 2015, entire). Population size and trends 
are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016a, p. 
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18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 townships to 
document the distribution of lynx and to inform habitat modeling at the University of Maine 
(Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire; Simons 
2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only2 records 
in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a small 
resident population likely occurred historically in New Hampshire but no longer exists (68 FR 
40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of 3 lynx, a presumed family group, were observed travelling together in 
late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over 3 winters (Brocke 1982). The reintroduction was unsuccessful in establishing 
a resident population, and in 2003 the Service concluded that a resident population may have 
existed in New York prior to 1900, however, records of lynx since 1900 likely represent 
dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire), resource use (Vashon et al. 2008b, entire), survival (Vashon et al. 2012, 
pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects of their life history 
(Vashon et al. 2012, entire). During the period when snowshoe hare populations were highest 
(2000-2006), Maine lynx had among the highest reproductive rates (average litter size 2.74, 89 
percent of adult females producing litters) in the DPS (Vashon et al. 2012, pp. 18-19). During 
the current (2006-present) period of low hare density, litter size was smaller, only 30 percent of 
females had litters, and mortality was greater. Maine lynx have among the smallest home 
ranges documented in the DPS (Vashon et al. 2008a, p. 1482; LCAS 2013, p. 24; also see 
tables 2 and 3, above). Home range sizes were similar during periods of high and low hare 
density (Mallett 2014, p. XX). Lynx populations likely increased during the period of high hare 
density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) (USFWS, 
Vortex 10, deterministic population simulation 2016; demographic data from Vashon et al. 2012, 
pp. 17-21). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002; Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and may have been more dependent on 
immigration from Canada. Current habitat is the result of widespread clearcutting to salvage 
spruce and fir damaged by a spruce budworm outbreak in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005, Fuller et al. 2007, Vashon et al. 2008b, Simons-Legaard et al. 
2013). Lynx habitat is expected to remain stable for the next few years then decline because of 
changing forest practices (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where there is regularly total 
snowfall of at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of 
lynx (to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, 
Peers et al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range 
of the lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 
cm (90-104 in; NOAA 201113). In the last 50 years, 18 of 23 snow sampling sites in and near 
Maine experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in 
New England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et 
al. 2008). Thus, average snow conditions in Maine are currently at or below snow depth 
thresholds for lynx, and further declines in annual snow depth would be expected to reduce the 
probability of lynx persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated in the Northeast. 
Unlike other units, annual precipitation in Maine is increasing because of climate change, but 
                                                
13 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 
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primarily as rain (A. Siren in Lynx SSA Team 2016a, p. 15; Fernandez et al. 2016), and 
especially rain on snow events in winter in northern Maine (Huntington and Hodgkins 2004, 
Deser et al. 2013, Fernandez et al. 2015). Snow density and compaction and crust conditions 
(caused by wet, heavy snow or rain on snow events in winter) have increased in northern New 
England (Dudley and Hodgkins 2002, Huntington et al. 2004, Huntington 2005, Hodgkins and 
Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800 to 9000 years; Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks cause 
stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River14. 
 
In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for Maine’s 
Trapping Program (MDIFW 2014, 2015a as amended, entire) and obtained a permit from the 
Service for lynx trapped incidental to other furbearer trapping in Maine. From 2000 to 2016, 114 
lynx have been reported captured in traps set for other species and 8 of those were killed 
(Vashon et al. 2012, MDIFW 2014, p. 75). In Maine, after 2 lynx were killed in killer-type traps in 
2014, the MDIFW imposed additional trapping restrictions to further reduce mortality and injury 
of incidentally-trapped lynx, (e.g., requiring killer-type traps be placed in exclusion boxes, 
eliminating the use of drag sets for foothold traps, and requiring multiple swivels on trap chains. 
No lynx have been reported incidentally trapped in New Hampshire or Vermont since 2000. 
                                                
14 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development15, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern Maine and 5 
projects are in operation; 2 have been proposed in northern New Hampshire and 2 are in 
operation; and 3 have been proposed for northeast Vermont and 2 are in operation or under 
construction. Maine’s 2 largest wind projects (combined over 300 turbines covering 932 km2 
[360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. The effects of 
wind energy projects on lynx, hares, and their habitats are unknown. Potential direct effects 
include disturbance or displacement of resident lynx from large landscapes and loss and 
fragmentation of habitat from turbines, roads, and transmission lines. Increasing power 
infrastructure associated with these projects could greatly change development potential and 
patterns in northern Maine by bringing electricity into the interior of Maine’s vast undeveloped 
forest region. Extensive road construction would further fragment habitat and increase access 
for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
                                                
15 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 
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activities (timber harvest or other vegetation management) that could benefit lynx. Another 
conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1,000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; potential 
increased competition from bobcats and fishers; loss of spruce-fir to northern hardwoods; and 
future isolation of the metapopulation because of diminishing ice conditions on the St. Lawrence 
River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land that was excluded from critical habitat. Land 
ownership in this unit is about 47 percent Federal (primarily USFS, with some NPS and BLM 
land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage Reservation) 
(see Table 1). This unit includes most of Superior National Forest (SNF; including the Boundary 
Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
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southern extent of a larger cross-border population, most of which occurs in Ontario (ON). 
Relative to other DPS lynx populations, this unit is about 1,480 km (920 mi) east of the 
Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of the Northern 
Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 



 

123 
 

Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), and 
balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal area 
dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and larch 
from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent basal area 
dominance. 
 
In 2015, the SNF estimated that there were approximately 3,074 km2 (1,187 mi2; 60 percent of 
lynx habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 
acres of habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished 
data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
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Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx A more 
precise estimates of resident population size is not available.  
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpublished data). In addition to the 11 trapping mortalities, another 15 lynx 
were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and 2 died in Ontario of unknown causes (USFWS 2016b, 
unpublished data). Some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating, along with evidence of lynx returning to Minnesota after dispersing to 
Ontario, that survival of Minnesota lynx in Ontario for extended periods is possible (Moen 2009, 
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pp. 2-3, 10-13). Minnesota has relatively high forest road and highway densities that intersect 
lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that were 
bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores competing for food and resources, and human-caused mortality. The SNF 
is currently implementing the 2004 SNF Plan (USFS 2004a, entire), which has direction based 
on the LCAS (Ruediger et al. 2000, entire) and the Canada Lynx Conservation Agreement (CA) 
between the Forest Service and the Service (USFS and USFWS 2000, entire), for all forest 
activities that occur within LAUs. Active management of forest lands can create, maintain, and 
restore lynx habitat, and the SNF has a long-term commitment for doing so; however, private 
landowners do not. Under the Sustainable Forest Resource Act of 1995, the Minnesota Forest 
Resources Council (MNFRC) has developed guidelines for site-level timber harvesting and 
forest management (MNFRC 2012, p. 1); these voluntary guidelines are intended for private and 
State landowners and include some general recommendations for wildlife including lynx. The 
implementation of the MNFRC guidelines is monitored annually (e.g., MNDNRb 2015, entire 
2016, p.2). Thus, the several risk factors are being minimized and managed to promote the 
conservation of lynx within the SNF, however implementation of the guidelines on privately 
owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting of lynx-. 
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Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011a, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
increased access new snow compaction in areas previously not vulnerable to high levels of 
snowmobile use. In addition, new road construction in lynx habitat has made more areas 
accessible during winter. These routes could be used by snowmobiles even if new roads are 
designated as closed to motorized public travel during other seasons. The SNF has 1,927 miles 
of low standard roads (OML 1 and 2) and 158 miles of temporary roads (USFS 2011a, p. 38). 
All of these factors have potential to reduce the deep and fluffy winter snow conditions and to 
reduce the competitive advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves. (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region as 
projected by climate models, deer mortality may be reduced; this could increase bobcat 
densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25), 
potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). According to annual 
track surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, 
similar to bobcat, wolf populations may increase with changing snow conditions and prey 
availability as influenced by climate change. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 

Comment [ZJ151]: Best available (Kolbe et 
al.) does not support this. 

Comment [ZJ152]: I think much of this is a 
stretch. 

Comment [ZJ153]: Redundant - delete or 
remoave citations, refer only to Ch. 2? 



 

127 
 

contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015a, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
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roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely-distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter densities were 
highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature stands (Griffin and 
Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare populations in this 
area were thought to be stable, mean summer and winter hare densities, respectively, were 
0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 0.64 and 0.47 
hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by lynx, compared 
to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 0.18 and 0.12 
hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select (Squires and 
Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the dense mature and 
dense young stands only marginally achieve the threshold density of 0.5 hares/ha (0.2 hares/ac) 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90; also see section 2.2.1, above). Nonetheless, hares accounted for 96 
percent of the biomass in lynx diets in this unit based on evidence at kill sites (Squires and 
Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-level hare 
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densities could reduce the ability of habitats in this unit to support resident lynx (Squires et al. 
2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place16.  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

                                                
16 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

Comment [ZJ154]: Maybe superfluous/not 
necessary/informative? Delete? 

https://snowfall.weatherdb.com/d/a/Montana


 

130 
 

In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover consistent 
with historical lynx occurrence records (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; A. Lieberg 2017, pers. 
comm.; also see Lynx Status, below). This small and relatively isolated island of lynx habitat 
(Squires 2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multistoried) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of resident lynx 
in the Garnets represents the extirpation of a previously-persistent small population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
naturally ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
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to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-



 

134 
 

structuring among lynx subpopulations in the southern (Garnet Mountainss), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. There was no evidence of cyclicity in these vital rates, and no indication of substantial 
immigration of lynx into these study areas from Canada. Starvation, predation by cougars, and 
human-caused deaths each accounted for roughly one-third of documented sources of lynx 
mortality. Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley 
Lake area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing 
trend, 2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic 
Canadian population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 
0.10 (order of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 
952, Table 4), and the natural range in λ that would be expected among peripheral, isolated, or 
semi-isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that 
would signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016a, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
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“winked on” again in the future is unknown and perhaps irresolvable. On February 2, 2016, a 
single lynx was detecteded via snow-track survey and verified via DNA analysis in the Garnet 
Range in the area previously occupied by resident lynx, demonstrating that natural 
recolonization of this area by dispersing lynx is possible. However, this recent record appears to 
have been of a dispersing /transient individual because subsequent surveys have not revealed 
additional detections of that lynx or any other lynx in the area, and there currently remains no 
evidence of lynx residency in this mountain range (A. Lieberg 2017, pers. comm.). 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015a, p. 10). On the Lewis and Clark National Forest, lynx 
are considered “still present” in the Rocky Mountain Front portion of the forest, which is within 
this geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in 
the disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx 
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in those ranges (USFS 2015a, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-United States border (USFS 2015a, 
p. 10). No lynx were detected during surveys in 2007 or 2013-2014, and snow surveys could not 
be completed in 2015 because of poor snow conditions (USFS 2015a, p. 9). However, in 2012-
2014 3 lynx were incidentally trapped on the Idaho Panhandle (1 in 2012 in the Purcells, and 2 
in 2014 in the Cabinet Mountains), and another was documented by a Service grizzly bear 
trapping crew in the Purcells in 2014 (USFS 2015a, pp. 9-10; U.S. District Court ID 2016, pp. 6-
7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
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Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south (U.S. District Court ID 
2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate 
change has probably already had some impact on lynx habitats in this geographic unit, and 
such impacts are likely to continue to occur, there currently is no evidence that climate change 
has had population-level effects or has reduced the ability of this unit to support persistent 
resident lynx populations. However, such impacts would be difficult to document and, as 
described under Habitat Status, above, because lynx habitats in this unit are naturally highly-
fragmented and hare densities, even in areas considered high-quality habitat for this DSP unit, 
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often appear to barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. Modeling vegetation and 
snow suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that 
boreal and temperate conifer forest biomes were broadly distributed across this geographic unit 
and that snow conditions suitable for lynx occurred with 90-95 percent probability from 1961-
1990. (Future conditions based on this modeling are described in section 5.2.3, below). As 
described in section 3.2, above, climate change has also been implicated in recent increases in 
the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts of the 
DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA Team 
2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
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about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and backcountry 
roads and trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 
78-85) that are unlikely to exert population-level influences, despite potential impacts to 
individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-517). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous United States If lynx populations in this unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, the population growth rate 
estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA 
Team 2016a, p. 20) may reflect a gradual decline of a resident lynx population that needs but is 
not receiving adequate immigration. In contrast, the growth rate estimated for the lynx 
population in the Purcell Mountains in the northwestern part of this unit (λ = 1.16, increasing 
trend 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) suggests that the level of 
immigration, if necessary for demographic stability, has been adequate or that productivity and 
recruitment have been high enough to offset potentially diminished immigration. It is also 
possible that, despite the documented historical intermittent (cyclic) influxes of lynx from 
Canada into lynx populations in this geographic unit, immigration does not contribute 
meaningfully to the demographic stability of these populations. If that is the case, the estimated 
growth rates suggest that recruitment has failed to offset mortality in the Seeley Lake population 
but that it has more than done so in the Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This area was occupied by resident 
lynx when the DPS was listed and remains occupied currently. Evidence from recent research 
and DNA analysis shows lynx distributed within this unit, and breeding has been documented. 
Although researchers have fewer records in the portion of the unit south of Highway 20, this 
area contains boreal forest habitat and is thought to support resident lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness and access to survey this 
                                                
17 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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area is difficult. This northern portion contains extensive boreal forest vegetation types and also 
likely supports resident lynx. Additionally, lynx populations exist in British Columbia directly 
north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below).  
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (>30°) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)18. 
  
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
                                                
18 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington


 

142 
 

2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21). Several wildfires affected lynx habitat 
in the North Cascades during the middle 1990s and early 2000s:  1994 Whiteface Burn (15.5 
km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 2001 Thirty-Mile Fire (25.7 km2 
[9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; Vanbianchi 2015, p. 23). Subsequent to 
those fires and incorporating research on lynx habitat use, Koehler et al. (2008, p. 1522) 
estimated that the Okanogan LMZ (including this geographic unit) contained approximately 
2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 LMZs in the northeastern 
corner of the state, combined, contained an additional 1,381 km2 (533 mi2) of suitable habitat. 
More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; Vanbianchi 2015, p. 
23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the Okanogan LMZ 
(Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years.. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from Washington into Canada recently documented, connectivity 
between this unit and Canada currently appears functional (ILBT 2013, p. 65). Outside of this 
geographic unit, lynx habitat in the Kettle Range and the other northeastern LMZs is limited in 
size and potentially capable of supporting only a few lynx. Koehler et al. (2008, p. 1523) 
estimated the Kettle Range could support 10 to 23 lynx based upon a lynx density of 2.3 
lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, that lynx 
density estimate was derived from research conducted in the Cascade Range within a large 
area of contiguous, high-quality habitat (Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle 
Range is much smaller and likely more fragmented, and may not be capable of supporting a 
similar density. The Kettle Range is also somewhat isolated from other lynx habitats in 
Washington (e.g., the Cascades) and British Columbia. The Kettle Range is separated from the 
Cascades in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir 

Comment [ZJ155]: These listed fires total 
1,107 km2, with another 294 suggested (1,000 
recent, including 706 Tripod fire).  The listed 
fires, if all occurred in the unit, would represent 
1107/5176= 21.4% of the unit.  With the 
additional 294 implied, 1401/5176= 27.1% of 
the unit.  We need to make sure our claims 
elsewhere that 40 or 50% of this unit has 
burned in last 20-25 years is accurate. 
 
Lewis 2016, p. 5 says 3,130 km2 of the 8,923-
km2 Okanogan LMZ (35.1%) burned from 1992-
2015, but fig. 3 shows 33.5% of LMZ burned 
during that time. 
 
Lyons et al 2016 says 2,000 km2 out of 9,200 
km2 Okanogan LMZ (21.7%) burned from 2000-
2015. (Also that 360 km2 of 3,300 km2 Kettle 
LMZ (10.9%) burned same period. 
 
Maletzke (in EE report, p. 21) said that from 
2002 to 2014, amount of lynx habitat in 
Okanogan burned from 2,600 km2 to 1,600 km2 
– a 38% reduction.  In that time, estimated # of 
female lynx declined from maybe 100 to only 
27.  
 
Overall, a 35-38% loss of habitat in the 
Okanogan LMZ is thought to have reduced the 
resident lynx pop. by more than 70%!?(pop. 
decline more than double the habitat loss – 
more fragmented habitat = larger home ranges). 
On other hand, Lewis suggests that carrying 
capacity declined by about the same % as 
habitat – 35-40%. 
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and ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the 
Kettle River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife 
fencing in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and 
anthropogenic features may be impediments to lynx movement between the Kettle Range and 
the Cascades and British Columbia, perhaps reducing the likelihood of natural recolonization 
and re-establishment of a resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960-61 to 1990-91 a total of 234 lynx was harvested in Washington, with 
the most (35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and 
Stevens (10 percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in 
the Kettle Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 
through 1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx 
were reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In July, 2016, the WADFW recommended that the Washington Fish and Wildlife 
Commission uplist the lynx from a State threatened to a State endangered species (Lewis 2016, 
p.1). 
  
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
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other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming male numbers are similar to female numbers) 
in 1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. 
  
The estimated quantity of lynx habitat was based on mapping areas supporting the forest-type 
and physiographic characteristics identified as being used by lynx during telemetry studies 
conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of the current condition 
(successional stage, or stand type, structure, or age, etc.) of the habitat. The estimation of lynx 
habitat was based purely on forested areas potentially supporting a forest-type potential of 
subalpine fir/Engelmann spruce, and the physiographic characteristics of elevations greater 
than 1,400 m (4,593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 1518), and did not 
consider whether the area was recently burned, harvested, etc. Recognizing that new 
information on lynx and snowshoe hare habitat use patterns had been learned since the 1980’s, 
and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. (2008, 
entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess the 
suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 km2 
(930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of 5 adult male and 2 adult female radio-collared lynx were 
monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During the 
study 2 kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the study 
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indicated female average home range size was 39 km2 (15 mi2) and average male home range 
size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult lynx, adult 
lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of the radio-
collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 percent 
with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
   
Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the 2 dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke (in Lynx SSA Team 2016a, p. 
21) estimated the average female home range size had increased to 91 km2 (35 mi2). The 
important point is the recent large, stand-replacing fires in the Cascades have resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 10-40 years to do so (Lewis 2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Factors Affecting Current Condition 
 
According to the Draft Washington State Periodic Status Review for the Lynx, the WADFW 
recommends uplisting the lynx from threatened to endangered because of: 1) observed range 
contraction in Washington following protection efforts; 2) the substantial loss of habitat in the 
last 20 years; and 3) the ongoing and anticipated threats to lynx population persistence (Lewis 
2016, pp. XX). 
 
Within Washington, the vast majority of lynx habitat is administered by the 
Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka 
the Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
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lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (748 FR 54834–54835).  
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In summary, recent wildfires have temporarily eliminated or reduced the quality of almost 40 
percent of higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-6; Maletzke 
in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and significantly 
affected the status of and current viability of the lynx population within this geographic unit. This 
geographic unit likely supports fewer resident lynx currently than it did historically, making the 
current, smaller population more vulnerable to environmental, demographic, and genetic 
stochasticity and to large catastrophic events (Lewis 2016, p. 6). Recent wildfire severity, extent, 
and intensity in lynx habitat within this geographic unit may have been influenced by climate 
change (Westerling et al. 2006, pp. 942-943), and as discussed in Chapter 5, below, climate 
change may similarly affect the future viability of lynx within this geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone National Parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 
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In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-storied 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place19. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 

                                                
19 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana


 

149 
 

by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled the probability of 
suitable snow across North America, showing that most of this geographic unit has a 95 percent 
probability of providing snow cover conditions consistent with historical lynx occurrence records 
(Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton National Parks) the Absaroka-Beartooth, Bridger, 
Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness 
areas. Among the 3 national forests that contribute to this unit, 75 percent of potential lynx 
habitat is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management 
activities in these areas are unlikely to adversely impact lynx and hare habitats. Large parts of 
Yellowstone National Park burned in the extensive wildfires of 1988. Although the extent to 
which those fires may have impacted potential lynx habitats is uncertain, some of the burned 
areas may soon reach a stage of regeneration capable of supporting increased densities of 
hares, perhaps increasing the likelihood that lynx could reestablish and maintain home ranges 
in some parts of the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up 
less than 3 percent of lynx habitats in this unit, it is unlikely that activities on those lands have 
impacted lynx populations or meaningfully influenced the unit’s current capacity to support 
resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
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recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986, entire; Appendix A, p. 
67), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 verified 
(“certain”) records and over 200 unverified (“probable”) records based on trapping reports and 
observations of animals or tracks. Most records were from the northwestern corner of the State, 
which overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) 
reported 30 verified records for Wyoming, including those in Reeve et al. as well as 2 resident 
lynx, a male and a female, who were trapped, radio-marked, and monitored in the Wyoming 
Range over several years beginning in 1996 and who produced 6 kittens over 2 years. The 
female had 4 kittens in 1998 and 2 in 1999, though none of the kittens survived to 
independence, and the female died of starvation in March 2000 (Squires and Laurion 2000, p. 
346; Squires et al. 2001, pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over 
the 3 years she was monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years 
(Squires et al. 2003, pp. 12-13). The male also made multiple long-distance exploratory 
movements (up to 728 km [452 mi], including multiple highway crossings) over 3 successive 
years (Squires et al. 2003, pp. 13-16; Squires and Oakleaf 2005, entire). 
 
Eighteen lynx were reported to have been trapped from a small area in the Wyoming Range in 
winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources20 claim that 13 lynx were 
trapped in the Wyoming Range in winter 1972-73. However, Reeve et al. (1986, Appendix A, p. 
67) reported no verified (“certain”) records of lynx trapped from 1970-1982 and unverified 
(“probable”) accounts that included no lynx trapped in 1971, 5 trapped in 1972, and 1 trapped in 
1973. These conflicting anecdotal reports of lynx occurrence records illustrate compellingly why 
only verified records are appropriate for consideration of the historical distribution of rare and 
elusive species like lynx, especially those that are easily confused with or commonly 
misidentified as a similar but more abundant sympatric species, as with lynx and bobcats 
(McKelvey et al. 2000a, pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were 
                                                
20 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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correct, the large numbers of lynx reported in the early 1970s correspond to the second of 2 
well-documented and unprecendentedly large irruptions of lynx from Canada into the northern 
contiguous United States, when dispersing/transient lynx occurred temporarily in many places 
with little or no evidence of the historical presence of resident lynx (McKelvey et al. 2000a, pp. 
232-242). That the sudden increase in lynx reportedly trapped suggested by these anecdotal 
records would have reflected a pulse of dispersing lynx associated with that large irruption is 
more plausible than the notion that a previously undocumented resident lynx population 
suddenly and simultaneously became vulnerable to trapping in only a handful of winters.  
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3).On the Shoshone National 
Forest in the northeastern part of this unit, 7 lynx snow tracks were confirmed by DNA analysis 
in winter 2005/06, and a single track was verified the following winter (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
   
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton National Parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
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supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15; 
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see also section 3.2, above, and 5.2.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.2.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
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include recreation, minerals/energy development, and backcountry roads and trails; these are 
all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to 
exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous United 
States, no barriers to lynx dispersal from the north have been identified, and 10 lynx released in 
Colorado are known to have dispersed northward into and through this unit (Devineau et al. 
2010, p. 526; Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern 
and northern Rockies is possible. As described above in Lynx Status, the large number of lynx 
reportedly trapped from a small area of the Wyoming Range in the early 1970s (Squires and 
Laurion 2000, p. 338) may suggest dispersers associated with the irruption of many lynx from 
Canada into the northern contiguous United States documented at that time (McKelvey et al. 
2000a, pp. 235-242). No subsequent pulses of lynx dispersing from the north have been 
documented, and lynx trapping records suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia, the most likely source of lynx dispersing southward into this unit, 
dampened dramatically after the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-521).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States If lynx populations in this geographic unit are reliant on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. We 
excluded the northwest part of the State, bounded on the south by US Interstate 70 and the east 
by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. Small 
                                                
21 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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areas of similar potential lynx habitat extend into south-central Wyoming and north-central New 
Mexico, and some lynx released in Colorado traveled into or through those areas. However, 
there is no evidence that either area supports resident lynx, and we question their ability to do 
so. This unit is not directly connected to lynx habitats and populations in Canada or to other 
DPS populations, although lynx dispersing from the north apparently arrived intermittently into 
the area historically. Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit.  
 
Ivan (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in this unit. This habitat 
estimate falls between the Ivan (2011e, p. 26) estimate and the USFS’s habitat estimate of 
30,664 km2 (11,839 mi2; USFS 2008, p. 18), while retaining a greater than 60 percent probability 
of detecting lynx as described by Ivan (2011e, pp. 32-33). 
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce-subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce-subalpine fir-aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
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December. Large or medium willow-alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
 
Snowshoe hare habitat is naturally patchily-distributed in the Southern Rocky Mountains (ILBT 
2013, p. 54), limiting hare abundance in the Western Colorado Geographic Unit. Dolbeer and 
Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 hares/ac) in 
Summit County in central Colorado, with the highest densities in mature and late-successional 
spruce-fir forests. However, this study was conducted in a very limited area and did not sample 
younger sapling-stage stands (15-40 years post-disturbance) to compare hare densities with 
those reported for mature and late-successional spruce-fir forests (USFWS 2008b, p. 32). 
Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in mature Engelmann 
spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) than in mature 
lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor Park, Colorado.  
In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare densities in early (20 - 
25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 hares/ac]); intermediate 
densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 hares/ac]); and lowest 
densities in mid-seral (40 - 60 years old) lodgepole stands that had been pre-commercially 
thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more similar across the 3 
forest types during the winter months; however, in all forest types and all seasons, hare 
densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 hares/ha (< 0.12 
hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral lodgepole) in 1 summer 
(2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 hares/ac]) that exceeded 
the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum needed to support resident 
lynx over time (Ivan et al. 2014, p. 587, fig. 2).   
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). In 2008, the USFS reported that most of their LAUs in the Southern 
Rockies fell within a range of 3-8 percent in a currently unsuitable condition, with only 1 LAU 
exceeding 30 percent unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 
(25%) LAUs currently exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. 
comm.). These changes are mostly in response to the ongoing bark beetle infestations, as well 
as wildfire events that have occurred since 2008. 
 
Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents. All USFS land management plans within the unit were 
amended in 2008 to provide for the conservation of lynx. Similarly, since the DPS was listed, all 
BLM Field Offices (FOs) in Colorado have been conserving lynx discretionarily through 
application of conservation measures provided in the LCAS (Ruediger et al. 2000, entire; ILBT 
2013, entire).Three BLM FO plans in Colorado have been amended or revised to conserve lynx 
following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of potential lynx 
habitat. One additional FO plan provides conservation measures for timber management 
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actions only, but that FO administers only about 1 km2 (0.39 mi2) of potential lynx habitat. The 
remaining FOs currently have not formally amended or revised their plans specifically to provide 
conservation for lynx (these plans, combined, guide management of approximately 645 km2 
[298 mi2] of potential lynx habitat). Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
M.K. Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We 
are not aware of any specific conservation planning guiding activities on non-Federal lands in 
this geographic unit.  
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.). The CPW has developed a 
minimally-invasive, long-term, state-wide monitoring program to track the distribution, stability, 
and persistence of lynx in Colorado (Ivan 2011e, entire) that may also eventually provide 
population trend information. 
  
As of 2015, evidence of recent lynx reproduction has been documented by kittens captured on 
game cameras accompanying adult females at 3 locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016a, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan 
in Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.93 ± 0.03 within the 
study area in the San Juan Mountains and 0.82 ± 0.07 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22; 
also see table 3, above) and the kitten survival rate (0.23; Ivan 2016b, pers. comm. March 9, 
2016) were both lower in this geographic unit (during the period of intensive monitoring from 
1999-2010) than rates reported elsewhere in the DPS. 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
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fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid (20-30 years), and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Because the majority (88 percent) of potential lynx habitat in Colorado is 
under Federal land management, actions occurring on other ownerships are unlikely to result in 
significant losses of lynx habitat within Colorado. However, habitat connectivity may be 
negatively affected by intense recreational use or development within strategic areas that are 
important for habitat connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
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Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
  
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
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probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. 
 
We present and summarize the professional judgments and opinions of a panel of 10 lynx 
experts regarding the factors likely to influence the persistence of resident lynx populations in 
each of the 6 geographic units. We also present and summarize the experts’ projections, based 
on consideration of those influencing factors, of the probability that each of the geographic units 
will continue to support resident breeding populations of lynx into the future (at years 2025, 
2050, and 2100), and the sources of uncertainty that influenced their confidence in their 
predictions. Although formal elicitation of expert opinion where empirical information are 
unavailable or inadequate is an appropriate and scientifically supported approach, we remind 
readers that the output remains the experts’ best professional judgement, which is subjective 
and, therefore, inherently different than experimentally collected data subjected to rigorous 
statistical analyses. For purposes of useful and meaningful presentation and comparison, it was 
necessary to combine, quantify, graph, and summarize the qualitative information provided by 
experts. However, we caution that the results we present below and describe more fully in 
chapter 5 should not be interpreted as precise, statistically robust estimates of the probability 
that resident lynx will persist in the DPS or in any individual geographic unit in the future, and 
readers should consider the inherent limitations and substantial uncertainties in expert 
responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also Chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
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incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016a, p. 52). 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest-
and snow-associated predator that relies heavily on a single, similarly-specialized prey species, 
and whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., 
wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to 
the impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous United States and the current lack of reliable estimates of the sizes, trends, and 
many demographic parameters for most DPS populations, it is difficult to confidently predict the 
future condition of the DPS or the likelihood that any given geographic unit will support resident 
lynx in the future. We lack data to build rigorous empirical population models for lynx across the 
DPS, and uncertainty regarding the timing and magnitude of potential impacts to lynx from 
continued climate warming also limits our ability to predict the future condition of the DPS. 
Therefore, our assessment of the future condition of the DPS is based on our evaluation of the 
available scientific information regarding the factors identified by the ILBT as the most likely to 
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have population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78) and on the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016a, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 1, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. The lack of evaluation of the effectiveness of forest management plans for lynx on 
Federal lands is of concern for western geographic units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016a, pp. 36-49; also see 
5.2, below). Although all 5 geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 1 
(Northwestern Montana/Northeastern Idaho) had an expert-estimated probability of persistence 
greater than 50 percent (i.e., persistence more likely than not) by the end of the century. Expert 
input suggests that all other geographic units individually have a 50 percent or greater 
probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016a, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from 2 or 3 of the 5 units that currently 
support them by the end of the century (figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all 5 of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from 1 or more of the 5 geographic units that 
currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units (e.g., 
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Minnesota; Galatowitsch et al. 2009, pp. 2015-2016) and be substantially reduced in the 
remainder before the end of the century (we are aware of no climate modeling that suggests the 
complete disappearance of potential lynx habitat from the entire contiguous United States by the 
end of the century). Complete loss of lynx habitat is perhaps more likely in the Northern Maine 
and Northeastern Minnesota units where there is little potential for elevational refugia compared 
to the more topographically diverse units (3 through 6) in the western United States. Under such 
a scenario, resident lynx would be unable to persist in some units and would be severely 
restricted in number and distribution in others, with any remaining resident populations more 
vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic events 
than is currently the case. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming (we are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century). We cannot quantify the 
likelihoods of either of these extreme scenarios nor improve the precision of, or our confidence 
in, the experts’ predictions regarding persistence. Nonetheless, we believe the most likely future 
condition of the DPS is that resident lynx populations will continue to persist at the end of the 
century in 2 or 3 of the 5 units that currently support them (i.e., they will be functionally 
extirpated from 2 or 3 of the units) and that even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
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With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from 2 to 3 (of 5) units by the end of the century. Projected 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
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5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, and 
development will be the greatest future drivers of hare and lynx habitat in this unit. Lynx habitat 
and numbers are expected to decline by 50 to 60 percent by 2032 in response to aging of the 
budworm-era clearcuts and the effects of 27 years of extensive partial harvesting. In the next 
few decades, high quality hare habitat will drop from about 10 percent to 5 percent of the 
landscape, perhaps more in line with likely historical conditions. High quality habitat patches will 
become more fragmented, smaller, and more isolated, thus making the landscape less suitable 
for lynx than it currently is. For the next few decades the best habitat will occur in the southern 
portion of the range where effects of climate change and competition with bobcats are likely to 
be greatest. Absent long-term lynx management agreements, the future of lynx habitat is 
uncertain. Wood products markets will likely continue to change and could be affected by 
interest in carbon sequestration in response to climate change. Rapid changes in private forest 
land ownership are likely to continue and could result in subdivision of large ownerships. Non-
forestry land uses (wind energy development, transmission line corridors, residential and resort 
land development, and unmanaged conservation lands) will compete with forest management 
as the primary land use. Conservation easements will help reduce development pressures and 
keep some lands as working forest, but forest practices (e.g., partial harvesting, northern 
hardwood management) may not be conducive to creating new lynx habitat. Climate change is 
expected to affect the Maine unit more than some others in the DPS because snow depth and 
duration already seem to be at thresholds for lynx and there are few potential elevational 
refugia. In the near term and to mid-century, snow quantity and quality will continue to 
deteriorate, likely causing the range of lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce 
budworm outbreak, and frequent disturbance of the forest all will contribute to the trend in the 
loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50 percent by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, does not apply to private lands. Currently, there are no long-term 
management plans in place on most privately-owned forest lands in this unit, State forest 
regulations have greatly influenced harvesting practices that have (and will likely continue to) 
reduce landscape hare densities, markets for forest products are depressed, and projections 
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(under current harvest scenarios) are that habitat will diminish and shift southward in the near 
term because of post-harvest succession and recede northward over the longer-term because 
of continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forests are projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The probability of persistence of the lynx population in this unit is projected to decrease over 
time with increasing uncertainty through the end of the century, driven in the near term by 
decreaseing quality, quantity and persistence of snow and over the long term from loss of 
spruce-fir forests. If the SNF continues to follow vegetation management and other 
recommendations under the LCAS in their Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. If the DPS is de-listed, the species would be placed on the Forest’s Regional 
Forester Sensitive Species list for at least 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. It is expected that the MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
mean probabilities of persistence generated by lynx experts were > 90 percent at year 2025, 80 
percent at year 2050, and declining to 35 percent (with great uncertainty) by 2100. After 
reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, and the potential for increased 
competition, disease, and insect outbreaks), some members of the  SSA Core Team were 
slightly more pessimistic about the future of lynx in Minnesota than the lynx expert panel. The 
Core Team concluded that the climate-mediated conversion of boreal forest to temperate forest 
and the loss of favorable snow conditions could occur at a rate and extent that would result in a 
lower probability of persistence than the median most likely estimate provide by experts, 
including the possibility that resident lynx could be extirpated from this unit by the end of the 
century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
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conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have temporarily eliminated 
or reduced the quality of about a third of lynx habitat within the North Cascades, which has 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. Similar to the other geographic units, continued climate warming is anticipated 
to reduce the future quality and distribution of lynx habitat in Washington, potentially further 
exacerbating the recent temporary losses of lynx habitat from wildfires. Projected warming may 
increase wildfire frequency and severity, which may result in further losses of lynx habitat. 
Climate change is also expected to reduce the quantity and quality of snow, potentially resulting 
in permanent reductions in the quantity and distribution of lynx habitat in Washington State. 
These potential climate-driven reductions of lynx habitat may serve to further isolate lynx 
populations within this unit as well as between neighboring lynx populations in the other 
geographic units and Canada. Continued forest management on both Federal and State lands 
will benefit lynx populations in Washington, but this may not completely ameliorate the potential 
negative effects related to climate change. Considering the recent reduction in lynx habitat and 
the projected impacts of climate change, experts predicted near-term (year 2025) persistence 
probabilities of 60 to 90 percent (median = 80 percent), mid-century persistence at 30 to 80 
percent (median = 70 percent), and end-of century (year 2100) persistence probabilities less 
than 50 percent (median = 38 percent) for lynx populations within this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with the experts regarding the probability of 
long-term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
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then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally or intermittently 
support a small number of resident lynx and some reproduction throughout the remainder of the 
century. However, we conclude that it is very unlikely to support a persistent resident population 
over the short-term (through 2025), even less likely that it will do so at mid-century, and it is 
highly improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
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provide refugia from deteriorating snow conditions in the future. However, climate models 
suggest a 40 percent decline in snow persistence. Assuming that snow levels will increase in 
elevation, lynx habitat is likely to become more fragmented by areas that no longer retain 
appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Beetle kill and wildland fire will likely result 
in temporarily nonfunctional habitat. However, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. This unit would be expected to 
continue to support resident lynx in the future if survival and reproductive rates similar to those 
estimated during intensive monitoring are maintained over the long-term. However, given the 
lack of evidence of historical occupancy by resident populations, the naturally limited and 
fragmented potential habitat, generally low hare densities, low proportions of females that 
produce kittens, and low kitten survival rate, along with projected impacts of climate warming on 
all or most of these paramenters, we are less optimistic than the lynx expert panel regarding the 
likelihood that this unit will continue to support resident lynx over the long-term.  
 
Table 4, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 4. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little potential elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
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2100 median 

35% (range 0 to 
100%) 

will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

Ontario 
● Extent and pace of deteriorating 

snow conditions  
● Response of bobcat and fisher to 

changing snow regime 
● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
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migration of spruce-fir 
● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 

repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
All of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016a, pp. 33-36 and fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
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hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short-term (over the next few decades), 
but that the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or 
loss of spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest 
management affecting large acreages of lynx habitat annually).  
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to the next spruce budworm 
outbreak. Experts believed that investment landowners would not respond to the pending 
spruce budworm outbreak like they did in the 1970s (extensive clearcuts, herbicide application). 
Experts also acknowledged concerns about the effects of the current clearcuts aging past 
conditions that support hares and lynx. .  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and potential competition from bobcats are likely to reduce the probability of lynx 
persistence in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (figure 8, below). As they did for most other geographic units, all experts 
indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time.  Comment [ZJ184]: As per several comments, 
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Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  

Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the 3 probability-of-persistence levels, i.e., highest, 
most likely, and lowest probabilities of persistence, are represented by the hollow red, filled 
green, and hollow blue points respectively. The black x mark is the median of the most likely 
responses across the experts in each response year. The red, green, and blue dashed lines 
connect the median of the highest, most likely, and lowest probability of persistence responses 
across the experts in each response year. The edges of the grey area were defined by the 
extreme responses, i.e., the range from the largest of the highest probability of persistence 
responses to the smallest of the lowest probability of persistence responses. The median lines 
and grey area are provided as a summarizing visualization to aid comprehension of the experts’ 
responses and their range, and should not be viewed as a substitute for individual responses or 
presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
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but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to 4 percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods and at similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from 1 to 3 decades later, 
our ability to project what effects the next outbreak will have on lynx habitat is still limited. Land 
ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
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elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
broadly apply pesticides to control spruce budworm or herbicides to promote spruce-fir 
regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a nearly 70 percent decline in snowshoe hare densities that 
has occurred in Maine from a period of high hare density in 2001-2006 (average of 2.1 hares/ha 
[0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2007-2009 (average 
of 1.0 hares/ha [0.4 hares/ac]). This decline occurred across all forest stand types and across a 
broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe region of southern 
Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower numbers 
through 2013 (D. Harrison, University of Maine, unpublished data). If future hare populations 
remain low, then Maine habitats will likely have a lower capacity for supporting resident lynx.  
 
Climate Change - The Northern Maine Unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016a, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled the Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). The largest increases in temperature are expected in northern 
Maine (A. Siren in Lynx SSA Team 2016a, Appendix 3; Rawlins et al. 2012, p. 9) where 
temperatures may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to 
climate change, interest in wind development has grown in northern and western Maine, 
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increasing threats to high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). 
Climate conditions are currently at or falling below threshold values needed to support lynx in 
Maine.  
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios (IPCC 2007) and predicted loss of 
forest and snow conditions able to support lynx in Maine by the end of the century. Although 
there are uncertainties about future climate warming, the area capable of supporting resident 
lynx in Maine are expected to recede northward and decline substantially this century (Vashon 
et al. (2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. Northeast winter snowfall has decreased by about 4.6 cm/decade (1.8 in/decade), 
with the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By 
the end of the century, large areas of the Northeast will experience 15-percent (under a low-
emissions scenario) to 25-percent (high-emissions scenario) reductions in snowfall (Ning and 
Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that average snowfall in 
the northeastern United States and southeastern Canada will decline by 59 cm (23 in; 31 
percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a high-emissions 
scenario by the end of the century because a higher proportion of winter precipitation is 
projected to fall as rain rather than snow. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
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Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12). Even under the lowest emissions scenarios, spruce-fir 
forest would be reduced by the end of the century (Williams and Liebhold 1997, pp. 210-214; 
Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), although some spruce-fir may 
persist at the highest elevations (Tang and Beckage 2010, pp. 148-156) and along the eastern 
coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions would likely persist. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405), which would diminish the amount and quality of lynx habitat 
(Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to higher elevations formerly 
occupied by boreal forests have also been attributed to regional warming over the last century 
(Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et al. 2016, p. 2). 
The decline of the spruce-fir forest type may be accelerated by northern hardwoods replacing 
spruce-fir following forest disturbances; however,in some situations, disturbance may favor 
persistence of balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 
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2005, p. 318). A pending spruce budworm outbreak and frequent disturbance from forest 
management could accelerate conversion to northern hardwoods. Other climate-related forest 
disturbances (forest pests, diseases) could further accelerate conversion to northern hardwoods 
(Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
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partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx habitat is expected to peak and then 
remain stable through about 2012-2020 and then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will likely be fragmented into smaller, isolated parcels and shift 
southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in thid geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, 
no climate change, no spruce budworm) project about 5 percent of northern Maine will likely 
have high quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although 
the habitat will be much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 
2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) 
of forestland in northern Maine where it is doing the same. Spruce plantations are becoming 
more common on this ownership in Maine, but not on others. Stand structure and intensive 
management of plantations are highly variable (e.g., pruning, thinning, herbicide treatments), 
thus hare densities and use by lynx vary (Roy et al. 2010, entire). Hares can achieve higher 
densities in plantations depending on the amount of lateral (horizontal) cover, but for shorter 
periods of time; about 10 to 17 years after cutting and planting in New Brunswick (Parker 1984, 
p. 163) and 15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to about 15 to 
35 years in naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, 
p. 4). The future of plantations in the northern Maine unit is uncertain. Most investment 
landowners have short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). The last budworm outbreak in the 1970s and 1980s killed millions of acres of 
spruce and fir forests in the Northern Maine Unit. A very large outbreak has recently affected 
about 40,470 km2 (15,630 mi2) of spruce-fir in southern Quebec, immediately north of Maine 
(Wagner et al. 2014, entire), and it is projected expand into northern Maine in 2018 to 2021, 
potentially putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State 
at risk of defoliation. However, despite the severe defoliation of spruce-fir forests in southern 
Quebec, some project a weaker outbreak in Maine because spruce and fir trees are younger 
and less susceptible and there is a higher hardwood component in northern Maine forests 
(Wagner et al. 2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2016, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously (K. 
Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
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entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above) (Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or be 
preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can adapt to 
lower landscape hare densities associated with mixed hardwood-softwood forest. They may 
persist, but at lower densities as they currently do in the western units of the DPS. However, the 
probability of persistence is further diminished by deteriorating snow conditions and potentially 
increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard 2013, entire). If 
left unchecked, these pressures may continue to promote dispersed development throughout 
this region. Parcelization and subdivision has increased, particularly in the southern third of the 
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jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has limited ability to 
address stressors on Maine’s North Woods, including resale and subdivision trend. This trend is 
likely to continue into the foreseeable future and will make management of large, forested 
landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 201022), and wind development in the 
lynx critical habitat are likely to accelerate in the foreseeable future. Two large wind energy 
projects are being considered in designated lynx critical habitat in this unit; if built, each would 
cover about 450-650 km2 (180-250 mi2) and become 2 of the largest such projects in Maine. 
Mining is not a traditional land use in this unit, but a large mining operation is being considered 
within designated lynx critical habitat. Extraction operations for gravel (for road building) are 
widely-scattered throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential threats unique to this unit (e.g., lack of forest planning for lynx, rapid land 
                                                
22 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 
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ownership turnover and development pressures), the Core Team also believed that the 
population status of lynx in Maine will diminish substantially in the future. The Core Team 
believed that the number of resident lynx in Maine is at an historically (unnaturally) high level 
and will likely decrease in the coming decades, perhaps to levels more like natural historical 
conditions, and perhaps (but with increasing uncertainty) to even lower numbers in the more 
distant future. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting and fragmentation of spruce-fir forest, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower-snow environment), landscape 
level hare densities are likely to decline in northern Maine. Extended periods of lower hare 
numbers would likely reduce the number of lynx and the probability that this unit would continue 
to support a persistent resident lynx population in the future. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) may 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership has provided 
opportunities to conserve some areas of the North Maine Woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 



 

186 
 

Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. Although it is 
uncertain whether legal trapping of lynx would resume in Maine if the DPS was not listed, 
Maine’s incidental take plan for trapping would be moot, and it is possible that some protective 
measures to minimize injury, take, and mortality of lynx would cease or diminish. Habitat 
mitigation for lethal take of lynx associated with the Maine trapping HCP also would cease. 
About 10 lynx have been illegally shot and reported or otherwise discovered since listing. Illegal 
shooting and non-reporting would likely increase without Federal protection. We believe several 
high-profile Federal law enforcement cases have helped to reduce illegal shooting of lynx. With 
a diminished snow regime, populations of bobcats would be expected to increase and expand 
northward into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping, 
running with dogs, and hunting activities would likely increase without Federal listing. Similarly, 
increased fisher populations and trapping would be expected to occur in northern Maine in a 
diminished snow regime that would lead to greater incidental (lethal) take of lynx. There have 
been a few situations where lynx have destroyed livestock, but lethal actions to remove lynx 
were avoided because of Federal listing. Without Federal listing, justification for shooting lynx in 
these situations would likely increase. We believe that despite a closed hunting and trapping 
season, incidental take would continue and possibly increase and could become a significant 
threat to a population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
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existence of hare and lynx, and snow depth and duration are currently at or below the 
thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38 and figure 9, below). Near term drivers of the 
projected decline were climate-driven reduction in snow quality, quantity, and persistence; 
potential increased competition from bobcats; and forest insects. Long term drivers were 
climate-driven loss of spruce-fir forests; further reductions in snowquality, quantity, and 
persistence; potential competition from bobcats; and wildfires. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia), and all noted that an increase in northern 
hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario reduces 
the likelihood of local extirpation in this geographic unit, but the likelihood would increase if 
connectivity was to become compromised in the future if habitat recedes northward and 
becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
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Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the severity of a pending insect outbreak (and 
how this will affect future lynx habitat) and the potential introduction and spread of diseases.  
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (figure 9, below). As they did for most other geographic units, all experts 
indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time. 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 



 

189 
 

species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time.  
  
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
  
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
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The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
  
In response to a 2008 court ruling, the MNDNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MNDNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49) and is under review by the USFWS. The MNDNR also 
implemented regulatory changes, approved by the Court, to reduce incidental take of lynx 
(MNDNR 2017).  If the DPS was not listed, the State would likely still try to reduce incidental 
take of lynx from trapping; however, it also is possible that State-managed trapping of lynx could 
resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, above, new information on 
regional climate change and potential effects to lynx habitat that has become avaialbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased continued hybridization 
with bobcat (Schwartz et al. 2004, p. 354), (2) conversion of spruce-fir to northern hardwoods, 
and (3) potential future isolation of resident lynx in this unit because of diminishing forest 
conditions in Ontario. 
  
Gonzalez et al. (2007, entire) predicted loss of forest and snow conditions supportive of lynx in 
Minnesota by the end of the century modeled distribution of boreal forest and future snow 
conditions under 9 different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) 
and predicted loss of forest and snow conditions supportive of lynx in Minnesota by the end of 
the century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
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Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of 
snowpack in the Midwest. Although there are uncertainties about future climate warming, lynx 
populations in Minnesota are expected to recede northward and decline over the next century 
(Lynx SSA Team 2016a, pp. 37-38).  
  
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Snow cover days of 2.54cm (1 inch in.) or greater in 
northern Minnesota (1959 -1979) ranged from 130-160 days, of 15.24 cm (6 in.)ches or greater 
ranged from 85 to 130 days, of 30.48cm (12 inches in) or greater ranged from 50 to 100 days, of 
60.96 (24 inches in.) or greater ranged from 10 to 30 days (Kuehnast et al. 1982, pp. 7-9). In the 
future, Notaro et al. (2015, p. 1675) projected a general reduction in the frequency of heavy 
lake-effect snowstorms during the twenty-first century, with the exception of projected mid-
century increases around Lake Superior when local air temperatures are expected to remain 
low enough for precipitation to largely fall in the form of snow. The snow season in the Great 
Lakes basin is likely to become substantially compressed during the twenty-first century with 
dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The Minnesota unit may be 
more vulnerable to snowpack loss due to lack of elevational refugia (Siren in Lynx SSA Team 
2016a, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)23 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
                                                
23 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
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1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
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more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016b, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit 
(MNDNR 2016b, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, potential for increased competition, 
disease, and insect outbreaks), some Core Team members were more pessimistic about the 
future of lynx in Minnesota than the lynx expert panel. The Core Team feels that, depending on 
future emissions levels, the likelihood that this unit will continue to support resident lynx at the 
end of the century may be lower than the 35 percent (median most likely) estimate based on 
expert opinion. The threat for which the lynx was listed, lack of specific conservation direction, 
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associated regulations, and lynx forest management planning has not been addressed on 
private lands in Minnesota, except through voluntary guidance. There is some uncertainty about 
the future of forest management and future development on private forest lands in Minnesota 
and in adjacent lands in Ontario, although there are some basic voluntary management 
guidelines for private lands in Minnesota. Further, if the DPS is de-listed, there is uncertainty 
whether the lynx direction on Forest lands would continue into the future. It is projected that 
habitat will diminish and recede northward over the mid- to longer-term because of continued 
climate warming. Hybridization and competition with bobcat also may increase with diminishing 
snow conditions because of continued climate warming, and it is uncertaint how insect 
outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is unlikely uncertain ifthat lynx would 
become a legally trapped furbearer in Minnesota (although a legal wolf hunt was reinstated 
post-delisting of that species in Minnesota, so it may also be suggested for lynx). Seven lynx 
have been illegally shot and reported or otherwise discovered since listing. Illegal shooting and 
non-reporting would likely increase without federal protection. High-profile law Education (e.g., 
from Federal law enforcement agents) cases may have helped to reduce illegal shooting of lynx. 
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With a diminished snow regime, populations of bobcats could increase and expand north and 
eastward into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and 
hunting activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that may lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
that resident lynx will persist in this geographic unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that this 
unit’s ability to support resident lynx will likely diminish in the future, and the lynx population will 
likely decline as the quantity and quality of boreal forest habitat declines. Although there are 
voluntary forest management measures to consider listed species on private forest lands, there 
are no commitments by private forest landowners to manage specifically for lynx conservation. 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in this unit; slightly more so than expressed by most of the experts. 
Snow depth and duration in the area currently supporting resident lynx are projected to decline 
significantly by the end of the century, likely to the detriment of both hare and lynx populations. 
Unlike most other units, as snow condition decline there is little potential for elevational refugia 
for lynx in Minnesota except, perhaps, a small area of slightly higher elevation in the extreme 
northeastern corner of the unit. The boreal forest in this unit is already being replaced by 
northern hardwoods because of climate warming. Frequent forest cutting and disturbance, 
including a potential insect outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of boreal decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Minnesota by late-
century under both low and high emissions scenarios. Climate models portend declining snow 
conditions under low- and high-emissions scenarios. Because increases in temperature are thus 
far tracking high emissions scenarios, we are less optimistic for snow conditions that favor lynx 
by mid- to late-century. In the past decade, interest in development has increased in lynx critical 
habitat, especially proposals for large-scale mining developments. We conclude that these 
threats, individually and cumulatively, indicate diminished populations of lynx and their habitat. If 
these threats are not abated, we believe that resident lynx in this unit will have a slightly greater 
likelihood of extirpation by the end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
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When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
considered recent and projected future increases in wildfire frequency, size, and intensity. 
Additionally, because of its connectivity to lynx populations and habitats in Canada, its large 
geographic extent, and the relatively large number and broad distribution of resident lynx it is 
thought to support, experts felt that future extirpation of lynx from this unit from either reduced 
genetic health or a catastrophic event is unlikely (Lynx SSA Team 2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
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the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
  
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (figure 10, below). As they did for most other geographic units, all experts 
indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of 5 years to assess its ability to sustain itself without the ESA's 
protective measures. If, within the designated monitoring period, threats to the DPS change or 
unforeseen events affect its stability, then the DPS may be relisted or the monitoring period 
extended. Given these requirements, we expect that future Federal management direction will 
continue to include regulations and guidance protective of lynx, although specific measures may 
change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 



 

200 
 

through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
  
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished and that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions of the snow conditions and boreal/subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
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Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of  snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s future ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
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Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous United States, including this geographic unit. 
Also as noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this 
chapter, current Federal management restricts, with few exceptions, fire management (fuels 
reductions, prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such 
activities and wildfire response to conserve and restore lynx and hare habitats. We expect such 
conservation-focused fire management to continue and, therefore, to benefit lynx rather than to 
affect them detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand-
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many fires over a short time period could shift some parts of this unit from 
being just barely capable of supporting resident lynx to being incapable of doing so in the future. 
Although fire suppression was considered a potential risk factor for lynx in the DPS range, given 
the trends discussed above and the likely continued increase in future fire activity resulting from 
continued climate warming and drying, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
resident populations, especially in places already apparently only marginally capable of 
supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
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management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
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population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predictions showed a lower probability of persistence for 
this unit over the short term, and then a similar declining trajectory and increasing uncertainty by 
the end of the century, reflecting a more pessimistic outcome for this geographic unit (figure 11). 
Experts felt that the probability of lynx persistence in this unit could decrease sharply over the 
next 10-20 years because of extensive recent fires in lynx habitats and the time needed for 
these areas to regenerate back to good hare/lynx habitat. However, 1 expert predicted an 
increase in persistence probability by mid-century as habitats impacted by recent large-scale 
fires regenerate into optimal hare-lynx habitat.After that, the probability could rebound (or 
decline more slowly) over the longer term as these large areas return to prime habitat providing 
high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
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which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent 
(median = 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of 
the century (figure 11, below). Compared to most other geographic units, experts indicated 
greater uncertainty regarding short-and mid-term term persistence in this unit but, as for other 
units, uncertainty was greatest at the end of the century. 

 
 
Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other National Forests in the DPS range (see  
section 3.1.1, above). Currently, both the OWNF and CNF are in the process of amending or 
revising their LRMPs. We expect that management direction for lynx conservation addressing 
vegetation management, wildland fire management, and habitat fragmentation on National 
Forest System lands will be incorporated into the revised or amended LRMPs. We expect that 
both the OWNF and CNF will be required to manage for lynx and their habitat into the future 
because both forests will have incorporated lynx management direction into their respective 
LRMPs. We acknowledge that LRMPs can be amended or revised; however, LRMPS are 
typically in place for 15 years or longer, and the Service, other Federal and State agencies, and 
the public would have opportunities to comment on any proposed amendments or revisions to 
LRMPs through the NEPA process. Therefore, we expect that both the OWNF and CNF will 
continue managing for lynx and their habitat into the future regardless of their listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Warming – As in other units, continued climate warming is projected to cause northward 
and upward shifts in spruce-fir habitats and loss of snow conditions thought to favor lynx. 
Recent warming likely contributed to recent increases in wilfire activity in this unit and is likely to 
continue to do so in the future. Westerling et al. (2006, pp. 942-943) compiled information on 
large wildfires in the western United States from 1970-2004 and found that large wildfire activity 
has increased significantly from the mid-1980s with higher large-wildfire frequency, longer 
wildfire duration, and longer wildfire seasons. The greatest increases occurred in high elevation 
forest types including lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). 
They also found that fire exclusion had little impact on natural fire regimes. Rather, climate 
appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
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least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
  
Climate change, in addition to potentially affecting fire return intervals, fire severity (intensity, 
size), and insect outbreaks, is likely to affect the amount of precipitation falling as snow at 
elevations typically supporting lynx habitat in this geographic unit. 
 
Climate change is also expected to impact the quantity, quality, and duration of snow in the 
Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific 
Northwest using data collected by weather stations from 1930 to 1995, determined that the 
temperature increased in the Pacific Northwest, and more precipitation fell in the spring and 
summer months, especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, 
pp. 2-3) determined that an increasing temperature and precipitation trend from 1950 to 2000 is 
correlated with a 40 percent decrease in the snow water equivalent in the Cascades. Mote et al. 
(2005, p.45) determined that the Cascades are very sensitive to temperature changes, with 
large increases in temperature potentially resulting in significant declines in snowpack. 
Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined that the Cascade 
snowpack has declined by up to 40 percent in the latter half of the twentieth century, which 
resulted from increased temperatures. Furthermore, temperatures are predicted to continue 
increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to cause further 
and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). Continued 
declines of snowpack in the Cascades through 2025 are predicted to range from 9 percent 
(Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 
2486), which may also affect lynx densities supported in the Cascades.  
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx Workshop 
Report 2016, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, 
coupled with increasing wildfire risk, the potential for the Cascades to support a viable lynx 
population may be further reduced because of projected climate-mediated decreases in snow 
quantity and quality. Overall, our review of the published literature on this subject leads the Core 
Team to conclude that climate change does indeed pose the greatest risk to the long-term 
persistence of lynx, including within this geographic unit. 
  
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term and at mid-century, but a lower probablility of doing so, with more 
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uncertainty, by the end of the century. As described above, the potential effects of climate 
change on the quantity and quality of snow, as well as the projected northward and upslope 
movement of spruce-fir and subalpine fir forests are likely to result in further fragmentation and 
reduction of lynx habitat within this geographic unit by the end of the century. More fragmented 
and smaller habitat patches are likely to support a smaller and more isolated lynx population 
that will be more vulnerable to stochastic environmental and demographic events. Over the past 
25 years, wildfires have reduced lynx habitat in this geographic unit by almost 40 percent and 
likely reduced its carrying capacity for lynx by a similar amount. Additional future losses of lynx 
habitat resulting from climate-driven increases in wildfire size, frequency, and intensity may 
pose the greatest near-term threat to the persistence of this population. Connectivity between 
this unit and Canada is likely to remain intact in the future. Because lynx are highly mobile and 
able to traverse large areas of non-lynx habitat, we do not anticipate that climate change, in and 
of itself, will significantly affect connectivity between this geographic unit and the larger lynx 
population in southern British Columbia. This connectivity may contribute to maintaining a 
persistent, albeit smaller, lynx breeding population in this geographic unit into the future. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refugia from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent, and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Some experts suggested that 
lynx emigrating to this unit from Colorado could occupy such improved habitats in the near 
future. Colorado lynx have made exploratory movements into the GYA in summer months, and 
analysis of available data could improve our understanding of Colorado lynx movement into and 
use of the GYA. It is possible that lynx from Colorado are maintaining or could maintain lynx in 
GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent 
(median = 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of 
the century (figure 12, below). Unlike other units, the expert graphs for this unit were widely 
variable and had different outcomes and high uncertainty at all time frames. This was the only 
unit for which most experts believed the current probability of persistence is low (i.e., that it is 
uncertain whether this area currently supports a resident lynx population). Some experts 
increased probability of persistence into mid-century based on the possibility that large areas 
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impacted by the 1980s-era wildfires may by then regenerate into hare/lynx habitat, and on 
possible continued dispersal of lynx from Colorado into this unit. Unlike other units, where 
expert confidence in their predictions was initially high but decreased greatly beyond mid-
century, expert uncertainty in this unit was high for all timpe periods and was related to 
uncertainty about whether resident lynx currentlyoccur in the GYA. 

 
Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of 5 years of monitoring to 
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assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous United States, including this geographic unit. 
Also as noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this 
chapter, current Federal management restricts, with few exceptions, fire management (fuels 
reductions, prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such 
activities and wildfire response to conserve and restore lynx and hare habitats. We expect such 
conservation-focused fire management to continue and, therefore, to benefit lynx rather than to 
affect them detrimentally in the future. 
  
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States Nonetheless, as elsewhere in the DPS, immigration 
may influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 



 

214 
 

immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may occur as 
several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and hares may be declining in ski areas. Ski areas 
tend to expand and may, therefore, have larger impacts on lynx in the future. There is some 
evidence of lynx using ski areas in summer months but avoiding them during the ski season. 
Two-thirds to three-quarters of the lynx in this unit are in the southern portion of the range in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) in Colorado that has not 
been well surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent 
(median = 80 percent) at mid-century, and 20 to 70 percent (median = 50 percent) at the end of 
the century (figure 13, below). Most experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with uncertainty increasing 
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substantially over time; however, experts also expressed substantial uncertainty over the near- 
and mid-term. 
 

 
Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of potential lynx habitat in Colorado, of which, only 5 
percent is in Federal ownership. Other ownerships include state, county, municipal, etc., and 
private lands. Some BLM resource management plans have not been amended to include 
conservation specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow 
forest extensions connected to larger blocks of habitat on adjacent USFS lands. Generally these 
extensions are insufficient on their own to support a lynx home range. However, the Gunnison 
Field Office is the only BLM unit that contains sufficient habitat to map and identify LAUs. 

Comment [ZJ218]: Little actual “evaluation” 
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The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on non-Federal ownerships within lynx habitat is unlikely 
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to cause significant concern for lynx conservation in Colorado through the remainder of the 
century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable or non-
existent for much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low in this unit. Further, the naturally limited and fragmented habitats 
and generally low hare densities, which were apparently incapable of supporting persistent 
resident populations historically, are likely to worsen with continued climate warming. This unit’s 
greater distance and relative isolation from other lynx populations in the DPS and Canada, 
which may have prevented dispersing lynx from reaching this unit during the unprecedented 
irruptions from Canada into the northern contiguous United States in the early 1960s and early 
1970s, also casts doubt on the likelihood that this unit will receive the demographic and genetic 
support from the north that is thought to be important to the maintenance of DPS populations. 
Because of these factors and uncertainties, we doubt that resident lynx will persist in this unit 
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through the end of the century, although we concur with experts that lynx will persist over the 
short-term and possibly until mid-century. 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
 
Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, persistent snow, which is believed to confer 
a competitive advantage for exploiting its primary prey, the snowshoe hare. Lynx in the 
contiguous United States have ecological requirements similar to those of lynx in Canada and 
Alaska, and throughout the species’ range hare abundance is the primary driver of lynx 
population dynamics. However, the DPS is at the southernmost margin of the species’ range, 
where boreal forests transition to temperate conifer and hardwood forests, and where snow 
conditions and hare abundance generally become less favorable with decreasing latitude. 
Because of this, habitat is less extensive and generally more fragmented within the DPS range 
than in the core of the species’ range in Canada and Alaska. As a result, lynx in the contiguous 
United States are naturally less abundant and more patchily distributed than in the core of the 
range (except during decadal lows in hare population cycles, when both hares and lynx occur 
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temporarily in the north at densities lower than most in the range of the DPS). Maintaining 
connectivity between lynx populations in Canada and the DPS is thought to be important; 
however, whether and if so, to what extent the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we lack precise historical and current 
population-size estimates for all of the geographic units, lynx experts familiar with each unit 
provided their estimates of the number of resident lynx each unit could potentially support. 
 

• Northern Maine (Unit 1) currently contains an unnaturally-high amount of high-quality 
hare habitat; the result of dense confier regeneration following landscape-level 
clearcutting in the 1970s and 1980s in response to a large spruce budworm outbreak. 
This unit currently is thought tosupport the largest resident population in the DPS; 
perhaps 750-1,000 individual lynx (Vashon in Lynx SSA Team 2016a, p. 18), which is 
many more lynx than probably occurred in this unit under historical habitat conditions 
and natural disturbance regimes. 
 

• In Northeastern Minnesota (Unit 2), a resident population ranging from 50-200 lynx 
occupies the Arrowhead Region of the State (Moen in Lynx SSA Team 2016a, p. 19); 
the number of resident lynx that occurred historically in this unit is unknown, but there is 
no information to suggest that it was substantially larger than the current population. 
 

• Northwestern Montana and northeastern Idaho (Unit 3) could potentially support 200-
300 resident lynx (Squires in Lynx SSA Team 2016a, p. 41); no estimate of historical 
population size is available for this unit. 
 

• In North-central Washington (Unit 4), extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 85-125 lynx 
before the large fires to less than half of that (roughly 40-55 lynx) currently (Maletzke in 
Lynx SSA Team 2016a, p. 21; Lewis 2016, pp. 5-6). 
 

• The Greater Yellowstone Area (GYA, Unit 5) is thought by some to have historically 
supported a small resident population, but the possibility that resident lynx occurred only 
ephemerally in this unit cannot be ruled out based on analysis of verified historical 
records. No lynx have been documented in the GYA since 2010, and currently this unit 
likely supports fewer than 10 (and perhaps 0) resident lynx (Squires in Lynx SSA Team 
2016a, p. 45). 

Comment [ZJ223]: Check these numbers 
with ch. 4 and 5. 
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• Our analysis of verified records suggests that lynx may have occurred only ephemerally 

in the Southern Rockies of western Colorado (Unit 6); however, it is possible that this 
unit historically supported a small resident population that, for reasons that remain 
unclear, became extirpated in the second half of the last century. Since the release of 
218 Canadian and Alaskan lynx into the San Juan Mountains of southwestern Colorado 
from 1999-2006 and subsequent reproduction among some of these lynx and several 
generations of their offspring, resident lynx, perhaps numbering 100-250 individuals 
(Ivan in Lynx SSA Team 2016a, p. 47), currently occupy parts of this geographic unit. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
  

Comment [ZJ224]: Responsive to several 
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Other stressors affect lynx in 1 or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of over a third of lynx habitat, likely 
reducing this unit’s current lynx population and potentially compromising its current ability to 
support a resident population until habitats recover. Increased wildfire activity also has impacted 
lynx habitats in the other western geographic units (Northwestern Montana/Northeastern Idaho, 
the GYA, and Western Colorado), but the extent to which it may have influenced the current 
condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter the timing 
and magnitude of lynx dispersal from Canada into the contiguous United States. If lynx 
populations in the DPS depend on immigration from Canada which is no longer occurring or has 
been substantially reduced relative to historical conditions, population declines and an 
increased likelihood of extirpation among resident DPS populations would be expected. 
However, whether, and if so to what extent, these climate-mediated factors have influenced 
current lynx numbers, other demographic parameters, and/or habitat quality and distribution is 
uncertain and has not been quantified across the range of the DPS or in individual geographic 
units. Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in 
the DPS at some point in the future. 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016a, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
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about the rate of decline increasing with time from the present. The loss of resident lynx from 1 
or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, potential competitors 
are likely to outcompete and displace lynx. This in turn would reduce lynx abundance and 
density within populations, making populations more susceptible to stochastic events. 
 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
1 or more of the individual geographic units (especially the possibility of additional large wildfires 
in north-central Washington), thereby reducing redundancy within the DPS. However, as long as 
resident lynx remain geographically well-distributed in 1 or more units within the DPS, 
extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
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How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
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Although all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts to continue to do so through mid-century, only 1 
(Northwestern Montana/Northeastern Idaho) had a median expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (Lynx SSA Team 2016a, pp. 36-49, 58). The median expert-estimated persistence 
probablilities suggested a 50 percent or greater probability of functional extirpation (i.e., no 
longer capable of supporting resident lynx populations) for all other geographic units by the end 
of the century, with a moderate to high likelihood that resident lynx could be lost from 2 to 3 
units by then. 
 
Potential elevational refugia may increase the likelihood of persistence in western units, 
although uncertainty remains about the timing of warming-driven upslope movements of 
habitats and snow conditions and the extent to which hare and lynx populations may follow 
them. Regardless, future lynx habitats throughout the DPS range are likely to be smaller and 
more fragmented, and geographic units that are already relatively isolated from other lynx 
populations are likely to become even more isolated in the future. Despite the lack of elevational 
refugia, lynx may also persist at the end of the century in Maine and Minnesota, depending on 
the timing and severity of climate change effects and, in Maine, on trends in forest management 
and other commercial development on private lands. 
 
Uncertainty increases at mid- to late-century concerning the timing and extent of various 
stressors that will affect lynx and hare habitat and snow regimes, especially those related to 
climate change. However, review of the best available science in concert with input from lynx 
experts suggests that the probability of the persistence of resident breeding populations will 
decline in all geographic units, with the negative DPS-wide trajectory continuing to the end of 
the century and, with no evidence to the contrary, beyond that time frame. Our evaluation 
generally concurs with the expert input we received. We believe that lynx populations and 
habitats in the DPS will decline over time largely as a result of continued climate warming and 
associated impacts, which are likely to exacerbate the potential adverse effects of other factors 
(e.g., forest management, competition from other hare predators). 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx through mid-
century in most of the 5 geographic units that currently support them. However, we believe it is 
very unlikely that resident lynx populations will persist through the end of this century in all of the 
geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from 2 to 3 (of 5) units more likely than 
not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from 1 or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
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reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. With continued and unmitigated climate warming and projected northward and upslope 
contractions in snowy boreal forest habitats, it seems likely that at some point in the future the 
Contiguous United States may no longer be capable of supporting resident lynx populations. 
However, because there is great uncertainty in the magnitude and timing of these changes, it is 
impossible to predict when the DPS may become extirpated. 
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Good catch.  I just looked it up in the database and there was a typo in the due date - we had it
as 2016.  I've fixed it, so it should show up in that report when we run it now.  

Marj has asked us not to include it on any of the delisting/downlisting work planning
documents though, so we don't get ahead of the 5 year review.  

Sarah Backsen
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

On Fri, Jul 14, 2017 at 2:36 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
I would think Canada Lynx 5 yr review should be on that 90 days out report. We're shooting
for Aug. 

Justin Shoemaker
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U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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would include Preble's as it's just a 90-day finding on a delisting petition (and we found it
not substantial).

Deseret milkvetch proposed delisting (Utah FO) - September 2017
Water howellia proposed delisting (Montana FO) - December 2017
Colorado butterfly plant proposed delisting (Wyoming FO) - January 2018
American burying beetle petition finding (Region 2 lead, extends into KS, NE, SD)
- October 2017
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Sarah/Justin;  Matt wants upcoming delisting actions from MT, ND, SD, and CO included as well.
 from the attached summary, I see water howellia (MT) and prebles jump. mouse (CO) as
forthcoming on the delisting workload.  Marj also mentioned ABB (i think it slips into SD...is that
correct?).  Can either of you think of anything else?

Kevin Shelley, Supervisor
U.S. Fish and Wildlife Service 
3425 Miriam Ave. 
Bismarck, ND 58501
Office: 701.355.8512   Mobile: 701.989.4233
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Executive Summary 
 

 This Wildlife Research Report represents summaries (<5 pages each or including short 
subsections) of wildlife research projects conducted by the Mammals Research Section of Colorado Parks 
and Wildlife (CPW) from July 2014 through June 2015.  These research efforts represent long term 
projects (4 – 10 years) in various stages of completion addressing applied questions to benefit the 
management of various mammal species in Colorado.  In addition to the research summaries presented in 
this document, more technical and detailed versions of most projects (Annual Federal Aid Reports) and 
related scientific publications that have thus far been completed can be accessed on the CPW website at 
http://cpw.state.co.us/learn/Pages/ResearchMammalsPubs.aspx or from the project principal investigators 
listed at the beginning of each summary. 

Current mammal research projects address various aspects of wildlife management and ecology 
to enhance understanding and management of wildlife responses to various habitat alterations, human-
wildlife interations, and investigating improving approaches to wildlife management.  The Mammal 
Conservation Section addresses mammal and breeding bird responses to the recent bark beetle outbreak 
influencing about 3.7 million acres of spruce and pine forests in Colorado and preliminary results of lynx 
monitoring in the San Juan Mountain Range of southwest Colorado.  The Ungulate Conservation section 
includes 3 projects addressing mitigation approaches to benefit mule deer exposed to energy development 
activities, an assessment of potential factors influencing mule deer recruitment the past 40 years, and an 
evaluation of moose demographic parameters that will inform future management of this recently 
established ungulate species in Colorado.  The Predatory Mammal Conservation section addresses 
improved understanding and management approaches to address black bear and mountain lion-human 
interactions, evaluation of sport harvest for mountain lion management, and assessment of non-invasive 
sampling methods to estimate abundance, diet composition, and age class distribution of carnivore 
populations.  The Support Services section describes the CPW library services to provide internal access 
of CPW publications and online support for wildlife and fisheries related publications. 

We have benefited from the numerous collaborations that support these projects and the 
opportunity to work with and train wildlife technicians and gradute students that will enhance wildlife 
management and ecology in the future.  Research collaborators include the CPW Wildlife Commission, 
statewide CPW personnel, Federal Aid in Wildlife Restoration, Colorado State University, Idaho State 
University, University of Wisconsin-Madison, the Buerau of Land Management, City of Boulder, 
Boulder and Jeffereson County open space, City of Durango, Big Horn Sheep and Moose Auction/Raffle 
Grants, Species Conservation Trust Fund, GOCO YIP Internship program, Safari Club International, 
Boone and Crocket Club, Colorado Mule Deer Association, The Mule Deer Foundation, Wildlife 
Conservation Society, SummerLee Foundation, EnCana Corp., ExxonMobil/XTO Energy, Marathon Oil, 
Shell Exploration and Production, WPX Energy, and private land owners who have provided access for 
research projects.  
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Mammal and breeding bird response to bark beetle outbreaks in Colorado 
 

Period Covered:   July 1, 2014 − June 30, 2015 
 
Principal Investigators:   Jacob S. Ivan, Jake.Ivan@state.co.us; Amy Seglund, Amy.Seglund@state.co.us ;  
 

All information in this project summary is preliminary and subject to further evaluation.  
Information MAY NOT BE PUBLISHED OR QUOTED without permission of the principal 

investigator.  Manipulation of these data beyond that contained in this summary is discouraged.   
 

Mountain pine beetle (Dendroctonus ponderosae) and spruce beetle (Dendroctonus rufipennis) 
infestations have reached epidemic levels in Colorado, impacting approximately 4 million acres since the 
initial outbreak in 1996 (Figure 1).  Though bark beetles are native to Colorado and periodic infestations 
are considered a natural ecological process, the geographic scale of their impact and simultaneous 
infestation within multiple forest systems has never been observed.  This historic outbreak is having 
significant impacts on composition and structure of forest stands that will propagate for decades into the 
future.  The widespread mortality of forested systems in Colorado may have a dramatic, but poorly 
understood effect on wildlife species that depend on these habitats.  The project described here uses 
occupancy estimation to determine which wildlife species (both species of conservation concern and 
game species) decrease their use of an area as bark beetles pass through, which increase their use, and 
which exhibit use similar to levels prior to infestation.   

Statewide sampling was conducted during the summers of 2013 and 2014 (Figure 2).  We 
sampled 150 Engelmann spruce (Picea engelmanni)-subalpine fir (Abies lasiocarpa) sites and 150 sites 
consisting mostly of lodgepole pine (Pinus contorta) or lodgepole pine mixed with other conifers.  For 
both strata, sampling covered conditions ranging from sites that have yet to be impacted by bark beetles to 
those that were impacted by beetles more than a decade ago.  At each 1-km2 site, we sampled the 
breeding bird community using the Rocky Mountain Bird Observatory’s protocol for “Integrated 
Monitoring in Bird Conservation Regions” (Hanni et al. 2014).  We sampled the mammal community by 
deploying a remote camera near the center of each sample unit.  Avian data have not yet been analyzed. 

We collected 388,951 photos of 56 species (26 mammalian species).  For the purposes of this 
interim document, we report preliminary results for 3 mammalian species of conservation concern:  
snowshoe hares (Lepus americanus) and red squirrels (Tamiasciurus hudsonicus), which together 
comprise nearly 100% of the diet of the federally listed Canada lynx, and American marten (Martes 
americana), which is a USFS Region 2 sensitive species.  Using Program MARK (White and Burnham 
1999), we fit standard occupancy models (MacKenzie et al. 2006) to data for each species in the 
following manner.  First, we fit a base model with parameters for the spruce-fir or lodgepole stratum, 
percentage of aspen present at the site, canopy cover, shrub cover, amount of down wood, amount of bare 
ground, and three physiographic variables that collectively account for elevation, moisture accumulation, 
and solar radiation at each site.  The purpose of this model was to account for basic occupancy patterns of 
each species in the state irrespective of bark beetles.  Next, we fit additional parameters to the base model 
which allowed occupancy to change in a variety of patterns (e.g., linearly, quadratic, spline, change-point, 
etc.) in relation to time elapsed since a stand was initially impacted by beetles.  We also explored whether 
there was any interaction between response to beetles and stratum and/or response to beetles and the 
severity of the impact (percent of trees that were killed).  We used Akaike’s Information Criterion 
(Burnham and Anderson 2002) to assess fit of these various beetle response models, and model-averaged 
occupancy across the model set to provide a best estimate of response of each species to beetles.    
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Results indicate that snowshoe hares are more likely to use spruce-fir stands than lodgepole 
stands (Figure 3).  There may be a slight increase in use around the time needles drop, followed by a 
steady fall back to ‘green’ forest levels, but in general hare use remained relatively constant for the initial 
decade after bark beetle infestation.  Red squirrel use was similar between the two stand types (Figure 4).  
However, best fitting models included an interaction between severity of the beetle outbreak and response 
of red squirrels.  In areas of low severity, response was minimal (Figure 4a).  However, in areas of high 
severity, red squirrel use was 25−35% lower (Figure 4b). Use of the two stand types by marten was 
similar and relatively invariant to beetle impact (Figure 5).  
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Figure 1.  Current (2014) extent of mountain pine beetle (red) and spruce beetle (purple) infestations in 
spruce/fir (blue-green) and lodgepole pine (bright green) forests in Colorado.  Bark beetle data were 
collected via USFS aerial surveys. 
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Figure 2.  Sites sampled via point counts and remotes cameras to assess impacts of bark beetle 
infestations on breeding bird and mammal species in spruce/fir (blue-green, N = 150) and lodgepole pine 
(bright green, N = 150) stands in Colorado, 2013−2014. 
 
 

 
 
Figure 3.  Snowshoe hare occupancy (i.e., use) of stands in relation to stage of infestation by bark beetles.  
‘Green’ forests are those that have not yet been impacted.  ‘Red’ forests are recently impacted; dead 
needles remain on trees.  ‘Silver’ forests were impacted more distantly in the past and needles have fallen.  
Numbers in parentheses approximately correspond to the number of years that have passed since trees 
initially turned red.     
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Figure 4.  Red squirrel occupancy (i.e., use) of stands in relation to the number of years since initial 
infestation by bark beetles.  Use of spruce-fir and lodgepole stands is generally similar and remains stable 
for stands that are lightly impacted by beetles (a; 25% dead).  However, red squirrel occupancy is reduced 
by 25-35% in stands that are heavily impacted (b; 75% dead). 

a) 

b) 
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Figure 5.  American marten occupancy (i.e., use) of stands in relation to stage of infestation by bark 
beetles.  Use does not vary appreciably by stand type, and remains stable through time as bark beetles 
pass over an area. 
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Colorado Parks and Wildlife 

WILDLIFE RESEARCH PROJECT SUMMARY 
 

Canada Lynx Monitoring in Colorado 
 
Period Covered:   July 1, 2014 − June 30, 2015 
 
Principal Investigators:   Jacob S. Ivan, Jake.Ivan@state.co.us; Eric Odell, Eric.Odell@state.co.us;     

Scott Wait, Scott.Wait@state.co.us   
 

All information in this project summary is preliminary and subject to further evaluation.  
Information MAY NOT BE PUBLISHED OR QUOTED without permission of the principal 

investigator.  Manipulation of these data beyond that contained in this summary is discouraged.   
 

In an effort to restore a viable population of Canada lynx (Lynx canadensis) to the southern 
portion of their former range, 218 individuals were reintroduced into Colorado from 1999−2006.  In 2010, 
the Colorado Division of Wildlife (now Colorado Parks and Wildlife [CPW]) determined that the 
reintroduction effort met all benchmarks of success, and that the population of Canada lynx in the state 
was apparently viable and self-sustaining.  In order to track the persistence of this new population and 
thus determine the long-term success of the reintroduction, a minimally-invasive, statewide monitoring 
program is required. 

During 2014-2015 we implemented a portion of the statewide monitoring scheme described in 
Ivan (2013).  Specifically, we sampled 50 75-km2 units selected at random from a population of 179 units 
that collectively encompassed potential lynx habitat in the San Juan Mountain Range of southwest 
Colorado (Fig. 1).   Of the 50 sample units, 19 were sampled via snow tracking surveys conducted 
between January 1 and March 31.  On each of 3 independent occasions, survey crews searched roadways 
(paved roads and logging roads) and trails for lynx tracks.  Crews searched the maximum linear distance 
of roads possible within each survey unit given safety and logistical constraints.  Each survey covered a 
minimum of 10 linear kilometers distributed across at least 2 quadrants of the unit.  The remaining 31 
units could not be surveyed via snow tracking because they occurred in wilderness or were otherwise 
inaccessible.  Survey crews deployed 4 passive infrared motion cameras in each of these units during fall 
2014.  Cameras were baited with visual attractants and scent lure to enhance detection of lynx living in 
the area.  Cameras were retrieved during summer 2015 and all photos were archived and viewed by at 
least 2 observers to determine species present in each.  Camera data were then binned such that each of 5 
30-day periods from December 1 through April 30 was considered an ‘occasion,’ and any photo of a lynx 
obtained during a 30-day period was considered a detection during that occasion.      

Crews covered a total of 884 km during snow tracking surveys − 697 km by snow machine, 140 
km by vehicle, and 47 km by snowshoe.  Mean distance surveyed per occasion was 20 km.  Lynx were 
detected at seven snow tracking units (Figure 1).  Scat or hair samples were collected from seven of the 
12 lynx tracks discovered (tracks were discovered at some units on >1 occasion) and are pending genetic 
analysis to confirm that tracks were from lynx.  Camera sets yielded 134,695 photos of which 302 were 
lynx.  Lynx were detected at 27 cameras in seven camera units (Figure 1).  Of note, resident lynx were 
documented for the first time in the LaGarita Mountains north of Creede.  Similarly, resident lynx were 
documented about 15 km from the New Mexico border in the South San Juans, an area rarely used by 
resident animals in the past.  In both cases, lynx were detected at camera sets.  Also, adult females with 
kittens were detected at cameras in units near Silverton and Platoro Reservoir, thus documenting that at 
least some reproduction occurred in the study area. 

Using Program MARK  (White and Burnham 1999), we standard occupancy models (MacKenzie 
et al. 2006) to our survey data to estimate the probability of a unit being occupied (or used) by lynx over 
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the course of the winter.  ‘Survey method’ was treated as a group so that we could, based on previous 
work, 1) allow detection probability to vary by survey method and 2) include a breeding season effect for 
detection at cameras (lynx tend to move more in late winter when they begin to breed, and thus should 
encounter cameras more often).  We also considered a suite of covariates that could potentially explain 
variation in occupancy including proportion of the unit that was covered by spruce/fir forest, proportion 
covered by modeled lynx habitat (Ivan et al. 2011), average years since bark beetle infestation, variability 
(standard deviation) in years since bark beetle infestation, proportion of the unit that was burned during 
Summer 2013, occupancy status of neighboring units, and the number of photos of other species that 
could potentially impact presence of lynx (e.g., snowshoe hares as a food source, coyotes as potential 
competitors).  For the purposes of model-fitting, we included data from both the pilot study (2010-2011) 
and first year of implementation (2014-2015) to maximize the information estimates were based on.  
‘Year’ was treated as a group variable in this case to obtain a separate occupancy estimate for each effort.  
We limited our model set by considering only combinations of two of these covariates on ψ (occupancy 
probability), in addition to the two covariates on detection. 

The best-fitting model characterized occupancy as a function of 2 covariates: the proportion of 
the sample unit covered by spruce-fir forest and the number of photos of hares recorded at camera stations 
(Table 1).  In both cases, the association was positive, indicating that the probability of lynx use increased 
with more spruce-fir and more hares.  Other covariates appear in top models with spruce-fir, but addition 
of these covariates did not improve AICc scores beyond the model with spruce-fir only (Table 1).  This 
phenomenon indicates that these other variables were not as informative.  Of these less informative 
variables, lynx occupancy was negatively associated with bobcat use and proportion of the unit burned 
but positively associated with the proportion of mapped lynx habitat in the unit; there was no discernible 
association with any other species and no relationship between lynx occupancy and impact by bark 
beetles.  Detection probability was relatively high for snow tracking surveys (p = 0.56, 95% confidence 
interval: 0.41−0.69), and low for monthly camera surveys (p = 0.24, 95% confidence interval: 0.12−0.41) 
during December−February, although detection increased to 0.41 (95% confidence interval: 0.21−0.65 
during breeding season (March and April) as expected.  For winter 2014-2015 we estimated that 29% of 
the sample units in the San Juans were occupied by lynx (95% confidence interval: 0.15 − 0.48).  
Occupancy estimates from the 2014-2015 monitoring effort were similar to those obtained during pilot 
research work in 2010-2011 but the sampling frames were different between the 2 years so results are not 
directly comparable (Figure 2). 
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Figure 1.  Lynx monitoring results for 2014-2015, San Juan Mountains, southwest Colorado.  Colored 
units (n = 50) indicate those selected at random from the population of units (n = 179) encompassing lynx 
habitat in the San Juan Mountains.  Blue units were surveyed via snow tracking; orange units were 
surveyed via deployment of four cameras per unit during winter months.  Lynx were detected in 14 of the 
sampled units. 
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Figure 2.  Model-averaged occupancy estimates for lynx in the San Juan Mountains, southwest Colorado.  
‘Year’ indicates when the efforts were initiated (2010-11, 2014-15).  
 
 
Table 1.  Model selection results for lynx monitoring data collected in the San Juan Mountains, Colorado, 
2014-2015.  Rankings are based on Akaike’s Information Criterion adjusted for small sample size (AICc).  
Fourteen variables were considered as covariates to inform estimation of occupancy (ψ).  The complete 
model set (n = 64) included all combinations of two, in addition to modeling detection (p) as a function of 
survey method and breeding season.  Only the best 10 models are shown. 
 
Model AICc ΔAICc AICc Wts No. Par. 
ψ(Year + SpruceFir +Hare)p(Method + Breeding) 281.4 0.0 0.35 7 
ψ(Year + SpruceFir)p(Method + Breeding) 283.8 2.4 0.10 6 
ψ(Year + SpruceFir + Bobcat)p(Method + Breeding) 284.2 2.8 0.09 7 
ψ(Year + SpruceFir + Coyote)p(Method + Breeding) 284.6 3.2 0.07 7 
ψ(Year + PropLynxHabitat + Hare)p(Method + Breeding) 285.5 4.1 0.04 7 
ψ(Year + SpruceFir + PropBurn)p(Method + Breeding) 285.6 4.2 0.04 7 
ψ(Year + SpruceFir + Fox)p(Method + Breeding) 285.6 4.2 0.04 7 
ψ(Year + SpruceFir + Cougar)p(Method + Breeding) 285.7 4.3 0.04 7 
ψ(Year + SpruceFir + AvgBeetleKill)p(Method + Breeding) 286.0 4.6 0.03 7 
ψ(Year + SpruceFir + SDBeetleKill)p(Method + Breeding) 286.1 4.7 0.03 7 
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Colorado Parks and Wildlife 

WILDLIFE RESEARCH PROJECT SUMMARY 
 

Population performance of Piceance Basin mule deer in response to natural gas resource extraction 
and mitigation efforts to address human activity and habitat degradation 

 
Period Covered:   July 1, 2014 − June 30, 2015 
 
Principal Investigator:   Charles R. Anderson, Jr., Chuck.Anderson@state.co.us  
 
Collaborators:  Colorado Parks and Wildlife, BLM-White River Field Office, Idaho State University, 
Colorado State University, Federal Aid in Wildlife Restoration, EnCana Corp., ExxonMobil Prod. 
Co./XTO Energy, Marathon Oil Corp., Shell Petroleum, WPX Energy, Colorado Mule Deer Assn., 
Colorado Mule Deer Found., Colorado State Severance Tax Fund, Boone & Crocket Club, and Safari 
Club Int. 
 

All information in this project summary is preliminary and subject to further evaluation.  
Information MAY NOT BE PUBLISHED OR QUOTED without permission of the principal 

investigator.  Manipulation of these data beyond that contained in this summary is discouraged.   
 

We propose to experimentally evaluate winter range habitat treatments and human-activity 
management alternatives intended to enhance mule deer (Odocoileus hemionus) populations exposed to 
energy-development activities.  The Piceance Basin of northwestern Colorado was selected as the project 
area due to ongoing natural gas development in one of the most extensive and important mule deer winter 
and transition range areas in Colorado.  The data presented here represent the first 5 pretreatment years 
and 3 years post treatment of a long-term study addressing habitat improvements and evaluation of energy 
development practices intended to improve mule deer fitness in areas exposed to extensive energy 
development. 

We monitored 4 winter range study areas representing varying levels of development to serve as 
treatment (North Magnolia, South Magnolia) and control (North Ridge, Ryan Gulch) sites (Fig. 1) and 
recorded habitat use and movement patterns using GPS collars (≥5 location attempts/day), estimated 
neonatal and overwinter fawn and annual adult female survival, estimated early and late winter body 
condition of adult females using ultrasonography, and estimated abundance using helicopter mark-resight 
surveys.  During this research segment, we targeted 240 fawns (60/study area) and 120 does (30/study 
area) in early December 2014 for VHF and GPS radiocollar attachment, respectively, and attempted 
recapture of 120 does in March 2015 (all captures = 26-32/study area) for late winter body condition 
assessment.  Winter range habitat improvements completed spring 2013 resulted in 604 acres of 
mechanically treated pinion-juniper/mountain shrub habitats in each of the 2 treatment areas (Fig. 2) with 
minor and extensive energy development, respectively.  Post-treatment monitoring will continue for 3 
years to provide sufficient time to measure how vegetation and deer respond to these changes. 

Based on data collected during the 5-year pretreatment phase and 3 years post-treatment: (1) 
annual adult survival was consistent among areas averaging 79-87% annually, but overwinter fawn 
survival was variable, ranging from 48% to 95% within study areas, with annual and study area 
differences primarily related to annual weather conditions; (2) migratory mule deer selected for areas with 
increased cover and increased their rate of travel through developed areas, and avoided negative 
influences through behavioral shifts in timing and rate of migration, but did not avoid development 
structures (Fig. 3); (3) mule deer body condition early and late winter was consistent within areas, with 
higher variability among study areas early winter, which was likely related to seasonal moisture within 
areas and relative forage capacity among areas; (4) mule deer exhibited behavioral plasticity in relation to 
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energy development, where disturbance distance varied relative to diurnal extent and intensity of 
development activity (Fig. 4), which may provide for several options in future development planning; (5) 
mule deer densities appear to be increasing in 3 of 4 areas, with a stable population in North Ridge (Fig. 
5); and (6) post treatment vegetation responses have been promising with evidence of improved forage 
conditions, but longer term monitoring will be required to address the full potential of habitat mitigation 
efforts.  We will continue to collect population and habitat use data across all study sites to evaluate the 
effectiveness of habitat improvements on winter range.  This approach will allow us to determine whether 
it is possible to effectively mitigate development impacts in highly developed areas, or whether it is better 
to allocate mitigation efforts toward less or non-impacted areas. 

In collaboration with Colorado State University, we are also monitoring neonate survival in 
relation to energy development from all study areas. This will allow us to include neonatal data to other 
demographic parameters for improved evaluation of mule deer/energy development interactions.  Results 
from the neonate survival component of the project should be available in next year’s annual report. 

The study is slated to run through 2018 to allow sufficient time for measuring mule deer 
population responses to landscape level manipulations.  A more detailed version of this project summary 
and information about recent publications from this effort can be accessed at: 
http://cpw.state.co.us/Documents/Research/Mammals/Publications/AndersonPiceanceDeer_W185-
R14_ProgressReport_2014-15.pdf 

 
 

 
 
Figure 1.  Mule deer winter range study areas relative to active natural gas well pads and energy 
development facilities in the Piceance Basin of northwest Colorado, winter 2013/14 (Accessed 
http://cogcc.state.co.us/ Dec. 31, 2013). 
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Figure 2.  Habitat treatment site delineations in 2 mule deer study areas (604 acres each) of the Piceance 
Basin, northwest Colorado (Top; cyan polygons completed Jan. 2011 using hydro-axe; yellow polygons 
completed Jan. 2012 using hydro-axe, roller-chop, and chaining; and remaining polygons completed April 
2013 using hydro-axe).  January 2011 hydro-axe treatment-site photos from North Hatch Gulch during 
April (Lower left, aerial view) and October, 2011 (Lower right, ground view). 
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Figure 3.  Mule deer study areas in the Piceance Basin of northwestern Colorado, USA (Top), spring 
2009 migration routes of adult female mule deer (n = 52; Lower left), and active natural-gas well pads 
(black dots) and roads (state, county, and natural-gas; white lines) from May 2009 (Lower right; from 
Lendrum et al. 2012; http://dx.doi.org/10.1890/ES12-00165.1). 
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Figure 4.  Posterior distributions of population-level coefficients related to natural gas development for 
RSF models during the day (top) and night (bottom) for 53 adult female mule deer in the Piceance Basin, 
Northwest Colorado.  Dashed line indicates 0 selection or avoidance (below the line) of the habitat 
features.  ‘Drill’ and ‘Prod’ represent drilling and producing well pads, respectively.  The numbers 
following ‘Drill’ or ‘Prod’ represent the distance from respective well pads evaluated (e.g., ‘Drill 600’ is 
the number of well pads with active drilling between 400–600 m from the deer location; from Northrup et 
al. 2015; http://onlinelibrary.wiley.com/doi/10.1111/gcb.13037/abstract).  Road disturbance was 
relatively minor (~60 – 120 m, not illustrated above). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Mule deer density estimates and 95% CI (error bars) from 4 winter range herd segments 
in the Piceance Basin, northwest Colorado, late winter 2009–2015. 
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Colorado Parks and Wildlife 

WILDLIFE RESEARCH PROJECT SUMMARY 
 

Quantifying loss and degradation of mule deer habitat across western Colorado 
 
Period Covered:   July 1, 2014 − June 30, 2015 
 
Principal Investigator:   Heather E. Johnson, Heather.Johnson@state.co.us  
 
Project Collaborators: Sarah E. Reed, Jessica R. Sushinsky, Andy Holland, Trevor Balzer, Jim Garner, 
Eric Bergman 
 

All information in this project summary is preliminary and subject to further evaluation.  
Information MAY NOT BE PUBLISHED OR QUOTED without permission of the principal 

investigator.  Manipulation of these data beyond that contained in this summary is discouraged.   
 

Background 
In recent decades, mule deer populations have declined across the western U.S., causing wildlife 

management agencies to seek factors limiting deer performance and strategies to increase their population 
sizes. The trend of declining mule deer populations has been primarily attributed to loss and degradation 
of deer habitat, through mechanisms such as urban/exurban development, resource extraction, roads and 
vehicular traffic, and changing patterns in weather and plant productivity. Other factors have also been 
implicated in contributing to deer declines, such as predation, interspecific competition with elk, and 
disease, but these factors have not been associated with much empirical support. While wildlife managers 
are well aware that different habitat factors can negatively affect deer populations, there is no information 
on their relative or cumulative impacts. In a report to the Colorado state legislature in 2001 titled, 
“Declining mule deer populations in Colorado: reasons and responses” Gill (2001) concluded that habitat 
factors had likely taken the greatest toll on deer populations but that there was no information quantifying 
the extent of habitat loss or deterioration across the state; critical information that is still lacking today.  

To address this issue, we conducted the first spatial and temporal analysis of landscape changes 
that have occurred to mule deer habitat across western Colorado (west of Interstate 25). Specifically, our 
objectives were to 1) quantify the annual changes that had occurred across the DAU and within winter 
and summer ranges relative to residential development, energy development, wildfire, plant productivity 
and weather conditions, and 2) test for associations between those changes in habitat conditions and deer 
recruitment. During FY2013-2014 we quantified changes that had occurred within mule deer ranges for 
each habitat factor (see Johnson et al. 2014), and in FY2014-15 we tested for associations between those 
factors and patterns in deer recruitment. In this summary we report findings with respect to residential 
development, energy development and climate conditions using data collected between 1980 and 2010. 
These habitat factors had consistent data available across this time period, years when major changes in 
both landscape conditions and deer populations occurred.  
Methods 

To quantify changes in residential development, energy development and climate conditions 
across western Colorado we were limited to coarse data types with high temporal and spatial extents. We 
tracked changes in residential development using the Spatially Explicit Regional Growth Model dataset 
(Bierwagen et al. 2010), which estimates changes in areas of rural, exurban, suburban and urban housing 
units over time (100m resolution). We obtained information on energy development from the Colorado 
Oil and Gas Conservation Commission, and used the date of first activity to monitor increases in the 
number of wells over the course of the study. Because the exact impact area for each well was unknown, 
we calculated areas within deer ranges that were within 2700m of oil and gas wells (100m resolution), 
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based on Sawyer et al. (2006) that demonstrated mule deer avoidance within that distance. To assess 
climatic patterns that may influence deer recruitment, we used historic data from the Parameter-elevation 
Regressions on Independent Slopes Model (www.prism.oregonstate.edu). The model depicts precipitation 
and temperature on a monthly basis (800m resolution), which we used to calculate several metrics 
hypothesized to affect recruitment: average June minimum temperature, June precipitation, summer 
precipitation (May-Sep), average summer maximum temperature (Jun-Aug), winter precipitation (Dec-
Mar) and average winter minimum temperature (Dec-Mar). For more detailed information about the data 
types used in the analysis refer to Sushinsky et al. (2014). 

To examine the influence of development and climate factors on mule deer, we used recruitment 
as our response variable. We chose this demographic parameter because it exhibits high temporal and 
spatial variation, is sensitive to environmental conditions, is minimally influenced by harvest regulations, 
and is typically the most influential vital rate driving population growth. Our measure of fawn recruitment 
was fawn ratios collected annually by CPW personnel. Fawn ratios were observed with post-hunt 
helicopter surveys in each deer DAU in most years. Surveys occurred between 1 December and 15 
January; survey data collected in January were considered data from the previous calendar year (the 
biological birth year of the fawns). During surveys, non-random paths were flown across the winter 
ranges with the purpose of encountering as many deer as possible. All observed deer were counted and 
classified as adult females, fawns or males based on body size and antler morphology. Annual ratios of 
the number of fawns/100 adult females (n = 904 ratios) and the number of males/100 adult females (n = 
901 ratios) for each DAU were calculated from classification data. 

In conducting the analyses, we first estimated changes in habitat conditions across each DAU, 
winter and summer ranges by fitting linear mixed models with “year” as the explanatory variable and 
treating DAU as a random intercept to account for repeated measurements over time. We then tested 
univariate relationships between each habitat variable and recruitment rates (while also testing for lag 
effects), retaining those variables that had 80% confidence intervals non-overlapping zero. From the 
remaining variables, we then checked for multicollinearity. If two variables were highly correlated (r 
>|0.6|) we retained the variable with the higher univariate relationship with recruitment rates (based on t-
values). Our final variable set included total development across the DAU, exurban development on 
winter range, energy development on winter range, winter precipitation, June minimum temperature, June 
precipitation, summer precipitation, the male/female ratio, an interaction between June temperature and 
precipitation, and an interaction between energy development and precipitation on winter range. We used 
linear mixed models (DAU was the random intercept) to test all subsets of these habitat variables in 
predicting fawn recruitment. We used model selection to identify the top models and model averaging to 
estimate standardized and unstandardized coefficients.  
Results 
 Increases in residential housing were significant for all development classes (rural, exurban, 
suburban and urban), particularly on mule deer winter ranges (Fig. 1). Between 1980 and 2010, across all 
DAUs, the proportion of winter range that was associated with residential development (all types) 
increased by an average 0.25%/year (SE=0.01, range = 0 – 0.85%/year), while on summer range it 
increased by an average of 0.18% (SE=0.01, range = 0.02 – 0.65%/year). Both winter and summer ranges 
experienced major increases in rural development, and winter ranges also experienced major increases in 
exurban development. On average, 23.8% of deer winter ranges overlapped with some form of residential 
development in 1980 and 31.2% overlapped with development in 2010; on average, 14.0% of deer 
summer ranges overlapped with development in 1980 and 19.5% in 2010. Changes in development were 
greatest in the Southwest and Southeast regions, driven by increases in the number of rural housing units. 
By 2010 between 0.7% (DAU 1) and 66.0% (DAU 29) of DAU winter ranges overlapped with residential 
development, while between 0.8% (DAU 41) and 46.0% (DAU 34) of summer ranges overlapped with 
development.  

On both winter and summer ranges, energy development significantly increased over time, 
although winter ranges experienced the greatest increase. Between 1980 and 2010, on average, the 
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proportion of winter range associated with a well within 2700 m increased by an average of 0.24%/year 
(SE=0.01; range = 0.0 – 1.4%/year), while on summer range it increased by 0.18%/year (SE=0.01, range 
= 0.0 – 1.9%/year). Across all DAUs the average proportion of winter range within 2700 m of a well was 
16.7% in 1980 and 23.8% in 2010. The average proportion of summer range within 2700 m of a well was 
9.6% in 1980 and 15.6% in 2010. Rates of energy development differed among regions with the 
Northwest and Southeast experiencing the highest rates of increase. By 2010, the proportion of deer 
winter ranges within 2700 m of a well varied among DAUs between 0% (DAUs 14, 18, 25, and 53) and 
79% (DAUs 11 and 12), while summer range varied between 0% (DAUs 18 and 25) and 68% (DAU 11).  

Seasonal temperature metrics significantly increased over time, while seasonal precipitation 
metrics significantly decreased, with the exception of winter precipitation which displayed no temporal 
trend. Between 1980 and 2010, models estimated that on average, June mean minimum temperatures 
increased from 3.91°C to 5.23°C, summer mean maximum temperatures increased from 21.98°C to 
22.58°C, winter mean minimum temperatures increased from -10.72°C to -9.84°C, June precipitation 
decreased from 3.42 cm to 3.00 cm, and summer precipitation decreased from 26.29 cm to 21.42 cm. The 
only metric that showed a significant difference by region was the change in minimum temperatures in 
June, which were much higher in Southwest Colorado than any other region of the state (Table 1).  

The mean fawn ratio across all DAUs over the course of the study was 56.0 fawns/100 adult 
females (SE=13.6), with mean ratios in different DAUs ranging between 42.9 (SE=7.6; DAU 23) and 
76.6 (SE=12.7, DAU 27). Across years, the mean ratio in the Southwest was 50.2 (SE=11.3), in the 
Southeast was 58.5 (SE=16.9), in the Northwest was 60.3 (SE=12.4) and in the Northeast was 64.6 
(SE=14.6; Fig. 2A). Across all DAUs, in 1980 the modeled mean ratio was 65.4 (SE = 1.4) and in 2010 it 
was 50.4 (SE = 1.3). Over the course of the study, recruitment decreased by an average of 0.5 fawns/100 
adult females/year, with the greatest rates of decline in Southwest (-0.66) and Northwest (-0.46) 
Colorado. Rates of change were highly variable among DAUs. Forty DAUs exhibited declining trends 
over time while 4 DAUs exhibited slightly increasing trends, with the rates of change varying between -
8.50 to 0.15 fawns/100 adult females/year (Fig. 2B). In contrast to fawn ratios, the ratio of adult 
male/adult female mule deer significantly increased over the course of the study. In 1980 the mean was 
13.5 adult males/100 adult females (SE = 1.1) and by 2010 the mean was 34.0 adult males/100 adult 
females (SE = 1.0). This increase was influenced by conservative buck harvest strategies implemented 
during the late 1990s. On average the number of adult males/100 adult females increased by 0.68 
males/100 adult females/year (SE=0.03). There was no significant difference in the rate of change in male 
ratios among regions.  

Fawn ratios generally decreased in association with increasing residential development, energy 
development, June temperatures, winter precipitation, and male ratios. Fawn ratios increased in 
association with higher June precipitation, summer precipitation and winter precipitation in the previous 
year (lag effect). The interaction of June temperature and precipitation indicated that cold, dry weather 
had the greatest positive correlation with fawn recruitment, while warm, dry weather had the greatest 
negative correlation with recruitment. The interaction of energy development and precipitation on winter 
range suggested that winter severity had the strongest association with fawn recruitment when 
development was minimal. When a greater proportion of the winter range was impacted by energy 
development, the negative association with winter precipitation dampened. Fawn recruitment was 
predicted to be highest when both winter precipitation and energy development were low. Standardized 
coefficients of the main effects suggested that residential development had the strongest association with 
fawn recruitment (>2 times the magnitude of any other main effect), and fawn ratios were predicted to 
vary by 16 fawns/100 adult females across the observed range of development values. Energy 
development had the second strongest association with recruitment, followed closely by the climate 
variables.  
Conclusions 

Our results indicate that declining trends in mule deer recruitment are correlated with increasing 
residential and energy development on deer ranges, particularly within winter ranges. Recruitment is the 
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primary demographic parameter responsible for ungulate population growth, and thus, factors that reduce 
deer productivity have long-term consequences for overall population performance. Comparing the 
relative magnitude of correlations of human development factors with climate factors, which are well-
known to be important drivers of juvenile survival, we found that residential housing had >2 times the 
magnitude of association of any other factor, and that the association with energy development was 
similar to key climate variables.  

We detected significant relationships between deer recruitment and habitat conditions, but it is 
important to acknowledge drawbacks of our analysis that limit our inference. For example, the 
correlations we detected between recruitment and habitat conditions do not demonstrate causation, as we 
could not experimentally manipulate levels of human development or climate metrics. Additionally, the 
data sources used in this analysis were coarse, limited to those that were available over extensive spatial 
and temporal scales. While development factors were associated with declining recruitment, the specific 
mechanisms responsible for these correlations are largely unknown and will require additional 
investigation. Finally, it is important to remember that this analysis only examined a few factors affecting 
deer habitat, but numerous factors have been associated with demographic trends in deer (i.e., predation, 
disease, competition with native and domestic ungulates, etc).  

Our findings have key implications for the conservation of mule deer across Colorado. Adequate, 
high quality winter range has been speculated to be the primary factor limiting mule deer in the state, and 
our findings generally corroborate this hypothesis. Indeed, development impacts on winter ranges were 
more strongly correlated with declining recruitment than impacts on summer ranges, and increases in both 
development types were greater on winter ranges. Our results suggest that expanding residential and 
energy development on mule deer ranges may not be compatible with the goal of maintaining highly 
productive deer populations, and that additional development may further reduce recruitment rates, and 
potentially, population sizes. Additionally, historic mule deer population objectives may be unrealistic 
given the increased development activity associated with declining fawn recruitment. While additional 
research is needed on the mechanisms driving the correlation between anthropogenic developments and 
declining deer recruitment, wildlife professionals should carefully consider changes to the human 
footprint when specifying long-term population objectives. If healthy mule deer populations are going to 
be maintained across the state, conservation practitioners, policy-makers, and land-use planners will need 
to collectively work to ensure that seasonal habitats, particularly winter ranges, are well preserved.  
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Figure 1. Map of Colorado deer data analysis units (DAUs) and regions (heavy black lines) designated by 
Colorado Parks and Wildlife. DAU colors represent the average annual rate of increase in residential 
development between 1980 and 2010.  
 

 

     
Figure 2. Mean temporal trends between 1980 and 2010 in mule deer recruitment in Colorado by a) 
region and b) deer data analysis unit.  
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Colorado Parks and Wildlife 

WILDLIFE RESEARCH PROJECT SUMMARY 
 

Evaluation and incorporation of life history traits, nutritional status, and browse characteristics in 
Shira’s moose management in Colorado 

 
Period Covered:   July 1, 2014 − June 30, 2015 
 
Principal Investigator:   Eric J. Bergman, eric.bergman@state.co.us  
 

All information in this project summary is preliminary and subject to further evaluation.  
Information MAY NOT BE PUBLISHED OR QUOTED without permission of the principal 

investigator.  Manipulation of these data beyond that contained in this summary is discouraged.   
 
 During November of 2013 we initiated a large scale moose research project in 3 of Colorado 
Parks and Wildlife’s 4 geographical regions.  This project was continued into the 2014–2015 fiscal year.  
During the first year of this project, field efforts were primarily focused on the capture and collaring of 
moose.  These capture efforts were continued into the 2nd year of the study.  Field efforts were also 
expanded to include estimation of parturition rates.  During the second year of the study, all captures 
occurred during late December (2014). During both years, capture efforts were focused in 3 study areas in 
Colorado — the Laramie River and Red Feather Lakes areas (NE Colorado), the Rabbit Ears range that 
separates North Park from Middle Park (NW Colorado), and along the Upper Lake Fork, Rio Grande 
Reservoir, and near Slumgullion Pass (SW Colorado; Fig. 1).   
 Fifty-eight and 50 cow moose were captured and radio-collared during the first and second years 
of the study, respectively.  Of the 50 cows that were captured during December 2014, 11 were recaptures 
of animals that were first caught during the 2013–2014 field season.  Twenty moose were captured in the 
NW study area (including 3 recaptures of cows originally captured during the 2013–2014 field season), 
14 moose were captured in the NE study area (0 recaptures), and 16 were captured in the SW study area 
(including 8 recaptures of cows originally captured during the 2013–2014 field season).  Body condition 
and pregnancy status was determined for each animal at the time of capture.  Annual survival rates for 
each study area were calculated for the 12-month period ending in mid-May.  During May and June of 
2015 parturition and twinning rates were estimated for the northeast and northwest study area. 
 Mean measured rump fat during December 2014 ranged between 6.21–7.25 mm among study 
areas.  Mean measured loin depth at the time of capture ranged between 41.7–43.3 mm among study 
areas.  When data from 2013–2014 and 2014–2015 were pooled, pregnancy status was best predicted by 
maximum rump fat (Fig. 3). As was the case during the first year of the study, survival of radio collared 
animals was high in all study areas.  Survival rates ranged between 85%–94% during 2013–2014 and 
from 88%–96% during 2014–2015.  Pregnancy rates during 2013–2014 ranged between 68%–95%, and 
increased slightly during 2014–2015, ranging between 78%–95% (Fig. 2).  Parturition rates were 
consistent between the northeast and northwest study areas (80%).  Twinning rates at the time of capture 
ranged between 5.3%–12.5%.   
 Thus far, data collected during this project have met expectations.  In particular, survival rates 
have been consistently high in all study areas.  Lower productivity was consistently observed in the 
northeast herd during both years.  During future years, we will investigate opportunities to evaluate 
moose browse selection behavior.  Likewise, we will begin investigations for determining herd level 
pregnancy status in cost effective ways.   
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Figure 1.  Moose research study areas, located in 3 regions in Colorado.  A total of 58 moose were 
captured during the winter of 2013–2014 and 50 moose were captured during the winter of 2014–2015.  
Survival of moose was high in all study areas and during both years. 
    
 
 

 
Figure 2.  Probability of moose pregnancy was best predicted by maximum measured rump fat.  This 
strong relationship between body condition and pregnancy status reflects how nutritional condition can 
influence pregnancy, with animals in the poorest condition having lower probabilities of breeding. 
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Figure 3.  Pregnancy rates for all moose at the time of capture from 2013–2014 (white bars) and 2014–
2015 (black bars).  Lower pregnancy rates were observed in the northeast study area during both years. 
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PREDATORY MAMMAL CONSERVATION 
 

BLACK BEAR EXPLOITATION OF URBAN ENVIRONMENTS: FINDING 
MANAGEMENT SOLUTIONS AND ASSESSING REGIONAL POPULATION 

EFFECTS 
 

MOUNTAIN LION POPULATION RESPONSES TO SPORT-HUNTING ON 
THE UNCOMPAHGRE PLATEAU, COLORADO 

 
COUGAR AND BLACK BEAR DEMOGRAPHICS AND COUGAR-HUMAN 

INTERACTIONS IN COLORADO 
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Colorado Parks and Wildlife 

WILDLIFE RESEARCH PROJECT SUMMARY 
 

Black bear exploitation of urban environments: finding management solutions and assessing 
regional population effects 

 
Period Covered:   July 1, 2014 − June 30, 2015 
 
Principal Investigator:   Heather E. Johnson, Heather.Johnson@state.co.us  
 
Project Collaborators: S.A. Lischka, S. Breck, J. Beckmann, J. Broderick, J. Apker, K. Wilson, and P. 
Dorsey 
 

All information in this project summary is preliminary and subject to further evaluation.  
Information MAY NOT BE PUBLISHED OR QUOTED without permission of the principal 

investigator.  Manipulation of these data beyond that contained in this summary is discouraged.   
 
 Across the country conflicts among people and black bears are increasing in frequency and 
severity, and have become a high priority wildlife management issue. Whether increases in conflicts 
reflect recent changes in bear population trends or bear behavioral shifts to anthropogenic food resources, 
is largely unknown, with key implications for bear management. This issue has generated a pressing need 
for bear research in Colorado and has resulted in a collaborative study involving Colorado Parks and 
Wildlife (CPW; lead agency), the USDA National Wildlife Research Center, Wildlife Conservation 
Society and Colorado State University. Collectively, we have designed and implemented a study on black 
bears that 1) determines the influence of urban environments on bear behavior and demography, 2) tests a 
management strategy for reducing bear-human conflicts, 3) examines public attitudes and behaviors 
related to bear-human interactions, and 4) develops population and habitat models to support the 
sustainable monitoring and management of bears in Colorado.  

 This project was initiated in FY2010-11; during this past fiscal year we have primarily focused on 
collecting field data in the vicinity of Durango, Colorado. Our efforts focused largely on field data needed 
to meet research objectives 1-3, information which will eventually be used to address objective 4. 
Specifically, we worked with collaborators and stakeholders on research logistics, trapped and marked 
black bears, monitored bear demographic rates (adult female survival, adult female fecundity and cub 
survival) through telemetry and winter den visits, tracked human-related bear mortalities and removals 
from the study area, performed non-invasive genetic mark-recapture surveys to estimate bear density, 
collected GPS collar location data on bears along the urban-wildland interface, monitored the availability 
of late summer/fall mast, obtained data on garbage-related bear-human conflicts, and assessed resident 
use of project-supplied bear-resistant garbage containers. 

Major research accomplishments from fiscal year 2014-15: 

• Between July 2014 and March 2015 (the 2014-2015 capture year), an additional 63 unique bears were 
marked during 147 bear captures. To date on the project there have been 327 different individuals 
marked during 717 captures. Five new adult females were collared during summer 2014 to collect 
demographic and habitat-use data (70 adult females have been collared to date). Bear capture and 
marking efforts are allowing us to track bear population parameters and habitat-use patterns along the 
urban-wildland interface. 
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Photo 1. Cubs at a black bear den. Fecundity rates in 
2015 were the highest that have been observed during 
the study (Photo Credit: Bill Masure). 

• During January - March 2015, we visited the 
winter dens of 37 collared females (Photo 1). Of 
those females, 11 did not have any cubs or 
yearlings, 8 had yearlings (12 total yearlings in 
total), and 19 had newborn cubs (41 cubs). We 
found that reproductive success, measured as the 
number of cubs/adult female, was 1.15 (SE = 0.20). 
This was the highest observed fecundity rate to 
date, as previous rates ranged between 0.52 
(SE=0.16) and 0.95 (SE=0.24). Cub survival for 
2015 (survival from newborn to 1 year) was 58% 
(based on 24 cubs), compared to 50% in 2014 and 
40% in 2013.  
 

• To date, we have obtained >500,000 locations from 
GPS collars on 70 different adult female bears 
along the urban-wildland interface; 42 different bears provided location data during the active bear 
year of 2014 (May – October; Fig. 1). While most locations were in close proximity to Durango, a 
couple of bears were found outside the primary study area (Fig. 1). For example, B67 had moved to 
New Mexico in 2013, but moved back to Durango in fall of 2014 (with 2 cubs in tow). Another sow, 
B57, left her home range in lower Junction Creek (just north of Durango) to travel north to Hamilton 
Mesa (just south of Norwood), before returning to her original range.  

 
• In summer 2014, we collected 1,209 hair samples for a non-invasive genetic mark-recapture study 

designed to estimate bear densities and population sizes around the vicinity of Durango and an 
adjacent “wildland” site. Over a 6 week sampling period, a total of 551 hair samples were collected 
from the Durango grid and 658 samples from the wildland grid. The number of samples/snare ranged 
from 0 to 66 in the Durango grid and from 2 to 50 in the wildland grid. Genotype results should be 
returned from Wildlife Genetics International during fall 2015. Detailed mark-recapture analyses of 
these data to estimate density and abundance will be conducted in FY15-16. 

 
• Based on 15 1-km transects in the study area, the availability of natural mast foods was generally very 

good in late summer and fall 2014. Mast surveys demonstrated that the peak time for maturation of 
wild crabapple was late July, serviceberry was the first half of August, chokecherry was mid-August, 
hawthorne was late August, gambel oak was early September, and pinyon pines had cones developing 
in mid-September. On transects that had those species, mast was present on approximately 40% of 
wild crabapple shrubs, 70% of hawthorne shrubs and trees, and 50% of chokecherry, serviceberry oak 
and pinyon pine shrubs and trees.  

 
• During summer 2014 (July through September) we collected our second year of post-treatment data 

on an experiment designed to assess the effectiveness of wide-scale urban bear-proofing for reducing 
bear-human conflicts (pre-treatment data were collected during 2011 and 2012, post-treatment data 
were collected in 2013 and 2014). Within treatment and control areas we observed 202 instances of 
bears accessing residential garbage during morning patrols; observations generally peaked in mid-
August. Of those garbage containers accessed by bears, 79% were regular and 21% were bear-
resistant; 40 garbage conflicts were observed in treatment areas (across ~1230 total residences) and 
162 occurred in control areas (across ~1260 total residences; Fig. 2). We will continue to collect post-
treatment data through 2015. 
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• During summer 2014 we found that the average compliance of residents to wildlife ordinances was 
55% in the north treatment area and 45% in the south treatment area. “Compliance” was defined as 
having a container that was properly locked (both latches clipped) or secured in a garage or shed 
before 6:00 am. Across all sampling periods, compliance was generally higher in the northern 
experimental area than in the southern area. In the northern area, compliance increased from ~45% in 
2013 to ~55% in 2014. In the southern area compliance remained ~45% in both years. 
 

• Two journal articles were published this past year that used data from the study. In one article, black 
bear GPS collar locations were used to examine bear selection for human development (Johnson et al. 
2015) and the other article evaluated a new immobilization drug combination for bears (Wolfe et al. 
2014). 

 
 In addressing our research objectives we hope to better understand the influence of human 
development on bear populations, elucidate the relationship between bear-human conflicts and bear 
behavior and demography, understand the effect of bear-human interactions on human attitudes and 
actions, develop tools to promote the sustainable management of bears in Colorado, and ultimately, 
identify solutions for reducing bear-human conflicts in urban environments. For a more detailed version 
of this project summary see Johnson et al. (2015, Federal Aid Report W-204-R1):  
http://cpw.state.co.us/Documents/Research/Mammals/Publications/AlldredgeFrontRangeCougar_W204-
R4_ProgressReport_2014-15.pdf 
 
Literature Published in FY2014-15 
 
Johnson, H.E., S.W. Breck, S. Baruch-Mordo, D.L. Lewis, C.W. Lackey, K.R. Wilson, J. Broderick, J.S.  

Mao, and J.P. Beckmann. 2015. Shifting perceptions of risk and reward: dynamic selection for 
human development by black bears in the western United States. Biological Conservation 
187:164-172. 

Wolfe, L.L., H.E. Johnson, M.C. Fisher, M.A. Sirochman, B. Kraft, and M.W. Miller. 2014. Use of  
Acepromazine and Medetomidine in combination for sedation and handling of Rocky Mountain 
elk (Cervus elaphus nelsoni) and black bears (Ursus americanus). Journal of Wildlife Diseases 
50:979-981. 
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Figure 1. GPS collar locations from 42 adult female black bears collected during 1 January – 31 
December 2014 in the vicinity of Durango, Colorado (different colored clusters of points represent 
different individual bears): A) an overview of all locations and B) locations around the town of Durango. 
 
 

A 
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Figure 2. Garbage-related black bear-human conflicts observed during July through September 2014. Red 
lines indicate treatment areas and black lines indicate control areas. Green circles represent conflicts with 
regular residential garbage containers and yellow circles represent conflicts with wildlife-resistant 
containers.  
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Colorado Parks and Wildlife 
 

WILDLIFE RESEARCH PROJECT SUMMARY 
 

Mountain lion population responses to sport-hunting on the Uncompahgre Plateau, Colorado 
 

Period Covered: July 31, 2014 ─ June 30, 2015 
 
Principal Investigator:  Kenneth A. Logan, Ken.Logan@state.co.us 
 

All information in this project summary is preliminary and subject to further evaluation. 
Information MAY NOT BE PUBLISHED OR QUOTED without permission of the author. 

Manipulation of these data beyond that contained in this report is discouraged. 
 

The Colorado Parks and Wildlife (CPW) initiated a 10-year study in 2004 on the effects of sport-
hunting on a mountain lion population on the Uncompahgre Plateau. This study was designed to provide 
information that can be applied to future lion management. The study quantifies lion population 
characteristics in the absence of hunting (termed the reference period, years 1-5) and the application of 
hunting (termed the treatment period, years 6-10). The purpose of the study is to evaluate the current 
biological assumptions used by CPW to manage lions with hunting and to learn how lion hunter behavior 
may influence harvest. Testing the management assumptions is important, because managers normally 
have no information on lion abundance, population sex and age structure, or effects of hunting on lions 
for any region of Colorado; therefore, unreliable assumptions might lead to management errors that could 
affect regional lion populations. Lion hunter behavior is important to understand because it may influence 
the sex and age structure of lions killed by hunters, and those harvest data are used by CPW managers in 
an effort to make biological judgments about lion populations and effects of hunting.  

Field operations for this study were completed in December 2014. Starting January 2015 the 
principal investigator along with collaborators began a formal phase of data analysis, partially included in 
this report. Analyses are ongoing and are expected to provide reliable information for application in lion 
management in Colorado. 

The reference period began December 2004 and ended October 2009, during which we captured, 
sampled, and marked 109 individual lions for research purposes. During this period without sport-hunting 
as a mortality factor the population of independent lions comprised of adults and subadults increased from 
a low of 33 lions counted in reference year 4 to a high of 56 lions counted in the treatment year 1 (Fig. 1). 
This was an indication that lion management on the Uncompahgre Plateau previous to this study likely 
suppressed the lion population. Along with the population increase during the reference period, adult lion 
survival was high and the age structure of independent lions increased; expected characteristics of an 
increasing population. The main cause of death in adults was aggression by other lions (57%, n = 4). Two 
deaths of radio-collared adult lions were due to human causes; 1 adult female killed for depredation 
control and 1 adult female killed by vehicle strike. Only 1 subadult lion died of human causes; 1 female 
killed by vehicle strike.  Infanticide by male lions was the main cause of death for cubs (81%, n = 13).  

The treatment period, in which managed sport-hunting of lions resumed on the study area, began 
in November 2009 and ended December 2014. An additional 115 lions were captured and marked in the 
treatment period. As indicated previously, treatment year 1 was the first year that hunting influenced the 
lion population after 5 years of no hunting, and it was marked with the highest estimate of independent 
lions (56) on the study area. During treatment years 1 through 3, the lion harvest rate was set with a 
design quota of 8 lions to test a prediction that a 15% harvest of independent lions would result in a 
stable-to-increasing population. This is an important management assumption to test, because it 
represented a maximum mortality rate on independent lions that was assumed to achieve a stable-to-
increasing population trend, one of two CPW lion population management objectives that are applied to 
certain regions (Data Analysis Units, DAUs, each comprised of multiple Game Management Units, 
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GMUs). However, the expectation that a 15% harvest results in a stable-to-increasing population was not 
supported as the population of independent lions declined from 56 in treatment year 1 to 42 by treatment 
year 4 (Fig. 1). The other CPW lion management objective was to manage certain regions to substantially 
reduce or suppress lion abundance with hunting. Results from treatment years 1 through 4 indicated that 
reducing a lion population with hunting is achievable at a 15% harvest rate. Hunting-caused mortality was 
the single most important cause of mortality in adult and subadult lions, comprising 57% (n = 21) and 
55% (n = 11) respectively. Starvation and infanticide by male lions were the main causes of death for 
cubs, 33% (n = 9) and 30% (n = 8) respectively. 

The lion population was expected to continue to decline if the quota remained at 8 lions, because 
8 lions represented a 19% harvest by treatment year 4, a larger percentage than the 15% harvest that had 
already contributed to population decline. Therefore, in an effort to find a harvest rate useful to managers 
that would result in a stable-to-increasing population for the remainder of the study, the quota was 
reduced to 5 lions. This quota represented about 11-12% harvest rate of independent lions for treatment 
years 4 and 5. The count of independent lions in treatment years 4 and 5 were 42 and 44 lions, 
respectively, suggesting that the lower harvest rate of 11-12% resulted in a cessation of the decline in the 
number of independent lions. The minimum of 42 independent lions counted in treatment year 4, 
represented a 25% decline since treatment year 1.  

We used an information-theoretic approach and Akaike’s Information Criterion to rank survival 
models with and without the treatment effect.  The hunting treatment was indicated as an important factor 
explaining variation in lion survival rates. Survival rates of adult male lions declined from 0.96 in the 
reference period to 0.40 in the treatment period, and adult female survival declined from 0.86 to 0.74 in 
those respective periods. Subadult survival rates declined from 0.84 in the reference period to 0.52 in the 
treatment period. Cub survival rates declined from 0.50 in the reference period to 0.34 in the treatment 
period. The age structure of independent lions also declined in the treatment period. Moreover, there was 
a substantial biological effect in the fecundity rate, which declined from 0.63 in the reference period to 
0.48 in the treatment period. 

During the treatment period, additional independent radio-collared lions were killed by hunters 
outside of the study area during the Colorado lion hunting season spanning November through March 
each winter. Those lions were counted as part of the harvest quota in other GMUs. This occurred even 
though the study area was one of the largest GMUs in Colorado. Home ranges of most lions, particularly 
of males, were large enough to span at least two GMUs so lion movements put some individuals at risk of 
hunting mortality even after the study area quota was filled. Therefore, hunting-caused mortality affected 
the study lion population over a larger area and for a longer period of time than was expected under the 
current lion management structure. The total hunting mortality plus other human causes of mortality, such 
as road kill and depredation control, and natural mortality contributed to the lion population decline and 
low phase. This indicated a need for managers to consider how all mortality might impact a lion 
population, as well as, modifications to the current management structure.  

Besides the study on effects of sport-hunting on lions, other projects associated with lion biology 
were developed in collaboration with colleagues in CPW, Colorado State University, Colorado 
Cooperative Fish and Wildlife Research Unit, Oklahoma State University, University of Wisconsin, and 
Arizona State University. From August to December 2009 we collaborated with Ph.D. student Jesse 
Lewis and Dr. Kevin Crooks (C.S.U., Dep. of Fish, Wildlife, and Conservation Biology) in a study of 
relationships of bobcats to mountain lions and considerations in using a camera grid with marked lions to 
estimate lion detection, abundance, and density. Jesse completed his Ph.D. dissertation and manuscripts 
submitted to journals by December 2014. From December 2012 to March 2013 we collaborated with 
Master’s student Kirstie Yeager (Colorado Cooperative Fish and Wildlife Research Unit) and Dr. Mat 
Alldredge (Mammals Researcher, CPW) to test non-invasive methods for detecting lions for efforts to 
estimate abundance. Her work also allowed us to assess the proportion of lions marked in the population 
on the Uncompahgre Plateau study. Kirstie defended her thesis in May 2015, is making final edits to her 
thesis, and is in the process of submitting papers for publication in journals. We are also involved in an 
ongoing study of diseases in mountain lions and bobcats with Dr. Sue VandeWoude (C.S.U., Dep. Of 
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Microbiology, Immunology, and Pathology), Dr. Kevin Crooks and their colleagues and graduate 
students. Diseases and pathogens to which lions and bobcats sampled from the Uncomphagre Plateau 
study area were exposed, included: plague (caused by the bacteria Yersinia pestis), Feline 
immunodeficiency virus, Bartonnela sp., and Toxoplasma gondii. Several manuscripts have been 
published on those efforts. In addition, Dr. Mason Reichard (Dep. of Veterinary Pathology, Oklahoma 
State University) found that up to 45% of independent lions sampled may be infected with 3 species of 
Trichinella sp. A manuscript on that work is in review for journal publication.  We collaborated with 
Master’s student Wynne Moss (Dep. of Forestry and Wildlife Ecology, Univ. of Wisconsin) to conduct 
isotopic analysis of lion diet in wildland and developed habitats to examine shifts in lion diet and niche 
breadth. A manuscript by Wynne is in press. Finally, we are collaborating with Dr. Melody Roelke 
(Arizona Cooperative Fish and Wildlife Research Unit, Univ. of Arizona) and Ph.D. student Alex Erwin 
to examine lion genetic relatedness, reproductive success, and population structure. The projected time for 
completion for that work is spring 2017. 

 

 
 

Figure 1. Trends in the population of independent mountain lions associated with no sport-hunting in the 
reference period years 4 and 5 (RY4, RY5) and with sport-hunting in the  treatment period years 1 
through 5 (TY1 to TY5), Uncompahgre Plateau, Colorado. The count data were gathered from November 
through April each winter in efforts to canvass the study area thoroughly to count the number of 
independent lions in addition to the lion harvest. These data represent the number of independent lions 
expected to have been at risk to hunting during the Colorado lion hunting season November through 
March each year.  
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Colorado Parks and Wildlife 

WILDLIFE RESEARCH PROJECT SUMMARY 
 

Cougar and bear demographics and human interactions in Colorado 
 
Period Covered:   July 1, 2014 − June 30, 2015 
 
Principal Investigator:   Mathew W. Alldredge, mat.alldredge@state.co.us  
 

All information in this project summary is preliminary and subject to further evaluation.  
Information MAY NOT BE PUBLISHED OR QUOTED without permission of the principal 

investigator.  Manipulation of these data beyond that contained in this summary is discouraged. 
 

PROJECT NARRITIVE OBJECTIVES 
 

1.  To assess cougar (Puma concolor) population demographic rates, movements, habitat use, prey 
selectivity and human interactions along the urban-exurban Front Range of Colorado. 

2.  Develop methods for delineating population structure of cougars and black bears (Ursus americanus), 
assessing diet composition and estimating population densities of cougars for the state of 
Colorado. 

 
SEGMENT OBJECTIVES 
 
Section A: Telomeres and Stable Isotopes 
1.  Evaluate the potential to develop a model for estimating age of bears and cougars based on telomere 

length. 
2.  Determine diet composition of bears and cougars using stable isotopes. 
 
Section B: Front Range cougars 
3.  Capture and mark independent age cougars and cubs to collect data to examine demographic rates for 

the urban cougar population. 
4.  Continued assessment of aversive conditioning techniques on cougars within urban/exurban areas, 

including use of hounds and shotgun-fired bean bags or rubber bullets (Completed). 
5.  Continue to assess relocation of cougars as a practical management tool. 
6a.  Assess cougar predation rates and diet composition based on GPS cluster data (Completed). 
6b.  Assess kill site dynamics and prey selection of cougar kills. 
7.  Model movement data of cougars to understand how cougars are responding to environmental 

variables. 
8.  Develop non-invasive mark-recapture techniques to estimate cougar population size. 
 
2014-2015 Project Overview 

Field efforts during the 2014-2015 year were primarily focused on the development of 
noninvasive population estimation techniques for cougars and bobcats (see summary for Noninvasive 
genetic sampling to estimate cougar and bobcat abundance, age structure, and diet composition).  
The field efforts for the remaining segment objectives listed above have been completed and are in 
various stages of data analysis and publication.   
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Section A: Telomeres and Stable Isotopes 
1.  Evaluate the potential to develop a model for estimating age of bears and cougars based on telomere 

length. 
 Field work completed—data analysis and publication (see summary Spatio-temporal patterns  
 of diet and telomere length in Colorado black bears) 
2.  Determine diet composition of bears and cougars using stable isotopes. 
 Field work completed—data analysis and publication (see summaries Spatio-temporal patterns  
 of diet and telomere length in Colorado black bears and thesis abstracts Novel habitats  
 present novel challenges for an apex carnivore (Puma concolor) and Niche sprawl in an  
 opportunistic apex predator (Puma concolor)) 
 
Section B: Front Range cougars 
3.  Capture and mark independent age cougars and cubs to collect data to examine demographic rates for 

the urban cougar population. 
 Field work completed—see Federal Aid Report for preliminary summaries 
4.  Continued assessment of aversive conditioning techniques on cougars within urban/exurban areas, 

including use of hounds and shotgun-fired bean bags or rubber bullets. 
 Field work completed—see Federal Aid Report for preliminary results and summaries 
5.  Continue to assess relocation of cougars as a practical management tool. 
 In progress—see Federal Aid Report for preliminary data 
6a.  Assess cougar predation rates and diet composition based on GPS cluster data. 
 Field work completed—data analysis and publication (see thesis abstract Risk-reward tradeoffs  
 in the foraging strategy of cougar (Puma concolor): Prey distribution, anthropogenic  
 development, and patch-selection) 
6b.  Assess kill site dynamics and prey selection of cougar kills. 
 Field work completed—data analysis and publication in progress 
7.  Model movement data of cougars to understand how cougars are responding to environmental 

variables. 
 Field work completed—contact Mat Alldredge for current publications. 
8.  Develop non-invasive mark-recapture techniques to estimate cougar population size. 
 Field work completed—data analysis and publication (see thesis abstracts The Use of Lures, 

Hair Snares, and Snow Tracking as Non-Invasive Sampling Techniques to Detect and  
Identify Cougars) 
 

Noninvasive genetic sampling to estimate cougar and bobcat abundance, age structure, and diet 
composition  

Cougar and bobcat populations are actively hunted throughout the state of Colorado and 
management is applied using the best available information.  Unfortunately, reliable information on 
cougar and bobcat populations is nascent.  The best information available comes from long-term studies 
on relatively small populations where animals have been repeatedly captured.  However, to better manage 
these populations, broad-scale information for these species is necessary. 
 We have begun developing noninvasive genetic sampling (NGS) techniques to provide better, 
less expensive data for cougars and bobcats that can be implemented at broad geographic scales with 
state-wide application.  The methods being developed should provide information on population size, sex 
structure, age structure, and diet composition.  This information is valuable to the future management of 
these species and for the justification of harvest levels imposed on them.   

Over the next few years we intend to further refine these NGS techniques for cougars and bobcats 
so that they can be reliably implemented to inform management decisions.  We also intend to perform at 
least one full survey over multiple years so that we can assess the reliability and repeatability of this 
approach.  Following these efforts our hope is that we will have a fully developed NGS approach for 
cougars and bobcats that can be implemented at a state-wide level for future monitoring of these species.  
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Objectives: 

1. Continue to evaluate the use of auditory calls for NGS sampling of cougars. 
2. Implement a NGS survey for cougars over multiple years to evaluate the consistency of the 

approach. 
3. Use collared cougars to evaluate trap response of cougars and assess potential biases in the 

NGS approach. 
4. Evaluate the potential to sample bobcats using the same NGS approach. 
5. Test alternative hair snaring devices for felids. 
6. Assess a simultaneous sampling approach for bobcats and cougars relative to differences in 

home-range size. 
7. Implement an NGS survey over multiple years for bobcats and cougars to determine the 

logistics, cost and feasibility of sampling to obtain estimates of density, sex structure, age 
structure and diet composition. 

 
Following on the success of the development of noninvasive techniques for sampling cougars we 

initiated a three-year study to continue to develop noninvasive methods for sampling cougars and bobcats.  
Sites were built in November and December, 2013, and were monitored for 12 weeks during January – 
April, 2014 (see study plan for details, Appendix VI).  This year sites (Figure 1) were built during 
November and monitored for three months starting the 1st of December and continuing through the first 
week of March.   

Sites were modified this year to use vertical hair snags instead of horizontal snags in an attempt to 
get more animals to enter the cubbies and to create a snag that could obtain samples from both bobcats 
and cougars.  The number of unique observations of cougars decreased from 86 in 2014 to 42 in 2015, 
while observations of bobcats increased from 31 to 68 across years (Table 1).  Hair samples for cougars 
decreased accordingly from 55 in 2014 to 32 the following year.  Hair samples from bobcats increased 
from 5 the first year to 12 the second year.  Genotypes from bobcat hair have not been successful, but is 
somewhat successful for cougars.  
 
 
Table 1:  Noninvasive hair snag capture results for bobcats and cougars.  Number of animals seen, 
number of hair samples collected and number of successful genotypes. 
 

Species Year Pictures Hair Samples Genotypes 
     
Bobcat 2014 31 5 0 
Bobcat 2015 68 12 1 
Cougar 2014 86 55 20 
Cougar 2015 42 32 11 
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Figure 1:  Study area boundary and grid layout for NGS cougar and bobcat sites.  Larger squares 
represent the 5 km2 grid overlaid with a 1 km2 grid.  White 1 km2 cells represent the randomly selected 
cells where actual lure sites will be placed. 
 
Spatio-temporal patterns of diet and telomere length in Colorado black bears 
Becky Kirby (UW-Madison), Jonathan Pauli (UW-Madison), Mat Alldredge (Colorado Parks & Wildlife) 
 

The effect of human-derived food on free-ranging wildlife populations is a growing problem 
across North America, and is particularly evident among carnivore populations. In Colorado, American 
black bear (Ursus americanus) conflicts have been increasing, and research is focused on elucidating 
factors that drive such conflicts. Understanding the influences of food availability and population trends is 
necessary to mitigate risks posed by these conflicts. To this end, this project aims to assess broad-scale 
patterns of diet and age in black bears across Colorado in hunter-harvested bears. 

We are quantifying diet and telomere length of black bears, in relation to geographic and habitat 
variables. Specifically, we are examining the amount of human food consumption, compared to native 
foods. Because human food is often underestimated using traditional diet reconstruction analyses due to 
issues such as digestibility, we are using stable isotope analyses that reflect assimilated diet. Further, we 
are examining a non-invasive technique related to aging in black bears, using genetic analyses of telomere 
length measured by qPCR. Telomere length is related to chronological age, but also can be a valuable 
indicator of fitness and senescence. 
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We analyzed isotopic signature (δ13C and δ15N) for ~ 300 hunter-harvested bears. Enriched 
(higher) signatures likely indicate greater consumption of human-derived foods and animal matter, 
respectively. Adults and eastern bears are significantly enriched in both δ13C and δ15N. Proportional diet 
estimates from SIAR suggest that northeastern bears consume the greatest amount of human-derived 
foods compared to other regional bear populations (Table 1). This appears to be driven primarily by 
availability, as human activity (indexed by road density) is the strongest predictor of human-derived food 
consumption at a landscape scale (Figure 1). Further, the odds of being a nuisance bear increased by 60% 
for each per mil increase in δ13C. 

We also quantified relative telomere length from these hair follicles in 245 individuals, ranging in 
age from 1-21 (estimated by cementum annuli). Samples exhibit wide variation among telomere length 
(T/S) across ages, showing no significant trends. Telomere length declined with increasing latitude and 
increasing elevation, suggesting a geographical relationship with telomere length (Figure 2). However, 
telomere length increased with measures of habitat quality, suggesting a positive effect of habitat quality 
on telomere length. We suspect these patterns reflect differences in important environmental conditions, 
particularly those driving physiological stress and characteristics of hibernation, that are overwhelming 
potential relationships to typical predictors of telomere length. Thus, ongoing longitudinal studies are 
necessary to elucidate rates of change rather than single timepoint samples and increase resolution of 
covariates. 

This study will yield insight into bear foraging ecology and aging, especially how human food 
and land use impacts both. Further development of these isotopic and molecular techniques will be aid in 
future bear management and biological studies. 
 

Table 1. Assimilated dietary estimates for black bears in the summer and fall seasons, obtained from the 
isotopic signatures of hair and blood, respectively. Eastern bears consumed more human-derived foods 
than western bears, regardless of season, but bears consumed less human-derived foods during the fall 
than the summer. Estimates provided by region of Colorado. 
 

 
Mean Proportion (95% CI) 

Diet Groups NE CO SE CO NW CO SW CO 
Hair (n) 29 71 104 92 
Vegetation 0.69 (0.65-0.74) 0.72 (0.69-0.76) 0.83 (0.80-0.85) 0.85 (0.82-0.88) 
Animal matter 0.04 (0.02-0.07) 0.06 (0.05-0.08) 0.11 (0.09-0.12) 0.11 (0.10-0.13) 
Human-derived foods 0.26 (0.21-0.32) 0.22 (0.18-0.26) 0.07 (0.03-0.10) 0.04 (0.00-0.07) 
Blood (n) 9 29 37 38 
Vegetation 0.64 (0.53-0.76) 0.77 (0.70-0.84) 0.83 (0.80-0.86) 0.86 (0.83-0.88) 
Animal matter 0.07 (0.00-0.13) 0.07 (0.05-0.11) 0.15 (0.12-0.17) 0.13 (0.11-0.15) 
Human-derived foods 0.29 (0.14-0.45) 0.15 (0.06-0.24) 0.02 (0.00-0.05) 0.01 (0.00-0.04) 
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Figure 1. Linear regression of δ13C on road density (natural-log transformed), showing a 
positive relationship between increased road density and δ13C enrichment, with points 
representing age-sex classes: adult male (filled black circles), adult female (filled gray 
circles), subadult male (open black circles), subadult female (open gray circles). 
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  Figure 2. Relationship of relative telomere length (T/S) with individual 

covariates that we predicted could influence telomere lengths in Colorado 
black bears. Regression lines shown for significant relationships. 
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Novel habitats present novel challenges for an apex carnivore (Puma concolor) 
Wynne E. Moss (UW-Madison), Mathew W. Alldredge (CPW), Jonathan N. Pauli (UW-Madison) 

 
Abstract: Human-modified landscapes are now the most common global cover type. Species 

persistence in these landscapes hinges upon adaptability, including the capacity to exploit novel food 
resources and habitats. Yet, for large carnivores, there may be significant costs of such a strategy. 
Cougars (Puma concolor), though generally considered specialists of large ungulates, are capable of 
preying upon a variety species, which could be advantageous in novel ecosystems like developed 
landscapes. However, these areas also represent a landscape of heightened risk of conflict with humans. 
We examined the tradeoff between dietary flexibility and survival in a population of cougars inhabiting 
Colorado’s urban-wildland interface. We monitored space use of GPS-collared cougars and related this to 
estimates of diet from stable isotope analysis. Our population-wide estimate of diet revealed that native 
herbivores constituted the bulk of assimilated biomass (64-79%), though there was considerable variation 
among individuals. Cougars using the most highly developed areas obtained 20% more of their diet from 
alternative prey (synanthropic wildlife and domestic animals) than those in the least developed areas. 
Adult males and subadults consumed more alternative prey compared to adult female cougars. Use of 
developed areas significantly increased risk of mortality for both males and females. Thus, though 
cougars displayed a highly plastic foraging strategy in developed areas, they were less likely to survive. 
Our findings reveal that, despite their dietary flexibility, the heightened risk from human conflict is likely 
to inhibit cougar population recoveries in densely populated areas. 
 
Niche sprawl in an opportunistic apex predator (Puma concolor) 
Wynne E. Moss (UW-Madison), Mathew W. Alldredge (CPW), Kenneth A. Logan (CPW), and Jonathan 
N. Pauli (UW-Madison) 

 
Abstract: Urban areas are dramatic examples of landscape change and increasingly identified as 

systems in which to promote ecological complexity and conservation. Yet, little is known about the 
processes that regulate highly developed ecosystems, or the behaviours employed by species adapting to 
them. We evaluated the isotopic niche of an ecologically important apex carnivore, the cougar (Puma 
concolor), over broad spatiotemporal scales and in a region characterized by rapid human growth. We 
detected a niche expansion, from specialization on native herbivores in wildlands to enhanced reliance on 
exotic and invasive species by cougars in contemporary urban interfaces. We show that 25 years ago, 
cougars inhabiting these same urban interfaces possessed diets that more closely resembled their wildland 
counterparts, suggesting foraging adaptations are recent. Thus, urban sprawl has been accompanied by a 
niche sprawl over both time and space, indicating that an important top predator is interacting in novel 
ways. Thus, adaptations to urbanization could alter the ecological role of apex carnivores, and while 
human-dominated landscapes may maintain these species, their functional relationships are unlikely to 
remain the same. 
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Risk-reward tradeoffs in the foraging strategy of cougar (Puma concolor): prey distribution, 
anthropogenic development, and patch-selection – MS Thesis Abstract 
Kevin Blecha (Colo. State Univ.), Mat Alldredge (CPW), and Randy Boone (Colo. State Univ.) 

 
Empirical efforts for understanding whether the space utilization patterns of large elusive 

carnivores foraging on highly mobile prey are sparse. Having an understanding of the patch choices made 
by a large carnivore while engaged in foraging behaviors is of particular importance to understanding 
their conflicts with humans. The over-arching goal of this thesis is to test whether the foraging strategies 
carried out by a large carnivore inhabiting an area marked by human housing development can be 
explained by classic optimal foraging theory (OFT). My research takes place in a portion of the Colorado 
Front Range, which is a foothill-montane system characterized by the urban-wildland interface of the 
greater Denver metropolitan area and surrounding cities (Boulder, Golden, Evergreen). A matrix of 
varying levels of rural, exurban, and suburban development are expected to drive the patch-choices made 
by cougar, a large obligate carnivore that can conflict with human interests when it conducts foraging 
behaviors. 

Before answering questions involving patch choice foraging behaviors, several pieces of 
information must be acquired. Specifically, Chapter 1 and Chapter 2 take an Eulerian approach to 
understanding the space utilization patterns of wild prey commonly sought by cougar in this area. 
Predicted utilization by these prey species is mapped for the study area on a fine (30 m) scale, with the 
premise that cougar may be attracted to localities where the opportunity of encountering a potential prey 
item is greater. Appendix 2 provides details on methods used to determine the distribution of housing 
development, a patch characteristic that cougars may have fear toward. This appendix also provides some 
discussion on the anthropogenic development experienced in the study area. Appendix 4 provides details 
on the construction of various “natural” landscape variables from readily available data sources. 

 Chapter 1 shows that simple encounter measures collected from camera traps can provide a 
measure of landscape utilization for an animal population at extremely fine scale patch size. I demonstrate 
that the amount of utilization at a patch, whether by one or many animals, is a function of the abundance 
of animals within some area around the camera and the micro-habitat utilization patterns of the 
individuals in that population. However, I show that biases will exist in many situations if certain 
protocols are not adhered to. 

Chapter 2 applies the principle from Chapter 1 to produce a landscape utilization map of common 
cougar prey species at a fine scale. This was done using a count measure of the amount of time spent by 
animals within the field-of-view of a sample of 131 camera trap sites monitored over a one year period. 
While doing so, I accounted for the probability of detection within the camera’s field-of-view in the count 
response. Probability of detection was found to be influenced by several environmental and animal 
specific variables. A secondary focus was to understand the associations between animal utilization and 
housing development. The associations found were generally supportive of those found in previous 
studies using habitat selection, occupancy, and abundance as response variables. 

Finally in Chapter 3, using cougar as a model species, I test whether a large carnivore’s foraging 
strategy can be explained by optimal foraging theory, which says that an animal makes decisions while 
foraging that balances the process of acquiring energy with the process of avoiding risks. In seminal 
optimal foraging works, authors proposed that an animal will be less cautious in avoiding risks when 
energetically stressed. I demonstrate that cougars make a tradeoff between choosing locations that would 
yield a higher encounter rate of prey with choosing safer patches. Cougars were found to show avoidance 
of higher housing densities, but also shown to be attracted to higher primary prey (mule deer) availability. 
Support for this tradeoff was shown by demonstrating that hunting success increased as cougars hunted in 
higher housing densities. Furthermore, the strength of the housing avoidance behavior declined as cougar 
hunger levels increased. A similar behavior was observed during temporal periods associated with 
assumingly decreased availability of primary prey; cougars became less cautious when imposed with 
energetic constraints.  
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The Use of Lures, Hair Snares, and Snow Tracking as Non-Invasive Sampling Techniques to Detect 
and Identify Cougars – MS Thesis Abstracts 
Kirstie Yeager, (Colo. State Univ.), Mat Alldredge (CPW), and Bill Kendall (Colo. State Univ.) 
 
Development of a Noninvasive Method to Sample Cougars (Puma concolor) 

A noninvasive method that will sample all individuals in a population over multiple occasions is a 
useful tool in assessing population demographics with little disturbance to the target animals; however, 
finding such a method for large carnivores, such as cougars, is challenging due to their elusive nature and 
large home-range sizes.  Current methods to sample cougars usually involve a physical capture 
component, but obtaining reliable estimates can be difficult and cost prohibitive when using capture as the 
sole sampling method.  Because cougars leave sign, and exhibit behaviors like territoriality and curiosity, 
a noninvasive-genetic-sampling (NGS) method may be a plausible alternative.  Hair contains DNA, 
which can be genetically analyzed to yield the individual identification necessary for population 
assessments and can be obtained without handling the animal.  I tested NGS techniques using attractants, 
specifically scent lures and auditory calls, and hair snares to sample cougars at lure sites on the Front 
Range, Colorado during February – April, 2012 and November, 2012 – April, 2013.  I established 16 – 20 
sites over four ≈ 30-day sampling periods.  In general, my results suggest calls are more effective 
attractants than scents.  At sites with auditory calls, photographs documented 40 visits by ≥ 13 individual 
cougars, and I obtained 14 hair samples.  Only 2 hair samples were collected using scented scratch pads 
and no samples were acquired via a novel hair snare.  I conclude that given the ability to successfully 
genotype the hair samples collected, auditory calls and hair snares may be an effective way to assess the 
various population demographics that are needed to inform management decisions. 
 
Assessing the Probability of Identifying Cougars by Noninvasive-Genetic Sampling with Auditory 
Predator Calls and Hair Snares 

Detecting all individuals in a population equally and with certainty will yield unbiased population 
estimates; however, many current sampling techniques for cougars have inherent variation, such as a trap 
response or individual heterogeneity in detection probability.  From November, 2012 – April, 2013, I 
applied a noninvasive method to sample cougars and assessed variation in detection in 2 study areas in 
Colorado, one on the Front Range (FR; 1,270 km²) and one on the Uncompahgre Plateau (UP; 540 km²).  
In total, I established 148 lure sites with auditory predator calls and hair snares over 3 (UP) and 4 (FR) 
sampling periods.  Each site was active an average of 28.5 days (4,214 sampling nights).  On the FR, I 
observed 98 detections by 13 independent marked cougars, 2 sibling groups, and ≥ 16 unique unmarked 
animals.  On the UP, I documented 18 detections by 7 independent marked cougars and no unmarked 
animals.  Collectively, 14 of the 20 marked cougars detected were observed multiple times.  I used the 
GPS location data of 27 previously marked cougars to determine availability and estimated detection 
probabilities.  The probability of detecting an independent marked cougar at least once during the study 
adjusted for partial availability was 0.83 ± 0.10 (FR) and 1.00 (UP).  I collected 59 hair samples.  Thirty-
two were genotyped at ≥ 8 loci identifying 26 unique cougars.  I concluded that a noninvasive-sampling 
technique using auditory calls and hair snares can be a useful tool in assessing population demographics 
of cougar populations.   
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SUPPORT SERVICES 
 

RESEARCH LIBRARY ANNUAL REPORT  
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Colorado Parks and Wildlife 
 

WILDLIFE RESEARCH REPORT SUMMARY 
 

Research library, annual report 
 
Period Covered: July 1, 2014 – June 30, 2015  
 
Author:  Kay Horton Knudsen, kay.knudsen@state.co.us 
 

All information in this report is preliminary and subject to further evaluation.  
Information MAY NOT BE PUBLISHED OR QUOTED without permission of the author. 

Manipulation of these data beyond that contained in this report is discouraged. 
 

The Colorado Parks and Wildlife Research Center Library has existed for several decades in the 
Ft. Collins office. Early librarians can be credited with the physical organization of the Library including 
77 years of Federal Aid reports, 7 decades of Wildlife Commission reports and a unique book and journal 
collection.  The goal of the Library is to provide an effective program of library services for Colorado 
Parks and Wildlife employees, cooperators and wildlife educators. The Library also serves as an archive 
for CPW publications.  The mission of outreach and support is fulfilled using technology to provide a 
library website with the online catalog, wildlife databases and digitized documents available to CPW staff 
statewide.  

As of June 30, 2015, the Research Library held 19,464 titles and 32,170 items (these are the 
multiple copies of a title) and had 172 registered patrons (CPW staff).  As part of the project to digitize 
CPW documents, the equivalent of 8GB of data has been scanned and uploaded to the catalog vendor.  

Current wildlife databases include BioOne, four of EBSCO’s specialty databases (Environment 
Complete, Fish and Fisheries Worldwide, Wildlife and Ecology Studies Worldwide and CAB Abstracts), 
Birds of North America, ProQuest Dissertations and Theses and the JSTOR Life Sciences collection. 
Print subscriptions to the major wildlife journals were cancelled several years ago, however online access 
to the journals was retained and continues as a primary usage point for staff.  CPW staff statewide are 
authenticated through WildPoint (intranet) eliminating the need for individual usernames and passwords. 

An on-going project has been the digitization of Colorado Parks and Wildlife publications.  This 
year the Aquatic Federal Aid reports were scanned and the resulting PDFs made available via the Library 
catalog.  At CPW staff request, digital scans of Big Game Hunting brochures from 1949-1996 were made 
at a local commercial vendor.  Due to the large file size, extensive work was required to make the PDFs 
both word-searchable and transferable.  CPW staff can now access these historic files on WildPoint.   

In the Fall of 2014, an astute new employee in the Denver office of CPW found several boxes of 
diaries and logbooks.  The boxes made their way to the Library in Ft. Collins where they were discovered 
to be the extensive hand-written daily logs (1929-1984) of John D. Hart. Hart was a long-time employee 
who started as a game warden and then served as Assistant Director of Colorado Division of Wildlife.  As 
a collection, the logbooks constitute valuable primary-source material. They were donated to the Western 
Heritage Collection of Denver Public Library where they will be properly preserved and used by 
researchers of Colorado’s natural resources history. 

The Library website provides more full-text resources than ever before, however there are also 
more abstract-only indexes.  A major role of the librarian is to assist CPW staff with document delivery 
and research assistance.  The Library is not open on a walk-in basis to the general public, but the librarian 
does assist the Denver Help Desk and area staff with questions they receive from citizens.  The librarian 
has Affiliate Faculty status with the Colorado State University Library, which provides access to the large 
natural resources and science collection at that facility.  The chart below shows the number of reference 
questions and document requests handled by the librarian each month during the past 7 years.  Please note 
that one request from a CPW staff member may be for multiple journal or book titles.  Even though the 
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total number of requests dropped slightly this year, it is interesting that the current record for number of 
requests per month was set in January 2015 and then immediately increased in February 2015. 
 
Table 1. Monthly CPW Research Library reference requests August 2008 – July 2015. 
 

  2008-09   2009-10   2010-11   2011-12   2012-13   2013-14   2014-15 
July     20   45   28   37   60   44 
Aug 15   25   34   52   44   45   25 
Sept 21   30   37   53   48   46   42 
Oct 33   38   41   42   39   74   37 
Nov 14   28   46   52   51   48   47 
Dec 28   32   34   52   49   46   35 
Jan 33   62   48   64   46  53   75 
Feb 30   43   43   43   54   62   77 
Mar 35   36   46   36   53  48   70 
Apr 24   23   30   42   70   57   58 
May 13   17   51   53   65   39   58 
June 20   26   27   36   35   34   34 

              
TOTAL 266  380  482  553  591  612  602 
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From: Broderdorp, Kurt
To: Jim Zelenak
Subject: Comments on Final Draft of Lynx SSA
Date: Friday, July 21, 2017 10:37:15 AM
Attachments: 2017 06 22 Draft - FINAL Lynx SSA Report CLEANKBComments_edits.docx

Jim,  I was able to spend a little time reviewing the document.  I caught a couple typos, and
had a few comments, nothing earth shattering.

Have a good weekend.

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the Service’s evaluation of the best available scientific information, including the 
formally elicited professional judgments and opinions of recognized lynx experts. Based on this 
information, we:  (1) describe the ecological requirements and population dynamics of the 
species; (2) evaluate the historical and current condition of lynx populations in the DPS and the 
factors that appear to have influenced them; and (3) assess the future viability of the DPS in the 
near-term (through the year 2025), in the mid-term (through 2050), and through the end of this 
century in terms of the conservation biology principles of resiliency, redundancy, and 
representation (the “3 Rs”).   
 
The lynx is a boreal forest predator whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive spruce-fir 
conifer forests of the Canadian and Alaskan taiga; however, the southern margins of both their 
ranges extend into the northern contiguous United States. The U.S. Fish and Wildlife Service 
(Service) designated lynx in the Lower 48 States as a DPS because of differences in the 
management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences between lynx habitat at the 
southern extent of its range in the contiguous United States compared to the northern range in 
Canada and Alaska. The Service listed the DPS as threatened under the Endangered Species 
Act (ESA) of 1973, as amended, in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms on some Federal lands to provide for the conservation of lynx habitats 
and populations. This SSA does not reconsider the designation of the DPS or its listing status 
under the ESA, which are Service policy decisions. Instead, it provides the scientific basis for 
the statutorily required 5-year status review for the DPS and other decisions the Service is 
required to make in accordance with the ESA. 
 
Lynx were documented historically in 24 of the contiguous United States; however, in at least 11 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually in 
association with “irruptions” (mass dispersal events) of lynx from Canada when northern 
snowshoe hare populations underwent dramatic cyclic declines roughly every decade (see 
below and section 2.3.2.1). When it listed the DPS under the ESA, the Service defined its range 
as the forested portions of 14 states; 4 in the Northeast (Maine, New Hampshire, New York, 
Vermont), 3 in the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West 
(Colorado, Idaho, Montana, Oregon, Utah, Washington, Wyoming). Based on a detailed 
analysis of verified historical lynx records that was published at about the time the DPS was 
listed and on research and monitoring that have occurred since then, it seems likely that lynx 
occurred historically in some of those states (New York, Vermont, Wisconsin, Oregon, and 
Utah) only intermittently as dispersers or as small, naturally ephemeral populations; not as 
persistent resident breeding populations. In other states (New Hampshire, Michigan, Colorado, 

Comment [ZJ2]: In response to several 
questions about “why a DPS?” and to reiterate 
that we do not take up policy decisions in the 
SSA – get both out of the way up front, as per 
discussion with Jodi 

Comment [ZJ3]: This paragraph in response 
to several comments asking how the SSA units 
relate to the DPS range and/or historical 
distribution. 



 

5 
 

and Wyoming), it remains uncertain whether resident lynx occurred historically as small but 
persistent breeding populations or only ephemerally. Parts of the remaining states (Idaho, 
Maine, Minnesota, Montana, and Washington) show the strongest evidence of historical and 
recent (at the time of listing and since then) persistent resident populations.  
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recentlysupported resident lynx. The units are 
distributed across the northern contiguous United States from Maine to Washington and south 
along the Rocky Mountains to western Colorado. Units 1 (Northern Maine), 2 (Northeastern 
Minnesota), 3 (Northwestern Montana/Northeastern Idaho, and 4 (North-central Washington) 
historically supported and currently support resident lynx populations. Based on verified records, 
it is uncertain whether units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) 
historically supported persistent populations or if they supported resident lynx only ephemerally. 
In the GYA, there are very few verified records from 1920-1999, but several resident lynx and 
some kitten production were verified in the late 1990s and early 2000s. In addition, at least 9 
radio-marked lynx released in Colorado (see below) dispersed northward into or through the 
GYA Unit from 2003-2010, but no lynx have been detected in the GYA since 2010. In Unit 6, 
there were even fewer verified records during the last century, and no reliable evidence of a 
resident breeding population. However, from 1999-2006, 218 Canadian and Alaskan lynx were 
released into the San Juan Mountains of southwestern Colorado. As a result of the subsequent 
reproduction of some of the released lynx and some of their offspring over several generations, 
resident lynx currently occupy parts of western Colorado. 
 
Units 1-5 include the same areas the Service designated as critical habitat for the DPS in 2014 
(we did not designate critical habitat in Colorado). Combined, the 6 units encompass over 
131,000 km2 (about 50,640 mi2) of occupied or potential lynx habitat and represent 
approximately the southern 2 percent of the species’ breeding distribution (98 percent occurs in 
Canada and Alaska; figure 1). The units are relatively isolated from each other, but units 1-4 are 
directly adjacent and connected to larger lynx populations and habitats in southern Canada. 
Land ownership varies among the units, with private lands accounting for most of the Northern 
Maine Unit; a mix of Federal, State and private lands in Minnesota; and predominantly Federal 
lands in the 4 western units (see chapter 1, table 1, below for additional details on unit sizes and 
land ownership). Although small numbers of lynx are regularly or occasionally documented in 
other parts of the northern contiguous United States, often peripherally to the SSA geographic 
units, these peripheral areas do not support persistent resident lynx populations. Lynx may 
occur in such areas as small and ephemeral breeding populations or as occasional dispersing 
or transient individuals. 
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Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws,which provide it with a very low foot-loading (weight per surface area 
of foot) - that allow it to more efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (see section 2.2). These characteristics are 
thought to provide lynx with a seasonal (4 to 5 winter months in most of the DPS) competitive 
advantage over other terrestrial hare predators and allow them to occupy habitats that are 
unavailable to some of their potential competitors. 
 
Lynx in the DPS occur at the southern margin of the species’ range and the southern extent of 
the environmental conditions (boreal forest distribution and structure; hare density; and snow 
conditions and duration) thought necessary to support resident lynx populations. Because of 
this, lynx habitats and thus lynx are naturally less abundant and more patchily distributed in 
most of the DPS than in the core of the species’ range in Canada and Alaska (although even in 
the core of the range lynx decline temporarily to very low densities during cyclic lows in the hare 
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population cycle; see section 2.2 below). Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important, but whether the demographic and/or genetic 
health of any, all, or some DPS populations depends on intermittent immigration of lynx from 
Canada, and if so to what extent, remains uncertain. 
 
We still lack fundamental information about lynx in the DPS, including reliable estimates of past 
and current population sizes and trends and recruitment and immigration rates. However, 
research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, genetics, and some important 
demographic parameters of lynx in the contiguous United States. For example, analysis of 
historical trapping data in the United States and Canada indicated that many lynx records in the 
contiguous United States coincided with intermittent irruptions of lynx from Canada into northern 
states when hare populations in Canada underwent steep cyclic declines (roughly every 10 
years). During these events, particularly the unprecedentedly large irruptions of the early 1960s 
and early 1970s, hundreds to thousands of lynx dispersed south into the northern Unitied 
States, as evidenced by dramatic but short-lived increases in the number of lynx trapped in 
many northern states. These lynx dispersed into both suitable and unsuitable habitats in the 
contiguous United States. In suitable habitats, immigrants may have contributed to the 
demographic and genetic health of resident populations; in unsuitable habitats, dispersing lynx 
occurred only temporarily in and disappeared relatively quickly from areas that are not capable 
of supporting resident populations. 
 
Additionally, although we knew at the time of listing that resident lynx occurred in Maine, we 
lacked information on the historical and recent distribution and quality of lynx habitat. We now 
know that forest regeneration after large-scale clear-cutting in the 1970s and 1980s has 
contributed substantially to the current broad distribution of high-quality habitat in northern 
Maine, which currently supports the largest resident lynx population in the DPS, and many more 
than likely occurred there historically under natural disturbance regimes. Similarly, we were 
uncertain whether Minnesota supported a resident population or only intermittent dispersing 
lynx, but we now know that a persistent breeding population occupies the northeastern corner of 
the state. Research and monitoring also suggest that lynx and habitats in the western United 
States are naturally less abundant and more patchily distributed than was thought at the time of 
listing, and lynx may have been extirpated recently from several areas thought to have 
previously supported small resident populations (e.g., the Kettle Mountains in northeastern 
Washington, the Garnet Mountains in western Montana [although a single lynx was documented 
there in 2016], and the GYA). We also know that extensive wildfires over the past few decades 
have impacted over a third of the high-quality lynx habitat in north-central Washington, likely 
causing a decline in lynx numbers there. Finally, as mentioned above, despite uncertainty 
regarding their historical presence, resident lynx currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
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Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographic unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (the “3 Rs”) as the framework for assessing current and future 
conditions. Resiliency describes the ability of populations and species to withstand stochastic 
events, redundancy describes a species’ ability to withstand catastrophic events, and 
representation describes a species’ ability to adapt to long-term changes in the environment. 
For lynx, the factors capable of influencing the 3 Rs that we evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS range. Additionally, consistent methods to monitor hare and lynx 
habitats have not been implemented throughout most of the range. And importantly, given the 
emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and snowshoe hare 
populations and habitats, including to what degree these changes may affect interactions 
between lynx and their potential competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range compared to the core of the species’ range 
in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly cyclic 
and, although they do not exhibit the dramatic declines of their northern counterparts, they 
typically occur at densities on the lower end of those in the northern range. Because of this, 
lynx densities in the DPS are typically similar to those in the north during hare cycle lows.  
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
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other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which peripheral DPS 
populations receive periodic input from lynx populations in Canada. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators.  
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to provide benefits as long as 
those measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
year 2100, and we asked a panel of lynx experts to estimate the likelihoods that each 
geographic unit would support resident lynx populations over the short-term (year 2025), mid-
term (2050) and longer-term (2100). As expected, the level of uncertainty regarding the viability 
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of the DPS and each of the factors that may influence it increases the farther into the future we 
(and the lynx experts we consulted) try to look, and this uncertainty greatly reduces confidence 
in future projections, particularly beyond mid-century. Beyond that time frame, uncertainty 
regarding the potential impacts of climate change and other potential stressors to lynx 
populations in the DPS becomes so great that it precludes meaningful analysis or reliable 
predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information are unavailable 
or inadequate is an appropriate and scientifically supported approach, we remind readers that 
the output remains the experts’ best professional judgement, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison, it was necessary to 
combine, quantify, graph, and summarize the qualitative information provided by experts. 
However, we caution that the results we present below, and which we graph and describe more 
fully in chapter 5, should not be interpreted as precise, statistically robust estimates of the 
probability that resident lynx will persist in the DPS or in any individual geographic unit in the 
future, and readers should consider the inherent limitations and substantial uncertainties in 
expert responses, particularly over longer time periods.  
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous United States is likely somewhat 
smaller than the historical distribution because of the potential loss of small populations in 
several places (e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern 
New York, Isle Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, 
more recently, the GYA of Southwestern Montana and northwestern Wyoming, and perhaps the 
Garnet Mountains in western Montana). However, based on verified historical records, we lack 
compelling evidence that the current distribution and relative abundance of resident lynx in the 
DPS range are substantially diminished from historical conditions, and resident populations 
continue to persist in the geographic areas with the strongest historical evidence of an ability to 
support them. In fact, there are many more lynx in northern Maine (Unit 1) now than probably 
occurred there historically, and many more in Minnesota (Unit 2) and Colorado (Unit 6) than was 
suspected when the DPS was listed, but fewer in northern Washington (Unit 4). Nonetheless, in 
many parts of the DPS range habitat features (forest distribution and structure, hare densities, 
and snow conditions) appear to exist at or just above thresholds thought necessary to support 
persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest historical and recent resiliency among 
lynx populations in the DPS. Among these units, lynx in Maine appear to have recently 
demonstrated resiliency by responding positively to substantial anthropogenic increases in the 
amount and distribution of high-quality foraging habitat. Conversely, the recent absence of 
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resident lynx in the Garnet Mountains (a small and somewhat isolated mountain range at the 
southern periphery of Unit 3) may suggest a recent decline in resiliency in this part of the unit 
(but see 4.2.3 and 5.2.3, below). The persistence of lynx in north-central Washington (Unit 4) 
despite the substantial recent wildfire-mediated habitat loss suggests resiliency in that 
population. However, the post-fire increase in home range size and likely decrease in lynx 
numbers may indicate the population in Unit 4 is currently less resilient (less able to persist if 
additional or similar habitat losses occur) than it was previously. Among the other 2 geographic 
units, the current absence of resident lynx in the GYA (Unit 5) despite the large proportion of 
lands in conservation status (e.g., national parks and designated wilderness areas) may indicate 
the naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate a lack of resiliency in this unit historically. However, the recent persistence 
of resident lynx in this unit following the 1999-2006 release of 218 Canadian and Alaskan lynx 
suggests recent resiliency thus far. We conclude that the DPS as a whole currently 
demonstrates resiliency despite the possibility that resiliency may have declined recently in 
several geographic units. 
 
Redundancy – The current broad distribution of resident lynx in large, geographically discrete 
areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. The 
DPS range currently spans the northern contiguous states from Maine to Washington and south 
along the Rocky Mountains to southwestern Colorado. Resident lynx populations currently 
occupy 5 of the 6 geographic units (all but the GYA). Of the 5 occupied units, 4 are larger than 
20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 km2 (1,931 mi2; 
table 1). We find that no single catastrophic event could result in the functional extirpation (loss 
of the ability to support resident lynx populations) of the entire DPS or of any of the individual 
geographic units that currently support resident populations. Because we lack evidence that 
formerly persistent lynx populations have been lost from any other large discrete areas in the 
contiguous United States, it also seems that redundancy in the DPS has not been meaningfully 
diminished from historical levels. We conclude that the DPS currently demonstrates redundancy 
sufficient to preclude the possibility of extirpation via catastrophic event. 
 
Representation – High rates of dispersal and gene flow and, therefore, generally low levels of 
genetic differentiation across most of the lynx’s range, including the DPS (see 2.1, below), 
suggest the absences of current threats to the genetic health of lynx populations in the DPS. 
Although hybridization with bobcats (Lynx rufus) has been documented in Maine and 
Minnesota, it is not considered a substantial current threat to the DPS. Similarly, although some 
small populations may have become extirpated recently, resident lynx in the DPS remain 
broadly distributed across the range of ecological settings that seems to have supported them 
historically in the contiguous United States, suggesting relative maintenance of the breadth of 
diversity of ecological settings occupied within the DPS range. Because there are no indications 
of significant loss of or current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
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Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will likely decline through the end of the 
century largely as a result of projected continued climate warming and associated impacts, 
which are likely to exacerbate the potential adverse effects of other factors (e.g., forest 
management, competition from other hare predators). Continued warming is expected to cause 
a northward and upslope retraction of the boreal forest and snow conditions that support lynx, 
resulting in smaller, more fragmented, and increasingly isolated patches of habitat and a 
reduced probability of persistence for all resident populations in the DPS range (see section 3.2 
and ch. 5). We expect that resident populations will likely persist through mid-century in all or 
most of the 5 geographic units that currently support them (albeit in reduced numbers and 
distributions), but that lynx may be functionally extirpated (loss of the ability to support persistent 
resident populations) from 2 or 3 of the units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in lynx habitats projected by climate models. Nonetheless, 
we are unaware of any management actions that can be expected to abate the projected long-
term retreat of boreal forests and diminished snow conditions expected under continued climate 
warming. Further, climate-driven increases in the frequency, size and intensity of wildfires and 
forest insect outbreaks are expected, particularly in the western portion of the DPS, although we 
do not anticipate such events alone to cause the permanent loss of breeding lynx populations in 
any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal forest and snow 
conditions are projected to decline more severely than in the western units, and in some climate 
modeling scenarios they could disappear completely from these units before the end of the 
century. Lynx habitat conditions in Maine are also likely to decline significantly from current 
historically high and anthropogenically influenced levels because current forest management 
practices, particularly a shift away from landscape-level clearcutting, are unlikely to replace the 
large areas of high-quality hare habitat that will likely be lost over the next 15-20 years as a 
result of forest succession. 

Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore, likely be less resilient in the future. We anticipate that 
resiliency will likely foster persistence of resident lynx in most units through mid-century but that 
it will likely diminish substantially after that time, with extirpation of resident populations from 2 
or 3 units possible by the end of the century. Projected climate warming is expected to exert the 
greatest influence on the resiliency of individual populations, and thus continued presence of 
resident lynx in each geographic unit, although uncertainty remains regarding the timing, extent, 
and biological consequences of such impacts. As vegetation and snow conditions become less 
favorable, potential competitors may outcompete and displace lynx. This in turn would reduce 
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lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS would decline with the projected loss of 
populations from 2 or 3 geographic units by the end of the century, our evaluation suggests that 
none of individual geographic units that currently support resident lynx are vulnerable to 
extirpation from a single catastrophic event. Given that, we conclude that the DPS as a whole is 
not vulnerable to extirpation from a catastrophic event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS (and we expect populations to persist in 2 or 3 
of 5 units by the end of the century), extirpation of the DPS from a single catastrophic event is 
very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units, and the small 
number of immigrants necessary to maintain genetic diversity. Based on these factors and 
expert input, we find that there is no indication that the naturally low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the near future 
and no indication that future gene flow is likely to be substantially reduced. However, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. How the potential loss of resident lynx 
from 1 or more geographic units may affect representation within the DPS in terms of ecological 
diversity is uncertain. The loss of resident lynx from any of the geographic units could result in 
the loss of behavioral and potential future genetic adaptations to the climate-mediated changes 
now occurring and likely to continue into the future at the southern edge of the lynx range. Such 
potential adaptability to diminished snow conditions, increasingly patchy and isolated boreal 
forests, and reduced hare abundance may be important to the taxon as a whole as it is 
confronted by a rapidly changing climate. 
 
DPS-wide Synthesis  
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We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all 5 geographic units that 
currently support them through mid-century. Functional extirpation is possible in 2 to 3 of those 
units by the end of the century, driven largely by projected continued climate warming and 
related effects to boreal forest habitats and snow conditions. Because resident lynx in many 
parts of the DPS persist in areas that appear naturally to barely meet thresholds for hare 
densities and habitat quality and distribution, relatively small declines in these features could 
result in loss of the ability to support resident populations over large areas. Because of this, we 
believe that future lynx habitats and resident populations throughout the DPS range are likely to 
be smaller and more fragmented, and geographic units that are already relatively isolated from 
other lynx populations are likely to become even more isolated in the future. Uncertainty 
increases at mid- to late-century regarding the timing and extent of various stressors that are 
expected to affect lynx and hare habitat and snow regimes, especially those related to climate 
change. However, review of the best available science in concert with input from lynx experts 
suggests that the probability of persistence of resident breeding populations will likely decline in 
all geographic units, with the negative DPS-wide trajectory continuing to the end of the century 
and, with no evidence to the contrary, beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, we expect each 
geographic unit and the DPS as a whole to be less resilient in the future. Our analyses and 
expert input suggest that resiliency will likely foster persistence of resident lynx through mid-
century in most of the 5 geographic units that currently support them. However, we believe it is 
very unlikely that resident lynx populations would persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will likely be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations more likely than not from 2 to 3 (of 5) 
geographic units by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from 1 or more 
geographic units would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation by the end of this 
century. 

Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences between lynx habitat in the 
contiguous United States compared to the northern parts of the species’ range in Canada and 
Alaska. The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
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United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (U.S. District Court 
MT 2014b, p. 2). We completed this SSA (version 1.1) to summarize the best available 
information on the current status and likely future viability of the DPS. This SSA will inform a 
determination by Service decision makers of whether (1) the DPS continues to warrant 
protection under the ESA and (2) a recovery plan is needed to guide conservation and recovery 
of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on its primary prey, the snowshoe hare (Lepus 
americanus), to support survival, reproduction, recruitment, and, therefore, population 
persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, 
pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 
79 FR 54808-54809). Lynx survival and distribution are also influenced by snow conditions. It is 
generally restricted to areas that receive deep, powdery, and persistent snow that allows lynx, 
with their proportionately longer limbs and very large feet, to outcompete other terrestrial hare 
predators that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; 
Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-
401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; 
Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see figure 1 above and table 1 below). Lynx 
populations in the DPS (as well as some others on the margin of the range in southern 
Canadian provinces) seem to function as peripheral subpopulations of a larger metapopulation 
that is broadly distributed across Canada and interior Alaska (McKelvey et al. 2000b, p. 25; 68 
FR 40077; also see 2.2 below). The demographic and genetic health and persistence of DPS 
populations are thought to be influenced by connectivity with, and immigration of lynx from, 
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larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of snowshoe hare population 
cycles, roughly every 10 years. Many of these occurrences were in anomalous habitats, and 
lynx were unable to persist and establish populations in most of these areas (Gunderson 1978, 
entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, 
p. 23; see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous United States occur over a much smaller geographic area that 
includes parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous United States, and small breeding populations may have been 
lost from some places, neither broad-scale breeding range contraction nor substantial changes 
in population status in the contiguous United States has been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016a, p. 11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). The Service reinitiated the 5-year 
status review in 2015 (USFWS 2015a, entire), and that review will be informed by this SSA 
report. On September 7, 2016, the U.S. District Court for the District of Montana remanded the 
2014 critical habitat designation to the Service for further consideration (U.S. District Court MT 
2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
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supported persistent resident lynx populations (Figure 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and 
western Colorado was designated a “Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With 
the exception of western Colorado, these units also encompass and closely mirror the areas the 
Service designated as critical habitat in 2014 (79 FR 54782). Some areas adjacent to but 
outside these geographic units are known or suspected to intermittently support resident lynx 
and occasional reproduction. Uncertainty remains as to whether resident lynx populations 
occurred historically in other areas not encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
present in Minnesota, and Federal lands predominating in the western units (Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 
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1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has 
developed the Species Status Assessment (SSA) Framework 
to guide how we assess the best scientific and commercial 
data available when evaluating the biological status of 
species. In conducting an SSA, we take into consideration the 
life history and ecological requirements of the species to 
understand how the species maintains itself over time 
(captured under the broad heading of “species needs”); the 
current condition of the species at the individual, population, 
and range-wide levels in terms of meeting those needs; and 
the likely changes in the environment that may influence the 
species’ future condition and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame2. Throughout the 
assessment, the SSA uses the conservation biology principles of resiliency, redundancy, and 
representation (collectively known as the “3 Rs”) as a lens to evaluate the current and future 
condition of the species. Briefly, resiliency describes the ability of the species to withstand 
stochastic events; redundancy describes the ability of the species to withstand catastrophic 
events; and representation describes the ability of the species to adapt over time to long-term 
changes in the environment. As a result, the SSA characterizes a species’ ability to sustain 
populations in the wild over time based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. Importantly, the SSA neither 
results in, nor predetermines, any decisions (e.g., listing status, critical habitat designations, 
section 7 consultation requirements, etc.) by the Service under the ESA. Instead the SSA 
provides the biological basis to inform these decisions. The SSA is a dynamic document and 
should be periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”3 .  

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 
2 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWSb. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
3 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

http://www.fws.gov/endangered/improving_ESA/
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1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous United States as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016a, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 



 

21 
 

 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future,, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in Figure 5 below. 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the likelihood that each geographic unit would continue to support 
resident lynx populations in the future (i.e., that resident populations would not be functionally 
extirpated [reduced to the point that a viable breeding population could no longer be sustained]). 
In Chapter 5, we present summaries of experts’ predictions regarding the probability of lynx 
persistence in each geographic unit; the factors they thought would most likely influence those 
probabilities; and the sources of uncertainty that influenced their confidence in their predictions. 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as the most likely to have population-level impacts on 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
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conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which all protections and conservation efforts would disappear if the DPS 
was not listed. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), Federal, State, Tribal and some private land managers would 
continue efforts to conserve lynx and its habitats and to assure persistence of resident lynx 
populations in those places that can support them. Our evaluation, therefore, considers the 
possibility of the future relaxing of some lynx conservation measures and efforts, but not the 
complete absence of all protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-associated predator that relies heavily on a single, similarly-specialized prey species, 
and whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the likelihood that resident lynx populations will persist in the DPS or in individual 
geographic units. Finally, in our analyses we do not consider anthropogenic climate warming a 
catastrophic effect because it is not temporally- and spatially-discrete; characteristics of events 
traditionally considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). 
Rather, we consider climate change as an ongoing, pervasive, and cumulative stressor of lynx 
and their habitats, particularly at the southern margin of the species’ distribution, including all 
geographic areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database4, retrieved April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; MDIFW 2012, unpublished data), and males are 13-25 percent larger 
than females (Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-
adapted for traversing and hunting in deep, powdery snow, where its low foot-loading (weight 
per surface area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 
90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe 
hares, the lynx’s primary prey. In southern Canada and the northern contiguous United States, 
where the southern edge of the lynx range overlaps the northern edge of the bobcat range, the 
2 species are easily confused because of their similar size and appearance. However, the lynx’s 
longer ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has 
shorter ear tufts, small feet, and white on the underside of the tail. Bobcats are much more 
common, widespread, and abundant than lynx in most of the contiguous United States 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

                                                
4 http://www.itis.gov.  
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas, recent analyses reveal genetic exchange among lynx on either side, 
indicating that some lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; 
Bowman in Lynx SSA Team 2016a, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522).   
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
among DPS populations would be expected to increase at some point in the future if lynx and 
hare habitats shift northward and upslope, as projected with continued climate warming, 
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resulting in reduced connectivity and gene flow among smaller and more isolated lynx 
populations at the periphery of the range. This would result in (1) smaller and more distant 
potential source populations in the southern Canadian provinces, reducing the likelihood and 
number of immigrant lynx reaching DPS populations, and (2) smaller effective population sizes 
(the size of an ideal population [i.e., one that meets all the Hardy-Weinberg assumptions] that 
would lose heterozygosity at a rate equal to that of the observed population) among DPS 
populations, making them more vulnerable to drift, the consequences of which could include 
lower survival and reproduction rates and loss of adaptive potential (Schwartz 2017, pp. 4-5). 
For example, Koen et al. (2014a, pp. 757-760) correlated habitat and climate factors with low 
neutral genetic diversity and high genetic differentiation at the trailing edge of lynx range in 
southeastern Ontario and suggested that climate-mediated changes in environmental conditions 
would likely result in further loss of genetic diversity, possibly reducing adaptive potential in lynx 
populations in the southern periphery of their range.  
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward future as a result of continued climate warming (also see section 
3.2 below).   

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 6), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 363; Aubry et 
al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 37–38; Squires 
et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69). Although lynx take a variety of alternative 
prey species, especially red squirrles (Tamiasciurus hudsonicus), which may be important when 
hare numbers are low, hare abundance is the major driver of lynx population dynamics. Lynx 
denning area selection, pregnancy rates and litter sizes, as well as survival (kitten, subadult and 
adult), recruitment, and dispersal rates, and population age structure, home range sizes, 
density, and distribution are all strongly influenced by hare abundance (Koehler and Aubry 
1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, pp. 375-390; Mowat et al. 2000, 
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pp. 270-294; Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 
26-34). 
 

Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). 
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Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure than mature forests (Buehler 
and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 1990, pp. 847-848; Hodges 
2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 84-88). However, snowshoe 
hares also can be abundant in mature forests with dense understories, particularly in the 
Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 2009, pp. 1492-1496; 
Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 2012, pp. 1483-
1487). These mature forests may be a source of hares for other adjacent forest types (Griffin 
and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important winter 
foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting habitat 
for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are so closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
United States (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This 
may be due to inadequate abundance, density, or spatial distribution of hares in some places, or 
the absence of snow conditions that would allow lynx to be at a competitive advantage over 
other hare predators, or a combination of these factors (79 FR 54809). 
 
Although empirical data are lacking and would be difficult to acquire, the lynx’s physical 
adaptations (described above) are thought to provide lynx a seasonal advantage over potential 
competitors and predators, which generally have higher foot-loading, causing them to sink into 
the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray and Boutin 1991, entire; 
Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 
450). Buskirk et al. (2000a, entire) described potential exploitation (for food) and interference 
(avoidance) competition between lynx and several other terrestrial and avian predators of hares, 
several of which have also been documented to prey on lynx. Documented lynx predators 
include cougar (Puma concolor; also mountain lion), coyote (Canis latrans), wolverine (Gulo 
gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and other lynx (ILBT 2013, pp. 33, 35). 
Bobcats are also likely capable of killing lynx in some circumstances. Although lynx have co-
evolved with other predators, the influence of predation on lynx populations is unknown (ILBT 
2013, pp. 35-36). Coyotes are now more widespread and abundant in the southern periphery of 
the lynx distribution than they were historically (Gompper 2002, entire), while cougars have 
been extirpated from the eastern half of the United States but are more abundant and 
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widespread in the western United States now than in the mid-1900s (Buskirk et al. 2000a, p. 
89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes were deemed the most likely to exert local or regionally important 
exploitation competition impacts to lynx, and coyotes, bobcats, and cougars were thought 
capable of imparting interference competition effects on lynx (Buskirk et al. 2000a, p. 89). 
Interference would be most likely during summer but also during winter in areas lacking deep, 
unconsolidated snow (ILBT 2013, p. 36). Except for fisher and marten, lynx predators and 
potential terrestrial competitors all have higher foot-loading, making them less efficient at 
traveling and hunting in the snow conditions favorable for lynx (Murray and Boutin 1991, entire; 
Buskirk et al. 2000a, pp 86-95; Krohn et al. 2005, entire) and, therefore, likely limiting, at least 
seasonally, interactions between lynx and these species. The fisher has foot-loading similar to 
lynx, and the marten’s is even lower (Buskirk et al. 2000a, p. 90), but both have much shorter 
legs, which likely limits their mobility in deep, unconsolidated snow compared to lynx. The extent 
to which predation and competition may influence lynx populations in the DPS remains 
uncertain. 
 
The boreal forest landscape lynx occupy is naturally dynamic. Forest stands within the 
landscape may experience abrupt changes after natural or human-caused disturbances such as 
fire, insect epidemics, wind, ice, disease, and forest management (e.g., timber harvest or 
thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat within the 
boreal forest landscape is a shifting mosaic of habitat patches of variable and changing quality 
(68 FR 40077). These stands of differing ages and conditions provide lynx foraging or denning 
habitat (or may provide these in the future depending on patterns of disturbance and forest 
succession), and some serve as travel routes for lynx moving between foraging and denning 
habitats (McKelvey et al. 2000c, pp. 427-434; Hoving et al. 2004, pp. 290-292). Lynx generally 
concentrate hunting activities in areas where snowshoe hare densities are high (Koehler et al. 
1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; O’Donoghue 
et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed that lynx 
focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
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hares/ha (0.04 hares/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels and birds, but alternate prey species do not sufficiently compensate for 
low availability of snowshoe hares, and lynx populations likely cannot persist over time in areas 
with consistently low hare densities (Brand et al. 1976, pp. 422–425; Brand and Keith 1979, pp. 
833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–268). Even in areas with 
relatively low or marginal hare densities, hares constitute the majority of the biomass in lynx 
diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; 
Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 
2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 2009, pp. 13, 16; Ivan in Lynx SSA 
Team 2016a, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
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foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293).  
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In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac) (Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the contiguous United States, and 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly the western geographic units 
(3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. Although lynx habitats are more 
contiguous in units 1 and 2 than in the western units, and units 1 and 2 are connected to larger 
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contiguous habitats and lynx populations in Canada, they remain peripheral populations, and a 
metapopulation structure in which they receive intermittent inputs from the larger population 
may still exist, even if the mainland-island contruct does not apply. Lynx disperse in both 
directions across the Canada–United States border (Aubry et al. 2000, pp. 386-387; Moen et al. 
2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx 
populations in Canada is thought to be important to the conservation of lynx populations in the 
DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 
2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, it 
remains uncertain whether the demographic and genetic health and persistence of populations 
in the DPS depend on regular or intermittent immigration of lynx from Canada and, if so, to what 
extent (McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance to support lactation during the early kitten stage and later 

provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few or no kittens are born, very few survive until their first winter, and recruitment may 
collapse completely or nearly so for several successive years (Slough and Mowat 1996, entire; 
Mowat et al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten 
born during a period of declining or low hare abundance is very unlikely to survive to 
independence, breed successfully, and replace itself within the breeding population in its 
lifetime. Conversely, a kitten born during the increase or high phase of the hare population cycle 
is much more likely to survive and, therefore, have an opportunity to breed successfully and 
replace itself via recruitment of 1 or more of its offspring into the breeding population. 

Comment [ZJ32]: Responsive to Harrison. 

Comment [ZJ33]: Responsive to several peer 
and State reviewers who questioned previous 
specificity regarding hares and hare meat. 

Comment [ZJ34]: Responsive to Moen. 



 

33 
 

 
In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an 
individual lynx will have its ecological requirements met sufficiently so that it may replace itself in 
the breeding population is probably consistently relatively low. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens, and 
females appear to select den sites near prey sources to minimize time spent away from kittens 
while foraging (Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The 
size of lynx home ranges is strongly influenced by the quality of the habitat, particularly the 
abundance of snowshoe hares, in addition to other factors such as gender, age, season, and 
density of the lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). 
Generally, females with kittens have the smallest home ranges, likely related to their need to 
stay close to dens and dependent kittens, and males have the largest home ranges (Moen et al. 
2005, p. 11; Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 2, below) vary greatly across 
the DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 2, below).  
 
Table 2. Reported annual home range sizes for Canada lynx in the contiguous United States.  
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Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

Table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990 (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire;). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with landscape hare 
densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-Legaard et al. 
2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained home ranges 
where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby Voyageurs 
National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), did not 
support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western Montana, 
resident lynx used dense young forest stands with mean summer and winter hare densities of 
0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and dense 
mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 hares/ac), 
but they did not use more open young or mature stands where hare densities ranged from 0.12 
- 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
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Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrles, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24).   
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently ≥ 0.5 hares/ha 
(0.2 hares/ac) and favorable snow depth and conditions for about 4 months are needed to 
support lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx 
distribution, some places, including within the range of the DPS, seem to be at minimum 
thresholds to meet these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
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persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). However, Lyons et al. 
(2016, entire) developed spatially-explicit, individual-based population models to estimate 
reductions in potential lynx carrying capacity in Washington associated with large wildfires over 
the past 2-3 decades. Similarly, Licht et al. (2017, in press, entire) conducted a PVA of a 
potential lynx reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2.  
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx 
population in the core of the species’ range in the southern Yukon. This period of rapid growth 
was followed by a rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 
and λ = 0.46 (rapid decline) during the first2 years of the lynx population decline when hares 
were scarce. (Note – the value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) 
appears to be an error; the correct value for λ in a population in which the estimated number of 
individuals declined from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented 
above]). However, the natural range in λ that would be expected among peripheral, isolated, or 
semi-isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS 
populations), versus those that would signal long-term population decline or instability is 
unknown. Despite this, and the limitations noted above, Squires (unpubl. data in Lynx SSA 
Team 2016a, p. 20) calculated population growth rates in northwestern Montana of λ = 0.92 for 
lynx in the Seeley Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in 
the Purcell Mountains (increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; 
USFWS, Vortex 10, deterministic population simulation) used demographic data from Vashon et 
al. 2012 (pp. 17-21) to calculate finite growth rates during a period of high hare density (λ = 
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1.16; increasing trend) and during a period of low hare density (λ = 0.88; decreasing trend) for 
the lynx population in northern Maine (see also section 4.2.1, below). Neither the Montana nor 
Maine estimates incorporated rates of immigration/emigration. Schwartz (2017, p. 4) noted that 
very low immigration rates (less than 1 female/year on average for a theoretical population of 
100 lynx) could provide population stability or even growth, suggesting that the Seeley Lake 
population and perhaps other DPS populations are probably being sustained by low levels of 
immigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a lynx density of 
1 lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
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Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the lynx-hare 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-United States border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
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2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous United States and to assess the current distribution relative to historical conditions 
(McKelvey et al. 2008, pp. 553-554;79 FR 54814-54815; McKelvey in Lynx SSA Team 2016a, 
p.11). They also have resulted in inaccurate portrayals of lynx distribution and misperceptions 
that the historical range of lynx in the contiguous United States was once much more extensive 
than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has, 
throughout most of its range, cyclic population dynamics that are closely tied to cyclic snowshoe 
hare populations, numbers of lynx naturally fluctuate and become extremely low at times during 
a cycle. Additionally, where snowshoe hare populations are not adequate, resident lynx 
populations cannot be sustained. Many areas of boreal or boreal-like forest in the contiguous 
United States (e.g., the central Appalachian Mountains in the East, Michigan and Wisconsin in 
the Midwest, and the Southern Rocky Mountains and Southern Cascade Mountains in the West) 
likely never supported native resident lynx populations despite the presence of snowshoe hares. 
Where the boreal forest is naturally transitional, it becomes more patchy and marginal, and the 
habitat is incapable of supporting snowshoe hares at densities consistently sufficient to support 
a resident lynx population over time. Only a relatively few areas in the contiguous United States 
historically supported an adequate quantity and quality of habitat to support resident lynx 
populations continuously over time, and many historical lynx occurrences across a large area of 
the contiguous United States were likely dispersers. The occurrence of dispersing lynx is 
unpredictable, and dispersing lynx will likely continue to periodically move into areas that are not 
lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous United States when northern hare populations crashed are well-
documented (Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). 
These events have resulted in records of lynx occurrence, in some cases very rarely, in other 
cases sometimes in large numbers and with intermittent (cyclic) regularity, in places that 
otherwise lack evidence of persistent lynx presence or the habitats and hare densities 
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necessary to support a resident lynx population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 
54793-54795, 54812-54823). Many records of lynx in the contiguous United States appear to be 
related to such events, including the unprecedented ‘‘explosions’’ of lynx observed in the early 
1960s and 1970s (Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these 
events, many lynx occurred in anomalous habitats, exhibited unusual behavior, suffered high 
mortality, and numbers declined dramatically within a few years of irruptive peaks (Gunderson 
1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx 
typically do not persist in these areas of temporary range expansion, disappearing fairly quickly 
after irruptions, van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx 
populations throughout both the low and the high phases of the “10-year cycle” (i.e., across the 
natural range of hare densities) should be considered to constitute the species’ range. In its 
2003 remanded determination, the Service determined that lynx in the contiguous United States 
exist either as resident populations or as dispersers, that dispersing lynx are often found 
repeatedly and for variable amounts of time in habitats that cannot sustain breeding populations 
over time (though some breeding may occur occasionally in some of these areas), and that 
such areas probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 
40077, 40079-80). This repeated dispersal into habitats that ultimately cannot support the 
species (‘‘sink’’ habitats) often leads to confusion about where lynx populations may be viable 
(74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with 
irruptions/dispersal and those suggesting resident lynx populations, the metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous United States may naturally support resident lynx only temporarily 
or occasionally when habitat conditions (both boreal forest vegetation supporting abundant 
hares and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to 
offset the lower productivity and recruitment rates expected among lynx populations in marginal 
or suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common sympatric species, McKelvey et al. (2000a, 
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p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted with 
caution, and only verified occurrence data should be used to assess historical and current lynx 
distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
There also is increased prevalence of non-forested land uses (e.g., agriculture, development) at 
the southern periphery of boreal forests. These factors generally limit snowshoe hare 
populations in the contiguous United States from achieving landscape densities similar to those 
of the expansive northern boreal forest in Alaska and Canada, where hares are generally more 
evenly distributed across the landscape and more abundant except during cyclic population 
lows (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). Consequently, 
important foraging habitat for lynx is often more limited and fragmented in the contiguous United 
States than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 6), and 
overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and competitors at southern 
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latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 128), and 
Wirsing et al. (2002, entire) concluded that high predation rates in fragmented habitats may 
explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As a result, lynx 
generally occur at relatively low densities in the contiguous United States compared to the high 
lynx densities that occur in the boreal forest of Canada when hares are abundant (Aubry et al. 
2000, pp. 375, 393-394) or the densities of species such as the bobcat, which is a habitat and 
prey generalist. 
  
Snow conditions also are believed to influence the distribution of lynx (Ruggiero et al. 2000b, 
pp. 445-449), which are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors (see section 2.2 above), although behavioral 
adaptations may offset these morphological differences to some degree (e.g., Murray et al. 
1194, entire; 1995, entire). The lynx’s adaptations may also help it avoid predators, which also 
have higher foot-loading and/or shorter limbs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, p. 
123), presumably making them less efficient in deep, powdery snow (see section 2.2 above).  
  
Based on verified data, historical lynx occurrence was documented in 24 states in the 
contiguous United States (McKelvey et al. 2000a, 207-232) and, more recently, in 3 other states 
after some of the lynx released into southwestern Colorado dispersed into northern New 
Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 2010, p. 
526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence (McKelvey 
et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). Of these 27 states, and based on 
our current understanding of lynx and hare habitat requirements, the Service concludes that 
records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, Kansas, 
Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and South 
Dakota) represent occasional dispersing lynx that arrived in places with no historical or recent 
evidence of the habitat quality, quantity, or distribution necessary to support resident lynx (68 
FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically and are 
not capable now of supporting resident lynx populations over time.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
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marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous United States 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 



 

44 
 

historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). The Service also noted that in 1999 and 2000 the Colorado Division of 
Wildlife (now Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska 
into southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016a, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016a, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
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resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.; Ivan 2017, 
entire; see section 4.2.5 below). However, more recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). In the 2014 revised critical habitat 
designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016a, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016a, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
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return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to shift the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016a, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (Devineau et al. 2010, Fig. 1, p. 526; Ivan 2017, entire), 
including 1 female that in 2004 established a den in the Snowy Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820). Formal track transects conducted during the 
winters from 2012 through 2015 resulted in the majority of the track intercepts included in the 
confirmed records. In addition, 30 lynx detections were documented in 2014-2016 using 14 
different remote cameras dispersed throughout the northernmost section of the state (Siren 
2016, pers. comm.). Most records since 2006 are in the vicinity of Pittsburg in the northernmost 
reaches of the state, though lynx detections in 2015 and 2016 suggest a southern expansion 
from the area where they had been documented in 2006 through 2014 (Siren 2016, p. 1; Siren 
2016, pers. comm.). Despite recent evidence of lynx residency and reproduction, the Service 
concluded in the 2014 revised critical habitat designation that, based on modeling of the amount 
of potentially suitable habitat and favorable snow conditions (Hoving et al. 2005, pp. 739, 749; 
Litvaitis and Tash 2005, p. A-298), it is unlikely that northern New Hampshire will support a 
resident breeding population over the long-term (79 FR 54820-54821). Siren (2014, p. 10) 
suspected that the relatively few lynx detections documented in 2012-2014 may be related to 
the presence and abundance of bobcat, coyote, and fisher populations in much of northern New 
Hampshire. We conclude that northern and central New Hampshire likely supported a small 
resident lynx population historically that was extirpated during the latter half of the 20th century. 
We are uncertain whether lynx detections in northernmost New Hampshire over the past 
decade may represent the natural reestablishment of a small resident breeding population in the 
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state or if it is a temporary phenomenon related to an expanding source population in 
neighboring northern Maine (79 FR 54821). Although bobcat populations have increased and 
expanded their range in this region in recent decades (Lavoie et al. 2009, pp. 873-874), severe 
winters and deep snow can substantially limit their populations (Reed 2013, pp. 29-33; McCord, 
1974, pp. 433-434). Maine’s bobcat harvest declined substantially after 2 deep snow winters in 
2008 and 2009 (MDIFW 2015a, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820; also see 
U.S. District Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most 
of Idaho, habitats in many parts of the state are drier forest types that support lower densities of 
hares, and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet 
mountain ranges in the northern panhandle. The number of resident lynx in northern Idaho is 
unknown but certainly small based on the amount of potential habitat, and resident lynx here are 
part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1, below). As these regenerating clearcuts, which currently provide the 
dense horizontal structure preferred by hares, mature beyond about 35 years post-harvest, hare 
densities decline as cover and forage are reduced as a result of forest succession (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in 
Maine is probably larger than the likely historical condition, when relatively small amounts of the 
spruce-fir forests in the state are thought to have been composed of young stands (Lorimer 
1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in 
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clearcutting and the proliferation of partial harvesting following enactment of the Maine Forest 
Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 percent by 
2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), perhaps to 
levels more consistent with likely historical conditions in this unit. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Lynx are occasionally detected in other parts of the state, but hare densities and snow 
conditions consistently favorable for lynx appear to be restricted to the northeastern 
“Arrowhead” region of the state, and areas to the south and west are dominated by bobcats. 
Although there are currently more lynx in Minnesota than suspected at the time of listing, it is 
unclear whether current numbers and distribution are similar to the historical condition. The 
extent to which lynx persistence in Minnesota relies on immigration from Canada is also 
unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains 
subpopulations (Squires in Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet 
Range from 2011 to 2015, prompting concerns about the potential loss of the small resident 
population (perhaps 7-10 lynx) documented there in the mid-1980s and again recently from 
2002 to 2010. However, whether this absence indicates the extirpation of a previously persistent 
resident population or the temporary loss of an historically ephemeral population is uncertain. A 
single lynx was verified in the Garnet Range in February 2016, indicating that natural 
recolonization of the area is possible; however, no other detections of that lynx or other lynx 
have been verified since then, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). Lynx in northwestern Montana (and northern 
Idaho) likely represent the southern periphery of a larger population in southwestern Alberta and 
southeastern British Columbia. The extent to which lynx persistence in this area relies on 
immigration from Canada is unknown, and there is no indication of substantial immigration from 
Canada after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few 
lynx and no recent evidence of reproduction have been documented in the Montana portion of 
the GYA where, as with the northwestern Wyoming part of the GYA (discussed above), 
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uncertainty about whether this area consistently or only intermittently supported resident lynx 
historically makes it difficult to interpret their recent apparent absence from the area (Lynx SSA 
Team 2016a, p. 57). As elsewhere in the West, recent research and habitat assessments 
suggest that habitats capable of supporting resident lynx in Montana are naturally patchier and 
less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson in 
Lynx SSA Team 2016a, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34-37 percent of 
lynx habitat (Lewis 2016, pp. 4, 6), resulting in a more than doubling of estimated female lynx 
home range size and a two-thirds or more reduction in the number of resident females that 
potentially could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). 
Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire and insect impacts could 
further diminish habitat availability and the lynx population’s probability of persistence (Lynx 
SSA Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are many 
more lynx in Maine and Minnesota than was suspected at the time of listing, and there are 
naturally fewer lynx and a more limited distribution of suitable habitats in the western United 
States than was previously thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in 
Maine are likely at historically (and unnaturally) high numbers and currently may be facilitating 
the recolonization of formerly occupied habitat in northern New Hampshire and recent lynx 
occurrences in northernmost Vermont. However, lynx persistence is uncertain in New 
Hampshire and unlikely in Vermont, and lynx numbers in Maine are projected to decline over 
the next several decades, perhaps to levels more consistent with likely historical conditions. In 
the West, small breeding populations in the GYA and the Garnet Mountains of Montana may 
recently have become extirpated (although both also may be only temporarily “winked off” in a 
metapopulation dynamics sense, and both could be recolonized by future immigration, as 
evidenced by the 2016 lynx detection in the Garnet Range). In north-central Washington, lynx 
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habitat and numbers have declined because of recent large fires and insect outbreaks, and the 
persistence of the breeding population there could be threatened if additional such impacts 
occur with similar magnitude and frequency over the next several decades. As a result of the 
release of 218 Canadian and Alaskan lynx from 1999-2006, resident lynx currently occur in 
western Colorado. Although the number of lynx in this population and its future persistence are 
uncertain, Colorado currently supports more lynx than it did, based on the historical record, for 
much of the previous century. The geographic units evaluated in this SSA include all areas in 
the contiguous United States with strong historical and recent evidence of resident lynx 
populations. Detailed assessments of the current status and future viability of resident lynx 
populations and habitats in these areas are presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence on the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans at 
the time of listing) and on the anthropogenic influences identified by the ILBT in the revised 
LCAS as having the potential to exert population-level impacts on lynx and lynx habitats (ILBT 
2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation - are considered the most 
influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western United States (65 FR 16061). Since then, research and monitoring have revealed that 
non-Federal lands contribute more to the conservation of the DPS than was known at the time 
of listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 

Comment [ZJ49]: Several commenters 
questioned this – check Lewis 2016 to see if 
insects are thought to have influenced habitat 
loss in Okanogan. 
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Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 also requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Table 
2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
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and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States As a result, the Service concluded in the final rule 
that the lack of Federal land management plan guidance for the conservation of lynx and the 
potential for those plans to allow or direct actions that could adversely affect lynx constituted a 
significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
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actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
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Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for 7 national forests with 
potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and Wisconsin 
were revised to include recommendations from the LCAS and the CAs (Jackson 2015, p. 6; 
USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies Lynx Management 
Direction (NRLMD), which formally amended management plans to include lynx conservation 
measures, standards, and guidelines for 18 national forests covering over 150,000 km2 (57,915 
mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 (27,800 mi2) of potential 
lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 54813; Jackson 2015 in Lynx 
SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly completed the Southern 
Rockies Lynx Amendment (SRLA), which formally amended forest plans covering about 59,000 
km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of mapped (potential) lynx habitat on 7 
national forests or national forest complexes in western Colorado and southern Wyoming 
(USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). The 
management direction adopted in the Northern and Southern Rockies amendments was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 1, above). In the Western Colorado 
geographic unit, BLM Field Offices that contain potential lynx habitat include the Colorado River 
Valley, Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres 
Rios, Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008, pp. A18-10 - A18-16; BLM 2010, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
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inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or lynx habitats and thus promote the conservation of 
the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). 
Standards and guidelines developed and implemented in accordance with the NRLMD and the 
SRLA were designed to promote beneficial effects and limit potentially adverse effects of 
management activities (vegetation management [e.g., timber harvest, precommercial thinning], 
wildland fire and fuels management, grazing, recreation, road/access management, energy 
development, etc.) on important lynx habitats including winter snowshoe hare habitat (high-
quality lynx foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, 
pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand-initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. 
 
3.1.2 State Regulations and Tribal Management 
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Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (Table 2). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidences of incidental take of lynx to the Service’s Division of Management Authority to assure 
that take does not exceed the amount permitted under the intra-agency section 7 consultation 
for the CITES Export Program (USFWS 2001, entire). Most states have also adopted special 
regulations in areas where lynx occur to minimize the potential for incidental take (including 
injury) of lynx during legal trapping of other furbearers. These efforts benefit lynx and are 
expected to do so in the future with continued implementation and enforcement. 
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Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx5 (MDIFW 2016, pp. 8, 13). MDIFW also adopted and made available for download 
on its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping 
or Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated 
it in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and 
requires that all incidentally trapped lynx be reported and has staff on stand-by to help 
immobilize, evaluate, collect tissue and/or hair samples, and release, if appropriate, any lynx 
reported to the hotline. This program has resulted in the release of 98 lynx from 2000 to 2015 
(10 lynx died from traps or illegal shooting in traps) that were reported incidentally trapped in 
northern Maine (MDIFW 2014a, p. 75). After preparing a habitat conservation plan (Incidental 
Take Plan), the MDIFW in 2014 obtained an incidental take permit from the Service for lynx 
trapped incidental to predator management and animal damage control activities, and other 
legal furbearer trapping in Maine. The permit allows incidental trapping of 195 lynx (including 3 
mortalities) over a 15-year period. After 2 lynx were killed in killer-type traps in 2014, MDIFW 
imposed additional emergency trapping restrictions to further reduce mortality and injury of 
incidentally-trapped lynx (see Other Factors in section 4.2.1 below). The regulations now require 
exclusion devices on most killer-type traps, prohibit the use of drag sets on foothold traps, 
address specific trap types and sets, prohibit visual use of bait and visual attractants, multiple 
swivels on chains, and require reporting of incidental captures. The trapping incidental take 
permit is currently being litigated in Federal court. The MDIFW also is responsible for 
implementing the Maine Endangered Species Act6 (MDIFW 2009, p. 9). Although the lynx is not 
State-listed as threatened or endangered because its population is believed to exceed the 
State’s listing threshold, it is considered a species of special concern (MDIFW 2011, p 2). The 
MDIFW works collaboratively with the Service to conduct research and monitor lynx populations 
and habitats, and it recommends voluntary forest management activities to promote a 
sustainable supply of large, connected, and widely-distributed blocks of dense, young spruce-fir 
stands and to conserve large blocks of unfragmented forestland in northern and western Maine 
(MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016.  
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html.  
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. Minnesota DNR is under a Federal court order to develop an 
incidental take plan for lynx and plans to seek an incidental take permit from the Service for lynx 
trapped incidental to other legal furbearer trapping. Like Maine, Minnesota has a State 
Endangered Species Statute (84.0895) which requires the Minnesota DNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt 
rules that regulate treatment of species designated as endangered and threatened. Also like 
Maine, Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), 
and coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
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possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act7  
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (WADFW) developed a Lynx Recovery Plan8  and 
a Status Report9, and it prepares annual reports to update population and habitat information for 
the species. The WADFW also coordinates with the Service and other agencies to conduct 
research and monitor lynx populations and habitats. Additionally, the use of body-gripping traps 
(foothold, conibear, snares, etc.) for trapping other furbearers is prohibited in Washington 
(except for damage control or nuisance wildlife, which requires special permits). This avoids the 
potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 

                                                
7 http://leg.mt.gov/bills/mca/87/5/87-5-103.htm; https://www.animallaw.info/statute/mt-endangered-
species-chapter-5-wildlife-protection.  
8  http://wdfw.wa.gov/publications/00394/. 
9 http://wdfw.wa.gov/publications/01521/. 
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http://wdfw.wa.gov/publications/00394/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than natural historical conditions, when only 3 to 7 percent of stands were likely in such 
condition at any given time (68 FR 40094). Current timber harvest and management on State 
and private lands in Maine are governed by the Maine Forest Practices Act of 1989 and 
administered by the Maine Forest Service within the Department of Agriculture, Conservation & 
Forestry to regulate, among other things, the size, arrangement, regeneration, and management 
of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) clear-cuts are still 
permitted, but require special permits. Because of this regulatory burden and public 
referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely been 
replaced by various forms of partial harvest techniques; many of which are unlikely to maintain 
the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.2.1 and 5.2.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on most private lands to 
assure management of lynx. In 2006 and 2007, the Natural Resource Conservation Service 
(NRCS) provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically 
to manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
1 withdrew. The remaining 4 landowners were provided funding to develop lynx plans on a total 
of about 2,550 km2 (985 mi2; about 10 percent of the geographic unit). These landowners 
selected 1 or 2 township-sized (93 km2 [36 mi2]) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 652 km2 (252 mi2) within the larger area was 
targeted for managing lynx. All 4 landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS 
contracts with the landowners last for 10 years and these contracts expire(d) in 2016 and 2017. 
The HFRP described an opportunity for enrollees to apply for Safe Harbor Agreements when 
their contracts expired, although none have indicated an interest yet in doing so. Management 
plans were written for a 70-year period so some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats, but there are 
not specific recommendations pertaining to lynx. About 10,117 km2 (3,906 mi2) in northern 
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Maine is under conservation easement10, but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 
Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (about 809 km2 [312 mi2]) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for the MDIFW’s incidental take permit for trapping requires management of 25 km2 
(10 mi2) of lynx habitat within an 89-km2 (34-mi2) habitat management area on the MBPL’s 
Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below.  

                                                
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, last accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 
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Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservation measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
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natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
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largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of 1 or more measures of climate (e.g., temperature or precipitation) that 
persists for an extended period, typically decades or longer, whether the change is a result of 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). 
 
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will likely increase extinction risk 
for many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, 
observed impacts attributable to climate change that may affect lynx habitats and distribution 
include upslope and northward shifts in species distributions across multiple taxa, and increased 
wildfire activity (fire frequency, size, intensity, and duration) in boreal and subarctic conifer 
forests of Canada and the western United States (IPCC 2014a, p. 31). 
 
Globally, greenhouse gas emissions are increasing and tracking levels predicted by models for 
high emissions scenarios (e.g., RCP 8.5; Peters et al. 2013; Friedlingstein et al. 2014, p. 709, 
712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 187-189). Analysis of paleoclimate indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, Fig. 7). Warming projected over this 
century ranges from 2° to 6°C (3.6° to 10.8°F) for North America, with warming higher than this 
average in areas that are inland, northerly, or mountainous. 
 
The effects of climate warming are already occurring and have accelerated over the past 3 to 4 
decades (Hansen et al. 2006, entire). To date, the observed and predicted increases in surface 
temperatures have been greater in the Northern Rockies and the Northeast (much of the lynx 
DPS) than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 
2016a, pp. 14-15). Climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm 1° to 3°C (1.8° to 5.4°F) 
by the year 2050 (IPCC 2007b, p. 889). For example, in the Northern Rocky Mountains at 
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Glacier National Park, mean summer temperatures have increased 1.7°C (3.0°F) between 1910 
and 1980 (Hall and Fagre 2003, pp. 134–137) resulting in lower snowpack, earlier spring melt, 
and distributional shifts in vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
Lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Continued climate warming is expected to diminish 
boreal forest habitats and snow conditions at the southern edge of the range that are, in some 
places, already patchily-distributed and perhaps only marginally capable of supporting resident 
lynx. Climate models project reductions in the extent of boreal forest habitats and snow 
conditions thought necessary to support lynx throughout the DPS, with both features predicted 
to migrate northward in latitude and to higher elevations (in locations where this is possible; 
Sturm et al. 2001, pp. 342-342; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2010, pp. 
761-766; ILBT 2013, p. 69; Koen et al. 2015. p. 528). This would result in fewer, smaller, and 
more fragmented and isolated areas capable of supporting resident lynx and therefore smaller 
and more isolated lynx populations that would likely be more vulnerable to stochastic 
environmental and demographic events and genetic drift (Carroll 2007, pp. 1099–1100; 
Johnston et al. 2012, p. 11; 79 FR 54811; Schwartz 2017, pp. 4-5). Climate change has also 
been linked to increases in wildfire and forest insect activities; two important components of 
boreal forest disturbance and, therefore, lynx habitat quality, quantity, and distribution. It also 
may affect other factors that could influence the future health of lynx populations in the DPS.   
 
Specifically, the effects of climate warming on lynx, hares, and their habitats in the DPS range 
that are occurring or can be reasonably anticipated include: 1) northward and upslope 
contraction of boreal spruce-fir forest types, 2) northward and upslope contraction of snow 
conditions believed to favor lynx over other terrestrial hare predators, 3) reduced hare 
populations and densities, and 4) changes in the frequency, pattern, and intensity of forest 
disturbance events. Other potential effects of projected warming include: 5) reduced gene flow 
between Canadian and DPS lynx populations, 6) changes in the periodicity and amplitude of 
northern hare cycles, which could result in reduced lynx immigration to the DPS from Canada, 
and 7) increased or novel diseases and parasites. Each of these factors is discussed in more 
detail below. 
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Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest distribution in the contiguous United States has changed dramatically in response to 
changes in climatic conditions. It nearly disappeared from the Northeast 1,000 years ago during 
the interglacial warming period, then returned south into New England only in the past few 
centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and Jacobson 
2002, entire; also see 5.2.1, below). In the West during prehistorical periods of warmer climate, 
the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-boreal forest 
ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both the Northern 
(Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). Boreal forest was 
likely continuous from the Canadian border south through the Southern Rockies of Colorado 
and northern New Mexico until the climate began warming and drying beginning about 15,000 
years ago, which caused a northward and upslope retreat of the boreal zone to its current 
distribution, which has remained relatively stable for the past 3,000 years (ILBT 2013, p. 50) 
 
Now, recent and continuing anthropogenic climate warming is projected to cause another 
northward and upslope contraction of spruce-fir forest in the contiguous United States (and in 
Canada), likely with negative consequences for both lynx and snowshoe hares in the DPS and 
their southern ranges in Canada (Gonzalez et al. 2007, entire). Recent and projected future 
increases in temperature and changes in precipitation patterns are expected to shift the 
distribution of ecosystems northward and up mountain slopes (McDonald and Brown 1992, pp. 
411–412; Danby and Hik 2007, pp. 358–359; IPCC 2007c, pp. 230, 232). McKenney et al. 
(2007) predicted that the average range for a given North American tree species will likely 
decrease in size by 12 percent and will shift northward by 700 km (435 mi) during this century. 
As climate changes over a landscape, the ecosystems that support lynx are likely to shift, 
tracking the change of temperature, but with a time lag depending on the ability of individual 
plant and animal species to migrate (McDonald and Brown 1992, pp. 413–414; Hall and Fagre 
2003, p. 138; Peterson 2003, p. 652). Boreal spruce-fir forests are thought to be limited by 
higher summer temperatures and drought (Iverson and Prasad 2001, pp.192–196). For 
example, within the last 20 to 25 years, widespread mortality and reduced growth in red spruce 
in the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, p. 501; 
Johnson et al. 1988, p. 5373). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. However, Decker and Fink 
(2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately vulnerable 
to the effects of climate change by mid-century under a moderate emissions scenario. Similarly, 
Keane et al. (in press, pp. 209, 2013) concluded that while subalpine fir is likely to shift in 
distribution in the Northern Rockies, gains (expansion) will likely balance losses (contraction), 
and Englemann spruce , though highly sensitive to climate warming, will likely persist on the 
landscape.  
 
Boreal treelines in Scandinavia moved upslope an average of 40 meters (m; 131 feet [ft]), but in 
some locations up to 100 m (328 ft), during a recent 50-year period of warming (Kullman 1990). 
However, despite recent warming, the alpine treeline in North America has thus far remained 
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relatively static (Butler et al. 1994). Upslope migration of the boreal forest treeline may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower 
elevations, the upslope movement of the deciduous-boreal ecotone is limited by an isocline of 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). In the Yukon, upslope migration of spruce-fir 
seemed to be triggered by climate thresholds and was characterized by slow, gradual change 
followed by rapid advances (Danby and Hik 2007, p. 361). However, in Vermont, the northern 
hardwood-boreal ecotone moved upslope 91 to 119 m (299-390 ft) between 1962 and 2005 
consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be closely 
associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, the rate at 
which boreal forest could retreat upslope is highly speculative depending on how climate 
change may affect complex moisture and temperature regimes, and there could be a lag time 
before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of about 3°C (5.4°F) global warming (Lucht et al. 2006, entire; Joos et al. 2001, 
entire). Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will likely be in excess of 40 percent above the global mean (Soja et al. 
2007, p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly 
during the winter, but may be offset with increases in summer drought, heat stress, and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and reduce habitat connectivity between lynx populations in the DPS and in southern 
Canada. 
 
As temperatures increase, lynx and hare habitats and, therefore, lynx distribution, are likely to 
recede northward and shift upward in elevation within its currently occupied range (Gonzalez et 
al. 2007, pp. 7, 13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; 
Vashon et al. 2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers 
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expect that lynx in mountainous habitat will, to some extent, track climate changes by using 
higher elevations on mountain slopes, assuming that vegetation communities supportive of lynx 
and hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 
2007, p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential 
elevational refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate 
change scenarios, boreal spruce-fir forests are projected to diminish dramatically and could 
disappear from much of the range of the DPS by the end of this century (Iverson and Prasad 
2001, p. 196; Gonzalez et al. 2007, pp. 15-18; Iverson et al. 2008, pp. 390–400; Galatowitsch et 
al. 2009, pp. 2015-2016). Using a dynamic vegetation model, Gonzalez et al. (2007, pp. 4, 7–8, 
10, 13–14) concluded that potential lynx habitat in the contiguous United States could decrease 
by as much as two-thirds by the end of this century. Climate modeling suggests that lynx habitat 
and populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may 
disappear completely from parts of the range of the DPS by the end of this century (Johnston et 
al. 2012, pp. 6–13).  
 
Northward and Upslope Contraction of Snow Conditions Believed to Favor Lynx - As described 
above (section 2.2), the lynx’s long limbs, large feet, and low foot-loading are believed to give it 
an advantage in snowy conditions over potential competitors and predators. However, climate 
warming is diminishing snow conditions (depth, quality, persistence) throughout the DPS. 
Warmer winter temperatures are reducing snowpack and altering snow structure throughout the 
lynx DPS via a combination of a higher proportion of precipitation falling as rain, more winter 
thaw-freeze events, higher rates of snowmelt during winter, and earlier spring melt and runoff 
(Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 
2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549). These 
trends are expected to continue with projected future climate warming (Hamlet and Lettenmaier 
1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 2007b, p. 850). 
The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth are very likely 
to decrease in most of North America except in the northernmost part of Canada where 
maximum snow depth is likely to increase.’’ Because lynx occurrence is correlated with 
prolonged periods of deep, fluffy snow, current habitats that lose this feature would decline in 
value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a large decline in snow cover in North America, 
particularly in the mountains of the western United States (Mote et al. 2005, pp. 47-48). These 
areas have historically been snow-covered from November through March, but the length of 
snowfall-conducive temperatures over many western mountain ranges could be reduced from 
about 5 months to about 3 months (December-February) by mid-century (Klos et al. 2014, p. 
4566). Spring snowpack has already declined in many parts of the Rockies, especially since the 
mid-20th century, despite overall increases in winter precipitation in many places (Mote et al. 
2005, entire; Scalzitti et al. 2016, pp. 5367-5368). The rate of decline in the snowpack of the 
Northern Rockies is unprecedented in the last 1,000 years (Pederson et al. 2011, entire). Some 
mountainous regions are warming faster than global land averages (Rangwalla and Miller 2012, 
entire), and in most mountain ranges, relative declines in snowpack vary from minimal at 
ridgetop to substantial at snow line. Losses in snowpack observed to date will likely continue 



 

69 
 

and could even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Similarly, 
because of diminishing snow resources, potential lynx habitat is diminishing in the northern 
Appalachians and small areas in the Canadian Maritime Provinces (Carroll 2007, p. 1093). An 
analysis of recent and potential future snow cover under a range of IPCC climate scenarios 
suggests that snow conditions correlated with historical lynx occurrence records could decline 
by 10-20 percent across the continental U.S. and Canada and by 46-84 percent in the 
contiguous United States by the end of the century century (Gonzalez et al. 2007, pp. 4, 7, 12-
14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Dyer and Mote 2006, entire; Brown 2000, pp. 2347-2354) and increased snow density 
(Hodgkins and Dudley 2006, entire). Because temperature has increased more in the winter 
than summer (Knowles et al. 2006), the amount of winter precipitation falling as rain instead of 
snow has also increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 
2006, entire; Feng and Hu 2007, entire). If greenhouse gas emissions continue at the current 
rate, by 2100, the elevation above which it snows and below which it rains could climb as much 
as 244 m (800 ft) in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and 
Wyoming, with the snow line projected to rise by an average of 290 m (950 ft) across 6 Western 
mountain regions (Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to accelerate the rate of loss of 
snow cover because of the reflective nature of snow and the relative heat-absorbing properties 
of non-snow-covered ground. This feedback effect causes the greatest warming to occur at the 
interface of snow-covered and exposed areas, increasing the rate at which melting occurs in 
spring (Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect 
has shifted the average date of peak snowmelt 3 weeks earlier in spring in the Intermountain 
West (Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and 
desert dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-
darkened landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
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These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over their potential competitors. These various forms of snow compaction and 
structure within the snowpack could give a competitive advantage to bobcats and other 
predators/competitors with higher foot-loading that would normally have difficulty traveling and 
hunting efficiently in deep, unconsolidated snow (Murray and Boutin 1991; Murray et al. 1994; 
Kolbe et al. 2010). 
 
The bobcat is the closest related species to lynx in North America, and it may outcompete or 
displaces lynx in some areas where the 2 species overlap, at both broad (Peers et al. 2013, 
entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) geographic scales. In some 
areas of sympatry, lynx may be displaced to habitats of inferior quality, which could limit survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth, consistency, and persistence likely mediate competition between the 2 
species. Because of their higher foot-loading, bobcats likely hunt less efficiently than lynx in 
deep, unconsolidated snows (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and 
they experience high mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Considering 
recent and projected future changes in snow conditions described above, stable or increasing 
bobcat populations in the DPS range (Roberts and Crimmins 2010, p. 170), and the predicted 
northward expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 
2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172), lynx may 
experience increased competition and displacement by bobcats, which could influence lynx 
distribution and persistence at the southern edge of their range. 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2007, p. 1465; Koen et al. 2015, p. 528). 
 
Although high-elevation areas in the western part of the DPS range may provide future snow 
refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also be affected by 
climate change. Because recent and current rates of climate warming are much faster than 
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occurred historically, it is possible that in these areas snow conditions favorable for lynx may 
move upslope at a faster rate than boreal forest vegetation, creating a mismatch of these lynx 
habitat elements. Thus, although it is possible that boreal forest vegetation may persist for some 
time, snow conditions thought to favor lynx could retreat upslope, potentially precluding lynx use 
of those boreal habitats and instead favoring potential competitors such as bobcats and 
coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of the range. As described above, changing snow conditions may influence lynx hunting 
behavior and effectiveness. For example, hard-packed snow is reported to be associated with a 
higher kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth 
et al. 2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
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which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). Snow patterns have also been proposed to 
potentially play a role in dampening cycles of some vole (Microtus and Myodes spp.) 
populations in northern Europe (Cornulier et al. 2013, pp. 64-65). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
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Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long, or they may be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forests (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes Region and parts of the Northwest could experience drought stress within 2 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
Wildfire ferquency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated in the western United States with 
continued climate warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western 
United States from 1970-2004, Westerling et al. (2006, entire) found rapid and dramatic 
increases in the frequency of large fires, wildfire durations, and the length of the wildfire season 
beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such as lodgepole 
pine and spruce-fir) in the Northern Rockies experienced the greatest increases. Increased 
spring and summer temperatures and an earlier spring snowmelt strongly influenced large 
wildfires, suggesting that climate is the primary driver of these changes rather than fire 
exclusion (suppression), which appears to have had little impact on natural fire regimes of these 
higher-elevation forest types in this area (ILBT 2013, p. 70). In contrast, climate change is 
increasing precipitation in boreal forest regions of eastern North America, which has reduced 
wildfire frequency (Bergeron et al. 2001, p. 388). Under multiple climate scenarios, large 
increases in fire frequency are expected for boreal forests in central and western Canada, and 
reduced frequency in eastern Canada - a situation that reflects past Paleoclimates that were 
warmer than the present (Flannigan et al. 2001, pp. 860-862). Increased fire frequency at the 
grassland – aspen parkland – boreal forest transition in western Canada may hasten the 
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conversion of boreal forest to aspen parkland and aspen parkland to grassland (Flannigan et al. 
2001, p. 860-861), which could affect connectivity and gene flow in lynx populations. In the DPS 
range, large wildifres in north-central Washington (Unit 4) have reduced lynx habitat by 35-40 
percent over the past 25 years (see section 4.2.4 below). 
 
Climate change is also likely affecting the frequency and intensity of some eruptive boreal forest 
insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes in 
temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. Warmer springs also could 
increase the frequency and duration of wildfires, which in turn could increase vulnerability of 
surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, p. 70). Increasing 
temperatures and forest homogeneity could create conditions favorable for bark beetle 
outbreaks that exceed natural disturbance thresholds, perhaps increasing the likelihood of 
additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 2008; ILBT 
2013, p. 70). By the end of the century, changes in temperatures across the boreal forests of 
western North America may cause markedly high probability of outbreak of these species 
(Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a major pest of 
spruce-fir ecosystems in eastern North America, is expected to shift northward reducing 
vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 2010, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)12 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
Reduced Gene Flow Between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
hypothesized that climate change would create increasingly unsuitable environmental conditions 
for lynx (e.g., milder winters with reduced snow quality, declining and fragmented boreal forest), 
which was associated with low genetic diversity and high genetic differentiation at the trailing 
(southern) edge of the range. High winter temperature, low snow depth, and low proportion of 
suitable habitat were also strongly correlated with neutral genetic diversity, low allelic richness, 
                                                
12 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and high genetic differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic 
structuring in southern lynx populations could be caused by a northward shift in optimal 
conditions, potentially resulting in isolation and extirpation of lynx populations at the trailing edge 
of their range or climate-induced changes in the distributions of snowshoe hare or bobcats 
causing lynx to shift northward. Lynx with the greatest allelic richness were found in areas with 
the deepest snow in the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The 
authors concluded that climate warming has reduced gene flow at the receding (southern) edge 
of the lynx’s range, and that southward gene flow from Canada into threatened United States 
populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et al. (2004, entire) documented 
population and genetic structuring in the lynx populations east and west of Hudson Bay based 
on differences in snow conditions on either side of this divide. This may be explained by the 
reluctance of lynx to disperse between areas having different snow regimes and snow quality. 
Snow conditions may be the key factor in the spatial, ecological, and genetic structuring of 
Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
  
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on 
the St. Lawrence may prevent bobcats from dispersing northward into lynx areas in central 
Quebec (Koen et al. 2015, p. 528). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific 
North American Index, and North Pacific Index which, in turn, affect patterns of temperature and 
snow in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are 
believed to have caused the collapse of cycles in voles, lemmings, and snowshoe hare 
populations (Ims et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). 
The geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
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Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the effects of climate warming on hare-lynx cycles in Canada. The authors 
concluded that climate forcing is not only essential in producing sustained cycles, but also in 
modifying cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests in Canada 
beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 3269). With 
more pronounced troughs in hare abundance cycles, lynx populations will likely decline (Hone et 
al. 2011, p. 424). Diminished lynx populations in Canada is a concern because periodic 
immigration from Canada is believed to influence the demographic and genetic health of lynx 
populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 
2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 
187; 79 FR 54789, 68 FR 40091, 40097-40100). If recent lower-amplitude hare cycles in 
Canada persist, they will likely be followed by lower-amplitude lynx cycles, possibly resulting in 
muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. This would 
likely result in reduced demographic support and further reduce gene flow into the DPS, both of 
which could influence the health and persistence of resident lynx populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000). No apparent climate-influenced parasites 
or diseases have been identified that would be expected to broadly affect lynx or snowshoe 
hare populations, but several lynx experts believed this is difficult to predict and remains a 
possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in 6 areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24).  
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007) and 
could further reduce and isolate lynx populations within the DPS and reduce connectivity 
between Canadian and DPS lynx populations and habitats. Declining boreal forests and snow 
conditions, increasing drought and fire, and increasing scale of forest insect outbreaks are 
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currently believed to be the most important stressors for lynx in the DPS, but it is possible that 
other pathways are, or may also become, important. 
 
In summary, although the rates of change and magnitudes of effects of climate warming are 
difficult to predict, climate models agree that lynx habitat and populations are likely to decline in 
the future (Carroll 2007, pp. 1098–1102; Gonzalez et al. 2007, entire) and may disappear 
completely from parts of the DPS range by the end of this century (Johnston et al. 2012, pp. 6–
13). Remaining lynx populations will likely be smaller than at present and, because of small 
population size and increased isolation, they will likely be more vulnerable to stochastic 
environmental and demographic events (Carroll 2007, pp. 1100–1103). Largely because of the 
likely consequences of projected continued anthropogenic climate warming, lynx experts expect 
a decreasing likelihood that resident lynx populations all 6 geographic units will persist in the 
future (Lynx SSA Team 2016a, pp. 35-47). Potential climate-mediated changes in habitat, prey 
base, and competitor guild, along with ongoing habitat los sand fragmentation, has led some 
authors to conclude that “…the extent of such changes and whether lynx are able to adapt to 
them will determine not how, but if, this species can persist in its current southern range” 
(Murray et al. 2008, p. 1469).  

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in 1 geographic area may not be beneficial to hares and lynx 
in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to a single common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
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from predation. Softwood (e.g., spruce-fir) has about 3 times more cover value than hardwoods 
(Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare density are 
directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 
1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 2000; 
Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest practices 
that promote high stem density and dense horizontal cover can increase snowshoe hare 
densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western United States 
After disturbances, forests generally develop through several stages described by Oliver (1980) 
as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996). The frequency and severity of disturbances have a large role in determining 
which species will dominate in a stand after the disturbance event. Snowshoe hare and lynx 
habitat are created during the stand initiation stage, after the young trees have established and 
grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide adequate horizontal 
cover. During the stem exclusion stage (when trees reach about 10 m [33 ft], depending on tree 
species) the tree crowns lift and lower branches self-prune, thus reducing the live horizontal 
branches providing food and cover for snowshoe hares. In the old growth stage, understory may 
re-develop (e.g., in forest gaps where mature trees die or fall down) and food and cover may 
again become available to support snowshoe hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
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from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than fire, insect, or wind 
damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
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deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, 
p. 125). The wood pellet sector is expected to grow, although woody biomass is typically the 
lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
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affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, 
Perez-Garcia et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under 
climate change, total United States timber inventories will increase, timber harvest will increase, 
and product prices will decrease relative to an assumed stable climate. Some models predict 
that consumers will gain from climate change while landowners in some regions will lose. The 
forest industry will adapt to climate change in many ways including using alternate tree species 
in manufacturing, shifts to geographic regions of the country with economic advantages in 
timber growth, and increasing forest plantations with new species that are favorably adapted to 
the new climate and markets. Many strategies have been evaluated to increase the quantity of 
carbon stored in North American forests (Irland et al. 2003) including discontinuing or greatly 
reducing harvest in some forests to build carbon reserves, increased recycling to reduce use of 
forest products, converting agricultural lands to forests, and substituting wood products for more 
energy-intensive products. Increased atmospheric carbon will increase forest growth slightly, 
except for softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters 
more carbon, is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with 
older growth conifer forest to sequester carbon could benefit lynx in the West and be to the 
detriment of lynx in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
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anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hare populations across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
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thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
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future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (0.16 hares/ac; 
Simons 2009, p. XX), which is below the landscape hare density (0.5 hares/ha [0.2 hares/ac]) 
thought necessary to support resident lynx (Ruggiero et al. 2000b, Simons-Legaard et al. 2013). 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western United States, prescribed fire for ecosystem restoration is most applicable to the 
dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests 
are generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western United States, projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
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of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high quality hare habitat (Simons 2009, Simons-Legaard et al. 
2013). In Maine and northern Washington, landscapes where boreal forest habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
(Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
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Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western United States 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak and wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of hundreds to thousands of years. After several centuries 
of forest management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 
 
Need conclusion paragraph – summarize most important points about veg. mgmt. as an 
influencing factor for lynx in the DPS. 
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3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) United 
States forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is 
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the dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
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replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 



 

90 
 

compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, multiple large 
fires in north-central Washington over the last 24 years have burned about 34-37 percent of lynx 
habitat (Lewis 2016, pp. 4-6), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-
40 years for these areas to recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 
21), during which time additional fire and other habitat impacts could further diminish habitat 
availability and the lynx population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA 
Team 2016a, p. 44; also see section 2.3.2.2, above, and sections 4.2.4 and 5.2.4, below). The 
loss of habitat resulting from these fires and its potential demographic impacts on the State’s 
only resident lynx population contributed substantially to the WADFW’s recent recommendation 
to uplist lynx from threatened to endangered under its State Endangered Species Program 
(Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx.  
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3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in most parts of the DPS range are patchy and marginal for both 
snowshoe hares and lynx. In the northern contiguous United States, boreal forest transitions to 
various types of northern hardwood forest in the Northeast and Great Lakes Region and to drier, 
more temperate montane forests in the West. The transitional nature of the boreal forest at its 
southern extent is believed (along with competition from other hare predators) to limit the 
numbers of both hares and lynx, preventing either from achieving densities comparable to those 
regularly achieved (except during the low of the hare population cycle) in the classic boreal 
forests in the core of both species’ ranges in Canada and Alaska (79 FR 54790). Lynx must 
contend with aspects of their habitat at the southern extent of the boreal forest for which they 
are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 4.5 
percent (20,000 km2) loss in forest area , and continued expansion of residential development 
will likely reduce forested patches by another 1.2 percent percent by 2030 (Theobold et al. 
2011, entire). Human-caused fragmentation in the forested western landscape resulted in a 
decline of weighted mean patch size from roughly 35,000 km2 to 3,200 km2 from natural to 
current conditions, but models predict relatively small declines in the size of forested patches 
over the next 30 years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half 
or more of the natural forest was cleared in the past 3 centuries, but as agriculture and 
settlement relocated westward and some eastern farmlands were abandoned, eastern forest 
cover rebounded (Williams 1989, Smith et al. 2005). Similarly, a large portion of Minnesota 
forests were cleared in the last century, but forest cover has rebounded. The forest area in 
northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 22). Preliminary 
findings from the 2002 United States timber assessment (Haynes 2003) indicate that 
approximately 15-20 million acres of United States forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the United States population is estimated to grow by 
another 126 million people. 
 
Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
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sources results in habitat alteration, direct habitat loss, vehicle collisions, behavioral disturbance 
from roads, and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high-quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution and generally lower densities of hares in many parts of the contiguous 
United States require lynx in most areas of the DPS range to maintain larger home ranges than 
lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger home 
ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the range of lynx, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95).  
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Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that an extremely high 
predation rate on hares living in high-quality habitats seemed to be driving the changes in 
distribution and abundance in a snowshoe hare population in Wisconsin, rather than predation 
on naturally dispersing individuals. In that study, predation pressure on hare populations 
occupying small (< 7 ha [< 17 ac]) patches of preferred habitat was so severe that 3 of the 5 
populations under investigation were extirpated in the course of the 3-year study. Fragmentation 
of landscapes exacerbates the effect of predation by allowing carnivores to concentrate their 
hunting efforts on small patches of habitat used by their preferred prey instead of preying 
disproportionately on dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich 
landscapes characteristic of the DPS, this can result in intense predation and competition for a 
limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Deep (Hoving et al. 2005, p. ; Peers et al. 2013, entire) and 
persistent (Gonzalez et al. 2007) snow are believed to give lynx a competitive advantage over 
generalist predators in the conterminous United States. Too little snow or crusting conditions 
may favor competitors and predators like bobcat, fisher, and coyotes. High elevations may 
provide snow conditions that favor lynx, whereas low elevations favor conditions for competitors. 
Lynx may have a competitive advantage at higher elevations in the DPS in the winter, but not in 
summer months when competitors likely have increased access to all habitats. 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, appropriate habitats for lynx are naturally fragmented by topography 
and vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
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flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
discourage lynx dispersal between habitat patches (although verifed records of lynx in many 
parts of the contiguous United States and long-distnce dispersal of lynx released in Colorado 
demonstrate that lynx at least occasionally navigate such habitats). In some western parts of the 
DPS range, lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, 
p. 976). In other areas of the DPS where there is little topography, including Minnesota and 
Maine, matrix forest facilitates lynx movements between suitable habitats. Large rivers are 
unlikely to fragment habitat as lynx readily swim across large bodies of water (Feierabend and 
Kielland 2014, entire) or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western United States, although snow alone does not constitute lynx habitat (i.e., many places 
receive sufficient snow but lack other features lynx need, typically adequate hare densities). 
Snow conditions are less consistent in the East. For example, lake-effect snow from Lake 
Superior can increase snow depth and duration in the Arrowhead region of Minnesota in some 
years, but not others. The Gulf of Maine has the reverse effect, and its warming influence 
reduces snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate 
that eastern Maine has extensive areas of boreal forest but does not achieve snowfall 
thresholds that gave lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
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their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and, in winter, avoided recent 
clearcuts or other large openings (Squires et al. 2010). Similarly, in Washington, Lewis et al. 
(2011, entire) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and factors. Changes in habitat, 
prey base, and perhaps competitor guild will likely impact lynx populations in the DPS and in 
southern Canada.  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
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road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J. Squires, personal communication 2012). Colorado lynx crossed 2-lane 
highways an average of 0.6 times per day and more frequently during dusk and at night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially in forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, MDIFW, unpub. data), 11 in Minnesota (T. Smith, USFWS, 
unpub. data), 1 in Idaho and 5 in Montana (USFWS 2016a, unpubl. data, compiled by K. 
Broderdorp). Between 1995 and 2011, 15 lynx were reported killed on British Columbia 
highways (British Columbia Wildlife Accident Reporting System 2012). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volume and lower speed limits. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
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(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012, pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
potential competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift from clear-cutting to partial harvesting will continue to increase the number of patches 
of high-quality hare habitat, but it will greatly reduce the size of patches and increase their 
isolation (Simons-Legaard et al. 2016, pp. 5-6),thus diminishing landscape conditions conducive 
to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 



 

98 
 

are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous United States 
(ILBT 2013, pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow 
conditions provide for extended ski/snowboard recreational seasons. In the western states, 
many of these landscapes feature spruce-fir forests. While ski resorts occupy a small proportion 
of the landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and perhaps railroad access to facilitate 
exploration and development also directly impact lynx habitat, contribute to fragmentation, and 
result in direct mortality. Despite these potential effects, mining exploration and development is 
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generally anticipated to affect only a small portion of lynx habitat in the contiguous United 
States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site, and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
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species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the United States are of concern. 
 
Again, could use a summary paragraph here of the most important sources and consequences 
of habitat loss and fragmentation. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last2 decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps 50-200 lynx occupies the northeastern 
corner of the state. Research also suggests that lynx and habitats in the western United States 
(Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was thought 
at the time of listing, and several areas thought to have historically supported small resident 
populations currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 
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3], and the Kettle Mountains of northeastern Washington). We also know that recent extensive 
wildfires in north-central Washington (Unit 4) have substantially reduced (probably temporarily) 
the amount of high-quality lynx habitat and likely caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the 
subsequent survival and reproduction of some of these lynx and some of their offspring, 
resident lynx currently occupy parts of western Colorado (Unit 6), although the current number 
of lynx there is uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; Figure 1). Of the 5 occupied units, 
4 are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2) (see tables 1, above, and 3, below). Our analyses and lynx expert imput 
indicate no single catastrophic event that could result in the functional extirpation (loss of the 
ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016a, p. 56).  
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, p. 2], Isle Royale in Lake Superior [Licht 
et al. 2015, entire]). Any small populations that were lost were not in large, discrete geographic 
units that would have represented substantially greater redundancy in the contiguous United 
States. The implications of the potential recent loss of resident lynx in the GYA for the 
redundancy of the DPS are unclear. The historical record and recent research show that the 
GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
National Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times, and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
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mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited). There 
are no reliable estimates of current or historical resident lynx numbers in this unit. At the time of 
listing, the Northern Maine Unit was not believed to contribute significantly to the DPS. 
However, we now know that there currently is sufficient habitat in this unit to possibly support 
the largest reproducing resident population of lynx in the DPS (numbers and trends unknown, 
but enough habitat currently exists to support possibly 500 to 1000 lynx). Small numbers of 
reproducing lynx have also been documented recently in northern New Hampshire and northern 
Vermont. Historically, when Maine had a greater proportion of mature forest, lynx distribution in 
this unit was likely patchier, and lynx populations were likely lower and may have been more 
dependent on immigration from Canada. Forest management is now the primary driver of hare 
and lynx habitat in this DPS unit. Current lynx and hare habitat is at an historically high level 
because of young, regenerating softwood forests created by extensive clearcutting and 
herbicide application to salvage spruce-fir and encourage softwood regeneration following a 
severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 
2008b). Lynx responded to these conditions with high survival and reproduction, small home 
ranges, and moderate population densities. State forestry regulations passed in 1989 caused 
landowners to shift to various forms of partial harvesting that have resulted in lower landscape 
hare densities across much of the unit. Hare populations do not seem to cycle in this region, but 
hare numbers declined by 50 percent starting in 2006 and have remained at lower levels. 
Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 

Comment [ZJ107]: State of ME comments 
request we use the estimate they provided at 
EE Workshop – 750-1,000 lynx. 



 

104 
 

entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
that wish to diversify income from their investments, which could result in forest practices less 
likely to result in hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population and are 
highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest 
continues to manage lynx habitats in accordance with its 2004 Forest Plan, which includes 
measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, and incidental trapping; other factors that could potentially 
impact resident lynx in this unit include mining development, snow compaction (related to winter 
recreation?), competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 
of unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 3 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
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2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and 
hare habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest 
and associated management (e.g., thinning, road construction, fire suppression) appear to have 
had localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size and 
intensity of wildfires have increased over the past several decades, likely in response to climate 
warming, but impacts to lynx are uncertain. Whether and if so to what extent other climate-
mediated factors have influenced the current condition of lynx populations or habitats in this unit 
is also unknown. Regulations prohibit lynx trapping and require measures to reduce the 
likelihood of trapping lynx incidentally when legally trapping other species. Hare densities have 
not been estimated broadly throughout the unit but appear to be low or marginal even in what is 
considered the highest-quality habitat, suggesting that even small decreases in habitat 
quality/hare densities could influence its continued ability to support resident lynx. The role of 
past and recent immigration in maintaining the demographic and genetic health of current lynx 
populations in this unit is unknown, but peaks in cyclic lynx numbers in Canada have declined, 
especially when compared to the unprecedented irruptions of the early 1960s and 1970s, and 
there is no evidence of significant immigration into this unit since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
There are no reliable estimates of historical or current resident lynx numbers in this unit, but 
recent habitat and home range analyses (summarized in Lewis 2016) suggest that it may have 
been capable of supporting 65-90 lynx prior to extensive wildfires  over the past 2 decades. 
Those fires affected about a third of the potential lynx habitat, led to increased home range size, 
and may have reduced the carrying capacity of this unit to 40-55 lynx currently. The recent 
increase in wildfire frequency, size, and intensity in lynx habitat in this unit may have been 
influenced by climate change (Westerling et al. 2006, pp. 942-943). There is significant risk for 
potential future wildfires to further affect the viability of lynx in this geographic unit. Burned 
habitats are expected to regenerate back into suitable lynx habitat, but this may take 10-40 
years. Results of snowshoe hare research suggest that hare densities in Washington are 
generally at the low end of the range thought necessary to support lynx persistence. The 
Okanogan-Wenatchee and Colville National Forests, which administer more than 90 percent of 
lynx habitat in Washington, continue to manage in accordance with the LCAS. Additionally, the 
WADNR, which manages approximately 4 percent of lynx habitat in Washington, developed a 
Lynx Habitat Management Plan in 1996, which was updated in 2006 and is also largely based 
on the LCAS. The Kettle Range to the east of this unit was suspected to have supported a small 
(likely fewer than 20 individuals) resident population until about 30 years ago when over-
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trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether and, if so, 
to what extent other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of reproduction 
among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but lynx managers believe it may currently support 100-250 lynx as a result 
of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historic irruptions of the early 1960s and early 1970s. Since the DPS was listed 
and the Southern Rockies Lynx Amendment completed, 2 bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in several areas of lynx habitat in the San Juan Mountains. Areas affected by beetles 
that contained multistoried stand conditions likely continue to provide habitat to support 
snowshoe hares and lynx. Areas affected by beetles and fire may require 20 years or more to 
recover to a point where the stands will again support snowshoe hares. Large-scale monitoring 
efforts in the San Juans documented continued lynx occupancy during winter 2010-11 and 
2014-15, and it is reasonably likely that lynx continue to occupy all National Forests within the 
State of Colorado. Habitat that supports snowshoe hares is patchily distributed in this 
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geographic unit, which limits their abundance. Because the majority (90 percent) of potential 
lynx habitat in Colorado is under Federal land management, actions occurring on other 
ownerships are unlikely to result in significant impacts to lynx habitat within this unit. The USFS 
manages over 85 percent of the lynx habitat in this unit, providing conservation through the 
Southern Rockies Lynx Amendment. However, regulatory mechanisms for the conservation of 
lynx are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including 
lynx habitats on some BLM and some non-Federal lands. 
 
Table 3. Summary of current conditions in 6 geographic units within the DPS range1.  

 
1Estimators used to calculate home range size are provided in table 2, above. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This unit encompasses approximately 28,909 km2 (11,162 mi2) of northern 
hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been designated 
as critical habitat for lynx (79 FR 54823-54828). Lynx have recently been documented in smaller 
areas of similar habitat outside this unit in eastern and western Maine, northern New 
Hampshire, and the northeaster corner of Vermont. Climate in this region is characterized by 
warm summers and some of the coldest temperatures and highest snowfalls in the eastern 
United States; a function of latitude, elevation, and distance from the ocean. The average terrain 
rises in northern Maine to 305-457 m (1,000-1,500 ft) with mountain peaks, particularly in 
western Maine, northern New Hampshire, and Vermont from 914-1,524 m (3,000-5,000 ft). This 
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region is far enough inland to be unaffected by marine influences. Average annual precipitation 
is currently 104 cm (41 in), with greatest precipitation in winter in the form of snow (average total 
snowfall is 228-280 cm (90 -110 in), with higher amounts at the highest elevations. Snow 
duration is about 4 months (mid-November through mid-April). 
 
Most of the lynx habitat in the Northeast occurs in northern Maine within the designated critical 
habitat boundary all. Land ownership in the critical habitat unit boundary is about 90 percent 
private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and 1 percent 
Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost entirely 
commercial forest lands. Lynx regularly occur outside of the designated critical habitat boundary 
in parts of northeastern, eastern, and western Maine and, recently, in northernmost New 
Hampshire and Vermont (see below). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
New Hampshire - Potential habitat in norther New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these 2 ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA, under a conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to 
mature to a climax forest type which is contained within what is considered core lynx habitat. 
The area will potentially provide good denning habitat but will likely restrict the amount of 
snowshoe hare habitat in the foreseeable future. Current conditions are in a transition state, and 
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portions of the core area currently support higher densities of snowshoe hare because of past 
forest management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a 
high component of deciduous forest and insufficient snow conditions in New Hampshire are 
unlikely to support viable lynx populations over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Recent modeling to determine potential lynx habitat connectivity in the Northeast 
suggests that the Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012) . 
The 530-km2 (205-mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife 
Refuge), 17 percent State (Vermont Department of Natural Resources), and 63 percent private 
commercial timber lands (with conservation easement). The future persistence of lynx in 
Vermont is unlikely because of the patchy and limited amount of potential habitat, climate 
change (decreasing snow), trends toward hardwood management, and increasing human 
disturbance (Vermont Fish and Wildlife 2015, Appendix A5 p. 127). 
 
Habitat Description:  In the Northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within 1 m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, several 
estimates of hare densities in the highest quality, regenerating conifer or mixed forest averaged 
1.9 to 2.1 hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 
2006, hare densities declined by about half in all stand types and have remained at these lower 
levels (Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed 
in the Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha (0.2 hares/ac) at low and 
high elevations (Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower 
densities in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and 
lowland spruce-fir. Densities in high elevation (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont or New York. The average landscape hare density in home range-sized areas 
occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 2013, p. 567). Based on 
these observations, Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining 
landscape hare densities of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-
quality hare habitat within 100-km2 areas) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
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current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39 hares/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [15–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
hare densities, where hares were more accessible to lynx compared to the densest (short 
regenerating) stands Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically, lynx habitat in northern Maine was likely much less abundant and less broadly-
distributed than it is today. Both the current amount of high-quality habitat and the lynx 
population in Maine are likely larger than occurred prior to European settlement, when a 
relatively smaller proportion of the forest was in an early successional stage (Lorimer 1977, 
entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior to European settlement, lynx 
habitat was created and maintained by frequent, small-scale forest gap dynamic events and 
infrequent, large-scale stand-replacing forest disturbances (Seymour et al. 2002, pp. 359-365; 
Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests often exhibit an even-aged 
wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). Large, stand-replacing 
events (fire, wind and ice storms, insect outbreaks) are rare (interval of several hundred to 
several thousand years) and highly variable in size (Seymour et al. 2002, entire; Lorimer and 
White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark disease, and sugar 
maple defoliators have been important influences affecting forest landscape patterns (McNab 
and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm outbreaks, the 
most likely insect to affect lynx habitat, have been highly variable in Maine and eastern Canada 
in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less significant as a 
natural agent of disturbance. The typical fire regime is infrequent surface fires in the dormant 
season in the hardwood forests, and slightly more frequent but long-interval fires in conifer 
forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer and 
White 2003, p. 59). For the past several decades, early successional forests and lynx habitat in 
northern Maine, New Brunswick, and southern Quebec have been created almost exclusively by 
forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) increased 400 
percent (Simons-Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future (Simons-Legaard et al. 2016, pp. xx). In response to the 
widespread clearcutting in the 1970s and 1980s, Maine passed the Forest Practices Act in 
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1989. This Act regulated clearcutting. Various forms of partial harvesting replaced clearcutting 
as the predominant form of forest management in northern Maine. Partially harvested stands 
(e.g., selection harvest, shelterwood harvest, overstory removal) have a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006, p. 29). On average, partially harvested stands support 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006, p. 
26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), 2 tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time 4 private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
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Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All 4 plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
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widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records (Vashon et al. 2012, entire; Siren 2015, entire) document that 
lynx occur throughout northern Maine and in small, isolated pockets in western and eastern 
Maine, northern New Hampshire, and Vermont (Siren 2015, entire). Population size and trends 
are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016a, p. 
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18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 townships to 
document the distribution of lynx and to inform habitat modeling at the University of Maine 
(Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire; Simons 
2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only2 records 
in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a small 
resident population likely occurred historically in New Hampshire but no longer exists (68 FR 
40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of 3 lynx, a presumed family group, were observed travelling together in 
late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over 3 winters (Brocke 1982). The reintroduction was unsuccessful in establishing 
a resident population, and in 2003 the Service concluded that a resident population may have 
existed in New York prior to 1900, however, records of lynx since 1900 likely represent 
dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire), resource use (Vashon et al. 2008b, entire), survival (Vashon et al. 2012, 
pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects of their life history 
(Vashon et al. 2012, entire). During the period when snowshoe hare populations were highest 
(2000-2006), Maine lynx had among the highest reproductive rates (average litter size 2.74, 89 
percent of adult females producing litters) in the DPS (Vashon et al. 2012, pp. 18-19). During 
the current (2006-present) period of low hare density, litter size was smaller, only 30 percent of 
females had litters, and mortality was greater. Maine lynx have among the smallest home 
ranges documented in the DPS (Vashon et al. 2008a, p. 1482; LCAS 2013, p. 24; also see 
tables 2 and 3, above). Home range sizes were similar during periods of high and low hare 
density (Mallett 2014, p. XX). Lynx populations likely increased during the period of high hare 
density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) (USFWS, 
Vortex 10, deterministic population simulation 2016; demographic data from Vashon et al. 2012, 
pp. 17-21). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002; Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and may have been more dependent on 
immigration from Canada. Current habitat is the result of widespread clearcutting to salvage 
spruce and fir damaged by a spruce budworm outbreak in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005, Fuller et al. 2007, Vashon et al. 2008b, Simons-Legaard et al. 
2013). Lynx habitat is expected to remain stable for the next few years then decline because of 
changing forest practices (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where there is regularly total 
snowfall of at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of 
lynx (to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, 
Peers et al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range 
of the lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 
cm (90-104 in; NOAA 201113). In the last 50 years, 18 of 23 snow sampling sites in and near 
Maine experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in 
New England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et 
al. 2008). Thus, average snow conditions in Maine are currently at or below snow depth 
thresholds for lynx, and further declines in annual snow depth would be expected to reduce the 
probability of lynx persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated in the Northeast. 
Unlike other units, annual precipitation in Maine is increasing because of climate change, but 
                                                
13 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 
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primarily as rain (A. Siren in Lynx SSA Team 2016a, p. 15; Fernandez et al. 2016), and 
especially rain on snow events in winter in northern Maine (Huntington and Hodgkins 2004, 
Deser et al. 2013, Fernandez et al. 2015). Snow density and compaction and crust conditions 
(caused by wet, heavy snow or rain on snow events in winter) have increased in northern New 
England (Dudley and Hodgkins 2002, Huntington et al. 2004, Huntington 2005, Hodgkins and 
Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800 to 9000 years; Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks cause 
stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River14. 
 
In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for Maine’s 
Trapping Program (MDIFW 2014, 2015a as amended, entire) and obtained a permit from the 
Service for lynx trapped incidental to other furbearer trapping in Maine. From 2000 to 2016, 114 
lynx have been reported captured in traps set for other species and 8 of those were killed 
(Vashon et al. 2012, MDIFW 2014, p. 75). In Maine, after 2 lynx were killed in killer-type traps in 
2014, the MDIFW imposed additional trapping restrictions to further reduce mortality and injury 
of incidentally-trapped lynx, (e.g., requiring killer-type traps be placed in exclusion boxes, 
eliminating the use of drag sets for foothold traps, and requiring multiple swivels on trap chains. 
No lynx have been reported incidentally trapped in New Hampshire or Vermont since 2000. 
                                                
14 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development15, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern Maine and 5 
projects are in operation; 2 have been proposed in northern New Hampshire and 2 are in 
operation; and 3 have been proposed for northeast Vermont and 2 are in operation or under 
construction. Maine’s 2 largest wind projects (combined over 300 turbines covering 932 km2 
[360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. The effects of 
wind energy projects on lynx, hares, and their habitats are unknown. Potential direct effects 
include disturbance or displacement of resident lynx from large landscapes and loss and 
fragmentation of habitat from turbines, roads, and transmission lines. Increasing power 
infrastructure associated with these projects could greatly change development potential and 
patterns in northern Maine by bringing electricity into the interior of Maine’s vast undeveloped 
forest region. Extensive road construction would further fragment habitat and increase access 
for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
                                                
15 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 
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activities (timber harvest or other vegetation management) that could benefit lynx. Another 
conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1,000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; potential 
increased competition from bobcats and fishers; loss of spruce-fir to northern hardwoods; and 
future isolation of the metapopulation because of diminishing ice conditions on the St. Lawrence 
River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land that was excluded from critical habitat. Land 
ownership in this unit is about 47 percent Federal (primarily USFS, with some NPS and BLM 
land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage Reservation) 
(see Table 1). This unit includes most of Superior National Forest (SNF; including the Boundary 
Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
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southern extent of a larger cross-border population, most of which occurs in Ontario (ON). 
Relative to other DPS lynx populations, this unit is about 1,480 km (920 mi) east of the 
Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of the Northern 
Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
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Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), and 
balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal area 
dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and larch 
from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent basal area 
dominance. 
 
In 2015, the SNF estimated that there were approximately 3,074 km2 (1,187 mi2; 60 percent of 
lynx habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 
acres of habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished 
data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
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Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx A more 
precise estimates of resident population size is not available.  
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpublished data). In addition to the 11 trapping mortalities, another 15 lynx 
were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and 2 died in Ontario of unknown causes (USFWS 2016b, 
unpublished data). Some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating, along with evidence of lynx returning to Minnesota after dispersing to 
Ontario, that survival of Minnesota lynx in Ontario for extended periods is possible (Moen 2009, 
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pp. 2-3, 10-13). Minnesota has relatively high forest road and highway densities that intersect 
lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that were 
bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNRb 2015, entire). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting of lynx-. 
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Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011a, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011a, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region as 
projected by climate models, deer mortality may be reduced; this could increase bobcat 
densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25), 
potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). According to annual 
track surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, 
similar to bobcat, wolf populations may increase with changing snow conditions and prey 
availability as influenced by climate change. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
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contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015a, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
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roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely-distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter densities were 
highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature stands (Griffin and 
Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare populations in this 
area were thought to be stable, mean summer and winter hare densities, respectively, were 
0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 0.64 and 0.47 
hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by lynx, compared 
to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 0.18 and 0.12 
hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select (Squires and 
Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the dense mature and 
dense young stands only marginally achieve the threshold density of 0.5 hares/ha (0.2 hares/ac) 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90; also see section 2.2.1, above). Nonetheless, hares accounted for 96 
percent of the biomass in lynx diets in this unit based on evidence at kill sites (Squires and 
Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-level hare 
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densities could reduce the ability of habitats in this unit to support resident lynx (Squires et al. 
2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place16.  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

                                                
16 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

Comment [ZJ154]: Maybe superfluous/not 
necessary/informative? Delete? 

https://snowfall.weatherdb.com/d/a/Montana


 

130 
 

In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover consistent 
with historical lynx occurrence records (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; A. Lieberg 2017, pers. 
comm.; also see Lynx Status, below). This small and relatively isolated island of lynx habitat 
(Squires 2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multistoried) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of resident lynx 
in the Garnets represents the extirpation of a previously-persistent small population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
naturally ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
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to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnet Mountainss), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. There was no evidence of cyclicity in these vital rates, and no indication of substantial 
immigration of lynx into these study areas from Canada. Starvation, predation by cougars, and 
human-caused deaths each accounted for roughly one-third of documented sources of lynx 
mortality. Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley 
Lake area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing 
trend, 2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic 
Canadian population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 
0.10 (order of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 
952, Table 4), and the natural range in λ that would be expected among peripheral, isolated, or 
semi-isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that 
would signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016a, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
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“winked on” again in the future is unknown and perhaps irresolvable. On February 2, 2016, a 
single lynx was detecteded via snow-track survey and verified via DNA analysis in the Garnet 
Range in the area previously occupied by resident lynx, demonstrating that natural 
recolonization of this area by dispersing lynx is possible. However, this recent record appears to 
have been of a dispersing /transient individual because subsequent surveys have not revealed 
additional detections of that lynx or any other lynx in the area, and there currently remains no 
evidence of lynx residency in this mountain range (A. Lieberg 2017, pers. comm.). 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015a, p. 10). On the Lewis and Clark National Forest, lynx 
are considered “still present” in the Rocky Mountain Front portion of the forest, which is within 
this geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in 
the disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx 
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in those ranges (USFS 2015a, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-United States border (USFS 2015a, 
p. 10). No lynx were detected during surveys in 2007 or 2013-2014, and snow surveys could not 
be completed in 2015 because of poor snow conditions (USFS 2015a, p. 9). However, in 2012-
2014 3 lynx were incidentally trapped on the Idaho Panhandle (1 in 2012 in the Purcells, and 2 
in 2014 in the Cabinet Mountains), and another was documented by a Service grizzly bear 
trapping crew in the Purcells in 2014 (USFS 2015a, pp. 9-10; U.S. District Court ID 2016, pp. 6-
7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
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Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south (U.S. District Court ID 
2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate 
change has probably already had some impact on lynx habitats in this geographic unit, and 
such impacts are likely to continue to occur, there currently is no evidence that climate change 
has had population-level effects or has reduced the ability of this unit to support persistent 
resident lynx populations. However, such impacts would be difficult to document and, as 
described under Habitat Status, above, because lynx habitats in this unit are naturally highly-
fragmented and hare densities, even in areas considered high-quality habitat for this DSP unit, 
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often appear to barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. Modeling vegetation and 
snow suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that 
boreal and temperate conifer forest biomes were broadly distributed across this geographic unit 
and that snow conditions suitable for lynx occurred with 90-95 percent probability from 1961-
1990. (Future conditions based on this modeling are described in section 5.2.3, below). As 
described in section 3.2, above, climate change has also been implicated in recent increases in 
the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts of the 
DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA Team 
2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
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about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and backcountry 
roads and trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 
78-85) that are unlikely to exert population-level influences, despite potential impacts to 
individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-517). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous United States If lynx populations in this unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, the population growth rate 
estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA 
Team 2016a, p. 20) may reflect a gradual decline of a resident lynx population that needs but is 
not receiving adequate immigration. In contrast, the growth rate estimated for the lynx 
population in the Purcell Mountains in the northwestern part of this unit (λ = 1.16, increasing 
trend 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) suggests that the level of 
immigration, if necessary for demographic stability, has been adequate or that productivity and 
recruitment have been high enough to offset potentially diminished immigration. It is also 
possible that, despite the documented historical intermittent (cyclic) influxes of lynx from 
Canada into lynx populations in this geographic unit, immigration does not contribute 
meaningfully to the demographic stability of these populations. If that is the case, the estimated 
growth rates suggest that recruitment has failed to offset mortality in the Seeley Lake population 
but that it has more than done so in the Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This area was occupied by resident 
lynx when the DPS was listed and remains occupied currently. Evidence from recent research 
and DNA analysis shows lynx distributed within this unit, and breeding has been documented. 
Although researchers have fewer records in the portion of the unit south of Highway 20, this 
area contains boreal forest habitat and is thought to support resident lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness and access to survey this 
                                                
17 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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area is difficult. This northern portion contains extensive boreal forest vegetation types and also 
likely supports resident lynx. Additionally, lynx populations exist in British Columbia directly 
north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below).  
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (>30°) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)18. 
  
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
                                                
18 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 
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2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21). Several wildfires affected lynx habitat 
in the North Cascades during the middle 1990s and early 2000s:  1994 Whiteface Burn (15.5 
km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 2001 Thirty-Mile Fire (25.7 km2 
[9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; Vanbianchi 2015, p. 23). Subsequent to 
those fires and incorporating research on lynx habitat use, Koehler et al. (2008, p. 1522) 
estimated that the Okanogan LMZ (including this geographic unit) contained approximately 
2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 LMZs in the northeastern 
corner of the state, combined, contained an additional 1,381 km2 (533 mi2) of suitable habitat. 
More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; Vanbianchi 2015, p. 
23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the Okanogan LMZ 
(Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years.. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from Washington into Canada recently documented, connectivity 
between this unit and Canada currently appears functional (ILBT 2013, p. 65). Outside of this 
geographic unit, lynx habitat in the Kettle Range and the other northeastern LMZs is limited in 
size and potentially capable of supporting only a few lynx. Koehler et al. (2008, p. 1523) 
estimated the Kettle Range could support 10 to 23 lynx based upon a lynx density of 2.3 
lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, that lynx 
density estimate was derived from research conducted in the Cascade Range within a large 
area of contiguous, high-quality habitat (Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle 
Range is much smaller and likely more fragmented, and may not be capable of supporting a 
similar density. The Kettle Range is also somewhat isolated from other lynx habitats in 
Washington (e.g., the Cascades) and British Columbia. The Kettle Range is separated from the 
Cascades in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir 
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and ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the 
Kettle River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife 
fencing in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and 
anthropogenic features may be impediments to lynx movement between the Kettle Range and 
the Cascades and British Columbia, perhaps reducing the likelihood of natural recolonization 
and re-establishment of a resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960-61 to 1990-91 a total of 234 lynx was harvested in Washington, with 
the most (35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and 
Stevens (10 percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in 
the Kettle Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 
through 1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx 
were reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In July, 2016, the WADFW recommended that the Washington Fish and Wildlife 
Commission uplist the lynx from a State threatened to a State endangered species (Lewis 2016, 
p.1). 
  
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
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other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming male numbers are similar to female numbers) 
in 1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. 
  
The estimated quantity of lynx habitat was based on mapping areas supporting the forest-type 
and physiographic characteristics identified as being used by lynx during telemetry studies 
conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of the current condition 
(successional stage, or stand type, structure, or age, etc.) of the habitat. The estimation of lynx 
habitat was based purely on forested areas potentially supporting a forest-type potential of 
subalpine fir/Engelmann spruce, and the physiographic characteristics of elevations greater 
than 1,400 m (4,593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 1518), and did not 
consider whether the area was recently burned, harvested, etc. Recognizing that new 
information on lynx and snowshoe hare habitat use patterns had been learned since the 1980’s, 
and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. (2008, 
entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess the 
suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 km2 
(930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of 5 adult male and 2 adult female radio-collared lynx were 
monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During the 
study 2 kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the study 
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indicated female average home range size was 39 km2 (15 mi2) and average male home range 
size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult lynx, adult 
lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of the radio-
collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 percent 
with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
   
Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the 2 dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke (in Lynx SSA Team 2016a, p. 
21) estimated the average female home range size had increased to 91 km2 (35 mi2). The 
important point is the recent large, stand-replacing fires in the Cascades have resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 10-40 years to do so (Lewis 2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Factors Affecting Current Condition 
 
According to the Draft Washington State Periodic Status Review for the Lynx, the WADFW 
recommends uplisting the lynx from threatened to endangered because of: 1) observed range 
contraction in Washington following protection efforts; 2) the substantial loss of habitat in the 
last 20 years; and 3) the ongoing and anticipated threats to lynx population persistence (Lewis 
2016, pp. XX). 
 
Within Washington, the vast majority of lynx habitat is administered by the 
Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka 
the Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
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lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (748 FR 54834–54835).  
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In summary, recent wildfires have temporarily eliminated or reduced the quality of almost 40 
percent of higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-6; Maletzke 
in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and significantly 
affected the status of and current viability of the lynx population within this geographic unit. This 
geographic unit likely supports fewer resident lynx currently than it did historically, making the 
current, smaller population more vulnerable to environmental, demographic, and genetic 
stochasticity and to large catastrophic events (Lewis 2016, p. 6). Recent wildfire severity, extent, 
and intensity in lynx habitat within this geographic unit may have been influenced by climate 
change (Westerling et al. 2006, pp. 942-943), and as discussed in Chapter 5, below, climate 
change may similarly affect the future viability of lynx within this geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone National Parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 
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In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-storied 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place19. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
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by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled the probability of 
suitable snow across North America, showing that most of this geographic unit has a 95 percent 
probability of providing snow cover conditions consistent with historical lynx occurrence records 
(Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton National Parks) the Absaroka-Beartooth, Bridger, 
Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness 
areas. Among the 3 national forests that contribute to this unit, 75 percent of potential lynx 
habitat is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management 
activities in these areas are unlikely to adversely impact lynx and hare habitats. Large parts of 
Yellowstone National Park burned in the extensive wildfires of 1988. Although the extent to 
which those fires may have impacted potential lynx habitats is uncertain, some of the burned 
areas may soon reach a stage of regeneration capable of supporting increased densities of 
hares, perhaps increasing the likelihood that lynx could reestablish and maintain home ranges 
in some parts of the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up 
less than 3 percent of lynx habitats in this unit, it is unlikely that activities on those lands have 
impacted lynx populations or meaningfully influenced the unit’s current capacity to support 
resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
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recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986, entire; Appendix A, p. 
67), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 verified 
(“certain”) records and over 200 unverified (“probable”) records based on trapping reports and 
observations of animals or tracks. Most records were from the northwestern corner of the State, 
which overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) 
reported 30 verified records for Wyoming, including those in Reeve et al. as well as 2 resident 
lynx, a male and a female, who were trapped, radio-marked, and monitored in the Wyoming 
Range over several years beginning in 1996 and who produced 6 kittens over 2 years. The 
female had 4 kittens in 1998 and 2 in 1999, though none of the kittens survived to 
independence, and the female died of starvation in March 2000 (Squires and Laurion 2000, p. 
346; Squires et al. 2001, pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over 
the 3 years she was monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years 
(Squires et al. 2003, pp. 12-13). The male also made multiple long-distance exploratory 
movements (up to 728 km [452 mi], including multiple highway crossings) over 3 successive 
years (Squires et al. 2003, pp. 13-16; Squires and Oakleaf 2005, entire). 
 
Eighteen lynx were reported to have been trapped from a small area in the Wyoming Range in 
winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources20 claim that 13 lynx were 
trapped in the Wyoming Range in winter 1972-73. However, Reeve et al. (1986, Appendix A, p. 
67) reported no verified (“certain”) records of lynx trapped from 1970-1982 and unverified 
(“probable”) accounts that included no lynx trapped in 1971, 5 trapped in 1972, and 1 trapped in 
1973. These conflicting anecdotal reports of lynx occurrence records illustrate compellingly why 
only verified records are appropriate for consideration of the historical distribution of rare and 
elusive species like lynx, especially those that are easily confused with or commonly 
misidentified as a similar but more abundant sympatric species, as with lynx and bobcats 
(McKelvey et al. 2000a, pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were 
                                                
20 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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correct, the large numbers of lynx reported in the early 1970s correspond to the second of 2 
well-documented and unprecendentedly large irruptions of lynx from Canada into the northern 
contiguous United States, when dispersing/transient lynx occurred temporarily in many places 
with little or no evidence of the historical presence of resident lynx (McKelvey et al. 2000a, pp. 
232-242). That the sudden increase in lynx reportedly trapped suggested by these anecdotal 
records would have reflected a pulse of dispersing lynx associated with that large irruption is 
more plausible than the notion that a previously undocumented resident lynx population 
suddenly and simultaneously became vulnerable to trapping in only a handful of winters.  
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3).On the Shoshone National 
Forest in the northeastern part of this unit, 7 lynx snow tracks were confirmed by DNA analysis 
in winter 2005/06, and a single track was verified the following winter (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
   
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton National Parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
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supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15; 
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see also section 3.2, above, and 5.2.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.2.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
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include recreation, minerals/energy development, and backcountry roads and trails; these are 
all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to 
exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous United 
States, no barriers to lynx dispersal from the north have been identified, and 10 lynx released in 
Colorado are known to have dispersed northward into and through this unit (Devineau et al. 
2010, p. 526; Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern 
and northern Rockies is possible. As described above in Lynx Status, the large number of lynx 
reportedly trapped from a small area of the Wyoming Range in the early 1970s (Squires and 
Laurion 2000, p. 338) may suggest dispersers associated with the irruption of many lynx from 
Canada into the northern contiguous United States documented at that time (McKelvey et al. 
2000a, pp. 235-242). No subsequent pulses of lynx dispersing from the north have been 
documented, and lynx trapping records suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia, the most likely source of lynx dispersing southward into this unit, 
dampened dramatically after the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-521).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States If lynx populations in this geographic unit are reliant on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. We 
excluded the northwest part of the State, bounded on the south by US Interstate 70 and the east 
by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. Small 
                                                
21 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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areas of similar potential lynx habitat extend into south-central Wyoming and north-central New 
Mexico, and some lynx released in Colorado traveled into or through those areas. However, 
there is no evidence that either area supports resident lynx, and we question their ability to do 
so. This unit is not directly connected to lynx habitats and populations in Canada or to other 
DPS populations, although lynx dispersing from the north apparently arrived intermittently into 
the area historically. Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit.  
 
Ivan (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in this unit. This habitat 
estimate falls between the Ivan (2011e, p. 26) estimate and the USFS’s habitat estimate of 
30,664 km2 (11,839 mi2; USFS 2008, p. 18), while retaining a greater than 60 percent probability 
of detecting lynx as described by Ivan (2011e, pp. 32-33). 
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities (ILBT, 2013,  p. 54).  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce-subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce-subalpine fir-aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
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December. Large or medium willow-alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
 
Snowshoe hare habitat is naturally patchily-distributed in the Southern Rocky Mountains (ILBT 
2013, p. 54), limiting hare abundance in the Western Colorado Geographic Unit. Dolbeer and 
Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 hares/ac) in 
Summit County in central Colorado, with the highest densities in mature and late-successional 
spruce-fir forests. However, this study was conducted in a very limited area and did not sample 
younger sapling-stage stands (15-40 years post-disturbance) to compare hare densities with 
those reported for mature and late-successional spruce-fir forests (USFWS 2008b, p. 32). 
Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in mature Engelmann 
spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) than in mature 
lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor Park, Colorado.  
In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare densities in early (20 - 
25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 hares/ac]); intermediate 
densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 hares/ac]); and lowest 
densities in mid-seral (40 - 60 years old) lodgepole stands that had been pre-commercially 
thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more similar across the 3 
forest types during the winter months; however, in all forest types and all seasons, hare 
densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 hares/ha (< 0.12 
hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral lodgepole) in 1 summer 
(2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 hares/ac]) that exceeded 
the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum needed to support resident 
lynx over time (Ivan et al. 2014, p. 587, fig. 2).   
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). In 2008, the USFS reported that most of their LAUs in the Southern 
Rockies fell within a range of 3-8 percent in a currently unsuitable condition, with only 1 LAU 
exceeding 30 percent unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 
(25%) LAUs currently exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. 
comm.). These changes are mostly in response to the ongoing bark beetle infestations, as well 
as wildfire events that have occurred since 2008. 
 
Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents. All USFS land management plans within the unit were 
amended in 2008 to provide for the conservation of lynx. Similarly, since the DPS was listed, all 
BLM Field Offices (FOs) in Colorado have been conserving lynx discretionarily through 
application of conservation measures provided in the LCAS (Ruediger et al. 2000, entire; ILBT 
2013, entirepp. 86-96).Three BLM FO plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional FO plan provides conservation measures for timber 
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management actions only, but that FO administers only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not formally amended or revised their plans 
specifically to provide conservation for lynx (these plans, combined, guide management of 
approximately 645 km2 [298 mi2] of potential lynx habitat). Additionally, Rocky Mountain National 
Park has a fire management plan that includes conservation measures for lynx (Wrigley 2016, 
pers. comm.; M.K. Watry 2016, pers. comm.), although resident lynx have not been confirmed in 
the park. We are not aware of any specific conservation planning guiding activities on non-
Federal lands in this geographic unit.  
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.). The CPW has developed a 
minimally-invasive, long-term, state-wide monitoring program to track the distribution, stability, 
and persistence of lynx in Colorado (Ivan 2011e, entire) that may also eventually provide 
population trend information. 
  
As of 2015, evidence of recent lynx reproduction has been documented by kittens captured on 
game cameras accompanying adult females at 3 locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016a, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan 
in Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.93 ± 0.03 within the 
study area in the San Juan Mountains and 0.82 ± 0.07 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22; 
also see table 3, above) and the kitten survival rate (0.23; Ivan 2016b, pers. comm. March 9, 
2016) were both lower in this geographic unit (during the period of intensive monitoring from 
1999-2010) than rates reported elsewhere in the DPS. 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
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fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid (20-30 years), and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Because the majority (88 percent) of potential lynx habitat in Colorado is 
under Federal land management, actions occurring on other ownerships are unlikely to result in 
significant losses of lynx habitat within Colorado. However, habitat connectivity may be 
negatively affected by intense recreational use or development within strategic areas that are 
important for habitat connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
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Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
  
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
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probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. 
 
We present and summarize the professional judgments and opinions of a panel of 10 lynx 
experts regarding the factors likely to influence the persistence of resident lynx populations in 
each of the 6 geographic units. We also present and summarize the experts’ projections, based 
on consideration of those influencing factors, of the probability that each of the geographic units 
will continue to support resident breeding populations of lynx into the future (at years 2025, 
2050, and 2100), and the sources of uncertainty that influenced their confidence in their 
predictions. Although formal elicitation of expert opinion where empirical information are 
unavailable or inadequate is an appropriate and scientifically supported approach, we remind 
readers that the output remains the experts’ best professional judgement, which is subjective 
and, therefore, inherently different than experimentally collected data subjected to rigorous 
statistical analyses. For purposes of useful and meaningful presentation and comparison, it was 
necessary to combine, quantify, graph, and summarize the qualitative information provided by 
experts. However, we caution that the results we present below and describe more fully in 
chapter 5 should not be interpreted as precise, statistically robust estimates of the probability 
that resident lynx will persist in the DPS or in any individual geographic unit in the future, and 
readers should consider the inherent limitations and substantial uncertainties in expert 
responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also Chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
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incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016a, p. 52). 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest-
and snow-associated predator that relies heavily on a single, similarly-specialized prey species, 
and whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., 
wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to 
the impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous United States and the current lack of reliable estimates of the sizes, trends, and 
many demographic parameters for most DPS populations, it is difficult to confidently predict the 
future condition of the DPS or the likelihood that any given geographic unit will support resident 
lynx in the future. We lack data to build rigorous empirical population models for lynx across the 
DPS, and uncertainty regarding the timing and magnitude of potential impacts to lynx from 
continued climate warming also limits our ability to predict the future condition of the DPS. 
Therefore, our assessment of the future condition of the DPS is based on our evaluation of the 
available scientific information regarding the factors identified by the ILBT as the most likely to 
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have population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78) and on the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016a, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 1, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. The lack of evaluation of the effectiveness of forest management plans for lynx on 
Federal lands is of concern for western geographic units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016a, pp. 36-49; also see 
5.2, below). Although all 5 geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 1 
(Northwestern Montana/Northeastern Idaho) had an expert-estimated probability of persistence 
greater than 50 percent (i.e., persistence more likely than not) by the end of the century. Expert 
input suggests that all other geographic units individually have a 50 percent or greater 
probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016a, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from 2 or 3 of the 5 units that currently 
support them by the end of the century (figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all 5 of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from 1 or more of the 5 geographic units that 
currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units (e.g., 
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Minnesota; Galatowitsch et al. 2009, pp. 2015-2016) and be substantially reduced in the 
remainder before the end of the century (we are aware of no climate modeling that suggests the 
complete disappearance of potential lynx habitat from the entire contiguous United States by the 
end of the century). Complete loss of lynx habitat is perhaps more likely in the Northern Maine 
and Northeastern Minnesota units where there is little potential for elevational refugia compared 
to the more topographically diverse units (3 through 6) in the western United States. Under such 
a scenario, resident lynx would be unable to persist in some units and would be severely 
restricted in number and distribution in others, with any remaining resident populations more 
vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic events 
than is currently the case. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming (we are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century). We cannot quantify the 
likelihoods of either of these extreme scenarios nor improve the precision of, or our confidence 
in, the experts’ predictions regarding persistence. Nonetheless, we believe the most likely future 
condition of the DPS is that resident lynx populations will continue to persist at the end of the 
century in 2 or 3 of the 5 units that currently support them (i.e., they will be functionally 
extirpated from 2 or 3 of the units) and that even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
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With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from 2 to 3 (of 5) units by the end of the century. Projected 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
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5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, and 
development will be the greatest future drivers of hare and lynx habitat in this unit. Lynx habitat 
and numbers are expected to decline by 50 to 60 percent by 2032 in response to aging of the 
budworm-era clearcuts and the effects of 27 years of extensive partial harvesting. In the next 
few decades, high quality hare habitat will drop from about 10 percent to 5 percent of the 
landscape, perhaps more in line with likely historical conditions. High quality habitat patches will 
become more fragmented, smaller, and more isolated, thus making the landscape less suitable 
for lynx than it currently is. For the next few decades the best habitat will occur in the southern 
portion of the range where effects of climate change and competition with bobcats are likely to 
be greatest. Absent long-term lynx management agreements, the future of lynx habitat is 
uncertain. Wood products markets will likely continue to change and could be affected by 
interest in carbon sequestration in response to climate change. Rapid changes in private forest 
land ownership are likely to continue and could result in subdivision of large ownerships. Non-
forestry land uses (wind energy development, transmission line corridors, residential and resort 
land development, and unmanaged conservation lands) will compete with forest management 
as the primary land use. Conservation easements will help reduce development pressures and 
keep some lands as working forest, but forest practices (e.g., partial harvesting, northern 
hardwood management) may not be conducive to creating new lynx habitat. Climate change is 
expected to affect the Maine unit more than some others in the DPS because snow depth and 
duration already seem to be at thresholds for lynx and there are few potential elevational 
refugia. In the near term and to mid-century, snow quantity and quality will continue to 
deteriorate, likely causing the range of lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce 
budworm outbreak, and frequent disturbance of the forest all will contribute to the trend in the 
loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50 percent by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, does not apply to private lands. Currently, there are no long-term 
management plans in place on most privately-owned forest lands in this unit, State forest 
regulations have greatly influenced harvesting practices that have (and will likely continue to) 
reduce landscape hare densities, markets for forest products are depressed, and projections 
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(under current harvest scenarios) are that habitat will diminish and shift southward in the near 
term because of post-harvest succession and recede northward over the longer-term because 
of continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forests are projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The probability of persistence of the lynx population in this unit is projected to decrease over 
time with increasing uncertainty through the end of the century, driven in the near term by 
decreaseing quality, quantity and persistence of snow and over the long term from loss of 
spruce-fir forests. If the SNF continues to follow vegetation management and other 
recommendations under the LCAS in their Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. If the DPS is de-listed, the species would be placed on the Forest’s Regional 
Forester Sensitive Species list for at least 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. It is expected that the MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
mean probabilities of persistence generated by lynx experts were > 90 percent at year 2025, 80 
percent at year 2050, and declining to 35 percent (with great uncertainty) by 2100. After 
reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, and the potential for increased 
competition, disease, and insect outbreaks), some members of the  SSA Core Team were 
slightly more pessimistic about the future of lynx in Minnesota than the lynx expert panel. The 
Core Team concluded that the climate-mediated conversion of boreal forest to temperate forest 
and the loss of favorable snow conditions could occur at a rate and extent that would result in a 
lower probability of persistence than the median most likely estimate provide by experts, 
including the possibility that resident lynx could be extirpated from this unit by the end of the 
century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
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conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have temporarily eliminated 
or reduced the quality of about a third of lynx habitat within the North Cascades, which has 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. Similar to the other geographic units, continued climate warming is anticipated 
to reduce the future quality and distribution of lynx habitat in Washington, potentially further 
exacerbating the recent temporary losses of lynx habitat from wildfires. Projected warming may 
increase wildfire frequency and severity, which may result in further losses of lynx habitat. 
Climate change is also expected to reduce the quantity and quality of snow, potentially resulting 
in permanent reductions in the quantity and distribution of lynx habitat in Washington State. 
These potential climate-driven reductions of lynx habitat may serve to further isolate lynx 
populations within this unit as well as between neighboring lynx populations in the other 
geographic units and Canada. Continued forest management on both Federal and State lands 
will benefit lynx populations in Washington, but this may not completely ameliorate the potential 
negative effects related to climate change. Considering the recent reduction in lynx habitat and 
the projected impacts of climate change, experts predicted near-term (year 2025) persistence 
probabilities of 60 to 90 percent (median = 80 percent), mid-century persistence at 30 to 80 
percent (median = 70 percent), and end-of century (year 2100) persistence probabilities less 
than 50 percent (median = 38 percent) for lynx populations within this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with the experts regarding the probability of 
long-term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
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then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally or intermittently 
support a small number of resident lynx and some reproduction throughout the remainder of the 
century. However, we conclude that it is very unlikely to support a persistent resident population 
over the short-term (through 2025), even less likely that it will do so at mid-century, and it is 
highly improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
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provide refugia from deteriorating snow conditions in the future. However, climate models 
suggest a 40 percent decline in snow persistence. Assuming that snow levels will increase in 
elevation, lynx habitat is likely to become more fragmented by areas that no longer retain 
appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Beetle kill and wildland fire will likely result 
in temporarily nonfunctional habitat. However, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. This unit would be expected to 
continue to support resident lynx in the future if survival and reproductive rates similar to those 
estimated during intensive monitoring are maintained over the long-term. However, given the 
lack of evidence of historical occupancy by resident populations, the naturally limited and 
fragmented potential habitat, generally low hare densities, low proportions of females that 
produce kittens, and low kitten survival rate, along with projected impacts of climate warming on 
all or most of these paramenters, we are less optimistic than the lynx expert panel regarding the 
likelihood that this unit will continue to support resident lynx over the long-term.  
 
Table 4, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 4. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little potential elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
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2100 median 

35% (range 0 to 
100%) 

will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

Ontario 
● Extent and pace of deteriorating 

snow conditions  
● Response of bobcat and fisher to 

changing snow regime 
● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
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migration of spruce-fir 
● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 

repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
All of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016a, pp. 33-36 and fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
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hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short-term (over the next few decades), 
but that the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or 
loss of spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest 
management affecting large acreages of lynx habitat annually).  
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to the next spruce budworm 
outbreak. Experts believed that investment landowners would not respond to the pending 
spruce budworm outbreak like they did in the 1970s (extensive clearcuts, herbicide application). 
Experts also acknowledged concerns about the effects of the current clearcuts aging past 
conditions that support hares and lynx. .  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and potential competition from bobcats are likely to reduce the probability of lynx 
persistence in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (figure 8, below). As they did for most other geographic units, all experts 
indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time.  Comment [ZJ185]: As per several comments, 
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Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  

Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the 3 probability-of-persistence levels, i.e., highest, 
most likely, and lowest probabilities of persistence, are represented by the hollow red, filled 
green, and hollow blue points respectively. The black x mark is the median of the most likely 
responses across the experts in each response year. The red, green, and blue dashed lines 
connect the median of the highest, most likely, and lowest probability of persistence responses 
across the experts in each response year. The edges of the grey area were defined by the 
extreme responses, i.e., the range from the largest of the highest probability of persistence 
responses to the smallest of the lowest probability of persistence responses. The median lines 
and grey area are provided as a summarizing visualization to aid comprehension of the experts’ 
responses and their range, and should not be viewed as a substitute for individual responses or 
presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
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but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to 4 percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods and at similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from 1 to 3 decades later, 
our ability to project what effects the next outbreak will have on lynx habitat is still limited. Land 
ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
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elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
broadly apply pesticides to control spruce budworm or herbicides to promote spruce-fir 
regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a nearly 70 percent decline in snowshoe hare densities that 
has occurred in Maine from a period of high hare density in 2001-2006 (average of 2.1 hares/ha 
[0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2007-2009 (average 
of 1.0 hares/ha [0.4 hares/ac]). This decline occurred across all forest stand types and across a 
broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe region of southern 
Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower numbers 
through 2013 (D. Harrison, University of Maine, unpublished data). If future hare populations 
remain low, then Maine habitats will likely have a lower capacity for supporting resident lynx.  
 
Climate Change - The Northern Maine Unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016a, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled the Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). The largest increases in temperature are expected in northern 
Maine (A. Siren in Lynx SSA Team 2016a, Appendix 3; Rawlins et al. 2012, p. 9) where 
temperatures may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to 
climate change, interest in wind development has grown in northern and western Maine, 
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increasing threats to high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). 
Climate conditions are currently at or falling below threshold values needed to support lynx in 
Maine.  
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios (IPCC 2007) and predicted loss of 
forest and snow conditions able to support lynx in Maine by the end of the century. Although 
there are uncertainties about future climate warming, the area capable of supporting resident 
lynx in Maine are expected to recede northward and decline substantially this century (Vashon 
et al. (2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. Northeast winter snowfall has decreased by about 4.6 cm/decade (1.8 in/decade), 
with the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By 
the end of the century, large areas of the Northeast will experience 15-percent (under a low-
emissions scenario) to 25-percent (high-emissions scenario) reductions in snowfall (Ning and 
Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that average snowfall in 
the northeastern United States and southeastern Canada will decline by 59 cm (23 in; 31 
percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a high-emissions 
scenario by the end of the century because a higher proportion of winter precipitation is 
projected to fall as rain rather than snow. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
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Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12). Even under the lowest emissions scenarios, spruce-fir 
forest would be reduced by the end of the century (Williams and Liebhold 1997, pp. 210-214; 
Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), although some spruce-fir may 
persist at the highest elevations (Tang and Beckage 2010, pp. 148-156) and along the eastern 
coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions would likely persist. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405), which would diminish the amount and quality of lynx habitat 
(Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to higher elevations formerly 
occupied by boreal forests have also been attributed to regional warming over the last century 
(Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et al. 2016, p. 2). 
The decline of the spruce-fir forest type may be accelerated by northern hardwoods replacing 
spruce-fir following forest disturbances; however,in some situations, disturbance may favor 
persistence of balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 
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2005, p. 318). A pending spruce budworm outbreak and frequent disturbance from forest 
management could accelerate conversion to northern hardwoods. Other climate-related forest 
disturbances (forest pests, diseases) could further accelerate conversion to northern hardwoods 
(Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
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partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx habitat is expected to peak and then 
remain stable through about 2012-2020 and then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will likely be fragmented into smaller, isolated parcels and shift 
southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in thid geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, 
no climate change, no spruce budworm) project about 5 percent of northern Maine will likely 
have high quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although 
the habitat will be much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 
2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) 
of forestland in northern Maine where it is doing the same. Spruce plantations are becoming 
more common on this ownership in Maine, but not on others. Stand structure and intensive 
management of plantations are highly variable (e.g., pruning, thinning, herbicide treatments), 
thus hare densities and use by lynx vary (Roy et al. 2010, entire). Hares can achieve higher 
densities in plantations depending on the amount of lateral (horizontal) cover, but for shorter 
periods of time; about 10 to 17 years after cutting and planting in New Brunswick (Parker 1984, 
p. 163) and 15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to about 15 to 
35 years in naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, 
p. 4). The future of plantations in the northern Maine unit is uncertain. Most investment 
landowners have short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). The last budworm outbreak in the 1970s and 1980s killed millions of acres of 
spruce and fir forests in the Northern Maine Unit. A very large outbreak has recently affected 
about 40,470 km2 (15,630 mi2) of spruce-fir in southern Quebec, immediately north of Maine 
(Wagner et al. 2014, entire), and it is projected expand into northern Maine in 2018 to 2021, 
potentially putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State 
at risk of defoliation. However, despite the severe defoliation of spruce-fir forests in southern 
Quebec, some project a weaker outbreak in Maine because spruce and fir trees are younger 
and less susceptible and there is a higher hardwood component in northern Maine forests 
(Wagner et al. 2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2016, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously (K. 
Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
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entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above) (Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or be 
preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can adapt to 
lower landscape hare densities associated with mixed hardwood-softwood forest. They may 
persist, but at lower densities as they currently do in the western units of the DPS. However, the 
probability of persistence is further diminished by deteriorating snow conditions and potentially 
increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard 2013, entire). If 
left unchecked, these pressures may continue to promote dispersed development throughout 
this region. Parcelization and subdivision has increased, particularly in the southern third of the 
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jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has limited ability to 
address stressors on Maine’s North Woods, including resale and subdivision trend. This trend is 
likely to continue into the foreseeable future and will make management of large, forested 
landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 201022), and wind development in the 
lynx critical habitat are likely to accelerate in the foreseeable future. Two large wind energy 
projects are being considered in designated lynx critical habitat in this unit; if built, each would 
cover about 450-650 km2 (180-250 mi2) and become 2 of the largest such projects in Maine. 
Mining is not a traditional land use in this unit, but a large mining operation is being considered 
within designated lynx critical habitat. Extraction operations for gravel (for road building) are 
widely-scattered throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential threats unique to this unit (e.g., lack of forest planning for lynx, rapid land 
                                                
22 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 
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ownership turnover and development pressures), the Core Team also believed that the 
population status of lynx in Maine will diminish substantially in the future. The Core Team 
believed that the number of resident lynx in Maine is at an historically (unnaturally) high level 
and will likely decrease in the coming decades, perhaps to levels more like natural historical 
conditions, and perhaps (but with increasing uncertainty) to even lower numbers in the more 
distant future. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting and fragmentation of spruce-fir forest, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower-snow environment), landscape 
level hare densities are likely to decline in northern Maine. Extended periods of lower hare 
numbers would likely reduce the number of lynx and the probability that this unit would continue 
to support a persistent resident lynx population in the future. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) may 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership has provided 
opportunities to conserve some areas of the North Maine Woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
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Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. Although it is 
uncertain whether legal trapping of lynx would resume in Maine if the DPS was not listed, 
Maine’s incidental take plan for trapping would be moot, and it is possible that some protective 
measures to minimize injury, take, and mortality of lynx would cease or diminish. Habitat 
mitigation for lethal take of lynx associated with the Maine trapping HCP also would cease. 
About 10 lynx have been illegally shot and reported or otherwise discovered since listing. Illegal 
shooting and non-reporting would likely increase without Federal protection. We believe several 
high-profile Federal law enforcement cases have helped to reduce illegal shooting of lynx. With 
a diminished snow regime, populations of bobcats would be expected to increase and expand 
northward into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping, 
running with dogs, and hunting activities would likely increase without Federal listing. Similarly, 
increased fisher populations and trapping would be expected to occur in northern Maine in a 
diminished snow regime that would lead to greater incidental (lethal) take of lynx. There have 
been a few situations where lynx have destroyed livestock, but lethal actions to remove lynx 
were avoided because of Federal listing. Without Federal listing, justification for shooting lynx in 
these situations would likely increase. We believe that despite a closed hunting and trapping 
season, incidental take would continue and possibly increase and could become a significant 
threat to a population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
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existence of hare and lynx, and snow depth and duration are currently at or below the 
thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38 and figure 9, below). Near term drivers of the 
projected decline were climate-driven reduction in snow quality, quantity, and persistence; 
potential increased competition from bobcats; and forest insects. Long term drivers were 
climate-driven loss of spruce-fir forests; further reductions in snowquality, quantity, and 
persistence; potential competition from bobcats; and wildfires. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia), and all noted that an increase in northern 
hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario reduces 
the likelihood of local extirpation in this geographic unit, but the likelihood would increase if 
connectivity was to become compromised in the future if habitat recedes northward and 
becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
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Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the severity of a pending insect outbreak (and 
how this will affect future lynx habitat) and the potential introduction and spread of diseases.  
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (figure 9, below). As they did for most other geographic units, all experts 
indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time. 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
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species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time.  
  
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
  
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
  



 

190 
 

The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
  
In response to a 2008 court ruling, the MNDNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MNDNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, above, new information on 
regional climate change and potential effects to lynx habitat that has become avaialbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat 
(Schwartz et al. 2004, p. 354), (2) conversion of spruce-fir to northern hardwoods, and (3) 
potential future isolation of resident lynx in this unit because of diminishing forest conditions in 
Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions supportive of lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
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with a decline later in the century, with an overall decline in the amount and duration of 
snowpack in the Midwest. Although there are uncertainties about future climate warming, lynx 
populations in Minnesota are expected to recede northward and decline over the next century 
(Lynx SSA Team 2016a, pp. 37-38).  
  
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Snow cover days of 1 inch or greater in northern 
Minnesota (1959 -1979) ranged from 130-160 days, of 6 inches or greater ranged from 85 to 
130 days, of 12 inches or greater ranged from 50 to 100 days, of 24 inches or greater ranged 
from 10 to 30 days (Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) 
projected a general reduction in the frequency of heavy lake-effect snowstorms during the 
twenty-first century, with the exception of projected mid-century increases around Lake Superior 
when local air temperatures are expected to remain low enough for precipitation to largely fall in 
the form of snow. The snow season in the Great Lakes basin is likely to become substantially 
compressed during the twenty-first century with dramatic increases in rainfall (Notaro et al. 
2015, pp. 1676-1678). The Minnesota unit may be more vulnerable to snowpack loss due to 
lack of elevational refugia (Siren in Lynx SSA Team 2016a, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)23 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
                                                
23 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
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the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
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incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016b, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit 
(MNDNR 2016b, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, potential for increased competition, 
disease, and insect outbreaks), some Core Team members were more pessimistic about the 
future of lynx in Minnesota than the lynx expert panel. The Core Team feels that, depending on 
future emissions levels, the likelihood that this unit will continue to support resident lynx at the 
end of the century may be lower than the 35 percent (median most likely) estimate based on 
expert opinion. The threat for which the lynx was listed, lack of specific conservation direction, 
associated regulations, and lynx forest management planning has not been addressed on 
private lands in Minnesota, except through voluntary guidance. There is some uncertainty about 
the future of forest management and future development on private forest lands in Minnesota 
and in adjacent lands in Ontario, although there are some basic voluntary management 
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guidelines for private lands in Minnesota. Further, if the DPS is de-listed, there is uncertainty 
whether the lynx direction on Forest lands would continue into the future. It is projected that 
habitat will diminish and recede northward over the mid- to longer-term because of continued 
climate warming. Hybridization and competition with bobcat also may increase with diminishing 
snow conditions because of continued climate warming, and it is uncertaint how insect 
outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is unlikely that lynx would become a 
legally trapped furbearer in Minnesota (although a legal wolf hunt was reinstated post-delisting 
of that species in Minnesota, so it may also be suggested for lynx). Seven lynx have been 
illegally shot and reported or otherwise discovered since listing. Illegal shooting and non-
reporting would likely increase without federal protection. High-profile law Federal enforcement 
cases may have helped to reduce illegal shooting of lynx. With a diminished snow regime, 
populations of bobcats could increase and expand north and eastward into areas currently 
occupied by lynx. Incidental take of lynx from bobcat trapping and hunting activities would likely 
increase without Federal listing. Similarly, fisher, fox, and coyote populations may increase in a 
diminished snow regime in northern Minnesota and trapping would be expected to occur there 
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that may lead to greater incidental take of lynx. We believe that despite a closed hunting and 
trapping season, incidental take would continue and possibly increase and could become a 
significant threat to a population of lynx that will likely be significantly diminished by mid- to late-
century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
that resident lynx will persist in this geographic unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that this 
unit’s ability to support resident lynx will likely diminish in the future, and the lynx population will 
likely decline as the quantity and quality of boreal forest habitat declines. Although there are 
voluntary forest management measures to consider listed species on private forest lands, there 
are no commitments by private forest landowners to manage specifically for lynx conservation. 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in this unit; slightly more so than expressed by most of the experts. 
Snow depth and duration in the area currently supporting resident lynx are projected to decline 
significantly by the end of the century, likely to the detriment of both hare and lynx populations. 
Unlike most other units, as snow condition decline there is little potential for elevational refugia 
for lynx in Minnesota except, perhaps, a small area of slightly higher elevation in the extreme 
northeastern corner of the unit. The boreal forest in this unit is already being replaced by 
northern hardwoods because of climate warming. Frequent forest cutting and disturbance, 
including a potential insect outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of boreal decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Minnesota by late-
century under both low and high emissions scenarios. Climate models portend declining snow 
conditions under low- and high-emissions scenarios. Because increases in temperature are thus 
far tracking high emissions scenarios, we are less optimistic for snow conditions that favor lynx 
by mid- to late-century. In the past decade, interest in development has increased in lynx critical 
habitat, especially proposals for large-scale mining developments. We conclude that these 
threats, individually and cumulatively, indicate diminished populations of lynx and their habitat. If 
these threats are not abated, we believe that resident lynx in this unit will have a slightly greater 
likelihood of extirpation by the end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity. 
Additionally, because of its connectivity to lynx populations and habitats in Canada, its large 
geographic extent, and the relatively large number and broad distribution of resident lynx it is 
thought to support, experts felt that future extirpation of lynx from this unit from either reduced 
genetic health or a catastrophic event is unlikely (Lynx SSA Team 2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
  
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (figure 10, below). As they did for most other geographic units, all experts 
indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time. 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of 5 years to assess its ability to sustain itself without the ESA's 
protective measures. If, within the designated monitoring period, threats to the DPS change or 
unforeseen events affect its stability, then the DPS may be relisted or the monitoring period 
extended. Given these requirements, we expect that future Federal management direction will 
continue to include regulations and guidance protective of lynx, although specific measures may 
change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
  
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished and that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions of the snow conditions and boreal/subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of  snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s future ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous United States, including this geographic unit. 
Also as noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this 
chapter, current Federal management restricts, with few exceptions, fire management (fuels 
reductions, prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such 
activities and wildfire response to conserve and restore lynx and hare habitats. We expect such 
conservation-focused fire management to continue and, therefore, to benefit lynx rather than to 
affect them detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand-
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many fires over a short time period could shift some parts of this unit from 
being just barely capable of supporting resident lynx to being incapable of doing so in the future. 
Although fire suppression was considered a potential risk factor for lynx in the DPS range, given 
the trends discussed above and the likely continued increase in future fire activity resulting from 
continued climate warming and drying, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
resident populations, especially in places already apparently only marginally capable of 
supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
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geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 



 

204 
 

 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predictions showed a lower probability of persistence for 
this unit over the short term, and then a similar declining trajectory and increasing uncertainty by 
the end of the century, reflecting a more pessimistic outcome for this geographic unit (figure 11). 
Experts felt that the probability of lynx persistence in this unit could decrease sharply over the 
next 10-20 years because of extensive recent fires in lynx habitats and the time needed for 
these areas to regenerate back to good hare/lynx habitat. However, 1 expert predicted an 
increase in persistence probability by mid-century as habitats impacted by recent large-scale 
fires regenerate into optimal hare-lynx habitat.After that, the probability could rebound (or 
decline more slowly) over the longer term as these large areas return to prime habitat providing 
high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
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persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent 
(median = 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of 
the century (figure 11, below). Compared to most other geographic units, experts indicated 
greater uncertainty regarding short-and mid-term term persistence in this unit but, as for other 
units, uncertainty was greatest at the end of the century. 

 
 
Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
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LRMPs that have been implemented on all other National Forests in the DPS range (see  
section 3.1.1, above). Currently, both the OWNF and CNF are in the process of amending or 
revising their LRMPs. We expect that management direction for lynx conservation addressing 
vegetation management, wildland fire management, and habitat fragmentation on National 
Forest System lands will be incorporated into the revised or amended LRMPs. We expect that 
both the OWNF and CNF will be required to manage for lynx and their habitat into the future 
because both forests will have incorporated lynx management direction into their respective 
LRMPs. We acknowledge that LRMPs can be amended or revised; however, LRMPS are 
typically in place for 15 years or longer, and the Service, other Federal and State agencies, and 
the public would have opportunities to comment on any proposed amendments or revisions to 
LRMPs through the NEPA process. Therefore, we expect that both the OWNF and CNF will 
continue managing for lynx and their habitat into the future regardless of their listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Warming – As in other units, continued climate warming is projected to cause northward 
and upward shifts in spruce-fir habitats and loss of snow conditions thought to favor lynx. 
Recent warming likely contributed to recent increases in wilfire activity in this unit and is likely to 
continue to do so in the future. Westerling et al. (2006, pp. 942-943) compiled information on 
large wildfires in the western United States from 1970-2004 and found that large wildfire activity 
has increased significantly from the mid-1980s with higher large-wildfire frequency, longer 
wildfire duration, and longer wildfire seasons. The greatest increases occurred in high elevation 
forest types including lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). 
They also found that fire exclusion had little impact on natural fire regimes. Rather, climate 
appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
  

Comment [ZJ209]: There was much 
rehashing of EE results in this section, which I 
have removed because it was redundant with 
above. 
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Climate change, in addition to potentially affecting fire return intervals, fire severity (intensity, 
size), and insect outbreaks, is likely to affect the amount of precipitation falling as snow at 
elevations typically supporting lynx habitat in this geographic unit. 
 
Climate change is also expected to impact the quantity, quality, and duration of snow in the 
Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific 
Northwest using data collected by weather stations from 1930 to 1995, determined that the 
temperature increased in the Pacific Northwest, and more precipitation fell in the spring and 
summer months, especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, 
pp. 2-3) determined that an increasing temperature and precipitation trend from 1950 to 2000 is 
correlated with a 40 percent decrease in the snow water equivalent in the Cascades. Mote et al. 
(2005, p.45) determined that the Cascades are very sensitive to temperature changes, with 
large increases in temperature potentially resulting in significant declines in snowpack. 
Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined that the Cascade 
snowpack has declined by up to 40 percent in the latter half of the twentieth century, which 
resulted from increased temperatures. Furthermore, temperatures are predicted to continue 
increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to cause further 
and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). Continued 
declines of snowpack in the Cascades through 2025 are predicted to range from 9 percent 
(Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 
2486), which may also affect lynx densities supported in the Cascades.  
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx Workshop 
Report 2016, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, 
coupled with increasing wildfire risk, the potential for the Cascades to support a viable lynx 
population may be further reduced because of projected climate-mediated decreases in snow 
quantity and quality. Overall, our review of the published literature on this subject leads the Core 
Team to conclude that climate change does indeed pose the greatest risk to the long-term 
persistence of lynx, including within this geographic unit. 
  
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term and at mid-century, but a lower probablility of doing so, with more 
uncertainty, by the end of the century. As described above, the potential effects of climate 
change on the quantity and quality of snow, as well as the projected northward and upslope 
movement of spruce-fir and subalpine fir forests are likely to result in further fragmentation and 
reduction of lynx habitat within this geographic unit by the end of the century. More fragmented 
and smaller habitat patches are likely to support a smaller and more isolated lynx population 
that will be more vulnerable to stochastic environmental and demographic events. Over the past 
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25 years, wildfires have reduced lynx habitat in this geographic unit by almost 40 percent and 
likely reduced its carrying capacity for lynx by a similar amount. Additional future losses of lynx 
habitat resulting from climate-driven increases in wildfire size, frequency, and intensity may 
pose the greatest near-term threat to the persistence of this population. Connectivity between 
this unit and Canada is likely to remain intact in the future. Because lynx are highly mobile and 
able to traverse large areas of non-lynx habitat, we do not anticipate that climate change, in and 
of itself, will significantly affect connectivity between this geographic unit and the larger lynx 
population in southern British Columbia. This connectivity may contribute to maintaining a 
persistent, albeit smaller, lynx breeding population in this geographic unit into the future. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refugia from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent, and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Some experts suggested that 
lynx emigrating to this unit from Colorado could occupy such improved habitats in the near 
future. Colorado lynx have made exploratory movements into the GYA in summer months, and 
analysis of available data could improve our understanding of Colorado lynx movement into and 
use of the GYA. It is possible that lynx from Colorado are maintaining or could maintain lynx in 
GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent 
(median = 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of 
the century (figure 12, below). Unlike other units, the expert graphs for this unit were widely 
variable and had different outcomes and high uncertainty at all time frames. This was the only 
unit for which most experts believed the current probability of persistence is low (i.e., that it is 
uncertain whether this area currently supports a resident lynx population). Some experts 
increased probability of persistence into mid-century based on the possibility that large areas 
impacted by the 1980s-era wildfires may by then regenerate into hare/lynx habitat, and on 
possible continued dispersal of lynx from Colorado into this unit. Unlike other units, where 
expert confidence in their predictions was initially high but decreased greatly beyond mid-
century, expert uncertainty in this unit was high for all timpe periods and was related to 
uncertainty about whether resident lynx currentlyoccur in the GYA. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of 5 years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
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temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
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Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous United States, including this geographic unit. 
Also as noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this 
chapter, current Federal management restricts, with few exceptions, fire management (fuels 
reductions, prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such 
activities and wildfire response to conserve and restore lynx and hare habitats. We expect such 
conservation-focused fire management to continue and, therefore, to benefit lynx rather than to 
affect them detrimentally in the future. 
  
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
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reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States Nonetheless, as elsewhere in the DPS, immigration 
may influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may occur as 
several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and hares may be declining in ski areas. Ski areas 
tend to expand and may, therefore, have larger impacts on lynx in the future. There is some 
evidence of lynx using ski areas in summer months but avoiding them during the ski season. 
Two-thirds to three-quarters of the lynx in this unit are in the southern portion of the range in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) in Colorado that has not 
been well surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent 
(median = 80 percent) at mid-century, and 20 to 70 percent (median = 50 percent) at the end of 
the century (figure 13, below). Most experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with uncertainty increasing 
substantially over time; however, experts also expressed substantial uncertainty over the near- 
and mid-term. 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of potential lynx habitat in Colorado, of which, only 5 
percent is in Federal ownership. Other ownerships include state, county, municipal, etc., and 
private lands. Some BLM resource management plans have not been amended to include 
conservation specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow 
forest extensions connected to larger blocks of habitat on adjacent USFS lands. Generally these 
extensions are insufficient on their own to support a lynx home range. However, the Gunnison 
Field Office is the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 

Comment [ZJ210]: Little actual “evaluation” 
provided for factors that may influence future 
conditions for this unit. 
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The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on non-Federal ownerships within lynx habitat is unlikely 
to cause significant concern for lynx conservation in Colorado through the remainder of the 
century. 

Comment [ZJ211]: Verbatim from LCAS. 

Comment [ZJ212]: Also verbatim from LCAS. 
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Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable or non-
existent for much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low in this unit. Further, the naturally limited and fragmented habitats 
and generally low hare densities, which were apparently incapable of supporting persistent 
resident populations historically, are likely to worsen with continued climate warming. This unit’s 
greater distance and relative isolation from other lynx populations in the DPS and Canada, 
which may have prevented dispersing lynx from reaching this unit during the unprecedented 
irruptions from Canada into the northern contiguous United States in the early 1960s and early 
1970s, also casts doubt on the likelihood that this unit will receive the demographic and genetic 
support from the north that is thought to be important to the maintenance of DPS populations. 
Because of these factors and uncertainties, we doubt that resident lynx will persist in this unit 
through the end of the century, although we concur with experts that lynx will persist over the 
short-term and possibly until mid-century. 

Comment [ZJ213]: This “analysis” is one big 
quote. What does it mean for lynx? 
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We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
 
Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, persistent snow, which is believed to confer 
a competitive advantage for exploiting its primary prey, the snowshoe hare. Lynx in the 
contiguous United States have ecological requirements similar to those of lynx in Canada and 
Alaska, and throughout the species’ range hare abundance is the primary driver of lynx 
population dynamics. However, the DPS is at the southernmost margin of the species’ range, 
where boreal forests transition to temperate conifer and hardwood forests, and where snow 
conditions and hare abundance generally become less favorable with decreasing latitude. 
Because of this, habitat is less extensive and generally more fragmented within the DPS range 
than in the core of the species’ range in Canada and Alaska. As a result, lynx in the contiguous 
United States are naturally less abundant and more patchily distributed than in the core of the 
range (except during decadal lows in hare population cycles, when both hares and lynx occur 
temporarily in the north at densities lower than most in the range of the DPS). Maintaining 
connectivity between lynx populations in Canada and the DPS is thought to be important; 
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however, whether and if so, to what extent the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we lack precise historical and current 
population-size estimates for all of the geographic units, lynx experts familiar with each unit 
provided their estimates of the number of resident lynx each unit could potentially support. 
 

• Northern Maine (Unit 1) currently contains an unnaturally-high amount of high-quality 
hare habitat; the result of dense confier regeneration following landscape-level 
clearcutting in the 1970s and 1980s in response to a large spruce budworm outbreak. 
This unit currently is thought tosupport the largest resident population in the DPS; 
perhaps 750-1,000 individual lynx (Vashon in Lynx SSA Team 2016a, p. 18), which is 
many more lynx than probably occurred in this unit under historical habitat conditions 
and natural disturbance regimes. 
 

• In Northeastern Minnesota (Unit 2), a resident population ranging from 50-200 lynx 
occupies the Arrowhead Region of the State (Moen in Lynx SSA Team 2016a, p. 19); 
the number of resident lynx that occurred historically in this unit is unknown, but there is 
no information to suggest that it was substantially larger than the current population. 
 

• Northwestern Montana and northeastern Idaho (Unit 3) could potentially support 200-
300 resident lynx (Squires in Lynx SSA Team 2016a, p. 41); no estimate of historical 
population size is available for this unit. 
 

• In North-central Washington (Unit 4), extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 85-125 lynx 
before the large fires to less than half of that (roughly 40-55 lynx) currently (Maletzke in 
Lynx SSA Team 2016a, p. 21; Lewis 2016, pp. 5-6). 
 

• The Greater Yellowstone Area (GYA, Unit 5) is thought by some to have historically 
supported a small resident population, but the possibility that resident lynx occurred only 
ephemerally in this unit cannot be ruled out based on analysis of verified historical 
records. No lynx have been documented in the GYA since 2010, and currently this unit 
likely supports fewer than 10 (and perhaps 0) resident lynx (Squires in Lynx SSA Team 
2016a, p. 45). 
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• Our analysis of verified records suggests that lynx may have occurred only ephemerally 
in the Southern Rockies of western Colorado (Unit 6); however, it is possible that this 
unit historically supported a small resident population that, for reasons that remain 
unclear, became extirpated in the second half of the last century. Since the release of 
218 Canadian and Alaskan lynx into the San Juan Mountains of southwestern Colorado 
from 1999-2006 and subsequent reproduction among some of these lynx and several 
generations of their offspring, resident lynx, perhaps numbering 100-250 individuals 
(Ivan in Lynx SSA Team 2016a, p. 47), currently occupy parts of this geographic unit. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
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Other stressors affect lynx in 1 or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of over a third of lynx habitat, likely 
reducing this unit’s current lynx population and potentially compromising its current ability to 
support a resident population until habitats recover. Increased wildfire activity also has impacted 
lynx habitats in the other western geographic units (Northwestern Montana/Northeastern Idaho, 
the GYA, and Western Colorado), but the extent to which it may have influenced the current 
condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter the timing 
and magnitude of lynx dispersal from Canada into the contiguous United States. If lynx 
populations in the DPS depend on immigration from Canada which is no longer occurring or has 
been substantially reduced relative to historical conditions, population declines and an 
increased likelihood of extirpation among resident DPS populations would be expected. 
However, whether, and if so to what extent, these climate-mediated factors have influenced 
current lynx numbers, other demographic parameters, and/or habitat quality and distribution is 
uncertain and has not been quantified across the range of the DPS or in individual geographic 
units. Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in 
the DPS at some point in the future. 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016a, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
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about the rate of decline increasing with time from the present. The loss of resident lynx from 1 
or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, potential competitors 
are likely to outcompete and displace lynx. This in turn would reduce lynx abundance and 
density within populations, making populations more susceptible to stochastic events. 
 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
1 or more of the individual geographic units (especially the possibility of additional large wildfires 
in north-central Washington), thereby reducing redundancy within the DPS. However, as long as 
resident lynx remain geographically well-distributed in 1 or more units within the DPS, 
extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
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How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
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Although all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts to continue to do so through mid-century, only 1 
(Northwestern Montana/Northeastern Idaho) had a median expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (Lynx SSA Team 2016a, pp. 36-49, 58). The median expert-estimated persistence 
probablilities suggested a 50 percent or greater probability of functional extirpation (i.e., no 
longer capable of supporting resident lynx populations) for all other geographic units by the end 
of the century, with a moderate to high likelihood that resident lynx could be lost from 2 to 3 
units by then. 
 
Potential elevational refugia may increase the likelihood of persistence in western units, 
although uncertainty remains about the timing of warming-driven upslope movements of 
habitats and snow conditions and the extent to which hare and lynx populations may follow 
them. Regardless, future lynx habitats throughout the DPS range are likely to be smaller and 
more fragmented, and geographic units that are already relatively isolated from other lynx 
populations are likely to become even more isolated in the future. Despite the lack of elevational 
refugia, lynx may also persist at the end of the century in Maine and Minnesota, depending on 
the timing and severity of climate change effects and, in Maine, on trends in forest management 
and other commercial development on private lands. 
 
Uncertainty increases at mid- to late-century concerning the timing and extent of various 
stressors that will affect lynx and hare habitat and snow regimes, especially those related to 
climate change. However, review of the best available science in concert with input from lynx 
experts suggests that the probability of the persistence of resident breeding populations will 
decline in all geographic units, with the negative DPS-wide trajectory continuing to the end of 
the century and, with no evidence to the contrary, beyond that time frame. Our evaluation 
generally concurs with the expert input we received. We believe that lynx populations and 
habitats in the DPS will decline over time largely as a result of continued climate warming and 
associated impacts, which are likely to exacerbate the potential adverse effects of other factors 
(e.g., forest management, competition from other hare predators). 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx through mid-
century in most of the 5 geographic units that currently support them. However, we believe it is 
very unlikely that resident lynx populations will persist through the end of this century in all of the 
geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from 2 to 3 (of 5) units more likely than 
not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from 1 or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
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reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. With continued and unmitigated climate warming and projected northward and upslope 
contractions in snowy boreal forest habitats, it seems likely that at some point in the future the 
Contiguous United States may no longer be capable of supporting resident lynx populations. 
However, because there is great uncertainty in the magnitude and timing of these changes, it is 
impossible to predict when the DPS may become extirpated. 
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From: Smith, Tamara
To: Jim Zelenak
Subject: Fwd: lynx range
Date: Wednesday, July 26, 2017 2:07:25 PM

Hi Jim -  See Owen's message below. Before I respond to Owen, I wanted to check to see how
you are responding to these types of questions.

I was going to tell him that a rulemaking that is not required to remove lynx from the list of S7
counties in ECOS, but should I tell him that we will evaluate what is in ECOS once the SSA is
finalized? I'm not sure what to tell him exactly... thoughts?

Thanks!
Tam

---------- Forwarded message ----------
From: Boyle, Owen D - DNR <Owen.Boyle@wisconsin.gov>
Date: Wed, Jul 26, 2017 at 1:55 PM
Subject: lynx range
To: "Smith, Tamara" <tamara_smith@fws.gov>, "Utrup, Jill" <jill_utrup@fws.gov>,
"kelly_nail@fws.gov" <kelly_nail@fws.gov>

Hi All,

 

Is one of you our FO lead for lynx? I’ve been following the SSA and, while they acknowledge
that there is no breeding lynx population in WI (hasn’t even been a confirmed sighting in over
25 years), and it’s debatable whether suitable habitat (deep snow, dense hare populations)
occurs WI is still considered part of the range. As a result, 13 northern WI counties are listed
in ECOS, which triggers section 7 concerns for projects in those counties and sections 6 and 9
concerns when it comes to WDNR’s ability to manage trapping in the state.

 

Is there a formal process for requesting that, based on best available science, WI counties
should be removed from Canada lynx range? Is that something that would come out of the
SSA or would rulemaking need to occur?

 

Thanks for any information you can provide.

 

Owen

 

We are committed to service excellence.

mailto:tamara_smith@fws.gov
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Visit our survey at http://dnr.wi.gov/customersurvey to evaluate how I did.

 

Owen Boyle, PhD
Species Management Section Chief – Bureau of Natural Heritage Conservation
Wisconsin Department of Natural Resources
101 S. Webster St., Madison, WI 53703
608-576-2446 (voice & text)
owen.boyle@wisconsin.gov

 dnr.wi.gov
    

 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell

http://dnr.wi.gov/customersurvey
mailto:owen.boyle@wisconsin.gov
http://dnr.wi.gov/
http://dnr.wi.gov/
http://facebook.com/WIDNR
https://twitter.com/WDNR
http://www.flickr.com/photos/widnr/
http://www.youtube.com/user/WIDNRTV
http://dnr.wi.gov/rss/


From: Smith, Tamara
To: Delphey, Phil
Cc: Carrie Tansy
Subject: Re: lynx and S7
Date: Thursday, July 27, 2017 9:08:57 AM

Hi Phil -  I just was talking to Jim Zelenak (MT FO) about this yesterday, because we are
starting to get more inquires about this (e.g., from WI DNR).  Jim spoke to WI DNR and I
think they have other concerns besides S7 - CITES and trapping issues.  I proposed that you,
Jim, Justin S. and I have a conversation about this.  Carrie - we can loop you into the
conversation also, if you would like. 

Thanks!
Tam

On Thu, Jul 27, 2017 at 9:02 AM, Delphey, Phil <phil_delphey@fws.gov> wrote:
Just an FYI.  I'm pretty sure that Tam is considering this already.  I told them that this is up
to the FOs, but that I'd be willing to provide my input/assistance if needed.

Phil

---------- Forwarded message ----------
From: Kennedy, Daniel (DNR) <KENNEDYD@michigan.gov>
Date: Thu, Jul 27, 2017 at 7:41 AM
Subject: lynx and S7
To: "Delphey, Phil (phil_delphey@fws.gov)" <phil_delphey@fws.gov>
Cc: "owen.boyle@wisconsin.gov" <owen.boyle@wisconsin.gov>

Phil,

 

Are you the S7 coordinator for R3? If yes, Owen and I were wondering why MI and WI still
had parts of our states that triggered S7 consultation for lynx? The lynx SSA does not
consider our states as occupied. Here is text from the lynx SSA (page 39) that, in my
opinion, would justify removing lynx from triggering S7 in MI and WI.

 

Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and
analysis available

since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and
Oregon

(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx
populations, and no

evidence has emerged suggesting that resident populations occurred historically or
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recently in

Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues
to suggest

that resident lynx did not historically and do not currently occur in Michigan, Oregon,
Utah, and

Wisconsin; that habitats in these states are naturally incapable of supporting
resident breeding

populations; and that historical and potential future occurrences of lynx in these
states most

likely represent occasional dispersing lynx. We conclude, therefore, that these
states did not

historically, do not currently, and in the future are very unlikely to, contribute to the
persistence

and conservation of lynx in the contiguous U.S.

 

Is it possible to remove lynx as a S7 trigger in our states?

 

Thanks,

Dan

 

*********************************************************

Dan Kennedy

Endangered Species Coordinator

Michigan DNR, Wildlife Division

P.O. Box 30444

525 W. Allegan

Lansing, MI 48909-7944

Office: 517-284-6194

 

Show your support for conserving wildlife habitat in Michigan by purchasing



the wildlife habitat license plate or Simply make a tax-deductible donation!!!

 

-- 
Phil Delphey
Section 7 Coordinator
Midwest Region
U.S. Fish and Wildlife Service
5600 American Blvd. West, Suite 990
Bloomington, MN 55437-1458
Office Phone: 612.713-5318

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell

http://www.michigan.gov/dnr/0,4570,7-153-10370_12141-33042--,00.html?source=govdelivery
http://links.govdelivery.com/track?type=click&enid=ZWFzPTEmbWFpbGluZ2lkPTIwMTIxMjI3LjEzODAxOTcxJm1lc3NhZ2VpZD1NREItUFJELUJVTC0yMDEyMTIyNy4xMzgwMTk3MSZkYXRhYmFzZWlkPTEwMDEmc2VyaWFsPTE3MzI2ODQ1JmVtYWlsaWQ9a2VubmVkeWRAbWljaGlnYW4uZ292JnVzZXJpZD1rZW5uZWR5ZEBtaWNoaWdhbi5nb3YmZmw9JmV4dHJhPU11bHRpdmFyaWF0ZUlkPSYmJg==&&&109&&&http://apps.michigan.gov/michiganestore/public/ProductDetails.aspx?categoryId=7&productId=267&source=govdelivery


From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: MN lynx mortality database
Date: Friday, August 04, 2017 3:01:52 PM
Attachments: LYCA Incidental Take 2001-present aug42017.xlsx

Yes - Here you go!  Sorry, I thought I put it up there somewhere...

On Fri, Aug 4, 2017 at 1:44 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hey Tam,

Could you send me a PDF or Excel of the mortality info you keep there and that we cite in the SSA?

I haven't seen it on either of the lit PDF files on the drive (old or new) - if it is there I must not be looking in the
right spot.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell
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From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: lynx range
Date: Tuesday, August 08, 2017 1:07:14 PM

Okay - Maybe we can do it after you get back from NCTC. I'll take a look at our calendars and
send out an invite. We have an all R3 Bio Meeting the week of August 21st, so we might have
to wait until after that week...

On Tue, Aug 8, 2017 at 12:56 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I'm happy to talk with you and Phil and Carrie about this.  Phil might also want to check with R6 S7 lead Doug
Laye.

I'm in for a few hours yet today, then out of the office Wed. and Thurs., Aug. 9 & 10 - back in on Friday, then
leaving Sunday for a week at NCTC. I'll be checking email at NCTC and could probably be available for a call
then if needed.

Let me know when you can line something up with Phil and Carrie.  

On Mon, Aug 7, 2017 at 8:41 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -  I have not yet heard back from Justin. Maybe you, Phil and I can get together to
talk about this?  We might want to include Carrie Tansy (MI FO) also.

---------- Forwarded message ----------
From: Smith, Tamara <tamara_smith@fws.gov>
Date: Wed, Jul 26, 2017 at 4:54 PM
Subject: Fwd: lynx range
To: Justin Shoemaker <justin_shoemaker@fws.gov>
Cc: Phil Delphey <phil_delphey@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>

Hi Justin -  We are starting to get question like Owen's (WIDNR) below and I'm
wondering how you think we should respond. I just got off the phone with Jim Z and we
thought it would be best to get your input.  Jim Z and Nathan Roberts (WIDNR) recently
had a conversation regarding this topic too - I'll forward you the email that sparked their
conversation.   Besides S7 consultation, I think their main concern is CITES & trapping.

I've cc'd Phil Delphey (R3 S7 Coordinator) on this email. 

Thanks, 
Tam

---------- Forwarded message ----------
From: Boyle, Owen D - DNR <Owen.Boyle@wisconsin.gov>
Date: Wed, Jul 26, 2017 at 1:55 PM
Subject: lynx range
To: "Smith, Tamara" <tamara_smith@fws.gov>, "Utrup, Jill" <jill_utrup@fws.gov>,
"kelly_nail@fws.gov" <kelly_nail@fws.gov>
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mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:tamara_smith@fws.gov
mailto:tamara_smith@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:phil_delphey@fws.gov
mailto:jim_zelenak@fws.gov
mailto:Owen.Boyle@wisconsin.gov
mailto:tamara_smith@fws.gov
mailto:jill_utrup@fws.gov
mailto:kelly_nail@fws.gov
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Hi All,

 

Is one of you our FO lead for lynx? I’ve been following the SSA and, while they
acknowledge that there is no breeding lynx population in WI (hasn’t even been a
confirmed sighting in over 25 years), and it’s debatable whether suitable habitat (deep
snow, dense hare populations) occurs WI is still considered part of the range. As a result,
13 northern WI counties are listed in ECOS, which triggers section 7 concerns for projects
in those counties and sections 6 and 9 concerns when it comes to WDNR’s ability to
manage trapping in the state.

 

Is there a formal process for requesting that, based on best available science, WI counties
should be removed from Canada lynx range? Is that something that would come out of the
SSA or would rulemaking need to occur?

 

Thanks for any information you can provide.

 

Owen

 

We are committed to service excellence.

Visit our survey at http://dnr.wi.gov/customersurvey to evaluate how I did.

 

Owen Boyle, PhD
Species Management Section Chief – Bureau of Natural Heritage Conservation
Wisconsin Department of Natural Resources
101 S. Webster St., Madison, WI 53703
608-576-2446 (voice & text)
owen.boyle@wisconsin.gov

 dnr.wi.gov
    

 

-- 
Tamara Smith

http://dnr.wi.gov/customersurvey
mailto:owen.boyle@wisconsin.gov
http://dnr.wi.gov/
http://dnr.wi.gov/
http://facebook.com/WIDNR
https://twitter.com/WDNR
http://www.flickr.com/photos/widnr/
http://www.youtube.com/user/WIDNRTV
http://dnr.wi.gov/rss/


U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell
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From: Backsen, Sarah
To: Shoemaker, Justin
Cc: Marjorie Nelson
Subject: Fwd: short 5-year review
Date: Friday, August 18, 2017 12:31:45 PM
Attachments: 5-yrReview template for use w-SSAs.doc

5-yrReview template for use w-SSAs-clean.doc

Hi Justin,

Here's something that might be worth looking at/considering as you work though the lynx 5 yr
review.  I noticed that actual suggested template is 4-5 pages long, which still seems longer
than the "short form" that we've used for other species (but I think that was designed to work
along with a recovery plan, not an SSA) - I think I've seen some that were only 1-2 pages? 
Anyway, might be useful to look at both, see what the differences are, and figure out what
format makes sense to use for lynx.  Kelly's looking for feedback on whether this template is
useful and how it works for us, so if you have any thoughts after attempting to do the lynx 5-
year review, we can share them back with Kelly.

Sarah Backsen
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

---------- Forwarded message ----------
From: Hornaday, Kelly <kelly_hornaday@fws.gov>
Date: Fri, Aug 18, 2017 at 11:53 AM
Subject: short 5-year review
To: "Nelson, Marjorie" <marjorie_nelson@fws.gov>, Sarah Backsen
<sarah_backsen@fws.gov>

Hi Marj and Sarah, here is my first quick stab at making a short 5-year review decision
document template to use with an SSA or other document that contains the
biology/threats/science analysis, but not the policy/legal application.

I took the existing template (I think R6 uses a somewhat modified version), and revised the
intro to focus on what is needed to make sure we hit the requirements of what is needed for a
5-year review. Then I went through the sections and cut out stuff that I thought could be
presented as a summary referencing other documents.  I provided a track changes and a clean
version.  I did this fairly quickly, so it definitely needs some work and clean up but thought I
would create a straw dog to get things started.

Let me know your thoughts if this would be helpful for folks and if you have any ideas on
what would work best for your folks.

Thanks!

Kelly

mailto:sarah_backsen@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
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Kelly Hornaday
U.S. Fish and Wildlife Service
Ecological Services
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
703-358-2352



 

 

5-Year Review Template for use with SSAs or other science documents 
 
INTRODUCTION 
The following template is designed for use with SSAs or other documents that provide the 
science and biological analyses components of a status review but do not the policy analyses and 
conclusions.  This template guides the reviewer through applying the appropriate policy analysis 
needed to meet the requirements of a 5-year review.  This document is intended to streamline 5-
year reviews for species that have SSAs or other science/biological documents.  The intent is to 
summarize and refer to the SSA (or other document, such as a recovery plan) while applying the 
appropriate legal and policy analysis to create a concise and abbreviated decision document 
necessary to document the application of policy and legal analysis. 
 
[Note that if the SSA was conducted to inform a 12-month finding or rulemaking, that finding or 
rulemaking would very likely apply the appropriate policy analyses and would fulfill the 
requirements of a 5-year review.  If that is the case, then this from is not needed.]  
 
OVERVIEW OF 5-YEAR REVIEW REQUIREMENTS 
This template is intended to assist the reviewer in ensuring they have met all the requirements for 
completing a 5-year review.  The requirements are summarized below, and this template walks 
you through making sure those requirements are met. 
 
Same standards as a listing determination - Section 4(c)(2) directs us to review the status of each 
listed species at least once every 5 years and determine whether its status should be changed.  It 
also directs us to use the same considerations as for listing under 4(a)(1)  and 4(b) of the Act. 
Therefore, our 5-year reviews must: 
 

• Demonstrate we considered the 4(a)(1) factors (the 5 factors) – You do not necessarily 
have to organize information by the 5 factors.  You can indicate which factor(s) any 
threats considered are associated with in a narrative form (e.g., such as indicating in 
parentheses “ fire management (Factors A and E)”)  or provide a crosswalk table or other 
format to indicate we considered all the factors. 

• Apply the definition of “endangered species” or “threatened species”  
• Be based solely on the best scientific and commercial data available. 
• Recommend whether or not the species status should be changed. 

 
Notice of species under active review - 50 CFR 424.21 – “…  A notice announcing those species 
under active review will be published in the Federal Register.”  Our regulations require that we 
notice those species under active review. A 5-year review cannot be considered complete until 
we have published an notice of review in the FR and given the public and interested parties 
sufficient time to submit any information we should consider. 
 
Review application of the DPS policy – The DPS policy indicated that we would reevaluate the 
appropriate application of the DPS policy in the 5-year reviews of any species listed as DPS prior 
to implementation of the 1996 DPS Policy.  If your species is listed as a DPS, you’ll need to 
determine whether your species needs to be reevaluated. 
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COMPLETING THE TEMPLATE  
The template provides general guidance on elements to include.  However, the sections, 
organization, and format can be customized as appropriate for the circumstances of the 
individual review.  An optional cover page and table of contents are included to facilitate 
producing a document ready for posting on the web (although this document is intended to be 
short, these may be helpful if figures or attachments are included).  Introduction and italicized 
explanatory text may be deleted upon completion of the 5-year Review.
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(optional table of contents) 
5-YEAR REVIEW 

Species reviewed:  common name (scientific name) 
 

TABLE OF CONTENTS 
(optional: a table of contents may be useful for longer 5-year reviews or any 5-year reviews that 

provide figures or appendices as attachments) 
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5-YEAR REVIEW 
common name/scientific name 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
Briefly provide information that describes the method or process used in conducting this 5-year 
review.  For example, analyses of the species biology and status was conducted as part of an 
SSA or for preparing a recovery plan.  Other information could include whether the review was 
a team or individual effort, whether some or all of the review was contracted out, whether 
certain documents and data were relied on more heavily than others, whether a structured 
decision-making process was used, and other pertinent information.  If all or portions of the 
review were peer reviewed, provide information on peer review methods or processes used. 
Indicate lead region and FO, and other cooperating ROs/FOs. 
 
Background: 

 
The background section of the template asks the reviewer to provide general information and 
identify previous documentation regarding the species (e.g. listing documents, status reviews, 
associated actions, recovery plans).  This provides the backdrop for the incorporation and 
analysis of new information when reviewing the species’ status and classification.  

 
FR Notice citation announcing the species is under active reviewinitiation of this review:   

 
Listing history 

 
Provide a brief summary of the species listing/regulatory history.  This does not need to be 
extensive and can just hit the highlights (original listing, any revised listing, associated 
rulemaking that might be relevant).  Can refer to ECOS species profile page or other summary. 

 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy (only for vertebrates and 
DPS issues) 

 
Using section 1.3 of the 5-year Review Guidance, Consideration of the DPS Policy during the 5-
year review, and the DPS Policy (61 FR 4722) to guide you, respond to the questions below.  
Note that only a vertebrate can be listed as a DPS under the ESA (see guidance for more 
information). 

 
For species listed as DPSs or populations prior to (or not long after) the 1996 DPS policy, note 
whether the species has been reviewed for meeting the standards outlined in the DPS policy 
(maybe in prior 5-year review, petition finding, downlisting, etc.).  If it has not been reviewed, 
provide a DPS analysis for discreteness and significance.  
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Is there relevant new information for this species regarding the application of the DPS 
policy?   

 
If there is additional relevant information regarding the application of the DPS policy, you can 
note it here (for example, new genetic information confirms limited gene flow and supports 
discreteness).  If there is no new relevant information, this section can be deleted. 
 
Recovery Criteria (this section can be moved to after the threats analysis section if that 
organization is more efficient) 

 
Recovery Plan or Outline:  If the species has a recovery plan or outline, provide a citation here: 
 
Briefly discuss whether or not recovery criteria for the species have been met, citing supporting 
information.  Note any criteria that are no longer adequate (new analysis or information 
indicates the metrics are not based on the best available data, for example) or that may no 
longer be relevant (threat not as bad as previously thought, for example).  Note if there are any 
significant threats not addressed by the criteria.  

 
 
Updated Information and Current Species Status  
 
Briefly summarize new information, citing detailed information and analyses. 

 
Biology and Habitat:  Summarize any relevant new information since listing or the last status 
review.  This does not need to be exhaustive, but should summarize any new information that is 
particularly relevant to assessing the the species status and that would assist in understanding 
your status recommendation provided at the end of this review. 

 
 
Threats Analysis (or Five-Factor Analysis (threats, conservation measures, and regulatory 

mechanisms): – Provide a summary of the threats analysis in the SSA (or other document).  
This can be in a narrative format or organized by the five factors.  If the discussion is 
provided in a narrative format be sure to indicate which of the factors the threats fall under, 
or provide a crosswalk table or other mechanism for demonstrating that we considered the 5-
factors. 

  Example: Current or potential future threats to Santa Cruz cypress include 
alteration of the fire regime (Factors A and E), competition with nonnative species (Factors 
A and E), climate change (Factor A). 

 
 
Synthesis - Provide a synthesis of the information discussed in previous sections  to provide an 
updated assessment of the status of the species and its threats.  Please note any significant 
changes in the species’ status or its associated threats since the last review, and explain why the 
species meets the definition of threatened or endangered, as appropriate.  This section should 
conclude with a recommended classification (downlist, uplist, delist, remain the same).  See 
guidance and 50 CFR 424.11 (the factors considered for delisting are the same factors 
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considered for listing; species may be delisted due to extinction, recovery, and/or data error).  
This synthesis will provide a basis for the results provided in the next section. 
 
 
RESULTS 
 
Recommended Classification: Given your responses to previous sections, particularly section 
2.4. Synthesis, make a recommendation with regard to the listing classification of the species  

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 ____ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  ____ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

____ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS - Provide recommendations for future 
actions that stem from this review and that focus on the highest priority actions needed prior to 
the next 5-year review.  Recommendations may address, but are not limited to, data needs for 
future 5-year reviews, implementation of high priority recovery actions, actions on DPS-related 
issues identified in section 2.1., revisions or updates of recovery plans, or development or 
modification of special rules.  For species where little to no new relevant information was 
available, make specific recommendations to address data and information needs.  Completion 
of these recommended actions is not required, and subsequent reviews will not be precluded 
should recommended actions remain incomplete.  If any of the recommended actions are 
identified in the species recovery plan, indicate the recovery action number. 
  
REFERENCES - List all information and data sources used in this review.  Include on this list 
any experts used and their affiliations and note whether they provided information or if they 
acted as peer-reviewers, or both. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW of species x 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 ____ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 



 

 

5-Year Review Template for use with SSAs or other science documents 
 
 
INTRODUCTION 
The following template is designed for use with SSAs or other documents that provide the 
science and biological analyses components of a status review but do not the policy analyses and 
conclusions.  This template to guides the  a reviewer through applying the appropriate policy 
analysis needed to meet the requirements of a 5-year review.  This document is intended to 
streamline 5-year reviews for species that have SSAs or other science/biological documents.  The 
intent is to summarize and refer to the SSA (or other document, such as a recovery plan) while 
applying the appropriate legal and policy analysis to create a concise and abbreviated decision 
document necessary to document the application of policy and legal analysis. 
 
[Note that if the SSA was conducted to inform a 12-month finding or rulemaking, that finding or 
rulemaking would very likely apply the appropriate policy analyses and would fulfill the 
requirements of a 5-year review.  If that is the case, then this from is not needed.] the analysis 
and documentation steps of the 5-year review process, and to record available information and a 
deliberative process during the review of the species.  The use of summary documents (past 
reviews, etc.) may streamline the process; however, you should have confidence that these 
documents contain valid information and any questionable information should be verified.  The 
result should not be an exhaustive report; rather, the review should be a concise document that 
summarizes and cites sufficient information to reflect the rationale and thought process used to 
arrive at the results. 
 
If, in the 5-year review, a change in classification is recommended, the recommended change 
will be further considered in a separate rule-making process. 
 
OVERVIEW OF 5-YEAR REVIEW REQUIREMENTSTEMPLATE SEQUENCE 
This template is intended to assist the reviewer in ensuring they have met all the requirements for 
completing a 5-year review.  The requirements are summarized below, and this template walks 
you through making sure those requirements are met. 
 
Same standards as a listing determination - Section 4(c)(2) directs us to review the status of each 
listed species at least once every 5 years and determine whether its status should be changed.  It 
also directs us to use the same considerations as for listing under 4(a)(1)  and 4(b) of the Act. 
Therefore, our 5-year reviews must: 
 

• Demonstrate we considered the 4(a)(1) factors (the 5 factors) – You do not necessarily 
have to organize information by the 5 factors.  You can indicate which factor(s) any 
threats considered are associated with in a narrative form (e.g., such as indicating in 
parentheses “ fire management (Factors A and E)”)  or provide a crosswalk table or other 
format to indicate we considered all the factors. 

• Apply the definition of “endangered species” or “threatened species”  
• Be based solely on the best scientific and commercial data available. 
• Recommend whether or not the species status should be changed. 
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Notice of species under active review - 50 CFR 424.21 – “…  A notice announcing those species 
under active review will be published in the Federal Register.”  Our regulations require that we 
notice those species under active review. A 5-year review cannot be considered complete until 
we have published an notice of review in the FR and given the public and interested parties 
sufficient time to submit any information we should consider. 
 
Review application of the DPS policy – The DPS policy indicated that we would reevaluate the 
appropriate application of the DPS policy in the 5-year reviews of any species listed as DPS prior 
to implementation of the 1996 DPS Policy.  If your species is listed as a DPS, you’ll need to 
determine whether your species needs to be reevaluated. 
 
The template is provided as a general guide to conducting a 5-year review.  Section 1.0 addresses 
general information about how the review was conducted, who conducted the review, what 
species was reviewed, and its history under the Endangered Species Act (ESA).  Section 2.0 is 
the Review Analysis.  Section 2.1., Application of the 1996 Distinct Population Segment (DPS) 
policy, pertains only to vertebrate species and is only required if it was listed as a DPS prior to 
1996, or if new information leads the agency to re-consider its DPS status.  It reviews whether a 
DPS is a listable entity under the ESA (meets the discreteness and significance criteria of the 
DPS policy).  This section appears first because a determination that the species is not a valid 
DPS (does not meet the discreteness or significance criteria) could lead to a recommendation to 
delist the species without the need to analyze the species conservation status (review of recovery 
criteria in section 2.2. or status and threats in section 2.3.).  Section 2.2., Recovery Criteria, 
assesses whether recovery criteria are up-to-date and adequately address threats to the species.  If 
the reviewer determines the recovery criteria are indeed up-to-date and address threats under the 
five listing factors, evaluating whether or not recovery criteria have been met may be sufficient 
to determine appropriate classification without completing section 2.3., Updated Information and 
Current Species Status.  The reviewer should note that although the DPS and recovery criteria 
sections are provided first, they may not be applicable for some species (species that cannot be 
listed as DPSs or species without recovery plans).  Section 2.3 should be completed for all 
species that do not have recovery plans with up-to-date recovery criteria.  All the information 
from the previous sections is then summarized in section 2.4., Synthesis.  This synthesis provides 
the rationale for the recommendations regarding whether or not to change a species’ 
classification in section 3.0, Results.  Section 3.0, Results also recommends a new recovery 
priority number for the species and a reclassification or delisting priority number, if applicable.  
Section 4.0, Recommendations for Future Actions, makes use of the information collected during 
the review to recommend next steps to address the species’ recovery needs.  The reviewer is 
strongly encouraged to make recommendations that can guide future conservation actions for the 
species in this section of the 5-year review.   
 
COMPLETING THE TEMPLATE Guidance on how to complete each section of the template is 
provided in section 2.2 of the guidance, Completion of the Template 
.  The template provides general guidance on elements to include.  However, the sections, 
organization, and format can be customized as appropriate for the circumstances of the 
individual review.  An optionaln optional cover page and table of contents are included to 
facilitate producing a document ready for posting on the web (although this document is intended 
to be short, these may be helpful if figures or attachments are included).  The templateI 
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introduction and italicized explanatory text may be deleted upon completion of the 5-year 
Review.  Note any sections that are not applicable.  Portions of the template applicable only to 
one of the Services (i.e. only to FWS or NMFS) may be deleted where appropriate 
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5-YEAR REVIEW 
common name/scientific name 

 
1.0 GENERAL INFORMATION 
 

1.1  Reviewers (list primary reviewers of species information below) 
 

Lead Regional or Headquarters Office (Contact name(s), Office, and phone 
numbers):   

 
 Lead Field Office (Contact name(s), Office, and phone numbers):   
 
 Cooperating Field Office(s) (Contact name(s), Office, and phone numbers):   
 

Cooperating Regional Office(s) (Contact name(s), Office, and phone numbers):   
 

Cooperating Science Center(s) (NMFS only) (Contact name(s), Office, and 
phone numbers): 

 
1.2 Methodology used to complete the review: 

 
Briefly provide information that describes the method or process used in conducting this 5-year 
review.  For example, analyses of the species biology and status was conducted as part of an 
SSA or for preparing a recovery plan.  Other information could include ; for example, whether 
the review was a team or individual effort, whether some or all of the review was contracted out, 
whether certain documents and data were relied on more heavily than others, whether a 
structured decision-making process was used, and other pertinent information.  If all or portions 
of the review were peer reviewed, provide information on peer review methods or processes used 
or, if done in accordance with the OMB Peer Review Bulletin, give the weblink to the peer 
review information. Indicate lead region and FO, and other cooperating ROs/FOs. 
 
1.3 Background: 

 
The background section of the template asks the reviewer to provide general information and 
identify previous documentation regarding the species (e.g. listing documents, status reviews, 
associated actions, recovery plans).  This provides the backdrop for the incorporation and 
analysis of new information when reviewing the species’ status and classification.  

 
1.3.1 FR Notice citation announcing the species is under active reviewinitiation of this 
review:   
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1.3.2 Listing history 
 
Original Listing    
FR notice (Federal Register Volume and page number): 
Date listed:  
Entity listed (species, subspecies, DPS; exactly as listed in 50 CFR 17.11 or 
17.22): 
Classification (threatened or endangered): 
 
Revised Listing, if applicable 
FR notice (Federal Register Volume and page number): 
Date listed: 
Entity listed (species, subspecies, DPS): 

Classification (threatened or endangereProvide a brief summary of the species 
listing/regulatory history.  This does not need to be extensive and can just hit the highlights 
(original listing, any revised listing, associated rulemaking that might be relevant).  Can refer to 
ECOS species profile page or other summary.d): 

 
1.3.3 Associated rulemakings (if applicable, identify any critical habitat, 4(d) rules, 
experimental populations, or similarity of appearance cases and provide FR citations): 
 
1.3.4 Review History (List, in chronological order, agency status review(s), 5-year 
review(s) or other relevant reviews/documents.  Include dates, and results, if applicable): 
 
1.3.5 Species’ Recovery Priority Number at start of 5-year review (For FWS, 
information is available from TESS; for NMFS, information is available in the most recent 
biennial Recovery Report to Congress):  
 

1.3.6 Recovery Plan or Outline  
 
Name of plan or outline: 
Date issued: 
Dates of previous revisions, if applicable: 
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2.0 REVIEW ANALYSIS 
 
2.1 Application of the 1996 Distinct Population Segment (DPS) policy (only for 
vertebrates and DPS issues) 

 
Using section 1.3 of the 5-year Review Guidance, Consideration of the DPS Policy during the 5-
year review, and the DPS Policy (61 FR 4722) to guide you, respond to the questions below.  
Note that only a vertebrate can be listed as a DPS under the ESA (see guidance for more 
information). 

 
For species listed as DPSs or populations prior to (or not long after) the 1996 DPS 
policy, note whether the species has been reviewed for meeting the standards outlined 
in the DPS policy (maybe in prior 5-year review, petition finding, downlisting, etc.).  If 
it has not been reviewed, provide a DPS analysis for discreteness and significance. 
2.1.1 Is the species under review a vertebrate? 
 
 _____Yes, go to section 2.1.2. 
 _____No, go to section 2.2. 
 
2.1.2 Is the species under review listed as a DPS?   

 
 ____ Yes, go to section 2.1.3.   

 ____ No, go to section 2.1.4 
 
2.1.3 Was the DPS listed prior to 1996?   

 
____ Yes, give date and go to section 2.1.3.1.   
____ No, go to section 2.1.4. 

 
2.1.3.1 Prior to this 5-year review, was the DPS classification reviewed to 

ensure it meets the 1996 policy standards?   
 
 ____ Yes, provide citation and go to section 2.1.4.   
 ____ No, go to section 2.1.3.2. 

 
2.1.3.2 Does the DPS listing meet the discreteness and significance elements 

of the 1996 DPS policy? 
  

____ Yes, discuss how it meets the DPS policy, and go to section 2.1.4.   
____ No, discuss how it is not consistent with the DPS policy and consider 
the 5-year review completed. Go to section 2.4., Synthesis.   

 
 
2.1.4 Is there relevant new information for this species regarding the application 
of the DPS policy?   
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If there is additional relevant information regarding the application of the DPS 
policy, you can note it here (for example, new genetic information confirms 
limited gene flow and supports discreteness).  If there is no new relevant 
information, this section can be deleted.____ Yes, provide citation(s) and a brief 
summary of the new information; explain how this new information affects our 
understanding of the species and/or the need to list as DPSs.  This may be 
reflected in section 4.0, Recommendations for Future Actions.  If the DPS listing 
remains valid, go to section 2.2, Recovery Criteria.  If the new information 
indicates the DPS listing is no longer valid, consider the 5-year review completed, 
and go to section 2.4, Synthesis. 
 
____ No, go to section 2.2., Recovery Criteria.   

 
 
2.2 Recovery Criteria (this section can be moved to after the threats analysis section if that 
organization is more efficient) 

 
Recovery Plan or Outline:  If the species has a recovery plan or outline, provide a citation 
here:Recovery plans contain downlisting and delisting criteria which, if up-to-date with regard 
to both the species’ status and threats, should simplify the 5-year review process.  If current, a 
recommendation on whether or not to change the species status may be made based on 
evaluating whether recovery criteria have been achieved, and completing section 2.3, Updated 
Information and Current Species Status, should not be necessary. 
 

2.2.1 Does the species have a final, approved recovery plan1 containing objective, measurable 
criteria?  (Note: Some plans may not contain recovery criteria, either because they are older 
plans, or because criteria could not be determined due to lack of information.  These plans may 
still contain goals or other objectives that provide a benchmark for measuring progress toward 
recovery and may warrant discussion in this section.  If you discuss them here, be sure to 
distinguish them from formal recovery criteria.) 
 
____ Yes, continue to section 2.2.2. 
 
 

Briefly discuss whether or not recovery criteria for the species have been met, 
citing supporting information.  Note any criteria that are no longer adequate 
(new analysis or information indicates the metrics are not based on the best 
available data, for example) or that may no longer be relevant (threat not as bad 
as previously thought, for example).  Note if there are any significant threats not 
addressed by the criteria. ____ No, consider recommending development of a 
recovery plan or recovery criteria in section IV, Recommendations for Future 
Actions, and go to section 2.3., Updated Information and Current Species Status.  

                                                 
1 Although the guidance generally directs the reviewer to consider criteria from final approved 
recovery plans, criteria in published draft recovery plans may be considered at the reviewer’s 
discretion. 
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2.2.2 Adequacy of recovery criteria. 
   

Recovery criteria should reflect the best available and most up-to-date information on the 
species and its habitat and address threats to the species relative to the five factor analysis.  If 
criteria are current, the status of the species and its threats should be discussed briefly under 
each criterion in section 2.2.3., which will serve as the updated information on which the 5-year 
review results are based. 
 

2.2.2.1 Do the recovery criteria reflect the best available and most up-to date information on the 
biology of the species and its habitat? 
 
 ____ Yes, go to section 2.2.2.2. 
____ No, go to section 2.2.3, and note why these criteria do not reflect the best available 
information.  Consider developing recommendations for revising recovery criteria in section 4.0.   
 

2.2.2.2 Are all of the 5 listing factors that are relevant to the species addressed in the recovery 
criteria (and is there no new information to consider regarding existing or new threats)?  
(Note: If it can be clearly articulated how recovery criteria address all current threats to the 
species, evaluating whether recovery and/or downlisting criteria have been met in section 2.2.3 
may be sufficient to evaluate the species listing classification and no further analysis may be 
necessary.) 

 
 ____ Yes, go to section 2.2.3. 
____ No, go to section 2.2.3, and note which factors do not have corresponding criteria.  
Consider developing recommendations for revising recovery criteria in section 4.0. 
 
2.2.3 List the recovery criteria as they appear in the recovery plan, and discuss 
how each criterion has or has not been met, citing information (for threats-related recovery 
criteria, please note which of the 5 listing factors are addressed by that criterion.  If any of the 
5-listing factors are not relevant to this species, please note that here): 
 
If you answered yes to both 2.2.2.1. and 2.2.2.2., evaluating whether recovery and/or 
downlisting criteria have been met in section 2.2.3 may be sufficient to evaluate the species 
listing classification and no further analysis may be necessary; go to section 2.4., Synthesis. 
   
If you answered no to either 2.2.2.1 or 2.2.2.2, continue to section 2.3. , Updated Information 
and Current Species Status, and consider adding updating of recovery criteria in section 4.0, 
Recommendations for Future Actions. 
 
 
2.3 Updated Information and Current Species Status  
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Briefly summarize new information, citing detailed information and analyses..  Each summary of 
information below should indicate whether there is a change in species status or change in 
magnitude or imminence of threats since the last status review. 

 
2.3.1 Biology and Habitat:  Summarize any relevant new information since listing or 
the last status review.  This does not need to be exhaustive, but should summarize any new 
information that is particularly relevant to assessing the the species status and that would assist 
in understanding your status recommendation provided at the end of this review. 

 
Provide an updated status of the species, citing new information about the species and its 
habitat; then go to 2.3.2.  For species that are presumed extinct, note whether surveys 
have been completed or any other information that could be relevant to the species.  The 
following provides a checklist of possible information to consider. 
 

2.3.1.1 New information on the species’ biology and life history:  
 
2.3.1.2 Abundance, population trends (e.g. increasing, decreasing, stable), 
demographic features (e.g., age structure, sex ratio, family size, birth rate, 
age at mortality, mortality rate, etc.), or demographic trends: 
 
2.3.1.3 Genetics, genetic variation, or trends in genetic variation (e.g., loss of 
genetic variation, genetic drift, inbreeding, etc.): 
 
2.3.1.4 Taxonomic classification or changes in nomenclature: 
 
2.3.1.5 Spatial distribution, trends in spatial distribution (e.g. increasingly 
fragmented, increased numbers of corridors, etc.), or historic range (e.g. 
corrections to the historical range, change in distribution of the species’ 
within its historic range, etc.): 
 

2.3.1.6 Habitat or ecosystem conditions (e.g., amount, distribution, and suitability of the 
habitat or ecosystem): 

 
2.3.1.7 Other: 
 
Threats Analysis (or 2.3.2 Five-Factor Analysis (threats, conservation measures, and 

regulatory mechanisms): -– Provide a summary of the threats analysis in the SSA (or other 
document).  This can be in a narrative format or organized by the five factors.  If the 
discussion is provided in a narrative format be sure to indicate which of the factors the 
threats fall under, or provide a crosswalk table or other mechanism for demonstrating that 
we considered the 5-factors. 

  Example: Current or potential future threats to Santa Cruz cypress include 
alteration of the fire regime (Factors A and E), competition with nonnative species (Factors 
A and E), climate change (Factor A).For each of the five listing factors outlined below, 
provide a brief summary and citation(s) of any relevant new information, including 
conservation measures, regarding the magnitude (scope and severity) and imminence of 
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previously identified threats to the species or new threats to the species.  Note if any of the 
factors are not relevant to the species.  Upon completion, go to 2.4., Synthesis. 

 
2.3.2.1 Present or threatened destruction, modification or curtailment of its 

habitat or range:   
 
2.3.2.2 Overutilization for commercial, recreational, scientific, or educational 

purposes:   
 
2.3.2.3 Disease or predation:   
 
2.3.2.4 Inadequacy of existing regulatory mechanisms:   
 
2.3.2.5 Other natural or manmade factors affecting its continued existence:   

 
2.4  Synthesis - Provide a synthesis of the information discussed in previous 
sections 2.1., 2.2., and 2.3, to provide an updated assessment of the status of the species and its 
threats.  Please note any significant changes in the species’ status or its associated threats since 
the last review, and explain why the species meets the definition of threatened or endangered, as 
appropriate.  This section should conclude with a recommended classification (downlist, uplist, 
delist, remain the same).  See guidance and 50 CFR 424.11 (the factors considered for delisting 
are the same factors considered for listing; species may be delisted due to extinction, recovery, 
and/or data error).  This synthesis will provide a basis for the results provided in the next 
section. 3.0, Results, and the baseline by which to measure changes in status for the next review. 
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3.0 RESULTS 
 
3.1  Recommended Classification: Given your responses to previous sections, 
particularly section 2.4. Synthesis, make a recommendation with regard to the listing 
classification of the species  

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 ____ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
   ____ Extinction 
   ____ Recovery 
   ____ Original data for classification in error 
  ____ No change is needed 
 
3.2  New Recovery Priority Number (indicate if no change; see Appendix E): 

 
 Brief Rationale:  

 
3.3  Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
 Reclassification (from Threatened to Endangered) Priority Number: ____ 
 Reclassification (from Endangered to Threatened) Priority Number: ____ 
 Delisting (Removal from list regardless of current classification) Priority 

Number: ____ 
 
 Brief Rationale:  
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4.0 RECOMMENDATIONS FOR FUTURE ACTIONS - Provide recommendations for 
future actions that stem from this review and that focus on the highest priority actions needed 
prior to the next 5-year review.  Recommendations may address, but are not limited to, data 
needs for future 5-year reviews, implementation of high priority recovery actions, actions on 
DPS-related issues identified in section 2.1., revisions or updates of recovery plans, or 
development or modification of special rules.  For species where little to no new relevant 
information was available, make specific recommendations to address data and information 
needs.  Completion of these recommended actions is not required, and subsequent reviews will 
not be precluded should recommended actions remain incomplete.  If any of the recommended 
actions are identified in the species recovery plan, indicate the recovery action number. 
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5.0 REFERENCES - List all information and data sources used in this review.  Include on 
this list any experts used and their affiliations and note whether they provided information or if 
they acted as peer-reviewers, or both. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW of species x 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 ____ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______  
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NATIONAL MARINE FISHERIES SERVICE 
5-YEAR REVIEW  

species 
 
Current Classification:   
 
Recommendation resulting from the 5-Year Review 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 ____ Delist 

  ____ No change is needed 
 
Review Conducted By: 
 
 
REGIONAL OFFICE APPROVAL: 
 
Lead Regional Administrator, NOAA Fisheries 
 
 
Approve: _________________________________________ Date: ________                                 

   
The Lead Region must ensure that other Regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Administrator, NOAA Fisheries 
 
  
_____Concur   _____ Do Not Concur 
 
   
Signature__________________________________________ Date_______  
 
HEADQUARTERS APPROVAL: 
 
Assistant Administrator, NOAA Fisheries 
 
  
_____Concur   _____ Do Not Concur 
 
   
Signature__________________________________________ Date_______  
 



From: Holt, Bryon
To: Melbihess, Tracy
Subject: Re: lynx and wolverine update
Date: Monday, August 28, 2017 4:04:32 PM

Tracy;

Lynx - Working to finalize the SSA; hopefully by end of Sept.  Final decision on status of
lynx will not occur until 5-year review is completed containing listing recommendation
informed by the final SSA.

Wolverine - Still drafting SSA; hopefully final SSA completed by late December 2017.  Final
listing decision tentatively scheduled for late January/early February 2018.

Bryon

On Mon, Aug 28, 2017 at 7:47 AM, Melbihess, Tracy <tracy_melbihess@fws.gov> wrote:
Hi Bryon, 
Good morning!  Kathleen is asking for a bullet or two update on the lynx and wolverine
situations for their meeting with IDFG tomorrow.  Can you please send me a quick email
today that I can combine with the rest of what I am putting together for her?  I am out of the
office this morning with the Windows 10 computer training but can give you a ring this
afternoon if that would be easier.  

Thank you! 
Tracy 

-- 

Classification and Recovery Branch Chief
Idaho Fish and Wildlife Office (IFWO), Region 1
US Fish and Wildlife Service
#208-378-5287 (office)

and temporary assignment to

Mexican Wolf Recovery Program
Southwest Regional Office, Region 2
US Fish and Wildlife Service
#208-258-0253 (cell)

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service

mailto:bryon_holt@fws.gov
mailto:tracy_melbihess@fws.gov
mailto:tracy_melbihess@fws.gov


Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: Zelenak, Jim
To: Justin Shoemaker
Subject: 72 FR 1186 - 2007 01 10 SPR Clarification
Date: Thursday, August 31, 2017 12:54:28 PM
Attachments: 72 FR 1186 - 2007 01 10 SPR Clarification.pdf

Attached.

Let me know if you'd also like the 2007 FR doc initiating the 5-yr review.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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significant energy action. FRA has 
evaluated this final rule in accordance 
with Executive Order 13211. FRA has 
determined that this final rule is not 
likely to have a significant adverse effect 
on the supply, distribution, or use of 
energy. Consequently, FRA has 
determined that this regulatory action is 
not a ‘‘significant energy action’’ within 
the meaning of Executive Order 13211. 

Privacy Act 

Anyone is able to search the 
electronic form of all our comments 
received into any of our dockets by the 
name of the individual submitting the 
comment (or signing the comment, if 
submitted on behalf of an association, 
business, labor union, etc.). You may 
review DOT’s complete Privacy Act 
Statement in the Federal Register 
published on April 11, 2000 (Volume 
65, Number 70; Pages 19477–78) or you 
may visit http://dms.dot.gov. 

List of Subjects in 49 CFR Part 225 

Investigations, Penalties, Railroad 
safety, Reporting and recordkeeping 
requirements. 

The Rule 

■ In consideration of the foregoing, FRA 
amends part 225 of chapter II, subtitle 
B of title 49, Code of Federal 
Regulations, as follows: 

PART 225—[AMENDED] 

■ 1. The authority citation for part 225 
continues to read as follows: 

Authority: 49 U.S.C. 103, 322(a), 20103, 
20107, 20901–02, 21301, 21302, 21311; 28 
U.S.C. 2461, note; and 49 CFR 1.49. 
■ 2. Amend § 225.19 by revising the first 
sentence of paragraph (c) and revising 
paragraph (e) to read as follows: 

§ 225.19 Primary groups of accidents/ 
incidents. 

* * * * * 
(c) Group II—Rail equipment. Rail 

equipment accidents/incidents are 
collisions, derailments, fires, 
explosions, acts of God, and other 
events involving the operation of on- 
track equipment (standing or moving) 
that result in damages higher than the 
current reporting threshold (i.e., $6,700 
for calendar years 2002 through 2005, 
$7,700 for calendar year 2006, and 
$8,200 for calendar year 2007) to 
railroad on-track equipment, signals, 
tracks, track structures, or roadbed, 
including labor costs and the costs for 
acquiring new equipment and material. 
* * * 
* * * * * 

(e) The reporting threshold is $6,700 
for calendar years 2002 through 2005, 

$7,700 for calendar year 2006, and 
$8,200 for calendar year 2007. The 
procedure for determining the reporting 
threshold for calendar years 2006 and 
beyond appears as paragraphs 1–8 of 
appendix B to part 225. 
* * * * * 

Issued in Washington, DC, on December 
29, 2006. 
Joseph H. Boardman, 
Administrator. 
[FR Doc. E7–112 Filed 1–9–07; 8:45 am] 
BILLING CODE 4910–06–P 

DEPARTMENT OF THE INTERIOR 

Fish and Wildlife Service 

50 CFR Part 17 

RIN 1018–AV17 

Endangered and Threatened Wildlife 
and Plants; Clarification of Significant 
Portion of the Range for the 
Contiguous United States Distinct 
Population Segment of the Canada 
Lynx 

AGENCY: Fish and Wildlife Service, 
Interior. 
ACTION: Clarification of findings. 

SUMMARY: We, the U.S. Fish and 
Wildlife Service (Service) provide a 
clarification of the finding we made in 
support of the final rule that listed the 
contiguous U.S. Distinct Population 
Segment of the Canada lynx (Lynx 
canadensis) (lynx) as threatened. In that 
rule, we found that, ‘‘collectively, the 
Northeast, Great Lakes, and Southern 
Rockies do not constitute a significant 
portion of the range of the DPS (Distinct 
Population Segment).’’ In response to a 
court order, we now clarify that finding. 
ADDRESSES: The complete file for this 
clarification is available for inspection, 
by appointment, during normal business 
hours at the Montana Ecological 
Services Office, 585 Shepard Way, 
Helena, MT 59601 (telephone 406/449– 
5225). 
FOR FURTHER INFORMATION CONTACT: 
Mark Wilson, Field Supervisor, 
Montana Fish and Wildlife Office, at the 
above address (telephone 406/449– 
5225). 

SUPPLEMENTARY INFORMATION: The 
Service listed the Canada lynx, hereafter 
referred to as lynx, as threatened on 
March 24, 2000 (65 FR 16052). After 
listing the lynx as threatened, plaintiffs 
in the case of Defenders of Wildlife v. 
Kempthorne (Civil Action No. 00–2996 
(GK)) initiated action in Federal District 
Court challenging the listing of the lynx 

as threatened. On December 26, 2002, 
the Court issued a Memorandum of 
Opinion and Order to have the Service 
explain our 2000 finding that 
‘‘[c]ollectively the Northeast, Great 
Lakes and Southern Rockies do not 
constitute a significant portion of the 
[lynx] DPS.’’ Pursuant to that order, the 
Service published a notice of remanded 
determination and clarification of our 
2000 finding on July 3, 2003 (68 FR 
40075). In that notice, the Service 
attempted to address the court’s order 
and issued a new finding that the lynx 
is not endangered throughout a 
significant portion of its range. Plaintiffs 
subsequently brought further action 
claiming that the Service violated the 
court’s 2002 order. 

On September 29, 2006, the Court 
issued another Memorandum of 
Opinion and Order remanding the same 
portion of the Service’s March 24, 2000, 
determination of status for the lynx. The 
court remanded the finding so that ‘‘the 
Service may clearly and specifically 
address the finding it was ordered to 
explain three years ago: That 
‘[c]ollectively the Northeast, Great 
Lakes, and Southern Rockies do not 
constitute a significant portion of the 
[lynx] DPS’ (Order at 3).’’ This finding 
appeared in the final rule that listed the 
contiguous U.S. DPS of the lynx as 
threatened (65 FR 16052; March 24, 
2000). Because the court remanded the 
2000 listing determination for further 
explanation of how the Service at that 
time reached its conclusion the 
Northeast, Great Lakes, and Southern 
Rockies do not constitute a significant 
portion of the lynx DPS, the following 
discussion addresses the basis for the 
Service’s decision in 2000. The 
conclusions reached in 2000, and the 
basis for those conclusions, do not 
necessarily represent the Service’s 
current views, given new information 
regarding the lynx as well as the 
evolving views of the courts and the 
Service regarding the meaning of the 
definitions of ‘‘endangered species’’ and 
‘‘threatened species.’’ In fact, when the 
Service completed the first remand 
decision, it did not reiterate its 
conclusion from 2000 on this issue; 
instead, it based its new conclusion on 
a different line of reasoning. The Service 
recently requested that the Office of the 
Solicitor examine the definition of 
‘‘endangered species.’’ As a result, the 
explanation of the Service’s rational for 
its decision in 2000 provided here may 
not reflect how the Service will apply 
the definition of ‘‘endangered species’’ 
in the future. 
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Background 
The Endangered Species Act of 1973, 

as amended (16 U.S.C. 1531 et seq.) 
(Act), defines an ‘‘endangered’’ species 
as one that is ‘‘in danger of extinction 
throughout all or a significant portion of 
its range’’ and a ‘‘threatened’’ species as 
one that is ‘‘likely to become 
endangered within the foreseeable 
future throughout all or a significant 
portion of its range’’ (16 U.S.C. 1532(6); 
16 U.S.C. 1532(20); 50 CFR 424.02(e) 
and (m)). The Secretary of the Interior 
‘‘shall publish in the Federal Register a 
list of all species determined * * * to 
be endangered species and * * * 
threatened species. Each list shall refer 
to the species contained therein by 
scientific and common name or names, 
if any, specify with respect to [each] 
such species over what portion of its 
range it is endangered or threatened, 
and specify any critical habitat within 
such range’’ (16 U.S.C. 1533(c)(1)). 

Apart from the statutory and 
regulatory definitions of ‘‘threatened’’ 
and ‘‘endangered,’’ no formal guidance 
shaped the Service’s analysis in the 
2000 final listing rule of what was to be 
considered when evaluating the 
‘‘significance’’ of any particular area of 
a species’’ range. Furthermore, at that 
time there was no case law concerning 
what should be considered in a 
determination of a ‘‘significant portion’’ 
of a species’’ range. Since publication of 
the 2000 final listing rule, several courts 
have interpreted the meaning of 
‘‘significant portion of its range.’’ See, 
Defenders of Wildlife v. Norton 258 F. 
3d 1136 (9th Cir. 2001); Center for 
Biological Diversity v. Norton, 411 F. 
Supp. 2d 1271 (D.N.M. 2005); 
Southwester Center for Biological 
Diversity v. Norton, 2002 U.S. Dist. 
Lexis 13661 (D.D.C. July 29, 2002); 
Defenders of Wildlife v. Norton, 239 F. 
Supp. 2d 9 (D.D.C. 2002; Center for 
Biological Diversity v. Lohn, 296 F 
Supp. 2d 1223 (W.D. Wash. 2003); 
Environmental Protection Information 
Ctr. v. National Marine Fisheries 
Service, Civ. No. 02–5401 ED2 (N.O. 
Cal. Mar. 1, 2004); Defenders of Wildlife 
v. Norton, Civ. No. 99–02072 HHK 
(D.D.C. Dec. 13, 2001); Defenders of 
Wildlife v. Secretary, U.S. Department 
of Interior, 354 F. Supp. 2d 1156 (D. Or. 
2005); National Wildlife Federation v. 
Norton, 386 F. Supp. 2d 553 (D. Vt. 
2005). 

The historical and current range of the 
Canada lynx north of the contiguous 
United States includes Alaska and that 
part of Canada that extends from the 
Yukon and Northwest Territories south 
across the border with the contiguous 
United States and east to New 

Brunswick and Nova Scotia. In the 
contiguous United States, the current 
(and historical) range of the lynx 
extends into four geographic areas: the 
Northeast, including the States of 
Maine, New Hampshire, Vermont, and 
New York; the western Great Lakes, 
including the States of Minnesota, 
Michigan, and Wisconsin; the Southern 
Rocky Mountains in the States of 
Colorado and Wyoming; and the 
Northern Rocky Mountains/Cascades, 
including the States of Montana, 
Washington, Idaho, Utah, Wyoming, 
and Oregon. It is notable that the range 
of the lynx has not been radically 
contracted or reduced. 

When the Service listed the lynx, we 
followed the Policy Regarding the 
Recognition of Distinct Vertebrate 
Population Segments Under the 
Endangered Species Act (DPS Policy) to 
evaluate whether the lynx population in 
the contiguous United States constituted 
a DPS and thus was a listable entity 
under the Act (61 FR 4722; February 7, 
1996). Under the DPS Policy, a 
population must meet two criteria to 
qualify as a DPS: First, the population 
in question must be determined to be 
discrete from other members of the 
taxon, and second, the population in 
question must be determined to be 
significant to the taxon. In this case, the 
taxon is the species Lynx canadensis, 
whose range extends throughout Alaska 
and Canada into the contiguous United 
States, as described above. 

The DPS Policy allows the use of 
international boundaries to define 
discreteness if there are differences in 
control of exploitation, management of 
habitat, conservation status, or 
regulatory mechanisms between the two 
countries. In the final rule, we 
determined that, because Canada had no 
overarching forest practices legislation 
governing management of national lands 
and/or providing for consideration of 
wildlife habitat requirements, and also 
because of lynx harvest regulations that 
exist in Canadian Provinces, the 
differences in management of lynx and 
lynx habitat between Canada and the 
United States were sufficient to enable 
us to use the international boundary 
between Canada and the contiguous 
United States to delineate the DPS 
according to the discreteness criterion 
(65 FR 16060; March 24, 2000). 

In the final rule, we found that lynx 
in the contiguous United States are 
significant to the taxon under the DPS 
Policy because of the climatic, 
vegetative, and ecological differences 
between lynx habitat in the contiguous 
United States and that in northern 
latitudes in Canada and Alaska. In the 
contiguous United States, lynx 

distribution occurs in habitats at the 
southern extent of the range of the 
boreal forest, comprising subalpine 
coniferous forest in the West and 
southern boreal forest/hardwoods in the 
East (for ease of description, we use the 
general term ‘‘southern boreal forest’’ to 
describe lynx habitat in the contiguous 
United States); whereas in Canada and 
Alaska, lynx inhabit the classic boreal 
forest ecosystem known as the taiga. 
Furthermore, lynx and snowshoe hare 
population dynamics in the contiguous 
United States are different from those in 
northern Canada and Alaska (65 FR 
16060; March 24, 2000). 

Based on the above factors, we 
determined that the lynx population in 
the contiguous United States was 
discrete and significant under the DPS 
Policy and, therefore, qualified as a 
listable entity under the Act (65 FR 
16060; March 24, 2000). 

We then further considered whether 
individually any of the four geographic 
areas (Northeast, Great Lakes, Southern 
Rockies, and Northern Rockies/ 
Cascades) that make up the current 
range of the lynx within the contiguous 
United States fulfilled the DPS Policy 
criteria (65 FR 16060; March 24, 2000). 
We determined that, within the 
contiguous United States, each of these 
areas was discrete from the others. 
However, we found none of the areas to 
be significant. 

Because of the extensive range of the 
lynx within the contiguous U.S. DPS, 
we structured the 2000 final listing to 
describe the status of the species in the 
four geographic areas (Northeast, Great 
Lakes, Southern Rockies, and Northern 
Rockies/Cascades) (65 FR 16060; March 
24, 2000). We determined ‘‘that 
collectively, the Northeast, Great Lakes, 
and Southern Rockies regions do not 
constitute a significant portion of the 
DPS range.’’ The final rule prefaced this 
finding with the following discussion: 

Within the contiguous United States, the 
relative importance of each region to the 
persistence of the DPS varies. The Northern 
Rockies/Cascades Region supports the largest 
amount of lynx habitat and has the strongest 
evidence of persistent occurrence of resident 
lynx populations, both historically and 
currently. In the Northeast (where resident 
lynx populations continue to persist) and 
Southern Rockies regions, the amount of lynx 
habitat is naturally limited and does not 
contribute substantially to the persistence of 
the contiguous United States DPS. Much of 
the habitat in the Great Lakes Region is 
naturally marginal and may not support prey 
densities sufficient to sustain lynx 
populations. As such, the Great Lakes Region 
does not contribute substantially to the 
persistence of the contiguous United States 
DPS. We conclude the Northern Rockies/ 
Cascades Region is the primary region 
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necessary to support the long-term existence 
of the contiguous United States DPS (65 FR 
16061, 16082). 

In summary, the Service determined 
that, collectively, the Northeast, Great 
Lakes, and Southern Rockies regions do 
not constitute a significant portion of 
the range of the DPS because (1) the 
amount of lynx habitat in the Northeast 
and Southern Rockies is naturally 
limited and (2) much of the habitat in 
the Great Lakes Region is marginal and 
may not support prey densities 
sufficient to sustain lynx. 

The analysis in the 2000 final listing 
rule concerning ‘‘significance’’ 
specifically addressed and focused on 
the biological ‘‘significance’’ of areas of 
habitat within the range of the lynx (65 
FR 16060; March 24, 2000). The 
biological context that we viewed as 
important in the 2000 final listing rule 
included the distribution of lynx and 
the contribution of each area to the life- 
history needs of the species. For 
example, the final listing rule found that 
lynx exist in areas with forest types and 
vegetation that can support snowshoe 
hares, the primary prey of lynx, and 
where cover exists for denning. Lynx are 
highly specialized predators of 
snowshoe hares. Both lynx and 
snowshoe hares have evolved to survive 
in areas that receive fluffy and/or deep 
snow. Snowshoe hares prefer dense 
forest understories for forage, cover to 
escape from predators, and protection 
during extreme weather (Wolfe et al. 
1982; Monthey 1986; Hodges 1999a, 
1999b). Lynx use large woody debris, 
such as downed logs and windfalls, to 
provide denning sites with security and 
thermal cover for kittens (McCord and 
Cardoza 1982; Koehler 1990; Koehler 
and Brittell 1990; Squires and Laurion 
1999; J. Organ, U.S. Fish and Wildlife 
Service, in litt. 1999). 

In the 2000 final listing rule, we 
evaluated ‘‘significance’’ primarily in 
this biological context. In that rule, we 
expressed the belief (which we still 
maintain) that significance should not 
be determined based on the size of an 
area alone. We considered the ability of 
the area to support populations needed 
for recovery to be the primary 
consideration. We did not consider 
sizable area with poor-quality habitat for 
the species or prey limitations to be 
significant from a biological perspective. 

Thus, we viewed a significant portion 
to be an important portion, not just a 
geographically large portion. 
‘‘Important,’’ in turn, we viewed in the 
larger context of the Act. The primary 
purpose of the Act is to conserve 
imperiled species. See 16 U.S.C. 
§ 1531(b). Moreover, the use of science 
in pursuing this goal is a theme in the 

Act. In particular, in identifying 
endangered and threatened species, the 
Act requires that we use ‘‘the best 
scientific and commercial data 
available.’’ Id. § 16 U.S.C. 1533(b)(1)(A). 
In this context, we concluded in 2000 
that the importance of a portion of a 
species’ range should be measured with 
respect to the conservation of imperiled 
species, and we looked to all of the tools 
of conservation science available to help 
define what portion of the range of the 
lynx was important. 

In the case of the lynx, despite the 
extensive contiguous U.S. range, not all 
of the existing range contains high- 
quality habitat. Many areas within what 
is generally described as the historical 
(and current) range of lynx have never 
been capable of supporting resident 
lynx populations because the habitat is 
naturally marginal. As such, this habitat 
cannot be biologically ‘‘significant’’ 
because, even in its original (pre- 
European settlement) state, it could not 
support lynx populations or prevent the 
species from becoming extinct if habitat 
elsewhere (the ‘‘significant’’ portion of 
the habitat) were to lose its value as 
lynx habitat. 

As explained in the 2000 final listing 
rule, much of the area depicted on range 
maps for lynx in the contiguous United 
States contains only naturally patchy 
habitat because that area is the southern 
edge of the boreal forest, where the 
boreal forest is transitional with other 
forest types. Because of the naturally 
patchy condition of southern boreal 
forests, snowshoe hares (the primary 
prey of lynx) are unable to achieve 
densities similar to those in Canada and 
Alaska, where the northern boreal forest 
is expansive and continuous, enabling 
snowshoe hares to reach extremely high 
densities (65 FR 16053, 16077, 16081). 
Lower snowshoe hare densities in the 
contiguous United States in turn 
naturally limit the lynx populations. 
The quality and size of habitat patches 
affect the ability of areas to support 
lynx. 

The persistence of a species may 
depend on whether the reproductive 
success of individuals in good habitats, 
or sources, exceeds that of individuals 
in marginal habitats, or sinks. In sink 
habitats, local recruitment into the 
population (through reproduction or 
immigration) is lower than mortality. 
Patches of higher quality and larger size 
are more likely to act as ‘‘sources’’ of 
lynx or support resident lynx 
populations, whereas smaller patches 
and/or patches where habitat quality is 
marginal likely act as ‘‘sinks’’ because 
such areas are less likely to be able to 
support lynx populations (McKelvey et 
al. 1999a; 65 FR 16052, March 24, 2000). 

We must clarify here that, just 
because habitat is marginal, does not 
mean that lynx can no longer live there, 
as may be the impression of the Court. 
Instead, marginal habitat means that 
such areas cannot and may never have 
supported resident lynx populations. 
They may support breeding pairs over a 
short term, or the regular presence of 
nonbreeding individuals, migrating into 
or passing in and out of such areas from 
source (‘‘significant’’) habitats. These 
areas also may be natural ‘‘sinks,’’ 
where lynx mortality is greater than 
recruitment and lynx are lost from the 
overall population. 

Furthermore, the habitat is marginal 
because it is at the southern edge of the 
boreal forest, where the boreal forest is 
naturally in transition with other forest 
types. Therefore, the Service did not 
view the overall size of an area mapped 
as lynx habitat to be directly relevant to 
the analysis of ‘‘significance’’ without 
consideration of the quality of the 
habitat. Marginal habitat for lynx, no 
matter how large, is not a significant 
portion of the range of the lynx because 
it cannot, and has never been able to, 
support resident lynx populations for 
any length of time. 

The 2000 final rule described what 
habitat values existed in the Northeast, 
Great Lakes, and Southern Rockies 
regions. Specifically, we carefully 
explained that: 

Northeast Region—Most lynx occurrence 
records in the Northeast were found within 
the ‘‘Mixed Forest—Coniferous Forest— 
Tundra’’ cover type (McKelvey et al. 1999b). 
This habitat type occurs along the northern 
Appalachian Mountain range from 
southeastern Quebec, western New 
Brunswick, and western Maine, south 
through northern New Hampshire. This 
habitat type becomes naturally more 
fragmented and begins to diminish to the 
south and west. Most of the historical lynx 
records from this region were from Maine 
and northern New Hampshire, which are 
directly connected with lynx populations in 
Quebec and New Brunswick, Canada. 

To further clarify this, we note that in 
Vermont, only four verified records of 
historic lynx occurrence exist 
(McKelvey et al. 1999b). In fact, we have 
no evidence of a breeding population 
ever occurring in Vermont. 

Great Lakes Region—The majority of 
lynx occurrence records in the Great 
Lakes Region are associated with the 
‘‘mixed deciduous-coniferous forest’’ 
type (McKelvey et al. 1999b) found 
primarily in northeastern Minnesota, 
northern Wisconsin, and the western 
portion of Michigan’s upper peninsula. 
Most of the historical lynx records in 
this region are from northeastern 
Minnesota, which supported higher 
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habitat quality in addition to being 
directly connected with lynx 
populations in adjacent Ontario, 
Canada. In our 2000 final listing rule, 
we found that, although the mixed 
deciduous-coniferous forest covers an 
extensive area of the Great Lakes 
Region, we considered much of this area 
to be marginal habitat for lynx because 
it is a transitional forest type at the edge 
of the snowshoe hare range. Habitat at 
the edge of snowshoe hare range 
supports lower hare densities (Buehler 
and Keith 1982) that may not be 
sufficient to support lynx reproduction 
(65 FR 16056). 

Southern Rockies Region—Colorado 
represents the extreme southern edge of 
the range of the lynx. The southern 
boreal forest of Colorado and 
southeastern Wyoming is isolated from 
southern boreal forest in Utah and 
northwestern Wyoming by the Green 
River Valley and the Wyoming basin 
(Findley and Anderson 1956 in 
McKelvey et al. 1999b). These habitats 
likely act as a barrier that reduces or 
precludes opportunities for immigration 
and emigration from the Northern Rocky 
Mountains/Cascades Region and 
Canada. A majority of the lynx 
occurrence records in Colorado and 
southeastern Wyoming are associated 
with the ‘‘Rocky Mountain Conifer 
Forest’’ type. The occurrences in the 
Southern Rockies were generally at 
higher elevations (1,250 to over 3,750 
meters (m) [4,100–12,300 feet (ft)] than 
were all other occurrences in the West 
(McKelvey et al. 1999b). The montane 
and subalpine forest ecosystems in 
Colorado are naturally highly 
fragmented (Thompson 1994), as they 
occur at higher elevations at this 
latitude, which we believed limited the 
size of lynx populations in this area (65 
FR 16059; March 24, 2000). 

Further, Colorado has never 
supported many lynx. A total of 78 lynx 
reports rated as positive (22) or probable 
(56) exist in State records since the late 
1800s (J. Mumma, Colorado Division of 
Wildlife, 1998); although McKelvey et 
al. (1999b) considered only 17 of these 
records ’’verified.’’ 

Northern Rockies/Cascades region—In 
this region, the majority of lynx 
occurrences were associated at a broad 

scale with the ‘‘Rocky Mountain Conifer 
Forest.’’ Most of the lynx occurrences 
are in the 1,500–2,000 m (4,920–6,560 
ft) elevation class (McKelvey et al. 
1999b). These habitats are found in the 
Rocky Mountains of Montana, Idaho, 
eastern Washington, and Utah, and in 
the Cascade Mountains in Washington 
and Oregon. The majority of historical 
verified lynx occurrences in the 
contiguous United States and, at the 
time of the 2000 final listing rule, the 
confirmed presence of resident 
populations were from this region. 
Washington, Montana, and Idaho are 
contiguous with lynx habitat in adjacent 
British Columbia and Alberta, Canada. 
Within this region, Washington, 
Montana, and the Greater Yellowstone 
area have a long historical record of 
resident lynx populations. In the final 
listing rule, the Service stated that ‘‘the 
Northern Rockies/Cascades region 
supports the most viable resident lynx 
populations in the contiguous United 
States’’ (65 FR 16059; March 24, 2000). 

Therefore, we assessed each of the 
above areas, and concluded that the 
Northern Rockies/Cascades Region was 
the primary region necessary to support 
the long-term existence of the 
contiguous U.S. DPS. Because the 
amount of good-quality lynx habitat in 
the Northeast, Great Lakes, and 
Southern Rockies regions was limited, 
the Service did not consider these areas 
individually or collectively to be a 
biologically significant portion of the 
species’ range. We concluded that the 
overwhelming majority of lynx found in 
these areas were, and historically had 
been, those that migrated into the area 
from source populations in Canada and 
the Northern Rockies/Cascades, 
respectively, and eventually died out, to 
be replaced by new migrants. 

The fact that we did not use area 
estimates for the Northeast or Great 
Lakes in our final rule demonstrates that 
we did not focus primarily on the size 
of any area in our analysis. Furthermore, 
the only area estimates we used in the 
final rule were for the Southern Rockies, 
Northern Rockies, and Cascades; these 
area estimates were used only in ‘‘Factor 
A’’ to analyze Federal land management 
allocations in lynx forest types in these 

areas. These estimates were not used to 
determine whether any of the areas 
constituted a significant portion of the 
range of the lynx. As a result, it is 
important to note at this juncture that 
any contention that the Great Lakes, 
Southern Rockies, and Northeast consist 
of three-quarters of the species’ range 
has no basis because the habitat in these 
Regions will not now, and historically 
did not, support a population of lynx 
sufficient to maintain the species if lynx 
habitat in Canada, Alaska and the 
Northern Rockies/Cascades were lost. 

In summary, the Service’s 
determination that ‘‘[c]ollectively the 
Northeast, Great Lakes, and Southern 
Rockies do not constitute a significant 
portion of the [lynx] DPS’’ was based on 
an assessment of the biological context 
of the habitat conditions and lynx status 
within its contiguous U.S. range. The 
2000 final listing rule found that habitat 
for lynx in the contiguous United States 
is of varying quality, and much of it was 
naturally incapable of supporting 
adequate densities of snowshoe hare 
sufficient to sustain resident lynx 
populations. Quality of habitat is an 
important factor in determining 
‘‘significance’’ because marginal habitat, 
no matter how large, cannot support 
stable or expanding populations of lynx, 
except by migration of individual lynx 
from high quality (‘‘significant’’) habitat; 
and, in fact, may serve as a population 
sink where lynx mortality is greater than 
recruitment and lynx are lost from the 
overall population. 

References Cited 

A complete list of all references cited 
herein is available upon request from 
the Montana Field Office (see 
ADDRESSES). 

Authority 

The authority for this action is the 
Endangered Species Act of 1973, as 
amended (16 U.S.C. 1531 et seq.). 

Dated: December 27, 2006. 
Kenneth Stansell, 
Acting Director, U.S. Fish and Wildlife 
Service. 
[FR Doc. E6–22633 Filed 1–9–07; 8:45 am] 
BILLING CODE 4310–55–P 
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significant energy action. FRA has 
evaluated this final rule in accordance 
with Executive Order 13211. FRA has 
determined that this final rule is not 
likely to have a significant adverse effect 
on the supply, distribution, or use of 
energy. Consequently, FRA has 
determined that this regulatory action is 
not a ‘‘significant energy action’’ within 
the meaning of Executive Order 13211. 


Privacy Act 


Anyone is able to search the 
electronic form of all our comments 
received into any of our dockets by the 
name of the individual submitting the 
comment (or signing the comment, if 
submitted on behalf of an association, 
business, labor union, etc.). You may 
review DOT’s complete Privacy Act 
Statement in the Federal Register 
published on April 11, 2000 (Volume 
65, Number 70; Pages 19477–78) or you 
may visit http://dms.dot.gov. 


List of Subjects in 49 CFR Part 225 


Investigations, Penalties, Railroad 
safety, Reporting and recordkeeping 
requirements. 


The Rule 


� In consideration of the foregoing, FRA 
amends part 225 of chapter II, subtitle 
B of title 49, Code of Federal 
Regulations, as follows: 


PART 225—[AMENDED] 


� 1. The authority citation for part 225 
continues to read as follows: 


Authority: 49 U.S.C. 103, 322(a), 20103, 
20107, 20901–02, 21301, 21302, 21311; 28 
U.S.C. 2461, note; and 49 CFR 1.49. 
� 2. Amend § 225.19 by revising the first 
sentence of paragraph (c) and revising 
paragraph (e) to read as follows: 


§ 225.19 Primary groups of accidents/ 
incidents. 


* * * * * 
(c) Group II—Rail equipment. Rail 


equipment accidents/incidents are 
collisions, derailments, fires, 
explosions, acts of God, and other 
events involving the operation of on- 
track equipment (standing or moving) 
that result in damages higher than the 
current reporting threshold (i.e., $6,700 
for calendar years 2002 through 2005, 
$7,700 for calendar year 2006, and 
$8,200 for calendar year 2007) to 
railroad on-track equipment, signals, 
tracks, track structures, or roadbed, 
including labor costs and the costs for 
acquiring new equipment and material. 
* * * 
* * * * * 


(e) The reporting threshold is $6,700 
for calendar years 2002 through 2005, 


$7,700 for calendar year 2006, and 
$8,200 for calendar year 2007. The 
procedure for determining the reporting 
threshold for calendar years 2006 and 
beyond appears as paragraphs 1–8 of 
appendix B to part 225. 
* * * * * 


Issued in Washington, DC, on December 
29, 2006. 
Joseph H. Boardman, 
Administrator. 
[FR Doc. E7–112 Filed 1–9–07; 8:45 am] 
BILLING CODE 4910–06–P 


DEPARTMENT OF THE INTERIOR 


Fish and Wildlife Service 


50 CFR Part 17 


RIN 1018–AV17 


Endangered and Threatened Wildlife 
and Plants; Clarification of Significant 
Portion of the Range for the 
Contiguous United States Distinct 
Population Segment of the Canada 
Lynx 


AGENCY: Fish and Wildlife Service, 
Interior. 
ACTION: Clarification of findings. 


SUMMARY: We, the U.S. Fish and 
Wildlife Service (Service) provide a 
clarification of the finding we made in 
support of the final rule that listed the 
contiguous U.S. Distinct Population 
Segment of the Canada lynx (Lynx 
canadensis) (lynx) as threatened. In that 
rule, we found that, ‘‘collectively, the 
Northeast, Great Lakes, and Southern 
Rockies do not constitute a significant 
portion of the range of the DPS (Distinct 
Population Segment).’’ In response to a 
court order, we now clarify that finding. 
ADDRESSES: The complete file for this 
clarification is available for inspection, 
by appointment, during normal business 
hours at the Montana Ecological 
Services Office, 585 Shepard Way, 
Helena, MT 59601 (telephone 406/449– 
5225). 
FOR FURTHER INFORMATION CONTACT: 
Mark Wilson, Field Supervisor, 
Montana Fish and Wildlife Office, at the 
above address (telephone 406/449– 
5225). 


SUPPLEMENTARY INFORMATION: The 
Service listed the Canada lynx, hereafter 
referred to as lynx, as threatened on 
March 24, 2000 (65 FR 16052). After 
listing the lynx as threatened, plaintiffs 
in the case of Defenders of Wildlife v. 
Kempthorne (Civil Action No. 00–2996 
(GK)) initiated action in Federal District 
Court challenging the listing of the lynx 


as threatened. On December 26, 2002, 
the Court issued a Memorandum of 
Opinion and Order to have the Service 
explain our 2000 finding that 
‘‘[c]ollectively the Northeast, Great 
Lakes and Southern Rockies do not 
constitute a significant portion of the 
[lynx] DPS.’’ Pursuant to that order, the 
Service published a notice of remanded 
determination and clarification of our 
2000 finding on July 3, 2003 (68 FR 
40075). In that notice, the Service 
attempted to address the court’s order 
and issued a new finding that the lynx 
is not endangered throughout a 
significant portion of its range. Plaintiffs 
subsequently brought further action 
claiming that the Service violated the 
court’s 2002 order. 


On September 29, 2006, the Court 
issued another Memorandum of 
Opinion and Order remanding the same 
portion of the Service’s March 24, 2000, 
determination of status for the lynx. The 
court remanded the finding so that ‘‘the 
Service may clearly and specifically 
address the finding it was ordered to 
explain three years ago: That 
‘[c]ollectively the Northeast, Great 
Lakes, and Southern Rockies do not 
constitute a significant portion of the 
[lynx] DPS’ (Order at 3).’’ This finding 
appeared in the final rule that listed the 
contiguous U.S. DPS of the lynx as 
threatened (65 FR 16052; March 24, 
2000). Because the court remanded the 
2000 listing determination for further 
explanation of how the Service at that 
time reached its conclusion the 
Northeast, Great Lakes, and Southern 
Rockies do not constitute a significant 
portion of the lynx DPS, the following 
discussion addresses the basis for the 
Service’s decision in 2000. The 
conclusions reached in 2000, and the 
basis for those conclusions, do not 
necessarily represent the Service’s 
current views, given new information 
regarding the lynx as well as the 
evolving views of the courts and the 
Service regarding the meaning of the 
definitions of ‘‘endangered species’’ and 
‘‘threatened species.’’ In fact, when the 
Service completed the first remand 
decision, it did not reiterate its 
conclusion from 2000 on this issue; 
instead, it based its new conclusion on 
a different line of reasoning. The Service 
recently requested that the Office of the 
Solicitor examine the definition of 
‘‘endangered species.’’ As a result, the 
explanation of the Service’s rational for 
its decision in 2000 provided here may 
not reflect how the Service will apply 
the definition of ‘‘endangered species’’ 
in the future. 
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Background 
The Endangered Species Act of 1973, 


as amended (16 U.S.C. 1531 et seq.) 
(Act), defines an ‘‘endangered’’ species 
as one that is ‘‘in danger of extinction 
throughout all or a significant portion of 
its range’’ and a ‘‘threatened’’ species as 
one that is ‘‘likely to become 
endangered within the foreseeable 
future throughout all or a significant 
portion of its range’’ (16 U.S.C. 1532(6); 
16 U.S.C. 1532(20); 50 CFR 424.02(e) 
and (m)). The Secretary of the Interior 
‘‘shall publish in the Federal Register a 
list of all species determined * * * to 
be endangered species and * * * 
threatened species. Each list shall refer 
to the species contained therein by 
scientific and common name or names, 
if any, specify with respect to [each] 
such species over what portion of its 
range it is endangered or threatened, 
and specify any critical habitat within 
such range’’ (16 U.S.C. 1533(c)(1)). 


Apart from the statutory and 
regulatory definitions of ‘‘threatened’’ 
and ‘‘endangered,’’ no formal guidance 
shaped the Service’s analysis in the 
2000 final listing rule of what was to be 
considered when evaluating the 
‘‘significance’’ of any particular area of 
a species’’ range. Furthermore, at that 
time there was no case law concerning 
what should be considered in a 
determination of a ‘‘significant portion’’ 
of a species’’ range. Since publication of 
the 2000 final listing rule, several courts 
have interpreted the meaning of 
‘‘significant portion of its range.’’ See, 
Defenders of Wildlife v. Norton 258 F. 
3d 1136 (9th Cir. 2001); Center for 
Biological Diversity v. Norton, 411 F. 
Supp. 2d 1271 (D.N.M. 2005); 
Southwester Center for Biological 
Diversity v. Norton, 2002 U.S. Dist. 
Lexis 13661 (D.D.C. July 29, 2002); 
Defenders of Wildlife v. Norton, 239 F. 
Supp. 2d 9 (D.D.C. 2002; Center for 
Biological Diversity v. Lohn, 296 F 
Supp. 2d 1223 (W.D. Wash. 2003); 
Environmental Protection Information 
Ctr. v. National Marine Fisheries 
Service, Civ. No. 02–5401 ED2 (N.O. 
Cal. Mar. 1, 2004); Defenders of Wildlife 
v. Norton, Civ. No. 99–02072 HHK 
(D.D.C. Dec. 13, 2001); Defenders of 
Wildlife v. Secretary, U.S. Department 
of Interior, 354 F. Supp. 2d 1156 (D. Or. 
2005); National Wildlife Federation v. 
Norton, 386 F. Supp. 2d 553 (D. Vt. 
2005). 


The historical and current range of the 
Canada lynx north of the contiguous 
United States includes Alaska and that 
part of Canada that extends from the 
Yukon and Northwest Territories south 
across the border with the contiguous 
United States and east to New 


Brunswick and Nova Scotia. In the 
contiguous United States, the current 
(and historical) range of the lynx 
extends into four geographic areas: the 
Northeast, including the States of 
Maine, New Hampshire, Vermont, and 
New York; the western Great Lakes, 
including the States of Minnesota, 
Michigan, and Wisconsin; the Southern 
Rocky Mountains in the States of 
Colorado and Wyoming; and the 
Northern Rocky Mountains/Cascades, 
including the States of Montana, 
Washington, Idaho, Utah, Wyoming, 
and Oregon. It is notable that the range 
of the lynx has not been radically 
contracted or reduced. 


When the Service listed the lynx, we 
followed the Policy Regarding the 
Recognition of Distinct Vertebrate 
Population Segments Under the 
Endangered Species Act (DPS Policy) to 
evaluate whether the lynx population in 
the contiguous United States constituted 
a DPS and thus was a listable entity 
under the Act (61 FR 4722; February 7, 
1996). Under the DPS Policy, a 
population must meet two criteria to 
qualify as a DPS: First, the population 
in question must be determined to be 
discrete from other members of the 
taxon, and second, the population in 
question must be determined to be 
significant to the taxon. In this case, the 
taxon is the species Lynx canadensis, 
whose range extends throughout Alaska 
and Canada into the contiguous United 
States, as described above. 


The DPS Policy allows the use of 
international boundaries to define 
discreteness if there are differences in 
control of exploitation, management of 
habitat, conservation status, or 
regulatory mechanisms between the two 
countries. In the final rule, we 
determined that, because Canada had no 
overarching forest practices legislation 
governing management of national lands 
and/or providing for consideration of 
wildlife habitat requirements, and also 
because of lynx harvest regulations that 
exist in Canadian Provinces, the 
differences in management of lynx and 
lynx habitat between Canada and the 
United States were sufficient to enable 
us to use the international boundary 
between Canada and the contiguous 
United States to delineate the DPS 
according to the discreteness criterion 
(65 FR 16060; March 24, 2000). 


In the final rule, we found that lynx 
in the contiguous United States are 
significant to the taxon under the DPS 
Policy because of the climatic, 
vegetative, and ecological differences 
between lynx habitat in the contiguous 
United States and that in northern 
latitudes in Canada and Alaska. In the 
contiguous United States, lynx 


distribution occurs in habitats at the 
southern extent of the range of the 
boreal forest, comprising subalpine 
coniferous forest in the West and 
southern boreal forest/hardwoods in the 
East (for ease of description, we use the 
general term ‘‘southern boreal forest’’ to 
describe lynx habitat in the contiguous 
United States); whereas in Canada and 
Alaska, lynx inhabit the classic boreal 
forest ecosystem known as the taiga. 
Furthermore, lynx and snowshoe hare 
population dynamics in the contiguous 
United States are different from those in 
northern Canada and Alaska (65 FR 
16060; March 24, 2000). 


Based on the above factors, we 
determined that the lynx population in 
the contiguous United States was 
discrete and significant under the DPS 
Policy and, therefore, qualified as a 
listable entity under the Act (65 FR 
16060; March 24, 2000). 


We then further considered whether 
individually any of the four geographic 
areas (Northeast, Great Lakes, Southern 
Rockies, and Northern Rockies/ 
Cascades) that make up the current 
range of the lynx within the contiguous 
United States fulfilled the DPS Policy 
criteria (65 FR 16060; March 24, 2000). 
We determined that, within the 
contiguous United States, each of these 
areas was discrete from the others. 
However, we found none of the areas to 
be significant. 


Because of the extensive range of the 
lynx within the contiguous U.S. DPS, 
we structured the 2000 final listing to 
describe the status of the species in the 
four geographic areas (Northeast, Great 
Lakes, Southern Rockies, and Northern 
Rockies/Cascades) (65 FR 16060; March 
24, 2000). We determined ‘‘that 
collectively, the Northeast, Great Lakes, 
and Southern Rockies regions do not 
constitute a significant portion of the 
DPS range.’’ The final rule prefaced this 
finding with the following discussion: 


Within the contiguous United States, the 
relative importance of each region to the 
persistence of the DPS varies. The Northern 
Rockies/Cascades Region supports the largest 
amount of lynx habitat and has the strongest 
evidence of persistent occurrence of resident 
lynx populations, both historically and 
currently. In the Northeast (where resident 
lynx populations continue to persist) and 
Southern Rockies regions, the amount of lynx 
habitat is naturally limited and does not 
contribute substantially to the persistence of 
the contiguous United States DPS. Much of 
the habitat in the Great Lakes Region is 
naturally marginal and may not support prey 
densities sufficient to sustain lynx 
populations. As such, the Great Lakes Region 
does not contribute substantially to the 
persistence of the contiguous United States 
DPS. We conclude the Northern Rockies/ 
Cascades Region is the primary region 
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necessary to support the long-term existence 
of the contiguous United States DPS (65 FR 
16061, 16082). 


In summary, the Service determined 
that, collectively, the Northeast, Great 
Lakes, and Southern Rockies regions do 
not constitute a significant portion of 
the range of the DPS because (1) the 
amount of lynx habitat in the Northeast 
and Southern Rockies is naturally 
limited and (2) much of the habitat in 
the Great Lakes Region is marginal and 
may not support prey densities 
sufficient to sustain lynx. 


The analysis in the 2000 final listing 
rule concerning ‘‘significance’’ 
specifically addressed and focused on 
the biological ‘‘significance’’ of areas of 
habitat within the range of the lynx (65 
FR 16060; March 24, 2000). The 
biological context that we viewed as 
important in the 2000 final listing rule 
included the distribution of lynx and 
the contribution of each area to the life- 
history needs of the species. For 
example, the final listing rule found that 
lynx exist in areas with forest types and 
vegetation that can support snowshoe 
hares, the primary prey of lynx, and 
where cover exists for denning. Lynx are 
highly specialized predators of 
snowshoe hares. Both lynx and 
snowshoe hares have evolved to survive 
in areas that receive fluffy and/or deep 
snow. Snowshoe hares prefer dense 
forest understories for forage, cover to 
escape from predators, and protection 
during extreme weather (Wolfe et al. 
1982; Monthey 1986; Hodges 1999a, 
1999b). Lynx use large woody debris, 
such as downed logs and windfalls, to 
provide denning sites with security and 
thermal cover for kittens (McCord and 
Cardoza 1982; Koehler 1990; Koehler 
and Brittell 1990; Squires and Laurion 
1999; J. Organ, U.S. Fish and Wildlife 
Service, in litt. 1999). 


In the 2000 final listing rule, we 
evaluated ‘‘significance’’ primarily in 
this biological context. In that rule, we 
expressed the belief (which we still 
maintain) that significance should not 
be determined based on the size of an 
area alone. We considered the ability of 
the area to support populations needed 
for recovery to be the primary 
consideration. We did not consider 
sizable area with poor-quality habitat for 
the species or prey limitations to be 
significant from a biological perspective. 


Thus, we viewed a significant portion 
to be an important portion, not just a 
geographically large portion. 
‘‘Important,’’ in turn, we viewed in the 
larger context of the Act. The primary 
purpose of the Act is to conserve 
imperiled species. See 16 U.S.C. 
§ 1531(b). Moreover, the use of science 
in pursuing this goal is a theme in the 


Act. In particular, in identifying 
endangered and threatened species, the 
Act requires that we use ‘‘the best 
scientific and commercial data 
available.’’ Id. § 16 U.S.C. 1533(b)(1)(A). 
In this context, we concluded in 2000 
that the importance of a portion of a 
species’ range should be measured with 
respect to the conservation of imperiled 
species, and we looked to all of the tools 
of conservation science available to help 
define what portion of the range of the 
lynx was important. 


In the case of the lynx, despite the 
extensive contiguous U.S. range, not all 
of the existing range contains high- 
quality habitat. Many areas within what 
is generally described as the historical 
(and current) range of lynx have never 
been capable of supporting resident 
lynx populations because the habitat is 
naturally marginal. As such, this habitat 
cannot be biologically ‘‘significant’’ 
because, even in its original (pre- 
European settlement) state, it could not 
support lynx populations or prevent the 
species from becoming extinct if habitat 
elsewhere (the ‘‘significant’’ portion of 
the habitat) were to lose its value as 
lynx habitat. 


As explained in the 2000 final listing 
rule, much of the area depicted on range 
maps for lynx in the contiguous United 
States contains only naturally patchy 
habitat because that area is the southern 
edge of the boreal forest, where the 
boreal forest is transitional with other 
forest types. Because of the naturally 
patchy condition of southern boreal 
forests, snowshoe hares (the primary 
prey of lynx) are unable to achieve 
densities similar to those in Canada and 
Alaska, where the northern boreal forest 
is expansive and continuous, enabling 
snowshoe hares to reach extremely high 
densities (65 FR 16053, 16077, 16081). 
Lower snowshoe hare densities in the 
contiguous United States in turn 
naturally limit the lynx populations. 
The quality and size of habitat patches 
affect the ability of areas to support 
lynx. 


The persistence of a species may 
depend on whether the reproductive 
success of individuals in good habitats, 
or sources, exceeds that of individuals 
in marginal habitats, or sinks. In sink 
habitats, local recruitment into the 
population (through reproduction or 
immigration) is lower than mortality. 
Patches of higher quality and larger size 
are more likely to act as ‘‘sources’’ of 
lynx or support resident lynx 
populations, whereas smaller patches 
and/or patches where habitat quality is 
marginal likely act as ‘‘sinks’’ because 
such areas are less likely to be able to 
support lynx populations (McKelvey et 
al. 1999a; 65 FR 16052, March 24, 2000). 


We must clarify here that, just 
because habitat is marginal, does not 
mean that lynx can no longer live there, 
as may be the impression of the Court. 
Instead, marginal habitat means that 
such areas cannot and may never have 
supported resident lynx populations. 
They may support breeding pairs over a 
short term, or the regular presence of 
nonbreeding individuals, migrating into 
or passing in and out of such areas from 
source (‘‘significant’’) habitats. These 
areas also may be natural ‘‘sinks,’’ 
where lynx mortality is greater than 
recruitment and lynx are lost from the 
overall population. 


Furthermore, the habitat is marginal 
because it is at the southern edge of the 
boreal forest, where the boreal forest is 
naturally in transition with other forest 
types. Therefore, the Service did not 
view the overall size of an area mapped 
as lynx habitat to be directly relevant to 
the analysis of ‘‘significance’’ without 
consideration of the quality of the 
habitat. Marginal habitat for lynx, no 
matter how large, is not a significant 
portion of the range of the lynx because 
it cannot, and has never been able to, 
support resident lynx populations for 
any length of time. 


The 2000 final rule described what 
habitat values existed in the Northeast, 
Great Lakes, and Southern Rockies 
regions. Specifically, we carefully 
explained that: 


Northeast Region—Most lynx occurrence 
records in the Northeast were found within 
the ‘‘Mixed Forest—Coniferous Forest— 
Tundra’’ cover type (McKelvey et al. 1999b). 
This habitat type occurs along the northern 
Appalachian Mountain range from 
southeastern Quebec, western New 
Brunswick, and western Maine, south 
through northern New Hampshire. This 
habitat type becomes naturally more 
fragmented and begins to diminish to the 
south and west. Most of the historical lynx 
records from this region were from Maine 
and northern New Hampshire, which are 
directly connected with lynx populations in 
Quebec and New Brunswick, Canada. 


To further clarify this, we note that in 
Vermont, only four verified records of 
historic lynx occurrence exist 
(McKelvey et al. 1999b). In fact, we have 
no evidence of a breeding population 
ever occurring in Vermont. 


Great Lakes Region—The majority of 
lynx occurrence records in the Great 
Lakes Region are associated with the 
‘‘mixed deciduous-coniferous forest’’ 
type (McKelvey et al. 1999b) found 
primarily in northeastern Minnesota, 
northern Wisconsin, and the western 
portion of Michigan’s upper peninsula. 
Most of the historical lynx records in 
this region are from northeastern 
Minnesota, which supported higher 
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habitat quality in addition to being 
directly connected with lynx 
populations in adjacent Ontario, 
Canada. In our 2000 final listing rule, 
we found that, although the mixed 
deciduous-coniferous forest covers an 
extensive area of the Great Lakes 
Region, we considered much of this area 
to be marginal habitat for lynx because 
it is a transitional forest type at the edge 
of the snowshoe hare range. Habitat at 
the edge of snowshoe hare range 
supports lower hare densities (Buehler 
and Keith 1982) that may not be 
sufficient to support lynx reproduction 
(65 FR 16056). 


Southern Rockies Region—Colorado 
represents the extreme southern edge of 
the range of the lynx. The southern 
boreal forest of Colorado and 
southeastern Wyoming is isolated from 
southern boreal forest in Utah and 
northwestern Wyoming by the Green 
River Valley and the Wyoming basin 
(Findley and Anderson 1956 in 
McKelvey et al. 1999b). These habitats 
likely act as a barrier that reduces or 
precludes opportunities for immigration 
and emigration from the Northern Rocky 
Mountains/Cascades Region and 
Canada. A majority of the lynx 
occurrence records in Colorado and 
southeastern Wyoming are associated 
with the ‘‘Rocky Mountain Conifer 
Forest’’ type. The occurrences in the 
Southern Rockies were generally at 
higher elevations (1,250 to over 3,750 
meters (m) [4,100–12,300 feet (ft)] than 
were all other occurrences in the West 
(McKelvey et al. 1999b). The montane 
and subalpine forest ecosystems in 
Colorado are naturally highly 
fragmented (Thompson 1994), as they 
occur at higher elevations at this 
latitude, which we believed limited the 
size of lynx populations in this area (65 
FR 16059; March 24, 2000). 


Further, Colorado has never 
supported many lynx. A total of 78 lynx 
reports rated as positive (22) or probable 
(56) exist in State records since the late 
1800s (J. Mumma, Colorado Division of 
Wildlife, 1998); although McKelvey et 
al. (1999b) considered only 17 of these 
records ’’verified.’’ 


Northern Rockies/Cascades region—In 
this region, the majority of lynx 
occurrences were associated at a broad 


scale with the ‘‘Rocky Mountain Conifer 
Forest.’’ Most of the lynx occurrences 
are in the 1,500–2,000 m (4,920–6,560 
ft) elevation class (McKelvey et al. 
1999b). These habitats are found in the 
Rocky Mountains of Montana, Idaho, 
eastern Washington, and Utah, and in 
the Cascade Mountains in Washington 
and Oregon. The majority of historical 
verified lynx occurrences in the 
contiguous United States and, at the 
time of the 2000 final listing rule, the 
confirmed presence of resident 
populations were from this region. 
Washington, Montana, and Idaho are 
contiguous with lynx habitat in adjacent 
British Columbia and Alberta, Canada. 
Within this region, Washington, 
Montana, and the Greater Yellowstone 
area have a long historical record of 
resident lynx populations. In the final 
listing rule, the Service stated that ‘‘the 
Northern Rockies/Cascades region 
supports the most viable resident lynx 
populations in the contiguous United 
States’’ (65 FR 16059; March 24, 2000). 


Therefore, we assessed each of the 
above areas, and concluded that the 
Northern Rockies/Cascades Region was 
the primary region necessary to support 
the long-term existence of the 
contiguous U.S. DPS. Because the 
amount of good-quality lynx habitat in 
the Northeast, Great Lakes, and 
Southern Rockies regions was limited, 
the Service did not consider these areas 
individually or collectively to be a 
biologically significant portion of the 
species’ range. We concluded that the 
overwhelming majority of lynx found in 
these areas were, and historically had 
been, those that migrated into the area 
from source populations in Canada and 
the Northern Rockies/Cascades, 
respectively, and eventually died out, to 
be replaced by new migrants. 


The fact that we did not use area 
estimates for the Northeast or Great 
Lakes in our final rule demonstrates that 
we did not focus primarily on the size 
of any area in our analysis. Furthermore, 
the only area estimates we used in the 
final rule were for the Southern Rockies, 
Northern Rockies, and Cascades; these 
area estimates were used only in ‘‘Factor 
A’’ to analyze Federal land management 
allocations in lynx forest types in these 


areas. These estimates were not used to 
determine whether any of the areas 
constituted a significant portion of the 
range of the lynx. As a result, it is 
important to note at this juncture that 
any contention that the Great Lakes, 
Southern Rockies, and Northeast consist 
of three-quarters of the species’ range 
has no basis because the habitat in these 
Regions will not now, and historically 
did not, support a population of lynx 
sufficient to maintain the species if lynx 
habitat in Canada, Alaska and the 
Northern Rockies/Cascades were lost. 


In summary, the Service’s 
determination that ‘‘[c]ollectively the 
Northeast, Great Lakes, and Southern 
Rockies do not constitute a significant 
portion of the [lynx] DPS’’ was based on 
an assessment of the biological context 
of the habitat conditions and lynx status 
within its contiguous U.S. range. The 
2000 final listing rule found that habitat 
for lynx in the contiguous United States 
is of varying quality, and much of it was 
naturally incapable of supporting 
adequate densities of snowshoe hare 
sufficient to sustain resident lynx 
populations. Quality of habitat is an 
important factor in determining 
‘‘significance’’ because marginal habitat, 
no matter how large, cannot support 
stable or expanding populations of lynx, 
except by migration of individual lynx 
from high quality (‘‘significant’’) habitat; 
and, in fact, may serve as a population 
sink where lynx mortality is greater than 
recruitment and lynx are lost from the 
overall population. 


References Cited 


A complete list of all references cited 
herein is available upon request from 
the Montana Field Office (see 
ADDRESSES). 


Authority 


The authority for this action is the 
Endangered Species Act of 1973, as 
amended (16 U.S.C. 1531 et seq.). 


Dated: December 27, 2006. 
Kenneth Stansell, 
Acting Director, U.S. Fish and Wildlife 
Service. 
[FR Doc. E6–22633 Filed 1–9–07; 8:45 am] 
BILLING CODE 4310–55–P 
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From: Smith, Tamara
To: Boyle, Owen D - DNR
Cc: Utrup, Jill; kelly_nail@fws.gov
Subject: Re: lynx range
Date: Thursday, August 31, 2017 1:49:57 PM

Hi Owen - I apologize for the delay in my response. I am the R3 lead for lynx - the national
lead is Jim Zelenak in the MT Field Office and I think you (and/or Nathan)  have had some
conversations with Jim a little while back regarding this issue.

Does Wisconsin have snow tracking data over the past 25 years in those 13 counties?
Similarly, is there long-term bobcat trapping data for those counties?

Thanks, 
Tam

On Wed, Jul 26, 2017 at 1:55 PM, Boyle, Owen D - DNR <Owen.Boyle@wisconsin.gov>
wrote:

Hi All,

 

Is one of you our FO lead for lynx? I’ve been following the SSA and, while they
acknowledge that there is no breeding lynx population in WI (hasn’t even been a confirmed
sighting in over 25 years), and it’s debatable whether suitable habitat (deep snow, dense hare
populations) occurs WI is still considered part of the range. As a result, 13 northern WI
counties are listed in ECOS, which triggers section 7 concerns for projects in those counties
and sections 6 and 9 concerns when it comes to WDNR’s ability to manage trapping in the
state.

 

Is there a formal process for requesting that, based on best available science, WI counties
should be removed from Canada lynx range? Is that something that would come out of the
SSA or would rulemaking need to occur?

 

Thanks for any information you can provide.

 

Owen

 

We are committed to service excellence.

Visit our survey at http://dnr.wi.gov/customersurvey to evaluate how I did.

mailto:tamara_smith@fws.gov
mailto:Owen.Boyle@wisconsin.gov
mailto:jill_utrup@fws.gov
mailto:kelly_nail@fws.gov
mailto:Owen.Boyle@wisconsin.gov
http://dnr.wi.gov/customersurvey


 

Owen Boyle, PhD
Species Management Section Chief – Bureau of Natural Heritage Conservation
Wisconsin Department of Natural Resources
101 S. Webster St., Madison, WI 53703
608-576-2446 (voice & text)
owen.boyle@wisconsin.gov

 dnr.wi.gov
    

 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell

mailto:owen.boyle@wisconsin.gov
http://dnr.wi.gov/
http://dnr.wi.gov/
http://facebook.com/WIDNR
https://twitter.com/WDNR
http://www.flickr.com/photos/widnr/
http://www.youtube.com/user/WIDNRTV
http://dnr.wi.gov/rss/


From: Zelenak, Jim
To: Justin Shoemaker; Jodi Bush
Subject: Lynx SSA Exec. Summ.
Date: Thursday, August 31, 2017 2:48:45 PM
Attachments: 2017 08 31 Lynx SSA Executive Summary rev.docx

I've revised this based on both your comments and have pulled in the multi-bar-graph fig from ch. 5 for increased
clarity. After discussing with Jodi, I also added a sentence up front indicating the peer and partner review that the
SSA underwent.

This should be very close to final, but let me know if you catch anything else that needs attention.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies.  
 
Background  
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (figure 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. Lynx in the DPS occur at 
the southern margin of the species’ range, where boreal forest habitats and thus lynx are 
naturally less abundant and generally more patchily distributed than in the core of the species’ 
range in Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in 
Canada is thought to be important. However, the extent to which DPS populations may depend 
on immigration of lynx from Canada remains uncertain. 
 



3 
 

Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4).  
  
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5).  
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States, and several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess. 
However, we find no compelling evidence, based on verified historical records, of major range 
contraction or population declines among resident breeding lynx populations in the DPS (see 
section 2.3.2). Further, some areas suspected to have lost historical lynx populations may have 
been (and perhaps are now) naturally capable of supporting resident lynx only ephemerally or 
intermittently, as would be expected in marginal habitats at the periphery of the species’ range 
under a metapopulation structure like that thought to govern southern lynx populations, 
including all those within the DPS range (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
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vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1 
below and section 5.2, figures 9-12 and 14) of continuing to do so at year 2025. Experts 
similarly indicated high likelihoods (70 to 90 percent) that those units will continue to support 
resident populations through 2050, albeit in reduced numbers and distributions. Experts 
projected that only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; 
all other geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic units will 
continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit).   
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
 
Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
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persist in all 5 units at 2050 (figure 2, middle column; also see section 5.1). Over the longer-
term, expert responses suggest a high (about 85 percent) likelihood that resident populations 
will persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will 
persist in 3 units, but also a high (> 75 percent) likelihood that resident populations will be 
functionally extirpated from 2 of the 5 units by the end of the century (figure 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a given 
number of geographic units based on experts’ predictions for individual geographic units. 
Experts’ “most likely” probabilities are summarized in the middle column; their highest (‘better 
case”) and lowest (“worse case”) probabilities, representing uncertainty in their predictions, are 
summarized in the left and right columns, respectively. See section 5.1 for additional details on 
graph construction and interpretation.  
 
Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
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timber lands in response to a major spruce budworm outbreak in the 1970s and 1980s. These 
dense young regenerating conifer stands are much more extensive than they are thought to 
have been historically under natural disturbance regimes. The State of Maine suggests that this 
unit currently may support 750-1,000 resident lynx. However, habitat extent probably peaked in 
the late 1990s and early 2000s, and habitat quality is projected to decline in these stands over 
the next few decades as they age beyond 35-40 years post-harvest. Because a shift in forest 
management from clearcutting to partial harvesting that began in 1989 is unlikely to maintain or 
recreate this extensive high-quality habitat, we expect lynx habitat and numbers to decline in 
this unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. We concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at 2025 and at 2050. Over the longer-term (at 2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit and exacerbate 
other potential stressors (commercial and energy developments, changing forestry practices 
and land ownership patterns, etc.), further reducing lynx numbers and likely decreasing the 
population’s resilience. Some climate models indicate substantial loss of boreal forest and 
favorable snow conditions under higher emissions scenarios, and this unit generally lacks 
potential elevational refugia that would support upslope movement of lynx habitats and 
populations. Therefore, we suggest that the likelihood that this unit will support a resident lynx 
population at 2100 may be somewhat lower than expert projections, although the timing and 
extent of future climate-mediated habitat decline is highly uncertain.          
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
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current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture constraints. We concur with the expert panel that resident lynx are 
very likely to persist in this unit at years 2025, at 2050, and 2100. Over the longer-term, we 
expect continued climate warming and associated impacts, perhaps especially increased 
wildfire activity, to reduce the amount and quality of lynx habitat in this unit, reducing lynx 
numbers and likely decreasing the population’s resilience, although the timing and extent of 
climate-mediated habitat decline is highly uncertain.  
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain.  
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
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persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and experts suggest this unit may currently 
support 100-250 resident lynx. Recent snow-tracking and camera surveys in the San Juan 
Mountains in the southern part of the unit documented evidence of continued reproduction. We 
concur with the expert panel that resident lynx in this unit are likely to persist at year 2025. 
However, given this unit’s apparent historical inability to support a persistent resident 
population, its relative isolation from other lynx populations, its naturally fragmented habitat and 
generally very low hare densities, and its generally lower proportion of females producing kittens 
and low kitten survival, we believe it is less likely than expert projections to support a resident 
population at 2050 or at 2100. 
 
DPS Viability     
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 release of 218 Canadian and Alaskan lynx in the 
San Juan Mountains. Considering the available information, we find no reliable evidence that 
the current distribution and relative abundance of resident lynx in the contiguous United States 
are substantially reduced from historical conditions. This suggests historical and current 
resiliency among lynx populations in the DPS. The current broad distribution of resident lynx in 
large, geographically discrete areas (redundancy) makes the DPS invulnerable to extirpation 
caused by a single catastrophic event. Because we lack evidence that formerly persistent lynx 
populations have been lost from any large areas, it also seems that redundancy in the DPS has 
not been meaningfully diminished from historical levels. In fact, as a result of the current 
population in Colorado, redundancy in the DPS is likely greater, at least temporarily, now than it 
was historically. Similarly, resident lynx remain broadly distributed across the range of habitats 
that has supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation). Additionally, observed high 
rates of dispersal and gene flow and, therefore, generally low levels of genetic differentiation 
across most of the lynx’s range, including the DPS, suggest the past and recent genetic health 
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of lynx populations in the DPS (representation; but see section 2.1). Because there are no 
indications of significant loss of or current stressors to the genetic health or adaptive capacity of 
lynx populations in the DPS, we find that the current level of representation within the DPS does 
not appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 



From: Zelenak, Jim
To: Jodi Bush; Justin Shoemaker
Subject: Fwd: Hopefully Quick Question
Date: Thursday, August 31, 2017 2:55:16 PM

FYI. Update request from Wyoming ES office and my response.

---------- Forwarded message ----------
From: Keinath, Douglas <douglas_keinath@fws.gov>
Date: Thu, Aug 31, 2017 at 2:36 PM
Subject: Re: Hopefully Quick Question
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Thanks a bunch Jim. This is perfect... answers all my questions.  A politically challenging
beast to work with, for sure.

~~~
Douglas Keinath, PhD
Recovery Coordinator
U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
Office: (307) 772-2374 x 236
Cell: (307) 631-5920
douglas_keinath@fws.gov
~~~

On Thu, Aug 31, 2017 at 1:13 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Doug,

We are still working to get the SSA finalized based on comments from 5 peer reviewers, 11 State agencies, and 3
other federal agencies, as well as some late comments/concerns from R5 and its regional solicitor, and internal R6
review.

We are now shooting for the end of Sept. to simultaneously make available the final SSA and the 5-year review. 
We will be working with R6 EA soon on the outreach package for that announcement.

We have consistently shared with States that there are 3 possible recommendations that could come from the 5-
year review: 1) the lynx DPS remains threatened, 2 it is uplisted to endangered, or 3) it no longer warrants listing.

If 1) or 2), we would proceed quickly with recovery plan development.  The court order says we will have final
recovery plan by Jan. 15, 2018 unless we determine one is not needed (listing no longer warranted).  It is hard to
imagine how we would meet that time line.

If 3), we would move forward with a proposed rule to delist followed by public comment, hearings, peer and
partner review, etc., followed by a final rule.  Both proposed and final rules would have to be published in the
Federal Register.

An important message that seems not to have resonated with some of our State partners is that even if the 5-yr
recommends 3) - delisting - the DPS would remain listed until 30 days after the final rule to delist.  That is, even
if the 5-year recommends delist, that would not happen officially for a year or two, depending on the length and
complexity of the delisting rule-making process, and the DPS would remain listed as T during that time.
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Hope this helps. Let me know if you need more/other info.  If so, feel free to give me a call to discuss.

Jim

On Thu, Aug 31, 2017 at 12:09 PM, Keinath, Douglas <douglas_keinath@fws.gov> wrote:
Hi Jim,

I hope things are well with you.  I have to give our state partners a quick update on the
status of Lynx SSA and legal efforts.  Based on our conversation in the spring, I
previously gave them the following:

The lynx SSA is currently in the partner and peer review phase. Comments will be
incorporated by roughly June 2017, with a ‘final’ SSA shortly thereafter. This will be
followed by a 5-year review of the status of Lynx under the ESA, which will hopefully be
completed by late summer 2017. Depending on the result of the 5-year review, work may
then begin on a recovery plan with the goal of having it out for review in January 2018.

Can you fill me in on what has happened and is happening now?

Many thanks,
Doug

~~~
Douglas Keinath, PhD
Recovery Coordinator
U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
Office: (307) 772-2374 x 236
Cell: (307) 631-5920
douglas_keinath@fws.gov
~~~

On Fri, Apr 7, 2017 at 10:10 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Doug,

Good talking with you on the phone; hope you have a clearer understanding and that I was able to answer at
least some of your questions regarding lynx and the SSA process.

Here's the R6 lynx web page that I mentioned and which has the expert elicitation workshop report and
supporting materials as well as the critical habitat history we talked a little about:

https://www.fws.gov/mountain-prairie/es/canadaLynx.php

Let me know if there's anything else you need and don't hesitate to call or email if you
have other questions.

Jim

On Fri, Apr 7, 2017 at 9:30 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Jim,
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Can you provide Doug w/ the latest messaging bullets? See his request below. Thanks.

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Fri, Apr 7, 2017 at 9:27 AM, Douglas Keinath <douglas_keinath@fws.gov>
wrote:

Thanks Sarah.   

 

Justin: I basically need a few short bullets on why the SSA was initiated, what status it’s in,
and when we anticipate completion and decision.  Much of that info (other than perhaps
details of current status) is probably in the project plan. 

 

Many thanks!

Doug

 

 

 

 

~~~

Douglas Keinath, PhD

Recovery Coordinator

U.S. Fish and Wildlife Service

Wyoming Ecological Services Field Office

5353 Yellowstone Road, Suite 308A

Cheyenne, WY  82009

Cell: (307) 631-5920 (preferred phone)

Office: (307) 772-2374 x 236

douglas_keinath@fws.gov
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~~~

 

From: Backsen, Sarah [mailto:sarah_backsen@fws.gov] 
Sent: Thursday, April 06, 2017 4:30 PM
To: Keinath, Douglas
Cc: Shoemaker, Justin
Subject: Re: Hopefully Quick Question

 

Hi Doug,

 

Justin is the RO lead for that one.  Justin, can you answer?

Sarah Backsen

Classification Biologist

U.S. Fish and Wildlife Service, Region 6

134 Union Blvd., Suite 670
Lakewood, Colorado  80228

303-236-4388

sarah_backsen@fws.gov

 

On Thu, Apr 6, 2017 at 4:26 PM, Keinath, Douglas <douglas_keinath@fws.gov>
wrote:

Sarah,

 

Are you the regional contact for the Lynx SSA?  I am trying to get a quick update on
the status of that effort (lead office, current phase, expected review and completion
dates) that I can relate to a meeting of state collaborators next week.  

 

This could be as simple as pointing me toward the project plan, if it is up to date.

 

Thanks,

mailto:sarah_backsen@fws.gov
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Doug

 

~~~

Douglas Keinath, PhD

Recovery Coordinator

U.S. Fish and Wildlife Service

Wyoming Ecological Services Field Office

5353 Yellowstone Road, Suite 308A

Cheyenne, WY  82009

Office: (307) 772-2374 x 236

Cell: (307) 631-5920

douglas_keinath@fws.gov

~~~

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220

mailto:douglas_keinath@fws.gov
mailto:jim_zelenak@fws.gov


jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Broderdorp, Kurt
To: Allison Jehly
Cc: Ann Timberman; Leslie Ellwood
Subject: Fwd: Hopefully Quick Question
Date: Tuesday, September 05, 2017 9:55:23 AM

We have been getting some inquiries about lynx issues, i.e. recovery plan, critical habitat in
CO, etc.  Jim Z. in Montana provided with the information in his email to Doug in WY.
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Sep 5, 2017 at 8:57 AM
Subject: Fwd: Hopefully Quick Question
To: Kurt Broderdorp <kurt_broderdorp@fws.gov>

Here you go.

---------- Forwarded message ----------
From: Keinath, Douglas <douglas_keinath@fws.gov>
Date: Thu, Aug 31, 2017 at 2:36 PM
Subject: Re: Hopefully Quick Question
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Thanks a bunch Jim. This is perfect... answers all my questions.  A politically challenging
beast to work with, for sure.

~~~
Douglas Keinath, PhD
Recovery Coordinator
U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
Office: (307) 772-2374 x 236
Cell: (307) 631-5920
douglas_keinath@fws.gov
~~~

On Thu, Aug 31, 2017 at 1:13 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Doug,

We are still working to get the SSA finalized based on comments from 5 peer reviewers, 11 State agencies, and 3
other federal agencies, as well as some late comments/concerns from R5 and its regional solicitor, and internal R6
review.

We are now shooting for the end of Sept. to simultaneously make available the final SSA and the 5-year review. 
We will be working with R6 EA soon on the outreach package for that announcement.

We have consistently shared with States that there are 3 possible recommendations that could come from the 5-
year review: 1) the lynx DPS remains threatened, 2 it is uplisted to endangered, or 3) it no longer warrants listing.
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If 1) or 2), we would proceed quickly with recovery plan development.  The court order says we will have final
recovery plan by Jan. 15, 2018 unless we determine one is not needed (listing no longer warranted).  It is hard to
imagine how we would meet that time line.

If 3), we would move forward with a proposed rule to delist followed by public comment, hearings, peer and
partner review, etc., followed by a final rule.  Both proposed and final rules would have to be published in the
Federal Register.

An important message that seems not to have resonated with some of our State partners is that even if the 5-yr
recommends 3) - delisting - the DPS would remain listed until 30 days after the final rule to delist.  That is, even
if the 5-year recommends delist, that would not happen officially for a year or two, depending on the length and
complexity of the delisting rule-making process, and the DPS would remain listed as T during that time.

Hope this helps. Let me know if you need more/other info.  If so, feel free to give me a call to discuss.

Jim

On Thu, Aug 31, 2017 at 12:09 PM, Keinath, Douglas <douglas_keinath@fws.gov> wrote:
Hi Jim,

I hope things are well with you.  I have to give our state partners a quick update on the
status of Lynx SSA and legal efforts.  Based on our conversation in the spring, I
previously gave them the following:

The lynx SSA is currently in the partner and peer review phase. Comments will be
incorporated by roughly June 2017, with a ‘final’ SSA shortly thereafter. This will be
followed by a 5-year review of the status of Lynx under the ESA, which will hopefully be
completed by late summer 2017. Depending on the result of the 5-year review, work may
then begin on a recovery plan with the goal of having it out for review in January 2018.

Can you fill me in on what has happened and is happening now?

Many thanks,
Doug

~~~
Douglas Keinath, PhD
Recovery Coordinator
U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
Office: (307) 772-2374 x 236
Cell: (307) 631-5920
douglas_keinath@fws.gov
~~~

On Fri, Apr 7, 2017 at 10:10 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Doug,

Good talking with you on the phone; hope you have a clearer understanding and that I was able to answer at
least some of your questions regarding lynx and the SSA process.

Here's the R6 lynx web page that I mentioned and which has the expert elicitation workshop report and
supporting materials as well as the critical habitat history we talked a little about:
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https://www.fws.gov/mountain-prairie/es/canadaLynx.php

Let me know if there's anything else you need and don't hesitate to call or email if you
have other questions.

Jim

On Fri, Apr 7, 2017 at 9:30 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Jim,

Can you provide Doug w/ the latest messaging bullets? See his request below. Thanks.

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Fri, Apr 7, 2017 at 9:27 AM, Douglas Keinath <douglas_keinath@fws.gov>
wrote:

Thanks Sarah.   

 

Justin: I basically need a few short bullets on why the SSA was initiated, what status it’s in,
and when we anticipate completion and decision.  Much of that info (other than perhaps
details of current status) is probably in the project plan. 

 

Many thanks!

Doug

 

 

 

 

~~~

Douglas Keinath, PhD

Recovery Coordinator

U.S. Fish and Wildlife Service
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Wyoming Ecological Services Field Office

5353 Yellowstone Road, Suite 308A

Cheyenne, WY  82009

Cell: (307) 631-5920 (preferred phone)

Office: (307) 772-2374 x 236

douglas_keinath@fws.gov

~~~

 

From: Backsen, Sarah [mailto:sarah_backsen@fws.gov] 
Sent: Thursday, April 06, 2017 4:30 PM
To: Keinath, Douglas
Cc: Shoemaker, Justin
Subject: Re: Hopefully Quick Question

 

Hi Doug,

 

Justin is the RO lead for that one.  Justin, can you answer?

Sarah Backsen

Classification Biologist

U.S. Fish and Wildlife Service, Region 6

134 Union Blvd., Suite 670
Lakewood, Colorado  80228

303-236-4388

sarah_backsen@fws.gov

 

On Thu, Apr 6, 2017 at 4:26 PM, Keinath, Douglas <douglas_keinath@fws.gov>
wrote:

Sarah,

 

Are you the regional contact for the Lynx SSA?  I am trying to get a quick update on
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the status of that effort (lead office, current phase, expected review and completion
dates) that I can relate to a meeting of state collaborators next week.  

 

This could be as simple as pointing me toward the project plan, if it is up to date.

 

Thanks,

Doug

 

~~~

Douglas Keinath, PhD

Recovery Coordinator

U.S. Fish and Wildlife Service

Wyoming Ecological Services Field Office

5353 Yellowstone Road, Suite 308A

Cheyenne, WY  82009

Office: (307) 772-2374 x 236

Cell: (307) 631-5920

douglas_keinath@fws.gov

~~~

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186
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From: Broderdorp, Kurt
To: Allison Jehly
Cc: Ann Timberman; Leslie Ellwood
Subject: Fwd: Hopefully Quick Question
Date: Tuesday, September 05, 2017 9:55:23 AM

We have been getting some inquiries about lynx issues, i.e. recovery plan, critical habitat in
CO, etc.  Jim Z. in Montana provided with the information in his email to Doug in WY.
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Sep 5, 2017 at 8:57 AM
Subject: Fwd: Hopefully Quick Question
To: Kurt Broderdorp <kurt_broderdorp@fws.gov>

Here you go.

---------- Forwarded message ----------
From: Keinath, Douglas <douglas_keinath@fws.gov>
Date: Thu, Aug 31, 2017 at 2:36 PM
Subject: Re: Hopefully Quick Question
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Thanks a bunch Jim. This is perfect... answers all my questions.  A politically challenging
beast to work with, for sure.

~~~
Douglas Keinath, PhD
Recovery Coordinator
U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
Office: (307) 772-2374 x 236
Cell: (307) 631-5920
douglas_keinath@fws.gov
~~~

On Thu, Aug 31, 2017 at 1:13 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Doug,

We are still working to get the SSA finalized based on comments from 5 peer reviewers, 11 State agencies, and 3
other federal agencies, as well as some late comments/concerns from R5 and its regional solicitor, and internal R6
review.

We are now shooting for the end of Sept. to simultaneously make available the final SSA and the 5-year review. 
We will be working with R6 EA soon on the outreach package for that announcement.

We have consistently shared with States that there are 3 possible recommendations that could come from the 5-
year review: 1) the lynx DPS remains threatened, 2 it is uplisted to endangered, or 3) it no longer warrants listing.
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If 1) or 2), we would proceed quickly with recovery plan development.  The court order says we will have final
recovery plan by Jan. 15, 2018 unless we determine one is not needed (listing no longer warranted).  It is hard to
imagine how we would meet that time line.

If 3), we would move forward with a proposed rule to delist followed by public comment, hearings, peer and
partner review, etc., followed by a final rule.  Both proposed and final rules would have to be published in the
Federal Register.

An important message that seems not to have resonated with some of our State partners is that even if the 5-yr
recommends 3) - delisting - the DPS would remain listed until 30 days after the final rule to delist.  That is, even
if the 5-year recommends delist, that would not happen officially for a year or two, depending on the length and
complexity of the delisting rule-making process, and the DPS would remain listed as T during that time.

Hope this helps. Let me know if you need more/other info.  If so, feel free to give me a call to discuss.

Jim

On Thu, Aug 31, 2017 at 12:09 PM, Keinath, Douglas <douglas_keinath@fws.gov> wrote:
Hi Jim,

I hope things are well with you.  I have to give our state partners a quick update on the
status of Lynx SSA and legal efforts.  Based on our conversation in the spring, I
previously gave them the following:

The lynx SSA is currently in the partner and peer review phase. Comments will be
incorporated by roughly June 2017, with a ‘final’ SSA shortly thereafter. This will be
followed by a 5-year review of the status of Lynx under the ESA, which will hopefully be
completed by late summer 2017. Depending on the result of the 5-year review, work may
then begin on a recovery plan with the goal of having it out for review in January 2018.

Can you fill me in on what has happened and is happening now?

Many thanks,
Doug

~~~
Douglas Keinath, PhD
Recovery Coordinator
U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
Office: (307) 772-2374 x 236
Cell: (307) 631-5920
douglas_keinath@fws.gov
~~~

On Fri, Apr 7, 2017 at 10:10 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Doug,

Good talking with you on the phone; hope you have a clearer understanding and that I was able to answer at
least some of your questions regarding lynx and the SSA process.

Here's the R6 lynx web page that I mentioned and which has the expert elicitation workshop report and
supporting materials as well as the critical habitat history we talked a little about:
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https://www.fws.gov/mountain-prairie/es/canadaLynx.php

Let me know if there's anything else you need and don't hesitate to call or email if you
have other questions.

Jim

On Fri, Apr 7, 2017 at 9:30 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Jim,

Can you provide Doug w/ the latest messaging bullets? See his request below. Thanks.

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Fri, Apr 7, 2017 at 9:27 AM, Douglas Keinath <douglas_keinath@fws.gov>
wrote:

Thanks Sarah.   

 

Justin: I basically need a few short bullets on why the SSA was initiated, what status it’s in,
and when we anticipate completion and decision.  Much of that info (other than perhaps
details of current status) is probably in the project plan. 

 

Many thanks!

Doug

 

 

 

 

~~~

Douglas Keinath, PhD

Recovery Coordinator

U.S. Fish and Wildlife Service
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Wyoming Ecological Services Field Office

5353 Yellowstone Road, Suite 308A

Cheyenne, WY  82009

Cell: (307) 631-5920 (preferred phone)

Office: (307) 772-2374 x 236

douglas_keinath@fws.gov

~~~

 

From: Backsen, Sarah [mailto:sarah_backsen@fws.gov] 
Sent: Thursday, April 06, 2017 4:30 PM
To: Keinath, Douglas
Cc: Shoemaker, Justin
Subject: Re: Hopefully Quick Question

 

Hi Doug,

 

Justin is the RO lead for that one.  Justin, can you answer?

Sarah Backsen

Classification Biologist

U.S. Fish and Wildlife Service, Region 6

134 Union Blvd., Suite 670
Lakewood, Colorado  80228

303-236-4388

sarah_backsen@fws.gov

 

On Thu, Apr 6, 2017 at 4:26 PM, Keinath, Douglas <douglas_keinath@fws.gov>
wrote:

Sarah,

 

Are you the regional contact for the Lynx SSA?  I am trying to get a quick update on
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the status of that effort (lead office, current phase, expected review and completion
dates) that I can relate to a meeting of state collaborators next week.  

 

This could be as simple as pointing me toward the project plan, if it is up to date.

 

Thanks,

Doug

 

~~~

Douglas Keinath, PhD

Recovery Coordinator

U.S. Fish and Wildlife Service

Wyoming Ecological Services Field Office

5353 Yellowstone Road, Suite 308A

Cheyenne, WY  82009

Office: (307) 772-2374 x 236

Cell: (307) 631-5920

douglas_keinath@fws.gov

~~~

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186
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From: Zelenak, Jim
To: Jodi Bush; Justin Shoemaker
Subject: Fwd: Lynx SSA report! request, easy peasy
Date: Wednesday, September 06, 2017 1:45:50 PM

fyi - see Heather's recommendations/questions re: the executive summary and request that the title page include
Core Team and FIT Team member names.

---------- Forwarded message ----------
From: Bell, Heather <heather_bell@fws.gov>
Date: Wed, Sep 6, 2017 at 1:30 PM
Subject: Re: Lynx SSA report! request, easy peasy
To: "Zelenak, Jim" <jim_zelenak@fws.gov>, Mary_Parkin <Mary_Parkin@fws.gov>,
"Cummings, Jonathan" <jwcummings@usgs.gov>

Jim, this is looking great!   I have just a very few thoughts that the team might consider.  take
em or leave em!  

1. It would be really helpful if the team names are on the document cover and your FIT
support as well.  this will make sense if you think about how we will track work over
the nation over time.  For example, We want to be able to see who has done what type
of SSAs (complex, simple), whether they had a FIT member (or 3!), etc.  You will learn
more about this when we ask you to upload into ServeCat (don't panic, we will help!).  

2.   On page 7, summary of findings, you mention metapopulation structure.  I don't think
it was mentioned earlier in the Ex Summ, perhaps it should be? and i am not sure what
metapopulation you are referring to, with Canada?

3. At times the term "likely" is used.  Given that the term is not explained in its context,
yet you have likelihoods of persistence later, i would recommend searching the ex
summ for the term likely and seeing if it can a) just be removed because you already
have wiggle words in the sentence, b) could be changed to something like "anticipated".
 

4. On page 8 there is the term "great" uncertainty.  I don't really  know what that means....i
think you could just say uncertainty?  On page 10 there is "highly" uncertain.  same
thing...

5. I am not sure who added all the "in the future" but when you say something is going to
continue it is implied that it is in the future since you can't continue into the past....just
seems unnecessary but perhaps it has a purpose that is "between the lines" ....

6. On page 13 you have the words "related factors" in the last paragraph.  On pabe 7 you
called them "associated impacts" suggest using the same term in both places.

7. And last but not least, the ex summ seems to mum on resilience being supported (or not)
by continuing (or not) southern dispersal of lynx from Canada.  This seemed strange to
me but perhaps something has changed?  

You all did a great job cramming a lot of into in to the Ex summ! nice job.  

Heather Bell
Ecological Services HQ
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Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.
com/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/
endangered/improving_ESA/SSA.html.

On Thu, Aug 31, 2017 at 2:04 PM, Bell, Heather <heather_bell@fws.gov> wrote:
Super!  thanks Jim! 

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.com
/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/endan
gered/improving_ESA/SSA.html.

On Thu, Aug 31, 2017 at 1:51 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attached.

Exec. summ has been re-worked extensively since the last time you saw it and is now near-final, having been
reviewed by Justin and Jodi in last few days (though I would also appreciate your thoughts if you care to and
have time to share them).  Chapters 1, 2, and most of 3 are also final or near so, while some revisions remain
necessary to some parts of chapters 4 and 5, and maybe some tidying up in ch. 6.

Most of the uncertainty language is in section 1.4 (moved; previously in exec summ) and the intro to ch. 5.
Some of it is in response to comments from reviewers - and I would have liked to run some of it by you, Mary,
and Jonathan C. anyway (qualifiers and cautions in interpreting expert opinion, elicitation process, etc.)
Welcome any feedback you may have on those topics, too.

It hasn't gotten any shorter.... :-(

Hope this helps - let me know if you need other.

On Thu, Aug 31, 2017 at 1:04 PM, Bell, Heather <heather_bell@fws.gov> wrote:
hey Jim, i know you are working hard on the report....i have a favor to ask.  could i get
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the most recent copy (not to be shared) in order for me to learn from your team's work
and present those lessons to a small group of FWS folks who are working on how to
improve the SSA writing process.  I won't be sharing the report, i am actually tasked
with doing a short summary of how your team handled a few things...such as, was there
scientific uncertainty with regards to habitat use....and if so, how did the SSA report
handle that uncertainty.
Would you be willing to share?  no matter that it is not "final".  
Thanks! h
if you need to reach me call 413-687-2540

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.com
/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/endan
gered/improving_ESA/SSA.html.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/recovery-planning-and-implementation/
https://sites.google.com/a/fws.gov/recovery-planning-and-implementation/
http://www.fws.gov/endangered/improving_ESA/SSA.html
http://www.fws.gov/endangered/improving_ESA/SSA.html
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Shoemaker, Justin
Cc: Jim Zelenak; Marjorie Nelson
Subject: Re: Lynx 5 yr review - 1st draft
Date: Thursday, September 07, 2017 8:47:17 AM
Attachments: Lynx 5-yrReview_09012017 rough draft_ JBeds.doc

Sorry for delay.  I think its pretty good.  A few comments in the doc.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 1, 2017 at 9:38 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Marj and Jodi,

Here's a draft of the 5 yr review. It would be good if one or both of you could take a look
and see if this lines up w/ your expectations and what we discussed w/ the decision makers.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
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Comment [JB1]: Justin.  I think this is good but 
maybe needs a little bit more discussion in threats –
summary? So it answers more completely the why 
we think lynx no longer warrant protections under 
the act.   I wonder too if we need to remind folks 
what a 5 year review is in the beginning of the 
document:  
 
Like:  The purpose of a 5-year review is to assess 
each threatened and endangered species to 
determine whether its status has changed since the 
time of its listing or its last status review and 
whether it should be classified differently or delisted. 

Comment [JB2]: Also a little concerned about 
how we talk about the future of lynx.  we expect lynx 
populations in each geographic unit to become 
smaller and more patchily-distributed..  Is there a 
way to talk about that after we talk about how lynx 
are doing NOW… 
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
Analysis of the Canada lynx DPS biology and status was conducted as part of a Species Status 
Assessment (SSA) to inform this 5-yr review and, if needed, recovery planning.  The SSA 
Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA Team), 
which consists of a Core Team of U.S. Fish and Wildlife Service (Service) biologists who work 
on lynx issues across the DPS range and an SSA Framework Implementation Team of Service 
and U.S. Geological Survey staff who have developed and advanced the SSA framework.  The 
SSA Report represents Service’s evaluation of the best available scientific information, including 
the formally elicited professional judgments and opinions of recognized lynx experts.  The SSA 
Report went through peer and partner review before being used as the scientific basis support a 
decision making process involving Regions 1, 3, 5, and 6 of the Service on this 5-yr review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the DPS as threatened under the ESA in 2000 because of the inadequacy, at 
that time, of existing regulatory mechanisms on some Federal lands to provide for the 
conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the United 
States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the Service 
finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered 
or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed the 
SSA Report to summarize the best available scientific information on the current status and 
likely future viability of the DPS. The SSA provides the scientific basis for this 5-yr review.  We 
noticed the initiation of the 5-yr review in the Federal Register on April, 18, 2007 (72 FR 
19549), and additionally published a news release announcing initiation of a 5-yr review on 
January, 13, 2015. 

Comment [SJ3]: This is a first rough draft.  Still 
needs addition of SSA report citations. And input 
from management on the level of detail provided, is 
it enough, too much.  
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REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continue to 
persist in 4 of the 6 geographic units (Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 
(Northwestern Montana/Northeastern Idaho), and 4 (North-central Washington)).  Available 
evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx presence; 
however, a resident population has persisted there for more than a decade since the 1999-2006 
release of 218 Canadian and Alaskan lynx in the San Juan Mountains. It is uncertain if the 
Greater Yellowstone Area (Unit 5) historically or currently supports a resident lynx population.  
Considering the available information, we found no reliable evidence that the current distribution 
and relative abundance of resident lynx in the contiguous United States are substantially reduced 
from historical conditions.  This suggests historical and current resiliency among lynx 
populations in the DPS.  The current broad distribution of resident lynx in large, geographically 
discrete areas (redundancy) makes the DPS invulnerable to extirpation caused by a single 
catastrophic event.  Because we lack evidence that formerly persistent lynx populations have 
been lost from any large areas, it also seems that redundancy in the DPS has not been 
meaningfully diminished from historical levels.  In fact, as a result of the current population in 
Colorado, redundancy in the DPS is likely greater, at least temporarily, now than it was 
historically.  Similarly, resident lynx remain broadly distributed across the range of habitats that 
has supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation).  Additionally, observed high 
rates of dispersal and gene flow and, therefore, generally low levels of genetic differentiation 
across most of the lynx’s range, including the DPS, suggest the past and recent genetic health of 
lynx populations in the DPS (representation; but see section 2.1).  Because there are no 
indications of significant loss of, or current stressors to, the genetic health or adaptive capacity of 
lynx populations in the DPS, we find that the current level of representation within the DPS does 
not appear to indicate a decrease from historical conditions. 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed the 
singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms). We 
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conclude that resident lynx populations are very likely to persist in all 5 units that currently 
support them (Units 1-4 and 6) in the near-term (2025).  We and the experts we consulted have 
low confidence in predicting the likely conditions of DPS populations beyond 2050.   After theat, 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors.  However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain.  We conclude 
that resident lynx populations are very likely to persist in all 5 units that currently support them 
(Units 1-4 and 6) in the near-term (2025).  We and the experts we consulted have low confidence 
in predicting the likely conditions of DPS populations beyond 2050.  That said, smaller, more 
isolated populations would be less resilient and more vulnerable to demographic and 
environmental stochasticity and genetic drift and, therefore, at higher risk of extirpation.  Despite 
some reduced resiliency, we conclude that resident lynx populations are very likely to persist 
through mid-century in the geographic units that supported them historically (units 1-4), with 
corresponding maintenance of redundancy and representation in the DPS over that time span.  
Although predictions out to 2100 are highly uncertain, it is possible that some units could be 
functionally extirpated by the end of the century.  Should future extirpations occur, this would 
indicate a loss of resiliency, reduced redundancy and representation, and an increased risk of 
extirpation of the DPS. 
 
Threats Analysis: 
 
Through our SSA analysis, we have fully evaluated the effects of all factors considered in a 
traditional 5-Factor analysis.  In the SSA we focused on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans at 
the time of listing (Factor D)) and on the anthropogenic influences identified as having the 
potential to exert population-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), disease and predation 
(Factor C).   
 
Synthesis (Application of SSA Results to ESA Classification)  
 
Under the Act, an endangered species is any species that is “in danger of extinction throughout 
all or a significant portion of its range.”  In the SSA Report, we evaluated the best available 
scientific information about the DPS’ current and predicted future condition to describe the 
viability of the lynx DPS, and how it may change over time (2025, 2050, and 2100).  We assess 
the viability of the lynx DPS by evaluating the ability of the DPS to maintain a sufficient number 
and distribution of healthy populations to withstand environmental stochasticity (resiliency), 
catastrophes (redundancy), and changes in its environment (representation) into the future.  
Ultimately, we compare our evaluation of the DPS’ risk of extinction against the definitions of 
an endangered species.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4), the current persistence of lynx in one of the units 

Comment [JB4]: I’m thinking that leading with 
this says this piece better 

Comment [JB5]: Shouldn’t we be specific here 
about what future? WHEN, even just generally..mid 
to late century?  ALSO SEE JB2  Comment  

Comment [JB6]: I’m thinking that leading with 
this says this piece better 
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(unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. X).  The large sizes and broad geographic distributions of the areas occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to preclude the possibility of extirpation from catastrophic events (SSA Report, p. X).  
There are no indications of current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, and the current level of representation does not appear to represent a 
decrease from historical conditions (SSA Report, p. X).  Therefore, we conclude that the risk of 
extinction is low, such that the Canada lynx DPS is not in danger of extinction throughout all of 
its range. 
 
Under the Act, a threatened species is any species that is “likely to become an endangered 
species within the foreseeable future throughout all or a significant portion of its range.”  The 
foreseeable future refers to the extent to which the Secretary can reasonably rely on predictions 
about the future in making determinations about the future conservation status of the species 
(U.S. Department of Interior, Solicitor’s Memorandum, M-37021, and January 16, 2009).  The 
key statutory difference between a threatened species and an endangered species is the timing of 
when a species may be in danger of extinction, either now (endangered species) or in the 
foreseeable future (threatened species).  In the SSA, we considered the future condition of the 
lynx DPS out to 2025, 2050, and 2100.  It became apparent through discussions with lynx 
experts, Service biologists and management that any future projections of lynx condition out to 
2100 were complicated by a very high degree of uncertainty concerning the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those related 
to climate change.  Therefore, in this evaluation, we focused on mid-century (2050) as the 
foreseeable future because this time horizon gives us a higher degree of certainty in reasonably 
projecting the future condition of the lynx DPS.  
 
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future.  However, all 5 
geographic units that currently support resident lynx populations (all units except the GYA) are 
expected by lynx experts to continue to do so through mid-century (2050).  Our analyses and 
expert input suggest that resiliency will likely be sufficient to foster persistence of resident lynx 
through mid-century in most of the 5 geographic units that currently support them.  At mid-
century, we expect to lynx to retain a wide geographical distribution of populations, maintaining 
redundancy within the DPS.  Should lynx populations in each geographic unit to become smaller 
and more patchily-distributed there could be potential for reduced genetic health or adaptive 
capacity; however, we have no evidence to suggest reduced representation would be a DPS level 
concern in the future.  Therefore, we conclude that the risk of extinction in the foreseeable future 
(2050) is low, such that the lynx DPS is not likely to become endangered species within the 
foreseeable future throughout all of its range. 
 
Recovery Criteria  
 

Comment [JB7]: This seems pretty vague… 



 

 6 

Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS.  However, we 
completed a Recovery Outline on September 14, 2005.  The Recovery Outline provided 
preliminary recovery objectives and actions based on our understanding, at that time, of current 
and historical lynx occurrence and lynx population dynamics in the contiguous United States 
DPS.  The preliminary recovery strategy described in the 2005 Recovery Outline is obsolete in 
light of our increased understanding of the viability of the lynx DPS since that time.  
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range nor is it likely to 
become so in the foreseeable future, i.e. not a threatened species throughout its range.  We 
recommend removing the Canada lynx DPS, currently listed as threatened, from the list of 
threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

____ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS. The 

Comment [JB8]: Can we say anything about 
what we did as a result of the outline?  JIM? 
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final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW of species x 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 



From: Racey, Meagan
To: Robert Segin; Roya Mogadam; Jodi Bush; Jim Zelenak
Cc: Martin Miller; Anna Harris; Lamothe, Peter
Subject: Fwd: Lynx story is up!
Date: Thursday, September 07, 2017 1:01:31 PM

Hi all, Thanks for the quick coordination. Story link is below.

---------- Forwarded message ----------
From: Racey, Meagan <meagan_racey@fws.gov>
Date: Thu, Sep 7, 2017 at 2:59 PM
Subject: Lynx story is up!
To: Mark McCollough <Mark_mccollough@fws.gov>, Anna Harris <anna_harris@fws.gov>

http://news.nationalgeographic.com/2017/09/canada-lynx-calls-maine-video-spd/

Looks good to me - let me know if you have any concerns. I didn't realize she'd spoken with
Jen.

One thing I didn't see in Mark's comments was this - perhaps it came from Jen?: The largest
population of Canada lynx in the U.S. are currently in Maine where more than 1,000 can be
found. 
If a correction is needed let me know. 
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

mailto:meagan_racey@fws.gov
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mailto:jodi_bush@fws.gov
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http://news.nationalgeographic.com/2017/09/canada-lynx-calls-maine-video-spd/
http://usfwsnortheast.wordpress.com/
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From: Racey, Meagan
To: McCollough, Mark
Cc: Zelenak, Jim; Anna Harris; Robert Segin
Subject: Re: Lynx story is up!
Date: Friday, September 08, 2017 6:36:20 AM

Sarah send an initial positive response - we'll see what gets translated into the piece. Thanks
again!

On Fri, Sep 8, 2017 at 8:20 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Jim and Mark. Appreciate your review. I'm not sure what the reporter will consider
erroneous enough to warrant updates/corrections, but I'll reach out and pass along the
information. 

On Fri, Sep 8, 2017 at 7:51 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Thank you Jim.  I agree with your comments concerning populations in Maine and edits. 
Mark

On Thu, Sep 7, 2017 at 4:38 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

"The largest population....are"?? This is a National Geographic writer? :-)

The 1,000 lynx figure likely came from the State and we think it is somewhat questionable. We say, in the
SSA and elsewhere, that currently Maine probably supports the largest pop. in the contiguous (lower 48)
states (definitely more in Alaska than in all of the lower 48 combined), with habitat in Maine potentially
capable of supporting 750-1,000 lynx (and we cite the State/Jen). Several lynx experts in Maine, including in
the Service and its colleagues at Univ. of Maine, think that is based on a questionable, not well-supported
extrapolation of habitat and lynx density estimates.

Where they (almost) quoted me, I would add that I said they are the size of large to very large house cats....

What concerns me most is this:

"The species is classified as a species of least concern by the International Union for the Conservation of
Nature, but in the U.S. is considered threatened because of climate and habitat threats to snowshoe
hares, their primary prey.

1. They are considered threatened only in the contiguous US, not Alaska.

2. While we (and the lynx research community) now recognize that projected climate warming is the largest
overarching and long-term threat to lynx in the lower 48, that had nothing to do with why we listed them
back in 2000.  At that time, the threat was the lack of specific guidance and conservation measures to protect
lynx and its habitats on federal lands in the Lower 48 states.

If corrections are possible (if this is a digital only piece), I would  recommend the following
(changes/additions in bold font):

1. "The lynx in the video are likely in the middle of a territorial dispute, explains biologist Mark
McCollough, ..."

2. "While the cats can appear large in photos, Jim Zelenak, a biologist with the U.S. Fish and Wildlife
Service, noted that they’re not much bigger than large house cats, typically weighing only 15 to 30
pounds."

3. "Because lynx remain broadly distributed across most of Canada and Alaska and no acute, species-

mailto:meagan_racey@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:anna_harris@fws.gov
mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


level threats have been identified, it is classified as a species of least concern by the
International Union for the Conservation of Nature. However, lynx in the contiguous
(lower 48) United States were listed as threatened under the Endangered Species
Act in 2000 because of the inadequacy of regulations to ensure their protection on
federal lands at that time.  Although regulatory protections have since improved,
most lynx researchers now consider continued climate warming, which is expected
to cause northward and up-slope shifts in the boreal forest and snow conditions
that lynx need, to be the largest threat facing lynx in the lower 48 states."

4.  "The largest population of Canada lynx in the contiguous U.S. currently is in Maine,
where up to 1,000 lynx may occur. However, breeding populations can also be found
in Minnesota, Montana, Washington, and Colorado, and dispersing or transient lynx
are occasionally spotted in other northern states."

On Thu, Sep 7, 2017 at 1:00 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi all, Thanks for the quick coordination. Story link is below.

---------- Forwarded message ----------
From: Racey, Meagan <meagan_racey@fws.gov>
Date: Thu, Sep 7, 2017 at 2:59 PM
Subject: Lynx story is up!
To: Mark McCollough <Mark_mccollough@fws.gov>, Anna Harris
<anna_harris@fws.gov>

http://news.nationalgeographic.com/2017/09/canada-lynx-calls-maine-video-spd/

Looks good to me - let me know if you have any concerns. I didn't realize she'd
spoken with Jen.

One thing I didn't see in Mark's comments was this - perhaps it came from Jen?: The
largest population of Canada lynx in the U.S. are currently in Maine where more than
1,000 can be found. 
If a correction is needed let me know. 
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region

mailto:meagan_racey@fws.gov
mailto:meagan_racey@fws.gov
mailto:Mark_mccollough@fws.gov
mailto:anna_harris@fws.gov
http://news.nationalgeographic.com/2017/09/canada-lynx-calls-maine-video-spd/
http://usfwsnortheast.wordpress.com/


(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 

http://usfwsnortheast.wordpress.com/
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mailto:mark_mccollough@fws.gov
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Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

http://usfwsnortheast.wordpress.com/


From: Zelenak, Jim
To: Bush, Jodi
Cc: Shoemaker, Justin; Marjorie Nelson
Subject: Re: Lynx 5 yr review - 1st draft
Date: Friday, September 08, 2017 2:08:07 PM
Attachments: Lynx 5-yrReview_09012017 rough draft_ JBeds_jzcomments.doc

Justin and I discussed the recovery plan issue today and agreed that a broader conversation might be necessary -
which he will try to set up for next week.

In the mean time, I took a stab at some general language for that section of the 5-yr and made a number of other
edits/comments - all signified with "NEW" in the related comment bubble.

Hope these help, let me know if you have questions.

On Thu, Sep 7, 2017 at 2:44 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attached are some comments I have so far. I have to leave for an eye dr. appt. and will get back to the recovery
outline question tomorrow AM

On Thu, Sep 7, 2017 at 8:46 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Sorry for delay.  I think its pretty good.  A few comments in the doc.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 1, 2017 at 9:38 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Marj and Jodi,

Here's a draft of the 5 yr review. It would be good if one or both of you could take a
look and see if this lines up w/ your expectations and what we discussed w/ the decision
makers.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov


(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
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Comment [JB1]: Justin.  I think this is good but 
maybe needs a little bit more discussion in threats –
summary? So it answers more completely the why 
we think lynx no longer warrant protections under 
the act.   I wonder too if we need to remind folks 
what a 5 year review is in the beginning of the 
document:  
 
Like:  The purpose of a 5-year review is to assess 
each threatened and endangered species to 
determine whether its status has changed since the 
time of its listing or its last status review and 
whether it should be classified differently or delisted. 

Comment [JB2]: Also a little concerned about 
how we talk about the future of lynx.  we expect lynx 
populations in each geographic unit to become 
smaller and more patchily-distributed..  Is there a 
way to talk about that after we talk about how lynx 
are doing NOW… 
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
Analysis of theThe U.S. Fish and Wildlife Service (Service) evaluated Canada lynx DPS the 
biology and status was conductedof the contiguous United States distinct population segment 
(DPS) of the Canada lynx as part of a Species Status Assessment (SSA) to inform this 5-yr 
review and, if needed, recovery planning.  The SSA Report was written by the Canada Lynx 
Species Status Assessment Team (Lynx SSA Team), which consists of a Core Team of U.S. Fish 
and Wildlife Service (Service) biologists who work on lynx issues across the DPS range and an 
SSA Framework Implementation Team of Service and U.S. Geological Survey staff who have 
developed and advanced the SSA framework.  The SSA Report represents the Service’s 
evaluation of the best available scientific information, including the formally- elicited 
professional judgments and opinions of recognized lynx experts.  The SSA Report went 
throughunderwent independent peer and partner review before being used as the scientific basis 
to support a decision making process involving Service Regions 1, 3, 5, and 6 of the Service 
onregarding the recommendation presented in this 5-yr review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the lynx DPS as threatened under the ESA in 2000 because of the inadequacy, 
at that time, of existing regulatory mechanisms on some Federal lands to provide for the 
conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the United 
States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the Service 
finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered 
or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed the 
SSA Report to summarize the best available scientific information on the current status and 
likely future viability of the DPS. The SSA provides the scientific basis for this 5-yr review.  We 
noticed the initiation of the 5-yr review in the Federal Register on April, 18, 2007 (72 FR 
19549), and additionally published a news release announcing initiation of a 5-yr review on 
January, 13, 2015. 

Comment [SJ3]: This is a first rough draft.  Still 
needs addition of SSA report citations. And input 
from management on the level of detail provided, is 
it enough, too much.  

Comment [ZJ4]: If not essential, I would delete 
this here and define/present it in 1st paragraph below 

Comment [ZJ5]: Spell out? 

Comment [ZJ6]: Is it standard to abbreviate 
thus? 

Comment [ZJ7]: R2, at their discretion, was not 
involved in decision-making/recommendation team, 
but we have coordinated with them, and they have 
had dispersing lynx in northern New Mexico as a 
result of the Colorado releases. They should 
probably be included here (but not above). 

Comment [ZJ8]: So not a “reinitiation”? – just 
reopening the 5-yr originally initiated in 2007?  I’ve 
always been fuzzy on this, procedurally. 
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REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continue to 
persist in 4 of the 6 geographic units (Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 
(Northwestern Montana/Northeastern Idaho), and 4 (North-central Washington)) evaluated in the 
SSA.  Available evidence suggests that Colorado (Unit 6) (Colorado) did not historically support 
persistent lynx presence; however, a resident population has persisted there for more than a 
decade since the 1999-2006 release of 218 Canadian and Alaskan lynx in the San Juan 
Mountains. Based on verified records, Iit is uncertain if the Greater Yellowstone Area (Unit 5) 
historically supported a persistent resident lynx population or and it currently appears not to 
supports a resident lynx population.  Considering the available information, we found no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions.  This suggests historical and 
current resiliency among lynx populations in the DPS.  The current broad distribution of resident 
lynx in large, geographically discrete areas (redundancy) makes the DPS invulnerable to 
extirpation caused by a single catastrophic event.  Because we lack evidence that formerly 
persistent lynx populations have been lost from any large areas, it also seems that redundancy in 
the DPS has not been meaningfully diminished from historical levels.  In fact, as a result of the 
current population in Colorado, redundancy in the DPS is likely greater, at least temporarily, 
now than it was historically.  Similarly, resident lynx remain broadly distributed across the range 
of habitats that has supported them historically, suggesting maintenance of the breadth and 
diversity of ecological settings occupied within the DPS range (representation).  Additionally, 
observed high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the lynx’s range, including the DPS, suggest the past and recent 
genetic health of lynx populations in the DPS (representation; but see section 2.1).  Because 
there are no indications of significant loss of, or current stressors to, the genetic health or 
adaptive capacity of lynx populations in the DPS, we find that the current level of representation 
within the DPS does not appear to indicate a decrease from historical conditions. 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed the 

Comment [ZJ9]: I would move this (Unit 5) 
above Unit 6. 

Comment [ZJ10]: Do we want to add something 
to the effect that, in fact, given the Colorado 
introduction and the anthropogenically-influenced 
lynx abundance in Maine, there may be more 
resident lynx currently in the contig US than likely 
occurred historically? 
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singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms). We 
conclude that resident lynx populations are very likely to persist in all 5 units that currently 
support them (Units 1-4 and 6) in the near-term (2025) and likely to persist in Units 1-4 at mid-
century (2050).  We and the experts we consulted have low confidence in predicting the likely 
conditions of DPS populations beyond 2050.   After theat, In the futureNonetheless, we expect 
lynx populations in each geographic unit to become smaller and more patchily-distributed in the 
future due largely to projected climate-driven losses in habitat quality and quantity and related 
factors.  However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain.  We conclude that 
resident lynx populations are very likely to persist in all 5 units that currently support them 
(Units 1-4 and 6) in the near-term (2025).  We and the experts we consulted have low confidence 
in predicting the likely conditions of DPS populations beyond 2050.  That said, smaller, more 
isolated populations would be less resilient and more vulnerable to demographic and 
environmental stochasticity and genetic drift and, therefore, at higher risk of extirpation.  Despite 
some reduced resiliency, we conclude that resident lynx populations are very likely to persist 
through mid-century in the geographic units that supported them historically (units 1-4), with 
corresponding maintenance of redundancy and representation in the DPS over that time span.  
Although predictions out to 2100 are highly uncertain, it is possible that some units could be 
functionally extirpated by the end of the century.  Should future extirpations occur, this would 
indicate a loss of resiliency, reduced redundancy and representation, and an increased risk of 
extirpation of the DPS. 
 
Threats Analysis: 
 
Through our SSA analysis, we have fully evaluated the effects of all factors considered in a 
traditional 5-Factor analysis.  In the SSA we focused on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans at 
the time of listing (Factor D)) and on the anthropogenic influences identified as having the 
potential to exert population-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), disease and predation 
(Factor C).   
 
Synthesis (Application of SSA Results to ESA Classification)  
 
Under As defined by the Endangered Species Act (Act), an endangered species is any species 
that is “in danger of extinction throughout all or a significant portion of its range.”  In the SSA 
Report, we evaluated the best available scientific information about regarding the DPS’ current 
and predicted future condition of the lynx DPS to describe the its viability of the lynx DPS, and 
how it may change over time (2025, 2050, and 2100).  We assess the viability of the lynx DPS 
by evaluating the its ability of the DPS to maintain a sufficient number and distribution of 
healthy populations to withstand environmental stochasticity (resiliency), catastrophes 
(redundancy), and changes in its environment (representation) into the future.  Ultimately, we 
compare our evaluation of the DPS’ risk of extinction against the definitions of an endangered 
and threatened species as statutorily-defined by the Act.   

Comment [JB11]: I’m thinking that leading with 
this says this piece better 

Comment [ZJ12]: Tricky.  We don’t expect them 
to remain static and then only start declining after 
2050.  We expect a gradual decline (which may have 
already begun – e.g., fire-induced losses in WA, 
perhaps loss of small peripheral pops in northeast 
WA (outside the unit) and the Garnets, GYA (?); 
also the return to more natural numbers in Maine?) 
over time, but not to the point that the DPS would be 
at risk of extirpation throughout all/significant 
portion of its range by 2050.  That is, even by 2050, 
we could (probably will) have smaller pops and 
reduced distribution but not, according to experts 
and our assessment, to the point that the DPS will be 
teetering on the edge of extirpation by then.  Over 
the much longer term (beyond the reasonably 
foreseeable future), it is entirely possible, perhaps 
even likely, that resident lynx will no longer occur in 
the Lower 48 (we also said this in the recovery 
outline, p. 14).  We do not present this or discuss it 
in the SSA because of the great uncertainty inherent 
in climate models and other potential stressors that 
far into the (not reasonably foreseeable) future.  

Comment [JB13]: Shouldn’t we be specific here 
about what future? WHEN, even just generally..mid 
to late century?  ALSO SEE JB2  Comment  

Comment [JB14]: I’m thinking that leading with 
this says this piece better 

Comment [ZJ15]: At 2025, the 5 units had EE 
probabilities of 80-98%, which we (I) called “very 
likely to persist”. At 2050, Units 1-4 had 70-90% 
probabilities – so not sure about whether this still 
constitutes “very high” or perhaps only “high”. I said 
the latter in the report.  

Comment [ZJ16]: I’m not as sure about this, and 
I suspect 1 or more members of the Core Team 
would disagree that we “fully evaluated” all of these.  
In particular, we did not delve deeply into trapping 
or disease/predation, although each were 
mentioned/discussed. “Trapping” occurs 133 times 
in the doc., so maybe that one is covered. “Disease” 
36 times, though most are related to forest health 
(disease in trees). “Predation” has 23 matches – most 
associated with discussion of hares; “predator” has 
64 hits, and we do mention that several animals kill 
lynx but that the effects of predation on lynx 
populations is uncertain – if not currently in SSA, we 
should note that there is no indication that predation 
is limiting lynx pops in the DPS.  

Comment [ZJ17]: NEW COMMENT. This is 
the first mention of the Act and should probably 
include full title of the Statute? 

Comment [ZJ18]: NEW EDITS 

Comment [ZJ19]: NEW EDITS 

Comment [ZJ20]: NEW COMMENT. “viable”?  
Again, we expect populations to get less “healthy” 
gradually over time but to remain viable (to persist 
as resident breeding populations) at least through 
mid-century, and some longer than that. 

Comment [ZJ21]: NEW SUGGESTION. 
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The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4), the current persistence of lynx in one of the units 
(Uunit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. X).  The large sizes and broad geographic distributions of the areas occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to preclude the possibility of extirpation from catastrophic events (SSA Report, p. X).  
There are no indications of current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, and the current level of representation does not appear to represent a 
decrease from historical conditions (SSA Report, p. X).  Therefore, we conclude that the risk of 
extinction (in this case, extirpation of all resident lynx populations in the DPS) is low, such that 
the Canada lynx DPS currently is not in danger of extinction throughout all of its range. 
 
Under the Act, a threatened species is any species that is “likely to become an endangered 
species within the foreseeable future throughout all or a significant portion of its range.”  The 
foreseeable future refers to the extent to which the Secretary can reasonably rely on predictions 
about the future in making determinations about the future conservation status of the species 
(U.S. Department of Interior, Solicitor’s Memorandum, M-37021, and January 16, 2009).  The 
key statutory difference between a threatened species and an endangered species is the timing of 
when a species may be in danger of extinction, either now (endangered species) or in the 
foreseeable future (threatened species).  In the SSA, we considered the future condition of the 
lynx DPS out to 2025, 2050, and 2100.  It became apparent through discussions with lynx 
experts, in peer and partner reviews of the draft SSA Report, and among Service biologists and 
management that any future projections of lynx condition out to 2100 were complicated by a 
very high degree of uncertainty concerning the timing and extent of various stressors that will 
may affect lynx and hare habitat and snow regimes, especially those related to projected future 
climate change.  Therefore, in this evaluation, we focused on mid-century (2050) as the 
foreseeable future because this time horizon gives us a higher degree of certainty in reasonably 
projecting the future condition of the lynx DPS.  
 
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future.  However, all 5 
geographic units that currently support resident lynx populations (all units except the GYA) are 
expected by lynx experts (with likelihoods of 70 to 90 percent) to continue to do so through mid-
century (2050).  Our analyses and expert input suggest that resiliency will likely be sufficient to 
foster persistence (i.e., preclude extirpation) of resident lynx through mid-century in all or most 
of the 5 geographic units that currently support them.  At mid-century, we expect to lynx to 
retain a wide geographical distribution of populations, maintaining redundancy within the DPS.  
Should lynx populations in each geographic unit to become smaller and more patchily-
distributed, there could be potential for reduced genetic health and/or adaptive capacity would be 
expected; however, we have no evidence to suggest reduced representation would be a DPS- 
level concern in the futureat mid-century.  Therefore, we conclude that the risk of extinction 
(extirpation of the DPS) in the foreseeable future (by 2050) is low, such that the lynx DPS is not 

Comment [ZJ22]: NEW EDIT 

Comment [ZJ23]: “suggest”? 

Comment [ZJ24]: NEW SUGGESTIONS 

Comment [ZJ25]: Add “or a significant portion” 

Comment [JB26]: This seems pretty vague… 

Comment [ZJ27]: NEW SUGGESTION 

Comment [ZJ28]: “beyond mid-century”? 

Comment [ZJ29]: NEW 
RECOMMENDATIONS 
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likely to become endangered species within the foreseeable future throughout all or a significant 
portion of its range within the foreseeable future and, therefore, does not meet the statutory 
definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS and, therefore, 
recovery criteria have not been developed.  However, we the Service completed a Recovery 
Outline on September 14, 2005,.  The Recovery Outlinewhich provided preliminary recovery 
objectives and actions based on our understanding, at that time, of current and historical lynx 
occurrence and lynx population dynamics in the contiguous United States DPS.  Even in the 
absence of a recovery plan, progress has been made on some components of Tthe preliminary 
recovery strategy described in the 2005 Recovery Outline (e.g., improved regulatory mechanisms 
on Federal and some State, Tribal, and private lands and related protections of important lynx 
and hare habitats; research, surveys, and monitoring leading to improved understanding of lynx 
ecology, distribution, habitat requirements, and the role of secondary areas in the DPS range), 
while other components have seen little or no progress (e.g., establishing long-term management 
agreements on most non-Federal lands in the DPS range and with Canadian wildlife authorities 
to assure habitat maintenance and continued lynx dispersal potential).  Yet other components 
(e.g., ensuring lynx persistence in the DPS for the next 100 years) may no longer be appropriate 
given new information regarding potential impacts of climate change and the high level of 
uncertainty regarding the timing, rate, and magnitude of those impacts.  Nonetheless, it is clear 
that since the DPS was listed, the singular threat for which it was listed, the inadequacy of then-
existing regulatory mechanisms on some Federal lands, has been substantially addressed by the 
formal revisions of and amendments to Federal land management plans to apply the best 
available scientific information to the conservation of lynx habitat and populations on those 
lands. is obsolete in light of our increased understanding of the viability of the lynx DPS since 
that time.  
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range nor is it likely to 
become so in the foreseeable future, i.e. not a threatened species throughout its range.  We 
recommend removing the Canada lynx DPS, currently listed as threatened, from the list of 
threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 

Comment [ZJ30]: NEW 
RECOMMENDATIONS 

Comment [ZJ31]: NEW 

Comment [JB32]: Can we say anything about 
what we did as a result of the outline?  JIM? 

Comment [ZJ33]: NEW.  Here’s my stab at 
something to address Jodi’s comment above.  Justin 
and I discussed this (9-8-17) and agreed that it may 
not be prudent to go into more detail now before we 
have a chance to discuss what might be most 
appropriate in this section with Jodi, Marg, and 
perhaps others with experience in this arena. 

Comment [SJ34]: I don’t know what we want to 
say here, need others to think about this.  

Formatted: Font: Not Italic

Comment [ZJ35]: NEW. The Service should 
consider an additional category of “Improved 
understanding of species ecology, distribution, 
and/or abundance indicates listing is not warranted.”  
It’s not that original date relied on were in error; we 
just know a bunch more now than we did then. 
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New Recovery Priority Number (indicate if no change; see Appendix E): 
 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

____ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS. The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 



 

 8 

U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW of species x 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 



From: Bush, Jodi
To: Zelenak, Jim
Cc: Shoemaker, Justin; Marjorie Nelson
Subject: Re: Lynx 5 yr review - 1st draft
Date: Friday, September 08, 2017 2:28:29 PM

Folks.  I think the suggestions for the recovery outline portion make sense.  The other changes
seem good too.  Not too much but enough to point out that we have thought about it and
considered where we started.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 8, 2017 at 2:08 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Justin and I discussed the recovery plan issue today and agreed that a broader conversation might be necessary -
which he will try to set up for next week.

In the mean time, I took a stab at some general language for that section of the 5-yr and made a number of other
edits/comments - all signified with "NEW" in the related comment bubble.

Hope these help, let me know if you have questions.

On Thu, Sep 7, 2017 at 2:44 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attached are some comments I have so far. I have to leave for an eye dr. appt. and will get back to the recovery
outline question tomorrow AM

On Thu, Sep 7, 2017 at 8:46 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Sorry for delay.  I think its pretty good.  A few comments in the doc.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 1, 2017 at 9:38 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Marj and Jodi,

Here's a draft of the 5 yr review. It would be good if one or both of you could take a
look and see if this lines up w/ your expectations and what we discussed w/ the
decision makers.

Justin Shoemaker
Classification and Recovery Biologist

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov


U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: SSA citations
Date: Monday, September 11, 2017 2:39:31 PM

Jim:

Because of other workload, in the last week I have not had time to work on literature cited in
the SSA.  This week I may be able to spend a few hours on Thursday, but I know that would
not be enough to complete the lit cited.  I will forward what I have.

I am on annual leave the last two weeks of September.

Mark

On Mon, Sep 11, 2017 at 3:23 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hey Mark,

Wondering how the lit cited list is coming along?

Jodi wants me to have the SSA done by end of this week, and I need your updates to the list to get that done.  I
have lots of other stuff that makes meeting that deadline a challenge (e.g., still working thru your comments /edits
and those from R5RSOL, along with comments/review from Justin and Jodi, plus some outstanding corrections/
edits/ analysis for some of the sections). Will be a crazy week to try to get it all done.

Anyway - give me an update when you can.

Thanks!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: Justin Shoemaker; Jodi Bush; Marjorie Nelson
Subject: For Lynx 5-yr Discussion
Date: Wednesday, September 13, 2017 8:03:11 AM
Attachments: USFWS 2005 Final Signed Recovery Outline.pdf

I've attached the final, signed 2005 Recovery Outline in case it may inform our discussion a little later. The
preliminary recovery strategy in on pages 11-14.

Let me know if other materials are needed from me.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:jim_zelenak@fws.gov
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RECOVERY OUTLINE 
Contiguous United States Distinct Population Segment of the Canada Lynx 

 
 
Common Name:  Canada lynx 
Scientific Name:  Lynx canadensis 
 
Listing Status:  Threatened 
Date Listed:   March 24, 2000 
 
Lead Region:  U.S. Fish and Wildlife 

Service, Region 6.  
Cooperating regions are 
Regions 1, 3, and 5. 

 
Lead Field Office: Montana Field Office 
   100 N. Park Avenue, Suite 320 
   Helena, Montana 59601 
   Telephone: 406-449-5225 
 
Lead Biologist:  Lori Nordstrom, Montana Field Office 
   Telephone 406-449-5225, ext. 208; lori_nordstrom@fws.gov 
 
Purpose of the Recovery Outline:  This document serves as an interim strategy to guide 
recovery efforts and inform the critical habitat designation process for the contiguous United 
States population of the Canada lynx until a draft recovery plan has been completed.  Recovery 
outlines are intended primarily for internal U.S. Fish and Wildlife Service (Service) use; formal 
public participation will be invited upon release of the draft recovery plan.  We will consider any 
new information or comments that members of the public may wish to offer regarding this 
outline during the recovery planning process.  For more information on Federal recovery efforts 
for the contiguous United States population of the Canada lynx, or to provide additional 
comments, interested parties may contact the lead biologist for this species, Lori Nordstrom, at 
the above address, telephone, or e-mail. 
 
Scope of Recovery and Available Information:  The scope of this recovery effort is the 
contiguous United States distinct population segment of the Canada lynx (U.S. Department of 
the Interior [USDI] 2000, 2003).  This outline provides a general overview of the available 
information on the contiguous United States lynx distinct population segment, and provides 
preliminary recovery objectives and actions based on our understanding of current and historical 
lynx occurrence and lynx population dynamics in the contiguous United States  Because of the 
gaps in our knowledge of this species, for this recovery outline we made some assumptions 
regarding lynx population dynamics and the relative importance of different geographic areas to 
the persistence of lynx in the contiguous United States.  We recognize the uncertainties of this 
information and identified the assumptions we made. 
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OVERVIEW 
 
Species Description and Life History:  Canada lynx are medium-sized cats, generally 
measuring 75-90 centimeters long (30-35 inches) and weighing 8-10.5 kilograms (18-23 pounds) 
(Quinn and Parker 1987).  They have large feet adapted to walking on snow, long legs, tufts on 
the ears, and black-tipped tails.  They are highly adapted for hunting snowshoe hare, the primary 
prey, in the snows of the boreal forest. 
 
Lynx in the contiguous United States are at the southern margins of a widely-distributed range 
across Canada and Alaska.  The center of the North American range is in north-central Canada.  
Lynx occur in mesic coniferous forests that have cold, snowy winters and provide a prey base of 
snowshoe hare (Ruggiero et al. 2000).  These forests are generally described as boreal forests.  In 
North America, the distribution of lynx is nearly coincident with that of snowshoe hares (Bittner 
and Rongstad 1982; McCord and Cardoza 1982).  Lynx survivorship, productivity and 
population dynamics are closely related to snowshoe hare density in all parts of its range.  A 
minimum density of snowshoe hares (greater than 0.5 hare per hectare (1.2 hares per acre) 
[Ruggiero et al. 2000]) distributed across a large landscape is necessary to support survival of 
lynx kittens and recruitment into and maintenance of a lynx population. 
 
In the United States, lynx inhabit conifer and conifer-hardwood habitats that support their 
primary prey, snowshoe hares.  Both timber harvest and natural disturbance processes, including 
fire, insect infestations, catastrophic wind events, and disease outbreaks, can provide foraging 
habitat for lynx when resulting understory stem densities and structure provide the forage and 
cover needs of snowshoe hare (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 
1980; Parker et al. 1983; Litvaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990, 
1991; Agee 2000).  These characteristics include a dense, multi-layered understory that 
maximizes cover and browse at both ground level and at varying snow depths throughout the 
winter (crown cover within the lower 4.5 meters (15 feet) in order to provide cover and food for 
snowshoe hares to 2 meters (6 feet) high at maximum snow depths).  Despite the variety of 
habitats and settings, good snowshoe hare habitat has a common denominator – dense, horizontal 
vegetative cover 1-3 meters (3-10 feet) above the ground or snow level (Hodges 2000). 
 
In northern Canada, lynx populations fluctuate in response to the cycling of snowshoe hare 
(Mowat et al. 2000).  Although snowshoe hare populations in the southern portion of the range in 
the contiguous United States may fluctuate, they do not show strong, regular population cycles as 
in the north (Hodges 2000).  In the contiguous United States, the degree to which regional local 
lynx population fluctuations are influenced by local snowshoe hare population dynamics is 
unclear. 
 
The southernmost extent of the boreal forest that supports lynx occurs in the contiguous United 
States in the Northeast, western Great Lakes, northern and southern Rockies, and northern 
Cascades (Ruediger et al. 2000).  Here the boreal forest transitions into other vegetation 
communities and becomes more patchily distributed.  As a result, the southern boreal forests 
generally support lower snowshoe hare densities, hare populations do not appear to be as highly 
cyclic as snowshoe hares further north, and lynx densities are lower compared to the northern 
boreal forest. 
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Individual lynx maintain large home ranges (reported as generally ranging between 
31-216 kilometers2 (km2) (12-83 miles2 (mi2)) (Koehler 1990; Aubry et al. 2000; Squires and 
Laurion 2000; Vashon et al. 2005).  Thus, a lynx population can only persist in a large boreal 
forested landscape that contains appropriate forest types, snow depths and high snowshoe hare 
densities.  In the Northeast, lynx were most likely to occur in areas that support deep snow 
(greater than 268 centimeters [106 inches] annual snowfall) associated with regenerating boreal 
forests in landscapes 100 km2 (40 mi2) or greater in area (Hoving 2001; Hoving et al. 2004).  We 
assume areas with smaller patches of boreal forest are unlikely to provide a sufficient amount of 
habitat suitable to support a lynx population. 
 
Lynx are highly mobile and have a propensity to disperse long distances, particularly when prey 
becomes scarce (Mowat et al. 2000).  Lynx also make long distance exploratory movements 
outside their home ranges (Aubry et al. 2000; Squires et al. 2001; Moen et al. 2004).  Areas or 
habitats used by lynx during dispersal or exploratory movements are poorly understood at this 
time.  Dispersing lynx may colonize suitable but unoccupied habitats, augment existing resident 
populations, or disperse to unsuitable or marginal habitats where they cannot survive.  Numerous 
lynx mortality records exist from anomalous habitats or habitats where no records support 
evidence (either current or historical) of a reproducing population (McKelvey et al. 2000a).  
Many of these records correspond to post-population peaks in Canada, with some lag time for 
immigration (McKelvey et al. 2000a).  We find no evidence of lynx populations becoming 
established in such areas. 
 
Lynx populations in the contiguous United States seem to be influenced by lynx population 
dynamics in Canada (Thiel 1987; McKelvey et al. 2000a, c).  Many of these populations in 
Canada are directly interconnected United States populations, and are likely a source of 
emigration into contiguous United States lynx populations.  Therefore, we assume that retaining 
connectivity with larger lynx populations in Canada is important to ensuring long-term 
persistence of lynx populations in the United States.  We assume that, regionally, lynx within the 
contiguous United States and adjacent Canadian provinces interact as metapopulations and, 
therefore, assessments of population viability must be made at this larger scale and not solely 
based on populations within the contiguous United States. 
 
PRELIMINARY RECOVERY ASSESSMENT 
 
The historical and current range of the lynx in the contiguous United States is within the southern 
extensions of the boreal forest in the Northeast, Great Lakes, Rocky Mountains, and Cascade 
Mountains.  The lynx is listed in the 14 States that support boreal forest types and contain 
verified records of lynx occurrence--Colorado, Idaho, Maine, Michigan, Minnesota, New 
Hampshire, New York, Oregon, Montana, Utah, Vermont, Washington, Wisconsin, and 
Wyoming. 
 
Based on our examination of historical and recent evidence, lynx habitat and occurrence within 
the contiguous United States can be categorized as--1) core areas, 2) secondary areas, and 
3) peripheral areas.  The areas with the strongest long-term evidence of the persistence of lynx 
populations within the contiguous United States are defined as “core areas.”  Core areas have 
both persistent verified records of lynx occurrence over time and recent evidence of 
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reproduction.  Six core areas and one “provisional” core area are identified within the contiguous 
United States.  The provisional core area in the Southern Rockies was identified because it 
contains a reintroduced population1.  Reproduction has been documented in this introduced 
population; however, it is too early to determine whether a self-sustaining lynx population will 
result.  Focusing lynx conservation efforts on these core areas will ensure the continued 
persistence of lynx in the contiguous United States by addressing fundamental principles of 
conservation biology: 
 
1) representation by conserving the breadth of ecological settings of the distinct population 

segment; 
 
2) redundancy by retaining a sufficient number of populations to provide a margin of safety to 

withstand catastrophic events; and 
 
3) resiliency by maintaining sufficient numbers of animals in each population to withstand 

randomly occurring events and prey population dynamics. 
 
At this time, the role of areas outside of these core areas in sustaining lynx populations in the 
contiguous United States is unclear.  The fluctuating nature of lynx population dynamics and the 
ability of lynx to disperse long distances have resulted in many individual occurrence records 
outside of core areas, without accompanying evidence of historic or current presence of lynx 
populations.  Areas classified as “secondary areas” are those with historical records of lynx 
presence with no record of reproduction; or areas with historical records and no recent surveys to 
document the presence of lynx and/or reproduction.  If future surveys document presence and 
reproduction in a secondary area, the area could be considered for elevation to core.  We 
hypothesize that secondary areas may contribute to lynx persistence by providing habitat to 
support lynx during dispersal movements or other periods, allowing animals to then return to 
“core areas.”  In “peripheral areas” the majority of historical lynx records is sporadic and 
generally corresponds to periods following cyclic lynx population highs in Canada.  There is no 
evidence of long-term presence or reproduction that might indicate colonization or sustained use 
of these areas by lynx.  However, some of these peripheral areas may provide habitat enabling 
the successful dispersal of lynx between populations or subpopulations.  At this time, we simply 
do not have enough information to clearly define the relative importance of secondary or 
peripheral areas to the persistence of lynx in the contiguous United States. 
 

                                                           
1 Since 1999, 204 lynx from Canada and Alaska have been released into Colorado.  In 2003, 6 litters were 
documented with a total of 16 kittens; in 2004, 14 litters were documented with a total of 39 kittens (T. Shenk, 
Colorado Division of Wildlife, pers. comm. 2005). 
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I. CORE AREA CRITERIA  To meet the definition of a core area for lynx, the area must 
meet all of the following conditions (Table 1): 
 Has verified evidence (e.g., McKelvey et al. 2000a; Hoving et al. 2003) of long-term 

historical and current presence of lynx populations.  Lynx occurrences within the core 
area are persistent over time despite the cyclic or fluctuating nature of lynx and snowshoe 
hare populations that may periodically result in reduced populations or suspected local 
extirpation of lynx.  This is normal unless populations do not show a positive response 
when snowshoe hare populations increase. 

 Has recent (within the past 20 years) evidence of reproduction.  Reproduction or 
recruitment into the lynx population may not occur every year because of natural cyclic 
or fluctuating populations that are tied to snowshoe hare population levels. 

 Contains boreal forest vegetation types of the quality and quantity to support both lynx 
and snowshoe hare life needs. 
o Large or numerous patches of habitat supporting average snowshoe hare densities 

over time of at least 0.5 hare per hectare (1.2 hares per acre) (Ruggiero et al. 2000); 
the best available information suggests that this is the minimum density necessary to 
support survival of lynx kittens and recruitment into and maintenance of a lynx 
population. 

o Contains a minimum of 1,250 km2 (483 mi2) of boreal forest habitat as part of a larger 
landscape for conservation (can include boreal forest habitat directly adjacent in 
Canada).  This is the minimum size considered necessary to support a minimum lynx 
population of at least 25 adults based on information from the North Cascades in 
Washington (1 lynx per 50 km2) (Brittell et al. 1989; Koehler 1990; McKelvey et al. 
2000b).  Habitat patches must be sufficiently large and connected to enable 
movement within and between patches within a core area. 

 Snow conditions are generally fluffy and/or deep enough to favor the competitive 
advantage of lynx. 
 CORE AREAS (Figure 1) 

 NORTHEAST 
 Northern Maine/northern New Hampshire 

 GREAT LAKES 
 Northeastern Minnesota 

 NORTHERN ROCKIES/CASCADES 
 Northwestern Montana/northeastern Idaho 
 Northern Cascades (Washington) 
 Kettle/Wedge (Washington) 
 Greater Yellowstone Area (portions of Wyoming, Montana, Idaho) 
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 PROVISIONAL CORE AREA (Figure 1) 
 SOUTHERN ROCKIES 

 Entire (Colorado and southern Wyoming) 
II. SECONDARY AREA CRITERIA (Table 1) 

 Compared to core areas, secondary areas have fewer and more sporadic current and 
historical records of lynx and, as a result, historical lynx abundance has been relatively 
low.  Reproduction has not been documented. Some of the secondary areas have not been 
surveyed following any survey protocol; as a result the current status of lynx occupancy 
in some secondary areas is not known. 

 Quality and quantity of lynx habitat (including snowshoe hare densities and snow 
conditions) is less clear.  Information is currently lacking to understand why historical 
lynx abundance in these areas appears to be less than in core areas.  Compared to core 
areas, habitat in secondary areas may be patchier, drier, and/or more maritime resulting in 
snow or habitat conditions that are not favorable to lynx.  Another explanation may be 
that lynx populations were extirpated because of changes in vegetation structure that 
resulted in poor prey populations or some disturbance, such as past trapping, and the area 
has not been recolonized by lynx. 

 As new information becomes available, some areas currently classified as secondary may 
be elevated to core status. 
 SECONDARY AREAS (Figure 1) 

 NORTHEAST 
 None 

 GREAT LAKES 
 Northern Minnesota/northwestern Wisconsin (portions) 

 NORTHERN ROCKIES/CASCADES 
 Southwest Montana 
 Northern/central Idaho(north of the Salmon River) 
 Northern Chelan County (Washington) 
 Salmo Priest (Washington) 
 Little Pend Oreille (Washington) 

 SOUTHERN ROCKIES 
 None 
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III. PERIPHERAL AREA CRITERIA (Table 1) 
 Areas that contain few verified historical or recent records of lynx; records are sporadic 

and usually associated with periods when there were unprecedented cyclic population 
highs in Canada, such as the early to mid 1960s and/or 1970s.  There may be large gaps 
in time, e.g., from 1920s to 1960s, with no records of lynx. 

 Quality and quantity of habitat to support adequate snowshoe hare or lynx populations 
are questionable.  Habitat may occur in small patches and is not well-connected to larger 
patches of high quality habitat. 

 May sustain short-term survival during lynx dispersal. 
 PERIPHERAL AREAS (Figure 1) 

 NORTHEAST 
 Vermont 
 New York 
 Eastern Maine 
 Central New Hampshire 

 GREAT LAKES 
 Northeastern Wisconsin  
 Michigan 

 NORTHERN ROCKIES/CASCADES 
 Utah 
 Big Horn Mountains (Wyoming) 
 Northeast Oregon/southeast Washington 
 Southern Cascades (Washington) 
 Vulcan/Tunk (Washington) 
 Snowy Mountains and Highwood Mountains (Montana) 

 SOUTHERN ROCKIES 
 None 

 
Land Ownership Pattern:  Coarse estimates of the amount of lynx habitat and land ownership 
in the different regions of the contiguous United States can be found in our 2003 Clarification of 
the Final Rule (USDI 2003). Outside of the Northeast, lynx habitat occurs primarily on a 
federally-owned land base, predominantly U.S. Forest Service (FS).  In the Northeast, nearly all 
the lynx habitat is privately-owned, most of which is commercial forest in Maine. 
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SUMMARY OF LISTING FACTORS 
 
A) The present or threatened destruction, modification or curtailment of habitat or range. 
 
In all regions within the range of lynx in the contiguous United States, timber harvest, recreation 
and their related activities are the predominant land use affecting lynx habitat.  The final rule 
stated that timber harvest and associated forest management can be benign, beneficial, or 
detrimental to lynx depending on harvest methods, spatial and temporal specifications, and the 
inherent vegetation potential of the site (USDI 2000, 2003). 
 
The primary factor that caused the lynx to be listed was the lack of guidance for conservation of 
lynx and snowshoe hare habitat in National Forest Land and Resource Plans and Bureau of Land 
Management (BLM) Land Use Plans given that a substantial amount of lynx habitat in the 
contiguous United States is federally managed (USDI 2000).  This lack of guidance allowed the 
continued degradation of lynx habitat on Federal lands through timber management and other 
Federal activities.  The remanded final rule2 found that timber harvest and/or fire suppression 
may have had regional or local impacts but we believe that they are not currently at a level 
threatening the contiguous United States lynx distinct population segment, as a result of 
conservation agreements3 between the FS, BLM, and Service.  The FS and BLM have curtailed 
pre-commercial thinning, thought to be detrimental to snowshoe hare and thus lynx, since the 
signing of a Lynx Conservation Agreement with the Service and the programmatic biological 
opinion on FS and BLM land management plans.  Both the Conservation Agreement and 
programmatic biological opinion require that the information and recommendations in the Lynx 
Conservation Assessment and Strategy (Ruediger et al. 2000), which was based on the current 
state of knowledge, be considered for project planning and used as the basis for effects 
determinations. 
 
Except for lynx habitat management plans on some private and State lands in Washington, in the 
remainder of the contiguous United States range there are no management plans that specifically 
address lynx conservation. 
 
NORTHERN ROCKIES/CASCADES AND SOUTHERN ROCKIES 
The remanded final rule (USDI 2003) concluded that some timber harvest activities, such as 
pre-commercial thinning, may reduce the quality of snowshoe hare habitat in local areas on 
non-Federal lands in the Northern Rocky Mountains/Cascades and Southern Rocky Mountains, 
and thus may negatively affect lynx or lynx habitat at local scales.  Alternatively, timber harvest 
regimes in lynx habitat that create a dense understory provide good snowshoe hare and lynx 
conditions.  Furthermore, lynx habitat on National Forest and BLM lands is currently managed to 
conserve lynx since the signing of a Lynx Conservation Agreement and the programmatic  

                                                           
2 A 2002 court order directed the Service to reconsider the status of the Canada lynx under the Endangered Species 
Act.  The remanded final rule reaffirmed the decision to list as threatened in the contiguous United States. 
 
3 Both conservation agreements expired in December 2004.  The Forest Service agreement has been revised (May 
2005), resulting in changes from the original conservation agreement. 
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biological opinion on FS and BLM land management plans, both of which require that the 
information and recommendations in the Lynx Conservation Assessment and Strategy be 
considered for project planning and used as the basis for effects determinations. 
 
The remanded final rule (USDI 2003) found that fire suppression has had only limited effects on 
lynx habitat in the Northern Rocky Mountains/Cascades and Southern Rocky Mountains; 
however, it may affect lynx habitat quality at some local scales, particularly on non-Federal 
lands.  Fire suppression and reduction of heavy fuels has the potential to affect snowshoe hare 
habitat.  Because the highest priorities for fuels treatment projects are in low elevation forests 
with low-intensity-high frequency fire regimes (which are not lynx habitat) and for 
wildland-urban interface areas, the overall effects on lynx habitat are anticipated to be limited. 
 
GREAT LAKES 
Timber harvest and fire suppression on non-Federal lands may cause local impacts to lynx and 
snowshoe hare habitat in the Great Lakes Region.  Since the lynx was listed, lynx habitat on 
National Forest lands is managed to conserve lynx and National Forest Plans on the Superior and 
Chippewa National Forests have been revised to provide for the conservation of lynx. 
 
NORTHEAST 
Timber harvest and associated activities on non-Federal lands exert the most influence on lynx 
habitat in the Northeast and have created the favorable conditions that currently exist for lynx 
and snowshoe hares (Homyack 2003) in northern Maine.  As a result of the Standards (Maine 
Department of Conservation 1999) that implement the Maine Forest Practices Act, as amended 
(Maine Department of Conservation 2004) harvest management in Maine has shifted away from 
clearcutting and now favors partial cutting, which, in some situations, may result in less 
favorable conditions for snowshoe hare and lynx. 
 
B) Overutilization for commercial, recreational, scientific, or educational purposes. 
 
We found that in the contiguous United States, lynx populations occur at naturally low densities.  
This is expected because of limited habitat and limited availability of their primary prey, 
snowshoe hares.  At southern latitudes, low snowshoe hare densities are likely a result of the 
naturally patchy, transitional boreal habitat.  Such habitat prevents hare populations from 
achieving high densities similar to those in the extensive northern boreal forest.  The final rule 
(USDI 2000) and remanded final rule (USDI 2003) found that despite concerns that overtrapping 
had severely depressed the United States populations of lynx, low numbers of lynx in the 
contiguous United States compared to northern Canada occur not as a result of historical 
overtrapping within the United States, but because lynx and their prey are naturally limited by 
the amount of habitat, topography, and climate.  Precautions taken by States to restrict lynx 
trapping since the 1980s likely prevented and continue to prevent the overharvest of resident 
lynx. 
 
Legal trapping, snaring, and hunting for bobcat, coyote, wolverine, and other furbearers create a 
potential for incidental capture or shooting of lynx.  Lynx persist throughout their range despite 
the incidental catch that presumably has occurred throughout the past, probably at higher levels 
than presently.  Although we are concerned about the mortality of lynx that are incidentally  
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captured, we have no information to indicate that the loss of these individuals has negatively 
affected the overall ability of lynx in the contiguous United States to persist.  We recognize that 
individuals may be lost, which could affect small, local populations. 
 
Lynx trapping in Canada, where lynx are a legally harvested furbearer, may affect rates of lynx 
immigration into the contiguous United States  Immigration of lynx into the contiguous United 
States is believed important to sustaining persistent lynx populations in core areas adjacent to 
Canada, therefore, contiguous United States lynx populations might be negatively affected if 
trapping reduces the numbers of emigrating lynx. 
 
C) Disease or predation. 
 
Disease or predation is not known to be a factor threatening lynx at a population level. 
 
D) Inadequacy of existing regulatory mechanisms. 
 
As a result of Federal, State, and Tribal regulations and plans that conserve lynx, in particular the 
Forest Service and BLM Lynx Conservation Agreements and the revision of some Forest Plans, 
the threats to lynx from the inadequacy of existing regulatory mechanisms have been reduced 
since the lynx was listed.  However, establishment of consistent guidance that provides adequate 
regulatory mechanisms over the longer term is needed throughout the range of the lynx.  
Similarly, plans to conserve lynx habitat and provide long-term conservation of lynx in the 
Northeast are currently lacking.  The Maine Forest Practices Act has significantly changed 
silvicultural practices from clearcutting to partial harvesting, which may not create conditions 
that are beneficial to lynx and snowshoe hares (Hoving et al. 2004). 
 
E) Other natural or manmade factors affecting the species’ continued existence. 
 
Lynx move between boreal habitats in Canada and the contiguous United States.  Immigration of 
lynx from Canada plays a vital role in sustaining lynx in the contiguous United States 
(McKelvey et al. 2000c).  It is essential that landscape connectivity between lynx habitats and 
populations in Canada and the contiguous United States be maintained.  Lynx movements may 
be negatively influenced by high traffic volume on roads that bisect suitable lynx habitat, such as 
in the Southern Rockies.  At this time there is no evidence that, if competition exists between 
lynx and potential competitors such as coyotes and bobcats, it exerts a population-level impact 
on lynx.  The theory that compacted snow trails and roads that are maintained for winter 
recreation and forest management facilitate competition by giving other species, particularly 
coyotes, access to lynx winter habitat has neither been proven or disproven at this time. 
 
The ranges of lynx and bobcat naturally interface within the contiguous United States.  The range 
of bobcats is limited by snow conditions that provide a competitive advantage to lynx.  In 2003, 
lynx-bobcat hybridization was first documented in Minnesota and has since been documented 
elsewhere in the Great Lakes and the Northeast (Schwartz et al. 2004).  Whether lynx-bobcat 
hybridization has implications for lynx conservation is unknown at this time. 
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Scientific evidence has demonstrated that globally the climate has been warming as evidenced by 
changes in the amount of snow cover, among other indicators (Intergovernmental Panel on 
Climate Change 2001).  Continued warming temperatures are likely to negatively affect the cold 
climatic conditions that create and maintain the boreal forest ecosystem for which lynx are 
highly adapted.  As a result, we anticipate that continued warming trends may eventually cause 
the boreal forests in the contiguous United States to recede north and/or recede to higher, colder 
elevations, which would likely result in adverse effects to the contiguous United States 
population of lynx. 
 
Conservation Efforts:  The FS and BLM signed 4-year Conservation Agreements with the 
Service in 2000.  The FS agreement has been revised and renewed (FS and Service 2005).  The 
BLM agreement has not been renewed although the agency continues to work within the 
agreement.  Under the agreements, lynx habitat was mapped on all National Forest and BLM 
lands across the contiguous United States and section 7 consultation occurs on these lands.  
Determinations of project effects on lynx are based on the most current science, including the 
Lynx Conservation Assessment and Strategy.  National Forest Land and Resource Plans and 
BLM Land Use Plans have been revised or amended, or are in the process of revision or 
amendment, to address lynx conservation needs.  In the Northeast, there are no land management 
plans to address lynx conservation at this time. 
 
Research on lynx and snowshoe hare ecology, habitat requirements, population demographics 
and factors influencing lynx populations continues in Colorado, Maine, Minnesota, Montana, 
Washington, and Wyoming.  The State of Colorado is continuing its intensive effort to augment 
or reestablish resident lynx populations in the Southern Rocky Mountains 
(>http://wildlife.state.co.us/species_cons/lynx.asp<).  Results of a 3-year effort to document lynx 
distribution in the United States through the National Lynx Survey are being prepared for 
publication (K. McKelvey, Rocky Mountain Research Station, pers. comm. 2005).  The 
Washington Department of Fish and Wildlife has adopted a Lynx Recovery Plan given that the 
lynx is a classified by the Washington Fish and Wildlife Commission as threatened (Stinson 
2001). 
 
PRELIMINARY RECOVERY STRATEGY 
 
Recovery Priority Number:  15, on a scale of 1C (highest) to 18 (lowest) (USDI 1983a, b).  
This ranking is based on a low degree of threat, a high potential for recovery, and a taxonomic 
classification as a distinct population segment under the Endangered Species Act 
(16 U.S.C. 1531, et seq.). 
 
Recovery Goal:  The goal of this recovery effort is to address threats to the lynx so that 
protection of this species under the Endangered Species Act is no longer required, and delisting 
is warranted. 
 
Preliminary Recovery Objectives and Actions:  Recovery of the lynx will be achieved when 
conditions have been attained that will allow lynx populations to persist long-term within each of 
the identified core areas.  Here we present our preliminary recovery objectives and measures for 
calculating progress toward the recovery goal of delisting the lynx, as well as the recommended 
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recovery actions to attain that goal, with the understanding that all are subject to change as new 
information is gathered.  More specific recovery objectives, delisting criteria, and actions will be 
developed in the course of the formal recovery planning process and as additional data become 
available for analysis.  Note that the development of demographic criteria for delisting is not 
possible at this time (see “Additional Recovery Considerations,” below).  We present our 
recommended preliminary recovery actions here to encourage the immediate implementation of 
such actions, rather than waiting on the release of the draft recovery plan, to make positive 
progress toward recovery of the lynx. 
 
Objective 1:  Retain adequate habitat of sufficient quality to support the long-term persistence of 
lynx populations within each of the identified core areas. 
 
Objective 2:  Ensure that sufficient habitat is available to accommodate the long-term 
persistence of immigration and emigration between each core area and adjacent populations in 
Canada or secondary areas in the United States. 
 
Objective 3:  Ensure that habitat in secondary areas remains available for continued occupancy 
by lynx. 
 
Objective 4:  Ensure that threats have been addressed so that lynx populations will persist in the 
contiguous United States for at least the next 100 years. 
 
Recovery Actions Needed to Attain Objectives 
 
1. Establish management commitments in core areas that will provide for adequate quality 

and quantity of habitat such that there is a reasonable expectation that persistent lynx 
populations can be supported in each of the core areas for at least the next 100 years. 

 
1.1. On major Federal land ownerships within each core area, establish and implement long-

term guidance whose adequacy to conserve lynx has been verified in a biological 
opinion. 

 
1.2. On non-Federal lands in the core areas, develop and implement best management 

practices and long-term management agreements for lynx with key State, private and/or 
Tribal forest managers. 

 
2. Maintain baseline inventories of lynx habitat in each core area, monitoring changes in 

structure and the distribution of habitat components. 
 
3. Monitor lynx use in lynx analysis units4 or other appropriate management unit at least 

once every 10 years to determine distribution and occupancy within the core area. 
 

                                                           
4  As defined in Ruediger et al. (2000), a lynx analysis unit is a project analysis unit upon which direct, indirect, and 
cumulative effects analyses are performed.  The size of a lynx analysis unit approximates the area used by an 
individual lynx, about 65 to 129 square kilometers (25 to 50 square miles).     
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4. Identify habitat facilitating movement between each core area and lynx populations in 
Canada. 

 
4.1. Develop and implement long-term management commitments with key Canadian, 

United States Federal, State, Tribal, and private forest landowners to conserve these 
habitats. 

 
4.2. Develop agreements with appropriate Canadian wildlife authorities to survey lynx 

populations in Provinces adjacent to core areas and closely monitor the effects of lynx 
harvest to ensure lynx populations in southern Canada persist.  

 
5. Ensure that habitat in secondary areas remains available for occupancy by lynx. 
 

5.1. Conduct surveys to determine whether any of the unsurveyed secondary areas support 
lynx populations that have not been recently documented.  Based on results, adjust core 
and secondary area designations as appropriate. 

 
5.2. Conduct research to determine the role of secondary areas in ensuring the persistence of 

lynx in both the contiguous United States and individual core areas.  Based on results, 
adjust recovery objectives and criteria as appropriate. 

 
5.3. In secondary areas, monitor amount and condition of habitat and conduct surveys (at 

least once every 10 years during population peaks) to document occurrence of lynx.  
 

5.4. Identify and implement management efforts as necessary to provide lynx habitat in 
secondary areas.  Use the Lynx Conservation Assessment and Strategy (Ruediger et al. 
2000) as habitat management guidance in secondary areas. 

 
5.5. Determine whether dispersal occurs between core areas and secondary areas and develop 

and implement management agreements with key landowners to conserve these habitats 
if necessary. 

 
6. Identify population and habitat limiting factors for lynx in the contiguous United 

States. 
 

6.1. Continue and complete studies necessary to gather basic information on the ecological 
requirements, distribution, population size and trends in each of the core areas and as 
possible for secondary areas. 

 
6.2. Identify the risk to lynx populations posed by forest management techniques and human-

induced mortality from factors such as roads, trapping and hunting.  Address these 
factors as necessary to ensure the long-term persistence of lynx populations in core 
areas. 

 



 14

6.3. Continue and complete studies to assess the role of potential competitors (bobcat, 
coyotes) and predators (fisher, mountain lions) in limiting persistence of lynx 
populations in core areas; if determined to be limiting factors address as necessary. 

 
6.4. Research the role hybrization between lynx and bobcats may have in limiting the 

persistence of lynx populations in core areas; if determined to be a limiting factor 
address as appropriate. 

 
6.5. Monitor the effects of climate change on boreal forest habitat in each of the core areas.  

Modify the delineation of core areas and adjust management strategies if necessary. 
 
7. Develop a post-delisting monitoring plan that will be in place and ready for 

implementation prior to delisting to ensure the continuing effectiveness of the recommended 
recovery actions and allow for adaptive management, as necessary. 

 
Additional Recovery Considerations:  This recovery outline provides preliminary recovery 
objectives for the contiguous United States distinct population segment of the Canada lynx.  At 
the present time, there are inadequate methods available to develop lynx population estimates for 
each of the six core areas.  Without methods to assess population size or trends, it is not yet 
possible to develop demographic criteria for delisting the species.  The cyclic or fluctuating 
nature of lynx populations provides an additional element of uncertainty in assessing population 
trends.  As a result, the Service has concluded that it is not practicable at this time to establish 
demographic criteria for delisting the species. 
 
The delineation of demographic recovery criteria would be facilitated by the development of 
regional population viability models for each of the core areas (and adjacent lynx populations in 
Canada, if appropriate) to better understand the population sizes needed for long-term 
persistence.  Modeling also can provide insights into how the cyclic or fluctuating nature of lynx 
populations and threats affect long-term persistence. 
 
Further uncertainty in recovery and persistence of lynx in the contiguous United States lies in the 
potential effects of global climate change.  Continued warming trends may eventually have a 
profound effect on the winter conditions that create the habitats for which lynx are highly 
adapted, and could result in a substantial reduction or even elimination of lynx habitats from the 
contiguous United States. 
 
Federal Recovery Plan Coordination and Preparation:  The Service does not anticipate 
appointing a formal Recovery Team to develop a recovery plan.  Comments and suggestions 
regarding this outline will be considered in preparing a draft recovery plan.  The public will be 
invited to comment on the draft recovery plan at the time it is released.  A final recovery plan 
will be made available to all interested parties. 
 
Given staff and budget limitations, the Service intends to begin formal recovery planning for the 
lynx in early 2007, after the final lynx critical habitat designation is complete (due 
November 2006).  We anticipate a draft recovery plan would be available for public review in 
January 2008. 
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From: Shoemaker, Justin
To: Zelenak, Jim
Cc: Jodi Bush; Marjorie Nelson
Subject: Re: For Lynx 5-yr Discussion
Date: Wednesday, September 13, 2017 8:56:33 AM
Attachments: Lynx 5-yrReview_09012017 rough draft_ JBeds_jzcomments_JS.doc

I've attached the latest draft of the 5 yr for our discussion.

Rough agenda:

- legal vulnerabilities of a 5 yr review
- 5 yr draft edits
- 5 yr and SSA timing, surname process, SOL involvement
- outreach

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Sep 13, 2017 at 9:03 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I've attached the final, signed 2005 Recovery Outline in case it may inform our discussion a little later. The
preliminary recovery strategy in on pages 11-14.

Let me know if other materials are needed from me.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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Comment [JB1]: Justin.  I think this is good but 
maybe needs a little bit more discussion in threats –
summary? So it answers more completely the why 
we think lynx no longer warrant protections under 
the act.   I wonder too if we need to remind folks 
what a 5 year review is in the beginning of the 
document:  
 
Like:  The purpose of a 5-year review is to assess 
each threatened and endangered species to 
determine whether its status has changed since the 
time of its listing or its last status review and 
whether it should be classified differently or delisted. 

Comment [JB2]: Also a little concerned about 
how we talk about the future of lynx.  we expect lynx 
populations in each geographic unit to become 
smaller and more patchily-distributed..  Is there a 
way to talk about that after we talk about how lynx 
are doing NOW… 
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
Analysis of theThe U.S. Fish and Wildlife Service (Service) evaluated Canada lynx DPS the 
biology and status was conductedof the contiguous United States distinct population segment 
(DPS) of the Canada lynx as part of a Species Status Assessment (SSA) to inform this 5-yr 
review and, if needed, recovery planning.  The SSA Report was written by the Canada Lynx 
Species Status Assessment Team (Lynx SSA Team), which consists of a Core Team of U.S. Fish 
and Wildlife Service (Service) biologists who work on lynx issues across the DPS range and an 
SSA Framework Implementation Team of Service and U.S. Geological Survey staff who have 
developed and advanced the SSA framework.  The SSA Report represents the Service’s 
evaluation of the best available scientific information, including the formally- elicited 
professional judgments and opinions of recognized lynx experts.  The SSA Report went 
throughunderwent independent peer and partner review before being used as the scientific basis 
to support a decision making process involving Service Regions 1, 3, 5, and 6 of the Service 
onregarding the recommendation presented in this 5-yr review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the lynx DPS as threatened under the ESA in 2000 because of the inadequacy, 
at that time, of existing regulatory mechanisms on some Federal lands to provide for the 
conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the United 
States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the Service 
finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered 
or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed the 
SSA Report to summarize the best available scientific information on the current status and 
likely future viability of the DPS. The SSA provides the scientific basis for this 5-yr review.  We 
noticed the initiation of the 5-yr review in the Federal Register on April, 18, 2007 (72 FR 
19549), and additionally published a news release announcing initiation of a 5-yr review on 
January, 13, 2015. 

Comment [SJ3]: This is a first rough draft.  Still 
needs addition of SSA report citations. And input 
from management on the level of detail provided, is 
it enough, too much.  

Comment [ZJ4]: If not essential, I would delete 
this here and define/present it in 1st paragraph below 

Comment [ZJ5]: Spell out? 

Comment [ZJ6]: Is it standard to abbreviate 
thus? 

Comment [ZJ7]: R2, at their discretion, was not 
involved in decision-making/recommendation team, 
but we have coordinated with them, and they have 
had dispersing lynx in northern New Mexico as a 
result of the Colorado releases. They should 
probably be included here (but not above). 

Comment [ZJ8]: So not a “reinitiation”? – just 
reopening the 5-yr originally initiated in 2007?  I’ve 
always been fuzzy on this, procedurally. 

Comment [SJ9R8]: ? 
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REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continue to 
persist in 4 of the 6 geographic units (Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 
(Northwestern Montana/Northeastern Idaho), and 4 (North-central Washington)) evaluated in the 
SSA.  Available evidence suggests that Colorado (Unit 6) (Colorado) did not historically support 
persistent lynx presence; however, a resident population has persisted there for more than a 
decade since the 1999-2006 release of 218 Canadian and Alaskan lynx in the San Juan 
Mountains. Based on verified records, Iit is uncertain if the Greater Yellowstone Area (Unit 5) 
historically supported a persistent resident lynx population or and it currently appears not to 
supports a resident lynx population.  Considering the available information, we found no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions.  This suggests historical and 
current resiliency among lynx populations in the DPS.  The current broad distribution of resident 
lynx in large, geographically discrete areas (redundancy) makes the DPS invulnerable to 
extirpation caused by a single catastrophic event.  Because we lack evidence that formerly 
persistent lynx populations have been lost from any large areas, it also seems that redundancy in 
the DPS has not been meaningfully diminished from historical levels.  In fact, as a result of the 
current population in Colorado, redundancy in the DPS is likely greater, at least temporarily, 
now than it was historically.  Similarly, resident lynx remain broadly distributed across the range 
of habitats that has supported them historically, suggesting maintenance of the breadth and 
diversity of ecological settings occupied within the DPS range (representation).  Additionally, 
observed high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the lynx’s range, including the DPS, suggest the past and recent 
genetic health of lynx populations in the DPS (representation; but see section 2.1).  Because 
there are no indications of significant loss of, or current stressors to, the genetic health or 
adaptive capacity of lynx populations in the DPS, we find that the current level of representation 
within the DPS does not appear to indicate a decrease from historical conditions. 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed the 

Comment [ZJ10]: I would move this (Unit 5) 
above Unit 6. 

Comment [ZJ11]: Do we want to add something 
to the effect that, in fact, given the Colorado 
introduction and the anthropogenically-influenced 
lynx abundance in Maine, there may be more 
resident lynx currently in the contig US than likely 
occurred historically? 
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singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms). We 
conclude that resident lynx populations are very likely to persist in all 5 units that currently 
support them (Units 1-4 and 6) in the near-term (2025) and likely to persist in Units 1-4 at mid-
century (2050).  We and the experts we consulted have low confidence in predicting the likely 
conditions of DPS populations beyond 2050.   After theat, In the futureNonetheless, we expect 
lynx populations in each geographic unit to become smaller and more patchily-distributed in the 
future due largely to projected climate-driven losses in habitat quality and quantity and related 
factors.  However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain.  We conclude that 
resident lynx populations are very likely to persist in all 5 units that currently support them 
(Units 1-4 and 6) in the near-term (2025).  We and the experts we consulted have low confidence 
in predicting the likely conditions of DPS populations beyond 2050.  That said, smaller, more 
isolated populations would be less resilient and more vulnerable to demographic and 
environmental stochasticity and genetic drift and, therefore, at higher risk of extirpation.  Despite 
some reduced resiliency, we conclude that resident lynx populations are very likely to persist 
through mid-century in the geographic units that supported them historically (units 1-4), with 
corresponding maintenance of redundancy and representation in the DPS over that time span.  
Although predictions out to 2100 are highly uncertain, it is possible that some units could be 
functionally extirpated by the end of the century.  Should future extirpations occur, this would 
indicate a loss of resiliency, reduced redundancy and representation, and an increased risk of 
extirpation of the DPS. 
 
Threats Analysis: 
 
Through our SSA analysis, we have fully evaluated the effects of all factors considered in a 
traditional 5-Factor analysis.  In the SSA we focused on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans at 
the time of listing (Factor D)) and on the anthropogenic influences identified as having the 
potential to exert population-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), disease and predation 
(Factor C).   
 
Synthesis (Application of SSA Results to ESA Classification)  
 
Under As defined by the Endangered Species Act (Act), an endangered species is any species 
that is “in danger of extinction throughout all or a significant portion of its range.”  In the SSA 
Report, we evaluated the best available scientific information about regarding the DPS’ current 
and predicted future condition of the lynx DPS to describe the its viability of the lynx DPS, and 
how it may change over time (2025, 2050, and 2100).  We assess the viability of the lynx DPS 
by evaluating the its ability of the DPS to maintain a sufficient number and distribution of 
healthy populations to withstand environmental stochasticity (resiliency), catastrophes 
(redundancy), and changes in its environment (representation) into the future.  Ultimately, we 
compare our evaluation of the DPS’ risk of extinction against the definitions of an endangered 
and threatened species as statutorily-defined by the Act.   

Comment [JB12]: I’m thinking that leading with 
this says this piece better 

Comment [ZJ13]: Tricky.  We don’t expect them 
to remain static and then only start declining after 
2050.  We expect a gradual decline (which may have 
already begun – e.g., fire-induced losses in WA, 
perhaps loss of small peripheral pops in northeast 
WA (outside the unit) and the Garnets, GYA (?); 
also the return to more natural numbers in Maine?) 
over time, but not to the point that the DPS would be 
at risk of extirpation throughout all/significant 
portion of its range by 2050.  That is, even by 2050, 
we could (probably will) have smaller pops and 
reduced distribution but not, according to experts 
and our assessment, to the point that the DPS will be 
teetering on the edge of extirpation by then.  Over 
the much longer term (beyond the reasonably 
foreseeable future), it is entirely possible, perhaps 
even likely, that resident lynx will no longer occur in 
the Lower 48 (we also said this in the recovery 
outline, p. 14).  We do not present this or discuss it 
in the SSA because of the great uncertainty inherent 
in climate models and other potential stressors that 
far into the (not reasonably foreseeable) future.  

Comment [SJ14R13]: ? 

Comment [JB15]: Shouldn’t we be specific here 
about what future? WHEN, even just generally..mid 
to late century?  ALSO SEE JB2  Comment  

Comment [JB16]: I’m thinking that leading with 
this says this piece better 

Comment [ZJ17]: At 2025, the 5 units had EE 
probabilities of 80-98%, which we (I) called “very 
likely to persist”. At 2050, Units 1-4 had 70-90% 
probabilities – so not sure about whether this still 
constitutes “very high” or perhaps only “high”. I said 
the latter in the report.  

Comment [ZJ18]: I’m not as sure about this, and 
I suspect 1 or more members of the Core Team 
would disagree that we “fully evaluated” all of these.  
In particular, we did not delve deeply into trapping 
or disease/predation, although each were 
mentioned/discussed. “Trapping” occurs 133 times 
in the doc., so maybe that one is covered. “Disease” 
36 times, though most are related to forest health 
(disease in trees). “Predation” has 23 matches – most 
associated with discussion of hares; “predator” has 
64 hits, and we do mention that several animals kill 
lynx but that the effects of predation on lynx 
populations is uncertain – if not currently in SSA, we ...

Comment [SJ19R18]: I disagree.  We have 
sufficiently covered the 5 factors in our SSA. If 
something wasn’t discussed as much, its only 
because it wasn’t as much of a concern to lynx ...

Comment [ZJ20]: NEW COMMENT. This is 
the first mention of the Act and should probably 
include full title of the Statute? 
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Comment [ZJ23]: NEW COMMENT. “viable”?  
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Comment [ZJ24]: NEW SUGGESTION. 
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The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4), the current persistence of lynx in one of the units 
(Uunit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. X).  The large sizes and broad geographic distributions of the areas occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to preclude the possibility of extirpation from catastrophic events (SSA Report, p. X).  
There are no indications of current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, and the current level of representation does not appear to represent a 
decrease from historical conditions (SSA Report, p. X).  Therefore, we conclude that the risk of 
extinction (in this case, extirpation of all resident lynx populations in the DPS) is low, such that 
the Canada lynx DPS currently is not in danger of extinction throughout all of its range. 
 
Under the Act, a threatened species is any species that is “likely to become an endangered 
species within the foreseeable future throughout all or a significant portion of its range.”  The 
foreseeable future refers to the extent to which the Secretary can reasonably rely on predictions 
about the future in making determinations about the future conservation status of the species 
(U.S. Department of Interior, Solicitor’s Memorandum, M-37021, and January 16, 2009).  The 
key statutory difference between a threatened species and an endangered species is the timing of 
when a species may be in danger of extinction, either now (endangered species) or in the 
foreseeable future (threatened species).  In the SSA, we considered the future condition of the 
lynx DPS out to 2025, 2050, and 2100.  It became apparent through discussions with lynx 
experts, in peer and partner reviews of the draft SSA Report, and among Service biologists and 
management that any future projections of lynx condition out to 2100 were complicated by a 
very high degree of uncertainty concerning the timing and extent of various stressors that will 
may affect lynx and hare habitat and snow regimes, especially those related to projected future 
climate change.  Therefore, in this evaluation, we focused on mid-century (2050) as the 
foreseeable future because this time horizon gives us a higher degree of certainty in reasonably 
projecting the future condition of the lynx DPS.  
 
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future.  However, all 5 
geographic units that currently support resident lynx populations (all units except the GYA) are 
expected by lynx experts (with likelihoods of 70 to 90 percent) to continue to do so through mid-
century (2050).  Our analyses and expert input suggest that resiliency will likely be sufficient to 
foster persistence (i.e., preclude extirpation) of resident lynx through mid-century in all or most 
of the 5 geographic units that currently support them.  At mid-century, we expect to lynx to 
retain a wide geographical distribution of populations, maintaining redundancy within the DPS.  
Should lynx populations in each geographic unit to become smaller and more patchily-
distributed, there could be potential for reduced genetic health and/or adaptive capacity would be 
expected; however, we have no evidence to suggest reduced representation would be a DPS- 
level concern in the futureat mid-century.  Therefore, we conclude that the risk of extinction 
(extirpation of the DPS) in the foreseeable future (by 2050) is low, such that the lynx DPS is not 

Comment [ZJ25]: NEW EDIT 

Comment [ZJ26]: “suggest”? 

Comment [ZJ27]: NEW SUGGESTIONS 

Comment [ZJ28]: Add “or a significant portion” 

Comment [JB29]: This seems pretty vague… 

Comment [SJ30R29]: ? 

Comment [ZJ31]: NEW SUGGESTION 

Comment [ZJ32]: “beyond mid-century”? 

Comment [ZJ33]: NEW 
RECOMMENDATIONS 
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likely to become endangered species within the foreseeable future throughout all or a significant 
portion of its range within the foreseeable future and, therefore, does not meet the statutory 
definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS and, therefore, 
recovery criteria have not been developed.  However, we the Service completed a Recovery 
Outline on September 14, 2005,.  The Recovery Outlinewhich provided preliminary recovery 
objectives and actions based on our understanding, at that time, of current and historical lynx 
occurrence and lynx population dynamics in the contiguous United States DPS.  Even in the 
absence of a recovery plan, progress has been made on some components of Tthe preliminary 
recovery strategy described in the 2005 Recovery Outline (e.g., improved regulatory mechanisms 
on Federal and some State, Tribal, and private lands and related protections of important lynx 
and hare habitats; research, surveys, and monitoring leading to improved understanding of lynx 
ecology, distribution, habitat requirements, and the role of secondary areas in the DPS range), 
while other components have seen little or no progress (e.g., establishing long-term management 
agreements on most non-Federal lands in the DPS range and with Canadian wildlife authorities 
to assure habitat maintenance and continued lynx dispersal potential).  Yet other components 
(e.g., ensuring lynx persistence in the DPS for the next 100 years) may no longer be appropriate 
given new information regarding potential impacts of climate change and the high level of 
uncertainty regarding the timing, rate, and magnitude of those impacts.  Nonetheless, it is clear 
that since the DPS was listed, the singular threat for which it was listed, the inadequacy of then-
existing regulatory mechanisms on some Federal lands, has been substantially addressed by the 
formal revisions of and amendments to Federal land management plans to apply the best 
available scientific information to the conservation of lynx habitat and populations on those 
lands. is obsolete in light of our increased understanding of the viability of the lynx DPS since 
that time.  
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range nor is it likely to 
become so in the foreseeable future, i.e. not a threatened species throughout its range.  We 
recommend removing the Canada lynx DPS, currently listed as threatened, from the list of 
threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
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It’s not that original date relied on were in error; we 
just know a bunch more now than we did then. 
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New Recovery Priority Number (indicate if no change; see Appendix E): 
 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

____ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS. The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW of species x 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies.  
 
Background  
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. Lynx in the DPS occur at 
the southern margin of the species’ range, where boreal forest habitats and thus lynx are 
naturally less abundant and generally more patchily-distributed than in the core of the species’ 
range in Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in 
Canada is thought to be important. However, the extent to which DPS populations may depend 
on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4).  
  
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5).  
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx than 
was suspected when the DPS was listed. Further, some areas suspected to have lost historical 
lynx populations may have been (and perhaps are now) naturally capable of supporting resident 
lynx only ephemerally or intermittently, as would be expected in marginal habitats at the 
southern periphery of the species’ range under a metapopulation structure like that thought to 
govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic units will 
continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 Range (%)3 Probability of 

Persistence (%) Range (%) Probability of 
Persistence (%) Range (%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit).   
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a given 
number of geographic units based on experts’ predictions for individual geographic units. 
Experts’ “most likely” probabilities are summarized in the middle column; their highest (“better 
case”) and lowest (“worse case”) probabilities, representing uncertainty in their predictions, are 
summarized in the left and right columns, respectively. See section 5.1 for additional details on 
graph construction and interpretation.  
 
Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
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Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain.          
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
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Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming.  
  
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain.  
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
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Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel abundance. 
 
DPS Viability     
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 release of 218 Canadian and Alaskan lynx in the 
San Juan Mountains. Considering the available information, we find no reliable evidence that 
the current distribution and relative abundance of resident lynx in the contiguous United States 
are substantially reduced from historical conditions. This suggests historical and current 
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resiliency among lynx populations in the DPS. The current broad distribution of resident lynx in 
large, geographically discrete areas (redundancy) makes the DPS invulnerable to extirpation 
caused by a single catastrophic event. Because we lack evidence that formerly persistent lynx 
populations have been lost from any large areas, it also seems that redundancy in the DPS has 
not been meaningfully diminished from historical levels. In fact, as a result of the current 
population in Colorado, redundancy in the DPS is likely greater, at least temporarily, now than it 
was historically. Similarly, resident lynx remain broadly distributed across the range of habitats 
that has supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation). Additionally, observed high 
rates of dispersal and gene flow and, therefore, generally low levels of genetic differentiation 
across most of the lynx’s range, including the DPS, suggest the past and recent genetic health 
of lynx populations in the DPS (representation; but see section 2.1). Because there are no 
indications of significant loss of or current stressors to the genetic health or adaptive capacity of 
lynx populations in the DPS, we find that the current level of representation within the DPS does 
not appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the Service’s evaluation of the best available scientific information, including the 
formally elicited professional judgments and opinions of recognized lynx experts. Based on this 
information, we:  (1) describe the ecological requirements and population dynamics of the 
species; (2) evaluate the historical and current condition of lynx populations in the DPS and the 
factors that appear to have influenced them; and (3) assess the future viability of the DPS in the 
near-term (through the year 2025), in the mid-term (through 2050), and through the end of this 
century in terms of the conservation biology principles of resiliency, redundancy, and 
representation (the “3 Rs”).   
 
The lynx is a boreal forest predator whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive spruce-fir 
conifer forests of the Canadian and Alaskan taiga; however, the southern margins of both their 
ranges extend into the northern contiguous United States. The U.S. Fish and Wildlife Service 
(Service) designated lynx in the Lower 48 States as a DPS because of differences in the 
management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences between lynx habitat at the 
southern extent of its range in the contiguous United States compared to the northern range in 
Canada and Alaska. The Service listed the DPS as threatened under the Endangered Species 
Act (ESA) of 1973, as amended, in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms on some Federal lands to provide for the conservation of lynx habitats 
and populations. This SSA does not reconsider the designation of the DPS or its listing status 
under the ESA, which are Service policy decisions. Instead, it provides the scientific basis for 
the statutorily required 5-year status review for the DPS and other decisions the Service is 
required to make in accordance with the ESA. 
 
Lynx were documented historically in 24 of the contiguous United States; however, in at least 11 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually in 
association with “irruptions” (mass dispersal events) of lynx from Canada when northern 
snowshoe hare populations underwent dramatic cyclic declines roughly every decade (see 
below and section 2.3.2.1). When it listed the DPS under the ESA, the Service defined its range 
as the forested portions of 14 states; 4 in the Northeast (Maine, New Hampshire, New York, 
Vermont), 3 in the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West 
(Colorado, Idaho, Montana, Oregon, Utah, Washington, Wyoming). Based on a detailed 
analysis of verified historical lynx records that was published at about the time the DPS was 
listed and on research and monitoring that have occurred since then, it seems likely that lynx 
occurred historically in some of those states (New York, Vermont, Wisconsin, Oregon, and 
Utah) only intermittently as dispersers or as small, naturally ephemeral populations; not as 
persistent resident breeding populations. In other states (New Hampshire, Michigan, Colorado, 
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and Wyoming), it remains uncertain whether resident lynx occurred historically as small but 
persistent breeding populations or only ephemerally. Parts of the remaining states (Idaho, 
Maine, Minnesota, Montana, and Washington) show the strongest evidence of historical and 
recent (at the time of listing and since then) persistent resident populations.  
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recentlysupported resident lynx. The units are 
distributed across the northern contiguous United States from Maine to Washington and south 
along the Rocky Mountains to western Colorado. Units 1 (Northern Maine), 2 (Northeastern 
Minnesota), 3 (Northwestern Montana/Northeastern Idaho, and 4 (North-central Washington) 
historically supported and currently support resident lynx populations. Based on verified records, 
it is uncertain whether units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) 
historically supported persistent populations or if they supported resident lynx only ephemerally. 
In the GYA, there are very few verified records from 1920-1999, but several resident lynx and 
some kitten production were verified in the late 1990s and early 2000s. In addition, at least 9 
radio-marked lynx released in Colorado (see below) dispersed northward into or through the 
GYA Unit from 2003-2010, but no lynx have been detected in the GYA since 2010. In Unit 6, 
there were even fewer verified records during the last century, and no reliable evidence of a 
resident breeding population. However, from 1999-2006, 218 Canadian and Alaskan lynx were 
released into the San Juan Mountains of southwestern Colorado. As a result of the subsequent 
reproduction of some of the released lynx and some of their offspring over several generations, 
resident lynx currently occupy parts of western Colorado. 
 
Units 1-5 include the same areas the Service designated as critical habitat for the DPS in 2014 
(we did not designate critical habitat in Colorado). Combined, the 6 units encompass over 
131,000 km2 (about 50,640 mi2) of occupied or potential lynx habitat and represent 
approximately the southern 2 percent of the species’ breeding distribution (98 percent occurs in 
Canada and Alaska; figure 1). The units are relatively isolated from each other, but units 1-4 are 
directly adjacent and connected to larger lynx populations and habitats in southern Canada. 
Land ownership varies among the units, with private lands accounting for most of the Northern 
Maine Unit; a mix of Federal, State and private lands in Minnesota; and predominantly Federal 
lands in the 4 western units (see chapter 1, table 1, below for additional details on unit sizes and 
land ownership). Although small numbers of lynx are regularly or occasionally documented in 
other parts of the northern contiguous United States, often peripherally to the SSA geographic 
units, these peripheral areas do not support persistent resident lynx populations. Lynx may 
occur in such areas as small and ephemeral breeding populations or as occasional dispersing 
or transient individuals. 
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Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws,which provide it with a very low foot-loading (weight per surface area 
of foot) - that allow it to more efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (see section 2.2). These characteristics are 
thought to provide lynx with a seasonal (4 to 5 winter months in most of the DPS) competitive 
advantage over other terrestrial hare predators and allow them to occupy habitats that are 
unavailable to some of their potential competitors. 
 
Lynx in the DPS occur at the southern margin of the species’ range and the southern extent of 
the environmental conditions (boreal forest distribution and structure; hare density; and snow 
conditions and duration) thought necessary to support resident lynx populations. Because of 
this, lynx habitats and thus lynx are naturally less abundant and more patchily distributed in 
most of the DPS than in the core of the species’ range in Canada and Alaska (although even in 
the core of the range lynx decline temporarily to very low densities during cyclic lows in the hare 
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population cycle; see section 2.2 below). Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important, but whether the demographic and/or genetic 
health of any, all, or some DPS populations depends on intermittent immigration of lynx from 
Canada, and if so to what extent, remains uncertain. 
 
We still lack fundamental information about lynx in the DPS, including reliable estimates of past 
and current population sizes and trends and recruitment and immigration rates. However, 
research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, genetics, and some important 
demographic parameters of lynx in the contiguous United States. For example, analysis of 
historical trapping data in the United States and Canada indicated that many lynx records in the 
contiguous United States coincided with intermittent irruptions of lynx from Canada into northern 
states when hare populations in Canada underwent steep cyclic declines (roughly every 10 
years). During these events, particularly the unprecedentedly large irruptions of the early 1960s 
and early 1970s, hundreds to thousands of lynx dispersed south into the northern Unitied 
States, as evidenced by dramatic but short-lived increases in the number of lynx trapped in 
many northern states. These lynx dispersed into both suitable and unsuitable habitats in the 
contiguous United States. In suitable habitats, immigrants may have contributed to the 
demographic and genetic health of resident populations; in unsuitable habitats, dispersing lynx 
occurred only temporarily in and disappeared relatively quickly from areas that are not capable 
of supporting resident populations. 
 
Additionally, although we knew at the time of listing that resident lynx occurred in Maine, we 
lacked information on the historical and recent distribution and quality of lynx habitat. We now 
know that historic information suggests times of high lynx abundance and paucity and that lynx 
responded to forest disturbances that set back succession.  We know that forest regeneration 
after large-scale clear-cutting in the 1970s and 1980s has contributed substantially to the 
current broad distribution of high-quality habitat in northern Maine, which currently supports the 
largest resident lynx population in the DPS, and many more than likely occurred there 
historically under natural disturbance regimes. We know that forest management has changed 
substantially and habitat quantity and quality are expected to diminish. Similarly, we were 
uncertain whether Minnesota supported a resident population or only intermittent dispersing 
lynx, but we now know that a persistent breeding population occupies the northeastern corner of 
the state. Research and monitoring also suggest that lynx and habitats in the western United 
States are naturally less abundant and more patchily distributed than was thought at the time of 
listing, and lynx may have been extirpated recently from several areas thought to have 
previously supported small resident populations (e.g., the Kettle Mountains in northeastern 
Washington, the Garnet Mountains in western Montana [although a single lynx was documented 
there in 2016], and the GYA). We also know that extensive wildfires over the past few decades 
have impacted over a third of the high-quality lynx habitat in north-central Washington, likely 
causing a decline in lynx numbers there. Finally, as mentioned above, despite uncertainty 
regarding their historical presence, resident lynx currently occupy parts of western Colorado. 
 
SSA Framework 
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The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographic unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (the “3 Rs”) as the framework for assessing current and future 
conditions. Resiliency describes the ability of populations and species to withstand stochastic 
events, redundancy describes a species’ ability to withstand catastrophic events, and 
representation describes a species’ ability to adapt to long-term changes in the environment. 
For lynx, the factors capable of influencing the 3 Rs that we evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS range. Additionally, consistent methods to monitor hare and lynx 
habitats have not been implemented throughout most of the range. And importantly, given the 
emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and snowshoe hare 
populations and habitats, including to what degree these changes may affect interactions 
between lynx and their potential competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range compared to the core of the species’ range 
in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly cyclic 
and, although they do not exhibit the dramatic declines of their northern counterparts, they 
typically occur at densities on the lower end of those in the northern range. Because of this, 
lynx densities in the DPS are typically similar to those in the north during hare cycle lows.  
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● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which peripheral DPS 
populations receive periodic input from lynx populations in Canada. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators.  
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to provide benefits as long as 
those measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range.  
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
year 2100, and we asked a panel of lynx experts to estimate the likelihoods that each 
geographic unit would support resident lynx populations over the short-term (year 2025), mid-
term (2050) and longer-term (2100). As expected, the level of uncertainty regarding the viability 
of the DPS and each of the factors that may influence it increases the farther into the future we 
(and the lynx experts we consulted) try to look, and this uncertainty greatly reduces confidence 
in future projections, particularly beyond mid-century. Beyond that time frame, uncertainty 
regarding the potential impacts of climate change and other potential stressors to lynx 
populations in the DPS becomes so great that it precludes meaningful analysis or reliable 
predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information are unavailable 
or inadequate is an appropriate and scientifically supported approach, we remind readers that 
the output remains the experts’ best professional judgement, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison, it was necessary to 
combine, quantify, graph, and summarize the qualitative information provided by experts. 
However, we caution that the results we present below, and which we graph and describe more 
fully in chapter 5, should not be interpreted as precise, statistically robust estimates of the 
probability that resident lynx will persist in the DPS or in any individual geographic unit in the 
future, and readers should consider the inherent limitations and substantial uncertainties in 
expert responses, particularly over longer time periods.  
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous United States is likely somewhat 
smaller than the historical distribution because of the potential loss of small populations in 
several places (e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern 
New York, Isle Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, 
more recently, the GYA of Southwestern Montana and northwestern Wyoming, and perhaps the 
Garnet Mountains in western Montana). However, based on verified historical records, we lack 
compelling evidence that the current distribution and relative abundance of resident lynx in the 
DPS range are substantially diminished from historical conditions, and resident populations 
continue to persist in the geographic areas with the strongest historical evidence of an ability to 
support them. In fact, there are many more lynx in northern Maine (Unit 1) now than probably 
occurred there historically, and many more in Minnesota (Unit 2) and Colorado (Unit 6) than was 
suspected when the DPS listed, but fewer in northern Washington (Unit 4). Nonetheless, in 
many parts of the DPS range habitat features (forest distribution and structure, hare densities, 
and snow conditions) appear to exist at or just above thresholds thought necessary to support 
persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
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substantially reduced from historical conditions suggest historical and recent resiliency among 
lynx populations in the DPS. Among these units, lynx in Maine appear to have recently 
demonstrated resiliency by responding positively to substantial anthropogenic increases in the 
amount and distribution of high-quality foraging habitat. Conversely, the recent absence of 
resident lynx in the Garnet Mountains (a small and somewhat isolated mountain range at the 
southern periphery of Unit 3) may suggest a recent decline in resiliency in this part of the unit 
(but see 4.2.3 and 5.2.3, below). The persistence of lynx in north-central Washington (Unit 4) 
despite the substantial recent wildfire-mediated habitat loss suggests resiliency in that 
population. However, the post-fire increase in home range size and likely decrease in lynx 
numbers may indicate the population in Unit 4 is currently less resilient (less able to persist if 
additional or similar habitat losses occur) than it was previously. Among the other 2 geographic 
units, the current absence of resident lynx in the GYA (Unit 5) despite the large proportion of 
lands in conservation status (e.g., national parks and designated wilderness areas) may indicate 
the naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate a lack of resiliency in this unit historically. However, the recent persistence 
of resident lynx in this unit following the 1999-2006 release of 218 Canadian and Alaskan lynx 
suggests recent resiliency thus far. We conclude that the DPS as a whole currently 
demonstrates resiliency despite the possibility that resiliency may have declined recently in 
several geographic units. 
 
Redundancy – The current broad distribution of resident lynx in large, geographically discrete 
areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. The 
DPS range currently spans the northern contiguous states from Maine to Washington and south 
along the Rocky Mountains to southwestern Colorado. Resident lynx populations currently 
occupy 5 of the 6 geographic units (all but the GYA). Of the 5 occupied units, 4 are larger than 
20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 km2 (1,931 mi2; 
table 1). We find that no single catastrophic event could result in the functional extirpation (loss 
of the ability to support resident lynx populations) of the entire DPS or of any of the individual 
geographic units that currently support resident populations. Because we lack evidence that 
formerly persistent lynx populations have been lost from any other large discrete areas in the 
contiguous United States, it also seems that redundancy in the DPS has not been meaningfully 
diminished from historical levels. We conclude that the DPS currently demonstrates redundancy 
sufficient to preclude the possibility of extirpation via catastrophic event. 
 
Representation – High rates of dispersal and gene flow and, therefore, generally low levels of 
genetic differentiation across most of the lynx’s range, including the DPS (see 2.1, below), 
suggest the absences of current threats to the genetic health of lynx populations in the DPS. 
Although hybridization with bobcats (Lynx rufus) has been documented in Maine and 
Minnesota, it is not considered a substantial current threat to the DPS. Similarly, although some 
small populations may have become extirpated recently, resident lynx in the DPS remain 
broadly distributed across the range of ecological settings that seems to have supported them 
historically in the contiguous United States, suggesting relative maintenance of the breadth of 
diversity of ecological settings occupied within the DPS range. Because there are no indications 
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of significant loss of or current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will likely decline through the end of the 
century largely as a result of projected continued climate warming and associated impacts, 
which are likely to exacerbate the potential adverse effects of other factors (e.g., forest 
management, competition from other hare predators). Continued warming is expected to cause 
a northward and upslope retraction of the boreal forest and snow conditions that support lynx, 
resulting in smaller, more fragmented, and increasingly isolated patches of habitat and a 
reduced probability of persistence for all resident populations in the DPS range (see section 3.2 
and ch. 5). We expect that resident populations will likely persist through mid-century in all or 
most of the 5 geographic units that currently support them (albeit in reduced numbers and 
distributions), but that lynx may be functionally extirpated (loss of the ability to support persistent 
resident populations) from 2 or 3 of the units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in lynx habitats projected by climate models. Nonetheless, 
we are unaware of any management actions that can be expected to abate the projected long-
term retreat of boreal forests and diminished snow conditions expected under continued climate 
warming. Further, climate-driven increases in the frequency, size and intensity of wildfires and 
forest insect outbreaks are expected, particularly in the western portion of the DPS, although we 
do not anticipate such events alone to cause the permanent loss of breeding lynx populations in 
any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal forest and snow 
conditions are projected to decline more severely than in the western units, and in some climate 
modeling scenarios they could disappear completely from these units before the end of the 
century. Lynx habitat conditions in Maine are also likely to decline significantly from current 
historically high and anthropogenically influenced levels because current forest management 
practices, particularly a shift away from landscape-level clearcutting, are unlikely to replace the 
large areas of high-quality hare habitat that will likely be lost over the next 15-20 years as a 
result of forest succession. 

Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore, likely be less resilient in the future. We anticipate that 
resiliency will likely foster persistence of resident lynx in most units through mid-century but that 
it will likely diminish substantially after that time, with extirpation of resident populations from 2 
or 3 units possible by the end of the century. Projected climate warming is expected to exert the 
greatest influence on the resiliency of individual populations, and thus continued presence of 
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resident lynx in each geographic unit, although uncertainty remains regarding the timing, extent, 
and biological consequences of such impacts. As vegetation and snow conditions become less 
favorable, potential competitors may outcompete and displace lynx. This in turn would reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS would decline with the projected loss of 
populations from 2 or 3 geographic units by the end of the century, our evaluation suggests that 
none of individual geographic units that currently support resident lynx are vulnerable to 
extirpation from a single catastrophic event. Given that, we conclude that the DPS as a whole is 
not vulnerable to extirpation from a catastrophic event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS (and we expect populations to persist in 2 or 3 
of 5 units by the end of the century), extirpation of the DPS from a single catastrophic event is 
very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units, and the small 
number of immigrants necessary to maintain genetic diversity. Based on these factors and 
expert input, we find that there is no indication that the naturally low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the near future 
and no indication that future gene flow is likely to be substantially reduced. However, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. How the potential loss of resident lynx 
from 1 or more geographic units may affect representation within the DPS in terms of ecological 
diversity is uncertain. The loss of resident lynx from any of the geographic units could result in 
the loss of behavioral and potential future genetic adaptations to the climate-mediated changes 
now occurring and likely to continue into the future at the southern edge of the lynx range. Such 
potential adaptability to diminished snow conditions, increasingly patchy and isolated boreal 
forests, and reduced hare abundance may be important to the taxon as a whole as it is 
confronted by a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all 5 geographic units that 
currently support them through mid-century. Functional extirpation is possible in 2 to 3 of those 
units by the end of the century, driven largely by projected continued climate warming and 
related effects to boreal forest habitats and snow conditions. Because resident lynx in many 
parts of the DPS persist in areas that appear naturally to barely meet thresholds for hare 
densities and habitat quality and distribution, relatively small declines in these features could 
result in loss of the ability to support resident populations over large areas. Because of this, we 
believe that future lynx habitats and resident populations throughout the DPS range are likely to 
be smaller and more fragmented, and geographic units that are already relatively isolated from 
other lynx populations are likely to become even more isolated in the future. Uncertainty 
increases at mid- to late-century regarding the timing and extent of various stressors that are 
expected to affect lynx and hare habitat and snow regimes, especially those related to climate 
change. However, review of the best available science in concert with input from lynx experts 
suggests that the probability of persistence of resident breeding populations will likely decline in 
all geographic units, with the negative DPS-wide trajectory continuing to the end of the century 
and, with no evidence to the contrary, beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, we expect each 
geographic unit and the DPS as a whole to be less resilient in the future. Our analyses and 
expert input suggest that resiliency will likely foster persistence of resident lynx through mid-
century in most of the 5 geographic units that currently support them. However, we believe it is 
very unlikely that resident lynx populations would persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will likely be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations more likely than not from 2 to 3 (of 5) 
geographic units by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from 1 or more 
geographic units would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation by the end of this 
century. 

Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences between lynx habitat in the 
contiguous United States compared to the northern parts of the species’ range in Canada and 
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Alaska. The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (U.S. District Court 
MT 2014b, p. 2). We completed this SSA (version 1.1) to summarize the best available 
information on the current status and likely future viability of the DPS. This SSA will inform a 
determination by Service decision makers of whether (1) the DPS continues to warrant 
protection under the ESA and (2) a recovery plan is needed to guide conservation and recovery 
of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on its primary prey, the snowshoe hare (Lepus 
americanus), to support survival, reproduction, recruitment, and, therefore, population 
persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, 
pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 
79 FR 54808-54809). Lynx survival and distribution are also influenced by snow conditions. It is 
generally restricted to areas that receive deep, powdery, and persistent snow that allows lynx, 
with their proportionately longer limbs and very large feet, to outcompete other terrestrial hare 
predators that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; 
Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-
401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; 
Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see figure 1 above and table 1 below). Lynx 
populations in the DPS (as well as some others on the margin of the range in southern 
Canadian provinces) seem to function as peripheral subpopulations of a larger metapopulation 
that is broadly distributed across Canada and interior Alaska (McKelvey et al. 2000b, p. 25; 68 
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FR 40077; also see 2.2 below). The demographic and genetic health and persistence of DPS 
populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of snowshoe hare population 
cycles, roughly every 10 years. Many of these occurrences were in anomalous habitats, and 
lynx were unable to persist and establish populations in most of these areas (Gunderson 1978, 
entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, 
p. 23; see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous United States occur over a much smaller geographic area that 
includes parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous United States, and small breeding populations may have been 
lost from some places, neither broad-scale breeding range contraction nor substantial changes 
in population status in the contiguous United States has been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016a, p. 11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). The Service reinitiated the 5-year 
status review in 2015 (USFWS 2015a, entire), and that review will be informed by this SSA 
report. On September 7, 2016, the U.S. District Court for the District of Montana remanded the 
2014 critical habitat designation to the Service for further consideration (U.S. District Court MT 
2016, entire). 
 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (Figure 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and 
western Colorado was designated a “Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With 
the exception of western Colorado, these units also encompass and closely mirror the areas the 
Service designated as critical habitat in 2014 (79 FR 54782). Some areas adjacent to but 
outside these geographic units are known or suspected to intermittently support resident lynx 
and occasional reproduction. Uncertainty remains as to whether resident lynx populations 
occurred historically in other areas not encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
present in Minnesota, and Federal lands predominating in the western units (Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 
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1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has 
developed the Species Status Assessment (SSA) Framework 
to guide how we assess the best scientific and commercial 
data available when evaluating the biological status of 
species. In conducting an SSA, we take into consideration the 
life history and ecological requirements of the species to 
understand how the species maintains itself over time 
(captured under the broad heading of “species needs”); the 
current condition of the species at the individual, population, 
and range-wide levels in terms of meeting those needs; and 
the likely changes in the environment that may influence the 
species’ future condition and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame2. Throughout the 
assessment, the SSA uses the conservation biology principles of resiliency, redundancy, and 
representation (collectively known as the “3 Rs”) as a lens to evaluate the current and future 
condition of the species. Briefly, resiliency describes the ability of the species to withstand 
stochastic events; redundancy describes the ability of the species to withstand catastrophic 
events; and representation describes the ability of the species to adapt over time to long-term 
changes in the environment. As a result, the SSA characterizes a species’ ability to sustain 
populations in the wild over time based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. Importantly, the SSA neither 
results in, nor predetermines, any decisions (e.g., listing status, critical habitat designations, 
section 7 consultation requirements, etc.) by the Service under the ESA. Instead the SSA 
provides the biological basis to inform these decisions. The SSA is a dynamic document and 
should be periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”3 .  

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 
2 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWSb. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
3 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous United States as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016a, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future,, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in Figure 5 below. 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the likelihood that each geographic unit would continue to support 
resident lynx populations in the future (i.e., that resident populations would not be functionally 
extirpated [reduced to the point that a viable breeding population could no longer be sustained]). 
In Chapter 5, we present summaries of experts’ predictions regarding the probability of lynx 
persistence in each geographic unit; the factors they thought would most likely influence those 
probabilities; and the sources of uncertainty that influenced their confidence in their predictions. 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as the most likely to have population-level impacts on 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 



 

22 
 

conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which all protections and conservation efforts would disappear if the DPS 
was not listed. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest of lynx), Federal, State, Tribal and some private land managers 
would continue efforts to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them. Our evaluation, therefore, considers the 
possibility of the future relaxing of some lynx conservation measures and efforts, but not the 
complete absence of all protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-associated predator that relies heavily on a single, similarly-specialized prey species, 
and whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the likelihood that resident lynx populations will persist in the DPS or in individual 
geographic units. Finally, in our analyses we do not consider anthropogenic climate warming a 
catastrophic effect because it is not temporally- and spatially-discrete; characteristics of events 
traditionally considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). 
Rather, we consider climate change as an ongoing, pervasive, and cumulative stressor of lynx 
and their habitats, particularly at the southern margin of the species’ distribution, including all 
geographic areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database4, retrieved April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; MDIFW 2012, unpublished data), and males are 13-25 percent larger 
than females (Mowat et al. 2000, p. 267). Lynx canadensis evolved from the European lynx 
(Lynx lynx) in the last 200,000 years in North America as a snowshoe hare specialist (Werdelin 
1981, p. 69). The lynx’s large feet and long legs make it well-adapted for traversing and hunting 
in deep, powdery snow, where its low foot-loading (weight per surface area of foot) is thought to 
provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 
36, 81) over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern 
Canada and the northern contiguous United States, where the southern edge of the lynx range 
overlaps the northern edge of the bobcat range, the 2 species are easily confused because of 
their similar size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-
tipped tail distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the 
underside of the tail. Bobcats are much more common, widespread, and abundant than lynx in 
most of the contiguous United States 
 

                                                
4 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528, Prentice et al. 2017, entire) and morphologically (Khidas et 
al. 2013, pp. 597-601) distinct from mainland lynx (L. c. canadensis), there is evidence of 
genetic exchange between the 2 areas, indicating that some lynx are able to cross the 15-60 
km- (9-37 mi-) wide Strait of Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, 
despite some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River in eastern Canada, which suggest the potential for 
evolutionarily significant differences in those areas (Prentice et al. 2017, entire), recent analyses 
reveal genetic exchange among lynx on either side, indicating that some lynx successfully 
navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-
13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522).   
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
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most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
among DPS populations would be expected to increase at some point in the future if lynx and 
hare habitats shift northward and upslope, as projected with continued climate warming, 
resulting in reduced connectivity and gene flow among smaller and more isolated lynx 
populations at the periphery of the range. This would result in (1) smaller and more distant 
potential source populations in the southern Canadian provinces, reducing the likelihood and 
number of immigrant lynx reaching DPS populations, and (2) smaller effective population sizes 
(the size of an ideal population [i.e., one that meets all the Hardy-Weinberg assumptions] that 
would lose heterozygosity at a rate equal to that of the observed population) among DPS 
populations, making them more vulnerable to drift, the consequences of which could include 
lower survival and reproduction rates and loss of adaptive potential (Schwartz 2017, pp. 4-5).  
For example, Prentice (2017, entire) documented natural selection for unique alleles in relatively 
isolated island populations of lynx in eastern Canada.  For example, Koen et al. (2014a, pp. 
757-760) correlated habitat and climate factors with low neutral genetic diversity and high 
genetic differentiation at the trailing edge of lynx range in southeastern Ontario and suggested 
that climate-mediated changes in environmental conditions would likely result in further loss of 
genetic diversity, possibly reducing adaptive potential in lynx populations in the southern 
periphery of their range.  
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward future as a result of continued climate warming (also see section 
3.2 below).   

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 6), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 363; Aubry et 
al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 37–38; Squires 
et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69). Although lynx take a variety of alternative 
prey species, especially red squirrles (Tamiasciurus hudsonicus), which may be important when 
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hare numbers are low, hare abundance is the major driver of lynx population dynamics. Lynx 
denning area selection, pregnancy rates and litter sizes, as well as survival (kitten, subadult and 
adult), recruitment, and dispersal rates, and population age structure, home range sizes, 
density, and distribution are all strongly influenced by hare abundance (Koehler and Aubry 
1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, pp. 375-390; Mowat et al. 2000, 
pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 2008, p. 1516, Vashon et al. 2012, p. 16; 
ILBT 2013, pp. 18, 22-24, 26-34). 
 

Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
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shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure than mature forests (Buehler 
and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 1990, pp. 847-848; Hodges 
2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 84-88). However, snowshoe 
hares also can be abundant in mature forests with dense understories, particularly in the 
Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 2009, pp. 1492-1496; 
Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 2012, pp. 1483-
1487). These mature forests may be a source of hares for other adjacent forest types (Griffin 
and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important winter 
foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting habitat 
for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are so closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
United States (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This 
may be due to inadequate abundance, density, or spatial distribution of hares in some places, or 
the absence of snow conditions that would allow lynx to be at a competitive advantage over 
other hare predators, or a combination of these factors (79 FR 54809). 
 
Although empirical data are lacking and would be difficult to acquire, the lynx’s physical 
adaptations (described above) are thought to provide lynx a seasonal advantage over potential 
competitors and predators, which generally have higher foot-loading, causing them to sink into 
the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray and Boutin 1991, entire; 
Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 
450). Buskirk et al. (2000a, entire) described potential exploitation (for food) and interference 
(avoidance) competition between lynx and several other terrestrial and avian predators of hares, 
several of which have also been documented to prey on lynx. Documented lynx predators 
include cougar (Puma concolor; also mountain lion), coyote (Canis latrans), wolverine (Gulo 
gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and other lynx (ILBT 2013, pp. 33, 35). 
Bobcats are also likely capable of killing lynx in some circumstances. Although lynx have co-
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evolved with other predators, the influence of predation on lynx populations is unknown (ILBT 
2013, pp. 35-36). Coyotes are now more widespread and abundant in the southern periphery of 
the lynx distribution than they were historically (Gompper 2002, entire), while cougars have 
been extirpated from the eastern half of the United States but are more abundant and 
widespread in the western United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89, 
Krohn et al. 2005, p. 123). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), long-tailed weasels (Mustela frenata) as well as a suite of avian predators 
(e.g., northern goshawk [Accipiter gentilis], northern hawk-owl [Surnia ulula], great gray owl 
[Strix nebulosi], and great-horned owl [Bubo virginianus]) may compete with lynx for hares 
(Buskirk et al. 2000a, pp. 86-95; ILBT 2013, p. 16). Of these, coyotes were deemed the most 
likely to exert local or regionally important exploitation competition impacts to lynx, and coyotes, 
bobcats, and cougars were thought capable of imparting interference competition effects on lynx 
(Buskirk et al. 2000a, p. 89). Interference would be most likely during summer but also during 
winter in areas lacking deep, unconsolidated snow (ILBT 2013, p. 36). Except for fisher and 
marten, lynx predators and potential terrestrial competitors all have higher foot-loading, making 
them less efficient at traveling and hunting in the snow conditions favorable for lynx (Murray and 
Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; Krohn et al. 2005, entire) and, therefore, 
likely limiting, at least seasonally, interactions between lynx and these species. The fisher has 
foot-loading similar to lynx, and the marten’s is even lower (Buskirk et al. 2000a, p. 90), but both 
have much shorter legs, which likely limits their mobility in deep, unconsolidated snow 
compared to lynx. The extent to which predation and competition may influence lynx populations 
in the DPS remains uncertain. 
 
The boreal forest landscape lynx occupy is naturally dynamic. Forest stands within the 
landscape may experience abrupt changes after natural or human-caused disturbances such as 
fire, insect epidemics, wind, ice, disease, and forest management (e.g., timber harvest or 
thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat within the 
boreal forest landscape is a shifting mosaic of habitat patches of variable and changing quality 
(68 FR 40077). These stands of differing ages and conditions provide lynx foraging or denning 
habitat (or may provide these in the future depending on patterns of disturbance and forest 
succession), and some serve as travel routes for lynx moving between foraging and denning 
habitats (McKelvey et al. 2000c, pp. 427-434; Hoving et al. 2004, pp. 290-292). Lynx generally 
concentrate hunting activities in areas where snowshoe hare densities are high (Koehler et al. 
1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; O’Donoghue 
et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed that lynx 
focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
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Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels and birds, but alternate prey species do not sufficiently compensate for 
low availability of snowshoe hares, and lynx populations likely cannot persist over time in areas 
with consistently low hare densities (Brand et al. 1976, pp. 422–425; Brand and Keith 1979, pp. 
833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–268). Even in areas with 
relatively low or marginal hare densities, hares constitute the majority of the biomass in lynx 
diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; 
Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 
2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 2009, pp. 13, 16; Ivan in Lynx SSA 
Team 2016a, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
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important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
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hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac) (Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the contiguous United States, and 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly the western geographic units 
(3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
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at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. Although lynx habitats are more 
contiguous in units 1 and 2 than in the western units, and units 1 and 2 are connected to larger 
contiguous habitats and lynx populations in Canada, they remain peripheral populations, and a 
metapopulation structure in which they receive intermittent inputs from the larger population 
may still exist, even if the mainland-island contruct does not apply. Lynx disperse in both 
directions across the Canada–United States border (Aubry et al. 2000, pp. 386-387; Moen et al. 
2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx 
populations in Canada is thought to be important to the conservation of lynx populations in the 
DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 
2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, it 
remains uncertain whether the demographic and genetic health and persistence of populations 
in the DPS depend on regular or intermittent immigration of lynx from Canada and, if so, to what 
extent (McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few or no kittens are born, very few survive until their first winter, and recruitment may 
collapse completely or nearly so for several successive years (Slough and Mowat 1996, entire; 
Mowat et al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten 
born during a period of declining or low hare abundance is very unlikely to survive to 
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independence, breed successfully, and replace itself within the breeding population in its 
lifetime. Conversely, a kitten born during the increase or high phase of the hare population cycle 
is much more likely to survive and, therefore, have an opportunity to breed successfully and 
replace itself via recruitment of 1 or more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an 
individual lynx will have its ecological requirements met sufficiently so that it may replace itself in 
the breeding population is probably consistently relatively low. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens, and 
females appear to select den sites near prey sources to minimize time spent away from kittens 
while foraging (Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The 
size of lynx home ranges is strongly influenced by the quality of the habitat, particularly the 
abundance of snowshoe hares, in addition to other factors such as gender, age, season, and 
density of the lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). 
Generally, females with kittens have the smallest home ranges, likely related to their need to 
stay close to dens and dependent kittens, and males have the largest home ranges (Moen et al. 
2005, p. 11; Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 2, below) vary greatly across 
the DPS but are generally larger in the west than the east; however, differences should be 
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interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 2, below).  
 
Table 2. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

Table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990 (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire;). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
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densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrelsles, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of 
prey items identified over 11 winters (Shenk 2009, pp. 16, 24).   
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently ≥ 0.5 hares/ha 
(0.2 hares/ac) and favorable snow depth and conditions for about 4 months are needed to 
support lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx 
distribution, some places, including within the range of the DPS, seem to be at minimum 
thresholds to meet these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
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Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). However, 
Lyons et al. (2016, entire) developed spatially-explicit, individual-based population models to 
estimate reductions in potential lynx carrying capacity in Washington associated with large 
wildfires over the past 2-3 decades. Similarly, Licht et al. (2017, in press, entire) conducted a 
PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east 
of Unit 2.  
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx 
population in the core of the species’ range in the southern Yukon. This period of rapid growth 
was followed by a rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 
and λ = 0.46 (rapid decline) during the first 2 years of the lynx population decline when hares 
were scarce. (Note – the value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) 
appears to be an error; the correct value for λ in a population in which the estimated number of 
individuals declined from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented 
above]). However, the natural range in λ that would be expected among peripheral, isolated, or 
semi-isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS 
populations), versus those that would signal long-term population decline or instability is 
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unknown. Despite this, and the limitations noted above, Squires (unpubl. data in Lynx SSA 
Team 2016a, p. 20) calculated population growth rates in northwestern Montana of λ = 0.92 for 
lynx in the Seeley Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in 
the Purcell Mountains (increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; 
USFWS, Vortex 10, deterministic population simulation) used demographic data from Vashon et 
al. 2012 (pp. 17-21) to calculate finite growth rates during a period of high hare density (λ = 
1.16; increasing trend) and during a period of low hare density (λ = 0.88; decreasing trend) for 
the lynx population in northern Maine (see also section 4.2.1, below). Neither the Montana nor 
Maine estimates incorporated rates of immigration/emigration. Schwartz (2017, p. 4) noted that 
very low immigration rates (less than 1 female/year on average for a theoretical population of 
100 lynx) could provide population stability or even growth, suggesting that the Seeley Lake 
population and perhaps other DPS populations are probably being sustained by low levels of 
immigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a lynx density of 
1 lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
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in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the lynx-hare 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
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incidentally taken in snares.  It is uncertain how 
this element of the harvest is regulated.  
Perhaps Murray was referring to some of these 
kind of extenuating circumstances. 
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the Canada-United States border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous United States and to assess the current distribution relative to historical conditions 
(McKelvey et al. 2008, pp. 553-554;79 FR 54814-54815; McKelvey in Lynx SSA Team 2016a, 
p.11). They also have resulted in inaccurate portrayals of lynx distribution and misperceptions 
that the historical range of lynx in the contiguous United States was once much more extensive 
than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has, 
throughout most of its range, cyclic population dynamics that are closely tied to cyclic snowshoe 
hare populations, numbers of lynx naturally fluctuate and become extremely low at times during 
a cycle. Additionally, where snowshoe hare populations are not adequate, resident lynx 
populations cannot be sustained. Many areas of boreal or boreal-like forest in the contiguous 
United States (e.g., the central Appalachian Mountains in the East, Michigan and Wisconsin in 
the Midwest, and the Southern Rocky Mountains and Southern Cascade Mountains in the West) 
likely never supported native resident lynx populations despite the presence of snowshoe hares. 
Where the boreal forest is naturally transitional, it becomes more patchy and marginal, and the 
habitat is incapable of supporting snowshoe hares at densities consistently sufficient to support 
a resident lynx population over time. Only a relatively few areas in the contiguous United States 
historically supported an adequate quantity and quality of habitat to support resident lynx 
populations continuously over time, and many historical lynx occurrences across a large area of 
the contiguous United States were likely dispersers. The occurrence of dispersing lynx is 
unpredictable, and dispersing lynx will likely continue to periodically move into areas that are not 
lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
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lynx into the contiguous United States when northern hare populations crashed are well-
documented (Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). 
These events have resulted in records of lynx occurrence, in some cases very rarely, in other 
cases sometimes in large numbers and with intermittent (cyclic) regularity, in places that 
otherwise lack evidence of persistent lynx presence or the habitats and hare densities 
necessary to support a resident lynx population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 
54793-54795, 54812-54823). Many records of lynx in the contiguous United States appear to be 
related to such events, including the unprecedented ‘‘explosions’’ of lynx observed in the early 
1960s and 1970s (Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these 
events, many lynx occurred in anomalous habitats, exhibited unusual behavior, suffered high 
mortality, and numbers declined dramatically within a few years of irruptive peaks (Gunderson 
1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx 
typically do not persist in these areas of temporary range expansion, disappearing fairly quickly 
after irruptions, van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx 
populations throughout both the low and the high phases of the “10-year cycle” (i.e., across the 
natural range of hare densities) should be considered to constitute the species’ range. In its 
2003 remanded determination, the Service determined that lynx in the contiguous United States 
exist either as resident populations or as dispersers, that dispersing lynx are often found 
repeatedly and for variable amounts of time in habitats that cannot sustain breeding populations 
over time (though some breeding may occur occasionally in some of these areas), and that 
such areas probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 
40077, 40079-80). This repeated dispersal into habitats that ultimately cannot support the 
species (‘‘sink’’ habitats) often leads to confusion about where lynx populations may be viable 
(74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with 
irruptions/dispersal and those suggesting resident lynx populations, the metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous United States may naturally support resident lynx only temporarily 
or occasionally when habitat conditions (both boreal forest vegetation supporting abundant 
hares and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to 
offset the lower productivity and recruitment rates expected among lynx populations in marginal 
or suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the 2 species are difficult to 
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distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common sympatric species, McKelvey et al. (2000a, 
p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted with 
caution, and only verified occurrence data should be used to assess historical and current lynx 
distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
There also is increased prevalence of non-forested land uses (e.g., agriculture, development) at 
the southern periphery of boreal forests. These factors generally limit snowshoe hare 
populations in the contiguous United States from achieving landscape densities similar to those 
of the expansive northern boreal forest in Alaska and Canada, where hares are generally more 
evenly distributed across the landscape and more abundant except during cyclic population 
lows (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). Consequently, 
important foraging habitat for lynx is often more limited and fragmented in the contiguous United 
States than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 6), and 
overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
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78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and competitors at southern 
latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 128), and 
Wirsing et al. (2002, entire) concluded that high predation rates in fragmented habitats may 
explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As a result, lynx 
generally occur at relatively low densities in the contiguous United States compared to the high 
lynx densities that occur in the boreal forest of Canada when hares are abundant (Aubry et al. 
2000, pp. 375, 393-394) or the densities of species such as the bobcat, which is a habitat and 
prey generalist. 
  
Snow conditions also are believed to influence the distribution of lynx (Ruggiero et al. 2000b, 
pp. 445-449), which are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors (see section 2.2 above), although behavioral 
adaptations may offset these morphological differences to some degree (e.g., Murray et al. 
1194, entire; 1995, entire). The lynx’s adaptations may also help it avoid predators, which also 
have higher foot-loading and/or shorter limbs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, p. 
123), presumably making them less efficient in deep, powdery snow (see section 2.2 above).  
  
Based on verified data, historical lynx occurrence was documented in 24 states in the 
contiguous United States (McKelvey et al. 2000a, 207-232) and, more recently, in 3 other states 
after some of the lynx released into southwestern Colorado dispersed into northern New 
Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 2010, p. 
526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence (McKelvey 
et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). Of these 27 states, and based on 
our current understanding of lynx and hare habitat requirements, the Service concludes that 
records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, Kansas, 
Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and South 
Dakota) represent occasional dispersing lynx that arrived in places with no historical or recent 
evidence of the habitat quality, quantity, or distribution necessary to support resident lynx (68 
FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically and are 
not capable now of supporting resident lynx populations over time.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
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or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous United States 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
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Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). The Service also noted that in 1999 and 2000 the Colorado Division of 
Wildlife (now Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska 
into southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016a, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
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between 100 and 250 (Ivan in Lynx SSA Team 2016a, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.; Ivan 2017, 
entire; see section 4.2.5 below). However, more recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). In the 2014 revised critical habitat 
designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016a, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
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apparent absence from the area (Lynx SSA Team 2016a, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to shift the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016a, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (Devineau et al. 2010, Fig. 1, p. 526; Ivan 2017, entire), 
including 1 female that in 2004 established a den in the Snowy Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820). Formal track transects conducted during the 
winters from 2012 through 2015 resulted in the majority of the track intercepts included in the 
confirmed records. In addition, 30 lynx detections were documented in 2014-2016 using 14 
different remote cameras dispersed throughout the northernmost section of the state (Siren 
2016, pers. comm.). Most records since 2006 are in the vicinity of Pittsburg in the northernmost 
reaches of the state, though lynx detections in 2015 and 2016 suggest a southern expansion 
from the area where they had been documented in 2006 through 2014 (Siren 2016, p. 1; Siren 
2016, pers. comm.). Despite recent evidence of lynx residency and reproduction, the Service 
concluded in the 2014 revised critical habitat designation that, based on modeling of the amount 
of potentially suitable habitat and favorable snow conditions (Hoving et al. 2005, pp. 739, 749; 
Litvaitis and Tash 2005, p. A-298), it is unlikely that northern New Hampshire will support a 
resident breeding population over the long-term (79 FR 54820-54821). Siren (2014, p. 10) 
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suspected that the relatively few lynx detections documented in 2012-2014 may be related to 
the presence and abundance of bobcat, coyote, and fisher populations in much of northern New 
Hampshire. We conclude that northern and central New Hampshire likely supported a small 
resident lynx population historically that was extirpated during the latter half of the 20th century. 
We are uncertain whether lynx detections in northernmost New Hampshire over the past 
decade may represent the natural reestablishment of a small resident breeding population in the 
state or if it is a temporary phenomenon related to an expanding source population in 
neighboring northern Maine (79 FR 54821). Although bobcat populations have increased and 
expanded their range in this region in recent decades (Lavoie et al. 2009, pp. 873-874), severe 
winters and deep snow can substantially limit their populations (Reed 2013, pp. 29-33; McCord, 
1974, pp. 433-434). Maine’s bobcat harvest declined substantially after 2 deep snow winters in 
2008 and 2009 (MDIFW 2015a, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820; also see 
U.S. District Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most 
of Idaho, habitats in many parts of the state are drier forest types that support lower densities of 
hares, and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet 
mountain ranges in the northern panhandle. The number of resident lynx in northern Idaho is 
unknown but certainly small based on the amount of potential habitat, and resident lynx here are 
part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1, below). As these regenerating clearcuts, which currently provide the 
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dense horizontal structure preferred by hares, mature beyond about 35 years post-harvest, hare 
densities decline as cover and forage are reduced as a result of forest succession (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in 
Maine is probably larger than the likely historical condition, when relatively small amounts of the 
spruce-fir forests in the state are thought to have been composed of young stands (Lorimer 
1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in 
clearcutting and the proliferation of partial harvesting following enactment of the Maine Forest 
Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 percent by 
2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), perhaps to 
levels more consistent with likely historical conditions in this unit. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Lynx are occasionally detected in other parts of the state, but hare densities and snow 
conditions consistently favorable for lynx appear to be restricted to the northeastern 
“Arrowhead” region of the state, and areas to the south and west are dominated by bobcats. 
Although there are currently more lynx in Minnesota than suspected at the time of listing, it is 
unclear whether current numbers and distribution are similar to the historical condition. The 
extent to which lynx persistence in Minnesota relies on immigration from Canada is also 
unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains 
subpopulations (Squires in Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet 
Range from 2011 to 2015, prompting concerns about the potential loss of the small resident 
population (perhaps 7-10 lynx) documented there in the mid-1980s and again recently from 
2002 to 2010. However, whether this absence indicates the extirpation of a previously persistent 
resident population or the temporary loss of an historically ephemeral population is uncertain. A 
single lynx was verified in the Garnet Range in February 2016, indicating that natural 
recolonization of the area is possible; however, no other detections of that lynx or other lynx 
have been verified since then, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). Lynx in northwestern Montana (and northern 
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Idaho) likely represent the southern periphery of a larger population in southwestern Alberta and 
southeastern British Columbia. The extent to which lynx persistence in this area relies on 
immigration from Canada is unknown, and there is no indication of substantial immigration from 
Canada after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few 
lynx and no recent evidence of reproduction have been documented in the Montana portion of 
the GYA where, as with the northwestern Wyoming part of the GYA (discussed above), 
uncertainty about whether this area consistently or only intermittently supported resident lynx 
historically makes it difficult to interpret their recent apparent absence from the area (Lynx SSA 
Team 2016a, p. 57). As elsewhere in the West, recent research and habitat assessments 
suggest that habitats capable of supporting resident lynx in Montana are naturally patchier and 
less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson in 
Lynx SSA Team 2016a, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34-37 percent of 
lynx habitat (Lewis 2016, pp. 4, 6), resulting in a more than doubling of estimated female lynx 
home range size and a two-thirds or more reduction in the number of resident females that 
potentially could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). 
Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire and insect impacts could 
further diminish habitat availability and the lynx population’s probability of persistence (Lynx 
SSA Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are many 
more lynx in Maine and Minnesota than was suspected at the time of listing, and there are 
naturally fewer lynx and a more limited distribution of suitable habitats in the western United 
States than was previously thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in 
Maine are likely at historically (and unnaturally) high numbers and currently may be facilitating 
the recolonization of formerly occupied habitat in northern New Hampshire and recent lynx 
occurrences in northernmost Vermont. However, lynx persistence is uncertain in New 
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Hampshire and unlikely in Vermont, and lynx numbers in Maine are projected to decline over 
the next several decades, perhaps to levels more consistent with likely historical conditions. In 
the West, small breeding populations in the GYA and the Garnet Mountains of Montana may 
recently have become extirpated (although both also may be only temporarily “winked off” in a 
metapopulation dynamics sense, and both could be recolonized by future immigration, as 
evidenced by the 2016 lynx detection in the Garnet Range). In north-central Washington, lynx 
habitat and numbers have declined because of recent large fires and insect outbreaks, and the 
persistence of the breeding population there could be threatened if additional such impacts 
occur with similar magnitude and frequency over the next several decades. As a result of the 
release of 218 Canadian and Alaskan lynx from 1999-2006, resident lynx currently occur in 
western Colorado. Although the number of lynx in this population and its future persistence are 
uncertain, Colorado currently supports more lynx than it did, based on the historical record, for 
much of the previous century. The geographic units evaluated in this SSA include all areas in 
the contiguous United States with strong historical and recent evidence of resident lynx 
populations. Detailed assessments of the current status and future viability of resident lynx 
populations and habitats in these areas are presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence on the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans at 
the time of listing) and on the anthropogenic influences identified by the ILBT in the revised 
LCAS as having the potential to exert population-level impacts on lynx and lynx habitats (ILBT 
2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation - are considered the most 
influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western United States (65 FR 16061). Since then, research and monitoring have revealed that 
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non-Federal lands contribute more to the conservation of the DPS than was known at the time 
of listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 also requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Table 
2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
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collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States As a result, the Service concluded in the final rule 
that the lack of Federal land management plan guidance for the conservation of lynx and the 
potential for those plans to allow or direct actions that could adversely affect lynx constituted a 
significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
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the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
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mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for 7 national forests with 
potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and Wisconsin 
were revised to include recommendations from the LCAS and the CAs (Jackson 2015, p. 6; 
USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies Lynx Management 
Direction (NRLMD), which formally amended management plans to include lynx conservation 
measures, standards, and guidelines for 18 national forests covering over 150,000 km2 (57,915 
mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 (27,800 mi2) of potential 
lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 54813; Jackson 2015 in Lynx 
SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly completed the Southern 
Rockies Lynx Amendment (SRLA), which formally amended forest plans covering about 59,000 
km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of mapped (potential) lynx habitat on 7 
national forests or national forest complexes in western Colorado and southern Wyoming 
(USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). The 
management direction adopted in the Northern and Southern Rockies amendments was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 1, above). In the Western Colorado 
geographic unit, BLM Field Offices that contain potential lynx habitat include the Colorado River 
Valley, Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres 
Rios, Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
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the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008, pp. A18-10 - A18-16; BLM 2010, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments all were 
undertaken to address the inadequacy of regulatory mechanisms on USFS and BLM lands for 
which the DPS was listed. Each incorporated the best available scientific information to develop 
goals, objectives, conservation measures, standards, and best management practices (BMPs) 
to guide USFS and BLM management activities at both project- and landscape-level scales to 
reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus promote 
the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, 
entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area, and more 
likely nearer to 98 percent” (USFWS 2007, p. 76). Similarly, in its 2008 biological opinion on the 
SRLA, the Service concluded that vegetation management standards in the SRLA would 
prohibit treatments that could adversely affect essential components of lynx habitat on 95.5 
percent of the mapped (potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
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impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (Table 2). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidences of incidental take of lynx from bobcat hunting and trapping activities to the Service’s 
Division of Management Authority to assure that take does not exceed the amount permitted 

Comment [MM68]: Other types of Federal 
land management agencies that manage for 
lynx include national wildlife refuges, national 
parks, and military lands.  Do we want to 
summarize any of these efforts?  

Comment [MM69]: I believe only bobcat-
related take is reported. 



 

57 
 

under the intra-agency section 7 consultation for the CITES Export Program (USFWS 2001, 
entire). Most states have also adopted special regulations in areas where lynx occur to minimize 
the potential for incidental take (including injury) of lynx during legal trapping of other furbearers. 
These efforts benefit lynx and are expected to do so in the future with continued implementation 
and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur intended to minimize the capture, injury and death of lynx.  These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008.  Some of the requirements developed over time include 
specifation of  that address specifics about traps sizes and sets that may be used to legally 
harvest other furbearers and that are intended to minimize the likelihood of incidentally trapping 
lynx5 (MDIFW 2016, pp. 8, 13). MDIFW also adopted and made available for download on its 
web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and 
requires that all incidentally trapped lynx be reported and has staff on stand-by to help 
immobilize, evaluate, collect tissue and/or hair samples, and release, if appropriate, any lynx 
reported to the hotline. This program has resulted in the release of 98 lynx from 2000 to 2015 
(10 lynx died from traps or illegal shooting in traps) that were reported incidentally trapped in 
northern Maine (MDIFW 2014a, p. 75).  
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and other legal furbearer trapping in Maine. The permit 
allows incidental trapping of 195 lynx (including 3 mortalities) over a 15-year period. After 2 lynx 
were killed in killer-type traps in 2014, MDIFW imposed additional emergency trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx (see Other Factors 
in section 4.2.1 below). The regulations now require exclusion devices on most killer-type traps, 
prohibit the use of drag sets on foothold traps, address specific trap types and sets, prohibit 
visual use of bait and visual attractants, multiple swivels on chains, and require reporting of 
incidental captures. The trapping incidental take permit is currently being litigated in Federal 
court. The MDIFW also is responsible for implementing the Maine Endangered Species Act6 
(MDIFW 2009, p. 9). Although the lynx is not State-listed as threatened or endangered because 
its population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3).  
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016.  
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html.  
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Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. Minnesota DNR is under a Federal court order to develop an 
incidental take plan for lynx and plans to seek an incidental take permit from the Service for lynx 
trapped incidental to other legal furbearer trapping. Like Maine, Minnesota has a State 
Endangered Species Statute (84.0895) which requires the Minnesota DNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt 
rules that regulate treatment of species designated as endangered and threatened. Also like 
Maine, Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), 
and coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
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captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act7  
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (WADFW) developed a Lynx Recovery Plan8  and 
a Status Report9, and it prepares annual reports to update population and habitat information for 
the species. The WADFW also coordinates with the Service and other agencies to conduct 
research and monitor lynx populations and habitats. Additionally, the use of body-gripping traps 
(foothold, conibear, snares, etc.) for trapping other furbearers is prohibited in Washington 
(except for damage control or nuisance wildlife, which requires special permits). This avoids the 
potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 

                                                
7 http://leg.mt.gov/bills/mca/87/5/87-5-103.htm; https://www.animallaw.info/statute/mt-endangered-
species-chapter-5-wildlife-protection.  
8  http://wdfw.wa.gov/publications/00394/. 
9 http://wdfw.wa.gov/publications/01521/. 
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State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than natural historical conditions, when only 3 to 7 percent of stands were likely in such 
condition at any given time (68 FR 40094). Current timber harvest and management on State 
and private lands in Maine are governed by the Maine Forest Practices Act of 1989 and 
administered by the Maine Forest Service within the Department of Agriculture, Conservation & 
Forestry to regulate, among other things, the size, arrangement, regeneration, and management 
of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) clear-cuts are still 
permitted, but require special permits and review. Because of this regulatory burden and public 
referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely been 
replaced by various forms of partial harvest techniques; many of which are unlikely to maintain 
the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.2.1 and 5.2.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on most private lands to 
assure management of lynx. In 2006 and 2007, the Natural Resource Conservation Service 
(NRCS) provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically 
to manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
1 withdrew. The remaining 4 landowners were provided funding to develop lynx plans on an 
area that totalled of about 2,550 km2 (985 mi2; about 10 percent of the geographic unit). These 
landowners selected 1 or 2 township-sized (93 km2 [36 mi2]) areas within their ownerships to 
develop and implement a lynx management plan. Thus, about 652 km2 (252 mi2) within the 
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larger area was targeted for managing lynx. All 4 landowners completed lynx plans using 
guidelines in the Service’s Canada lynx management guidelines for Maine (McCollough 2007, 
entire). NRCS contracts with the landowners last for 10 years and these contracts expire(d) in 
2016 and 2017. The HFRP described an opportunity for enrollees to apply for Safe Harbor 
Agreements when their contracts expired, although none have indicated an interest yet in doing 
so. Management plans were written for a 70-year period so some landowners may continue 
voluntary lynx management activities. Many private landowners in Maine are enrolled in forest 
certification programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council 
(FSC). Both programs require landowners to protect endangered species and their habitats., but 
there are not specific recommendations pertaining to lynx. Maine has more than 40,500 km2 
(15,625 mi2) of certified forestland; more than any other state10.  It is uncertain how certified 
landowners address lynx management.  About 10,117 km2 (3,906 mi2) in northern Maine is 
under conservation easement11, but easements do not require management prescriptions or 
commitments for lynx. In the past Maine private forest landowners have expressed interest in 
long-term commitments to lynx management plans, but tTo our knowledge, there are no private 
landowners in Maine who have committed to long-term or permanent protection and creation of 
lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (about 809 km2 [312 mi2]) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for the MDIFW’s incidental take permit for trapping requires management of 25 km2 
(10 mi2) of lynx habitat within an 89-km2 (34-mi2) habitat management area on the MBPL’s 
Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 

                                                
10 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, last accessed 7.27.2017 
11 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, last accessed 
8.18.2016. 
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are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution12. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below.  
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservation measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
                                                
12 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 
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Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
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In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of 1 or more measures of climate (e.g., temperature or precipitation) that 
persists for an extended period, typically decades or longer, whether the change is a result of 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). 
 
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will likely increase extinction risk 
for many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, 
observed impacts attributable to climate change that may affect lynx habitats and distribution 
include upslope and northward shifts in species distributions across multiple taxa, and increased 
wildfire activity (fire frequency, size, intensity, and duration) in boreal and subarctic conifer 
forests of Canada and the western United States (IPCC 2014a, p. 31). 
 
Globally, greenhouse gas emissions are increasing and tracking levels predicted by models for 
high emissions scenarios (e.g., RCP 8.5; Peters et al. 2013,entire; Friedlingstein et al. 2014, p. 
709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 187-189). Analysis of paleoclimate 
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indicates 20th century warming is likely to have been the largest of any century within the last 
1,000 years (Folland et al. 2001, pp. 99-101). These changes are predicted to continue and 
accelerate under future climate scenarios (Hall and Fagre 2003, Fig. 7, Peters et al. 2013, 
entire, Fig. 1). Warming projected over this century ranges from 2° to 6°C (3.6° to 10.8°F) for 
North America, with warming higher than this average in areas that are inland, northerly, or 
mountainous. Rogelj et al’s. 2012 (entire, Table 1) analysis of the IPCC AR4 results concludes 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5o C (2.7o F), will fall between 2 and 4.5 o C (3.6o to 
8o F) with 76% probability, and exceed 4.5oC (8o F) with 14% probability.  Greatest increases in 
winter surface air temperatures in North American (in the 3.9o C [7oF] range] are expected by 
2051 to 2060 in the in the northern United States (and greater increases in the interior of 
Canada)(NOAA 200713, entire). 
 
The effects of climate warming are already occurring and have accelerated over the past 3 to 4 
decades (Hansen et al. 2006, entire). To date, the observed and predicted increases in surface 
temperatures have been greater in the Northern Rockies and the Northeast (much of the lynx 
DPS) than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 
2016a, pp. 14-15). Climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm 1° to 3°C (1.8° to 5.4°F) 
by the year 2050 (IPCC 2007b, p. 889). For example, in the Northern Rocky Mountains at 
Glacier National Park, mean summer temperatures have increased 1.7°C (3.0°F) between 1910 
and 1980 (Hall and Fagre 2003, pp. 134–137) resulting in lower snowpack, earlier spring melt, 
and distributional shifts in vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
Lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Continued climate warming is expected to diminish 
boreal forest habitats and snow conditions at the southern edge of the range that are, in some 
places, already patchily-distributed and perhaps only marginally capable of supporting resident 
                                                
13 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 
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lynx. Climate models project reductions in the extent of boreal forest habitats and snow 
conditions thought necessary to support lynx throughout the DPS, with both features predicted 
to migrate northward in latitude and to higher elevations (in locations where this is possible; 
Sturm et al. 2001, pp. 342-342; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2010, pp. 
761-766; ILBT 2013, p. 69; Koen et al. 2015. p. 528). This would result in fewer, smaller, and 
more fragmented and isolated areas capable of supporting resident lynx and therefore smaller 
and more isolated lynx populations that would likely be more vulnerable to stochastic 
environmental and demographic events and genetic drift (Carroll 2007, pp. 1099–1100; 
Johnston et al. 2012, p. 11; 79 FR 54811; Schwartz 2017, pp. 4-5). Climate change has also 
been linked to increases in wildfire and forest insect activities; two important components of 
boreal forest disturbance and, therefore, lynx habitat quality, quantity, and distribution. It also 
may affect other factors such as transmission of disease and parasites that could influence the 
future health of lynx populations in the DPS.   
 
Specifically, the effects of climate warming on lynx, hares, and their habitats in the DPS range 
that are occurring or can be reasonably anticipated include: 1) northward and upslope 
contraction of boreal spruce-fir forest types, 2) northward and upslope contraction of snow 
conditions believed to favor lynx over other terrestrial hare predators, 3) reduced hare 
populations and densities, and 4) changes in the frequency, pattern, and intensity of forest 
disturbance events. Other potential effects of projected warming include: 5) reduced gene flow 
between Canadian and DPS lynx populations, 6) changes in the periodicity and amplitude of 
northern hare cycles, which could result in reduced lynx immigration to the DPS from Canada, 
and 7) increased or novel diseases and parasites. Each of these factors is discussed in more 
detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest distribution in the contiguous United States has changed dramatically in response to 
changes in climatic conditions. It nearly disappeared from the Northeast 1,000 years ago during 
the interglacial warming period, then returned south into New England only in the past few 
centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and Jacobson 
2002, entire; also see 5.2.1, below). In the West during prehistorical periods of warmer climate, 
the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-boreal forest 
ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both the Northern 
(Kearney and Luckman 1983, pp. 783-784) and Southern Rockies (Legg and Baker 1980, pp. 
331-332). Boreal forest was likely continuous from the Canadian border south through the 
Southern Rockies of Colorado and northern New Mexico until the climate began warming and 
drying beginning about 15,000 years ago, which caused a northward and upslope retreat of the 
boreal zone to its current distribution, which has remained relatively stable for the past 3,000 
years (ILBT 2013, p. 50) 
 
Now, recent and continuing anthropogenic climate warming is projected to cause another 
northward and upslope contraction of spruce-fir forest in the contiguous United States (and in 
Canada), likely with negative consequences for both lynx and snowshoe hares in the DPS and 
their southern ranges in Canada (Gonzalez et al. 2007, entire). Recent and projected future 
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increases in temperature and changes in precipitation patterns are expected to shift the 
distribution of ecosystems northward and up mountain slopes (McDonald and Brown 1992, pp. 
411–412; Danby and Hik 2007, pp. 358–359; IPCC 2007c, pp. 230, 232). McKenney et al. 
(2007, entire) predicted that the average range for a given North American tree species will 
likely decrease in size by 12 percent and will shift northward by 700 km (435 mi) during this 
century. As climate changes over a landscape, the ecosystems that support lynx are likely to 
shift, tracking the change of temperature, but with a time lag depending on the ability of 
individual plant and animal species to migrate (McDonald and Brown 1992, pp. 413–414; Hall 
and Fagre 2003, p. 138; Peterson 2003, p. 652). Boreal spruce-fir forests are thought to be 
limited by higher summer temperatures and drought (Iverson and Prasad 2001, pp.192–196). 
For example, within the last 20 to 25 years, widespread mortality and reduced growth in red 
spruce in the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, p. 
501; Johnson et al. 1988, p. 5373). Lienard et al. (2016, p. 7) conclude that spruce-fir forest 
types in New England, the Northern Great Plains, and higher elevations in the Rockies are 
vulnerable to drought-related stress from climate change during the next century. However, 
Decker and Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only 
moderately vulnerable to the effects of climate change by mid-century under a moderate 
emissions scenario. Similarly, Keane et al. (in press, pp. 209, 2013) concluded that while 
subalpine fir is likely to shift in distribution in the Northern Rockies, gains (expansion) will likely 
balance losses (contraction), and Englemann spruce , though highly sensitive to climate 
warming, will likely persist on the landscape.  
 
On a global or continental scale, there is general agreement that temperature is a primary 
determinant of treeline (Decker and Fink 2014, p. 122).  Based on historic evidence, treeline is 
generally expected to migrate to higher elevations as temperatures warm, as permitted by local 
microsite conditions, although there may be a lag time in some mountain ranges (Smith et al. 
2003, Richardson and Friedland 2009, pp. 7,8, 15, and 16, Grafius et al. 2012, entire, Decker 
and Fink (2014, p. 67). Boreal treelines in Scandinavia moved upslope an average of 40 meters 
(m; 131 feet [ft]), but in some locations up to 100 m (328 ft), during a recent 50-year period of 
warming (Kullman 1990, entire). However, despite recent warming, the alpine treeline in North 
America has thus far remained relatively static (Butler et al. 1994, entire). Upslope migration of 
the boreal forest treeline may be limited by high winds, desiccation, and soil depths not 
conducive to conifer colonization. Upslope migration of boreal forest could occur either gradually 
or as a series of scattered, rapid advances as climate thresholds are crossed (Kupfer and 
Cairns 1996, p. 259-261). At lower elevations, the upslope movement of the deciduous-boreal 
ecotone is limited by an isocline of excessively cold winter temperatures (generally -40°C [-
40°F]), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 1996, p. 263-264). In the 
Yukon, upslope migration of spruce-fir seemed to be triggered by climate thresholds and was 
characterized by slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 
361). However, in Vermont, the northern hardwood-boreal ecotone moved upslope 91 to 119 m 
(299-390 ft) between 1962 and 2005 consistent with rapidly increasing cloud ceilings in the 
Northeast, which is believed to be closely associated with this ecotone transition (Beckage et al. 
2008, pp. 4200-4201). Overall, the rate at which boreal forest could retreat upslope is highly 
speculative depending on how climate change may affect complex moisture and temperature 
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regimes, and there could be a lag time before these community types shift (Kupfer and Cairns 
1996, p. 268). 
 
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of about 3°C (5.4°F) global warming (Lucht et al. 2006, entire; Joos et al. 2001, 
entire). Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007a, pp. 9, 52, 72). 
Predicted changes to the boreal forest are already occurring, and much of the climate-induced 
change is occurring faster than originally predicted, suggesting rapid change as opposed to 
slow linear change (Soja et al. 2007, pp. 5-6). General circulation models are in agreement that 
winter warming across the circumboreal region will likely be in excess of 40 percent above the 
global mean (Soja et al. 2007, p. 4). Increases in precipitation are expected in the boreal region 
of Canada, particularly during the winter, but may be offset with increases in summer drought, 
heat stress, and evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are 
experiencing increases in tree mortality (Peng et al. 2011, entire). Several authors have 
suggested that grasslands, aspen parklands, and temperate forest will expand northward 
resulting in decreases in some areas that are currently boreal forest (Rizzo and Wiken 1992, p. 
50; Starfield and Chapin 1996, entire; Rupp et al. 2000, entire), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Simons-
Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). Climate change is expected to further 
fragment boreal forest in southern Canada (Hogg 1994, entire) and reduce habitat connectivity 
between lynx populations in the DPS and in southern Canada. 
 
As temperatures increase, lynx and hare habitats and, therefore, lynx distribution, are likely to 
recede northward and shift upward in elevation within its currently occupied range (Gonzalez et 
al. 2007, pp. 7, 13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; 
Vashon et al. 2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers 
expect that lynx in mountainous habitat will, to some extent, track climate changes by using 
higher elevations on mountain slopes, assuming that vegetation communities supportive of lynx 
and hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 
2007, p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential 
elevational refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate 
change scenarios, boreal spruce-fir forests are projected to diminish dramatically and could 
disappear from much of the range of the DPS by the end of this century (Iverson and Prasad 
2001, p. 196; Gonzalez et al. 2007, pp. 15-18; Iverson et al. 2008, pp. 390–400; Galatowitsch et 
al. 2009, pp. 2015-2016). Using a dynamic vegetation model, Gonzalez et al. (2007, pp. 4, 7–8, 
10, 13–14) concluded that potential lynx habitat in the contiguous United States could decrease 
by as much as two-thirds by the end of this century. Climate modeling suggests that lynx habitat 
and populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may 
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disappear completely from parts of the range of the DPS by the end of this century (Johnston et 
al. 2012, pp. 6–13).  
 
Northward and Upslope Contraction of Suitable Snow Conditions forBelieved to Favor Lynx - As 
described above (section 2.2), the lynx’s long limbs, large feet, and low foot-loading are 
believed to give it an advantage in snowy conditions over potential competitors and predators. 
However, climate warming is diminishing snow conditions (depth, quality, persistence) 
throughout the DPS. Warmer winter temperatures are reducing snowpack and altering snow 
structure throughout the lynx DPS via a combination of a higher proportion of precipitation falling 
as rain, more winter thaw-freeze events, higher rates of snowmelt during winter, and earlier 
spring melt and runoff (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 
2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 
4548–4549). These trends are expected to continue with projected future climate warming 
(Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
IPCC 2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase.’’ Because lynx occurrence is 
correlated with prolonged periods of deep, fluffy snow, current habitats that lose this feature 
would decline in value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, 
entire). 
 
Warming in recent decades corresponded to a substantiallarge decline in the duration of snow 
cover in North America, particularly in the mountains of the western United States (Mote et al. 
2005, pp. 47-48). These areas have historically been snow-covered from November through 
March, but the length of snowfall-conducive temperatures over many western mountain ranges 
could be reduced from about 5 months to about 3 months (December-February) by mid-century 
(Klos et al. 2014, p. 4566). Spring snowpack has already declined in many parts of the Rockies, 
especially since the mid-20th century, despite overall increases in winter precipitation in many 
places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). The recent rate of decline 
in the snowpack of the Northern Rockies is unprecedented in the last 1,000 years (Pederson et 
al. 2011, entire). Some mountainous regions are warming faster than global land averages 
(Rangwalla and Miller 2012, entire), and in most mountain ranges, relative declines in snowpack 
vary from minimal at ridgetop to substantial at the snow line. Losses in snowpack observed to 
date will likely continue and could even accelerate (Hamlet and Lettenmaier 1999, entire; Payne 
et al. 2004, entire), with faster losses likely in milder climates like the southern Rockies and 
Cascades and the slowest losses in the high peaks of the Northern Rockies and Southern 
Sierras. For every 1°C (1.8°F) increase in temperature, snowline is projected to retreat upslope 
about 150 m (492 ft) in elevation (Beniston 2016, p. 106). In the West, areas of contiguous 
spring snow cover are projected to become smaller and more isolated throughout the Columbia, 
Upper Missouri, and Upper Colorado Basins, with greatest losses at the southern periphery 
(McKelvey et al. 2011, pp. 2892-2896). Snow accumulation and duration are also expected to 
continue to decline generally in the central and eastern portion of the lynx DPS range (IPCC 
2007c, p. 891; Burns et al. 2009, p. 31). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
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Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Dyer and Mote 2006, entire; Brown 2000, pp. 2347-2354) and increased snow density 
(Hodgkins and Dudley 2006, entire). Because winter temperatures have increased 
disproportionately, especially in the coldest northern tier states (Tebaldi et al. 2013, entire), s 
increased more in the winter than summer (Knowles et al. 2006), the amount of winter 
precipitation falling as rain instead of snow has also increased throughout the DPS (Huntington 
et al. 2004, entire; Knowles et al. 2006, entire; Feng and Hu 2007, entire). If greenhouse gas 
emissions continue at the current rate, by 2100, the elevation above which it snows and below 
which it rains could climb as much as 244 m (800 ft) in the Colorado Rockies and by 423 m 
(1,400 ft) in the Rockies of Idaho and Wyoming, with the snow line projected to rise by an 
average of 290 m (950 ft) across 6 Western mountain regions (Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to accelerate the rate of loss of 
snow cover because of the reflective nature of snow and the relative heat-absorbing properties 
of non-snow-covered ground. This feedback effect causes the greatest warming to occur at the 
interface of snow-covered and exposed areas, increasing the rate at which melting occurs in 
spring (Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect 
has shifted the average date of peak snowmelt 3 weeks earlier in spring in the Intermountain 
West (Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and 
desert dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-
darkened landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over sometheir potential competitors (Pozzanghera et al. 2016, pp. 698, 703. 
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These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to bobcats and other predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2010). 
 
The bobcat is the closest related species to lynx in North America, and it may outcompete or 
displaces lynx in some areas where the 2 species overlap, at both broad (Peers et al. 2013, 
entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) geographic scales. In some 
areas of sympatry, lynx may be displaced to habitats of inferior quality, which could limit survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth, consistency, and persistence likely mediate competition between the 2 
species. Because of their higher foot-loading, bobcats likely hunt less efficiently than lynx in 
deep, unconsolidated snows (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and 
they experience high mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Considering 
recent and projected future changes in snow conditions described above, stable or increasing 
bobcat populations in the DPS range (Roberts and Crimmins 2010, p. 170), and the predicted 
northward expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 
2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172), lynx may 
experience increased competition and displacement by bobcats, which could influence lynx 
distribution and persistence at the southern edge of their range. 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2007, p. 1465; Koen et al. 2015, p. 528). 
 
Although high-elevation areas in the western part of the DPS range may provide future snow 
refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also be affected by 
climate change. Because recent and current rates of climate warming are much faster than 
occurred historically, it is possible that in these areas snow conditions favorable for lynx may 
move upslope at a faster rate than boreal forest vegetation, creating a mismatch of these lynx 
habitat elements. Thus, although it is possible that boreal forest vegetation may persist for some 
time, snow conditions thought to favor lynx could retreat upslope, potentially precluding lynx use 
of those boreal habitats and instead favoring potential competitors such as bobcats and 
coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
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snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of the range. As described above, changing snow conditions may influence lynx hunting 
behavior and effectiveness. For example, hard-packed snow is reported to be associated with a 
higher kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth 
et al. 2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
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the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). Snow patterns have also been proposed to 
potentially play a role in dampening cycles of some vole (Microtus and Myodes spp.) 
populations in northern Europe (Cornulier et al. 2013, pp. 64-65). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
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detect because trees live for so long, or they may be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forests (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes Region and parts of the Northwest could experience drought stress within 2 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
Wildfire freerquency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated in the western United States with 
continued climate warming (McKenzie et al. 2004, entire, Westerling et al. 2006, entire).  
Montana and Wyoming are acutely sensitive to climate change, and even for a very mild climate 
warming scenario, the area burned in the West will roughly double by the end of the century 
(McKenzie et al. 2004, p. 897).  Lynx habitat will be reduced in dry forests with high-frequency 
and low-intensity fire regimes, although habitat may improve in areas of moderate fire frequency 
and intensity and areas of low frequency and high intensity (McKenzie et al. 2004, p. 899).   
 
Evaluating wildfire patterns in the western United States from 1970-2004, Westerling et al. 
(2006, entire) found rapid and dramatic increases in the frequency of large fires, wildfire 
durations, and the length of the wildfire season beginning in the mid-1980s. Mesic middle- and 
high-elevation forest types (such as lodgepole pine and spruce-fir) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). In contrast, climate change is increasing precipitation in boreal forest regions of eastern 
North America, which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). Under 
multiple climate scenarios, large increases in fire frequency are expected for boreal forests in 
central and western Canada, and reduced frequency in eastern Canada - a situation that 
reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 860-
862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition in 
western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). 
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Climate change is also likely affecting the frequency and intensity of some eruptive boreal forest 
insect pests and pathogens that affect disturbance patterns in spruce-fir forests (Volney and 
Fleming 2000, entire, Gray 2008, entire). Changes in temperature and precipitation affect 
herbivore and pathogen survival, reproduction, dispersal, and distribution. For example, native 
bark beetles, such as the spruce beetle (Dendroctonus rufipennis) and mountain pine beetle 
(Dendroctonus ponderosae), are key agents of change in coniferous forest ecosystems in 
western North America and have recently defoliated millions of hectares – among the largest 
and most severe in recorded history (Bentz et al. 2009, entire). Drought-stressed conifers have 
increased vulnerability to insect attack. Warmer springs also could increase the frequency and 
duration of wildfires, which in turn could increase vulnerability of surviving trees to bark beetle 
attack (Westerling et al. 2006; Bentz et al. 2009, p.611;  ILBT 2013, p. 70). Increasing 
temperatures and forest homogeneity could create conditions favorable for bark beetle 
outbreaks that exceed natural disturbance thresholds, perhaps increasing the likelihood of 
additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 2008, p. 512; 
ILBT 2013, p. 70). By the end of the century, changes in temperatures across the boreal forests 
of western North America may cause markedly high probability of outbreak of these species 
(Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a major pest of 
spruce-fir ecosystems in eastern North America, is expected to shift northward reducing 
vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 2010, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)14 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
Reduced Gene Flow Between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
hypothesized that climate change would create increasingly unsuitable environmental conditions 
for lynx (e.g., milder winters with reduced snow quality, declining and fragmented boreal forest), 
which was associated with low genetic diversity and high genetic differentiation at the trailing 
(southern) edge of the range. High winter temperature, low snow depth, and low proportion of 
suitable habitat were also strongly correlated with neutral genetic diversity, low allelic richness, 
and high genetic differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic 
structuring in southern lynx populations could be caused by a northward shift in optimal 
conditions, potentially resulting in isolation and extirpation of lynx populations at the trailing edge 
                                                
14 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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of their range or climate-induced changes in the distributions of snowshoe hare or bobcats 
causing lynx to shift northward. Lynx with the greatest allelic richness were found in areas with 
the deepest snow in the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The 
authors concluded that climate warming has reduced gene flow at the receding (southern) edge 
of the lynx’s range, and that southward gene flow from Canada into threatened United States 
populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et al. (2004, entire) documented 
population and genetic structuring in the lynx populations east and west of Hudson Bay based 
on differences in snow conditions on either side of this divide. This may be explained by the 
reluctance of lynx to disperse between areas having different snow regimes and snow quality. 
Snow conditions may be the key factor in the spatial, ecological, and genetic structuring of 
Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
  
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, p. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific 
North American Index, and North Pacific Index which, in turn, affect patterns of temperature and 
snow in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are 
believed to have caused the collapse of cycles in some vole (Microtus and Myodes spp.)s in 
northern Europe (Cornulier et al. 2013, entire), lemmings in northern Finland  (Ims et al. 2008, 
pp. 81, 84), and snowshoe hare populations (Ims et al. 2008, p. 81); Krebs et al. 2010, pp. 484-
488; Cornulier et al. 2013, entire). ).).The geographical borders between cyclic and noncyclic 
populations are shifting, and the spatial extents of regions that have cycles are shrinking. The 
collapse of cycles in herbivores with high-amplitude population cycles also would imply 
collapses of important ecosystem functions such as pulsed flows of resources and disturbances 
throughout the ecosystem, including declines in predator communities (Schmitz et al. 2003, p. 
1202; Ims et al. 2008, p. 85). A common denominator of cycles that exhibit spatial gradients, 
such as the more pronounced snowshoe hare cycles in the northern part of its North American 
range, is that the cycles seem to fade as winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
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the first evidence of the effects of climate warming on hare-lynx cycles in Canada. The authors 
concluded that climate forcing is not only essential in producing sustained cycles, but also in 
modifying cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests in Canada 
beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 3269). With 
more pronounced troughs in hare abundance cycles, lynx populations in the interior of Canada 
will likely decline (Hone et al. 2011, p. 424). Diminished lynx populations in Canada is a concern 
because periodic immigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). If recent lower-
amplitude hare cycles in Canada persist, they will likely be followed by lower-amplitude lynx 
cycles, possibly resulting in muted irruptions with fewer dispersing lynx emigrating from Canada 
into the DPS. This would likely result in reduced demographic support and further reduce gene 
flow into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens,  development and survival rates, disease 
transmissionhosts and vectors, and host susceptibility to disease, and some species are 
predicted to experience more frequent or severe disease impacts with warming while others 
may be relieved of pathogens (Daszak et al. 2000, p. 444, Harvell et al. 2002, entire, Brooks 
and Hoberg 2007, entire, Harvell et al. 2009, entire). Climate change is likely to cause major 
changes to the geographic range and incidence of insect and tick-borne diseases (Daszak et al. 
2000, entire). No apparent climate-influenced parasites or diseases have been identified that 
would be expected to broadly affect lynx or snowshoe hare populations, but several lynx experts 
believed this is difficult to predict and remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-
39). A few pathogens have been documented in lynx in the DPS. For example, plague, a flea-
borne disease caused by the bacterium Yersinia pestis, which is not native to North America, 
was reported for the first time in lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague 
appeared to be the direct or indirect cause of death of 6 lynx released in Colorado between 
2000 and 2003. When translocated from Canada and Alaska, none of the lynx had antibody 
titers to Y. pestis; it appears likely that lynx were exposed to plague by infected prey after their 
release in Colorado. Exposure of some lynx to feline parvovirus was detected in 6 areas in 
western North America (Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a 
nematode that infects the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van 
Zyll de Jong 1966; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24).   
Davidson et al. 2011 (p. 242)  hypothesized that toxoplasmosis could spread northward into lynx 
populations with changing climate and expanding ranges of humans and feral cats, cougars, 
and bobcats. 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
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entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. 
 
In summary, although the rates of change and magnitudes of effects of climate warming are 
difficult to predict, climate models agree that lynx habitat and populations are likely to decline in 
the future (Carroll 2007, pp. 1098–1102; Gonzalez et al. 2007, entire) and may disappear 
completely from parts of the DPS range by the end of this century (Johnston et al. 2012, pp. 6–
13). Remaining lynx populations will likely be smaller than at present and, because of small 
population size and increased isolation, they will likely be more vulnerable to stochastic 
environmental and demographic events (Carroll 2007, pp. 1100–1103). Largely because of the 
likely consequences of projected continued anthropogenic climate warming, lynx experts expect 
a decreasing likelihood that resident lynx populations all 6 geographic units will persist in the 
future (Lynx SSA Team 2016a, pp. 35-47). Potential climate-mediated changes in habitat, prey 
base, and competitor guild, along with ongoing habitat los sand fragmentation, has led some 
authors to conclude that “…the extent of such changes and whether lynx are able to adapt to 
them will determine not how, but if, this species can persist in its current southern range” 
(Murray et al. 2008, p. 1469).  

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004, p. 290; 
McCann and Moen 2011, pp. 513-515) and in the West regenerating lodgepole pine, 
Engelmann spruce, and subaplpine fir (Koehler and Brittell 1990, p. 10, Maletzke et al. 2008 p. 
1477, Berg et al. 2012, pp. 1483-1487) and dense mature conifer forest, as well as young 
stands with dense spruce-fir saplings (Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; 
Berg et al. 2012, p. 1487). Silvicultural prescriptions and cutting practices in boreal forest types 
vary widely throughout the lynx DPS depending on the landowner, forest ecology and 
ecoregion, tree species, site conditions (e.g. moisture, slope, aspect), disturbance regimes (e.g., 
fire, insect outbreaks), forest policy and regulations, logging equipment, and markets for forest 
products. Forest management that creates habitat for hares and lynx in 1 geographic area may 
not be beneficial to hares and lynx in another. 
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Nevertheless, snowshoe hares throughout the DPS range respond to a single common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992, pp. 2180-2182; Wolfe 
et al. 1982, pp. 665-670; Litvaitis et al. 1985, entire). Dense, horizontal cover provides hares 
with a source of browse and cover from predation. Softwood (e.g., spruce-fir) has about 3 times 
more cover value than hardwoods (Litvaitis et al. 1985, p. 870). Thus, stem density (or stem 
cover units) and snowshoe hare density are directly and positively correlated (Conroy et al. 
1979; Litvaitis et al. 1985, p. 870, Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, 
entire; Koehler and Brittell 1990; Thomas et al. 1997, pp. 24-50; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6). Forest practices that promote high stem density and dense 
horizontal cover can increase snowshoe hare densities (Keith and Surrendi 1971; Fox 1978; 
Conroy et al. 1979, pp. 684-689; Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; 
Livaitis et al. 1985, p. 872; Bailey et al. 1986; Monthey 1986, entire; Koehler 1990a, pp. 848-
850, b entire; Robinson 2006, pp. 31-36, 62-75, 119-129; Fuller et al. 2007, entire; Homyack et 
al. 2007, entire; Scott 2009, pp. 8--92; McCann and Moen 2011, pp. 513-515 
). Forest practices that reduce dense understory generally reduce habitat quality for hares and 
lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979, entire; Sullivan and Sullivan 1988, entire; Koehler 1990b, entire; 
Thomas et al. 1997, entire; Homyack et al. 2005, entire; Robinson 2006, pp. 5-37; Griffin and 
Mills 2007, ; Scott 2009; Berg 2010; Ivan 2011a; Lewis et al. 2011; McCann and Moen 2011). 
Similarly, the effects of forest management on lynx habitat use, movements, and home range 
have been investigated by Koehler (1990a), Koehler and Brittell (1990), Fuller et al. (2007), 
Homyack et al. (2007), Moen et al. (2008), Vashon et al. (2008b), Simons (2009), Squires et al. 
(2010), Simons-Legaard et al. (2013), Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western United States 
After disturbances, forests generally develop through several stages described by Oliver (1980) 
as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996). The frequency and severity of disturbances have a large role in determining 
which species will dominate in a stand after the disturbance event. Snowshoe hare and lynx 
habitat are created during the stand initiation stage, after the young trees have established and 
grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide adequate horizontal 
cover. During the stem exclusion stage (when trees reach about 10 m [33 ft], depending on tree 
species) the tree crowns lift and lower branches self-prune, thus reducing the live horizontal 
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branches providing food and cover for snowshoe hares. In the old growth stage, understory may 
re-develop (e.g., in forest gaps where mature trees die or fall down) and food and cover may 
again become available to support snowshoe hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than fire, insect, or wind 
damage. 

 Timber harvest may mimic some natural forest practices, but sometimes differs from natural 
forest processes.  Some methods for harvesting methods forest products may create dense 
horizontal cover to benefit snowshoe hares and lynx in the lynx and snowshoe hare habitat 
similar to natural stand-replacing events.  The response of the forest to harvesting depends on 
the type of silviculture selected (e.g., clearcutting, partial harvesting, fuels reduction) and the 
timing and intensity of the harvest of year of the harvest.  Thus, the species composition of a 
forest regenerating from a clearcut may be similar to that of windthrow event.  In contrast, there 
are no ecological equivalents to forest practices such as the use of herbicides to suppress 
hardwood regeneration, plantations to create a monoculture, or precommercial thinning to 
influence species composition.  In some instances, these practices may create stand conditions 
that benefit hares and lynx and other instances not.  Timber harvest may also differ from natural 
disturbances by having a smaller footprint on the landscape than historic fire, insect, or wind 
damage may have had historically.  Forestry removes standing biomass from the site, primarily 
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larger trees, which influences coarse wood debris, microsite conditions, and nutrient cycling.  
Forestry may occur only at accessible sites, thus not creating hare and lynx habitat in remote 
areas.  Some forestry equipment may cause soil compaction or erosion that may influence tree 
growth.  Finally, forestry often gives a competitive advantage to commercially-valuable tree 
species that may or may not benefit hares and lynx (ILBT 2013, pp. 71-72).    
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to create hare and lynx habitat, 
forest managers should select areas that are capable of, but not currently providing, dense 
horizontal cover, provide snowshoe hare habitat, employ silviculture that mimics the nature and 
scale of natural disturbances, by creating additional early-successional forest conditions, 
management considerations include retain coarse woody debris, selecting areas that are 
capable of, but not currently providing, dense horizontal cover, designing the appropriate size 
and shape of treatment units, and provide sufficient habitat to create landscape hare densities 
that will attract lynx, retaining coarse woody debris, and maintaining high stem densities in 
regenerated forests (Koehler and Brittell 1990; Homyack et al. 2004; Bull et al. 2005; Fuller and 
Harrison 2005; Ivan 2011a). 
 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
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and Security Act (2007) mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, 
p. 125). The wood pellet sector is expected to grow, although woody biomass is typically the 
lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, 
Perez-Garcia et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under 
climate change, total United States timber inventories will increase, timber harvest will increase, 
and product prices will decrease relative to an assumed stable climate. Some models predict 
that consumers will gain from climate change while landowners in some regions will lose. The 
forest industry will adapt to climate change in many ways including using alternate tree species 
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in manufacturing, shifts to geographic regions of the country with economic advantages in 
timber growth, and increasing forest plantations with new species that are favorably adapted to 
the new climate and markets. Many strategies have been evaluated to increase the quantity of 
carbon stored in North American forests (Irland et al. 2003) including discontinuing or greatly 
reducing harvest in some forests to build carbon reserves, increased recycling to reduce use of 
forest products, converting agricultural lands to forests, and substituting wood products for more 
energy-intensive products. Increased atmospheric carbon will increase forest growth slightly, 
except for softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters 
more carbon, is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with 
older growth conifer forest to sequester carbon could benefit lynx in the West and be to the 
detriment of lynx in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
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occupancy in a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110, Simons-Legaard et al. 2013, pp. 572-576).  Hare declines below a 
threshold of about 0.5 hares per hectare, whether from some detrimental forest practices, 
fluctuations in hare populations, or both could be sufficient to This could diminish landscape 
carrying capacity for lynx (Scott 2009, p. 118),  cause lynx to increase their home ranges (Scott 
2009, p. 120, Ward and Krebs 1985, entire,  Mowat et al. 2000) reduce productivity (Slough and 
Mowat 1996, pp. 953-956), or in extreme cases to abandon their home range or cause mortality 
(Slough and Mowat 1996, pp. 956-957, Ward and Krebs 1985, p. 2819). 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007).  Effects of precommercial thinning are summarized in the 
Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73):  
 
Reducing the density of sapling-sized conifers in young regenerating forests to increase the 
growth of certain selected trees promotes more homogeneous patches and reduces the amount 
and density of horizontal cover, which is needed to sustain snowshoe hares (Sullivan and 
Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 2005, Griffin and Mills 
2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest densities in stands with stem 
densities ranging from 4,600–33,210 stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 
1984, Litvaitis et al. 1985, Monthey 1986, Parker 1986, Koehler 1990a, Griffin 2004, Fuller and 
Harrison 2005, Robinson 2006, Scott 2009), whereas thinned stands have densities of 2990 (6-
foot spacing) to 1,682 (8-foot spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). 
Precommercial thinning has been shown to reduce hare numbers by as much as 2- and 3-fold 
(Griffin and Mills 2004, 2007; Homyack et al. 2007) because of reduced cover and decreased 
availability of browse. Griffin and Mills (2007) reported that, if their results were representative, 
the practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
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data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Particularly in western forest systems, uUneven-aged management (single tree, partial harvest, 
and small group selection) practices can be employed in stands where there is a poorly 
developed understory, but have the potential to produce dense horizontal cover for snowshoe 
hares. Removal of select large trees can create openings in the canopy that mimic gap 
dynamics, a common natural forest disturbance in the West, and help to maintain and 
encourage multistory attributes within the stand. However, if removal of large trees opens the 
canopy to the extent that the patch functions as an opening, this may discourage use by lynx 
(Koehler 1990a, von Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees 
from mature multi-story forest stands to reduce competition and increase tree growth or 
resistance to forest insects may reduce the horizontal cover (e.g., boughs on snow), thus 
degrading the quality of winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et 
al. 2010). Similarly, removing understory trees from mature multi-story forest stands reduces the 
dense horizontal cover selected by snowshoe hares, and thus reduces winter habitat. 
  
In eastern forest systems, partial harvesting practices diminish the development of large 
patches of dense horizontal cover for snowshoe hares (Simons-Legaard et al. 2016, pp. 7-8. 
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
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comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006, 
Harrison et al. 2015 p. 55). Hare densities in partially harvested stands in Maine averaged about 
0.8 hares/ha during a period of high hare populations (0.3 hares/ac.; Simons 2009, p. 83, 
Simons-Legaard 2016, p. 4, Harrison et al. 2015 p. 55) and 0.45 hares/ha during a period of low 
hare populations (0.16 hares/ac; Scott 2009, p. 109, Harrison Simons 2009, p. XX), which is 
below the landscape hare density (0.5 hares/ha [0.2 hares/ac]) thought necessary to support 
resident lynx (see Section 2.2.1). 
 
Shelterwood harvestingcuts (sometimes referred to as overstory removal), is a form of even-
aged management most frequently used in hardwood and mixedwood stands in Maine (B. 
Rolek, unpublished data, Maine Cooperative Fish and Wildlife Research Unit), but also in 
spruce and fir stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in 
predominantly softwood stands contribute to landscape hare densities to support lynx, however, 
they are the exception and have maintained densities achieved hare densities about half that of  
similar to regenerating clearcut and herbicide-treated stands (D. Harrison, U. Maine, personal 
communication and unpublished unpubl. dData, Harrison et al. 2015, p. 55). Shelterwood 
stands in softwood stands are less likely to support higher hare densities because they are most 
often done in small patches to avoid problems with windthrow, especially in wet soils (D. 
Harrison, Department of Wildlife Ecology, University of Maine, pers. comm.).  As much as 30 to 
40 percent of the advanced regeneration may be damaged from repeated entries by machinery 
to remove the overstory (R. Seymour, Department of Forestry, University of Maine, pers. 
comm.).  Finally, subsequent overstory removal occurs about 15 years after the initial entry.  
Some of the dense understory is damaged just as the stand develops conditions to support 
higher hare densities. The damage to the understory not only reduces the quality of the habitat 
for hares, but also cuts short the duration that the stand produces high quality hare habitat.  
Current hare densities in partially harvested stands in Maine average about 0.4 hares/ha (0.16 
hares/ac; Simons 2009, p. XX), which is below the landscape hare density (0.5 hares/ha [0.2 
hares/ac]) thought necessary to support resident lynx (Ruggiero et al. 2000b, Simons-Legaard 
et al. 2013). 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western United States, prescribed fire for ecosystem restoration is most applicable to the 
dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests 
are generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
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Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western United States, projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
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(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high quality hare habitat (Simons 2009, Simons-Legaard et al. 
2013). In Maine and northern Washington, landscapes where boreal forest habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
(Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western United States 
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Today, natural disturbances, especially fire and insect outbreaks, remain the forest 
management is the predominant form of disturbance in boreal forest types in muchthroughout  
of the DPS., but in the West insect outbreak and wildfire are also critical agents of disturbance 
that influence and interact with forest management. Throughout the DPS, the frequency of 
harvesting accelerates in response to salvaging insect damaged stands. In some instances, 
forest management has greatly altered the disturbance regime. For example, prior to logging, 
the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics similar to 
some parts of the West today, and true stand-replacing disturbances were quite uncommon with 
recurrence intervals of hundreds to thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 
 
Need conclusion paragraph – summarize most important points about veg. mgmt. as an 
influencing factor for lynx in the DPS. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
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lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) United 
States forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is 
the dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
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In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
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that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, multiple large 
fires in north-central Washington over the last 24 years have burned about 34-37 percent of lynx 
habitat (Lewis 2016, pp. 4-6), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-
40 years for these areas to recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 
21), during which time additional fire and other habitat impacts could further diminish habitat 
availability and the lynx population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA 
Team 2016a, p. 44; also see section 2.3.2.2, above, and sections 4.2.4 and 5.2.4, below). The 
loss of habitat resulting from these fires and its potential demographic impacts on the State’s 
only resident lynx population contributed substantially to the WADFW’s recent recommendation 
to uplist lynx from threatened to endangered under its State Endangered Species Program 
(Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
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20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in most parts of the DPS range are patchy and marginal for both 
snowshoe hares and lynx. In the northern contiguous United States, boreal forest transitions to 
various types of northern hardwood forest in the Northeast and Great Lakes Region and to drier, 
more temperate montane forests in the West. The transitional nature of the boreal forest at its 
southern extent is believed (along with competition from other hare predators) to limit the 
numbers of both hares and lynx, preventing either from achieving densities comparable to those 
regularly achieved (except during the low of the hare population cycle) in the classic boreal 
forests in the core of both species’ ranges in Canada and Alaska (79 FR 54790). Lynx must 
contend with aspects of their habitat at the southern extent of the boreal forest for which they 
are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 4.5 
percent (20,000 km2) loss in forest area , and continued expansion of residential development 
will likely reduce forested patches by another 1.2 percent percent by 2030 (Theobold et al. 
2011, entire). Human-caused fragmentation in the forested western landscape resulted in a 
decline of weighted mean patch size from roughly 35,000 km2 to 3,200 km2 from natural to 
current conditions, but models predict relatively small declines in the size of forested patches 
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over the next 30 years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half 
or more of the natural forest was cleared in the past 3 centuries, but as agriculture and 
settlement relocated westward and some eastern farmlands were abandoned, eastern forest 
cover rebounded (Williams 1989, Smith et al. 2005). Similarly, a large portion of Minnesota 
forests were cleared in the last century, but forest cover has rebounded. The forest area in 
northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 22). Future trends 
portend increased human population and declining forestland in the United States (Haynes 
2003), but whether and to what extent forest conversion will affect boreal forest habitat in the 
DPS is uncertain. Preliminary findings from the 2002 United States timber assessment (Haynes 
2003) indicate that approximately 15-20 million acres of United States forest land could be 
converted to urban and developed uses over the next 50 years. Such land use conversions 
could result from residential development in forested landscapes, as the United States 
population is estimated to grow by another 126 million people. 
 
Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions, behavioral disturbance 
from roads, and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high-quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution and generally lower densities of hares in many parts of the contiguous 
United States require lynx in most areas of the DPS range to maintain larger home ranges than 
lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger home 
ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
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Throughout the northern part of their range, snowshoe hares are found in vastcontinuous areas 
of boreal forest interspersed with occasional bogs and fens and water that are less preferred; 
conversely, southern populations occur primarily in insular patches of suitable habitat set amidst 
large areas of less-preferred habitatsareas (Wolff 1980; Keith et al. 1993). This disparity has led 
a number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the range of lynx, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that an extremely high 
predation rate on hares living in high-quality habitats seemed to be driving the changes in 
distribution and abundance in a snowshoe hare population in Wisconsin, rather than predation 
on naturally dispersing individuals. In that study, predation pressure on hare populations 
occupying small (< 7 ha [< 17 ac]) patches of preferred habitat was so severe that 3 of the 5 
populations under investigation were extirpated in the course of the 3-year study. Fragmentation 
of landscapes exacerbates the effect of predation by allowing carnivores to concentrate their 
hunting efforts on small patches of habitat used by their preferred prey instead of preying 
disproportionately on dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich 
landscapes characteristic of the DPS, this can result in intense predation and competition for a 
limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
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2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depthDeep (Hoving et al. 2005, p. ; Peers et al. 2013, 
entire) and persistent (Gonzalez et al. 2007) snow are believed to give lynx a competitive 
advantage over generalist predators in the conterminous United States. Too little snow or 
crusting conditions may favor competitors and predators like bobcat, fisher, and coyotes. High 
elevations may provide snow conditions that favor lynx, whereas low elevations favor conditions 
for competitors. Lynx may have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when competitors likely have increased access to all habitats. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, appropriate habitats for lynx are naturally fragmented by topography 
and vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
discourage lynx dispersal between habitat patches (although verifed records of lynx in many 
parts of the contiguous United States and long-distnce dispersal of lynx released in Colorado 
demonstrate that lynx at least occasionally navigate such habitats). In some western parts of the 
DPS range, lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, 
p. 976). In other areas of the DPS where there is little topography, including Minnesota and 
Maine, matrix forest facilitates lynx movements between suitable habitats. Large rivers are 
unlikely to fragment habitat as lynx readily swim across large bodies of water (Feierabend and 
Kielland 2014, entire) or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western United States, although snow alone does not constitute lynx habitat (i.e., many places 
receive sufficient snow but lack other features lynx need, typically adequate hare densities). 
Snow conditions are less consistent in the East. For example, lake-effect snow from Lake 
Superior can increase snow depth and duration in the Arrowhead region of Minnesota in some 
years, but not others. The Gulf of Maine has the reverse effect, and its warming influence 
reduces snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate 
that eastern Maine has extensive areas of boreal forest but does not achieve snowfall 
thresholds that gave lynx an advantage over bobcats and other competitors.  
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Lynx populations are clearly most viable in areas having extensive, relatively unfragmented 
boreal forest habitats with large patches of high-quality foraging habitat and persistent deep, 
fluffy snow. Both lynx and hares are influenced by the spatial arrangement of preferred habitat. 
In Ontario, lynx preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 
769). In Maine and northern Washington, landscapes where habitat was more contiguous 
supported more snowshoe hares than landscapes that were more fragmented (Simons 2009, 
Lewis et al. 2011). Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, 
Maletzke 2004, Squires and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid 
large openings, especially during winter. Mowat et al. (2000) suggested that relatively few 
snowshoe hares use large openings, and consequently lynx spend little time hunting in these 
areas. Koehler (1990a) speculated that vegetation management prescriptions that result in 
distance to cover >100 m (328 ft) may change lynx movement and use patterns until such time 
as sufficient reestablishment of forest vegetation occurs. Opening size can also influence 
seedling regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and, in winter, avoided recent 
clearcuts or other large openings (Squires et al. 2010). Similarly, in Washington, Lewis et al. 
(2011, entire) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
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habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and factors. Changes in habitat, 
prey base, and perhaps competitor guild will likely impact lynx populations in the DPS and in 
southern Canada.  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
providing habitat or connectivity. They surround large areasblocks of lynx habitat in Minnesota 
and northern Maine. Various studies have documented lynx crossings of highways. A male lynx 
in western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway (4-lane highway) relative to 
random expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 
and 1A, respectively). In southeastern British Columbia, lynx avoided crossing highways within 
their home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx 
with home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these 
individuals crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing some highways, this could lead to 
a loss of effective habitat within a home range and reduced interaction within a local population 
(Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single 
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
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home ranges (Fuller et al. 2007, pp. 1983-).  In Minnesota, Moen et al. (2010b) found that lynx 
selected for roads during long-distance movements. Roads may not be essential to these 
movements, but lynx appeared to benefit energetically from the use of these linear features.  
Lynx killed fewer hares near logging roads likely because hare density was lower there (Fuller et 
al. 2007, p. 1985, Fuller and Harrison 2010, p. 1274) or possibly because of increased potential 
for interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). 
Squires et al. (2008) reported that lynx denned farther from all roads compared to random 
expectation. Four-lane highways, such as the interstate highway system, commonly have 
fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J. Squires, personal communication 2012). Colorado lynx crossed 2-lane 
highways an average of 0.6 times per day and more frequently during dusk and at night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially in forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, MDIFW, unpub. data), 11 in Minnesota (T. Smith, USFWS, 
unpub. data), 1 in Idaho and 5 in Montana (USFWS 2016a, unpubl. data, compiled by K. 
Broderdorp). Between 1995 and 2011, 15 lynx were reported killed on British Columbia 
highways (British Columbia Wildlife Accident Reporting System 2012). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volume and lower speed limits. In Minnesota, between 
2000 and 2011, 2 lynx were killed on backcountry railroads, and 2 on unpaved forest roads 
(U.S. Fish and Wildlife Service 2012). Backcountry roads also provide human access into lynx 
habitat where incidental trapping or illegal shooting can occur. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012, pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
potential competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
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Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift from clear-cutting to partial harvesting will continue to increase the number of patches 
of high-quality hare habitat, but it will greatly reduce the size of patches and increase their 
isolation (Simons-Legaard et al. 2016, pp. 5-6), thus diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
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More than 50 ski areas exist throughout the range of the lynx in the contiguous United States 
(ILBT 2013, pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow 
conditions provide for extended ski/snowboard recreational seasons. In the western states, 
many of these landscapes feature spruce-fir forests. While ski resorts occupy a small proportion 
of the landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and perhaps railroad access to facilitate 
exploration and development also directly impact lynx habitat, contribute to fragmentation, and 
result in direct mortality. Despite these potential effects, mining exploration and development is 
generally anticipated to affect only a small portion of lynx habitat in the contiguous United 
States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site, and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
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in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
Mining – Mining activities occur primarily within the western units of the DPS although there is  
increased interest in mining in the Minnesota and Maine units.  Lynx habitats are lost and 
fragmented similar to other development; loss of boreal forest, construction of roads and 
railroads, transmission lines, human disturbance, and indirect effects of having more people 
where lynx occur.  In the West, for example in the Wyoming Range, extensive oil and coal bed 
methane development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac), and 
could displace lynx from some areas.  Open pit and subsurface mines can affect from tens to 
thousands of hectares of habitat.  In some instances, to reduce effects land exchanges are 
conducted to consolidate private land ownership of the surface above a deposit to be mined.  
Depending on the lands exchanged, this could retain lynx habitat in public ownership. Surface 
deposits of minerals and gravel for forest road construction are excavated within lynx areas.  
Areas developed vary from a single truck load to tens of acres. 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. CThe construction of wind facilities including access roads, clearing for 
turbines, and transmission lines, may results in  loss of lynx habitat and increased fragmentation 
from permanent forest clearings. Noise and human activity associated with the construction and 
operation of wind facilities could disturb or displace lynx from important habitats. Effects would 
likely continue through the life of the project, which may exceed 20 years.   
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting.  
In most instances, naturally-vegetated utility corridors are less than 300 m wide and would not 
be expected to block lynx movements.  
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. However, lynx have been documented 
dispersing through this landscape (J. Vashon, Maine Department of Inland Fisheries and 
Wildlife, unpublished data).  Forest clearing for agriculture may have contributed (along with 
increasing road densities and an expansion in coyote distribution) to the recent contraction in 
the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Again, could use a summary paragraph here of the most important sources and consequences 
of habitat loss and fragmentation. 
Whereas the response by Canada lynx to forest management and forest roads are relatively 
well-known (e.g., Simons-Legaard et al. 2016, entire, sections above), their response to other 
human activity and development are relatively unknown.  Nearly all studies of lynx in North 
America occurred in remote areas where human activity and development are minimal.  In more 
developed areas where lynx occur in the DPS, lynx may have to balance selection for prey 
density against mortality risk from humans.  For example in a developed landscape in Norway, 
Eurasian lynx demonstrated a trade-off in habitat selection such that they avoided areas near 
human development having the highest prey density (roe deer Capreolus capreolus) and 
selected an optimal combination of intermediate prey abundance and intermediate human 
disturbance (Basille et al. 2009, pp. 687-690).  Eurasion lynx accepted areas having 
intermediate human occupancy (Basille et al. 2009, p. 687), thus confirming their ability to live in 
relatively human-modified habitats.  Snowshoe hares in North America are not associated with 
human development in the same way roe deer are in Europe.  Thus, it is uncertain whether 
Canada lynx would make this trade off and instead would elect to avoid human activity and 
development where mortality would be greatest. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 
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4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last 2 decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently has sufficient habitat to potentially supports the largest resident lynx 
population in the DPS. Similarly, when the DPS was listed, we were uncertain whether 
Minnesota (Unit 2) supported a resident population. We now know that a persistent population 
of perhaps 50-200 lynx occupies the northeastern corner of the state. Research also suggests 
that lynx and habitats in the western United States (Units 3, 4, 5, and 6) are naturally less 
abundant and more patchily-distributed than was thought at the time of listing, and several 
areas thought to have historically supported small resident populations currently do not (the 
GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the Kettle Mountains of 
northeastern Washington). We also know that recent extensive wildfires in north-central 
Washington (Unit 4) have substantially reduced (probably temporarily) the amount of high-
quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result of the 
release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival and 
reproduction of some of these lynx and some of their offspring, resident lynx currently occupy 
parts of western Colorado (Unit 6), although the current number of lynx there is uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; Figure 1). Of the 5 occupied units, 
4 are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2) (see tables 1, above, and 3, below). Our analyses and lynx expert imput 
indicate no single catastrophic event that could result in the functional extirpation (loss of the 
ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016a, p. 56).  
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
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has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, p. 2], Isle Royale in Lake Superior [Licht 
et al. 2015, entire]). Any small populations that were lost were not in large, discrete geographic 
units that would have represented substantially greater redundancy in the contiguous United 
States. The implications of the potential recent loss of resident lynx in the GYA for the 
redundancy of the DPS are unclear. The historical record and recent research show that the 
GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
National Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
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the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times, and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
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Brunswick (where lynx are a provincially-endangered species and harvest is prohibited). There 
are no reliable estimates of current or historical resident lynx numbers in this unit. At the time of 
listing, the Northern Maine Unit was not believed to contribute significantly to the DPS. 
However, we now know that there currently is sufficient habitat in this unit to possibly support 
the largest reproducing resident population of lynx in the DPS (numbers and trends unknown, 
but enough habitat currently exists to support possibly 500 750 to 1000 lynx [Vashon et al. 
2012, pp. 87-91]). Small numbers of reproducing lynx have also been documented recently in 
northern New Hampshire and northern Vermont. Historically, when Maine had a greater 
proportion of mature forest, lynx distribution in this unit was likely patchier, and lynx populations 
were likely lower and may have been more dependent on immigration from Canada. Forest 
management and periodic budworm outbreaks are theis now the primary drivers of hare and 
lynx habitat in this DPS unit. Current lynx and hare habitat is at an historically high level 
because of young, regenerating softwood forests created by extensive clearcutting and 
herbicide application to salvage spruce-fir and encourage softwood regeneration following a 
severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 
2008b, Simons 2009, pp. 122-165). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hare populations do not 
seem to cycle in this region, but hare numbers declined by 50 percent starting in 2006 and have 
remained at lower levels. Reproduction and survival rates in the low-hare environment after 
2006 suggest a slightly declining population. Unlike other units of the DPS, lynx habitat in 
northern Maine occurs nearly entirely on private, industrial forest lands, and landowners do not 
have long-term commitments to lynx management. The majority of lands in Maine are owned 
now by investment companies that wish to diversify income from their investments, which could 
result in forest practices less likely to result in hare and lynx habitat maintenance and 
conservation. Other potential stressors on private lands include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. The next 
spruce budworm outbreak may beis imminent, but forestry response by investment landowners 
is uncertain. Climate change is a concern as snow depth and duration are currently at the 
minimum thresholds believed necessary to give lynx a competitive advantage over bobcats and 
other mesocarnivores. There is currently no clear evidence of climate change effects on lynx 
distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
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northeastern Minnesota appear to be sufficient to support a viable lynx population and are 
highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest 
continues to manage lynx habitats in accordance with its 2004 Forest Plan, which includes 
measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, and incidental trapping; other factors that could potentially 
impact resident lynx in this unit include mining development, snow compaction (related to winter 
recreation?), competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 
of unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 3 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and 
hare habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest 
and associated management (e.g., thinning, road construction, fire suppression) appear to have 
had localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size and 
intensity of wildfires have increased over the past several decades, likely in response to climate 
warming, but impacts to lynx are uncertain. Whether and if so to what extent other climate-
mediated factors have influenced the current condition of lynx populations or habitats in this unit 
is also unknown. Regulations prohibit lynx trapping and require measures to reduce the 
likelihood of trapping lynx incidentally when legally trapping other species. Hare densities have 
not been estimated broadly throughout the unit but appear to be low or marginal even in what is 
considered the highest-quality habitat, suggesting that even small decreases in habitat 
quality/hare densities could influence its continued ability to support resident lynx. The role of 
past and recent immigration in maintaining the demographic and genetic health of current lynx 
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populations in this unit is unknown, but peaks in cyclic lynx numbers in Canada have declined, 
especially when compared to the unprecedented irruptions of the early 1960s and 1970s, and 
there is no evidence of significant immigration into this unit since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
There are no reliable estimates of historical or current resident lynx numbers in this unit, but 
recent habitat and home range analyses (summarized in Lewis 2016) suggest that it may have 
been capable of supporting 65-90 lynx prior to extensive wildfires  over the past 2 decades. 
Those fires affected about a third of the potential lynx habitat, led to increased home range size, 
and may have reduced the carrying capacity of this unit to 40-55 lynx currently. The recent 
increase in wildfire frequency, size, and intensity in lynx habitat in this unit may have been 
influenced by climate change (Westerling et al. 2006, pp. 942-943). There is significant risk for 
potential future wildfires to further affect the viability of lynx in this geographic unit. Burned 
habitats are expected to regenerate back into suitable lynx habitat, but this may take 10-40 
years. Results of snowshoe hare research suggest that hare densities in Washington are 
generally at the low end of the range thought necessary to support lynx persistence. The 
Okanogan-Wenatchee and Colville National Forests, which administer more than 90 percent of 
lynx habitat in Washington, continue to manage in accordance with the LCAS. Additionally, the 
WADNR, which manages approximately 4 percent of lynx habitat in Washington, developed a 
Lynx Habitat Management Plan in 1996, which was updated in 2006 and is also largely based 
on the LCAS. The Kettle Range to the east of this unit was suspected to have supported a small 
(likely fewer than 20 individuals) resident population until about 30 years ago when over-
trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether and, if so, 
to what extent other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
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densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of reproduction 
among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but lynx managers believe it may currently support 100-250 lynx as a result 
of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historic irruptions of the early 1960s and early 1970s. Since the DPS was listed 
and the Southern Rockies Lynx Amendment completed, 2 bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in several areas of lynx habitat in the San Juan Mountains. Areas affected by beetles 
that contained multistoried stand conditions likely continue to provide habitat to support 
snowshoe hares and lynx. Areas affected by beetles and fire may require 20 years or more to 
recover to a point where the stands will again support snowshoe hares. Large-scale monitoring 
efforts in the San Juans documented continued lynx occupancy during winter 2010-11 and 
2014-15, and it is reasonably likely that lynx continue to occupy all National Forests within the 
State of Colorado. Habitat that supports snowshoe hares is patchily distributed in this 
geographic unit, which limits their abundance. Because the majority (90 percent) of potential 
lynx habitat in Colorado is under Federal land management, actions occurring on other 
ownerships are unlikely to result in significant impacts to lynx habitat within this unit. The USFS 
manages over 85 percent of the lynx habitat in this unit, providing conservation through the 
Southern Rockies Lynx Amendment. However, regulatory mechanisms for the conservation of 
lynx are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including 
lynx habitats on some BLM and some non-Federal lands. 
 
Table 3. Summary of current conditions in 6 geographic units within the DPS range1.  
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1Estimators used to calculate home range size are provided in table 2, above. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This unit encompasses approximately 28,909 km2 (11,162 mi2) of northern 
hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been designated 
as critical habitat for lynx (79 FR 54823-54828). Lynx have recently been documented in smaller 
areas of similar habitat outside this unit in eastern and western Maine, northern New 
Hampshire, and the northeaster corner of Vermont. Climate in this region is characterized by 
warm summers and some of the coldest temperatures and highest snowfalls in the eastern 
United States; a function of latitude, elevation, and distance from the ocean. The average terrain 
rises in northern Maine to 305-457 m (1,000-1,500 ft) with mountain peaks, particularly in 
western Maine, northern New Hampshire, and Vermont from 914-1,524 m (3,000-5,000 ft). This 
region is far enough inland to be unaffected by marine influences. Average annual precipitation 
is currently 104 cm (41 in), with greatest precipitation in winter in the form of snow (average total 
snowfall is 228-280 cm (90 -110 in), with higher amounts at the highest elevations. Snow 
duration is about 4 months (mid-November through mid-April). 
 
Most of the lynx habitat in the Northeast occurs in northern Maine within the designated critical 
habitat boundary all. Land ownership in the critical habitat unit boundary is about 90 percent 
private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and 1 percent 
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Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost entirely 
commercial forest lands. Lynx regularly occur outside of the designated critical habitat boundary 
in parts of northeastern, eastern, and western Maine and, recently, in northernmost New 
Hampshire and Vermont (see below). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit, southern Quebec, and northern New Brunswick  are geographically 
isolated by the St. Lawrence River from lynx populations in central Quebec (120 km [75 mi] 
north of Maine). Lynx populations in Maine and eastern Canada are geographically isolated 
from other lynx populations on the island of Newfoundland (900 km [559 mi] east of Maine), and 
on Cape Breton Island, Nova Scotia (650 km [404 mi] southeast of Maine) (Koen et al. 2015, 
entire, Prentice et al. 2017, entire). The closest lynx population relative to in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these 2 ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA, under a conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to 
mature to a climax forest type which is contained within what is considered core lynx habitat. 
The area will potentially provide good denning habitat but will likely restrict the amount of 
snowshoe hare habitat in the foreseeable future. Current conditions are in a transition state, and 
portions of the core area currently support higher densities of snowshoe hare because of past 
forest management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a 
high component of deciduous forest and insufficient snow conditions in New Hampshire are 
unlikely to support viable lynx populations over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Recent modeling to determine potential lynx habitat connectivity in the Northeast 
suggests that the Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012) . 
The 530-km2 (205-mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife 
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Refuge), 17 percent State (Vermont Department of Natural Resources), and 63 percent private 
commercial timber lands (with conservation easement). The future persistence of lynx in 
Vermont is unlikely because of the patchy and limited amount of potential habitat, climate 
change (decreasing snow), trends toward hardwood management, and increasing human 
disturbance (Vermont Fish and Wildlife 2015, Appendix A5 p. 127). 
 
 
Habitat Description:  In the Northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging and periodic spruce budworm defoliation) and are 
characterized by dense horizontal structure and high stem density within 1 m of the ground. 
These habitats support the highest snowshoe hare densities (Homyack 2003, p. 63; Fuller and 
Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). At the stand scale, lynx in 
northwestern Maine selected older (11- to 26-year-old), tall (4.6 to 7.3 m [15 to 24 ft]) 
regenerating clearcut stands and older (11- to 21-year-old) partially harvested stands in close 
proximity to clearcut stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range scale, 
lynx select landscapes having extensive regenerating conifer forest, but also with some mature 
conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial harvested and 
mature conifer stands in close proximity to clearcut stands because of increased ease of travel 
and prey access along the extensive edges with high-quality (regenerating clear-cut) habitats 
(Simons-Legaard et al. 2013, p. 574). 
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Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species.  
 
Both the current amount of high-quality habitat and the lynx population in Maine are likely larger 
than occurred prior to European settlement, when a relatively smaller proportion of the forest 
was in an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances.Historically, 
lynx habitat in northern Maine was likely much less abundant and less broadly-distributed than it 
is today. Both the current amount of high-quality habitat and the lynx population in Maine are 
likely larger than occurred prior to European settlement, when a relatively smaller proportion of 
the forest was in an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 
56). In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Although, high-elevation boreal forests often exhibit dense, regenerating conifer (a wind-throw 
phenomenon known as fir-waves [Sprugel 1976, entire], hare densities are believed to be low in 
these areas (Siren et al. (2015). Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (interval of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). In this 
geographic area, wildfire is less significant as a natural agent of disturbance. The typical fire 
regime is infrequent surface fires in the dormant season in the hardwood forests, and slightly 
more frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; 
Seymour et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several 
decades, early successional forests and lynx habitat in northern Maine, New Brunswick, and 
southern Quebec have been created almost exclusively by forest management (Lorimer and 
White 2003, pp. 42-43). 
 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; D. Harrison, Univ. Maine, unpub. Data; Harrison et al. 2015, entire; Vashon et al. 2012, p. 
14). Prior to 2006, several estimates of hare densities in the highest quality, regenerating conifer 
or mixed forest averaged 1.9 to 2.1 hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; 
Robinson 2006, p. 26). After 2006, hare densities declined by about half in all stand types and 
have remained at these lower levels (Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. 
data). Similar trends were observed in the Gaspe Region of Quebec (Assells et al. 2007, entire). 
In 1990, hare densities in dense, regenerating spruce-fir stands in New Hampshire were 0.5 
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hares/ha (0.2 hares/ac) at low and high elevations (Brocke et al. 1990, p. 61). More recently, 
Siren et al. (2015) reported lower densities in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 
0.15 hares/ac]) in both montane and lowland spruce-fir. Densities in high elevation (krumholtz, 
stunted spruce-fir) were only 0.19 to 0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, pp. 574-576) 
recommended maintaining landscape hare densities of > 0.5 hares/ha (0.2 hares/ac) and a 
minimum of 27 percent high-quality hare habitat within 100-km2 areas) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and much smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39 hares/ac) and there was >10 percent mature conifer forest. No lynx 
occurred in landscape hare densities <0.5 hares/ha (0.2 hares/ac). In Maine, lynx selected 
softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-1985; 
Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) partially-
harvested stands (Fuller et al. 2007, pp. 1983-1985) and mature conifer stands (Simons-
Legaard et al. 2013, p. 568) where hares are more accessible. Lynx were more likely to occur in 
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landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by very recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). 
Regenerating stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 
2004, p. 291), and were characterized by high stem density and dense horizontal cover within 1 
m (3 ft) of the ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 
2010, p. 1276-1278). These habitats supported high snowshoe hare densities (Homyack 2003, 
p. 53; Fuller and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 
36-44). At a landscape scale, lynx habitat selection did not differ between sexes; however, at a 
home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [15–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
hare densities, where hares were more accessible to lynx compared to the densest (short 
regenerating) stands Fuller and Harrison 2010, pp. 1276-1278). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically, lynx habitat in northern Maine was likely much less abundant and less broadly-
distributed than it is today. Both the current amount of high-quality habitat and the lynx 
population in Maine are likely larger than occurred prior to European settlement, when a 
relatively smaller proportion of the forest was in an early successional stage (Lorimer 1977, 
entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior to European settlement, lynx 
habitat was created and maintained by frequent, small-scale forest gap dynamic events and 
infrequent, large-scale stand-replacing forest disturbances (Seymour et al. 2002, pp. 359-365; 
Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests often exhibit an even-aged 
wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). Large, stand-replacing 
events (fire, wind and ice storms, insect outbreaks) are rare (interval of several hundred to 
several thousand years) and highly variable in size (Seymour et al. 2002, entire; Lorimer and 
White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark disease, and sugar 
maple defoliators have been important influences affecting forest landscape patterns (McNab 
and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm outbreaks, the 
most likely insect to affect lynx habitat, have been highly variable in Maine and eastern Canada 
in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less significant as a 
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natural agent of disturbance. The typical fire regime is infrequent surface fires in the dormant 
season in the hardwood forests, and slightly more frequent but long-interval fires in conifer 
forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer and 
White 2003, p. 59). For the past several decades, early successional forests and lynx habitat in 
northern Maine, New Brunswick, and southern Quebec have been created almost exclusively by 
forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) increased 400 
percent (Simons-Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 202-218xx). In 
response to the widespread clearcutting in the 1970s and 1980s, Maine passed the Forest 
Practices Act in 1989. This Act regulated clearcutting. Various forms of partial harvesting 
replaced clearcutting as the predominant form of forest management in northern Maine. Partially 
harvested stands (e.g., selection harvest, shelterwood harvest, overstory removal) have a wide 
range of residual stand conditions, but many have lower conifer stem densities and higher 
hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On average, partially 
harvested stands support about 50 percent of the hare densities observed in regenerating 
clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
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nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), 2 tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time 4 private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
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(umbrella species for mature forest) and other biodiversity objectives. All 4 plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires 
protectionsafeguards for threatened and endangered species. Other landowners are certified 
under the Sustainable Forestry Initiative (SFI). Both certification programs require planning  
protection for threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). . 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. Given 
the frequent turnover in Maine forest lands, new landowners do not always renew certification or 
resume the certification programs initiated by the previous landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records (Vashon et al. 2012, entire; Siren 2015, entire) document that 
lynx occur throughout northern Maine and in small, isolated pockets in western and eastern 
Maine, northern New Hampshire, and Vermont (Siren 2015, entire). Population size and trends 
are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
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lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, providing enough habitat to possibly support numbering at least 
several hundred and perhaps more than 1,000 resident lynx (Vashon et al. 2012, pp. 58-59, 
Appendix IV; Vashon in Lynx SSA Team 2016a, p. 18) . Habitat in northern Maine can 
supported lynx densities in a localized areas of high-quality habitat that wasare substantially 
greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 2003 when hare 
populations were high, lynx density (juveniles and adults) in one of Maine’s highest-quality 
habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, Vashon et al. 2012, p. 
15). At about the same time, the density of lynx in nearby Gaspe Peninsula, Quebec was 
estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are intermediate to those in 
Canada during the high (17.0-44.9/100 km2) and low periods (2.3-3.0/100 km2) of the lynx-hare 
cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). Simons (2009, p. 102) 
estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half of the critical habitat 
area designated in 2014) in northern Maine could potentially support a population of 236 to 355 
adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) estimated the potential for a 
population of 750 to 1,000 adult lynx in all of northern Maine in 2006. The actual number of lynx 
is unknown because there are no methods available to measure and produce true population 
estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
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expected at the periphery of the range of a mainland-island metapopulation structure, and as 
suspected for other lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 
25-31; Apps 2007, pp. 81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only 2 records 
in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a small 
resident population likely occurred historically in New Hampshire but no longer exists (68 FR 
40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of 3 lynx, a presumed family group, were observed travelling together in 
late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in 
these areas; 0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 
0.12-0.23 hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which 
may explain why lynx rarely occur. 
 
Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over 3 winters (Brocke 1982). The reintroduction was unsuccessful in establishing 
a resident population, and in 2003 the Service concluded that a resident population may have 
existed in New York prior to 1900, however, records of lynx since 1900 likely represent 
dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire, Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
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of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates 
(average litter size 2.74, 89 percent of adult females producing litters) in the DPS (Vashon et al. 
2012, pp. 18-19). During the current (2006-present) period of low hare density, litter size was 
smaller, only 30 percent of females had litters, and mortality was greater. Maine lynx have 
among the smallest home ranges documented in the DPS (Vashon et al. 2008a, p. 1482; LCAS 
2013, p. 24; also see tables 2 and 3, above). Home range sizes were similar during periods of 
high and low hare density (Mallett 2014, p. XX). Lynx populations likely increased during the 
period of high hare density (lambda [λ] = 1.16) and declined during periods of low hare density 
(λ = 0.88) (USFWS, Vortex 10, deterministic population simulation 2016; demographic data from 
Vashon et al. 2012, pp. 17-21). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002; Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and at some times may have been more 
dependent on immigration from Canada. Current habitat is the result of widespread clearcutting 
to salvage spruce and fir damaged by a spruce budworm outbreak in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005, Fuller et al. 2007, Vashon et al. 2008b, Simons-Legaard et al. 
2013). Lynx habitat is expected to remain stable for the next few years then decline because of 
changing forest practices (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by anreduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
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days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where there is regularly total 
snowfall of at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of 
lynx (to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, 
Peers et al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range 
of the lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 
cm (90-104 in; NOAA 201115). In the last 50 years, 18 of 23 snow sampling sites in and near 
Maine experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in 
New England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et 
al. 2008). Thus, average snow conditions in Maine are currently at or below snow depth 
thresholds for lynx, and further declines in annual snow depth would be expected to reduce the 
probability of lynx persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated in the Northeast and 
snow density has increased. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires are infrequent. The fire regime in this unit is infrequent (50- 
to 200-year interval) and if they occur, generally small (several acres) surface fires occur in the 
dormant season. Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less 

                                                
15 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 
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frequent interval (800 to 9000 years; Seymour et al. 2002, p. 360). In contrast, spruce budworm 
outbreaks cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River16. 
 
In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for Maine’s 
Trapping Program (MDIFW 2014, 2015a as amended, entire) and obtained a permit from the 
Service for lynx trapped incidental to other furbearer trapping in Maine (see section 3.1). From 
2000 to 2016, 114 lynx have been reported captured in traps set for other species and 8 of 
those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). In Maine, after 2 lynx were killed in 
killer-type traps in 2014, the MDIFW imposed additional trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx, (e.g., requiring killer-type traps be placed in 
exclusion boxes, eliminating the use of drag sets for foothold traps, and requiring multiple 
swivels on trap chains. No lynx have been reported incidentally trapped in New Hampshire or 
Vermont since 2000. 
 
In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development17, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
                                                
16 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
17 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 
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Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250300 turbines covering 
932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. The 
effects of wind energy projects on lynx, hares, and their habitats are unknown. Potential direct 
effects include disturbance or displacement of resident lynx from large landscapes and loss and 
fragmentation of habitat from turbines, roads, and transmission lines. Increasing power 
infrastructure associated with these projects could greatly change development potential and 
patterns in northern Maine by bringing electricity into the interior of Maine’s vast undeveloped 
forest region. Extensive road construction would further fragment habitat and increase access 
for recreation., including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently purchased and donated 354 km2 (137 mi2) within designated lynx 
critical habitat that was subsequently designated as the Katahdin Woods and Waters National 
Monument. This area currently has a legacy of young-regenerating spruce-fir habitat from 
previous industrial forest landowners, but its new monument designation will may limit future 
forest management activities (timber harvest or other vegetation management) that could 
benefit lynx. Another conservation landowner, The Nature Conservancy, continues forest 
management on about half of its 750-km2 (290-mi2) ownership, including managing part of the 
area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
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populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1,000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who often wish to diversify income from their investments, which 
could result in forest practices inconsistent with lynx habitat conservation. The greatest 
stressors to resident lynx in this unit are habitat loss (shifts in forest management from 
clearcutting to partial harvesting resulting in lower landscape hare densities), lack of forest 
planning for lynx, and projected continued climate warming (diminishing snow depth, quality and 
duration; potential increased competition from bobcats and fishers; loss of spruce-fir to northern 
hardwoods; and future isolation of the metapopulation because of diminishing ice conditions on 
the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land that was excluded from critical habitat. Land 
ownership in this unit is about 47 percent Federal (primarily USFS, with some NPS and BLM 
land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage Reservation) 
(see Table 1). This unit includes most of Superior National Forest (SNF; including the Boundary 
Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario (ON). 
Relative to other DPS lynx populations, this unit is about 1,480 km (920 mi) east of the 
Northwest Montana/Northeast Idaho Unit arend about 1,610 km (1,000 mi) west of the Northern 
Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
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McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), and 
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balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal area 
dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and larch 
from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent basal area 
dominance. 
 
In 2015, the SNF estimated that there were approximately 3,074 km2 (1,187 mi2; 60 percent of 
lynx habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 
acres of habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished 
data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx A more 
precise estimates of resident population size is not available.  
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
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ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpublished data). In addition to the 11 trapping mortalities, another 15 lynx 
were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and 2 died in Ontario of unknown causes (USFWS 2016b, 
unpublished data). Some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating, along with evidence of lynx returning to Minnesota after dispersing to 
Ontario, that survival of Minnesota lynx in Ontario for extended periods is possible (Moen 2009, 
pp. 2-3, 10-13). Minnesota has relatively high forest road and highway densities that intersect 
lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that were 
bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
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has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNRb 2015, entire). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting of lynx-. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011a, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011a, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
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As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region as 
projected by climate models, deer mortality may be reduced; this could increase bobcat 
densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25), 
potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). According to annual 
track surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, 
similar to bobcat, wolf populations may increase with changing snow conditions and prey 
availability as influenced by climate change. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015a, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
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Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely-distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
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(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter densities were 
highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature stands (Griffin and 
Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare populations in this 
area were thought to be stable, mean summer and winter hare densities, respectively, were 
0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 0.64 and 0.47 
hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by lynx, compared 
to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 0.18 and 0.12 
hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select (Squires and 
Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the dense mature and 
dense young stands only marginally achieve the threshold density of 0.5 hares/ha (0.2 hares/ac) 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90; also see section 2.2.1, above). Nonetheless, hares accounted for 96 
percent of the biomass in lynx diets in this unit based on evidence at kill sites (Squires and 
Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-level hare 
densities could reduce the ability of habitats in this unit to support resident lynx (Squires et al. 
2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover consistent 
with historical lynx occurrence records (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; A. Lieberg 2017, pers. 
comm.; also see Lynx Status, below). This small and relatively isolated island of lynx habitat 
(Squires 2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multistoried) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of resident lynx 
in the Garnets represents the extirpation of a previously-persistent small population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
naturally ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountainss), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
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produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. There was no evidence of cyclicity in these vital rates, and no indication of substantial 
immigration of lynx into these study areas from Canada. Starvation, predation by cougars, and 
human-caused deaths each accounted for roughly one-third of documented sources of lynx 
mortality. Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley 
Lake area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing 
trend, 2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic 
Canadian population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 
0.10 (order of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 
952, Table 4), and the natural range in λ that would be expected among peripheral, isolated, or 
semi-isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that 
would signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016a, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. On February 2, 2016, a 
single lynx was detecteded via snow-track survey and verified via DNA analysis in the Garnet 
Range in the area previously occupied by resident lynx, demonstrating that natural 
recolonization of this area by dispersing lynx is possible. However, this recent record appears to 
have been of a dispersing /transient individual because subsequent surveys have not revealed 
additional detections of that lynx or any other lynx in the area, and there currently remains no 
evidence of lynx residency in this mountain range (A. Lieberg 2017, pers. comm.). 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
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intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015a, p. 10). On the Lewis and Clark National Forest, lynx 
are considered “still present” in the Rocky Mountain Front portion of the forest, which is within 
this geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in 
the disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx 
in those ranges (USFS 2015a, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-United States border (USFS 2015a, 
p. 10). No lynx were detected during surveys in 2007 or 2013-2014, and snow surveys could not 
be completed in 2015 because of poor snow conditions (USFS 2015a, p. 9). However, in 2012-
2014 3 lynx were incidentally trapped on the Idaho Panhandle (1 in 2012 in the Purcells, and 2 
in 2014 in the Cabinet Mountains), and another was documented by a Service grizzly bear 
trapping crew in the Purcells in 2014 (USFS 2015a, pp. 9-10; U.S. District Court ID 2016, pp. 6-
7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
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of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south (U.S. District Court ID 
2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
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levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate 
change has probably already had some impact on lynx habitats in this geographic unit, and 
such impacts are likely to continue to occur, there currently is no evidence that climate change 
has had population-level effects or has reduced the ability of this unit to support persistent 
resident lynx populations. However, such impacts would be difficult to document and, as 
described under Habitat Status, above, because lynx habitats in this unit are naturally highly-
fragmented and hare densities, even in areas considered high-quality habitat for this DSP unit, 
often appear to barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. Modeling vegetation and 
snow suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that 
boreal and temperate conifer forest biomes were broadly distributed across this geographic unit 
and that snow conditions suitable for lynx occurred with 90-95 percent probability from 1961-
1990. (Future conditions based on this modeling are described in section 5.2.3, below). As 
described in section 3.2, above, climate change has also been implicated in recent increases in 
the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts of the 
DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA Team 
2016a, p. 41).  
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Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
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Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and backcountry 
roads and trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 
78-85) that are unlikely to exert population-level influences, despite potential impacts to 
individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-519). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous United States If lynx populations in this unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, the population growth rate 
estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA 
Team 2016a, p. 20) may reflect a gradual decline of a resident lynx population that needs but is 
not receiving adequate immigration. In contrast, the growth rate estimated for the lynx 
population in the Purcell Mountains in the northwestern part of this unit (λ = 1.16, increasing 

                                                
19 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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trend 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) suggests that the level of 
immigration, if necessary for demographic stability, has been adequate or that productivity and 
recruitment have been high enough to offset potentially diminished immigration. It is also 
possible that, despite the documented historical intermittent (cyclic) influxes of lynx from 
Canada into lynx populations in this geographic unit, immigration does not contribute 
meaningfully to the demographic stability of these populations. If that is the case, the estimated 
growth rates suggest that recruitment has failed to offset mortality in the Seeley Lake population 
but that it has more than done so in the Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This area was occupied by resident 
lynx when the DPS was listed and remains occupied currently. Evidence from recent research 
and DNA analysis shows lynx distributed within this unit, and breeding has been documented. 
Although researchers have fewer records in the portion of the unit south of Highway 20, this 
area contains boreal forest habitat and is thought to support resident lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness and access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and also 
likely supports resident lynx. Additionally, lynx populations exist in British Columbia directly 
north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below).  
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
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Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (>30°) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)20. 
  
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21). Several wildfires affected lynx habitat 
in the North Cascades during the middle 1990s and early 2000s:  1994 Whiteface Burn (15.5 
km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 2001 Thirty-Mile Fire (25.7 km2 
[9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; Vanbianchi 2015, p. 23). Subsequent to 
those fires and incorporating research on lynx habitat use, Koehler et al. (2008, p. 1522) 
estimated that the Okanogan LMZ (including this geographic unit) contained approximately 
2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 LMZs in the northeastern 
corner of the state, combined, contained an additional 1,381 km2 (533 mi2) of suitable habitat. 
More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; Vanbianchi 2015, p. 
23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the Okanogan LMZ 
(Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
                                                
20 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 
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about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years.. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from Washington into Canada recently documented, connectivity 
between this unit and Canada currently appears functional (ILBT 2013, p. 65). Outside of this 
geographic unit, lynx habitat in the Kettle Range and the other northeastern LMZs is limited in 
size and potentially capable of supporting only a few lynx. Koehler et al. (2008, p. 1523) 
estimated the Kettle Range could support 10 to 23 lynx based upon a lynx density of 2.3 
lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, that lynx 
density estimate was derived from research conducted in the Cascade Range within a large 
area of contiguous, high-quality habitat (Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle 
Range is much smaller and likely more fragmented, and may not be capable of supporting a 
similar density. The Kettle Range is also somewhat isolated from other lynx habitats in 
Washington (e.g., the Cascades) and British Columbia. The Kettle Range is separated from the 
Cascades in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir 
and ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the 
Kettle River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife 
fencing in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and 
anthropogenic features may be impediments to lynx movement between the Kettle Range and 
the Cascades and British Columbia, perhaps reducing the likelihood of natural recolonization 
and re-establishment of a resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960-61 to 1990-91 a total of 234 lynx was harvested in Washington, with 
the most (35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and 
Stevens (10 percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in 
the Kettle Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 
through 1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx 
were reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
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Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In July, 2016, the WADFW recommended that the Washington Fish and Wildlife 
Commission uplist the lynx from a State threatened to a State endangered species (Lewis 2016, 
p.1). 
  
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming male numbers are similar to female numbers) 
in 1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
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have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. 
  
The estimated quantity of lynx habitat was based on mapping areas supporting the forest-type 
and physiographic characteristics identified as being used by lynx during telemetry studies 
conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of the current condition 
(successional stage, or stand type, structure, or age, etc.) of the habitat. The estimation of lynx 
habitat was based purely on forested areas potentially supporting a forest-type potential of 
subalpine fir/Engelmann spruce, and the physiographic characteristics of elevations greater 
than 1,400 m (4,593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 1518), and did not 
consider whether the area was recently burned, harvested, etc. Recognizing that new 
information on lynx and snowshoe hare habitat use patterns had been learned since the 1980’s, 
and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. (2008, 
entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess the 
suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 km2 
(930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of 5 adult male and 2 adult female radio-collared lynx were 
monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During the 
study 2 kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the study 
indicated female average home range size was 39 km2 (15 mi2) and average male home range 
size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult lynx, adult 
lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of the radio-
collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 percent 
with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
   
Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the 2 dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
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to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke (in Lynx SSA Team 2016a, p. 
21) estimated the average female home range size had increased to 91 km2 (35 mi2). The 
important point is the recent large, stand-replacing fires in the Cascades have resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 10-40 years to do so (Lewis 2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Factors Affecting Current Condition 
 
According to the Draft Washington State Periodic Status Review for the Lynx, the WADFW 
recommends uplisting the lynx from threatened to endangered because of: 1) observed range 
contraction in Washington following protection efforts; 2) the substantial loss of habitat in the 
last 20 years; and 3) the ongoing and anticipated threats to lynx population persistence (Lewis 
2016, pp. XX). 
 
Within Washington, the vast majority of lynx habitat is administered by the 
Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka 
the Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
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(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (748 FR 54834–54835).  
 
In summary, recent wildfires have temporarily eliminated or reduced the quality of almost 40 
percent of higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-6; Maletzke 
in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and significantly 
affected the status of and current viability of the lynx population within this geographic unit. This 
geographic unit likely supports fewer resident lynx currently than it did historically, making the 
current, smaller population more vulnerable to environmental, demographic, and genetic 
stochasticity and to large catastrophic events (Lewis 2016, p. 6). Recent wildfire severity, extent, 
and intensity in lynx habitat within this geographic unit may have been influenced by climate 
change (Westerling et al. 2006, pp. 942-943), and as discussed in Chapter 5, below, climate 
change may similarly affect the future viability of lynx within this geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
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Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone National Parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-storied 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
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coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place21. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled the probability of 
suitable snow across North America, showing that most of this geographic unit has a 95 percent 
probability of providing snow cover conditions consistent with historical lynx occurrence records 
(Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton National Parks) the Absaroka-Beartooth, Bridger, 

                                                
21 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana


 

154 
 

Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness 
areas. Among the 3 national forests that contribute to this unit, 75 percent of potential lynx 
habitat is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management 
activities in these areas are unlikely to adversely impact lynx and hare habitats. Large parts of 
Yellowstone National Park burned in the extensive wildfires of 1988. Although the extent to 
which those fires may have impacted potential lynx habitats is uncertain, some of the burned 
areas may soon reach a stage of regeneration capable of supporting increased densities of 
hares, perhaps increasing the likelihood that lynx could reestablish and maintain home ranges 
in some parts of the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up 
less than 3 percent of lynx habitats in this unit, it is unlikely that activities on those lands have 
impacted lynx populations or meaningfully influenced the unit’s current capacity to support 
resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
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mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986, entire; Appendix A, p. 
67), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 verified 
(“certain”) records and over 200 unverified (“probable”) records based on trapping reports and 
observations of animals or tracks. Most records were from the northwestern corner of the State, 
which overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) 
reported 30 verified records for Wyoming, including those in Reeve et al. as well as 2 resident 
lynx, a male and a female, who were trapped, radio-marked, and monitored in the Wyoming 
Range over several years beginning in 1996 and who produced 6 kittens over 2 years. The 
female had 4 kittens in 1998 and 2 in 1999, though none of the kittens survived to 
independence, and the female died of starvation in March 2000 (Squires and Laurion 2000, p. 
346; Squires et al. 2001, pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over 
the 3 years she was monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years 
(Squires et al. 2003, pp. 12-13). The male also made multiple long-distance exploratory 
movements (up to 728 km [452 mi], including multiple highway crossings) over 3 successive 
years (Squires et al. 2003, pp. 13-16; Squires and Oakleaf 2005, entire). 
 
Eighteen lynx were reported to have been trapped from a small area in the Wyoming Range in 
winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources22 claim that 13 lynx were 
trapped in the Wyoming Range in winter 1972-73. However, Reeve et al. (1986, Appendix A, p. 
67) reported no verified (“certain”) records of lynx trapped from 1970-1982 and unverified 
(“probable”) accounts that included no lynx trapped in 1971, 5 trapped in 1972, and 1 trapped in 
1973. These conflicting anecdotal reports of lynx occurrence records illustrate compellingly why 
only verified records are appropriate for consideration of the historical distribution of rare and 
elusive species like lynx, especially those that are easily confused with or commonly 
misidentified as a similar but more abundant sympatric species, as with lynx and bobcats 
(McKelvey et al. 2000a, pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were 
correct, the large numbers of lynx reported in the early 1970s correspond to the second of 2 
well-documented and unprecendentedly large irruptions of lynx from Canada into the northern 
contiguous United States, when dispersing/transient lynx occurred temporarily in many places 
with little or no evidence of the historical presence of resident lynx (McKelvey et al. 2000a, pp. 
232-242). That the sudden increase in lynx reportedly trapped suggested by these anecdotal 
records would have reflected a pulse of dispersing lynx associated with that large irruption is 
more plausible than the notion that a previously undocumented resident lynx population 
suddenly and simultaneously became vulnerable to trapping in only a handful of winters.  
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
                                                
22 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3).On the Shoshone National 
Forest in the northeastern part of this unit, 7 lynx snow tracks were confirmed by DNA analysis 
in winter 2005/06, and a single track was verified the following winter (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
   
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton National Parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
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some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15; 
see also section 3.2, above, and 5.2.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.2.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  
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Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and backcountry roads and trails; these are 
all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to 
exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous United 
States, no barriers to lynx dispersal from the north have been identified, and 10 lynx released in 
Colorado are known to have dispersed northward into and through this unit (Devineau et al. 
2010, p. 526; Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern 
and northern Rockies is possible. As described above in Lynx Status, the large number of lynx 
reportedly trapped from a small area of the Wyoming Range in the early 1970s (Squires and 
Laurion 2000, p. 338) may suggest dispersers associated with the irruption of many lynx from 
Canada into the northern contiguous United States documented at that time (McKelvey et al. 
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2000a, pp. 235-242). No subsequent pulses of lynx dispersing from the north have been 
documented, and lynx trapping records suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia, the most likely source of lynx dispersing southward into this unit, 
dampened dramatically after the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-523).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States If lynx populations in this geographic unit are reliant on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. We 
excluded the northwest part of the State, bounded on the south by US Interstate 70 and the east 
by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. Small 
areas of similar potential lynx habitat extend into south-central Wyoming and north-central New 
Mexico, and some lynx released in Colorado traveled into or through those areas. However, 
there is no evidence that either area supports resident lynx, and we question their ability to do 
so. This unit is not directly connected to lynx habitats and populations in Canada or to other 
DPS populations, although lynx dispersing from the north apparently arrived intermittently into 
the area historically. Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit.  
 
Ivan (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in this unit. This habitat 
estimate falls between the Ivan (2011e, p. 26) estimate and the USFS’s habitat estimate of 

                                                
23 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 
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https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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30,664 km2 (11,839 mi2; USFS 2008, p. 18), while retaining a greater than 60 percent probability 
of detecting lynx as described by Ivan (2011e, pp. 32-33). 
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce-subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce-subalpine fir-aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow-alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
 
Snowshoe hare habitat is naturally patchily-distributed in the Southern Rocky Mountains (ILBT 
2013, p. 54), limiting hare abundance in the Western Colorado Geographic Unit. Dolbeer and 
Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 hares/ac) in 
Summit County in central Colorado, with the highest densities in mature and late-successional 
spruce-fir forests. However, this study was conducted in a very limited area and did not sample 
younger sapling-stage stands (15-40 years post-disturbance) to compare hare densities with 
those reported for mature and late-successional spruce-fir forests (USFWS 2008b, p. 32). 
Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in mature Engelmann 
spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) than in mature 
lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor Park, Colorado.  
In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare densities in early (20 - 
25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 hares/ac]); intermediate 
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densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 hares/ac]); and lowest 
densities in mid-seral (40 - 60 years old) lodgepole stands that had been pre-commercially 
thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more similar across the 3 
forest types during the winter months; however, in all forest types and all seasons, hare 
densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 hares/ha (< 0.12 
hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral lodgepole) in 1 summer 
(2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 hares/ac]) that exceeded 
the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum needed to support resident 
lynx over time (Ivan et al. 2014, p. 587, fig. 2).   
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). In 2008, the USFS reported that most of their LAUs in the Southern 
Rockies fell within a range of 3-8 percent in a currently unsuitable condition, with only 1 LAU 
exceeding 30 percent unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 
(25%) LAUs currently exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. 
comm.). These changes are mostly in response to the ongoing bark beetle infestations, as well 
as wildfire events that have occurred since 2008. 
 
Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents. All USFS land management plans within the unit were 
amended in 2008 to provide for the conservation of lynx. Similarly, since the DPS was listed, all 
BLM Field Offices (FOs) in Colorado have been conserving lynx discretionarily through 
application of conservation measures provided in the LCAS (Ruediger et al. 2000, entire; ILBT 
2013, entire).Three BLM FO plans in Colorado have been amended or revised to conserve lynx 
following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of potential lynx 
habitat. One additional FO plan provides conservation measures for timber management 
actions only, but that FO administers only about 1 km2 (0.39 mi2) of potential lynx habitat. The 
remaining FOs currently have not formally amended or revised their plans specifically to provide 
conservation for lynx (these plans, combined, guide management of approximately 645 km2 
[298 mi2] of potential lynx habitat). Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
M.K. Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We 
are not aware of any specific conservation planning guiding activities on non-Federal lands in 
this geographic unit.  
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.). The CPW has developed a 
minimally-invasive, long-term, state-wide monitoring program to track the distribution, stability, 
and persistence of lynx in Colorado (Ivan 2011e, entire) that may also eventually provide 
population trend information. 
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As of 2015, evidence of recent lynx reproduction has been documented by kittens captured on 
game cameras accompanying adult females at 3 locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016a, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan 
in Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.93 ± 0.03 within the 
study area in the San Juan Mountains and 0.82 ± 0.07 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22; 
also see table 3, above) and the kitten survival rate (0.23; Ivan 2016b, pers. comm. March 9, 
2016) were both lower in this geographic unit (during the period of intensive monitoring from 
1999-2010) than rates reported elsewhere in the DPS. 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid (20-30 years), and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
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snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Because the majority (88 percent) of potential lynx habitat in Colorado is 
under Federal land management, actions occurring on other ownerships are unlikely to result in 
significant losses of lynx habitat within Colorado. However, habitat connectivity may be 
negatively affected by intense recreational use or development within strategic areas that are 
important for habitat connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
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study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
  
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. 
 
We present and summarize the professional judgments and opinions of a panel of 10 lynx 
experts regarding the factors likely to influence the persistence of resident lynx populations in 
each of the 6 geographic units. We also present and summarize the experts’ projections, based 
on consideration of those influencing factors, of the probability that each of the geographic units 
will continue to support resident breeding populations of lynx into the future (at years 2025, 
2050, and 2100), and the sources of uncertainty that influenced their confidence in their 
predictions. Although formal elicitation of expert opinion where empirical information are 
unavailable or inadequate is an appropriate and scientifically supported approach, we remind 
readers that the output remains the experts’ best professional judgement, which is subjective 
and, therefore, inherently different than experimentally collected data subjected to rigorous 
statistical analyses. For purposes of useful and meaningful presentation and comparison, it was 
necessary to combine, quantify, graph, and summarize the qualitative information provided by 
experts. However, we caution that the results we present below and describe more fully in 
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chapter 5 should not be interpreted as precise, statistically robust estimates of the probability 
that resident lynx will persist in the DPS or in any individual geographic unit in the future, and 
readers should consider the inherent limitations and substantial uncertainties in expert 
responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also Chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States includesis our 
recognition and consideration of a future in which the DPS is not listed under the ESA. 
However, given the DPS’s listing history and the ESA’s requirements for delisting, we do not 
evaluate the unlikely hypothetical future in which the DPS is not listed and all protections and 
conservation efforts disappear. Rather, we assume that although some protections could be 
relaxed (e.g., less stringent analyses of project-related impacts, potential for some states to 
reinstitute limited trapping/hunting harvest), that conditions for delisting would include 
requirements and incentives to continue to conserve lynx and its habitats and to assure 
persistence of resident lynx populations in those places that can support them on Federal, State 
and Tribal lands (perhaps some private lands as well). Our evaluation, therefore, considers the 
possibility of the future relaxing of some lynx conservation measures and efforts, but not the 
complete absence of all protections for lynx. Some of the experts we consulted indicated that 
their projections assumed the status quo (i.e., continued protections under the ESA and current 
Federal and State land management policies). Others indicated their persistence probabilities 
were not influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016a, p. 52). 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
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conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest-
and snow-associated predator that relies heavily on a single, similarly-specialized prey species, 
and whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., 
wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to 
the impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous United States and the current lack of reliable estimates of the sizes, trends, and 
many demographic parameters for most DPS populations, it is difficult to confidently predict the 
future condition of the DPS or the likelihood that any given geographic unit will support resident 
lynx in the future. We lack data to build rigorous empirical population models for lynx across the 
DPS, and uncertainty regarding the timing and magnitude of potential impacts to lynx from 
continued climate warming also limits our ability to predict the future condition of the DPS. 
Therefore, our assessment of the future condition of the DPS is based on our evaluation of the 
available scientific information regarding the factors identified by the ILBT as the most likely to 
have population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78) and on the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016a, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 1, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
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development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. The lack of evaluation of the effectiveness of forest management plans for lynx on 
Federal lands is of concern for western geographic units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016a, pp. 36-49; also see 
5.2, below). Although all 5 geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 1 
(Northwestern Montana/Northeastern Idaho) had an expert-estimated probability of persistence 
greater than 50 percent (i.e., persistence more likely than not) by the end of the century. Expert 
input suggests that all other geographic units individually have a 50 percent or greater 
probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016a, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from 2 or 3 of the 5 units that currently 
support them by the end of the century (figure 7). 
 

 
Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
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response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all 5 of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from 1 or more of the 5 geographic units that 
currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units (e.g., 
Minnesota; Galatowitsch et al. 2009, pp. 2015-2016) and be substantially reduced in the 
remainder before the end of the century (we are aware of no climate modeling that suggests the 
complete disappearance of potential lynx habitat from the entire contiguous United States by the 
end of the century). Complete loss of lynx habitat is perhaps more likely in the Northern Maine 
and Northeastern Minnesota units where there is little potential for elevational refugia compared 
to the more topographically diverse units (3 through 6) in the western United States. Under such 
a scenario, resident lynx would be unable to persist in some units and would be severely 
restricted in number and distribution in others, with any remaining resident populations more 
vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic events 
than is currently the case. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming (we are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century). We cannot quantify the 
likelihoods of either of these extreme scenarios nor improve the precision of, or our confidence 
in, the experts’ predictions regarding persistence. Nonetheless, we believe the most likely future 
condition of the DPS is that resident lynx populations will continue to persist at the end of the 
century in 2 or 3 of the 5 units that currently support them (i.e., they will be functionally 
extirpated from 2 or 3 of the units) and that even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
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redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
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and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from 2 to 3 (of 5) units by the end of the century. Projected 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm, and development will be the greatest future drivers of hare and lynx habitat in this 
unit. Lynx habitat and numbers are expected to decline by 50 to 60 percent by 2032 in response 
to aging of the budworm-era clearcuts and the effects of 27 years of extensive partial 
harvesting. In the next few decades, high quality hare habitat will drop from about 10 percent to 
5 percent of the landscape, perhaps more in line with likely historical conditions. High quality 
habitat patches will become more fragmented, smaller, and more isolated, thus making the 
landscape less suitable for lynx than it currently is. For the next few decades the best habitat will 
occur in the southern portion of the range where effects of climate change and competition with 
bobcats are likely to be greatest. Absent long-term lynx management agreements, the future of 
lynx habitat is uncertain. Wood products markets will likely continue to change and could be 
affected by interest in carbon sequestration in response to climate change. Rapid changes in 
private forest land ownership are likely to continue and could result in subdivision of large 
ownerships. Non-forestry land uses (wind energy development, transmission line corridors, 
residential and resort land development, and unmanaged conservation lands) will compete with 
forest management as the primary land use. Conservation easements will help reduce 
development pressures and keep some lands as working forest, but forest practices (e.g., 
partial harvesting, northern hardwood management) may not be conducive to creating new lynx 
habitat. Climate change is expected to affect the Maine unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and to mid-century, snow quantity and quality will 
continue to deteriorate, likely causing the range of lynx to begin contracting northward. 
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Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce 
budworm outbreak, and frequent disturbance of the forest all will contribute to the trend in the 
loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50 percent by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. No threat from lack of forest planning was perceived or 
defined for the northern Maine unit at listing.  We also note that the threat for which the lynx 
DPS was listed, the lack of specific conservation direction in Federal forest planning and 
management regulations and direction, does not apply to private lands. Currently, there are no 
long-term management plans in place on most privately-owned forest lands in this unit, State 
forest regulations have greatly influenced harvesting practices that have (and will likely continue 
to) reduce landscape hare densities, markets for forest products are depressed, and projections 
(under current harvest scenarios) are that habitat will diminish and shift southward in the near 
term because of post-harvest succession and recede northward over the longer-term because 
of continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forests are projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The probability of persistence of the lynx population in this unit is projected to decrease over 
time with increasing uncertainty through the end of the century, driven in the near term by 
decreaseing quality, quantity and persistence of snow and over the long term from loss of 
spruce-fir forests. If the SNF continues to follow vegetation management and other 
recommendations under the LCAS in their Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. If the DPS is de-listed, the species would be placed on the Forest’s Regional 
Forester Sensitive Species list for at least 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. It is expected that the MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
mean probabilities of persistence generated by lynx experts were > 90 percent at year 2025, 80 
percent at year 2050, and declining to 35 percent (with great uncertainty) by 2100. After 
reviewing the scientific literature concerning climate change projections (diminishing snow 
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conditions, loss of boreal forest, lack of elevational refugia, and the potential for increased 
competition, disease, and insect outbreaks), some members of the  SSA Core Team were 
slightly more pessimistic about the future of lynx in Minnesota than the lynx expert panel. The 
Core Team concluded that the climate-mediated conversion of boreal forest to temperate forest 
and the loss of favorable snow conditions could occur at a rate and extent that would result in a 
lower probability of persistence than the median most likely estimate provide by experts, 
including the possibility that resident lynx could be extirpated from this unit by the end of the 
century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have temporarily eliminated 
or reduced the quality of about a third of lynx habitat within the North Cascades, which has 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. Similar to the other geographic units, continued climate warming is anticipated 
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to reduce the future quality and distribution of lynx habitat in Washington, potentially further 
exacerbating the recent temporary losses of lynx habitat from wildfires. Projected warming may 
increase wildfire frequency and severity, which may result in further losses of lynx habitat. 
Climate change is also expected to reduce the quantity and quality of snow, potentially resulting 
in permanent reductions in the quantity and distribution of lynx habitat in Washington State. 
These potential climate-driven reductions of lynx habitat may serve to further isolate lynx 
populations within this unit as well as between neighboring lynx populations in the other 
geographic units and Canada. Continued forest management on both Federal and State lands 
will benefit lynx populations in Washington, but this may not completely ameliorate the potential 
negative effects related to climate change. Considering the recent reduction in lynx habitat and 
the projected impacts of climate change, experts predicted near-term (year 2025) persistence 
probabilities of 60 to 90 percent (median = 80 percent), mid-century persistence at 30 to 80 
percent (median = 70 percent), and end-of century (year 2100) persistence probabilities less 
than 50 percent (median = 38 percent) for lynx populations within this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with the experts regarding the probability of 
long-term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
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least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally or intermittently 
support a small number of resident lynx and some reproduction throughout the remainder of the 
century. However, we conclude that it is very unlikely to support a persistent resident population 
over the short-term (through 2025), even less likely that it will do so at mid-century, and it is 
highly improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. However, climate models 
suggest a 40 percent decline in snow persistence. Assuming that snow levels will increase in 
elevation, lynx habitat is likely to become more fragmented by areas that no longer retain 
appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Beetle kill and wildland fire will likely result 
in temporarily nonfunctional habitat. However, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. This unit would be expected to 
continue to support resident lynx in the future if survival and reproductive rates similar to those 
estimated during intensive monitoring are maintained over the long-term. However, given the 
lack of evidence of historical occupancy by resident populations, the naturally limited and 
fragmented potential habitat, generally low hare densities, low proportions of females that 
produce kittens, and low kitten survival rate, along with projected impacts of climate warming on 
all or most of these paramenters, we are less optimistic than the lynx expert panel regarding the 
likelihood that this unit will continue to support resident lynx over the long-term.  
 
Table 4, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 4. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 

Key evidence Uncertainties 
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persistence 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little potential elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 
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2100 median 

~38% 
(range 0 to 

90%) 

connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 

repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 
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5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
All of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016a, pp. 33-36 and fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short-term (over the next few decades), 
but that the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or 
loss of spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest 
management affecting large acreages of lynx habitat annually).  
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to the next spruce budworm 
outbreak. Experts believed that investment landowners would not respond to the pending 
spruce budworm outbreak like they did in the 1970s (extensive clearcuts, herbicide application). 
Experts also acknowledged concerns about the effects of the current clearcuts aging past 
conditions that support hares and lynx. .  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and potential competition from bobcats are likely to reduce the probability of lynx 
persistence in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
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percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (figure 8, below). As they did for most other geographic units, all experts 
indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time.  

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  

Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the 3 probability-of-persistence levels, i.e., highest, 
most likely, and lowest probabilities of persistence, are represented by the hollow red, filled 
green, and hollow blue points respectively. The black x mark is the median of the most likely 
responses across the experts in each response year. The red, green, and blue dashed lines 
connect the median of the highest, most likely, and lowest probability of persistence responses 
across the experts in each response year. The edges of the grey area were defined by the 
extreme responses, i.e., the range from the largest of the highest probability of persistence 
responses to the smallest of the lowest probability of persistence responses. The median lines 
and grey area are provided as a summarizing visualization to aid comprehension of the experts’ 
responses and their range, and should not be viewed as a substitute for individual responses or 
presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35, Legaard et al. 2015, pp. 14-21). In the first decade 
following passage of the MFPA, the percentage of acreage clearcut annually in Maine declined 
from 44 percent of annual harvest in 19890 percent to <5 4 percent in 2004 (Simons 2009, pp. 
45-46, Legaard et al. 2015, p. 18). The average size of clearcuts has been reduced from >125 
acres (Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 
2005, entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire, Legaard et al. 2015, p. 21).   
 
 
To harvest the same volume of wood annually, landowners must partial harvest about twice as 
many acres many more acres than they would under former clearcutting silvicultural systems 
(Legaard et al. 2016, p. 18). The acres of forest harvested annually in Maine have increased 
from about 250,000 acres pre-MFPA to 550,000 acres post-MFPA (McWilliams et al. 2003, p. 
35). Currently, 27 years after implementing the MFPA, much of the 10 million-acre northern 
Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some areas being 
partially harvested on multiple occasions. Extensive partial harvesting and aging of the spruce 
budworm-era clearcuts have and will continue to reduce landscape hare densities (Simons-
Legaard et al. 2016, 9-10). If the current landowners continue to harvest using similar methods 
and at similar rates, habitat for lynx will diminish by about 50 percent by 2030 (Simons-Legaard 
2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become more uncertain and 
depend on assumptions about habitat definitions and harvest rates. Lynx in Maine selected for 
regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 2008b, pp. 1490, 
1492-1494). If one defines lynx habitat as stands having greater than 75 percent spruce-fir, then 
habitat will decline by about 50 percent by 2030 and remain at about at this level through 2060 
(Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, Maine is poised at the beginning of another spruce budworm 
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outbreak. spruce budworm numbers are again building toward epidemic levels in Maine,.  
Budworm numbers are increasing toward epidemic levels in southern Quebec, and northern 
New Brunswick. Significant defoliation in Maine could occuris expected in the next few years, 
and the outbreak may last for about a decade (Wagner et al. 2016; pp. 12-16). Although Maine 
research has clearly demonstrated that landowner response to the last outbreak resulted in 
unintended, positive benefits for lynx from 1 to 3 decades later, our ability to project what effects 
the next outbreak will have on lynx habitat is still limited. Land ownership has changed 
dramatically since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare 
populations. Some may be less inclined to intensively manage for spruce-fir and may switch to 
an emphasis on northern hardwoods. It is unlikely that current landowners will broadly apply 
pesticides to control spruce budworm or herbicides to promote spruce-fir regeneration after 
stands are defoliated. The MFPA may serve as an additional constraint on motivation to clearcut 
infested stands, even with recently-enacted changes intended to reduce the regulatory burden 
for landowners. Landowner response to the pending outbreak will have important implications 
for the short- and long-term persistence of lynx habitat in the northern Maine unit (Simons-
Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a nearly 60 percent decline in snowshoe hare densities that 
has occurred in Maine from a period of high hare density in 2001-2006 (average of 1.98 
hares/ha, [range 1.79 - 2.22]) in regenerating conifer) to a period of lower hare density in 2008-
2015 (average of 0.86 hares/ha [range 0.77 - 0.99]) ])(Harrison et al. 2015, entire). This decline 
occurred across all forest stand types and across a broad geographic area of Maine (Scott 
2009, p. 36, Harrison et al. 2015, entire) and also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
numbers through 20153 (Harrison et al. 2015, p. 55D. Harrison, University of Maine, 
unpublished data). If future hare populations remain low, then Maine habitats will likely have a 
lower capacity for supporting resident lynx.  
 
Climate Change - The Northern Maine Unit is more vulnerable to deteriorating snow 
conditionssnowpack loss because of the lack of elevational refugia (Siren in Lynx SSA Team 
2016a, pp. 15 and experts p. 37), and changes in snow conditions could further restrict the 
lynxir range (Hoving 2002, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, entire). Wildlife 
experts in Maine ranked lynx as highly vulnerable to climate change (>66 percent loss in 
species range/population and extirpation within 50 to 100 years; Whitman et al. 2013, pp. 19, 
74). Similarly, Carroll (2007, entire) modeled the Maine lynx population assuming non-cycling 
hare populations and snow conditions expected under intermediate to high emissions climate 
models (Kiehl and Gent 2004, entire). He predicted a 59 percent decline in the lynx population 
(the non-cycling hare population model) by mid-century because of climate change alone. 
Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 2007, p. 1102), 
except for the mountains in western Maine where snow refugia may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx.  
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Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade (0.76-0.83 o F) with the greatest warming 
occurring in the coldest months of winter (January, February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increasing 2.0oC (3.6 o F)(low 
emission) to 2.9oC (5.2 o F)(high emission) by mid-century and 3.1oC (5.6 o F)(low emissions) to 
5.3oC (9.5 o F)(high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (A. Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine.  
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios (IPCC 2007) and predicted loss of 
forest and snow conditions able to support lynx in Maine by the end of the century. Although 
there are uncertainties about future climate warming, the area capable of supporting resident 
lynx in Maine are expected to recede northward and decline substantially this century (Vashon 
et al. (2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008Hayhoe et al. 2006, p. 1). By the end of the century, large areas of the Northeast will 
experience 15-percent (under a low-emissions scenario) to 25-percent (high-emissions 
scenario) reductions in snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 
6529) concluded that average snowfall in the northeastern United States and southeastern 
Canada will decline by 59 cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 
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in; 48 percent) under a high-emissions scenario by the end of the century because a higher 
proportion of winter precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, 
(pp. 22-25) predicted that under moderate and high climate scenarios there would be large 
reductions in the length of the snow season with greater than 25 to 50 percent reductions in the 
number of snow days by 2070-2099.   
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12, Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
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balsam fir and red spruce to mid-century, after which they would decline. Anderson 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine (moderate climate 
scenario) and predicted northward shifts in these species.  Suitable habitat would diminish in 
northern New England by 2030, white and black spruce would disappear from northern Maine 
by 2060, and suitable habitat for balsam fir and red spruce would dwindle to only a few high 
altitude locations by 2060.  However, suitable habitat for spruce and fir species would remain in 
northern and coastal highlands of New Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et al. 2016, p. 2). 
Forest disturbance often favors northern hardwoods, The decline of the spruce-fir forest type 
may be accelerated by northern hardwoods replacing spruce-fir following forest disturbances; 
however,in some situations, disturbance may favor persistence of balsam fir and help it persist 
longer in a warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm 
outbreak and frequent disturbance from forest management could accelerate conversion to 
northern hardwoods. Other climate-related forest disturbances (forest pests, diseases) could 
further accelerate conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
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al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and will no longer support high hare 
densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
Fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will likely be fragmented into smaller, isolated parcels and shift 
southward into areas currently occupied by bobcats and fishers, where snow conditions are 
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unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in thisd geographic unit is currently peaking, fragmentation may diminish 
its future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 
2016, p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, Fig. 8, p. 9). OtherThe most pessimistic models (lowest harvest 
rates, no climate change, no spruce budworm) project about 5 percent of northern Maine will 
likely have high quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), 
although the habitat will be much more fragmented and have smaller patch sizes  (Simons-
Legaard et al. 2016, entire). This represents a return of Maine’s lynx population to what 
occurred historically (prior to 1970). 
 
Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) 
of forestland in northern Maine where it is doing the same. Spruce plantations are becoming 
more common on this ownership in Maine, but not on others. Stand structure and intensive 
management of plantations are highly variable (e.g., pruning, thinning, herbicide treatments), 
thus hare densities and use by lynx vary (Roy et al. 2010, entire). Hares can achieve higher 
densities in plantations depending on the amount of lateral (horizontal) cover, but for shorter 
periods of time; about 10 to 17 years after cutting and planting in New Brunswick (Parker 1984, 
p. 163) and 15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to about 15 to 
35 years in naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, 
p. 4). The future of plantations in the northern Maine unit is uncertain. Most investment 
landowners have short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27).The last budworm outbreak in the 1970s and 1980s killed 
millions of acres of spruce and fir forests in the Northern Maine Unit. A very large outbreak has 
thus farrecently defoliated 60,700 km2 (15 million acres) affected about 40,470 km2 (15,630 mi2) 
of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 20164, pp. 2-
3entire), and it is projected expand into northern Maine in 2018 to 2021, potentially putting much 
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of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of defoliation. 
However, despite the severe defoliation of spruce-fir forests in southern Quebec, some project a 
weaker outbreak in Maine because spruce and fir trees are younger and less susceptible and 
there is a higher hardwood component in northern Maine forests (Wagner et al. 2016, p. 18-22). 
A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2016, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously (K. 
Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above) (Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or be 
preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can adapt to 
lower landscape hare densities associated with mixed hardwood-softwood forest. They may 
persist, but at lower densities as they currently do in the western units of the DPS. However, the 
probability of persistence is further diminished by deteriorating snow conditions and potentially 
increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
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immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, 
primarily Real Estate Investment Trusts (REITS) and Timber Investment Management 
Organizations (TIMOs), focus on maximizing the asset value of timberlands and are increasingly 
likely to seek revenue from non-timber resources if they generate a higher return. These new 
owners operate over relatively short (5- to 15-year) time horizons and are willing to consider 
multiple means of monetizing their asset, including development and real estate sales (Legaard 
2013, entire). If left unchecked, these pressures may continue to promote dispersed 
development throughout this region. Parcelization and subdivision has increased, particularly in 
the southern third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The 
LUPC has limited ability to address stressors on Maine’s North Woods, including resale and 
subdivision trend. This trend is likely to continue into the foreseeable future and will make 
management of large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
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uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 201024), and wind development in the 
lynx critical habitat are likely to accelerate in the foreseeable future. Two large wind energy 
projects are being considered in designated lynx critical habitat in this unit; if built, each would 
cover about 450-650 km2 (180-250 mi2) and become 2 of the largest such projects in Maine. 
Mining is not a traditional land use in this unit, but a large mining operation is being considered 
within designated lynx critical habitat. Extraction operations for gravel (for road building) are 
widely-scattered throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
                                                
24 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 
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constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
If market conditions continue, trends toward forest certification will likely continue in Maine for 
the foreseeable future.  Currently, 8 million acres are enrolled in Maine by SFI and FSC 
(Wagner et al. 2016, p. 31). Certification has the potential to address lynx management in the 
future.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest management, it will become increasingly difficult to influence 
landscape-scale forest management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential threats unique to this unit (e.g., lack of forest planning for lynx, rapid land 
ownership turnover and development pressures), the Core Team also believed that the 
population status of lynx in Maine will diminish substantially in the future. The Core Team 
believed that the number of resident lynx in Maine is at an historically (unnaturally) high level 
and will likely decrease in the coming decades, perhaps to levels more like natural historical 
conditions, and perhaps (but with increasing uncertainty) to even lower numbers in the more 
distant future. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting and fragmentation of spruce-fir forest, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower-snow environment), landscape 
level hare densities are likely to decline in northern Maine. Extended periods of lower hare 
numbers would likely reduce the number of lynx and the probability that this unit would continue 
to support a persistent resident lynx population in the future. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) may 
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increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership has provided 
opportunities to conserve some areas of the North Maine Woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. Although it is 
uncertain whether legal trapping of lynx would resume in Maine if the DPS was not listed, 
Maine’s incidental take plan for trapping would be moot, and it is possible that some protective 
measures to minimize injury, take, and mortality of lynx cwould be dimishedcease or diminish. 
Habitat mitigation for lethal take of lynx associated with the Maine trapping HCP also would 
cease. About 10 lynx have been illegally shot and reported or otherwise discovered since listing. 
Illegal shooting and non-reporting cwould likely increase without Federal protection. We believe 
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several high-profile Federal law enforcement cases have helped to reduce illegal shooting of 
lynx.  
 
With a diminished snow regime, populations of bobcats would be expected to increase and 
expand northward into areas currently occupied by lynx. Incidental take of lynx from bobcat 
trapping, running with dogs, and hunting activities would likely increase without Federal listing. 
Similarly, increased fisher populations and trapping would be expected to occur in northern 
Maine in a diminished snow regime that would lead to greater incidental (lethal) take of lynx. 
There have been a few situations where lynx have destroyed livestock, but lethal actions to 
remove lynx were avoided because of Federal listing. Without Federal listing, justification for 
shooting lynx in these situations would likely increase. We believe that despite a closed hunting 
and trapping season, incidental take would continue and possibly increase and could become a 
significant threat to a population of lynx that will likely be significantly diminished by mid- to late-
century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
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energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38 and figure 9, below). Near term drivers of the 
projected decline were climate-driven reduction in snow quality, quantity, and persistence; 
potential increased competition from bobcats; and forest insects. Long term drivers were 
climate-driven loss of spruce-fir forests; further reductions in snowquality, quantity, and 
persistence; potential competition from bobcats; and wildfires. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia), and all noted that an increase in northern 
hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario reduces 
the likelihood of local extirpation in this geographic unit, but the likelihood would increase if 
connectivity was to become compromised in the future if habitat recedes northward and 
becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the severity of a pending insect outbreak (and 
how this will affect future lynx habitat) and the potential introduction and spread of diseases.  
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (figure 9, below). As they did for most other geographic units, all experts 
indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time. 
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Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
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Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time.  
  
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
  
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
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In response to a 2008 court ruling, the MNDNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MNDNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, above, new information on 
regional climate change and potential effects to lynx habitat that has become avaialbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat 
(Schwartz et al. 2004, p. 354), (2) conversion of spruce-fir to northern hardwoods, and (3) 
potential future isolation of resident lynx in this unit because of diminishing forest conditions in 
Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions supportive of lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of 
snowpack in the Midwest. Although there are uncertainties about future climate warming, lynx 
populations in Minnesota are expected to recede northward and decline over the next century 
(Lynx SSA Team 2016a, pp. 37-38).  
  
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Snow cover days of 1 inch or greater in northern 
Minnesota (1959 -1979) ranged from 130-160 days, of 6 inches or greater ranged from 85 to 
130 days, of 12 inches or greater ranged from 50 to 100 days, of 24 inches or greater ranged 
from 10 to 30 days (Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) 
projected a general reduction in the frequency of heavy lake-effect snowstorms during the 
twenty-first century, with the exception of projected mid-century increases around Lake Superior 
when local air temperatures are expected to remain low enough for precipitation to largely fall in 
the form of snow. The snow season in the Great Lakes basin is likely to become substantially 

Comment [ZJ280]: See MN state comments 
about the status of this. Moen also commented. 

Comment [ZJ281]: This doc does not 
suggest a great stressor and at EE workshop 
Schwarts also said does not look like a major 
issue on the horizon?? 

Comment [ZJ282]: Same sentence as a 
dozen pages above… 

Comment [ZJ283]: Also on p. 178, but sited 
to Vashon in previous. 

Comment [ZJ284]: Cm first, then inches 
parenthetically. 



 

196 
 

compressed during the twenty-first century with dramatic increases in rainfall (Notaro et al. 
2015, pp. 1676-1678). The Minnesota unit may be more vulnerable to snowpack loss due to 
lack of elevational refugia (Siren in Lynx SSA Team 2016a, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)25 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
                                                
25 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 



 

197 
 

of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
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2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat.  
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Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016b, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit 
(MNDNR 2016b, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, potential for increased competition, 
disease, and insect outbreaks), some Core Team members were more pessimistic about the 
future of lynx in Minnesota than the lynx expert panel. The Core Team feels that, depending on 
future emissions levels, the likelihood that this unit will continue to support resident lynx at the 
end of the century may be lower than the 35 percent (median most likely) estimate based on 
expert opinion. The threat for which the lynx was listed, lack of specific conservation direction, 
associated regulations, and lynx forest management planning has not been addressed on 
private lands in Minnesota, except through voluntary guidance. There is some uncertainty about 
the future of forest management and future development on private forest lands in Minnesota 
and in adjacent lands in Ontario, although there are some basic voluntary management 
guidelines for private lands in Minnesota. Further, if the DPS is de-listed, there is uncertainty 
whether the lynx direction on Forest lands would continue into the future. It is projected that 
habitat will diminish and recede northward over the mid- to longer-term because of continued 
climate warming. Hybridization and competition with bobcat also may increase with diminishing 
snow conditions because of continued climate warming, and it is uncertaint how insect 
outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
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for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is unlikely that lynx would become a 
legally trapped furbearer in Minnesota (although a legal wolf hunt was reinstated post-delisting 
of that species in Minnesota, so it may also be suggested for lynx). Seven lynx have been 
illegally shot and reported or otherwise discovered since listing. Illegal shooting and non-
reporting would likely increase without federal protection. High-profile law Federal enforcement 
cases may have helped to reduce illegal shooting of lynx. With a diminished snow regime, 
populations of bobcats could increase and expand north and eastward into areas currently 
occupied by lynx. Incidental take of lynx from bobcat trapping and hunting activities would likely 
increase without Federal listing. Similarly, fisher, fox, and coyote populations may increase in a 
diminished snow regime in northern Minnesota and trapping would be expected to occur there 
that may lead to greater incidental take of lynx. We believe that despite a closed hunting and 
trapping season, incidental take would continue and possibly increase and could become a 
significant threat to a population of lynx that will likely be significantly diminished by mid- to late-
century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
that resident lynx will persist in this geographic unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that this 
unit’s ability to support resident lynx will likely diminish in the future, and the lynx population will 
likely decline as the quantity and quality of boreal forest habitat declines. Although there are 
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voluntary forest management measures to consider listed species on private forest lands, there 
are no commitments by private forest landowners to manage specifically for lynx conservation. 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in this unit; slightly more so than expressed by most of the experts. 
Snow depth and duration in the area currently supporting resident lynx are projected to decline 
significantly by the end of the century, likely to the detriment of both hare and lynx populations. 
Unlike most other units, as snow condition decline there is little potential for elevational refugia 
for lynx in Minnesota except, perhaps, a small area of slightly higher elevation in the extreme 
northeastern corner of the unit. The boreal forest in this unit is already being replaced by 
northern hardwoods because of climate warming. Frequent forest cutting and disturbance, 
including a potential insect outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of boreal decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Minnesota by late-
century under both low and high emissions scenarios. Climate models portend declining snow 
conditions under low- and high-emissions scenarios. Because increases in temperature are thus 
far tracking high emissions scenarios, we are less optimistic for snow conditions that favor lynx 
by mid- to late-century. In the past decade, interest in development has increased in lynx critical 
habitat, especially proposals for large-scale mining developments. We conclude that these 
threats, individually and cumulatively, indicate diminished populations of lynx and their habitat. If 
these threats are not abated, we believe that resident lynx in this unit will have a slightly greater 
likelihood of extirpation by the end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
considered recent and projected future increases in wildfire frequency, size, and intensity. 
Additionally, because of its connectivity to lynx populations and habitats in Canada, its large 
geographic extent, and the relatively large number and broad distribution of resident lynx it is 
thought to support, experts felt that future extirpation of lynx from this unit from either reduced 
genetic health or a catastrophic event is unlikely (Lynx SSA Team 2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
  
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (figure 10, below). As they did for most other geographic units, all experts 
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indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time. 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
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monitor the DPS for a minimum of 5 years to assess its ability to sustain itself without the ESA's 
protective measures. If, within the designated monitoring period, threats to the DPS change or 
unforeseen events affect its stability, then the DPS may be relisted or the monitoring period 
extended. Given these requirements, we expect that future Federal management direction will 
continue to include regulations and guidance protective of lynx, although specific measures may 
change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
  
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
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Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished and that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions of the snow conditions and boreal/subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of  snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s future ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
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regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous United States, including this geographic unit. 
Also as noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this 
chapter, current Federal management restricts, with few exceptions, fire management (fuels 
reductions, prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such 
activities and wildfire response to conserve and restore lynx and hare habitats. We expect such 
conservation-focused fire management to continue and, therefore, to benefit lynx rather than to 
affect them detrimentally in the future. 
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However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand-
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many fires over a short time period could shift some parts of this unit from 
being just barely capable of supporting resident lynx to being incapable of doing so in the future. 
Although fire suppression was considered a potential risk factor for lynx in the DPS range, given 
the trends discussed above and the likely continued increase in future fire activity resulting from 
continued climate warming and drying, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
resident populations, especially in places already apparently only marginally capable of 
supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
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Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
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environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predictions showed a lower probability of persistence for 
this unit over the short term, and then a similar declining trajectory and increasing uncertainty by 
the end of the century, reflecting a more pessimistic outcome for this geographic unit (figure 11). 
Experts felt that the probability of lynx persistence in this unit could decrease sharply over the 
next 10-20 years because of extensive recent fires in lynx habitats and the time needed for 
these areas to regenerate back to good hare/lynx habitat. However, 1 expert predicted an 
increase in persistence probability by mid-century as habitats impacted by recent large-scale 
fires regenerate into optimal hare-lynx habitat.After that, the probability could rebound (or 
decline more slowly) over the longer term as these large areas return to prime habitat providing 
high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent 
(median = 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of 
the century (figure 11, below). Compared to most other geographic units, experts indicated 
greater uncertainty regarding short-and mid-term term persistence in this unit but, as for other 
units, uncertainty was greatest at the end of the century. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other National Forests in the DPS range (see  
section 3.1.1, above). Currently, both the OWNF and CNF are in the process of amending or 
revising their LRMPs. We expect that management direction for lynx conservation addressing 
vegetation management, wildland fire management, and habitat fragmentation on National 
Forest System lands will be incorporated into the revised or amended LRMPs. We expect that 
both the OWNF and CNF will be required to manage for lynx and their habitat into the future 
because both forests will have incorporated lynx management direction into their respective 
LRMPs. We acknowledge that LRMPs can be amended or revised; however, LRMPS are 
typically in place for 15 years or longer, and the Service, other Federal and State agencies, and 



 

211 
 

the public would have opportunities to comment on any proposed amendments or revisions to 
LRMPs through the NEPA process. Therefore, we expect that both the OWNF and CNF will 
continue managing for lynx and their habitat into the future regardless of their listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Warming – As in other units, continued climate warming is projected to cause northward 
and upward shifts in spruce-fir habitats and loss of snow conditions thought to favor lynx. 
Recent warming likely contributed to recent increases in wilfire activity in this unit and is likely to 
continue to do so in the future. Westerling et al. (2006, pp. 942-943) compiled information on 
large wildfires in the western United States from 1970-2004 and found that large wildfire activity 
has increased significantly from the mid-1980s with higher large-wildfire frequency, longer 
wildfire duration, and longer wildfire seasons. The greatest increases occurred in high elevation 
forest types including lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). 
They also found that fire exclusion had little impact on natural fire regimes. Rather, climate 
appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
  
Climate change, in addition to potentially affecting fire return intervals, fire severity (intensity, 
size), and insect outbreaks, is likely to affect the amount of precipitation falling as snow at 
elevations typically supporting lynx habitat in this geographic unit. 
 
Climate change is also expected to impact the quantity, quality, and duration of snow in the 
Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific 
Northwest using data collected by weather stations from 1930 to 1995, determined that the 
temperature increased in the Pacific Northwest, and more precipitation fell in the spring and 
summer months, especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, 
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pp. 2-3) determined that an increasing temperature and precipitation trend from 1950 to 2000 is 
correlated with a 40 percent decrease in the snow water equivalent in the Cascades. Mote et al. 
(2005, p.45) determined that the Cascades are very sensitive to temperature changes, with 
large increases in temperature potentially resulting in significant declines in snowpack. 
Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined that the Cascade 
snowpack has declined by up to 40 percent in the latter half of the twentieth century, which 
resulted from increased temperatures. Furthermore, temperatures are predicted to continue 
increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to cause further 
and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). Continued 
declines of snowpack in the Cascades through 2025 are predicted to range from 9 percent 
(Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 
2486), which may also affect lynx densities supported in the Cascades.  
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx Workshop 
Report 2016, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, 
coupled with increasing wildfire risk, the potential for the Cascades to support a viable lynx 
population may be further reduced because of projected climate-mediated decreases in snow 
quantity and quality. Overall, our review of the published literature on this subject leads the Core 
Team to conclude that climate change does indeed pose the greatest risk to the long-term 
persistence of lynx, including within this geographic unit. 
  
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term and at mid-century, but a lower probablility of doing so, with more 
uncertainty, by the end of the century. As described above, the potential effects of climate 
change on the quantity and quality of snow, as well as the projected northward and upslope 
movement of spruce-fir and subalpine fir forests are likely to result in further fragmentation and 
reduction of lynx habitat within this geographic unit by the end of the century. More fragmented 
and smaller habitat patches are likely to support a smaller and more isolated lynx population 
that will be more vulnerable to stochastic environmental and demographic events. Over the past 
25 years, wildfires have reduced lynx habitat in this geographic unit by almost 40 percent and 
likely reduced its carrying capacity for lynx by a similar amount. Additional future losses of lynx 
habitat resulting from climate-driven increases in wildfire size, frequency, and intensity may 
pose the greatest near-term threat to the persistence of this population. Connectivity between 
this unit and Canada is likely to remain intact in the future. Because lynx are highly mobile and 
able to traverse large areas of non-lynx habitat, we do not anticipate that climate change, in and 
of itself, will significantly affect connectivity between this geographic unit and the larger lynx 
population in southern British Columbia. This connectivity may contribute to maintaining a 
persistent, albeit smaller, lynx breeding population in this geographic unit into the future. 
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5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refugia from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent, and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Some experts suggested that 
lynx emigrating to this unit from Colorado could occupy such improved habitats in the near 
future. Colorado lynx have made exploratory movements into the GYA in summer months, and 
analysis of available data could improve our understanding of Colorado lynx movement into and 
use of the GYA. It is possible that lynx from Colorado are maintaining or could maintain lynx in 
GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent 
(median = 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of 
the century (figure 12, below). Unlike other units, the expert graphs for this unit were widely 
variable and had different outcomes and high uncertainty at all time frames. This was the only 
unit for which most experts believed the current probability of persistence is low (i.e., that it is 
uncertain whether this area currently supports a resident lynx population). Some experts 
increased probability of persistence into mid-century based on the possibility that large areas 
impacted by the 1980s-era wildfires may by then regenerate into hare/lynx habitat, and on 
possible continued dispersal of lynx from Colorado into this unit. Unlike other units, where 
expert confidence in their predictions was initially high but decreased greatly beyond mid-
century, expert uncertainty in this unit was high for all timpe periods and was related to 
uncertainty about whether resident lynx currentlyoccur in the GYA. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of 5 years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
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temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
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Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous United States, including this geographic unit. 
Also as noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this 
chapter, current Federal management restricts, with few exceptions, fire management (fuels 
reductions, prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such 
activities and wildfire response to conserve and restore lynx and hare habitats. We expect such 
conservation-focused fire management to continue and, therefore, to benefit lynx rather than to 
affect them detrimentally in the future. 
  
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
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reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States Nonetheless, as elsewhere in the DPS, immigration 
may influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may occur as 
several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and hares may be declining in ski areas. Ski areas 
tend to expand and may, therefore, have larger impacts on lynx in the future. There is some 
evidence of lynx using ski areas in summer months but avoiding them during the ski season. 
Two-thirds to three-quarters of the lynx in this unit are in the southern portion of the range in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) in Colorado that has not 
been well surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent 
(median = 80 percent) at mid-century, and 20 to 70 percent (median = 50 percent) at the end of 
the century (figure 13, below). Most experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with uncertainty increasing 
substantially over time; however, experts also expressed substantial uncertainty over the near- 
and mid-term. 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of potential lynx habitat in Colorado, of which, only 5 
percent is in Federal ownership. Other ownerships include state, county, municipal, etc., and 
private lands. Some BLM resource management plans have not been amended to include 
conservation specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow 
forest extensions connected to larger blocks of habitat on adjacent USFS lands. Generally these 
extensions are insufficient on their own to support a lynx home range. However, the Gunnison 
Field Office is the only BLM unit that contains sufficient habitat to map and identify LAUs. 
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The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on non-Federal ownerships within lynx habitat is unlikely 
to cause significant concern for lynx conservation in Colorado through the remainder of the 
century. 
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Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable or non-
existent for much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low in this unit. Further, the naturally limited and fragmented habitats 
and generally low hare densities, which were apparently incapable of supporting persistent 
resident populations historically, are likely to worsen with continued climate warming. This unit’s 
greater distance and relative isolation from other lynx populations in the DPS and Canada, 
which may have prevented dispersing lynx from reaching this unit during the unprecedented 
irruptions from Canada into the northern contiguous United States in the early 1960s and early 
1970s, also casts doubt on the likelihood that this unit will receive the demographic and genetic 
support from the north that is thought to be important to the maintenance of DPS populations. 
Because of these factors and uncertainties, we doubt that resident lynx will persist in this unit 
through the end of the century, although we concur with experts that lynx will persist over the 
short-term and possibly until mid-century. 
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We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
 
Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, persistent, fluffy snow, which is believed to 
confer a competitive advantage for exploiting its primary prey, the snowshoe hare. Lynx in the 
contiguous United States have ecological requirements similar to those of lynx in Canada and 
Alaska, and throughout the species’ range hare abundance is the primary driver of lynx 
population dynamics. However, the DPS is at the southernmost margin of the species’ range, 
where boreal forests transition to temperate conifer and hardwood forests, and where snow 
conditions and hare abundance generally become less favorable with decreasing latitude. 
Because of this, habitat is less extensive and generally more fragmented within the DPS range 
than in the core of the species’ range in Canada and Alaska. As a result, lynx in the contiguous 
United States are naturally less abundant and more patchily distributed than in the core of the 
range (except during decadal lows in hare population cycles, when both hares and lynx occur 
temporarily in the north at densities lower than most in the range of the DPS). Maintaining 
connectivity between lynx populations in Canada and the DPS is thought to be important; 
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however, whether and if so, to what extent the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we lack precise historical and current 
population-size estimates for all of the geographic units, lynx experts familiar with each unit 
provided their estimates of the number of resident lynx each unit could potentially support. 
 

• Northern Maine (Unit 1) currently contains an unnaturally-high amount of high-quality 
hare habitat; the result of dense confier regeneration following landscape-level 
clearcutting in the 1970s and 1980s in response to a large spruce budworm outbreak. 
This unit currently is thought tosupport the largest resident population in the DPS; 
sufficient habitat may exist to supportperhaps 750-1,000 individual lynx (Vashon in Lynx 
SSA Team 2016a, p. 18), which is many more lynx than probably occurred in this unit 
under historical habitat conditions and natural disturbance regimes. 
 

• In Northeastern Minnesota (Unit 2), a resident population ranging from 50-200 lynx 
occupies the Arrowhead Region of the State (Moen in Lynx SSA Team 2016a, p. 19); 
the number of resident lynx that occurred historically in this unit is unknown, but there is 
no information to suggest that it was substantially larger than the current population. 
 

• Northwestern Montana and northeastern Idaho (Unit 3) could potentially support 200-
300 resident lynx (Squires in Lynx SSA Team 2016a, p. 41); no estimate of historical 
population size is available for this unit. 
 

• In North-central Washington (Unit 4), extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 85-125 lynx 
before the large fires to less than half of that (roughly 40-55 lynx) currently (Maletzke in 
Lynx SSA Team 2016a, p. 21; Lewis 2016, pp. 5-6). 
 

• The Greater Yellowstone Area (GYA, Unit 5) is thought by some to have historically 
supported a small resident population, but the possibility that resident lynx occurred only 
ephemerally in this unit cannot be ruled out based on analysis of verified historical 
records. No lynx have been documented in the GYA since 2010, and currently this unit 
likely supports fewer than 10 (and perhaps 0) resident lynx (Squires in Lynx SSA Team 
2016a, p. 45). 
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• Our analysis of verified records suggests that lynx may have occurred only ephemerally 
in the Southern Rockies of western Colorado (Unit 6); however, it is possible that this 
unit historically supported a small resident population that, for reasons that remain 
unclear, became extirpated in the second half of the last century. Since the release of 
218 Canadian and Alaskan lynx into the San Juan Mountains of southwestern Colorado 
from 1999-2006 and subsequent reproduction among some of these lynx and several 
generations of their offspring, resident lynx, perhaps numbering 100-250 individuals 
(Ivan in Lynx SSA Team 2016a, p. 47), currently occupy parts of this geographic unit. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
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Other stressors affect lynx in 1 or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of over a third of lynx habitat, likely 
reducing this unit’s current lynx population and potentially compromising its current ability to 
support a resident population until habitats recover. Increased wildfire activity also has impacted 
lynx habitats in the other western geographic units (Northwestern Montana/Northeastern Idaho, 
the GYA, and Western Colorado), but the extent to which it may have influenced the current 
condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter the timing 
and magnitude of lynx dispersal from Canada into the contiguous United States. If lynx 
populations in the DPS depend on immigration from Canada which is no longer occurring or has 
been substantially reduced relative to historical conditions, population declines and an 
increased likelihood of extirpation among resident DPS populations would be expected. 
However, whether, and if so to what extent, these climate-mediated factors have influenced 
current lynx numbers, other demographic parameters, and/or habitat quality and distribution is 
uncertain and has not been quantified across the range of the DPS or in individual geographic 
units. Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in 
the DPS at some point in the future. 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016a, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
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about the rate of decline increasing with time from the present. The loss of resident lynx from 1 
or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, potential competitors 
are likely to outcompete and displace lynx. This in turn would reduce lynx abundance and 
density within populations, making populations more susceptible to stochastic events. 
 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
1 or more of the individual geographic units (especially the possibility of additional large wildfires 
in north-central Washington), thereby reducing redundancy within the DPS. However, as long as 
resident lynx remain geographically well-distributed in 1 or more units within the DPS, 
extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
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How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
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Although all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts to continue to do so through mid-century, only 1 
(Northwestern Montana/Northeastern Idaho) had a median expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (Lynx SSA Team 2016a, pp. 36-49, 58). The median expert-estimated persistence 
probablilities suggested a 50 percent or greater probability of functional extirpation (i.e., no 
longer capable of supporting resident lynx populations) for all other geographic units by the end 
of the century, with a moderate to high likelihood that resident lynx could be lost from 2 to 3 
units by then. 
 
Potential elevational refugia may increase the likelihood of persistence in western units, 
although uncertainty remains about the timing of warming-driven upslope movements of 
habitats and snow conditions and the extent to which hare and lynx populations may follow 
them. Regardless, future lynx habitats throughout the DPS range are likely to be smaller and 
more fragmented, and geographic units that are already relatively isolated from other lynx 
populations are likely to become even more isolated in the future. Despite the lack of elevational 
refugia, lynx may also persist at the end of the century in Maine and Minnesota, depending on 
the timing and severity of climate change effects and, in Maine, on trends in forest management 
and other commercial development on private lands. 
 
Uncertainty increases at mid- to late-century concerning the timing and extent of various 
stressors that will affect lynx and hare habitat and snow regimes, especially those related to 
climate change. However, review of the best available science in concert with input from lynx 
experts suggests that the probability of the persistence of resident breeding populations will 
decline in all geographic units, with the negative DPS-wide trajectory continuing to the end of 
the century and, with no evidence to the contrary, beyond that time frame. Our evaluation 
generally concurs with the expert input we received. We believe that lynx populations and 
habitats in the DPS will decline over time largely as a result of continued climate warming and 
associated impacts, which are likely to exacerbate the potential adverse effects of other factors 
(e.g., forest management, competition from other hare predators). 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx through mid-
century in most of the 5 geographic units that currently support them. However, we believe it is 
very unlikely that resident lynx populations will persist through the end of this century in all of the 
geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from 2 to 3 (of 5) units more likely than 
not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from 1 or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
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reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. With continued and unmitigated climate warming and projected northward and upslope 
contractions in snowy boreal forest habitats, it seems likely that at some point in the future the 
Contiguous United States may no longer be capable of supporting resident lynx populations. 
However, because there is great uncertainty in the magnitude and timing of these changes, it is 
impossible to predict when the DPS may become extirpated. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies.  
 
Background  
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are naturally 
less abundant and generally more patchily-distributed than in the core of the species’ range in 
Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in Canada 
is thought to be important. However, the extent to which DPS populations may depend on 
immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4).  
  
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5).  
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx than 
was suspected when the DPS was listed. Further, some areas suspected to have lost historical 
lynx populations may have been (and perhaps are now) naturally capable of supporting resident 
lynx only ephemerally or intermittently, as would be expected in marginal habitats at the 
southern periphery of the species’ range under a metapopulation structure like that thought to 
govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic units will 
continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 Range (%)3 Probability of 

Persistence (%) Range (%) Probability of 
Persistence (%) Range (%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit).   
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a given 
number of geographic units based on experts’ predictions for individual geographic units. 
Experts’ “most likely” probabilities are summarized in the middle column; their highest (“better 
case”) and lowest (“worse case”) probabilities, representing uncertainty in their predictions, are 
summarized in the left and right columns, respectively. See section 5.1 for additional details on 
graph construction and interpretation.  
 
Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
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Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain.          
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
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Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming.  
  
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain.  
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
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Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel abundance. 
 
DPS Viability     
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
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the DPS. The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. Similarly, resident lynx 
remain broadly distributed across the range of habitats that has supported them historically, 
suggesting maintenance of the breadth and diversity of ecological settings occupied within the 
DPS range (representation). Additionally, observed high rates of dispersal and gene flow and, 
therefore, generally low levels of genetic differentiation across most of the lynx’s range, 
including the DPS, suggest the past and recent genetic health of lynx populations in the DPS 
(representation; but see section 2.1). Because there are no indications of significant loss of or 
current stressors to the genetic health or adaptive capacity of lynx populations in the DPS, we 
find that the current level of representation within the DPS does not appear to indicate a 
decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies.  
 
Background  
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are naturally 
less abundant and generally more patchily-distributed than in the core of the species’ range in 
Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in Canada 
is thought to be important. However, the extent to which DPS populations may depend on 
immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4).  
  
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5).  
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx than 
was suspected when the DPS was listed. Further, some areas suspected to have lost historical 
lynx populations may have been (and perhaps are now) naturally capable of supporting resident 
lynx only ephemerally or intermittently, as would be expected in marginal habitats at the 
southern periphery of the species’ range under a metapopulation structure like that thought to 
govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic units will 
continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 Range (%)3 Probability of 

Persistence (%) Range (%) Probability of 
Persistence (%) Range (%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit).   
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a given 
number of geographic units based on experts’ predictions for individual geographic units. 
Experts’ “most likely” probabilities are summarized in the middle column; their highest (“better 
case”) and lowest (“worse case”) probabilities, representing uncertainty in their predictions, are 
summarized in the left and right columns, respectively. See section 5.1 for additional details on 
graph construction and interpretation.  
 
Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
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Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain.          
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
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Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming.  
  
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain.  
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
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Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel abundance. 
 
DPS Viability     
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
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the DPS. The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. Similarly, resident lynx 
remain broadly distributed across the range of habitats that has supported them historically, 
suggesting maintenance of the breadth and diversity of ecological settings occupied within the 
DPS range (representation). Additionally, observed high rates of dispersal and gene flow and, 
therefore, generally low levels of genetic differentiation across most of the lynx’s range, 
including the DPS, suggest the past and recent genetic health of lynx populations in the DPS 
(representation; but see section 2.1). Because there are no indications of significant loss of or 
current stressors to the genetic health or adaptive capacity of lynx populations in the DPS, we 
find that the current level of representation within the DPS does not appear to indicate a 
decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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in traps."

You and Dave both recommended updating with the 2016 annual report from MDIFW, and Mark supplied those
numbers. However, I don't have the page numbers or the document cited. Just above this quote, same paragraph,
we cite MDIFW 2016a, which is the State's 2016-17 summary of trapping laws/regs (has the lynx exclusion and
minimization requirements, etc.).

Could you please send me a copy of MDIFW's 2016 annual report on the ITP so I can add the page numbers to
this citation and add the document to the lit cited list? I'd ask Mark first but understand he's on leave for the next
couple weeks.
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Jim
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Item 1.  Summary and Tabulation of 2015 Lynx Incidental Captures 

IM 2 Responding to Lynx Incidental Captures 

Commitment:  IFW will continue to have biologists respond to lynx incidental captures (anywhere in the 

state) to release or assist in the release of the animal, to assess the animal for injuries, treat injuries, and 

to transport the animal if veterinary care is warranted with some exceptional circumstances (i.e., 

inclement weather, travel time, time of day, etc.). 

Effectiveness monitoring:  IFW will summarize the data tracked in the database to assess whether the 

goals of the Plan have been met (i.e., that the majority of lynx are released after incidental capture with 

no more than 9 lynx requiring veterinarian care for a severe injury, and no more than 3 lynx dying from 

trap related injuries during the 15-year permit period). 

Reporting:  IFW will summarize data on lynx incidental captures in traps in annual reports and will 

include information on whether the goals were achieved or changed circumstance was triggered. 

PI 2 Investigate all lynx incidental captures 

Commitment:  IFW Warden Service will continue to investigate all lynx incidental captures throughout 
the 15-year permit period to document take levels and compliance with trapping regulations.  

PI 3 Cooperate with USFWS on Investigations 

Commitment:  IFW will continue to inform USFWS Special Agents of lynx incidental captures.   
 

Activity this report period:  During the 2016-17 trapping season, 10 lynx were incidentally captured in 

foothold traps set for canids.   No lynx were caught in killer-type traps set for marten and fisher, in 

aquatic sets, or traps set by ADC agents.  All 10 lynx were captured by licensed fur-trappers; none were 

captured by trappers enrolled in MDIFW’s Predator Management program (Table 3).  All incidental lynx 

captures in traps were investigated by Maine Game Wardens for compliance with Maine’s trapping 

regulations and USFWS Special Agents were immediately notified of all lynx captures and any violations.  

 

The USFWS issued an incidental take permit that took effect on November 17, 2014 that covers MDIFW 

trapping program from the incidental capture of up to 195 lynx in legal traps over the 15 year permit. 

This includes up to 3 lynx mortalities and up to 9 lynx with severe injuries that can be released after 

veterinarian care.   This fall, 6 of the lynx captured in foothold traps were released from traps by IFW 

biologists or wardens with no or minor injuries. Two lynx were released by the trapper and were 

reported as uninjured.  Two of the 10 lynx captures are currently under investigation as the lynx were 

shot and killed illegally after they were captured.  Since these are active open investigations, how these 

two trapping incidents will count towards our allocation of take will be determined by the USFWS after 

the cases are closed.  
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Item 2.  Any changes to trapping related regulations that are required by the ITP 
or that may otherwise affect the ITP or this permit. 

RC 1 Restrict placement of killer-type traps set on land in all WMDs that have resident lynx 

Commitment in Original Plan:  Following issuance of the permit, IFW will maintain the current regulation 

that requires killer-type traps that have a jaw spread greater than 5 inches to be set on leaning poles.  

Although exclusion devices are currently permitted in WMD 7, 14, 18 and 19, through the rule making 

process, IFW intends to permit killer-type traps with an inside jaw spread < 7 ½ inches to be set on the 

ground if placed within a lynx exclusion device in WMD 1-6 and 8-11 (currently not permitted by the 

Consent Decree).  An exclusion device will not be required for blind sets (as described in Section 3) or 

leaning pole sets. 

Amended Commitment (2015): Under this amended plan, IFW will prohibit the setting of killer-type traps 

when they are set on or above ground in the lynx zone, unless they are set with an exclusion device or as 

described in Rule 09-137 Chapter 4.01 K page 29.   

Effectiveness monitoring:  IFW will track and report annually on the number of lynx caught in killer-type 

traps.  IFW will immediately notify the USFWS if changed circumstance #2 and 3 are triggered (Section 

5.4). 

Reporting:  In addition to reporting described in monitoring section, IFW will inform the USFWS of any 

rule changes annually. 

RC 4 Restrict foothold traps types and configurations when set on land 

Commitment:  IFW will continue to require at least one swivel on the chain of foothold traps in lynx 

WMDs and will prohibit the upland use of traps with teeth statewide.  

Amended Commitment (2015) : On land in lynx WMDs, IFW will  require trap chains to be mounted 

within the central portion of the base of the trap and have at least three swiveling points: one at the 

base of the trap, one midway in the chain, and one at the anchoring point (except as described in 

Appendix 2 in Maine’s ITP). Traps will be required to be staked with a catch circle clear of woody 

vegetation or other obstructions (Appendix 2 in Maine’s ITP). IFW will prohibit the upland use of 

foothold traps with teeth statewide.  

Effectiveness monitoring:  IFW will immediately notify the USFWS if changed circumstance #2 (i.e., injury 

rate increases) is triggered. 

Reporting:  IFW will notify the USFWS in annual reports of when regulatory changes occurred. 

Activity this report period: None 
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Item 3.  Data on lynx capture reporting rates & evaluation of compliance with 
reporting requirements. 

Measure in ITP: RC 2 Mandatory Reporting 

Commitment:  IFW will continue to require any lynx caught incidentally, dead or alive, during any 

trapping season to be reported to an IFW official as soon as possible and prior to releasing the lynx from 

the trap, unless an IFW official cannot be reached in time to prevent injury to the lynx.  Any lynx 

released under this provision must be reported to IFW within 24 hours of the time it was discovered.  

Reporting:  Data on reporting rate will be compiled by IFW biological staff and reported to the USFWS in 

an annual report. 

Measure in ITP: IM 1 Trapped Lynx Hotline 

Compliance monitoring:  IFW will track in a database the number of confirmed lynx reports, and whether 

the report was received prior to the animal’s release.  Data from each lynx capture will be entered into a 

database annually.  

Reporting:  IFW will summarize data in annual reports. 

PI 2 Investigate all lynx incidental captures  

Commitment:  IFW Warden Service will continue to investigate all lynx incidental captures throughout 
the 15-year permit period to document take levels and compliance with trapping regulations.  

PI 3 Cooperate with USFWS on Investigations 

Commitment:  IFW will continue to inform USFWS Special Agents of lynx incidental captures.   
 
Activity this report period: During the 2016-17 trapping season, 10 lynx were captured in foothold traps. 
No lynx were captured in killer-type traps (Table 1). IFW wardens investigated all 10 lynx incidental 
captures and notified USFWS Special Agents of all captures and violations. The USFWS was provided 
copies of all 10 lynx incidental capture reports.  A summary of those reports are provided below.  

Of the 10 lynx captured in foothold traps this fall, 8 were alive and trappers contacted IFW prior to the 
release or within 24 hours of releasing the lynx as required by State law.  IFW biologists or game 
wardens released 6 lynx.  Trappers reported releasing 2 lynx with no injuries.  All 8 were legal traps and 
no warnings or summon were issued.  The circumstances surrounding the two remaining lynx caught 
and shot this fall are under active investigations by Federal Agents and State Game Wardens. 
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Table 1. Summary of lynx captures reported by trappers as required by Maine’s trapping regulations. 

  

Date incident Date reported Type of Trap How Released Reported by trapper Incident Comments

10/18/2016 10/18/2016 Foot-trap sedation Yes

10/18/2016 10/18/2016 Foot-trap sedation Yes

10/19/2016 10/19/2016 Foot-trap released by trapper Yes

10/22/2016 10/22/2016 Foot-trap released by warden Yes

10/29/2016 10/29/2016 Foot-trap sedation Yes

11/16/2016 11/16/2016 Foot-trap sedation Yes

11/18/2016 11/18/2016 Foot-trap sedation Yes

11/18/2016 11/18/2016 Foot-trap released by trapper Yes

10/22/2016 Foot-trap n/a shot No Under investigation

11/17/2016 11/17/2016 Foot-trap n/a shot Yes Under investigation
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Item 4.  Data on compliance with visible bait regulations, compliance based on 
investigations of lynx incidental capture events. 

RC 3 Restrict the Use of Visible Bait 

Commitment:  IFW will continue to restrict the use of visible bait (e.g., meat, bones, feathers, hair) that 

may attract a lynx to a set. 

Effectiveness monitoring:  IFW will document whether visible bait was used at each lynx incidental 

capture to ensure compliance with this regulation.  Any use of visible bait by trappers will be tracked in a 

database.  Additional information may come from IFW’s evaluation of data collected through IFW’s 

Warden Service check commitment in lynx WMDs (see minimization measure PI4).  

Reporting: IFW biological staff will compile data on use of visible bait, if any, and provide in an annual 

report to the USFWS.   

PI 2 Investigate all lynx incidental captures 

Commitment:  IFW Warden Service will continue to investigate all lynx incidental captures throughout 
the 15-year permit period to document take levels and compliance with trapping regulations.  

PI 3 Cooperate with USFWS on Investigations 

Commitment:  IFW will continue to inform USFWS Special Agents of lynx incidental captures.   
 
Activity this report period: During the 2016-17 trapping season, 10 lynx were captured in foothold traps 

and were investigated by IFW wardens. At least 8 of the trappers were found in compliance with 

Maine’s visible bait restriction.  Two remain active investigations. 

Table 2.  For the 2016-17 trapping season at least 8 of 10 traps that caught lynx were set in compliance 

with Maine’s visible bait regulations.   

 

 

Report Number Date incident Date reported Type of Trap summons Bait visible WS investigation Legal Set

2016-TRP001 10/18/2016 10/18/2016 Foot-trap No No No TRUE

2016-TRP002 10/18/2016 10/18/2016 Foot-trap No No No TRUE

2016-TRP003 10/19/2016 10/19/2016 Foot-trap No No No TRUE

2016-TRP004 10/22/2016 10/22/2016 Foot-trap No N/A no bait No TRUE

2016-TRP005 10/29/2016 10/29/2016 Foot-trap No No No TRUE

2016-TRP006 11/16/2016 11/16/2016 Foot-trap No N/A no bait No TRUE

2016-TRP007 11/18/2016 11/18/2016 Foot-trap No N/A no bait No TRUE

2016-TRP008 11/18/2016 11/18/2016 Foot-trap No No No TRUE

2016- IT001 Unknown 10/22/2016 Foot-trap Yes  Yes Under Investigation  

2016- IT002 11/17/2016 11/17/2016 Foot-trap   Yes Under Investigation  
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Item 5.  Summary of updated incidental capture database and evaluation of compliance with ITP objectives. 

PI 2 Investigate all lynx incidental captures 

Commitment:  IFW Warden Service will continue to investigate all lynx incidental captures throughout the 15-year permit period to document 
take levels and compliance with trapping regulations.  

PI 3 Cooperate with USFWS on Investigations 

Commitment:  IFW will continue to inform USFWS Special Agents of lynx incidental captures. 
 
Activity this report period:   

Table 3. Summary of 2016 incidental capture of lynx from IFW’s incidental capture database for compliance with ITP objectives.  

 
Note: If jaw-spread is n/a, then the trap was set in a WMD without jaw-spread restrictions.  If injury states not sedated, the animal was released 
by the trapper or a game warden and an injury score could not be assigned.  However, each indicated they did not observe a visible sign of injury 
during release.

Report 

Number

Date 

incident

Reported by 

trapper

PMP 

trapper

Type of 

Trap Bait visible

Jaw 

spread

# 

Swivels

Center 

mounted 

chain

Securing 

method

Catch Circle 

Clear Disposition Injury

Injury Score 

of Sedated 

Lynx

Degree of 

injury Released Release Date Legal Set

2016-TRP001 10/18/2016 Yes No Foot-trap No 6.50 3 Yes staked Yes Alive Yes 1

mild - treat 

release Yes 10/18/2016 Yes

2016-TRP002 10/18/2016 Yes No Foot-trap No 4.69 3 Yes staked Yes Alive No 0 no injury Yes 10/18/2016 Yes

2016-TRP003 10/19/2016 Yes No Foot-trap No 4.88 3 Yes staked Yes Alive

Not 

sedated  

no injury 

observed Yes 10/19/2016 Yes

2016-TRP004 10/22/2016 Yes No Foot-trap No 4.88 3 Yes staked Yes Alive

Not 

sedated  

no injury 

observed Yes 10/22/2016 Yes

2016-TRP005 10/29/2016 Yes No Foot-trap No 5.25 3 Yes staked Yes Alive Yes 1

mild - treat 

release Yes 10/29/2016 Yes

2016-TRP006 11/16/2016 Yes No Foot-trap No 4.75 3 Yes staked Yes Alive Yes 1

mild - treat 

release Yes 11/16/2016 Yes

2016-TRP007 11/18/2016 Yes No Foot-trap No 4.88 3 Yes staked Yes Alive No 0 no injury Yes 11/18/2016 Yes

2016-TRP008 11/18/2016 Yes No Foot-trap No 5.13 3 Yes staked Yes Alive

Not 

sedated  

no injury 

observed Yes 11/18/2016 Yes

2016- IT001 Fall 2016 No No Foot-trap Dead No N/A Under investigation

2016- IT002 11/17/2016 Yes No Foot-trap Dead No N/A Under investigation
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Item 6a.  Copy of updated standard operating procedures. 
IM 3 Use Standard Operating Procedures 

Commitment:  IFW will continue to implement standard operating procedures for responding to lynx 

captures (see Appendix 8 of ITP) and will update these procedures in consultation with a veterinarian, 

every 3 years or as necessary.  Any changes to these protocols will be communicated to the USFWS in 

annual reports.   

Reporting:  IFW will provide a copy of updated standard operating procedures in annual reports.  
 
Activity this report period: IFW in consultation with a licensed veterinarian (Dr. Stewart Sherburne, DVM) 
developed standard operating procedures for responding, assessing, and treating lynx accidentally 
captured in traps in 2012. This procedure was updated in 2015 in consultation with Dr. David Cloutier, 
DVM (see 2015 Annual report).  At the request of staff, this protocol was adapted into a step by step 
protocol to improve use in the field.  Although the format and presentation of material is improved, the 
procedures are unchanged (Appendix 1).     
 

Item 6b.  Copy of injury scoring system. 

IM 3 - Develop Injury Score System 

Commitment:  Within 1 year of permit issuance, IFW, in consultation with a veterinarian, will develop an 
injury score system that is appropriate for live animals.  IFW will work with a licensed veterinarian to 
update the score system every 3 years or as necessary during the permit period.   
 
Reporting:  IFW will provide a copy of updated injury scoring system in annual reports.  
 
Activity this report period: The ITP requires the injury score system be developed within 1 year after 

permit issuance. An injury scoring system was developed by Dr. David Cloutier, DVM in consultation with 

IFW in 2015 and provided in the second annual report (also see Appendix 1).   Although the permit 

requires that the injury score system will be evaluated every three year thereafter (e.g., November 

2018) to determine if updates are necessary, we reviewed the score system this year and determined it 

remained appropriate. 
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Item 7.  Updated list of cooperating veterinarians. 

IM 4 Maintain List of Cooperating Veterinarians 

Commitment:  IFW will continue to maintain a list of cooperating veterinarians who are willing to care 

for lynx injured by incidental trapping.  

Implementation:  This list will be updated annually prior to the start of the trapping season. 

Reporting:  IFW will provide the list of cooperating veterinarians in annual reports. 

Activity this report period: 

2016-2017 List of Cooperating Veterinarians  
1. Dr. David Cloutier, DVM and staff – Veazie Veterinarian Clinic , 1522 State Street, Veazie Maine  

(207)941-8840 
2. Dr. Andrea and Nick Pesut, DVM - Presque Isle Animal Hospital, 79 Mapleton Rd, Presque Isle, Maine 

(207) 764-6392.  
3. Dr. Ron Miles DVM, Foxcroft Veterinary Services, Dover-Foxcroft, Maine (207) 564-2144.  
4. Dr. Bob Clark, DVM, Lisbon Road Animal Hospital, 1981 Lisbon Road, Lisbon, ME (207) 784-5421. 

Item 8.  Summary of any lynx treated for capture related injuries 

IM 5 Rehabilitate Injured Lynx 

Commitment:  IFW will transport lynx injured from incidental trapping (when warranted as described in 

Appendix 8 of Maine’s ITP) to the nearest cooperating veterinarian, cover the costs of rehabilitating the 

animal, and, if possible, release the animal back into the wild.  If a veterinarian determines that a lynx 

requires special medical attention or rehabilitation, the animal will be transported to a facility that can 

provide these services.  This may include transporting the lynx out-of-state (e.g., Tufts University).  As a 

component of effectiveness monitoring, IFW will equip rehabilitated lynx released back to the wild with 

radio collars to assess whether the treated injury contributes to the mortality of the animal post release.  

Effectiveness monitoring:  IFW will track in a database and report annually on the number of lynx that 

require veterinarian care, the outcome of the treatment (i.e., released, held in captivity, euthanized), 

and post-release monitoring.  If the number of severe injuries increases and triggers changed 

circumstances, IFW will implement a contingency plan that is described in change circumstance #2 (see 

Section 5.4 of Maine’s ITP). 

Reporting:  IFW will provide a summary of any lynx treated for capture related injuries in annual reports. 

Activity this report period: No lynx this reporting period had injuries that required veterinarian care or 

rehabilitation. 
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Item 9.  Summary of staff training on injury assessment and lynx handling 
procedures. 

IM 6 Injury Evaluation Training for Staff  
Commitment:    IFW wildlife biologists will be required to attend this course at least once every 3 years if 

their responsibilities include responding to incidentally trapped lynx.  Any new biologists will not be 

permitted to respond to lynx captures until they have received such training, unless they accompany 

trained biologists.  

Reporting:  IFW will provide summary of trainings in annual reports. 

Activity this report period: A formal training was not required this year, since Dr. David Cloutier, DVM 
provided a full day training course for IFW wildlife biological staff in September of 2015.  However, 
MDIFW biological staff involved in response to lynx captures participated in a conference call to review 
procedures and address questions. As part of this call, a suggestion to update the response protocol to 
follow a step- by- step or check list format was recommended and implemented (See Item 6A and 
Appendix 1).    
 
Table 4.  Summary of staff training on injury assessment and handling procedures for lynx prior to and 

after permit issuance.  

Date Instructor  Number of Staff Compliance  Met 

10/2/2012 Dr. Sherburne, DVM 13 Regional Wildlife Biologists 
  5  RAS Wildlife Biologists 
  1 Administration Biologist 

Prior to Permit 

10/8/2013 Dr. Sherburne, DVM 15 Regional Wildlife Biologists 
  4  RAS Wildlife Biologists 
  3 Administration Biologist 

Prior to Permit 

10/23/2014 Scott McLellan – 
wildlife biologist1 

17 Regional Wildlife Biologists 
  1 Administration Biologist 

Prior to Permit  

9/03/2015 Dr. Cloutier, DVM 13 Regional Wildlife Biologists 
 7  RAS Wildlife Biologists 
 1 Administration Biologist 

Within 1 year of  Permit 

1 
A half-day refresher course provided to regional biological staff at their annual section meeting with 

review provided by a staff biologist who has received two previous trainings and responded to lynx takes 
since 2004.    
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Item 10.  Summary of veterinarian oversight at lynx handlings.  

IM 7 Veterinary Oversight  

Commitment:  IFW will have a veterinarian accompany staff on at least 3 lynx incidental captures within 

each 3 year period for a minimum of 15 evaluations of captured lynx during the permit period to ensure 

injury evaluations by IFW staff are assessed correctly.  

Reporting:  IFW will provide summary of veterinarian oversight in annual reports.  

Activity this report period:  This fall, we contacted our veterinarian prior to responding to releasing 6 

lynx captured in foothold traps.  A veterinarian was available to accompany us on the 4th and 5th 

captures this fall.  However, based on weather conditions (heavy rain), drive time, no visible signs of 

injury and normal animal behavior, the warden released the 4th lynx from the trap before our arrival per 

established procedures.  On the 5th capture, the weather permitted waiting for a veterinarian to arrive 

on scene.  The lynx was a healthy adult female and during the injury assessment by staff, a small 

laceration was observed dorsally on the left front foot.   The laceration was irrigated with saline and 

closed with gluture following established procedures.  The lynx was released on-site immediately 

following recovery from the sedative.  Dr. Tardiff, from Veazie Veterinarian Clinic, observed the 

assessment and agreed with MDIFW biologist’s injury assessment and treatment and release plan.   

During the 2014-15 trapping season, veterinarians examined two lynx captured in foothold traps (see 

2014 annual report).  Thus, during the first 3 years of our permit, veterinarians examined 3 lynx to 

ensure injury evaluations by IFW were assessed correctly and appropriate treatment was administered.    

Item 11.  Summary of any activities involving orphaned kittens (#, response, 
outcome).  

IM 8 Radiocollar orphaned lynx kittens or hold kittens in captivity until their mother is released from 

rehabilitation facility  

Commitment:  If an adult female with kittens is killed in a trap or taken by IFW for treatment at a 
rehabilitation center, IFW will work to capture the kittens if they are still in vicinity of the capture site 
(unless as described on page 94 of MDIFW ITP application).  Captured kittens will either be equipped 
with radio collars to document their survival or held in captivity until the female can be released. In the 
event that rehabilitated females cannot be released back to the wild, kittens that are captured will be 
equipped with radio collars and released near the capture site. 
 

Reporting:  IFW will continue to immediately notify the USFWS of any incidental lynx captures (see 
minimization measure PI 3 in Section 5.2 of Maine’s ITP).  IFW will annually report to USFWS any 
activities involving orphaned kittens including the number, response, and outcome (e.g., collared, held 
in captivity).  
 

Activity this report period:   Ten lynx were captured this fall. Of these, 8 lynx were released on-site 

immediately after capture. Of those, 3 were female.  No lynx kittens were orphaned or held in captivity 

this trapping season, since none of the 3 female lynx caught in traps were held to recover from injuries.    

Two lynx caught this fall and shot are part of an active investigation.   
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Item 12.  Summary of meetings with Maine Trapping Associations and other 
significant interactions with licensed or otherwise authorized trappers.  

O&E 1 Reinforce Compliance 

Commitment:  IFW wildlife biologists and game wardens will continue to promote compliance with 
trapping regulations through interactions with trappers at annual Maine Trappers Association (MTA) 
meetings, at fur rendezvous events, and during casual interactions with trappers (i.e., responding to 
incidental lynx captures, investigating compliance with trapping laws).  
 
Reporting:  IFW will notify the USFWS of meetings with the MTA and other significant interactions with 

licensed or otherwise authorized trappers in annual reports. 

Activity this report period:    

May 7th, 2016. Presented at the spring meeting of the Maine Trappers Association (MTA) to discuss 

exclusion device compliance and use, and answer questions related to regulations and furbearer 

management. 

May 16th, 2016.  Attended MTA meeting in Augusta to discuss proposed regulation changes to bobcat 

and beaver trapping, and biological sample submissions for certain furbearers. 

August 19th-20th 2016.  IFW staffed booth at NE trappers weekend in Bethel, ME.  Answered questions 

related to exclusion devices, foothold regulations, biological sample submission, and general furbearer 

management. 

September 17th, 2016.  Presented at the MTA Fall Rendezvous.   Answered questions related to exclusion 

devices, foothold regulations, biological sample submission, and general furbearer management. 

October 12th, 2016.  Met with new contractors of the MDIFW predator management program to discuss 

foothold regulations, lynx capture minimization measures, and what to do in the event of a lynx capture. 

December  4th, 2016.  Met with the directors of the MTA to discuss proposed regulation changes and 

dimensions of exclusion devices. 

December 12th, 2016.  Attended MTA sponsored fall fur auction in Palmyra.  Answered questions 

regarding furbearer regulations. 

February 6th, 2017.  Attended W. Maine MTA chapter to discuss furbearer mgmt, exclusion device and 

foothold regulations. 

March 31st, 2017.  Presented at Spring Furbearer Meeting in Augusta.  Discussed harvest data, research 

needs, and trapping regulations. 

April 20th and 21st 2017.  Trapping Matters Workshop in Brewer.  Discussed communication about 
trapping and participated in mock trapping demonstrations.   
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Item 13.  Link to MDIFW’s updated annual regulation booklet and MDIFW’s 

website providing information on lynx biology, avoiding lynx incidental captures, 
and current trapping regulations. 

O&E 2 Update the Annual Regulation Booklet 

Commitment:  Each year, IFW will update a summary booklet that describes the current laws and 

regulations that govern hunting and trapping in Maine.  This booklet includes a special lynx regulation 

page that describes all the current regulations to minimize and report lynx captures.  IFW’s Information 

and Education Division will annually produce the Regulation Booklet (i.e., State of Maine Hunting and 

Trapping Laws and Rules).  Wildlife biologists will work with the Information and Education Division to 

annually review and update regulations that may affect the incidental take of lynx.  The regulation 

booklet will be distributed to the public via printed copies at IFW offices and on the internet.   

O&E 5 Maintain Website Information 

Commitment:  IFW will maintain and update one or more webpages on IFW’s website that presents 

information on lynx biology, avoiding lynx incidental captures, and current trapping regulations during 

the 15-year permit period. 

Reporting:  IFW will provide a web link to IFW’s lynx page in annual reports. 
 

Activity this report period: 

This year, the summary booklet that describes the current laws and 

regulations that govern hunting and trapping in Maine were separated into 

two books one re: hunting and the second re: trapping.  The trapper 

information booklet was also incorporated into the new trapping law 

summary book.  This booklet will be updated annually and available in print 

where trapping licenses are sold, at MDIFW offices, at trapper education 

classes, and online.  

http://www.maine.gov/ifw/hunting_trapping/trapping/laws/index.htm  

 

The following pages relevant to lynx and avoiding lynx remain on MDIFW website 

1. Trapping page - http://www.maine.gov/ifw/hunting_trapping/trapping/index.htm  
2. Lynx biology- http://www.maine.gov/ifw/wildlife/species/mammals/canada_lynx.html  
3. Lynx avoidance - http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm 

 

The trapping page was updated to include this year’s trapping law summary booklet and a link to the 

“How to Avoid Lynx in Traps” YouTube video. 

    

http://www.maine.gov/ifw/hunting_trapping/trapping/laws/index.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/index.htm
http://www.maine.gov/ifw/wildlife/species/mammals/canada_lynx.html
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
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Item 14.  Confirmation of the annual trapper mailing and copy of the section of the 
Trapper Information Booklet mailed to all licensed trappers.  

O&E 3 Update Annual Trapper Information Booklet 

Commitment:  IFW will annually update the Trapper Information Booklet (Appendix 4 in Maine’s ITP) 

and will include the section of the booklet (approximately 4 pages) that pertains to lynx avoidance in its 

annual trapper mailing (i.e. letter) to all licensed or otherwise authorized trappers.  For landowners that 

trap on their own land, IFW will gather contact information through IFW’s fur registration system and 

include these individuals in the annual mailing.  The booklet, in its entirety, will be available on IFW’s 

website, emailed through Gov-Delivery, or a printed copy will be mailed upon request. 

Reporting:  IFW will confirm that the mailing occurred and provide a copy of the section of the booklet 

mailed to all licensed or otherwise authorized trappers in annual reports. 

Activity this report period: This year, the Department separated the Annual Hunting and Trapping Law 

Summary into separate books. In addition, the trapping law summary book also included information 

from the trapper information booklet, so all trapping information was available in a single document. 

This year’s mailing included a letter to trappers and portions of the trapper law summary book relevant 

to lynx avoidance (Appendix 2), and the DVD on How to Avoid Incidental Take of Lynx.  The mailing was 

prepared by querying the licensing databases for licensed trappers, the ADC database for agents, and 

internal department databases for warden and biologist addresses.  Letters were printed by Central 

Printing and mailed through State Postal services on October 7, 2016.  The numbers of individuals 

holding trapping licenses included in the mailing is shown in the table below. Although some individuals 

hold more than one license, they are mailed one copy (e.g., ADC agents and bear trappers are required 

to have a trapping license to set a trap; to avoid duplication bear trapping permit and ADC agents was 

set to 0 below.  Note: In 2016, there were 178 licensed ADC agents).   
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Complimentary Disabled Veteran Lifetime Trapping 237 

Nonresident Infant Lifetime Junior Trapping License 2 

Resident 65 Year Old Lifetime trapping License 295 

Resident 66 Year Old Lifetime Trapping License 164 

Resident 67 Year Old Lifetime Trapping License 112 

Resident 68 Year Old Lifetime Trapping License 80 

Resident 69 Year Old Lifetime Trapping License 50 

Resident Complimentary Lifetime Trapping 975 

Resident Infant Lifetime Junior Trapping License 135 

Resident Lifetime Junior Trapping License 71 

Nonresident Bear Trapping Permit 0  

Nonresident Trapping 129 

Resident Apprentice Trapping 21 

Resident Bear Trapping Permit 0 

Resident Junior Trapping 193 

Resident Serviceman Trapping 0 

Resident Trapping 2,372 
Nonresident Apprentice Trapping   3 

Nonresident Youth Lifetime Junior Trapping  1 

Resident Lifetime Trapping License (Upgrade from Youth)  14 

ADC agents              0 

MDIF&W Wardens and Biologists          115 

Total 4,969 
 

Item 15.  Summary of update and distribution of “How to Avoid Incidental Take of 

Lynx” brochure.  

O&E 4 “How to avoid the incidental take of lynx” Brochure 

Commitment:  Within 1 year after the permit is issued and every 5 years thereafter, or anytime when 

trapping regulations change that affect the methods trappers use to avoid incidentally trapping lynx , 

IFW will update, print, and distribute the brochure “How to avoid the incidental take of lynx”, to all 

license or otherwise authorized trappers. This brochure will include a description of the avoidance and 

minimization measures described in this Plan and will also be available on IFW’s website.  

Reporting:  IFW will provide information on any updates and the distribution of brochures to licensed 

trappers in annual reports. 

Activity this report period:  During the 2015-2016 season, the “How to avoid the incidental take of lynx” 

brochure was updated with new regulations and distributed to all licensed or otherwise authorized 

trappers prior to the opening of the trapping season in our annual mailing to trappers. Thus, compliance 

has been met until the 2020-2021 season, unless a regulatory change occurs.   In addition, the brochure 

remains available on our website and by request.   
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Item 16.  Copy of trapper education course material that addresses lynx 
avoidance and minimization measures in the initial annual report and any updates 
in future annual reports. 

O&E 6 Trapper Education Course 

 
Commitment:  IFW will continue to require trappers that have not previously attended a trapper 

education course or held a trapping license to attend a trapper education course before being licensed 

to trap in Maine.  IFW will provide the materials and oversight needed to keep instructors in IFW’s 

mandatory trapping education course up-to-date on techniques and regulations that minimize or avoid 

incidental trapping of lynx throughout the permit period as described in O&E8.  Maine's trapper training 

course will continue to be developed in consultation with professional wildlife biologists and use the 

national standards developed for trapper training programs by AFWA.  All trapping instructors will 

continue to teach from the same manual.   

Compliance monitoring:  Within 1 year after the permit is issued and anytime thereafter, IFW will notify 

the USFWS on updates to trapper education course material in annual reports.  

Activity this report period: Following the regulatory changes that were filed with the Secretary of State 

on August 13, 2015, the Recreational Safety Section adjusted the course material for Maine’s Trapper 

Safety classes (see 2015 Annual Report).  No changes were made to the course material this year other 

than the addition of the How to Avoid Lynx DVD.   
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Item 17.  Copy of trapper video demonstrating techniques for reducing incidental 
captures of lynx and injuries in the second annual report and any updates in 
future annual reports.  

O&E 7 Trapper video  

Commitment:  In addition to printed materials, IFW will produce and distribute a video to all licensed or 
otherwise authorized trappers that demonstrates techniques for reducing incidental lynx captures and 
injuries within 2 years after a permit is issued.  IFW will consult with the USFWS on the content of the 
video in advance of filming and producing. This video will be used in trapper educational courses (by 
students and instructors). ADC and PM trappers will be required to review this video during their 
certification/recertification training. Upon completion, this video will remain on IFW’s website. 
 

Reporting:  IFW will provide the USFWS with a copy of the trapper DVD in IFW’s 2nd annual report. 
 

Activity this report period:  On October 7th, 2016, all licensed trappers or those otherwise authorized to 

trap were mailed a copy of the dvd, which is also available on our website at: 

http://www.maine.gov/ifw/hunting_trapping/trapping/index.htm  

http://www.maine.gov/ifw/hunting_trapping/trapping/index.htm
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Item 18.  Summary of MDIFW trainings and communications with trapper 
education instructors.  

O&E 8 Continued Education for Instructors 

Commitment:  IFW will ensure instructors are informed of current regulations and recommendations to 
minimize lynx captures at IFW’s Regional Safety Coordinators staff meetings held before the start of the 
trapping season each year, volunteer instructors training sessions held every other year, and periodic 
newsletters to instructors. Wildlife biologists will attend the first staff meeting of IFW’s Regional Safety 
Coordinators following issuance of the permit to review and discuss regulatory changes in Maine's 
trapping laws, protocols for reporting incidental captures, and techniques for releasing trapped lynx.  
Any updates to lynx avoidance and minimization measures will be distributed to volunteer instructors 
through periodic newsletters or targeted mailings and at biannual trainings. These updates would also 
be incorporated into the new instructor training program. 
 
Compliance monitoring:  Every other year, all trapper education instructors participate in an instructor  

training update session on changes to IFW’s trapping regulations that includes information on lynx 

avoidance and minimization measures.   

Reporting:  IFW will report trainings and communications with trapper education instructors in annual 

reports. 

Activity this report period: November 16th, 2016 – Annual Meeting with Regional Safety Unit Staff  

Jen Vashon (State lynx biologist) and Cory Mosby (State furbearer biologist) provided PowerPoint 
presentations on furbearer and lynx issues relevant to trapper and hunter education classes with a Q&A.  
Presentation covered federal protection status, lynx population status and distribution in Maine, lynx 
incidental take and our permit, hunting and trapping regulations related to lynx, outreach materials 
(video, brochure, law books), and lynx identification.  
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Item 19.  Updated information on areas used by lynx and when regulatory 
changes to avoid or minimize lynx captures are put into effect. 

PI 1 Extend lynx avoidance and minimization measures to new areas occupied by lynx 

Commitment:  IFW will document credible lynx observations to determine changes in the lynx range in 
Maine including evidence that lynx have become established in a new WMD (e.g., repeated 
observations, presence of kittens, etc.).  To ensure that trapping regulations will offer the same level of 
protection for lynx in these new areas, IFW will adjust trapping regulations by WMD when verified 
observations are sufficient to indicate a consistent presence.   
 
Compliance monitoring:  IFW biological staff will document confirmed tracks, sightings, and takes 
(including road mortality) as described by the survey commitments in Appendix 5 of Maine’s ITP.  This 
information will be used to extend/rescind lynx avoidance and minimization measures by adjust 
trapping regulations in these areas.  IFW will notify USFWS of any trapping regulatory changes during 
the permit period. 
 
Reporting:  IFW will include in annual reports any new information on areas used by lynx and when 
regulatory changes to avoid or minimize lynx captures were put in effect. 
 
Activity this report period: Only one new credible lynx observation was observed outside WMD’s that 
currently provide protections to lynx from incidental trapping (WMDs 1-11, 14, 18, and 19). This 
involved a lynx that was struck by a vehicle in Columbia Falls (WMD 28).  As indicated in our ITP, 
observations of dead lynx (e.g., road mortalities) will provide supportive information about changes in 
lynx distribution, but will not by themselves trigger changes to the occupancy status of a WMD. We 
updated Maine’s GIS layer of credible lynx observation through 2016 (Figure 1).   
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Figure 1.  The distribution of Canada lynx in Maine from ecoregional snow track surveys, sightings of 

lynx (primarily tracks) by IFW biologists, incidental takes, and telemetry data from 2000 until 2016. 

Points in WMD 17 and 23 are from telemetry over a 26 and 9 day period by two radiocollared lynx 

that did not remain in the area. Conversely, the observations in WMD 13, 16, 28 do not meet criteria 

for extending lynx minimization measures (see Appendix 5 MDIFW Lynx Incidental Take Plan). 
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Item 20.  Summary of compliance with killer-type trap regulations, including such 
items as how many illegal sets, how many instances of non-reporting, what type 
of non-compliance, different categories (summons, warnings, etc.) and frequency 
of events.   

PI 4 Conduct targeted compliance monitoring (p. 102-104) 

Commitment:  During their routine activities, IFW Warden Service will check 20% of active trappers 
setting killer-type traps for fisher and marten in the lynx range each trapping season during the permit 
period for compliance with current regulations on exclusion devices. IFW expects the number of 
trappers setting killer type traps for fisher and marten to decline based on the expense and difficulty in 
using exclusion devices. Therefore, IFW expects that number of trappers to be checked for compliance 
to be about one half of the number (40), that IFW anticipated checking on for compliance with the 
regulations governing leaning pole sets. The fur tagging record books used to record harvested fur will 
be modified prior to the 2015-16 trapping season to gather information from the trapper on whether or 
not the fur was taken by foot hold traps or killer type traps with exclusion devices. This information will 
be used to calibrate whether or not IFW has met the target for compliance monitoring. IFW biologists 
will analyze these data and use information from compliance monitoring to inform IFW’s contingency 
plans (Section 5.4). 
 
Reporting:  IFW will track and report annually on compliance with killer-type trap regulations in lynx 
WMDs. IFW will summarize and report trapping compliance data annually to include such items as how 
many illegal sets, how many instances of non-reporting, what type of non-compliance, different 
categories (warnings, summons, etc.) and frequencies. IFW will summarize trapper effort data from 
voluntary trapper surveys and generated from license numbers and furbearer harvest data in annual 
reports.  
 
Activity this report period:  During the 2016 trapping season, wardens checked 32 trappers in WMDs  
1-11, 14, 18 and 19 that set killer-type traps for marten and fisher.  IFW committed to check at least 20% 
of trappers setting killer-type traps for marten and fisher in the lynx zones.  Based on harvest records 
and voluntary trapper effort cards, we estimated that there were between 117 and 187 trappers setting 
marten and fisher traps in WMDs 1-11, 14, 18, and 19. Wardens checked an estimated 17-27% of the 
fisher and marten trappers. No instances of non-reporting of lynx captures were found during these 
checks.  The majority of traps (88%) set by 32 trappers were compliant with Maine’s trapping 
regulations (Table 5).  One of the traps checked was found with a visible bait violation (insufficient 
cover).  Only 11 of 102 traps (11%) were found with exclusion device violations and most included minor 
infractions.  Three of 4 trappers were issued a warning and advised on how to correct the problem.  One 
trapper was given a summons for multiple trapping violations included violations not related to lynx 
avoidance (Table 6).  
 
Of the 32 trappers checked, 4 (12.5%) were found to be in non-compliance with killer-type trap 
regulations with at least one or more of their traps, triggering changed circumstance #5 in the ITP.  See 
Item 22.   
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Table 5.  Summary of 2016 compliance checks by Maine Game Wardens for exclusion device and 

visible bait trapping violations for killer-type traps set for marten or fisher on land. 

 Killer-type traps set for marten or fisher 

Number of trappers checked 32 

Number of trappers in violation 4 

Number of legal traps 91 

Number of illegal traps 11 

Number of visible bait violations 1 

Number without exclusion device 0 

Number of non-reporting lynx captures 0 

Number of summons 1 

Number of warnings 3 

 

Table 6.  Summary of 2016 compliance checks by Maine Game Wardens where 4 of 32 trappers set 11 

of 102 traps that were not compliant with exclusion device regulations for killer-type traps set for 

marten or fisher on land. 

Violation  # trappers # sets Additional details 

Visible bait 1 1 Bait insufficiently covered - warning 

Baffle on exclusion device 
incorrectly placed 1  2  

 
Trapper advised of how to correct problem 

– warning 

Construction of exclusion device 
 
 
 

 

2 
 
 

 
  

9 
 
 
 
  

Exclusion device not securely attached  
other trapping violations not related to lynx 
avoidance - summonsed 
  
Wire at point of attachment of exclusion 
devise did not overlap sufficiently - warning 
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Item 21.  Summary of trapper effort data from voluntary trapper surveys and 
generated from license numbers and furbearer harvest data. 

Included in reporting of compliance with minimization measure PI 4 Conduct targeted compliance 

monitoring (p. 102-104) 

Activity this report period:  Trapper effort as determined from voluntary trapper effort cards, harvest 

and license sales. 

Trapper license sales and furbearer harvest data 

This information is collected by fur tagging stations, wildlife biologists, and game wardens.  All canids, 

fisher, and marten pelts that are sold by trappers are required to be tagged. 

Canid trappers:  For the 2016 season, 66 trappers harvested a coyote or fox in WMDs 1-11, 14, 18, and 

19.  While this is similar to the 2015 results of 61 trappers, it is still substantially lower than what has 

been recorded in the recent past. Before the implementation of the foothold regulation changes for the 

2015 season, the previous five year average (2010-2014) of trappers harvesting a coyote or fox in WMDs 

1-11, 14, 18, and 19 was 206 trappers.  When comparing this average to the 2015 and 2016 seasons, we 

document approximately a 70% decline in canid trappers in these WMD’s. 

Fisher and Marten trappers*:  for the 2016 season 117 trappers harvested a minimum of one marten 

and/or fisher in WMDs 1-11, 14, 18, and 19.  This is similar to the 2015 season of 111 trappers, but is 

approximately 58% lower when compared to the five year average (2010-2014) before the requirement 

of exclusion devices statewide. 

The statewide marten harvest for the 2016 season was approximately 998 with a total of 101 trappers 

harvesting at least one marten (referred to as marten trappers). Current trapping regulations require 

that all body gripping traps set on dryland using bait (previously the most popular method to trap 

marten) be set using a lynx exclusion device statewide.  The ten year average (2005-2014) prior to 

implementation of exclusion devices being required statewide was 2428 marten harvested by 284 

marten trappers. When comparing this season to the 10 year average, we observed a 59% decline in 

harvest and a 64% decline in marten trappers.   

Unlike marten, fishers are a species that occur statewide in Maine.  Current trapping regulations require 

that all body gripping traps set on dryland using bait (previously the most popular method to trap fisher) 

be set using a lynx exclusion device statewide.  During the 2016 trapping season, the statewide total 

fisher harvest was approximately 301 with a total of 110 trappers harvesting a minimum of one fisher 

(referred to as fisher trappers).  The ten year average (2005-2014) prior to implementation of exclusion 

devices being required statewide was 1187 fisher harvested by 366 fisher trappers.  When comparing 

this season to the 10 year average, we observed a 75% decline in harvest and 70% decline in fisher 

trappers.   

While less pronounced than the marten and fisher harvest numbers, the harvest of red fox and coyotes, 

as well as the number of people who pursue these species has also declined steeply in the 2016 season.  
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This season’s coyote harvest statewide was 515 and the red fox harvest was 389.  When compared to 

the 10 year average (2005-2014) prior to implementation of our new foothold regulations of 1650 

coyotes and 898 red fox harvested annually, we observed a 69% decline in the coyote and 74% decline 

in the red fox harvest.  The number of trappers pursuing these species also decreased. The primary 

index used to track trapping participation of these species is the number of licensed trappers each year 

that tagged a minimum of one bobcat, coyote, or fox (referred to as land trappers).  This year the 

number of land trappers was 177 compared to 365 for the previous ten year average; a 52% decline. 

While many factors come into play regarding harvest (fur prices, population fluctuations, and weather) 

we suggest the primary factor contributing to this season’s low harvest was regulation changes.  This is 

based on feedback from trapper effort reports and public meetings with the trapping community.  If the 

department continues to see dramatically low harvests of these species combined with a lack of 

participation, the department may identify options to increase harvest through providing additional 

opportunity and/or making adjustments to our current regulations. 

*Some harvest numbers reflected the 2015 report may be different in this report for 2016.  This is due 

to delays in getting harvest data back from tagging stations and an overhaul of the furbearer database. 

10) Trapper Effort/Harvest/License sales 

Voluntary Trapper Effort Forms   

Voluntary trapper effort forms were used to estimate the number of trap nights (i.e., the number of 

traps set multiplied by the number of nights traps were set) trappers spent pursuing fisher/marten1 or 

canids in lynx WMDs (i.e., 1-11, 14, 18, and 19).  This information was then used to extrapolate both the 

total number of trap nights trappers spent pursuing fisher/marten or coyotes in lynx WMDs and the 

total number of trappers pursuing these species in lynx WMDs.  Although we can determine the number 

of trappers that caught at least one marten, fisher, coyote, or fox from pelt tagging records, we need 

trapper effort data to determine the number of trappers that pursued one of these species but were 

unsuccessful.   Due to changes in how our trapping regulations are distributed to the public, trapper 

effort reporting forms were not sent out for the 2016 season.  Therefore, we used trapping effort data 

from for 2015 season to arrive at our estimates. 

Canid Trappers:  From 2015 trapper effort data, 21 trappers that pursued canids in lynx WMDs returned 

trapper effort forms.  These trappers spent a total of 8351 trap nights pursuing canids.  Fifteen of the 21 

trappers harvested at least one canid. From our 2016 fur harvest data, we know that 66 individual 

trappers tagged at least of one canid in the relevant WMD’s.  Using these data and a ratio proportion 

calculation, we estimate that approximately 92 total trappers pursued canids for an estimated total of 

36,585 trap nights. 

Fisher and Marten trappers: From 2015 trapper effort data, 21 trappers that pursued fisher/marten1 in 

lynx WMDs returned trapper effort forms. These trappers spent a total of 4941 trap nights pursuing 

                                                           
1 Trappers may target both fisher and marten with the same trap set; therefore, we are reporting these 
trappers as fisher/marten trappers.   
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fisher/marten.  Fifteen of the 24 trappers harvested at least one fisher/marten. From our 2016 fur 

harvest data, we know that 117 individual trappers tagged at least one fisher/marten in the relevant 

WMD’s.  Using these data and a ratio proportion calculation we estimate that approximately 187 total 

trappers pursued fisher/marten in the relevant WMDs for an estimated total of 38,499 trap nights.    

Item 22.  Summary of any changed circumstances that are triggered or 
implemented. 

Activity this report period.  Changed circumstance # 5 was triggered when trapper compliance with lynx 
exclusion devices for killer-type trap regulations was less than 90% for two years. For this reporting 
period and the prior year compliance was 88%. 
 
Changed circumstance #5 in the ITP states that: 
 

Trigger: This changed circumstance will be triggered if less than 90% of the trappers checked are 
in compliance with the regulations. For the purpose of this commitment, a trapper will be 
considered to be in compliance if all of their traps are set in compliance with visible bait, and 
exclusion devices specifications (e.g., size of opening, distance from opening to trap, placement 
of baffles) for killer-type traps in lynx areas.  
 
This trigger is going to be assessed by the annual monitoring commitments described in Section 
5.2 (PI 4).  
 
Response: If after the initial 2 years of monitoring, the percentage of trappers checked in 

compliance is less than 90% as described above then IFW will meet with stakeholders (e.g., 

game wardens and trappers), prior to the next trapping season, to identify and correct the 

problem through outreach and education. If subsequent years of monitoring do not show 

improvement, IFW will implement measures such as increased law enforcement details or 

increased penalties before the start of the next trapping season. If after 5 years of monitoring, 

trapper compliance with the four lynx avoidance measures listed above has not reached the 

target levels, IFW in consultation with the USFWS will implement additional corrective measures 

to improve compliance. Measures may include additional outreach, increased penalties for 

trapping violations, or restricting traps or trap sets that are particularly difficult for trappers to 

achieve compliance with or restricting the use of these traps in lynx areas. 

For the upcoming year, IFW will meet with USFWS and stakeholders (e.g., game wardens and trappers), 

prior to the next trapping season, to identify and correct the problem through outreach and education. 

If subsequent years of monitoring do not show improvement, IFW will implement measures such as 

increased law enforcement details or increased penalties before the start of the next trapping season. 

We will report on outreach and education measures implemented in our next annual report. 



MDIFW Lynx Incidental Take Permit 2016 Annual Report   29 
 

Item 23.  Summary of all activities related to implementation of the mitigation 

Mitigation Implementation Plan (see pages 120-121 of MDIFW ITP): 
 

 By July 31st 2015, BPL will finalize the western boundary of the additional mitigation area and insure 
that the entire 22,046 acre mitigation area can meet the 6,200 acre HQHH requirement.  Updated 
maps will be provided to the USFWS by July 31st 2015. 

 BPL will inventory  the 22,046 acre HMA and cross-walk the inventory to HQHH within 3 years of 
issuance; 

 BPL does not currently have forest models for their ownership. However, BPL expects this capability 
will be available in the next few years and will implement a forest model to assess the trajectory of 
the existing habitat and demonstrate when, where, and how sufficient HQHH habitat will be 
maintained and or created when it becomes available.  

 BPL will provide an updated table 5.3.3 for the 22,046 acre area demonstrating how the mitigation 
will achieve the net conservation benefit to compensate for the loss of at least three lynx by July 31st 
2015.  

 BPL will develop a detailed forest management plan (compartment exam and harvest prescription) 
for at least the HQHH portion of the HMA with the assistance of IFW RAS staff within 3 years of 
issuance of an ITP.  This plan will include provisions for avoiding take of northern long-eared bats in 
the event that it is listed under ESA or MESA2.  IFW and BPL will meet at least every 3 years to review 
the status of the forest management plan for the HMA; 

 USFWS (Maine Field Office) will review and comment on the forest management plan within 90 days 
of receipt of the plan; 

 Within 15 years of issuance of an ITP (~2029), BPL will have implemented harvest prescriptions (e.g., 
overstory removal) to maintain or create forest conditions that will lead to HQHH on the HMA; and 

 By the end of the permit period (~2029), BPL will have increased the acreage of HQHH on the HMA 
to at least 6,200 acres. 
 

Monitoring Plan: 
 

 Each year, for the first 5 years and every 5 years thereafter, IFW will conduct winter snow track 
surveys (e.g., MDIFW lynx ecoregional surveys-Vashon et al. 2010) to monitor whether lynx are 
present and estimate the number of lynx on the HMA.  For the first 5 years, ensure surveys are 
conducted to estimate hare densities in HMA (e.g., participation in Continental Hare Survey).  

 BPL will annually provide an update to IFW on the forest management activities conducted on the 
HMA and every 5 years provide an estimate of HQHH on the HMA. 

 BPL will complete compartment exams (i.e., timber cruises) to update forest maps and management 
plans every 15 years.  This inventory will be used by IFW to calculate the acreage of HQHH on the 
HMA at the end of the permit period to ensure the mitigation objectives are achieved.  The IFW 
wildlife biologist assigned to BPL will be the primary contact between BPL and IFW, and the person 
responsible for communicating developments on the HMA to IFW’s Research and Assessment 
Section (RAS).  

 

                                                           
2 Examples of measures that may be taken to avoid adverse effects include but are not limited to pre-
survey of harvest areas or time of year restrictions on harvest activities. 
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Activity this report period: This report provides information on activities in 2016. 
 

1. Forest management activities on the HMA this report period. 
a. Harvest: 50 +- acres were harvested to release regeneration for future HQHH.  While 

there were additional harvests completed within the HMA, much of it was in 
hardwood/mixedwood areas that were not conducive to creating HQHH.  In areas that it 
was possible, we did so, but these were 5-30 acre islands within the area.  
 

b. Road work: All work done within the HMA consisted of upgrades to existing roads to 
provide access to harvest areas.  No new roads were constructed in the HMA.  One 
upgrade was to move the snowmobile trail.  We used existing road that went through 
the HMA to do so.  The work consisted of brushing, light ditching, and the placement of 
culverts as needed. 
 

2. BPL’s inventory of the 22,046 acre HMA and cross-walk the inventory to HQHH is not required 
until the next annual report, since the permit was issued in November 2014.   Full compartment 
HMA cruise is planned for summer of 2017 (for winter 2017/18 harvest). This will facilitate 
planning for future HQHH habitat management.  
 

3. BPL development of a detailed forest management plan (compartment exam and harvest 
prescription) for at least the HQHH portion of the HMA is not required until the next annual 
report, since the permit was issued in November 2014.  This plan will include provisions for 
avoiding prohibited take of northern long-eared bats.  IFW and BPL will meet at least every 3 
years to review the status of the forest management plan for the HMA. 

 
4. On February 3rd, 2017, MDIFW staff conducted a snow-track survey in the Seboomook Unit to 

document lynx presence.  However, due to forest activities and a rerouted snowmobile trail it 
was not possible to survey the exact routes as the previous two years.  We detecting 11 lynx 
intercepts during our survey (Figure 2).  Only 3 had a snow track quality (STQ) rating greater 
than 2 due to a dusting of snow on February 2nd that caused some track details to be lost.  STQ 
greater than 2 are considered high quality tracks where identification as lynx is considered 
definitive. Note these 11 intercepts do not represent 11 different lynx.  Spatial data was 
imported into GIS shape files for analysis.  

 
5. Dr. Dennis Murray’s graduate student established hare pellet plots in 2014 on the HMA and 

counted pellets during the summer of 2015 and 2016.  They plan to return for a third count 
during the summer of 2017.   
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Figure 2.  Seboomook Unit Lynx Survey 2015 (red dots-formal survey: met survey conditions) 2016 

(green dots-informal survey: poor winter conditions in 2016), 2017 (black dots).  Note track intercepts 

(red, green, and black dots) do not denote number of lynx present as the same lynx may have left 

more than one track intercept. 

 

Item 24.  Provide documentation that the State of Maine Legislature has 
appropriated sufficient funding to implement the Plan by July 15th each year. 

The Maine Legislature approved a biannual budget that covers July 1, 2015 - June 30, 2017 that became 
law on June 30, 2015. This budget provides adequate funding for MDIFW and BPL to carry out 
minimization and mitigation measures in the Plan for the next two year’s.  We notified the USFWS 
Hadley Office of the approved budget in November of 2015 and documentations of sufficient funding in 
August of 2016 (Appendix 3). The next biannual budget will be presented to the Maine Legislature 
before the 2018 Fiscal Year (July 1, 2017).  We will send a letter to the USFWS by July 15th 2017 
indicating sufficient funds for the next fiscal year. 



                                                                   

  

Maine Department of Inland Fisheries and Wildlife 

Responding to Incidental Captures of Lynx 

Step by Step Procedures 

 

 

 

Updated October 2016 

 

 

 Lynx  

 longer ear tufts (1” or longer)  

 longer facial ruff  

 shorter & completely black tipped tail  

 large feet 

 uniform coat color 

 buff colored hind foot        

  

            

Bobcats 

 shorter ear tufts (absent to 1”)  

 shorter facial ruff   

 longer tail: black tipped w/white beneath 

 small feet 

 less uniform coat color  

white under belly and chest 

 dark brown along back of hind legs    

Photo: Elliotsville Plantation, Inc    

Appendix 1.  Updating Standard Operating Procedures (2016) for Responding to Incidental Captures 
of Lynx and Assessing Lynx for Injury.
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Staff Check List for Reporting an Incidental 

Capture of a Lynx 

If you receive the initial call fill out the report form to obtain all 

necessary information to initiate the response.  Immediately contact 

the lynx hotline to start the call tree and deploy staff. 

If weather is inclement, Warm IV BAG over heat vents in truck  
 

Call Tree  
 

1. LYNX HOTLINE  207-592-4734 
 

2. RESPONDERS – BIOLOGICAL STAFF 
 

a. Use RAS and Regional Biologist Laminated Roster 
 

3. WARDEN SERVICE 
a. Weekdays - Call Dispatchers to dispatch District Warden 

i. Ashland (Traci Bushey) 207-435-3132 
ii. Bangor (Joan Sage) 207-941-4470 

iii. Greenville (April Collins) 207-695-3756 
 

b. Weekends – Use Warden Service Roster to contact Sargent  
 

4. VETERNARIAN 
a. Dr. David Cloutier 941-8840 or 745-4320 

 

5. USFWS LAW ENFORCEMENT (within 24 hrs unless enforcement issue) 
a. Special Agent Eric Holmes 469-6842 or 266-4122 
b. Special Agent Brian Englehard 469-6842 or 479-9707 

Appendix 1.  Updating Standard Operating Procedures (2016) for Responding to Incidental Captures 
of Lynx and Assessing Lynx for Injury.
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MDIFW Responding to Incidental Captures of Lynx – Step by Step Procedures 

Check List for Releasing Lynx 

1.   SECURE SCENE 

 Explain handling activities to onlookers  

2.   WALK-IN FOR A QUICK ASSESSMENT OF  ANIMAL   

 Assess lynx for injuries, hazards, and estimate weight 

3.   PREPARE SEDATIVE (PAGE 5) 

 20-gauge needle to draw & 18-gauge needle to administer   

 Use 1cc syringe to measure drugs and load jab stick.   

4.   DELIVER SEDATIVE  (PAGE 5) 

 Record time and amounts on handling sheet 

 Monitor cat/check for fully anesthetized in 8 min. (Record time when able to handle) 

5.   SETUP AREA FOR ANIMAL HANDLING  (PAGE 6) 

 Find good work site 

 Use tarp, blanket, sleeping bag 

 Position lynx, check eyes, use eye ointment, cover eyes 

 Take body temperature ~ every 10 mins (observe breathing & heart beat) 

 If body temperature is low, Warm IV BAG over heat vents in truck 

6.   PHYSICAL ASSESSMENT – SOAP  

 Start at nose and work towards tail (PAGE 6) 

7.   INJURY TREATMENT  

 Compression wrap if capture foot is swollen for 10-15 min. (page 7) 

 Care for abrasions/Lacerations (Page 7) 

8.   PROVIDE SUPPORTIVE CARE (PAGE 8) 

 Monitor temp. (Normal 101-102.5 degrees)  

 Administer Fluids (SQ; 100 ml/10 lbs (normal hydration); 200 ml/10 lbs (dehydrated)   
 Administer antibiotic (Convenia - 0.5 cc/10 lbs delivered SQ or IM ) 

9.   EARTAGS(PAGE 8) 

10.   COLLECT GENETIC SAMPLES (hair, tissue blood) Page 9 

11.   FIT WITH RADIO COLLAR AND ACTIVATE:  LYNX (>10 LBS) Page 9 

12.   RECOVERY & RELEASE 

 Administer antagonist (IV or IM; 40 min after drug dose ) & place lynx in pet carrier  

 Make sure lynx is fully recovered & release in safe location (away from water, other 
traps, or other unsafe areas)   

Appendix 1.  Updating Standard Operating Procedures (2016) for Responding to Incidental Captures 
of Lynx and Assessing Lynx for Injury.
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MDIFW Responding to Incidental Captures of Lynx – Step by Step Procedures 

1. Take Control of Scene 

 Clear the area of any nonessential personnel and onlookers,  

 Establish a quiet, level area to work on the immobilized lynx. 

 Describe your planned handling activities to all personnel and onlookers.  

 If necessary, establish telephone contact with Jen or other biological staff available to 
assist you during the handling. 
 

2. Walk-in for a quick assessment of  animal   
 Walk-in quietly alone or if necessary with trapper to see where trap & animal are   

 Estimate weight for drug dosage 

 Visually assess for any sign of injury  

 Plan approach (hazards, etc.) 
 Wet, soaked animals with no obvious/evident wounds should be released without chemical 

restraint. 
 

3. Prepare SEDATIVE (5:1 Ketamine/Xylazine) 

  Wearing rubber gloves place a 3 cc moniject leur-lock syringe on syringe pole 
  Draw Ketamine with 1 cc syringe and 20 gauge needle  
       (smaller draw needle protects against leaks in rubber stopper of drug bottle) 

  Draw Xylazine with fresh 1 cc syringe & 20 gauge needle  

  Dispense ketamine in syringe on syringe pole 

  Dispense xylazine in syringe on syringe pole  

  Place an 18 gauge 1 inch metal hub needle on the syringe pole for delivery 
 

 Ketamine 
100 mg/ml 

Xylazine 
100mg/ml 

10 lb. lynx  0.45cc 0.09 cc 

20 lb. lynx  0.90 cc 0.18 cc 

30 lb. lynx   1.35 cc 0.27 cc 

4. Deliver sedative  

 To keep animal from moving 1-2  people approach slowly & quietly opposite of the 

animal  

 Slowly extend syringe pole 

 2nd person makes small noise/movement so cat to take eyes off syringe pole prior to jab 

 Inject the sedative in the hindquarter (perpendicular for IM injection) 

 Leave animal  

 Note the time of injection on datasheet 

 Allow the sedative to take affect ~ 8-10 minutes  

 Remove animal from trap when sedated (i.e., no response to noise stimulus) 
 

If the animal is partial dosed wait a few more minutes to allow the drug more time to take 
effect.  Provide a second dose if the animal does not appear to have any drug.  If the animal 
begins recovering from the drug during the handling or appears lightly dosed, give 
additional dose of ketamine (100mg/ml) by hand injection:   0.1 cc/20 lbs    

Appendix 1.  Updating Standard Operating Procedures (2016) for Responding to Incidental Captures 
of Lynx and Assessing Lynx for Injury.
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5. Setup area for animal handling   

 Find good work site (flat ground preferable; shade if hot, sun if cold, etc.); 

 Use tarp, blanket, sleeping bag to maintain lynx body temperature 

   Position lynx, so head is slightly lower than their body to avoid aspiration of fluids 

   Straighten neck and check nose and mouth to make sure airway is clear 

  After visual inspection of eyes, administer eye lubricant and cover eyes through recovery. 

  Place thermometer & record body temp. every 10 min (observe breathing & heart beat) 

6. Physical Assessment: SOAP 

Start at nose and work to tail (use same procedure every time): 

   Run hands along body looking for changes in temp (cold vs hot areas) or abnormalities 

   Check Eyes:  Lids, conjunctiva, cornea are clean of foreign material/blood  

   Take body temperature reading periodically during handling (Normal =101-102.5 ) 

   Nose: blood, fluid, foreign objects 

   Mouth: blood, tooth fractures/avulsions, tongue lacerations, mandibular fracture 

 Mandibular fracture: lightly squeeze lower canines and watch lower jaw for 
separation or fracture; this will be obvious 

   Ears: fluid, blood, debris, lacerations (use cotton ball) 

   Neck: asymmetry, swelling, hair loss, edema, lacerations, subcutaneous emphysema 

   Chest & abdomen: lacerations, abrasions, subcutaneous fluid, body wall hernia, 

asymmetry, bloat, rib fractures 

   Extremities: lacerations, hair loss, swelling, fractures, digital pulse, nail bed perfusion 
(compare color to opposite foot), deviations from normal orientation/flexion and 
extension of claws/digits. (use the opposite leg/foot to identify normal) 

  Anus/perineum: bleeding, diarrhea, temperature 
 

Note: For animals with obvious non-recoverable injuries (e.g. evisceration) nose to tail assessment is not 
necessary and the animal should be euthanatized immediately to minimize suffering.  

7. Treat injuries – if necessary (Take Pictures of Injuries) 
 

Hypothermia (body temperature  <100 degrees) 
To prevent hyperthermia dry animal if wet and place in sleeping bag  

  Place heat pads wrapped in thin cloth on inside legs near blood vessels (armpit/groin) 

  Wrap animal in space blanket 

  Consider moving animal into heated vehicle especially in adverse weather. 

  Administer warm saline subcutaneously as part of supportive care  

 
Hyperthermia  102.5-103 degrees  

 Uncovering animal from sleeping bag 

 Move animal into shade 

 Consider putting animal in direct contact with ground 

Appendix 1.  Updating Standard Operating Procedures (2016) for Responding to Incidental Captures 
of Lynx and Assessing Lynx for Injury.
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7.  Treat injuries – continued from previous page (Take Pictures of Injuries) 
Hyperthermia  > 104 degrees 

  Above procedures and 

  Place ice packs on inside of legs (armpit/groin) near blood vessels   
 

Swelling -  Compression to alleviate swelling on capture foot (if applicable) 

  Tightly apply vet wrap to capture foot starting from the toe to just above swelling 

  Remove vet wrap after 10-15 minutes of compression 

  Examine foot for other injuries (compare with opposite foot to determine abnormal). 
 

Minor abrasions (i.e., hair loss, not through the full thickness of skin) 

 If necessary, irrigate with saline; No closure required 
 

Lacerations (clip fur, irrigate and close wound) 
1. CLIP FUR 

   Apply k-y jelly to wound and clip fur around wound (no more than necessary) 
 

2. IRRIGATE 

  Draw saline solution from saline bottle using an 18 g needle on a 12 cc syringe   

  Hold needle above wound & depress plunger on syringe quickly to flush dirt/debris  

  Repeat until wound is clean (lift skin edges to be certain all pockets are clear)  
 

Note: Do not use a syringe smaller than 12 cc as it can apply too much force and drive 

debris/dirt into the wound. 
 

3. Gluture to close minor lacerations ( ¼ inch or less)  

  Dry wound after irrigation by holding several pieces of gauze to wound   

  Apply a bead of gluture to both edges of wound 

  Join the skin & hold for 2 minutes (note: The laceration should not open when pulled) 
 

Note:   Avoid getting gluture in wound, if you do, wipe it out with gloved finger.   
 

Staple moderate laceration (¼ - 2 inches) no tendon/ligament/tissue below skin involve 
 

  Hold skin together & starting at one end, place staples approximately 1/16 inch apart 

  Apply topical antibiotic once closed 
 

Don’t Close Major lacerations (> 2 inches or involve tendons,ligament,tissue below skin) 

   clip fur, irrigate wound, bandage and transport to vet  
 

Dislocations/fractures for transport to veterinarian  
Note: you can’t splint a femur or humerus fracture, since you can’t immobilize joint above 

 Mold the SAM splint on the opposite uninjured leg 

   Cut the splint to the appropriate length, should go from tip of paw as far up the limb as possible. 

   SAM Splint should extend above and below the joint of the fracture  

   Pull a section of vet wrap off the roll before wrapping  to prevent wrapping the leg too tightly. 
Can also add padding between the SAM splint to prevent wrapping too tightly.  

  Move up the limb and overlap the wrap by 50%. 

Appendix 1.  Updating Standard Operating Procedures (2016) for Responding to Incidental Captures 
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8. Supportive Care 

Administer fluids: 100 ml/10 lbs (normal hydration) 200 ml/10 lbs (dehydrated-dry nose/ gums)   

If body temperature is low or weather is inclement, Warm IV BAG over heat vents in truck  

  1. On IV Bag, remove the blue or white plastic/rubber tab from the bottom of the IV BAG.   

  2.  Insert IV Line using the pointed end into the plastic/rubber tab 

  3.  Prime/fill the IV line with fluid  

  4.  Deliver fluids subcutaneously using an 18 gauge needle 

  5.  Pull the skin up like a tent & insert the needle under the skin through the front tent door   
 

 Pressure can be applied to the bag to increase the speed of the fluid administration.   

 You can safely and easily administer 200 ml of fluid per location on an average 20lb animal. 

 Within 48 hours of assembly, IV line and bag can be used on multiple cats with fresh needle. 
After 48 hrs. discard bag and iv line. 
 

Administer antibiotic (Convenia)   

  Add 10 cc of sterile water to powder to reconstitute to liquid form. Shake until mixed.  

  Label bottle with date and your initials.   

  Use a 20 gauge needle for drawing antibiotic from vial and administering the antibiotic.  
 

To deliver subcutaneously pull the skin up (it should look like a tent) and insert the needle 
under the skin (i.e. through the front tent door).   

To deliver IM, inject needle at 30 degree angle.   

 Antibiotic-Convenia  

Reconstitute w/10 cc of sterile water 

10 lb Lynx 
 

0.50 cc 

20 lb Lynx 

  

1.0 cc 

30 lb Lynx   
 

1.50 cc 

Needle size  Draw & Delivery: 20 gauge 

Delivery site  Subcutaneous or IM 

9. Eartags 

  Each ear will have the same tag number   

  Clean ear with wipe  

  Use dna earplug tool to place hole in upper inside edge of ear  

 Avoid veins when administering tags 

  Insert tag through hole with male portion of the tag pointing out the 
back of the ear making the number visible from the front of the ear.   

 

Appendix 1.  Updating Standard Operating Procedures (2016) for Responding to Incidental Captures 
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10. DNA – Blood, tissue, hair 

Blood and Tissue see HANDOUT FROM TANYA 
 

Hair 
 Pull a small clump of hair to ensure that hair follicles (contain skin cells & DNA) are attached 
 Hair will be placed in the supplied envelopes for storage.  
 If hair is wet, let air dry in envelope before sealing. 
 Label envelope with animal’s eartag #, sex, date of capture, and capture location (town). 

11. Biological data collection 
Because testicles may not be developed in young males, use the distance between anal and 
urethra openings to determine the sex of each animal. 

          
Adult Female  Adult Male             Female kitten        Male kitten 

 

Morphological measurements: 
 Weight is the only required measurement for adequate dosage of reversing agent and 

antibiotics. If times allows, additional measurements will be taken 
 Neck, chest, total length and weight are important for assessing condition of animal 
 Ear tuft length, tail length, hind foot length (hock to tip of middle toe pad)  can be measured 
 Shoulder height measured by extending the front leg and placing tape on tip of shoulder 

blade to rear edge of foot pad 

12. Radio collars: lynx (>10 lbs) 

 Measure the neck of the lynx & add 35-40 mm to your neck measurement to determine 
the collar circumference.   

 For sirtrack collars, make sure the label is pointed towards the rear of the animal.   

 Check that hair is not pinched between the leather belting before tightening hardware.   

 Do not overtighten the nuts and bolts (snug is best).   

 Once tight, spin the collar to confirm that it is not attached by hair. 

 You should be able to place 3 fingers comfortably between the collar & neck of the lynx. 

 Leave at least one extra set of holes (beyond hardware) & cut remaining excess leather. 
SIRTRACK: Turn-on the vhf 

1. Program the frequency into the receiver and turn the receiver on 
2. Place the magnet over the silver dot marked vhf on the collar for 1-2 seconds 
3. You should hear a tone when placing a magnet over the silver dot. 
4. Once the magnet is removed, listen for the vhf signal on the receiver. 

       SIRTRACK: Turn-on the GPS 
1. Place the magnet over the silver dot marked GPS for 1-2 seconds 
2. The red LED will flash 10 times to confirm it is on. 
3. The LED will continue to flash, but the flashes will slow down to 1 flash per second as 

it attempts to get a GPS location.   
4. Five fast flashes indicates it has obtained a location 
5. LED will flash once to transmit location & then will stop flashing-collar is still working 

Appendix 1.  Updating Standard Operating Procedures (2016) for Responding to Incidental Captures 
of Lynx and Assessing Lynx for Injury.

 
MDIFW Lynx Incidental Take Permit 2016 Annual Report

 
40



10 | P a g e  
MDIFW Responding to Incidental Captures of Lynx – Step by Step Procedures 

 

13. Recovery & Release 

 Avoid releasing animal near hazards (e.g., busy road, water, other traps) 

 Place animal in dog crate for recovery  

 Position animal to maintain open airway (with head slightly lower) 

 Can remain in blanket during recovery to maintain body temp 

 Remove eye cover 

 Deliver reversal  IV or IM:  > 40 minutes after sedation using 20 gauge needle 

 Release animal when lynx appears fully alert and coordinated. 

 Note recovery time on datasheet and whether it is bearing weight on capture foot 

 Reversing agent for Xylazine (i.e. Yobine) 

Concentration: 2mg/ml 10 mg/ml 

10 lb lynx  
 

0.25 cc 0.05 cc 

20 lb lynx 
 

0.5 cc 0.10 cc 

30 lb lynx   
 

0.75 cc 0.15 cc 

 
Do not attempt to hasten recovery by making noise or moving the kennel.  

Veterinarian Treatment:  
For injuries requiring veterinarian treatment, the following veterinarians are available. 

 Dr. David Cloutier, DVM    Dr. Ronald Miles, DVM 

Veazie Veterinarian Clinic    Foxcroft Veterinary Services 
1522 State St. Veazie, Me    Dover-Foxcroft, ME  
(207) 941-8840 or 745-4320    (207) 564-2144  
 

Drs. Andrea and Nick Pesut, DVM   Dr. Bob Clark 
Presque Isle Animal Hospital    Lisbon Road Animal Hospital 
79 Mapleton Rd., Presque Isle, ME   1981 Lisbon Road, Lisbon, Me 
(207) 764-6392     (207)784-5421 
 

Rehabilitator Contact List  

Drs. Maureen Murray/Flo Tseng, DVM 
Tufts School of Veterinarian Med.   
Grafton, Ma 
(508)839-7918 

Appendix 1.  Updating Standard Operating Procedures (2016) for Responding to Incidental Captures 
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Injury Score System for Lynx – Created October 2015 in consultation with Dr. David Cloutier DVM 

Score Criteria Outcome 

0  Normal mentition (behavior) 

 No visible injuries during exam 

 Normal post-sedation recovery   

Release 

1  Normal mentition (behavior), 
During exam:  

 Superficial visible abrasions and/or lacerations <2 inches,   

 Broken/dislocated toes,    

 Foot swelling   

 No major hemorrhaging, 

 No sign of shock , 

 Normal post-sedation recovery   

Treat injuries in field and release 

2  Normal mentition (behavior), 

 Laceration > 2” no tissue or tendon damage,  

 Dislocation of shoulder or hip, 

 No major hemorrhaging, 

 No sign of shock , 

 Normal post-sedation recovery  

Transport to veterinarian  for  
treatment and release 

3  Abnormal mentition (depressed, dull, poor response),   

 Laceration > 2”  involve tissue below skin or tendon damage 

 Fracture of radius, ulna, tibia or fibula 

 Significant blood loss (e.g., severed blood vessel)   

 Chest trauma or difficulty breathing 

 Abdominal injury 

 Shock 

Transport to veterinarian with 
rehabilitation before release 

4 Death Likely 

 Crushed skull 

 Open chest wall 

 Evisceration 

 Multiple trauma 

Euthanize 
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  PAUL R. LEPAGE
GOVERNOR 

STATE OF MAINE 
DEPARTMENT OF 

INLAND FISHERIES & WILDLIFE 
284 STATE STREET 

41 STATE HOUSE STATION 
AUGUSTA ME  04333-0041 CHANDLER E. WOODCOCK 

COMMISSIONER 

PHONE:  (207) 287-5202 FISH AND WILDLIFE ON THE WEB: 
www.maine.gov/ifw 

EMAIL ADDRESS: 
ifw.webmaster@maine.gov 

October 7, 2016 

Dear Trapper: 

As fall trapping seasons approach, I hope you’re planning to take some time to enjoy our wonderful state in 

pursuit of your favorite furbearer species.   As in previous years, we are sending updated information to all 

licensed trappers describing the regulations that trappers must follow in order to avoid the incidental capture of 

lynx.  This year, we have also included a new DVD, which summarizes the regulations and also describes how 

the Department will respond in the event of that a lynx is captured.  Please review this information carefully as 

you make preparations for the upcoming trapping season. 

Later this month, we’ll also be mailing all licensed trappers a copy of our new Trapping Lawbook.  This booklet 

will combine all trapping laws and information into a single, easy to use document.  We expect to mail the 

lawbook in mid-October before the start of the general trapping season and post it on our website 

(www.mefishwildlife.com/hunting_trapping/trapping).    

The early fox and coyote season opens on Sunday, October 16
th

.  In addition to the general trapping rules the 

following regulations also apply during this season: 

 Traps must be set at or below ground level and checked daily

 Killer-type traps are not permitted.

 Traps may not be set in the water.

 The use of exposed bait or visible attractors is prohibited.

 You are allowed to keep any incidental opossum, raccoon, or skunk which you catch in your fox and

coyote traps.  Any other furbearing animal must be immediately released alive (except lynx – see

information in this mailing), or if found dead, must be left in the trap and reported to a game warden as

soon as possible.

Please be diligent in your efforts to follow the regulations and recommendations to reduce the chance of 

incidentally capturing a lynx outlined in the information provided in this mailing, video, and in the booklet “How 

to Avoid Incidental Take of Lynx”, which is available on our website.  Please remember that the Department 

operates a 24 hour hotline (207-592-4734) for reporting incidental captures of lynx.  The Department appreciates 

the continued cooperation of trappers to report incidentally caught lynx and following all trapping regulations.  

Sincerely, 

Cory Mosby 

Furbearer/Small Mammal Biologist 

Appendix 2.  Copy of Trapper Information Booklet mailed to all licensed or otherwise authorized trappers as part of MDIFW's annual mailing to trappers 
prior to the opening of the 2016 trapping season.
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Maine Department of Inland Fisheries and Wildlife Trapper Mailing Fall 2016 

Lynx Protection Zone and Trap Restrictions 

Canada lynx are a federally listed Threatened Species. 

There is no open season for the trapping or hunting of 

lynx in Maine. Department biologists have confirmed the 

presence of reproducing lynx in northern Maine. To 

protect lynx and to help Maine trappers avoid 

accidentally taking lynx, the Department has delineated 

a lynx protection zone in northern Maine where special 

regulations are in effect.   

Foothold traps 

 Statewide: When set on dry land, traps must have
at least three swiveling points (at the base of the
trap, midway in the chain, and at the trap’s
anchoring point). Foothold traps cannot be set
above ground or snow level.

 WMDs 1-11, 14, 18, and 19:  When set on dry land,
the use of drags is prohibited and the catch circle
must be cleared of woody vegetation, debris and
manmade material that could cause entanglement
of a trapped animal.

 In WMDs 1-6 and 8-11 no foothold trap may be used that has an inside jaw spread of more than 5
3/8 inches unless when set, placed, and tended the trap is fully or partially covered by water.

Killer-type (conibear) traps: 

Must be set within a lynx exclusion device when set on dry land, except that killer-type traps with an 
inside jaw spread of 5 inches or less may be set without an exclusion device if the trap is set so as to be 
partially covered by water at all times, set under an overhanging stream bank, or used at a blind set 
(without the use of bait, lure or visible attractor).  

What do I do if I catch a lynx? 

Incidental capture of lynx must be reported to a game warden or biologist of the Department as 
soon as possible and prior to removing the animal from the trap, unless a Department official cannot 
be reached in time to prevent injury to the lynx. Any lynx released under this provision must be reported 
to the Department within 24 hours from this time it was discovered. A person who catches a lynx must 
call the lynx hotline at (207) 592-4734, or a local game warden as soon as possible.  The lynx hotline is 
staffed 24 hours a day, 7 days a week during the trapping season. In most circumstances a biologist will 
tranquilize, examine, and release the lynx. For more information on lynx biology or the Department's lynx 
research efforts, please contact Jennifer Vashon at (207) 941-4466.  If you catch a cat and are uncertain 
whether it is a bobcat or a lynx, contact a wildlife biologist or warden immediately.  
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Regulations for Specific Types of Traps 

The statewide foothold trapping regulations when set on dry land are as follows: 

 Foothold traps must not be set above ground or snow level.

 It is unlawful to use a trap with teeth on the jaws

 All foothold traps must have at least three swiveling points and the chain must be centrally mounted
at the base of the trap.  One swiveling point must be at the base of the trap, one mid-way in the chain,
and one at the trap’s anchoring point.

Centrally Mounted at the Base of the 
Trap 
Think of this as the central third of the base 
of the trap anywhere within the circle. This 
can be a J-hook coming directly from the 
base of the trap or a swivel attached to the 
trap with D-ring, lap link or link of chain. 

Midway-in the Chain 
This is halfway between the base of the trap 
and the anchoring point. A double swivel 
(which technically has two swiveling 
points) is commonly used here, but another 
swiveling point is still required at the 
anchoring point and at the base of the trap. 

The Anchoring Point 
This is where the trap chain attaches to 
your anchoring device. An anchoring 
device may be a rebar stake, disposable 
or cable stake, or a drag. When using a 
drag, the anchoring point can be 
considered where the chain associated 
with the drag attaches to the trap chain. 
Remember that the use of drags is 
prohibited in WMDs 1-11, 14, 18, and 
19. 

3 
SWIVEL 
POINTS 

(on dry-land sets) 
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The foothold trapping regulations for WMDs 1-11, 14, 18, and 19 when set on dry land are as follows: 

 Foothold traps must be securely anchored to the ground.  The use of drags is prohibited in these
WMDs.

 Foothold traps must have the catch circle cleared of woody vegetation, debris and manmade material
that could cause entanglement of a trapped animal.  Small sticks and rocks, and rotten/decaying
woody material may be used for stepping guides, blocking, and backing for trap sets, if they are not
rooted to the ground.  A catch circle is defined as the area that can be circumscribed by the outer edge
of a trap when the trap and trap chain are fully extended and moved in a circle (360°) around the
anchoring point.

 These restrictions do not apply to foothold traps that when set, placed, and tended are fully or
partially covered by water, those that are set on a muskrat “float”, or dog-proof raccoon traps.

In WMDs 1 -6 and 8-11 no foothold trap may be used that has an inside jaw spread of more than 5 3/8 
inches unless when set, placed, or tended the trap is fully or partially covered by water. 
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Killer-Type (Conibear) Trap Rules 

Killer-type traps must be set within an exclusion device unless if 1) when set, placed, and tended, they are 

completely underwater, or if 2) the trap has an inside jaw spread 5 inches or less AND is  

 either set so as to be partially covered by water at all times, or 

 set under overhanging stream banks, or 

 used at a blind set (without the use of bait, lure or visible attractor). Bait, lure and visible 

attractor do not include animal droppings (scat) or urine. 

Exclusion Device Rules 

For all exclusion devices, the jaws of the killer-type trap must be completely within the exclusion device; 

however, trap springs can be outside of the device.  

Exclusion devices will have the following designs: 

(1) For traps with a jaw spread less than or equal to 5 inches (primarily used for marten trapping), the 

device must have an opening of 4 x 4 inches or less. The entrance hole may be placed on the end or on 

the side of the device, and the trap must be set a minimum of 18 inches from the closest edge of the 

entrance hole (Figure 1).  

(2) For traps with a jaw spread greater than 5 inches but less than 8 inches, two designs may be 

constructed.  For both devices the trap must be placed no closer than 18 inches from the closest edge of 

the entrance hole.  

a. The first design has an entrance hole on the end of the device that must not exceed 5 x 6 inches.

A baffle must be placed no more than 6 inches back from the entrance hole and must not leave an

opening greater than 5 x 6 inches.  With the baffle in place, the entrance hole and interior

opening must not overlap to create an unobstructed view to the interior of the exclusion device

(Figure 2a).

b. For the second design the entrance hole must not exceed 6 x 7 inches and must be placed on the

side of the device. A baffle must be placed at the edge of the entrance with the baffle opening

opposite of the entrance hole, and the interior opening must not exceed 6 x 6 inches (Figure 2b).

Exclusion devices can be constructed of wood, plastic, or wire mesh.  If using wire mesh, the mesh cannot 

exceed 1 ½ by 1 ½ inches, or 1 inch by 2 inch openings (side to side).  The wire mesh has to be 16 gauge or less 

(wire diameter of 0.05 inches or greater).  The opening slot in the exclusion device that allows the trap springs 

to extend outside the device can be no more than 7 ½ inches wide and a height of no more than 1 ½ inches.  The 

back of the device must be secured to withstand heavy pulling; if using wire mesh with a wood or plastic box, 

the wire mesh must wrap around two opposite sides of the box and be securely fastened.  There must be at least 

1 attachment point for each side of the device where a joint or panels come together.  The trap must be anchored 

outside of the exclusion device.  Bait must not be visible from above.  When enclosed in an exclusion device, 

killer-type traps can be set directly on the ground, or elevated in trees or on poles, with no specific requirements 

as to the height above ground or diameter of the tree or pole. 
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1. Flagging in these photos are used to illustrate the location of the entrance and is not a requirement.

Figure 1. A photo showing 3 legal lynx exclusion devices made out of different materials: (from 
left to right) a) 1x1 inch wire, b) 1x2 inch wire, and c) 1x2 inch wire with a plastic newspaper box. 
All exclusion devices have a 4 x 4 inch opening and are constructed for a killer-type trap with a jaw 
spread less than or equal to 5 inches (primarily used for marten trapping). 

2a    2b 

Figure 2. Legal exclusion devices for killer-type traps having a jaw spread between 5 and 8 inches. 
2a. is an example of a device with an entrance hole on the end of the device. The entrance hole must 
not exceed 5 x 6 inches. A baffle must be placed no more than 6 inches back from the entrance hole 
and must not leave an opening greater than 5 x 6 inches. With the baffle in place, the entrance hole 
and interior opening may not overlap to create an unobstructed view to the interior of the exclusion 
device. 2b. is an example of a device where the entrance hole is placed on the side of the device and 
must not exceed 6 x 7 inches. A baffle must be placed at the edge of the entrance with the interior 
opening opposite of the entrance hole, and the interior opening must not exceed 6 x 6 inches. 
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IDENTIFYING RARE MAMMALS 

Lynx vs. Bobcat Know the Difference 
The most notable difference between a lynx and a bobcat is paw size.  Lynx paws are about twice the size 
of bobcat paws.  Lynx can also be distinguished from bobcats by the tip of their tail, which is completely 
black (bobcat tail tips are black on the upper side [dorsal side] and white underneath).  Lynx have more 
prominent ear tufts, paler coloration, less spotting, and longer legs than a bobcat.  Please know the 
difference between bobcat, lynx, and fisher tracks. 

Note the long ear tufts, large feet, and completely black-tipped tail of the lynx. 

If you trap a bobcat that looks like a cross between a lynx and a bobcat, we would like to know about it.  
We have recovered several lynx-bobcat hybrids in north central Maine and are interesting in 
documenting other specimens.  Remember, if you are uncertain whether you have trapped a lynx or a 
bobcat call a biologist or warden immediately and before dispatching the animal.  If you dispatched a 
bobcat and upon examination think it has unusual characteristics for a bobcat, please contact Cory Mosby 
or Jen Vashon at 207-941-4466, as we are interested in learning more about hybridization between these 
closely related cats. 
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TRACK AND TRACK PATTERNS FOR COUGAR, LYNX, AND WOLF; WITH COMPARISONS 

TO MORE COMMON SPECIES 
Species General Shape Walking 

Stride 
Print Size 
(Front Foot) 

Track Pattern 

Bobcat General round 
appearance.  Heel points 

in slightly different 
direction than toes. No 

nail marks, but if 
present, attached to toe 

marks. 

6" to 14" Length - 1⅞" to 2½" 
Width - 1⅞" to 2 5/8" 

Direct or double register 
walking pattern.  Trail 

pattern zigzags right-left-
right-left. 

Lynx Same as bobcat but 
tracks show a lot more 
hair.  Smaller pads than 

a cougar. 

11" to 18" Length - 3¼" to 3¾" 
Width - 3" to 3⅜" 

Outline of hair 
impression 

Length - 4½" to 5⅜" 
Width - 3⅜" to 5½" 

Same as bobcat 

Cougar Same as bobcat 20" to 32" Length - 3" to 4¼" 
Width - 3⅛" to 39/16" 

Walking pattern similar to 
other cats.  Deep snow 

may show belly and tail 
drag marks. 

Coyote 4 toes, oval shaped 
track, Front nails often 

close together.  Side 
nails often do not 

register. 

Eastern: 
17½" to 26" 

Eastern: 
Length - 2⅞" to 3½" 
Width - 1⅞" - 2½" 

Trail pattern usually is in 
a straight line. Walking 
pattern is usually direct 

registering 

Dog Similar to wolves and 
coyotes.  Inner toes 

often splayed outwards. 

Varies with 
breed 

Varies with breed Trail pattern sloppy, 
wandering, not usually in 
a straight line.  Walking 
pattern is often double 

register. 
Wolf 4 toes, symmetrical 

track, longer than wide, 
more rounded than a 
coyote, nail marks not 
attached to toe mark 

(same as coyote), 4 nails 
register. 

Algonquin: 
20½" to 

28½" 

Algonquin: 
Length - 4" - 4¾" 

Width - 2½" - 3¼" 
Other: 

Length - 3⅞" - 5½" 
Width - 2⅜ - 5" 

Trail pattern usually is in 
a straight line.  Walking 
pattern is usually direct 

registering. 

Direct register - a walking pattern where the animal’s forefoot is overprinted by the hind foot. 

Double or Indirect register - a walking pattern where the animal’s hind foot does not fall directly 

on the front track.
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Comparisons of canine and cat tracks, and bobcat, lynx, and cougar tracks.  Illustrations follow those in 
Rezendes (1992) and Elbroch (2003). 
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The table below is an update of Table 6.2.1 in Maine's HCP to track biannual budget and expenditures. 

Budget Expenditures Budget Expenditures to date

RC1 Restrict placement of killer-type traps N/A

RC 2 Mandatory Reporting N/A

RC 3 Restrict use of visible bait N/A

RC 4 Restrict foothold traps N/A

IM 1 Trapped Lynx Hotline

Standby Salary Deferential $3,600.00 $5,741.15 $6,000.00

Phone-line $600.00 $600.00 $600.00

IM 2 Responding to Lynx

Staff time Included in base salary n/a Included in base salary

Equipment $300.00 $5,770.00a $1,000.00

IM 3 Update Standard Operating Procedures $300.00 $250.00 N/Ab

IM 4 Maintain List of Cooperting Veternarians

IM 5 Rehabilitate Injured Lynx (when needed) $2,000.00 $0.00 $2,000.00

 Radio Collar Injured lynx $2,500.00 $0.00 $2,500.00

IM 6 Injury Evaluation Training For Staff $1,000.00 $750.00 N/Ab

IM 7 Veterinary Oversight $500.00 $0.00 $500.00

IM 8 Monitor Orphaned Kittens (when needed) $1,200.00 $0.00 $1,200.00

O&E 1 Reinforce Compliance with trapping regulations Included in base salary Included in base salary

O&E 2 Publish a Regulation Booklet $54,000.00 $45,253.00

Redesign Separate Law Books for Hunting & Trapping

Graphic Design Costs $7,860.00 $7,860.00

Hunting Law Book 2016-2017 publishing $66,025.00 $58,026.00

Trapping Law Book 2016-2017 publishing $33,000.00

O&E 3 Trapper Information Booklet 

  Letter and Lynx Portion Mailed (postage/printing) $5,453.00 $7,204.20 $7,500.00

O&E 4 How to avoid the incidental take of lynx

Brochure Printing Cost $2,700.00 $2,284.80 N/Ac 

Additional postage $825.00 included in O&E 3 mailing

O&E 5 Maintain Website Information Included in base salary

O&E 6 Trapper Education Program Included in base salary

O&E 7 Trapper video n/a $5,000.00

Postage n/a $4,700.00

O&E 8 Continued Education for Instructors $9,700.00

PI 1 Extend Lynx Regulations Included in base salary

PI 2 Investigate all lynx incidental captures Included in base salary

PI 3 Cooperate with USFWS on Investigations Included in base salary

PI 4 Conduct targeted compliance monitoring Included in base salary

PI 5 Consult with trappers Included in base salary

TOTAL $74,978.00 $62,083.15 $147,585.00 $65,886.00
a Initial purchase of new equipment, future year equipment cost will be lower (resupply)
b  Updated 2015-16, so compliance met for 2016-2017 FY.
c Brochure updated 2015-16 and distributed to trappers, no changes made to regulations so compliance met.

FY 2015-2016 FY 2016-2017

Activity
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From: Zelenak, Jim
To: Harris, Anna
Cc: Jodi Bush
Subject: Re: MDIFW Citation
Date: Monday, September 18, 2017 7:53:16 AM
Attachments: LCAS 2013 corrected lit cited.pdf

2017 08 08 Literature Cited FINAL SSA.docx

Thanks Anna,

I think it will be fine to use the new total numbers for IT/mortalities and just cite the doc we cited there previously
and the 2016 annual report that provided numbers for the last year. Think we're OK on that.

We could use some help from your office/region in getting some of Mark's missing citations (things cited in the SSA
text but not yet added to the lit cited list).  At last check there were about 95 of these. I think some (many?) were
from the 2013 LCAS and could probably be pulled (copy-pasted) directly from that document's list (a corrected
version of the LCAS lit cited is attached).

A while back I updated the lit cited list for the SSA and noted citations that were missing, whose they were (Core
Team member), and what section of the doc the cite was from as of that time (around Aug. 8, if I remember
correctly).

I've also attached the latest version of that list here showing citations that still need to be added. Mark also supplied
some new text recently, but I think any citations from those he already added.

If you have someone who could check the SSA missing cites against the LCAS cites, and add (copy-paste, in SSA-
list format) those to the SSA list where highlighted, that would be a big help.

Let me know if you think you have someone there who can work on that or if you have questions or need more info.

Thanks much,

Jim

On Sun, Sep 17, 2017 at 6:04 PM, Harris, Anna <anna_harris@fws.gov> wrote:
If you want I can reach out to Maine IFW to see if they have the total -

let me know, 

I am in all week and happy to help-

On Fri, Sep 15, 2017 at 3:30 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks.  We want the total incidentally trapped (reported, anyway) since listing (2000); not just since the ITP
was implemented.

I'll work it out...

On Fri, Sep 15, 2017 at 12:43 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Hi Jim,

Can we use the numbers in the 2016 report:
During the 2016-17 trapping season, 10 lynx were incidentally captured in
foothold traps set for canids. No lynx were caught in killer-type traps set for marten and
fisher, in
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aquatic sets, or traps set by ADC agents. All 10 lynx were captured by licensed fur-
trappers; none were
captured by trappers enrolled in MDIFW’s Predator Management program.

Not sure why we have from 2000 since the permit was issued in 2014.

There is the figure on pg 23: The distribution of Canada lynx in Maine from ecoregional
snow track surveys, sightings of
lynx (primarily tracks) by IFW biologists, incidental takes, and telemetry data from
2000 until 2016.

On Fri, Sep 15, 2017 at 2:31 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks for sending that, Anna. Unfortunately, I cannot find the data that we cite to in the doc. (total of 106
reported incidental captures and 12 mortalities from 2000 to 2016).  Do we (FWS) have those data
compiled somewhere in a doc I can cite to? 

On Fri, Sep 15, 2017 at 11:49 AM, Harris, Anna <anna_harris@fws.gov> wrote:
Hi Jim

The 2016 report is attached. Please let me know if there are other comments I can
help address.

Thanks,
Anna

On Fri, Sep 15, 2017 at 12:19 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Anna,

I've made edits recommended by you, Mark,and/or Dave R., including the following:

"From 2000 to 2016, this program has resulted in the release of 106 lynx that were reported
incidentally trapped in northern Maine (MDIFW 2016b, p. xx). During this time, 12 lynx died from
traps or being illegally shot while in traps."

You and Dave both recommended updating with the 2016 annual report from MDIFW, and Mark
supplied those numbers. However, I don't have the page numbers or the document cited. Just above
this quote, same paragraph, we cite MDIFW 2016a, which is the State's 2016-17 summary of
trapping laws/regs (has the lynx exclusion and minimization requirements, etc.).

Could you please send me a copy of MDIFW's 2016 annual report on the ITP so I can add the page
numbers to this citation and add the document to the lit cited list? I'd ask Mark first but understand
he's on leave for the next couple weeks.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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From: Harris, Anna
To: Bush, Jodi
Cc: Jim Zelenak
Subject: Re: Some progress on Lit Cited in lynx SSA
Date: Monday, September 18, 2017 9:25:00 AM

I will get someone to help out on this task Jodi,

Thank you and Jim for reaching out. I want to ensure the MEFO office supports finishing this
document and I will work to find someone to help address the citations.

all the best,
Anna

On Mon, Sep 18, 2017 at 10:59 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Anna.  Sorry to bother you but we still need help on the lit cited that Mark cited in his
portion of the SSA.  We have been asking Mark for this information since before the SSA
went out for review (January).  After all of this time, and multiple requests to complete this
assignment he just sent Jim 3 or 4 pages from the SSA where he added page numbers to
citations but has not addressed at all the missing 90+ citations. 

We know that Mark is on leave now and so have no hope of him getting to this.  And
October is much too late.  Is there any chance anyone else from Maine or the NE could
help?  Jim is working on addressing comments we received from you folks and the RO so
we can finalize the SSA so can't get to it.  

The entire lit cited list is below -with Marks cites ID.  Do you think you can help us get
these pulled together?  Thanks. JB

BTW.  We think most of the missing cites in section 3.5 are from the LCAS, so finding
those, at least for purposes of the lit cited list, would not take very long (though tracking
down the page numbers to add to the text cites would/could take longer because I think these
were largely copied from the LCAS....).

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

 
---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Thu, Sep 14, 2017 at 12:00 PM
Subject: Some progress on Lit Cited in lynx SSA
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To: Jim Zelenak <jim_zelenak@fws.gov>
Cc: Anna Harris <anna_harris@fws.gov>

Jim:

I was able to fit a few hours of page numbers/lit cited into my schedule in the last two week. 
Edits made in the attached draft start on page 76 and end on page 79 next to last paragraph. 
There is a large number of citations in these sections with no page numbers.

Any new citations have been added to the lit cited in the attached draft, not the master list
that you provided earlier.  Sorry, but I haven't had time to update the master lit cited list.

I am on annual leave and will return to the office on October 2.

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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From: Zelenak, Jim
To: Bowman, Jeff (MNRF)
Subject: Re: Lynx genetics question.
Date: Monday, September 18, 2017 2:33:06 PM

Thanks, Jeff.

On Mon, Sep 18, 2017 at 1:34 PM, Bowman, Jeff (MNRF) <Jeff.Bowman@ontario.ca>
wrote:

Hi Jim,

 

I am consulting Melanie Prentice so you get the very latest and will send you a response
tomorrow.

 

Cheers,

 

Jeff

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: September 18, 2017 3:22 PM
To: Bowman, Jeff (MNRF)
Subject: Lynx genetics question.

 

Hi Jeff,

 

In the expert workshop report, we said (after your review of a draft):

 

"Recent studies also show some differences in functional genetic markers (unique alleles) in
lynx south versus north of the St. Lawrence Seaway/River, suggesting the potential for
evolutionarily significant differences in lynx in those areas (Koen et al. 2015, Prentice
unpubl.)."

 

In the SSA that I'm still working to finalize, we similarly say:
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"..., despite some differences in functional genetic markers (unique alleles) in lynx south
versus north of the St. Lawrence Seaway/River in eastern Canada, which suggest the
potential for evolutionarily significant differences in those areas (Bowman in Lynx SSA
Team 2016a, p. 14;  Prentice et al. 2017, entire), recent analyses reveal genetic exchange
among lynx on either side, indicating that some lynx successfully navigate this barrier (Koen
et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13)."

 

Highlighting the latter, one of our internal reviewers had this question:

 

"Are we saying unique genetic markers are unique alleles and there are differences in them
between south and north lynx? Or are we saying there are actual fully unique alleles between
the south and north lynx? As in alleles that the south has that the north doesn’t? Seems
important to clarify this."

 

Any chance you can clarify?

 

Thanks,

 

Jim 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Shoemaker, Justin
Subject: Re: Lynx SSA and 5-year
Date: Monday, September 18, 2017 2:34:10 PM

Sounds good - I'm here all week, trying to work thru your edits/comments/recommendations and some remaining
issues from R5.

On Mon, Sep 18, 2017 at 2:10 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Jim,

I would like to talk about the 5 yr and revisions we discussed w/ Jodi and Marj.  I'm at
training this week.  I'll try and sneek away for a quick call. Then I can wrap up revisions on
that and get it going on surname.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Mon, Sep 18, 2017 at 10:23 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
We had talked about touching base (after our call with Jodi and Marj Wed. last week) on a few things for the 5-
year, I think, but I can't recall whether we had anything specific lined up.  Let me know if we need to talk about
either or both docs, and if there's anything you need for the 5-year that I can help with.

Call or send a chat anytime.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Kosterman, Megan
To: Zelenak, Jim
Subject: Re: Your thoughts?
Date: Monday, September 18, 2017 6:20:19 PM

Thanks for sending Jim!  I am traveling for work until next Thursday, but I will definitely
make time to read the executive summary and send you comments :-)

I am relieved that you received precipitation over there, finally some relief from the fires and
smoke!  A couple of my friends from Helena sent me pictures of their porch covered in several
inches of snow recently.  

Anyway, I really enjoyed getting to know you better at NCTC.  It was such a fun group of
individuals in the class! 

I hope all is well with you.    
   

On Fri, Sep 15, 2017 at 7:14 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Megan,

Sorry it's taken me so long to get this to you after we discussed lynx at NCTC. I'm hoping
you have a few minutes to review the attached revised executive summary for the lynx SSA
report and let me know if you see any red flags (besides the 32 uses of the work "likely,"
which another reviewer has already pointed out... ;-).

This has not been shared outside a small group of FWS reviewers, and, as directed, it has not
gone out to Bryon or other Core Team members yet (though they saw earlier earlier
revisions). Folks want to wait until we have the whole final report ready for distribution,
which we hope will be in the next few weeks, and we hope to release the SSA and 5-year
review simultaneously by the end of this month, pending some limited internal review of
both docs.

Long-winded way of saying please don't share this with anyone else at this point.

Appreciate any thoughts or recommendations you care to share.

Thanks.

Hope all is well.

Little bit of snow here this morning, now just rain in town, but thank goodness! A real
soaker over the last 24 hours; just what we needed.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
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jim_zelenak@fws.gov

-- 
Megan Kosterman
Endangered Species Biologist
U.S. Fish and Wildlife Service
Northern Idaho Field Office
11103 East Montgomery Drive
Spokane Valley, WA 99206
megan_kosterman@fws.gov
Office: 509-893-8013
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From: Shoemaker, Justin
To: Jodi Bush; Zelenak, Jim
Cc: Robert Segin
Subject: Fwd: Canda Lynx 5 yr review - Invitation to collaborate
Date: Tuesday, September 19, 2017 3:05:27 PM

Jodi and Jim,

I will take a look at this asap, but thought you should see these documents also. Steve Segin is
taking the lead for EA.  Trying to get this to other regions for review by tomorrow. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Robert Segin (via Google Drive) <drive-shares-noreply@google.com>
Date: Mon, Sep 18, 2017 at 10:37 AM
Subject: Canda Lynx 5 yr review - Invitation to collaborate
To: justin_shoemaker@fws.gov
Cc: marjorie_nelson@fws.gov, craig_hansen@fws.gov

Robert Segin has invited you to contribute to the following shared folder:

Canda Lynx 5 yr review

Good Morning,

We need to get this off to R1,3,5 By tomorrow 9/20/17 in the AM. Can
you take a look and see if its on track. Glenn Johnson created it when
he was here and I added some additional stuff. 

Sorry for the quick turn around. 

Thank You

Open

Google Drive: Have all your files within reach from any device. 
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Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

https://drive.google.com/


From: Bush, Jodi
To: Zelenak, Jim
Cc: Shoemaker, Justin; Marjorie Nelson
Subject: Re: Canda Lynx 5 yr review - Invitation to collaborate
Date: Wednesday, September 20, 2017 8:40:20 AM

Jim. As we talked - please spend some time on the NR and add what you think is appropriate. 
I will take a look at the other doc when you are done.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Sep 19, 2017 at 3:42 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I agree.  I've also only had a quick look but I think the NR needs substantive correction and much more detail to
be useful (e.g., wouldn't we say what the recommendation of the 5-yr review is?).

I'm not sure how detailed/accurate the communications strategy needs to be, but I suspect it also needs careful
work.

What about Q&As/FAQs? I see that the comm plan says don't attach, but won't we still want/need those?  And if
so, they need to complement/support what is presented in the news release and the 5-yr review doc..

I'll need some guidance/direction regarding the priority for working on these vs. continuing to finalize the SSA
report based on Justin's review and comments from R5 RSOL et al. along with some outstanding responses to
peer and state reviews.

Jodi?

 

On Tue, Sep 19, 2017 at 3:21 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Marj,

I've only taken a quick look at these outreach materials, they need a lot of work before I
would be comfortable sharing w/ anyone.  I don't know why this is begin pushed out to
other regions by tomorrow.  Can we slow the outreach down so the 5 yr review can catch
up?

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Tue, Sep 19, 2017 at 4:08 PM, Robert Segin <robert_segin@fws.gov> wrote:
Thanks all for the quick turnaround.

I was informed that it needed to be at other regions this week and into surname in the

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov


RO next week.

Sent from my iPhone

On Sep 19, 2017, at 3:05 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Jodi and Jim,

I will take a look at this asap, but thought you should see these documents
also. Steve Segin is taking the lead for EA.  Trying to get this to other
regions for review by tomorrow. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Robert Segin (via Google Drive) <drive-shares-noreply@google.c
om>
Date: Mon, Sep 18, 2017 at 10:37 AM
Subject: Canda Lynx 5 yr review - Invitation to collaborate
To: justin_shoemaker@fws.gov
Cc: marjorie_nelson@fws.gov, craig_hansen@fws.gov

Robert Segin has invited you to contribute to the following
shared folder:

Canda Lynx 5 yr review

Good Morning,

We need to get this off to R1,3,5 By tomorrow
9/20/17 in the AM. Can you take a look and see if its
on track. Glenn Johnson created it when he was
here and I added some additional stuff. 

Sorry for the quick turn around. 

Thank You

Open
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mailto:justin_shoemaker@fws.gov
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mailto:robert_segin@fws.gov
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Google Drive: Have all your files within reach from any

device. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View,

CA 94043, USA

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

https://maps.google.com/?q=1600+Amphitheatre+Parkway,+Mountain+View,+CA+94043&entry=gmail&source=g
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From: Shoemaker, Justin
To: Zelenak, Jim; Jodi Bush
Subject: lynx 5 yr revised draft
Date: Wednesday, September 20, 2017 9:08:17 AM
Attachments: Lynx 5-yrReview_09202017 draft.doc

Please take a quick look at this revised draft.  I took out all the track changes and comments,
was getting too busy.  

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
The purpose of a 5-year review is to assess each threatened and endangered species to determine 
whether its status has changed since the time of its listing, or its last status review, and whether it 
should be classified differently or removed from the list of threatened and endangered species.  
The U.S. Fish and Wildlife Service (Service) evaluated the biology and status of the contiguous 
United States (U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species 
Status Assessment (SSA) to inform this 5 year review and, if needed, recovery planning.  The 
SSA Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA 
Team), which consists of a Core Team of Service biologists who work on lynx issues across the 
DPS range and an SSA Framework Implementation Team of Service and U.S. Geological 
Survey staff who have developed and advanced the SSA framework.  The SSA Report represents 
the Service’s evaluation of the best available scientific information, including the formally-
elicited professional judgments and opinions of recognized lynx experts.  The SSA Report 
underwent independent peer and partner review before being used as the scientific basis to 
support a decision making process involving Service Regions 1, 3, 5, and 6 regarding the 
recommendation presented in this 5 year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the lynx DPS as threatened under the ESA in 2000 because of the inadequacy, 
at that time, of existing regulatory mechanisms on some Federal lands to provide for the 
conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the United 
States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the Service 
finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered 
or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed the 
SSA Report to summarize the best available scientific information on the current status and 
likely future viability of the DPS. The SSA provides the scientific basis for this 5-yr review.  We 
noticed the initiation of the 5-yr review in the Federal Register on April, 18, 2007 (72 FR 
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19549), and additionally published a news release announcing re-initiation of a 5-yr review on 
January, 13, 2015. 
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continue to 
persist in 4 of the 6 geographic units (Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 
(Northwestern Montana/Northeastern Idaho), and 4 (North-central Washington)) evaluated in the 
SSA (SSA Report, p. X).  Available evidence suggests that Colorado (Unit 6)  did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 release of 218 Canadian and Alaskan lynx in the San 
Juan Mountains (SSA Report, p. X).  Based on verified records, it is uncertain if the Greater 
Yellowstone Area (Unit 5) historically supported a persistent resident lynx population and it 
currently appears not to support resident lynx (SSA Report, p. X).  Considering the available 
information, we found no reliable evidence that the current distribution and relative abundance of 
resident lynx in the contiguous United States are substantially reduced from historical conditions 
(SSA Report, p. X).  In fact, because of the introduction of lynx in Colorado and 
anthropogenically influenced lynx abundance in Maine, there may be more resident lynx 
currently in the DPS range than likely occurred historically (SSA Report, p. X).  This suggests 
historical and current resiliency among lynx populations in the DPS.  The current broad 
distribution of resident lynx in large, geographically discrete areas (redundancy) makes the DPS 
invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. X).  Because 
we lack evidence that formerly persistent lynx populations have been lost from any large areas, it 
also seems that redundancy in the DPS has not been meaningfully diminished from historical 
levels (SSA Report, p. X).  In fact, as a result of the current population in Colorado, redundancy 
in the DPS is likely greater, at least temporarily, now than it was historically (SSA Report, p. X).  
Similarly, resident lynx remain broadly distributed across the range of habitats that has supported 
them historically, suggesting maintenance of the breadth and diversity of ecological settings 
occupied within the DPS range (representation) (SSA Report, p. X).  Additionally, observed high 
rates of dispersal and gene flow and, therefore, generally low levels of genetic differentiation 
across most of the lynx’s range, including the DPS, suggest the past and recent genetic health of 
lynx populations in the DPS (representation; (SSA Report, section 2.1).  Because there are no 
indications of significant loss of, or current stressors to, the genetic health or adaptive capacity of 
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lynx populations in the DPS, we find that the current level of representation within the DPS does 
not appear to indicate a decrease from historical conditions (SSA Report, p. X). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed the 
singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms) (SSA 
Report, p. X).  We conclude that resident lynx populations are very likely to persist in all 5 units 
that currently support them (Units 1-4 and 6) in the near-term (2025) and likely to persist in 
Units 1-4 at mid-century (2050) (SSA Report, p. X).  We and the experts we consulted have low 
confidence in predicting the likely conditions of DPS populations beyond 2050 (SSA Report, p. 
X), therefore 2050 is the foreseeable future we considered in this 5 year review.  Nonetheless, we 
expect lynx populations in each geographic unit to become smaller and more patchily-distributed 
in the future due largely to projected climate-driven losses in habitat quality and quantity and 
related factors (SSA Report, p. X).  However, the timing, rate, and extent of habitat decline due 
to projected climate warming and corresponding effects to lynx populations is highly uncertain 
(SSA Report, p. X).  That said, smaller, more isolated populations would be less resilient and 
more vulnerable to demographic and environmental stochasticity and genetic drift and, therefore, 
at higher risk of extirpation (SSA Report, p. X).  Despite some reduced resiliency, we conclude 
that resident lynx populations are likely to persist through mid-century in the geographic units 
that supported them historically (units 1-4), with corresponding maintenance of redundancy and 
representation in the DPS over that time span (SSA Report, p. X).  Predictions out to 2100 are 
highly uncertain (SSA Report, p. X), and beyond what we consider to be the reasonably 
foreseeable future.  However, by 2100 we expect lynx to persist within the DPS, but it is possible 
that some units could be functionally extirpated by the end of the century (SSA Report, p. X).  
Should future extirpations occur, this would indicate a loss of resiliency, reduced redundancy 
and representation, and an increased risk of extirpation of the DPS. 
 
Threats Analysis: 
 
Through our SSA analysis, we have evaluated the effects of all factors considered in a traditional 
5-Factor analysis.  In the SSA we focused on the factor for which the DPS was listed under the 
ESA (the inadequacy of regulatory mechanisms in Federal land management plans at the time of 
listing (Factor D)) and on the anthropogenic influences identified as having the potential to exert 
population-level impacts on lynx and lynx habitats (SSA Report, chapter 3). Those 
anthropogenic influences include climate change (Factor E), vegetation management (Factor A), 
wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  We also 
considered other potential stressors such as trapping (Factor B), disease and predation (Factor C).   
 
Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the Endangered Species Act (Act), an endangered species is any species that is “in 
danger of extinction throughout all or a significant portion of its range.”  In the SSA Report, we 
evaluated the best available scientific information regarding the current and predicted future 
condition of the lynx DPS to describe its viability and how it may change over time (2025, 2050, 
and 2100).  We assess the viability of the lynx DPS by evaluating its ability to maintain a 
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sufficient number and distribution of viable populations to withstand environmental stochasticity 
(resiliency), catastrophes (redundancy), and changes in its environment (representation) into the 
future.  Ultimately, we compare our evaluation of the DPS’ risk of extinction against the 
definitions of an endangered and threatened species as defined by the Act.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4), the current persistence of lynx in one of the units 
(Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. X).  The large sizes and broad geographic distributions of the areas occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to preclude the possibility of extirpation from catastrophic events (SSA Report, p. X).  
There are no indications of current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, and the current level of representation does suggest a decrease from 
historical conditions (SSA Report, p. X).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the Act, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. X).  
It became apparent through discussions with lynx experts in peer and partner reviews of the draft 
SSA Report, and among Service biologists and management that any future projections of lynx 
condition beyond mid-century were complicated by a very high degree of uncertainty concerning 
the timing and extent of various stressors that may affect lynx and hare habitat and snow 
regimes, especially those related to projected future climate change (SSA Report, p. X).  
Therefore, in this evaluation, we focused on mid-century (2050) as the foreseeable future 
because this time horizon gives us a higher degree of certainty in reasonably projecting the future 
condition of the lynx DPS.  
 
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. X).  
However, all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts (with likelihoods of 70 to 90 percent) to continue to do so 
through mid-century (2050) (SSA Report, p. X).  Our analyses and expert input suggest that 
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resiliency will likely be sufficient to foster persistence (i.e., preclude extirpation) of resident lynx 
through mid-century in all or most of the 5 geographic units that currently support them (SSA 
Report, p. X).  At mid-century, we expect lynx to retain a wide geographical distribution of 
populations, maintaining redundancy within the DPS (SSA Report, p. X).  Should lynx 
populations in each geographic unit to become smaller and more patchily-distributed, reduced 
genetic health and/or adaptive capacity would be expected; however, we have no evidence to 
suggest reduced representation would be a DPS-level concern at mid-century (SSA Report, p. 
X).  Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is low, 
such that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and, therefore, does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS and, therefore, 
recovery criteria have not been developed.  However, the Service completed a Recovery Outline 
on September 14, 2005, which provided preliminary recovery objectives and actions based on 
our understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Even in the absence of a recovery plan, progress 
has been made on some components of the preliminary recovery strategy described in the 2005 
Recovery Outline (e.g., improved regulatory mechanisms on Federal and some State, Tribal, and 
private lands and related protections of important lynx and hare habitats), while other 
components have seen little or no progress or may no longer be appropriate.  Nonetheless, it is 
clear that since the DPS was listed, the singular threat for which it was listed, the inadequacy of 
then-existing regulatory mechanisms on some Federal lands, has been substantially addressed by 
the formal revisions of and amendments to Federal land management plans to apply the best 
available scientific information to the conservation of lynx habitat and populations on those 
lands.  Furthermore, as described above, the lynx DPS no longer meets the definition of a 
threatened species.  
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range nor is it likely to 
become so in the foreseeable future, i.e. not a threatened species throughout its range.  We 
recommend removing the Canada lynx DPS, currently listed as threatened, from the list of 
threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
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New Recovery Priority Number (indicate if no change; see Appendix E): 
 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

____ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS. The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW of species x 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 



From: Bush, Jodi
To: Shoemaker, Justin
Cc: Zelenak, Jim
Subject: Re: lynx 5 yr revised draft
Date: Wednesday, September 20, 2017 10:17:20 AM
Attachments: Lynx 5-yrReview_09202017 draft_jbeds.doc

I reviewed the NR and added in my comments.  The communication plan needs help to but I
can't get to it right now.  I'll try again later this am. Unless Justin you get to it first. 

I reviewed the 5 yr review.  It looks good.  We are close. Just a couple of small edits.  Thanks
for all your hard work Justin!.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Sep 20, 2017 at 9:07 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Please take a quick look at this revised draft.  I took out all the track changes and comments,
was getting too busy.  

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
The purpose of a 5-year review is to assess each threatened and endangered species to determine 
whether its status has changed since the time of its listing, or its last status review, and whether it 
should be classified differently or removed from the list of threatened and endangered species.  
The U.S. Fish and Wildlife Service (Service) evaluated the biology and status of the contiguous 
United States (U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species 
Status Assessment (SSA) to inform this 5 year review and, if needed, recovery planning.  The 
SSA Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA 
Team), which consists of a Core Team of Service biologists who work on lynx issues across the 
DPS range and an SSA Framework Implementation Team of Service and U.S. Geological 
Survey staff who have developed and advanced the SSA framework.  The SSA Report represents 
the Service’s evaluation of the best available scientific information, including the formally-
elicited professional judgments and opinions of recognized lynx experts.  The SSA Report 
underwent independent peer and partner review before being used as the scientific basis to 
support a decision making process involving Service Regions 1, 3, 5, and 6 regarding the 
recommendation presented in this 5 year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the lynx DPS as threatened under the ESA in 2000 because of the inadequacy, 
at that time, of existing regulatory mechanisms on some Federal lands to provide for the 
conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the United 
States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the Service 
finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered 
or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed the 
SSA Report to summarize the best available scientific information on the current status and 
likely future viability of the DPS. The SSA provides the scientific basis for this 5-yr review.  We 
noticed the initiation of the 5-yr review in the Federal Register on April, 18, 2007 (72 FR 
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19549), and additionally published a news release announcing re-initiation of a 5-yr review on 
January, 13, 2015. 
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continue to 
persist in 4 of the 6 geographic units (Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 
(Northwestern Montana/Northeastern Idaho), and 4 (North-central Washington)) evaluated in the 
SSA (SSA Report, p. X).  Available evidence suggests that Colorado (Unit 6)  did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 release of 218 Canadian and Alaskan lynx in the San 
Juan Mountains (SSA Report, p. X).  Based on verified records, it is uncertain if the Greater 
Yellowstone Area (Unit 5) historically supported a persistent resident lynx population and it 
currently appears not to support resident lynx (SSA Report, p. X).  Considering the available 
information, we found no reliable evidence that the current distribution and relative abundance of 
resident lynx in the contiguous United States are substantially reduced from historical conditions 
(SSA Report, p. X).  In fact, because of the introduction of lynx in Colorado and 
anthropogenically influenced lynx abundance in Maine, there may be more resident lynx 
currently in the DPS range than likely occurred historically (SSA Report, p. X).  This suggests 
historical and current resiliency among lynx populations in the DPS.  The current broad 
distribution of resident lynx in large, geographically discrete areas (redundancy) makes the DPS 
invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. X).  Because 
we lack evidence that formerly persistent lynx populations have been lost from any large areas, it 
also seems that redundancy in the DPS has not been meaningfully diminished from historical 
levels (SSA Report, p. X).  In fact, as a result of the current population in Colorado, redundancy 
in the DPS is likely greater, at least temporarily, now than it was historically (SSA Report, p. X).  
Similarly, resident lynx remain broadly distributed across the range of habitats that has supported 
them historically, suggesting maintenance of the breadth and diversity of ecological settings 
occupied within the DPS range (representation) (SSA Report, p. X).  Additionally, observed high 
rates of dispersal and gene flow and, therefore, generally low levels of genetic differentiation 
across most of the lynx’s range, including the DPS, suggest the past and recent genetic health of 
lynx populations in the DPS (representation; (SSA Report, section 2.1).  Because there are no 
indications of significant loss of, or current stressors to, the genetic health or adaptive capacity of 
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lynx populations in the DPS, we find that the current level of representation within the DPS does 
not appear to indicate a decrease from historical conditions (SSA Report, p. X). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed the 
singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms) (SSA 
Report, p. X).  We conclude that resident lynx populations are very likely to persist in all 5 units 
that currently support them (Units 1-4 and 6) in the near-term (2025) and likely to persist in 
Units 1-4 at mid-century (2050) (SSA Report, p. X).  We and the experts we consulted have low 
confidence in predicting the likely conditions of DPS populations beyond 2050 (SSA Report, p. 
X), therefore 2050 is the foreseeable future we considered in this 5 year review.  Nonetheless, we 
expect lynx populations in each geographic unit to become smaller and more patchily-distributed 
in the future due largely to projected climate-driven losses in habitat quality and quantity and 
related factors (SSA Report, p. X).  However, the timing, rate, and extent of habitat decline due 
to projected climate warming and corresponding effects to lynx populations is highly uncertain 
(SSA Report, p. X).  That said, smaller, more isolated populations would be less resilient and 
more vulnerable to demographic and environmental stochasticity and genetic drift and, therefore, 
at higher risk of extirpation (SSA Report, p. X).  Despite some reduced resiliency, we conclude 
that resident lynx populations are likely to persist through mid-century in the geographic units 
that supported them historically (units 1-4), with corresponding maintenance of redundancy and 
representation in the DPS over that time span (SSA Report, p. X).  Predictions out to 2100 are 
highly uncertain (SSA Report, p. X), and beyond what we consider to be the reasonably 
foreseeable future.  However, by 2100 we expect lynx to persist within the DPS, but it is possible 
that some units could be functionally extirpated by the end of the century (SSA Report, p. X).  
Should future extirpations occur, this would indicate a loss of resiliency, reduced redundancy 
and representation, and an increased risk of extirpation of the DPS. 
 
Threats Analysis: 
 
Through our SSA analysis, we have evaluated the effects of all factors considered in a traditional 
5-Factor analysis.  In the SSA we focused on the factor for which the DPS was listed under the 
ESA (the inadequacy of regulatory mechanisms in Federal land management plans at the time of 
listing (Factor D)) and on the anthropogenic influences identified as having the potential to exert 
population-level impacts on lynx and lynx habitats (SSA Report, chapter 3). Those 
anthropogenic influences include climate change (Factor E), vegetation management (Factor A), 
wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  We also 
considered other potential stressors such as trapping (Factor B), disease and predation (Factor C).   
 
Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the Endangered Species Act (Act), an endangered species is any species that is “in 
danger of extinction throughout all or a significant portion of its range.”  In the SSA Report, we 
evaluated the best available scientific information regarding the current and predicted future 
condition of the lynx DPS to describe its viability and how it may change over time (2025, 2050, 
and 2100).  We assess the viability of the lynx DPS by evaluating its ability to maintain a 
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sufficient number and distribution of viable populations to withstand environmental stochasticity 
(resiliency), catastrophes (redundancy), and changes in its environment (representation) into the 
future.  Ultimately, we compare our evaluation of the DPS’ risk of extinction against the 
definitions of an endangered and threatened species as defined by the Act.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4), the current persistence of lynx in one of the units 
(Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. X).  The large sizes and broad geographic distributions of the areas occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to preclude the possibility of extirpation from catastrophic events (SSA Report, p. X).  
There are no indications of current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, and the current level of representation does suggest a decrease from 
historical conditions (SSA Report, p. X).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the Act, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. X).  
It became apparent through discussions with lynx experts in peer and partner reviews of the draft 
SSA Report, and among Service biologists and management that any future projections of lynx 
condition beyond mid-century were complicated by a very high degree of uncertainty concerning 
the timing and extent of various stressors that may affect lynx and hare habitat and snow 
regimes, especially those related to projected future climate change (SSA Report, p. X).  
Therefore, in this evaluation, we focused on mid-century (2050) as the foreseeable future 
because this time horizon gives us a higher degree of certainty in reasonably projecting the future 
condition of the lynx DPS.  
 
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. X).  
However, all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts (with likelihoods of 70 to 90 percent) to continue to do so 
through mid-century (2050) (SSA Report, p. X).  Our analyses and expert input suggest that 

Comment [JB1]: Do you mean of the 
populations?  Or do you mena the range –as in large 
range?   

Comment [JB2]: You said does NOT appear to 
represent a decrease in previous 5 yr review.  Which 
makes more sense in this sentence.  



 

 6 

resiliency will likely be sufficient to foster persistence (i.e., preclude extirpation) of resident lynx 
through mid-century in all or most of the 5 geographic units that currently support them (SSA 
Report, p. X).  At mid-century, we expect lynx to retain a wide geographical distribution of 
populations, maintaining redundancy within the DPS (SSA Report, p. X).  Should lynx 
populations in each geographic unit to become smaller and more patchily-distributed, reduced 
genetic health and/or adaptive capacity would be expected; however, we have no evidence to 
suggest reduced representation would be a DPS-level concern at mid-century (SSA Report, p. 
X).  Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is low, 
such that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and, therefore, does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS and, therefore, 
recovery criteria have not been developed.  However, the Service completed a Recovery Outline 
on September 14, 2005, which provided preliminary recovery objectives and actions based on 
our understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Even in the absence of a recovery plan, progress 
has been made on some components of the preliminary recovery strategy described in the 2005 
Recovery Outline (e.g., improved regulatory mechanisms on Federal and some State, Tribal, and 
private lands and related protections of important lynx and hare habitats), while other 
components have seen little or no progress or may no longer be appropriate.  Nonetheless, it is 
clear that since the DPS was listed, the singular threat for which it was listed, the inadequacy of 
then-existing regulatory mechanisms on some Federal lands, has been substantially addressed by 
the formal revisions of, and amendments to, Federal land management plans to apply the best 
available scientific information to the conservation of lynx habitat and populations on those 
lands.  Furthermore, as described above, the lynx DPS no longer meets the definition of a 
threatened species.  
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range nor is it likely to 
become so in the foreseeable future, i.e. not a threatened species throughout its range.  We 
recommend removing the Canada lynx DPS, currently listed as threatened, from the list of 
threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
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New Recovery Priority Number (indicate if no change; see Appendix E): 
 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

____ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS. The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW of species x 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 



From: Zelenak, Jim
To: Bush, Jodi
Cc: Shoemaker, Justin
Subject: Re: lynx 5 yr revised draft
Date: Wednesday, September 20, 2017 10:31:56 AM
Attachments: Lynx 5-yrReview_09202017 draft jzeds.doc

I had a few suggestions, too - apologize if any are redundant with Jodi's.

On Wed, Sep 20, 2017 at 10:16 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
I reviewed the NR and added in my comments.  The communication plan needs help to but I
can't get to it right now.  I'll try again later this am. Unless Justin you get to it first. 

I reviewed the 5 yr review.  It looks good.  We are close. Just a couple of small edits. 
Thanks for all your hard work Justin!.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Sep 20, 2017 at 9:07 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Please take a quick look at this revised draft.  I took out all the track changes and
comments, was getting too busy.  

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
The purpose of a 5-year review is to assess each threatened and endangered species to determine 
whether its status has changed since the time of its listing, or its last status review, and whether it 
should be classified differently or removed from the list of threatened and endangered species.  
The U.S. Fish and Wildlife Service (Service) evaluated the biology and status of the contiguous 
United States (U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species 
Status Assessment (SSA) to inform this 5 year review and, if needed, recovery planning.  The 
SSA Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA 
Team), which consists of a Core Team of Service biologists who work on lynx issues across the 
DPS range and an SSA Framework Implementation Team of Service and U.S. Geological 
Survey staff who have developed and advanced the SSA framework.  The SSA Report represents 
the Service’s evaluation of the best available scientific information, including the formally-
elicited professional judgments and opinions of recognized lynx experts.  The SSA Report 
underwent independent peer and partner review before being used as the scientific basis to 
support a decision making process involving Service Regions 1, 3, 5, and 6 regarding the 
recommendation presented in this 5 year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the lynx DPS as threatened under the ESA in 2000 because of the inadequacy, 
at that time, of existing regulatory mechanisms on some Federal lands to provide for the 
conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the United 
States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the Service 
finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered 
or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed the 
SSA Report to summarize the best available scientific information on the current status and 
likely future viability of the DPS. The SSA provides the scientific basis for this 5-yr review.  We 
noticed the initiation of the 5-yr review in the Federal Register on April, 18, 2007 (72 FR 
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19549), and additionally published a news release announcing re-initiation of a 5-yr review on 
January, 13, 2015. 
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continue to 
persist in 4 of the 6 geographic units evaluated in the SSA (Units 1 (Northern Maine), 2 
(Northeastern Minnesota), 3 (Northwestern Montana/Northeastern Idaho), and 4 (North-central 
Washington)) evaluated in the SSA (SSA Report, p. X).  Based on verified records, it is 
uncertain if the Greater Yellowstone Area (Unit 5) historically supported a persistent resident 
lynx population and it currently appears not to support resident lynx (SSA Report, p. X). 
Available evidence also suggests that Colorado (Unit 6)  did not historically support persistent 
lynx presence; however, a resident population has persisted there for more than a decade since 
the 1999-2006 release of 218 Canadian and Alaskan lynx in the San Juan Mountains (SSA 
Report, p. X).  Based on verified records, it is uncertain if the Greater Yellowstone Area (Unit 5) 
historically supported a persistent resident lynx population and it currently appears not to support 
resident lynx (SSA Report, p. X).   
 
Considering the available information, we found no reliable evidence that the current distribution 
and relative abundance of resident lynx in the contiguous United States are substantially reduced 
from historical conditions (SSA Report, p. X).  In fact, because of the introduction of lynx in 
Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than likely occurred historically (SSA Report, p. X).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. X).  
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. X).  In fact, as a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. X).  Similarly, resident lynx remain broadly distributed across the range of habitats 
that has supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. X).  
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Additionally, observed high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation; (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors to, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, p. X). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed the 
singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms) (SSA 
Report, p. X).  We conclude that resident lynx populations are very likely to persist in all 5 units 
that currently support them (Units 1-4 and 6) in the near-term (2025) and likely to persist in 
Units 1-4 at mid-century (2050) (SSA Report, p. X).  We and the experts we consulted have low 
confidence in predicting the likely conditions of DPS populations beyond 2050 (SSA Report, p. 
X), therefore we consider 2050 ais the reasonably foreseeable future we considered infor this 5- 
year review.  Nonetheless, we expect lynx populations in each geographic unit to become smaller 
and more patchily-distributed in the future due largely to projected climate-driven losses in 
habitat quality and quantity and related factors (SSA Report, p. X).  However, the timing, rate, 
and extent of habitat decline due to projected climate warming and corresponding effects to lynx 
populations is all are highly uncertain (SSA Report, p. X).  That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation (SSA Report, p. X).  
Despite some reduced resiliency, we conclude that resident lynx populations are likely to persist 
through mid-century in the geographic units that supported them historically (units 1-4), with 
corresponding maintenance of redundancy and representation in the DPS over that time span 
(SSA Report, p. X).  Predictions out to 2100 are highly uncertain (SSA Report, p. X), and 
beyond what we consider to be the reasonably foreseeable future.  HoweverNonetheless, by 2100 
although we expect some resident lynx to persist within the DPS at the end of the century, but it 
is possible that populations in some units could be functionally extirpated by the end of the 
centurythen (SSA Report, p. X).  Should future extirpations occur, this would indicate a loss of 
resiliency, reduced redundancy and representation, and an increased risk of extirpation of the 
DPS. 
 
Threats Analysis: 
 
Through our SSA analysis, we have evaluated the effects of all factors considered in a traditional 
5-Factor analysis.  In the SSA we focused on the factor for which the DPS was listed under the 
ESA (the inadequacy of regulatory mechanisms in Federal land management plans at the time of 
listing (Factor D)) and on the anthropogenic influences identified as having the potential to exert 
population-level impacts on lynx and lynx habitats (SSA Report, chapter 3). Those 
anthropogenic influences include climate change (Factor E), vegetation management (Factor A), 
wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  We also 
considered other potential stressors such as trapping (Factor B), and disease and predation 
(Factor C).   
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Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the Endangered Species Act (Act), an endangered species is any species that is “in 
danger of extinction throughout all or a significant portion of its range.”  In the SSA Report, we 
evaluated the best available scientific information regarding the current and predicted future 
condition of the lynx DPS to describe its viability and how it may change over time (2025, 2050, 
and 2100).  We assess the viability of the lynx DPS by evaluating its ability to maintain a 
sufficient number and distribution of viable populations to withstand environmental stochasticity 
(resiliency), catastrophes (redundancy), and changes in its environment (representation) into the 
future.  Ultimately, we compare our evaluation of the DPS’ risk of extinction against the 
definitions of an endangered and or threatened species as defined by the Act.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4), the current persistence of lynx in one of the units 
(Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. X).  The large sizes and broad geographic distributions of the areas occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to preclude the possibility of extirpation from catastrophic events (SSA Report, p. X).  
There are no indications of current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, and the current level of representation does suggest a decrease from 
historical conditions (SSA Report, p. X).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the Act, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. X).  
It became apparent through discussions with lynx experts, in peer and partner reviews of the 
draft SSA Report, and among Service biologists and management that any future projections of 
lynx condition beyond mid-century were complicated by a very high degree of uncertainty 
concerning the timing and extent of various stressors that may affect lynx and hare habitat and 
snow regimes, especially those related to projected future climate change (SSA Report, p. X).  
Therefore, in this evaluation, we focused on mid-century (2050) as the foreseeable future 

Comment [ZJ7]: “status”? 

Comment [ZJ8]: “reasonably”? 
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because this time horizon gives us a higher degree of certainty in reasonably projecting the future 
condition of the lynx DPS.  
 
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. X).  
However, all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts (with likelihoods of 70 to 90 percent) to continue to do so 
through mid-century (2050) (SSA Report, p. X).  Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence (i.e., preclude extirpation) of resident lynx 
through mid-century in all or most of the 5 geographic units that currently support them (SSA 
Report, p. X).  At mid-century, we expect lynx to retain a wide geographical distribution of 
populations, maintaining redundancy within the DPS (SSA Report, p. X).  Should lynx 
populations in each geographic unit to become smaller and more patchily-distributed, reduced 
genetic health and/or adaptive capacity would be expected; however, we have no evidence to 
suggest reduced representation would be a DPS-level concern at mid-century (SSA Report, p. 
X).  Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is low, 
such that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and, therefore, does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS and, therefore, 
recovery criteria have not been developed.  However, the Service completed a Recovery Outline 
on September 14, 2005, which provided preliminary recovery objectives and actions based on 
our understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Even in the absence of a recovery plan, progress 
has been made on some components of the preliminary recovery strategy described in the 2005 
Recovery Outline (e.g., improved regulatory mechanisms on Federal and some State, Tribal, and 
private lands and related protections of important lynx and hare habitats), while other 
components have seen little or no progress or may no longer be appropriate.  Nonetheless, it is 
clear that since the DPS was listed, the singular threat for which it was listed, the inadequacy of 
then-existing regulatory mechanisms on some Federal lands, has been substantially addressed by 
the formal revisions of and amendments to Federal land management plans to apply the best 
available scientific information to the conservation of lynx habitat and populations on those 
lands.  Furthermore, as described above, the lynx DPS no longer meets the definition of a 
threatened species.  
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range nor is it likely to 
become so in the foreseeable future, i.e. not a threatened species throughout its range.  We 
recommend removing the Canada lynx DPS, currently listed as threatened, from the list of 
threatened and endangered species.  
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____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

____ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS. The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW of species x 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 



From: Bush, Jodi
To: Shoemaker, Justin
Cc: Zelenak, Jim
Subject: Re: lynx 5 yr revised draft
Date: Wednesday, September 20, 2017 11:23:06 AM

Yep.  I agree.  Thanks Justin.  Jim will focus his efforts on SSA.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Sep 20, 2017 at 10:55 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Thanks to you both for the quick review.  I'll be putting the 5yr surname package together
and get this going through the RO. 

For the outreach docs, I'll take a look at those also and add them to the surname package. 
Marj has asked EA to slow down on that so we can get it in better shape.  So Jim, maybe
you don't need to review those?  I can just come to you w/ questions as needed and you can
keep going on the SSA report.  I'm hoping to get this all together by end of week or early
next. 

The SSA report can be added to the surname package before it goes to the RDs office, by
end of month-ish. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Sep 20, 2017 at 11:31 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I had a few suggestions, too - apologize if any are redundant with Jodi's.

On Wed, Sep 20, 2017 at 10:16 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
I reviewed the NR and added in my comments.  The communication plan needs help to
but I can't get to it right now.  I'll try again later this am. Unless Justin you get to it first. 

I reviewed the 5 yr review.  It looks good.  We are close. Just a couple of small edits. 
Thanks for all your hard work Justin!.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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On Wed, Sep 20, 2017 at 9:07 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Please take a quick look at this revised draft.  I took out all the track changes and
comments, was getting too busy.  

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Bowman, Jeff (MNRF)
Subject: Re: Lynx genetics question.
Date: Wednesday, September 20, 2017 12:47:51 PM

Thanks very much Jeff! 

On Wed, Sep 20, 2017 at 12:11 PM, Bowman, Jeff (MNRF) <Jeff.Bowman@ontario.ca>
wrote:

Hi Jim,

Erin Koen's earlier work (2015 CJZ paper cited in report) dealt with neutral genetic markers,
and so is relevant to the question of genetic differentiation (i.e., distinctiveness) but not so
much to the question of evolutionary significance, since neutral markers don't tell us much
about selection. Melanie Prentice followed Erin's work up to ask about evolutionary
significance. Melanie has found differentiation north and south of the St. Lawrence using a
variety of markers and approaches, such that our interpretation is that there is both
differentiation due to drift and also effects of differential selection. There are no private
alleles on the south side using markers we have looked at, but there are on the north side,
and while there is a very small amount of movement across the river, it does not appear to be
enough to homogenize the populations genetically.  So the river remains largely a barrier.

A couple of recent papers you may not be aware of:

1) The attached paper looks at a gene involved in timing of reproduction in Canada lynx,
and shows that (1) lynx have completely different alleles for this gene than bobcats; and (2)
lynx have different allele frequencies for this gene south of the St. Lawrence compared to
north of the river. Furthermore, Melanie found evidence of selection on this gene causing
differentiation south of the St. Lawrence. See section 3.2, Table 4, and Figures 4 and 5 in the
attached ms, which is now published.

2) Melanie has submitted another paper to Biological Conservation entitled:

"Reconstruction of evolutionary history and functional adaptive differentiation supports
multiple conservation units of Canada lynx (Lynx canadensis)"

In this paper, Melanie used mitochondrial DNA and some functional genetic markers, and

mailto:jim_zelenak@fws.gov
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reconstructs the evolutionary history of lynx in NA. She finds support using criteria of
distinctiveness and evolutionary significance for 4 evolutionarily significant units: mainland
NA north of the St. Lawrence, Cape Breton Island, Newfoundland, and mainland NA south
of the south of the St. Lawrence. Her evolutionary tree suggests that Cape Breton is diverged
from NA 12,000 years before present, Newfoundland diverged ~ 10,000 ybp, and south of
the St. Lawrence diverged ~ 1000 ybp.

This paper is still in review but I should be able to provide a copy if you are interested.

Take care, and please don't hesitate to ask if you have additional questions,

Jeff

________________________________
From: Zelenak, Jim [jim_zelenak@fws.gov]
Sent: Monday, September 18, 2017 3:21 PM
To: Bowman, Jeff (MNRF)
Subject: Lynx genetics question.

Hi Jeff,

In the expert workshop report, we said (after your review of a draft):

"Recent studies also show some differences in functional genetic markers (unique alleles) in
lynx south versus north of the St. Lawrence Seaway/River, suggesting the potential for
evolutionarily significant differences in lynx in those areas (Koen et al. 2015, Prentice
unpubl.)."

In the SSA that I'm still working to finalize, we similarly say:

"..., despite some differences in functional genetic markers (unique alleles) in lynx south
versus north of the St. Lawrence Seaway/River in eastern Canada, which suggest the
potential for evolutionarily significant differences in those areas (Bowman in Lynx SSA
Team 2016a, p. 14;  Prentice et al. 2017, entire), recent analyses reveal genetic exchange

mailto:jim_zelenak@fws.gov


among lynx on either side, indicating that some lynx successfully navigate this barrier (Koen
et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13)."

Highlighting the latter, one of our internal reviewers had this question:

"Are we saying unique genetic markers are unique alleles and there are differences in them
between south and north lynx? Or are we saying there are actual fully unique alleles between
the south and north lynx? As in alleles that the south has that the north doesn’t? Seems
important to clarify this."

Any chance you can clarify?

Thanks,

Jim

--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov<mailto:jim_zelenak@fws.gov>

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Justin Shoemaker
Subject: Fwd: Lynx genetics question.
Date: Wednesday, September 20, 2017 12:49:38 PM
Attachments: Prentice_et_al-2017-Clock.pdf

FYI. Lynx genetics update/ interpretation.

---------- Forwarded message ----------
From: Bowman, Jeff (MNRF) <Jeff.Bowman@ontario.ca>
Date: Wed, Sep 20, 2017 at 12:11 PM
Subject: RE: Lynx genetics question.
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hi Jim,

Erin Koen's earlier work (2015 CJZ paper cited in report) dealt with neutral genetic markers,
and so is relevant to the question of genetic differentiation (i.e., distinctiveness) but not so
much to the question of evolutionary significance, since neutral markers don't tell us much
about selection. Melanie Prentice followed Erin's work up to ask about evolutionary
significance. Melanie has found differentiation north and south of the St. Lawrence using a
variety of markers and approaches, such that our interpretation is that there is both
differentiation due to drift and also effects of differential selection. There are no private alleles
on the south side using markers we have looked at, but there are on the north side, and while
there is a very small amount of movement across the river, it does not appear to be enough to
homogenize the populations genetically.  So the river remains largely a barrier.

A couple of recent papers you may not be aware of:

1) The attached paper looks at a gene involved in timing of reproduction in Canada lynx, and
shows that (1) lynx have completely different alleles for this gene than bobcats; and (2) lynx
have different allele frequencies for this gene south of the St. Lawrence compared to north of
the river. Furthermore, Melanie found evidence of selection on this gene causing
differentiation south of the St. Lawrence. See section 3.2, Table 4, and Figures 4 and 5 in the
attached ms, which is now published.

2) Melanie has submitted another paper to Biological Conservation entitled:
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"Reconstruction of evolutionary history and functional adaptive differentiation supports
multiple conservation units of Canada lynx (Lynx canadensis)"

In this paper, Melanie used mitochondrial DNA and some functional genetic markers, and
reconstructs the evolutionary history of lynx in NA. She finds support using criteria of
distinctiveness and evolutionary significance for 4 evolutionarily significant units: mainland
NA north of the St. Lawrence, Cape Breton Island, Newfoundland, and mainland NA south of
the south of the St. Lawrence. Her evolutionary tree suggests that Cape Breton is diverged
from NA 12,000 years before present, Newfoundland diverged ~ 10,000 ybp, and south of the
St. Lawrence diverged ~ 1000 ybp.

This paper is still in review but I should be able to provide a copy if you are interested.

Take care, and please don't hesitate to ask if you have additional questions,

Jeff

________________________________
From: Zelenak, Jim [jim_zelenak@fws.gov]
Sent: Monday, September 18, 2017 3:21 PM
To: Bowman, Jeff (MNRF)
Subject: Lynx genetics question.

Hi Jeff,

In the expert workshop report, we said (after your review of a draft):

"Recent studies also show some differences in functional genetic markers (unique alleles) in
lynx south versus north of the St. Lawrence Seaway/River, suggesting the potential for
evolutionarily significant differences in lynx in those areas (Koen et al. 2015, Prentice
unpubl.)."

mailto:jim_zelenak@fws.gov


In the SSA that I'm still working to finalize, we similarly say:

"..., despite some differences in functional genetic markers (unique alleles) in lynx south
versus north of the St. Lawrence Seaway/River in eastern Canada, which suggest the potential
for evolutionarily significant differences in those areas (Bowman in Lynx SSA Team 2016a,
p. 14;  Prentice et al. 2017, entire), recent analyses reveal genetic exchange among lynx on
either side, indicating that some lynx successfully navigate this barrier (Koen et al. 2015, pp.
524-528; Bowman in Lynx SSA Team 2016a, p. 12-13)."

Highlighting the latter, one of our internal reviewers had this question:

"Are we saying unique genetic markers are unique alleles and there are differences in them
between south and north lynx? Or are we saying there are actual fully unique alleles between
the south and north lynx? As in alleles that the south has that the north doesn’t? Seems
important to clarify this."

Any chance you can clarify?

Thanks,

Jim

--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov<mailto:jim_zelenak@fws.gov>

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Abstract
Climate	change	is	predicted	to	affect	the	reproductive	ecology	of	wildlife;	however,	
we	have	yet	to	understand	if	and	how	species	can	adapt	to	the	rapid	pace	of	change.	
Clock	genes	are	functional	genes	likely	critical	for	adaptation	to	shifting	seasonal	con-
ditions	through	shifts	in	timing	cues.	Many	of	these	genes	contain	coding	trinucleotide	
repeats,	which	offer	 the	potential	 for	higher	 rates	of	change	than	single	nucleotide	
polymorphisms	(SNPs)	at	coding	sites,	and,	thus,	may	translate	to	faster	rates	of	adap-
tation	in	changing	environments.	We	characterized	repeats	in	22	clock	genes	across	all	
annotated	mammal	species	and	evaluated	the	potential	for	selection	on	repeat	motifs	
in	three	clock	genes	(NR1D1,	CLOCK,	and	PER1)	in	three	congeneric	species	pairs	with	
different	latitudinal	range	limits:	Canada	lynx	and	bobcat	(Lynx canadensis	and	L. rufus),	
northern	and	southern	flying	squirrels	(Glaucomys sabrinus	and	G. volans),	and	white-	
footed	and	deer	mouse	(Peromyscus leucopus	and	P. maniculatus).	Signatures	of	posi-
tive	 selection	were	 found	 in	both	 the	 interspecific	 comparison	of	Canada	 lynx	 and	
bobcat,	and	intraspecific	analyses	in	Canada	lynx.	Northern	and	southern	flying	squir-
rels	showed	differing	frequencies	at	common	CLOCK	alleles	and	a	signature	of	balanc-
ing	 selection.	Regional	excess	homozygosity	was	 found	 in	 the	deer	mouse	at	PER1 
suggesting	disruptive	selection,	and	further	analyses	suggested	balancing	selection	in	
the	white-	footed	mouse.	These	preliminary	signatures	of	selection	and	the	presence	
of	trinucleotide	repeats	within	many	clock	genes	warrant	further	consideration	of	the	
importance	of	candidate	gene	motifs	for	adaptation	to	climate	change.

K E Y W O R D S

clock	genes,	coding	trinucleotide	repeats,	contemporary	adaptation,	natural	selection

1  | INTRODUCTION

The	rapid	pace	of	climate	change	is	expected	to	profoundly	alter	the	fu-
ture	phenology,	range	distribution,	and	physiology	of	wildlife	(Bellard,	

Berteksmeier,	Leadley,	Thuiller,	&	Courchamp,	2012),	with	impacts	on	
reproduction	being	of	particular	 importance	 (Milligan,	Holt,	&	Lloyd,	
2009).	A	critical	emerging	question	is	whether	species	can	evolve	new	
seasonal	strategies	(Boutin	&	Lane,	2014;	Merilä	&	Hendry,	2014).	The	
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underlying	basis	 for	 this	question	 lies	 in	whether	sufficient	standing	
genetic	variation	or	sufficient	rates	of	molecular	evolution	(Barrett	&	
Schluter,	2008;	Hedrick,	2013)	occur	at	key	genes	to	keep	pace	with	
climate	change.	Ultimately,	the	rate	of	adaptive	evolution	 in	relation	
to	the	rate	of	climate	change	will	contribute	to	the	demographic	ef-
fects	 of	 climate	 change	on	organisms	 and	 ecosystems	 (Bradshaw	&	
Holzapfel,	2010;	Bronson,	2009).	This	makes	the	characterization	of	
adaptive	genetic	variation	 critical,	 in	order	 to	 allow	 for	 a	better	un-
derstanding	 of	 the	 evolutionary	 potential	 and	 responses	 of	 species	
to	environmental	 stressors	 (e.g.,	Harrisson,	Paylova,	Telonis-	Scott,	&	
Sunnucks,	2014).	Further,	understanding	how	standing	genetic	vari-
ation	and	genomic	elements	operating	at	higher	rates	of	change	con-
tribute	to	adaptability	will	be	important	to	estimate	the	relative	roles	
of	 genetics,	 plasticity,	 and	epigenetics	 in	defining	 the	 “response	 ca-
pacity”	 or	 “adaptive	 potential”	 of	 species.	Mammals	 are	 a	 particular	
taxonomic	group	whose	vulnerability	 to	 climate	 change	may	be	un-
derestimated	(Schloss,	Nuñez,	&	Lawler,	2012),	and	as	a	result,	there	
is	 a	 recognized	need	 to	 identify	 and	 characterize	mammalian	 genes	
responding	 to	climate	change	 (Dawson,	Jackson,	House,	Prentice,	&	
Mace,	2011;	Franks	&	Hoffmann,	2012).

The	seasonal	 timing	of	 life-	history	events	 is	often	under	the	 in-
fluence	 of	 selection	 as	 such	 events	 are	 frequently	 influenced	 by	
environmental	cues	 (O’Malley,	Ford,	&	Hard,	2010).	 Individuals	that	
can	 anticipate	 the	 optimal	 timing	 of	 season-	specific	 activities	 (e.g.,	
migration,	reproduction)	are	predicted	to	demonstrate	higher	fitness,	
as	they	are	able	to	exploit	the	most	favorable	resources	throughout	
the	year.	 Photoperiod	 is	 one	 such	 environmental	 cue	 that	 is	 often	
used	to	determine	the	optimal	timing	of	life-	history	strategies	in	spe-
cies	occupying	seasonal	environments	(Bradshaw	&	Holzapfel,	2008).	
Species	respond	to	photoperiod	cues	via	their	circadian	clocks,	mo-
lecular	oscillators	that	sense	and	respond	to	changes	in	photoperiod	
by	 triggering	various	effects	 including	hormone	secretions	 in	mam-
mals	 (Goldman,	 2001).	 In	 fact,	 the	 negative	 relationship	 observed	
between	day	 length	and	amplitude	of	the	circadian	pacemaker	may	
be	 the	 cause	 of	 latitudinal	 clines	 often	 observed	 in	 the	 timing	 of	
seasonal	 events	 of	 many	 species	 (Pittendrigh,	 Kyner,	 &	 Takamura,	
1991).	Heritability	of	photoperiod	responsiveness	has	been	observed	
in	mammals	 (Bronson,	2009;	Heideman,	Bruno,	Singley,	&	Smedley,	
1999;	 Lynch,	 Heath,	 &	 Johnston,	 1981),	 particularly	 at	 higher	 lati-
tudes	 where	 dependence	 on	 photoperiod	 increases	 with	 variance	
in	 day	 length	 and	 cues	 circannual	 seasonal	 changes	 (Bradshaw	 &	
Holzapfel,	 2010).	 Thus,	 it	 has	 been	 argued	 that	 climate	 change	 is	
likely	to	introduce	significant	reproductive	challenges	for	species	in-
habiting	higher	 latitudes	 that	 rely	on	photoperiod	 to	 cue	breeding,	
because	at	such	latitudes	an	uncoupling	of	the	phase	relationship	be-
tween	environmental	 conditions	 and	photoperiodic	 cues	 can	occur	
(Milligan	et	al.,	2009).	Further,	as	range	redistributions	proceed	due	
to	shifts	in	temperature,	species	may	be	exposed	to	novel	photoperi-
ods.	As	species	can	track	shifts	in	temperature	through	range	redistri-
butions,	their	persistence	will	more	critically	require	the	adjustment	
of	photoperiod	 responses	 rather	 than	 thermal	 tolerance	 (Bradshaw	
&	Holzapfel,	2006).	Clock	genes	are	thus	one	category	of	functional	
genes	likely	critical	for	adaptation	to	shifting	seasonal	conditions	and	

novel	 environments	 (Kondratova,	Dubrovsky,	Antoch,	&	Kondratov,	
2010).

The	candidate	gene	approach	has	been	used	empirically	to	iden-
tify	patterns	of	adaptive	genetic	variation	and	disentangle	such	pat-
terns	 from	 neutral	 genetic	 population	 structure	 (DeFaveri,	 Jonsson,	
&	Merilä,	2013;	Hemmer-	Hansen,	Nielsen,	Frydenberg,	&	Loeschke,	
2007;	 Limborg	 et	al.,	 2012;	O’Malley	 et	al.,	 2010).	 Candidate	 genes	
are	selected	based	on	known	physiological	functions	perceived	to	be	
of	relevance	to	the	study	species.	This	approach	is	supported	where	
highly	divergent	allele	frequencies	are	found,	more	often	in	genes	with	
functions	 related	 to	 adaptive	 processes	 potentially	 under	 selection.	
Such	 genes	 are	 dissimilar	 to	 neutral	 regions	 of	 the	 genome,	which	
are	not	expected	to	vary	among	populations	experiencing	high	rates	
of	gene	flow.	Here,	we	use	the	candidate	gene	approach	to	examine	
specific	motifs	in	targeted	functional	genes,	specifically	coding	trinu-
cleotide	repeats.

Coding	trinucleotide	repeats	(cTNRs;	e.g.,	polyQ	=	polyglutamine)	
are	 repeat	 structures	 that	 often	 are	 found	 in	 exonic	 regions	 of	 the	
genome	and	consist	of	units	 that	 are	 three	nucleotides	 long	due	 to	
selection	against	frame-	shift	mutations,	which	would	alter	the	reading	
frame	of	 the	 transcribed	protein	 (Duitama	et	al.,	2014).	Such	 repeat	
structures	 have	 traditionally	 been	 linked	 to	human	genetic	 diseases	
(e.g.,	Huntington’s	disease;	MacDonald	et	al.,	1993);	however,	an	 in-
creasing	number	of	studies	now	show	that	these	motifs	have	a	critical	
role	in	“normal”	protein	function	and	evolutionary	adaptation	(Haerty	
&	Golding,	2010).	 Further,	 emerging	 studies	on	 cTNRs	 indicate	 that	
these	 structures	 can	 have	 functional	 roles	 that	 are	 under	 selection	
(Bradshaw	&	Holzapfel,	2010;	Haerty	&	Golding,	2010;	Li,	Liu,	Wu,	&	
Chen,	2012;	Molla,	Delcher,	Sunyaev,	Cantor,	&	Kasif,	2009;	Mularoni,	
Ledda,	Toll-	Riera,	&	Mar	Albà,	2010)	in	addition	to	high	levels	of	pop-
ulation	variation	 that	 exert	 continuous	 and	 discrete	 functional	 phe-
notypes	 (Gemayel,	 Cho,	 Boeynaems,	 &	Verstrepen,	 2012;	Gemayel,	
Vinces,	Legendre,	&	Verstrepen,	2010;	Kashi	&	King,	2006).

The	mutational	mechanism	of	 cTNR	 structures	has	been	 associ-
ated	with	the	purity	of	the	repeat	structure	itself,	where	purer	repeats	
are	more	likely	to	undergo	further	slippage	(Kruglyak,	Durrett,	Schug,	
&	Aquadro,	1998).	This	may	be	of	adaptive	value	by	generating	phe-
notypic	variation	upon	which	selection	can	act	 (Kashi	&	King,	2006;	
Laidlaw	et	al.,	2007).	These	 repeats	also	offer	 the	potential	 for	high	
mutation	 rates	 (Gemayel	 et	al.,	 2010,	 2012),	 allowing	 for	 the	 rapid	
generation	of	novel	alleles	on	the	scale	of	contemporary	adaptive	evo-
lution.	This	is	particularly	important	in	genes	required	for	adaptation	
to	 climate	 change,	 in	 addition	 to	 a	 reliance	 on	 plasticity,	 regulatory	
elements	 (Bozek	 et	al.,	 2009),	 and	 epigenetic	 effects	 (Ripperger	 &	
Merrow,	2011).

A	number	of	recent	latitudinal	studies	have	examined	the	potential	
evolutionary	 and	 adaptive	 importance	 of	 cTNRs	 embedded	 in	 clock	
genes.	 For	 example,	 intraspecific	 studies	 have	 demonstrated	 cor-
relations	between	repeat	number	of	the	CLOCK	cTNR	and	latitude	in	
birds	(Johnsen	et	al.,	2007)	and	fish	(O’Malley	et	al.,	2010)	in	addition	
to	 variation	 corresponding	 to	 earlier	 egg	 laying	 (Liedvogel,	 Szulkin,	
Knowles,	Wood,	&	Sheldon,	2009).	Further,	the	involvement	of	clock	
genes	 in	 seasonal	 entrainment	 has	 been	 demonstrated	 in	mammals	
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(Hazlerigg,	 Ebling,	&	Johnston,	 2005),	 suggesting	 that	 cTNRs	within	
these	 genes	may	 play	 a	 role	 in	 seasonally	 fine-	tuning	 the	 circadian	
characteristics	 of	 species	 inhabiting	 higher	 latitudes.	 Collectively,	
these	results	suggest	that	environmental	factors	correlated	with	lati-
tude	(e.g.,	photoperiod)	may	be	driving	selection	at	cTNRs	within	clock	
genes	that	are	critical	for	the	seasonal	adaptation	of	life-	history	strat-
egies.	Thus,	the	characterization	of	cTNR	structures	in	a	range	of	other	
vertebrate	species	offers	the	potential	to	use	the	properties	of	micro-
satellite	repeats	(Press,	Carlson,	&	Queitsch,	2014)	to	understand	the	
genomics	of	adaptation.

Coding	trinucleotide	 repeats	have	been	observed	 in	clock	genes	
that	facilitate	the	regulation	of	reproductive	timing	and	social	behav-
iors	(Johnsen	et	al.,	2007;	Liedvogel	&	Sheldon,	2010;	Liedvogel	et	al.,	
2009),	 genes	 associated	 with	 neuroprocesses	 (Whan	 et	al.,	 2010),	
developmental	homeobox	genes,	and	transcription	factors	(Mularoni	
et	al.,	2010).	For	closely	related	species,	their	higher	rates	of	mutation	
propose	a	mechanism	 for	 the	 convergence	of	pole-	ward	allele	 sizes	
following	climate-	induced	range	expansion.	This	is	highly	relevant	to	
mammals,	 as	many	 closely	 related	 species	 have	 evolved	 in	 complex	
and	 often	 isolated	 refugium	 patterns	 north	 or	 south	 of	 ice	 sheets	
during	 the	 Pleistocene	 (e.g.,	 Shafer,	 Cullingham,	 Côté,	 &	 Coltman,	
2010),	thus	allowing	for	the	evolution	of	allelic	repeat	motifs	specific	
to	differential	climatic	conditions	within	an	otherwise	presumably	con-
served	gene	sequence.

Our	objectives	for	this	study	were	twofold.	First,	as	wild	mammal	
species	have	been	 infrequently	characterized	at	 clock	genes	 for	 the	
presence	of	cTNR	motifs,	we	wanted	to	characterize	cTNRs	within	sev-
eral	candidate	clock	genes	in	a	wide	range	of	mammal	species.	Second,	
to	evaluate	the	potential	of	clock	genes	for	adaptation	to	differential	
latitudes,	we	 compared	 three	 north–south	 congeneric	 species	 pairs	
at	 a	 selection	 of	 clock	 genes	 to	 determine	 the	 prevalence	 of	 cTNR	
repeats	and	 levels	of	polymorphism.	Due	to	the	 importance	of	such	
genes	for	circadian	and	circannual	rhythms	of	mammal	species,	we	hy-
pothesized	 that	 clock	genes	 are	under	 selection	 in	mammal	 species	
occurring	along	latitudinal	clines.	To	test	our	hypothesis,	we	compared	
closely	related	species	pairs	adapted	to	different	climatic	niches	and	
separated	along	latitudinal	gradients	at	varying	spatial	scales.	If	clock	
genes	are	under	selection	in	our	study	species,	we	expect	to	observe	
at	 least	 one	 of	 the	 following:	 clines	 in	 allele	 frequencies	 within	 or	
between	 species	pairs,	 differentiation	of	 allele	 frequencies	between	
species	 pairs,	 departures	 from	Hardy–Weinberg	 equilibrium	 (HWE),	
divergent	patterns	of	differentiation	(FST)	between	neutral	microsatel-
lites	and	each	candidate	cTNR,	and/or	identification	of	our	cTNR	loci	
as	outliers	in	comparison	with	neutral	genetic	population	structure.

2  | METHODS

2.1 | Characterization of candidate clock genes in 
mammal species

Before	testing	for	selection,	we	wanted	to	characterize	the	presence	
and	abundance	of	cTNRs	in	22	candidate	clock	genes	of	mammal	spe-
cies.	We	selected	the	genes	AANAT,	ARNTL,	ARNTL2,	CLOCK,	CRY1,	

CRY2,	CSNK1A1,	CSNK1D,	MTNR1A,	MTNR1B,	NR1D1,	NR1D2,	PER1,	
PER2,	PER3,	RORA,	RORB,	RORC,	RXRA,	RXRB,	TIMELESS,	 and	TIPIN 
(Table	1)	and	used	the	Geneious	(version	6.1.7,	Biomatters,	Auckland,	
NZ)	 databank	 search	 function	 to	 search	GenBank	 for	 sequences	 of	
each	clock	gene	across	all	species.	We	extracted	the	coding	sequence	
of	each	clock	gene	in	a	total	of	68	mammal	species,	excluding	humans,	
and	 used	 the	 Geneious	 plug-	in	 Phobos	 (Mayer,	 Christoph,	 Phobos	
3.3.11,	 2006–2010)	 to	 search	 for	 tandem	 repeats.	We	defined	 our	
search	criteria	to	 locate	repeat	units	that	were	3	bp	 long	and	≥9	bp	
(3	units)	in	length.	Once	repeats	were	located,	we	extracted	informa-
tion	regarding	the	total	repeat	length,	percentage	perfection	(purity),	
repeat	unit	type	(e.g.,	CAG	or	polyglutamine)	and	the	sequence	of	the	
repeat,	and	calculated	metrics	of	repeat	abundance	and	purity	across	
all	mammal	species	at	each	candidate	clock	gene.	We	estimated	the	
total	number	of	repeats	found,	the	total	number	of	pure	 (i.e.,	100%	
perfection)	repeats,	the	total	number	of	repeats	over	5	units	(15	bp)	
long,	the	total	number	of	pure	repeats	over	5	units	long,	and	the	spe-
cies	for	which	the	longest	repeats	were	observed	at	each	gene.	We	
also	explored	the	relationship	between	repeat	length	and	repeat	pu-
rity	of	cTNRs	across	the	candidate	genes	we	surveyed	in	mammals	by	
conducting	a	Spearman’s	rank	correlation	in	R	(R	Core	Team	2016).

2.2 | Study systems for investigating selection

To	evaluate	whether	we	could	detect	signatures	of	selection	at	can-
didate	 clock	 genes	 in	 natural	 systems,	 we	 assessed	 three	 pairs	 of	
congeneric	 species:	 Canada	 lynx	 and	 bobcat	 (Lynx canadensis	 and	
L. rufus),	northern	and	southern	flying	squirrel	(Glaucomys sabrinus	and	
G. volans),	and	white-	footed	and	deer	mouse	(Peromyscus leucopus	and	
P. maniculatus).	Each	of	these	species	pairs	had	a	northern	distributed	
species	and	a	 southern	congener	 that	 is	expanding	northwards	and	
increasing	range	overlap	with	its	sister	species.	Although	all	of	these	
species	are	widely	distributed	and	exhibit	high	rates	of	 intraspecific	
gene	 flow	 (e.g.,	 Garroway,	 Bowman,	Holloway,	Malcolm,	&	Wilson,	
2011;	McKay,	2016;	Row	et	al.,	2012),	both	theoretical	(Charlesworth,	
Nordborg,	&	Charlesworth,	1997)	and	empirical	(DeFaveri	et	al.,	2013)	
studies	 support	 the	 prediction	 that	 selection	 can	maintain	 adaptive	
divergence	at	 critical	 loci	despite	 the	 rest	of	 the	genome	being	ho-
mogenized	via	gene	flow.	Thus,	the	evolutionary	histories	and	distri-
butional	patterns	of	these	species	pairs	provide	a	good	opportunity	to	
survey	candidate	genes	associated	with	climate	change	in	non-model	
organisms.

2.3 | Sample collection and strategy

The	spatial	 scale	of	sampling	 for	each	species	pair	varied,	and	sam-
ples	were	obtained	from	a	variety	of	sources.	The	Canada	 lynx	and	
bobcat	 analysis	 was	 continental,	 incorporating	 the	 entire	 range	 of	
both	species	(Figure	1),	and	the	area	of	range	overlap	at	the	southern	
extent	of	Canada	(Koen,	Bowman,	Lalor,	&	Wilson,	2014).	Hide	sam-
ples	(2.5	×	2.5	mm)	of	legally	trapped	individuals	were	collected	from	
the	North	American	Fur	Auction.	Two	sampling	strategies	were	used.	
First,	to	test	for	interspecific	differences,	three	Canada	lynx	samples	
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were	 selected	 from	 each	 Canadian	 province	 and	 territory	 (exclud-
ing	Nunavut),	and	Alaska,	USA,	 to	obtain	an	even	representation	of	
individuals	across	their	geographic	range	 (N	=	38,	Table	2).	Similarly,	
approximately	 three	bobcat	 samples	were	 selected	 from	across	 the	
United	States	representing	each	of	the	genetic	clusters	identified	by	
Reding,	Bronikowski,	Johnson,	and	Clark	(2012).	An	additional	three	
bobcat	samples	were	selected	from	each	of	the	Canadian	provinces	
where	 there	was	 a	harvest	 for	 bobcat	 (N	=	52,	Table	2).	 Second,	 to	
test	for	signatures	of	selection	within	Canada	lynx,	1,791	lynx	samples	
were	collected	and	genotyped	from	Alaska	(N	=	89),	Yukon	(N	=	28),	
British	 Columbia	 (N	=	193),	 Alberta	 (N	=	109),	 Manitoba	 (N	=	155),	
Ontario	(N	=	746),	Quebec	(N	=	461),	and	Labrador	(N	=	10).	The	sam-
ples	used	in	this	study	were	a	subset	of	those	used	by	Koen,	Bowman,	
Lalor	 et	al.	 (2014),	 and	 Koen,	 Bowman,	Murray,	 and	Wilson	 (2014)	
with	 the	 addition	 of	 samples	 from	 the	western	 portion	 of	 the	 lynx	
range	 (Alaska,	Yukon,	Alberta,	 and	additional	British	Columbia	 sam-
ples)	(Figure	1).

The	historical	 range	of	 the	northern	 flying	squirrel	encompasses	
the	coniferous	and	mixed	coniferous	forests	of	North	America,	includ-
ing	most	of	Canada	and	Alaska,	as	well	as	south	into	the	United	States	
in	association	with	boreal	remnant	mountaintop	habitats	in	both	the	
east	and	the	west	(Linzey	&	NatureServe,	2008;	Figure	2).	The	south-
ern	 flying	 squirrel	 inhabits	 the	 temperate	 forests	 of	 eastern	 North	
America,	with	a	historical	northern	range	boundary	at	approximately	
45°N	latitude	(Figure	2),	which	was	estimated	to	be	expanding	by	as	
much	as	22	km/year	due	 to	warmer	winters	 and	 thereby	 increasing	

overlap	of	this	species	with	the	range	of	the	northern	flying	squirrel	
(Bowman,	 Holloway,	 Malcolm,	 Middel,	 &	 Wilson,	 2005;	 Garroway	
et	al.,	2011).	Our	flying	squirrel	comparison	was	conducted	on	a	re-
gional	scale,	concentrating	on	an	approximately	700-	km	north–south	
transect	between	42.5	and	47.2°N	 in	Ontario,	Canada,	 and	encom-
passing	 the	 transition	 between	 temperate	 and	boreal	 forests	 in	 the	
region	 (Bowman	 et	al.,	 2005).	 Northern	 and	 southern	 flying	 squir-
rels’	ear	tissue	and	hair	samples	were	obtained	from	individuals	live-	
trapped	 between	 2005	 and	 2010	 at	 19	 unique	 trapping	 sites	 (see	
Bowman	et	al.,	2005	 for	capture	methods;	Figure	2).	Many	 trapping	
sites	yielded	 individuals	 from	both	 species;	however,	 there	were	11	
and	one	sites	where	only	northern	and	southern	flying	squirrels	were	
trapped,	respectively.	Overall,	118	samples	of	northern	and	206	sam-
ples	 of	 southern	 flying	 squirrels	were	 genotyped	 along	 the	700-	km	
transect	(Table	3).	Some	of	these	samples	were	the	same	as	those	used	
by	Garroway	et	al.	(2010,	2011).

The	ranges	of	both	the	white-	footed	and	deer	mouse	are	 large,	
with	the	white-	footed	mouse	existing	largely	in	the	eastern	and	cen-
tral	United	States	and	adjoining	portions	of	southern	Canada,	as	well	
as	southward	into	southern	Mexico	(Linzey,	Matson,	&	Timm,	2008;	
Figure	3).	The	deer	mouse	 range	 is	 also	 transcontinental,	 spanning	
from	southern	Yukon	through	most	of	 the	Canadian	provinces,	 the	
United	 States	 (excluding	 the	 southeastern	 costal	 states)	 and	 north	
and	 central	 Mexico	 (Linzey,	 2008;	 Figure	3).	 Ear	 punches	 or	 tail	
clippings	of	172	white-	footed	and	290	deer	mice	were	sampled	 in	
Ontario,	Canada,	 from	 individuals	 live-	trapped	at	13	sites	between	

F IGURE  1 Locations	of	trapping	sites	
of	Canada	lynx	(Lynx canadensis,	black	
circles)	and	bobcats	(Lynx rufus,	white	
circles)	across	North	America.	Sample	
coordinates	of	lynx	represent	the	centroids	
of	trapping	units.	Lynx	samples	were	
grouped	corresponding	to	provincial/
state	boundaries,	with	the	exception	of	
Ontario	and	Quebec,	Canada,	which	were	
further	subdivided.	Subdivision	of	these	
provinces	are	represented	by	red	polygons	
(1	=	“Ontario	east,”	2	=	“Ontario	west,”	
3	=	“Quebec	south,”	4	=	“Quebec	north,”	
5	=	“Quebec	south	of	the	St.	Lawrence	
River”).	Coordinates	for	bobcats	represent	
the	centroids	of	counties	(USA),	trap	
lines	(Canada),	or	states/provinces	when	
finer	resolution	spatial	data	were	not	
available.	The	ranges	of	lynx	and	bobcat	are	
represented	in	gray	and	blue,	respectively

1 2 3 
4 

5 
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Algonquin	 Provincial	 Park	 and	 the	 city	 of	 Guelph,	 Ontario	 during	
2009–2013	(Figure	3).	Trapping	sites	were	generally	species	specific,	
with	white-	footed	and	deer	mice	 trapped	at	eight	and	seven	sites,	
respectively	(Table	4).

2.4 | DNA extraction

As	 both	 the	 Lynx	 and	Glaucomys	 samples	 were	 extracted	 for	 prior	
work,	 the	Peromyscus	 samples	were	 the	only	 samples	 that	 required	
DNA	extraction	(described	in	Appendix	S1).

2.5 | Neutral microsatellite marker datasets

For	Canada	lynx,	we	used	an	existing	dataset	of	14	neutral	microsatel-
lite	loci	(Fca031,	Fca035,	Fca077,	Fca090,	Fca096,	Fca441,	Fca391,	
Fca559,	 Lc106,	 Lc109,	 Lc110,	 Lc111,	 Lc118).	 These	 loci	were	 also	
used	 by	 Koen,	 Bowman,	 Lalor,	 et	al.	 (2014)	 and	 Koen,	 Bowman,	
Murray,	et	al.	(2014)	and	were	a	subset	of	the	loci	genotyped	by	Row	
et	al.	(2012).	For	northern	and	southern	flying	squirrels,	we	used	an	ex-
isting	dataset	of	seven	neutral	microsatellite	loci	(GS8,	GS10,	Pvol41,	
Pvol74,	PvolE6,	SFS3,	and	SFS15)	generated	by	Garroway	et	al.	(2010,	
2011).	For	white-	footed	and	deer	mice,	we	amplified	five	neutral	mi-
crosatellite	 loci	 (PML01,	 PML03,	 PML04,	 PML11,	 PML12;	 reaction	
conditions	and	amplification	parameters	described	in	Appendix	S2).

2.6 | Selection, amplification, and genetic profiling of 
candidate clock gene fragments

The	candidate	gene	fragments	amplified	for	Canada	lynx	and	bob-
cat,	 northern	 and	 southern	 flying	 squirrels,	 and	white-	footed	 and	
deer	 mice	 were	 nuclear	 receptor	 Rev-erbα	 (NR1D1),	 CLOCK,	 and	
PER1,	respectively.	The	NR1D1	gene	is	a	nuclear	receptor	that	links	
circadian	rhythms	to	transcriptional	control	of	metabolic	pathways	
and	 has	 been	 documented	 to	 play	 an	 important	 role	 in	 establish-
ing	 and	 maintaining	 circadian	 body	 temperature	 rhythms	 of	 cold	
tolerance	 (Everett	&	Lazar,	 2014;	Gerhart-	Hines	et	al.,	 2013).	The	
CLOCK	gene	 is	a	critical	component	of	the	circadian	pathway,	and	
the	polyglutamine	 (PolyQ)	motif	within	 the	CLOCK	 gene	has	been	
shown	 to	 play	 a	 role	 in	 regulating	 gene	 transcription	 (Darlington	
et	al.,	 1998)	 and	 altering	 the	 corresponding	 circadian	 phenotype	
(Vitaterna	 et	al.,	 1994).	 Specifically,	 Vitaterna	 et	al.	 (2006)	 experi-
mentally	 showed	 that	mutations	 in	 the	CLOCK	 gene	 PolyQ	 cTNR	
reduced	the	amplitude	of	the	circadian	pacemaker	in	mice,	thereby	
effectively	 increasing	 the	efficiency	with	which	mice	can	synchro-
nize	to	external	 light	cues.	The	PER1	gene	 is	a	 light-	sensitive	core	
component	 of	 the	 circadian	 clock	 (Hunt	 &	 Sassone-	Corsi,	 2007),	
with	variability	 in	expression	allowing	for	entrainment	of	circadian	
rhythms	 in	 synchrony	 with	 the	 external	 environment	 (Yamamoto	
et	al.,	2004).	Importantly,	alterations	in	expression	levels	have	been	
shown	 to	 affect	phenotype	 (Bae	et	al.,	 2001).	 For	example,	PER1-	
deficient	mice	have	shown	impairment	in	survival-	related	behaviors	
including	nest	building,	habituation	to	other	mice,	and	exploratory	
behavior	(Bechstein	et	al.,	2014).

Primers	were	designed	for	each	cTNR	using	sequences	of	closely	
related	model	organisms	in	GenBank,	specifically,	cat	(Felis catus)	for	
Canada	 lynx	 and	 bobcat,	 house	mouse	 (Mus musculus)	 for	 northern	
and	southern	flying	squirrels,	and	human	(Homo sapiens),	house	mouse	
(Mus musculus),	 and	Norway	 rat	 (Rattus norvegicus)	 for	white-	footed	
and	 deer	mice	 (GenBank	 accession	 Nos.	 101094802,	 NM_007715,	
AB002107,	 AF022992,	 and	AY903228,	 respectively).	 Primers	were	
designed	in	Geneious	version	6.1.7	(Biomatters,	Auckland,	NZ)	and	op-
timized	on	a	set	of	control	samples	for	each	species.	Primer	sequences,	
amplification	conditions,	reaction	parameters,	and	genetic	profiling	of	
all	candidate	clock	gene	cTNRs	are	described	in	Appendices	S3	and	S4.

TABLE  2 Sample	size	and	location	of	sampling	of	bobcat	(Lynx 
rufus)	and	Canada	lynx	(Lynx canadensis)	to	test	for	interspecific	allelic	
differentiation	of	trinucleotide	repeats	at	the	NR1D1	gene	between	
the	northern	and	southern	evolved	closely	related	species

Species Location Sample size

Bobcat	
(Lynx rufus)

British	Columbia 3

Alberta 2

Manitoba 3

Ontario 3

Quebec 3

New	Brunswick 3

Nova	Scotia 3

Costal	Oregona 3

Californiaa 3

“western”	(Nevada,	Idaho,	Utah,	
Arizona)a

4

“central”	(Kansas,	Missouri,	Nebraska)a 3

“southern”	(Tennessee,	Alabama,	
Georgia)a

3

“northern”	(Minnesota,	Wisconsin)a 3

Michigan	lower	peninsulaa 3

Floridaa 3

Pennsylvaniaa 3

New	Englanda 3

Total 52

Canada	lynx	
(Lynx 
canadensis)

Alaska 3

Yukon 3

Northwest	Territories 3

British	Columbia 3

Alberta 5

Saskatchewan 3

Manitoba 3

Ontario 3

Quebec 3

Labrador 3

New	Brunswick 3

Newfoundland 3

Total 38

aThese	groupings	represent	the	sampling	of	genetically	differentiated	clus-
ters	of	bobcat	identified	by	Reding	et	al.	(2012)	across	the	USA.

info:ddbj-embl-genbank/NM_007715
info:ddbj-embl-genbank/AB002107
info:ddbj-embl-genbank/AF022992
info:ddbj-embl-genbank/AY903228
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2.7 | Analyses for signatures of selection

Initially,	genotype	distributions	were	assessed	for	all	species	to	deter-
mine	whether	private	alleles	occurred	in	either	species	of	each	pair,	
where	private	cTNR	alleles	may	indicate	the	differential	evolution	of	
or	selection	on	cTNR	alleles	 in	northern	versus	southern	closely	re-
lated	species.	Bobcat	samples	were	excluded	from	the	remainder	of	
the	analyses	due	to	low	sample	sizes	preventing	intraspecific	analyses	
for	selection	in	bobcats.

We	 used	 GenAlEx	 version	 6.5	 (Peakall	 &	 Smouse,	 2006,	 2012)	
to	calculate	allele	 frequencies,	and	observed	 (HO)	and	expected	 (HE)	
heterozygosity	 counts.	We	 used	 Genepop	 version	 4.2	 (Raymond	 &	
Rousset,	 1995;	 Rousset,	 2008)	 to	 conduct	 Hardy–Weinberg	 exact	
tests	(HWE)	on	all	species	at	both	neutral	microsatellites	and	each	can-
didate	cTNR	locus,	and	applied	a	Bonferroni	correction	to	these	tests	
to	correct	 for	multiple	pairwise	comparisons.	As	one	of	 the	assump-
tions	 of	HWE	 is	 the	 absence	 of	 selection,	 deviations	 from	HWE	 of	

cTNR,	but	not	neutral	loci,	would	indicate	a	potential	for	the	influence	
of	selection	on	the	cTNR	locus.	Genepop	version	4.2	was	also	used	to	
calculate	genetic	differentiation	 (FST)	between	all	population	pairs	at	
both	neutral	microsatellites	and	candidate	cTNR	 loci.	We	also	calcu-
lated	the	mean	FST	and	standard	error	for	each	neutral	microsatellite	
and	cTNR	dataset	and	compared	mean	neutral	vs.	cTNR	FST	within	each	
species.	Contrasting	patterns	of	genetic	differentiation	at	presumably	
neutral	microsatellites	versus	putatively	adaptive	cTNRs	would	suggest	
that	differential	mechanisms	are	influencing	neutral	versus	cTNR	loci.	
For	example,	greater	divergence	at	neutral	compared	to	cTNR	loci	sug-
gests	that	selection	 is	favoring	similar	alleles	across	populations	that	
do	not	experience	high	rates	of	gene	flow.	Alternatively,	lower	neutral	
genetic	differentiation	compared	to	cTNR	loci	suggests	that	selection	
is	favoring	different	alleles	across	the	examined	distribution	of	the	spe-
cies	despite	ongoing	gene	flow	between	populations.

Population	designations	were	determined	differently	for	each	spe-
cies.	Canada	lynx	are	considered	nearly	panmictic	across	their	range	

F IGURE  2 Locations	of	sample	sites	of	northern	flying	squirrels	(Glaucomys sabrinus)	and	southern	flying	squirrels	(Glaucomys volans)	in	
Ontario,	Canada.	Shapes	of	points	represent	the	species	that	was	trapped	at	each	site	(northern	flying	squirrels,	southern	flying	squirrels,	and	
both	species	represented	by	squares,	triangles,	and	circles,	respectively).	Outlined	in	red	is	the	perimeter	of	Algonquin	Provincial	Park.	The	
inset	map	in	the	top	left	corner	shows	an	overview	of	the	sampling	area	within	North	America	with	the	ranges	of	northern	and	southern	flying	
squirrels	shown	in	gray	and	blue,	respectively.	Sampling	site	labels	correspond	to	sample	sizes	in	Table	3,	and	site-	specific	groupings	are	outlined	
by	polygons
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(Row	 et	al.,	 2012),	 and	 we	 generally	 assessed	 each	 sampled	 prov-
ince	or	territory	separately.	We	subdivided	the	Ontario	and	Quebec	
groups	 according	 to	 evidence	 of	 subtle	 genetic	 structure	 that	 has	
been	identified	for	lynx	(Row	et	al.,	2014;	Koen,	Bowman,	&	Wilson,	
2015;	Figure	1).	Ontario	was	divided	into	two	groups;	“Ontario	east”	
(N	=	552)	and	“Ontario	west”	(N	=	194)	representing	individuals	sam-
pled	 east	 and	west	 of	 longitude	−88.1,	 respectively	 (see	Row	et	al.,	
2014).	Quebec	lynx	were	divided	into	three	groups	based	on	adminis-
trative	units	called	Unité	de	Gestion	des	Animaux	à	Fourrure	(UGAF).	
Individuals	 harvested	 within	 UGAFs	 between	 1–55,	 57–70,	 and	

70–90	were	grouped	 into	 the	 categories	 “Quebec	 south”	 (N	=	261),	
“Quebec	 north”	 (N	=	45),	 and	 “Quebec	 south	 of	 the	 St.	 Lawrence	
River”	(N	=	155),	respectively.	This	division	was	based	on	a	gap	in	sam-
pling	of	lynx	in	UGAF	56,	and	the	genetic	structure	of	lynx	south	of	the	
St.	Lawrence	River	(Koen	et	al.,	2015).

For	northern	and	southern	flying	squirrels,	we	generally	evaluated	
each	 trapping	 site	 separately,	 except	 where	 trapping	 sites	 were	 in	
close	proximity	to	one	another,	 in	which	case	sites	were	grouped	to	
increase	sample	sizes.	Thus,	for	northern	flying	squirrels,	we	grouped	
all	sites	within	Algonquin	Provincial	Park	(two	sites;	N	=	25),	all	sites	

TABLE  3 Sampling	site	coordinates	and	
sample	size	of	northern	flying	squirrels	
(Glaucomys sabrinus)	and	southern	flying	
squirrels	(Glaucomys volans)	for	analyses	
designed	toward	the	detection	of	selection	
at	the	CLOCK	exonic	trinucelotide	repeat	
motif.	Sampling	sites	are	consistent	with	
those	labeled	in	Figure	2.	Coordinates	
reflect	the	centroid	of	the	trapping	area	for	
each	site

Species Region Site (Figure 2)
Latitude/
longitude of site

Sample 
size

Northern	
flying	squirrel	
(Glaucomys 
sabrinus)

Temagami 47.25/−79.76 6

Mattawa 46.40/−78.92 5

Algonquin	Provincial	
Park

1 45.63/−78.32 11

2 45.59/−78.83 14

Algonquin	Provincial	Park	Total 25

South	of	Algonquin	
Provincial	Park

1 45.27/−78.90 2

2 45.18/−78.84 9

3 45.17/−78.84 7

South	of	Algonquin	Provincial	Park	Total 18

Northern	Kawartha 1 44.68/−78.33 31

2 44.63/−78.87 4

3 44.57/−78.49 6

Northern	Kawartha	Total 41

Southern	Kawartha 1 44.45/−78.10 2

2 44.36/−78.29 1

3 44.28/−78.48 3

4 44.25/−78.55 3

5 44.10/−78.50 6

Southern	Kawartha	Total 15

Aurora 1 43.95/−79.42 5

2 43.92/−79.83 2

3 43.81/−79.14 1

Aurora	Total 8

Northern	flying	squirrel	total 118

Southern	flying	
squirrel	
(Glaucomys 
volans)

Mattawa 46.40/−78.92 4

Algonquin	Provincial	
Park

45.63/−78.32 2

South	of	Algonquin	
Provincial	Park

1 45.27/−78.90 1

2 45.18/−78.84 6

3 45.17/−78.84 27

South	of	Algonquin	Provincial	Park	Total 34

Northern	Kawartha 1 44.68/−78.33 44

3 44.57/−78.49 118

Northern	Kawartha	Total 162

Rondeau	Provincial	
Park

42.52/−78.84 4

Southern	flying	squirrel	total 206
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located	 just	south	of	Algonquin	Provincial	Park	 (three	sites;	N	=	18),	
all	 sites	within	 the	 “northern	Kawartha”	 region	 (three	 sites;	N	=	41),	
all	 sites	 within	 the	 “southern	 Kawartha”	 region	 (five	 sites;	N	=	15),	
and	 all	 sites	within	 the	Aurora	 region	 (three	 sites;	N	=	8)	 (Figure	2).	
All	other	sites	were	evaluated	separately	(Table	3).	For	southern	flying	
squirrels,	we	grouped	all	sites	just	south	of	Algonquin	Provincial	Park	
(three	sites;	N	=	27),	keeping	all	other	sites	 independent	for	analysis	
(Figure	2,	Table	3).

For	white-	footed	and	deer	mice,	we	conducted	tests	on	two	sep-
arate	groupings	of	samples.	For	deer	mice,	we	first	conducted	a	large-	
scale	test	by	combining	all	sampling	sites	within	Algonquin	Provincial	
Park	 (five	 sites;	 N	=	252),	 sites	 located	 just	 south	 of	 Algonquin	
Provincial	Park	(three	sites;	N	=	33),	and	sites	within	the	Kawartha	re-
gion	 (three	 sites;	N	=	5)	 (Figure	3).	We	also	 conducted	 a	 small-	scale	
test	at	the	site-	specific	level	to	rule	out	microgeographic	structure	or	
possible	Wahlund	effects.	If	our	results	are	confounded	by	a	Wahlund	
effect,	we	would	 expect	 that	 sampling	within	 a	 smaller	 geographic	

scale	would	alleviate	deviations	from	HWE	as	we	are	more	confident	
that	we	are	only	sampling	from	a	single	breeding	population.	 In	this	
test,	we	considered	each	of	the	five	sites	within	Algonquin	Provincial	
Park	separately,	keeping	all	other	groupings	the	same	for	analyses	due	
to	 lower	 sample	 sizes	 (Figure	3,	Table	4).	For	white-	footed	mice,	we	
also	conducted	both	 large-		and	small-	scale	tests.	For	the	 large-	scale	
analysis,	 we	 grouped	 all	 sampling	 sites	 within	 Algonquin	 Provincial	
Park	(three	sites;	N	=	5),	sites	located	just	south	of	Algonquin	Provincial	
Park	(three	sites;	N	=	70),	and	sites	within	the	Kawartha	region	(three	
sites;	N	=	42),	evaluating	the	St.	Lawrence	Islands	National	Park	and	
Guelph	 sampling	 sites	 separately	 (Figure	3).	The	 small-	scale	 analysis	
considered	two	of	the	three	sites	within	the	Kawartha	region	(site	3	
was	removed	due	to	a	low	sample	size),	and	the	three	sites	south	of	
Algonquin	Provincial	Park	separately,	keeping	all	other	groupings	the	
same	for	analyses	(Figure	3,	Table	4).

We	tested	for	evidence	of	selection	using	a	coalescent-	based	ap-
proach	(Beaumont	&	Nichols,	1996)	implemented	in	LOSITAN	(Antao,	

F IGURE  3 Locations	of	sample	sites	for	deer	mice	(Peromyscus maniculatus)	and	white-	footed	mice	(Peromyscus leucopus)	in	Ontario,	Canada.	
Shapes	of	points	represent	the	species	that	was	trapped	at	each	site	(white-	footed	mice,	deer	mice,	and	both	species	represented	by	triangles,	
squares,	and	circles,	respectively).	Outlined	in	red	is	the	perimeter	of	Algonquin	Provincial	Park.	The	insert	in	the	top	left	corner	shows	an	
overview	of	the	sampling	area	within	North	America	with	the	ranges	of	white-	footed	and	deer	mice	in	blue	and	gray,	respectively.	Sampling	site	
labels	correspond	to	sample	sizes	in	Table	4,	and	site-	specific	groupings	are	outlined	by	polygons
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Lopes,	Lopes,	Beja-	Pereira,	&	Luikart,	2008),	a	software	platform	used	
to	detect	signatures	of	selection	based	on	the	distribution	of	FST	as	
a	function	of	heterozygosity.	We	calculated	the	“neutral”	mean	FST,	
where	we	 first	 ran	 a	 simulation	 to	 remove	potentially	 selected	 loci	
prior	to	computing	the	initial	mean	FST,	upon	which	putative	adaptive	
loci	were	identified.	We	also	selected	the	option	to	“force	mean	FST,”	
in	which	LOSITAN	will	attempt	to	approximate	a	more	precise	FST	by	
running	a	bisection	over	repeated	simulations.	We	ran	50,000	simu-
lations	at	a	95%	confidence	 interval	and	selected	a	stepwise	muta-
tion	model,	which	is	commonly	used	to	describe	STR	markers	(Antao	
et	al.,	2008;	Fan	&	Chu,	2007).	All	other	parameters	were	left	at	the	
recommended	default	settings.	In	cases	where	we	identified	a	signa-
ture	of	selection	at	any	locus,	two	additional	independent	tests	were	
conducted	on	 the	 same	dataset	 for	 confirmation	 (i.e.,	 a	 true	 signa-
ture	of	selection	would	be	expected	to	persist	in	3/3	tests).	We	also	

removed	populations	iteratively	with	replacement	from	each	analysis	
to	assess	the	sensitivity	of	our	results	to	the	exclusion	of	individual	
populations.

3  | RESULTS

3.1 | Characterization of candidate clock genes in 
mammal species

In	general,	cTNR	repeats	within	the	coding	regions	of	our	candidate	
clock	genes	were	relatively	abundant	(Table	1).	The	clock	genes	with	
the	largest	total	number	of	repeats	were	CLOCK,	NR1D1,	PER1,	and	
TIMELESS,	with	176,	315,	486,	and	521	total	repeats	across	all	mam-
mal	 species,	 respectively.	 The	 majority	 of	 repeats	 identified	 within	
each	 candidate	 clock	 gene	were	 small;	 repeats	 3–4	 units	 in	 length	

TABLE  4 Sampling	site	coordinates	and	
sample	size	of	white-	footed	mice	
(Peromyscus leucopus)	and	deer	mice	
(Peromyscus maniculatus)	for	analyses	
designed	toward	the	detection	of	selection	
at	the	PER1	exonic	trinucelotide	repeat	
motif.	Sampling	sites	are	consistent	with	
those	labeled	in	Figure	3.	Coordinates	
reflect	the	centroid	of	the	trapping	area	for	
each	site.	In	bold	is	the	sampling	site	where	
a	sufficient	sample	size	of	both	species	was	
obtained

Species Region Site (Figure 3)
Latitude/longitude 
of site

Sample 
size

White-	footed	
mouse	
(Peromyscus 
leucopus)

Algonquin	Provincial	
Park

2 45.62/−78.35 1

3 45.60/−78.52 2

5 45.45/−78.36 2

Algonquin	Provincial	Park	Total 5

South	of	Algonquin	
Provincial	Park

1 45.27/−78.90 11

2 45.18/−78.85 17

3 45.16/−78.84 42

South	of	Algonquin	Provincial	Park	Total 70

Kawartha 1 44.69/−78.34 19

2 44.57/−78.50 21

3 44.30/−78.30 2

Kawartha	Total 42

St.	Lawrence	Islands	
National	Park

44.35/−75.96 40

Guelph 43.79/−80.01 15

White-	footed	mice	total 172

Deer	mice	
(Peromyscus 
maniculatus)

Algonquin	Provincial	
Park

1 45.63/−78.32 24

2 45.62/−78.35 42

3 45.60/−78.52 133

4 45.59/−78.47 18

5 45.45/−78.36 35

Algonquin	Provincial	Park	Total 252

South	of	Algonquin	
Provincial	Park

1 45.27/−78.90 5

2 45.18/−78.85 25

3 45.16/−78.84 3

South	of	Algonquin	Provincial	Park	Total 33

Kawartha 1 44.69/−78.34 2

2 44.57/−78.50 1

3 44.30/−78.30 2

Kawartha	Total 5

Deer	mice	total 290
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(9–12	bp)	made	up	70%–100%	of	the	repeats	found	within	each	clock	
gene,	with	few	exceptions.	The	genes	CLOCK,	RORB,	and	RORC had 
the	greatest	abundance	of	large	repeats,	with	repeats	>5	units	(15	bp)	
comprising	39.8%,	42.4%,	and	50.5%	of	all	repeats	within	those	genes,	
respectively.	 Interestingly,	 the	candidate	clock	genes	with	 the	high-
est	 total	 number	 of	 observed	 repeats	 (CLOCK,	 NR1D1,	 PER1,	 and	
TIMELESS)	 were	 not	 necessarily	 the	 same	 as	 candidate	 genes	 that	
had	 the	 largest	 number	 of	 long	 repeats	 (≥5	units)	 (CLOCK, RORB,	
and	RORC)	(see	Table	S1	for	a	complete	list	of	all	sequences	≥5	units	
analyzed).

Across	all	of	our	 surveyed	genes,	 impurity	was	only	observed	 in	
repeats	 that	 were	 ≥5	units	 long	 (15	bp).	We	 often	 found	 that	 lon-
ger	repeats	were	more	 impure	than	shorter	 repeats;	however,	 these	
variables	were	not	significantly	correlated	(p	=	.17).	For	example,	the	
genes	CLOCK,	and	PER1,	which	had	some	of	the	highest	reported	per-
centages	of	pure	repeats	(52.9%	and	44.4%,	respectively),	were	also	
the	genes	with	a	large	number	of	long	repeats	(up	to	26	and	30	units,	
respectively).	Although	a	high	percentage	of	pure,	short	repeats	may	
explain	the	high	overall	purity	of	PER1	repeats,	it	cannot	explain	the	
same	observed	pattern	in	the	CLOCK	gene,	where	approximately	half	
of	 the	 pure	 repeats	were	 ≥7	units.	 Additionally,	 several	 genes	with	
only	short	observed	repeats	showed	an	extremely	low	percentage	of	
total	 pure	 repeats.	 For	 example,	 the	 genes	PER2	 and	RORB had 44 
and	70	repeats,	respectively,	all	of	which	were	a	maximum	of	5	units	
in	length.	However,	only	2.3%	and	0%	were	pure	for	PER2	and	RORB,	
respectively.

There	 was	 no	 obvious	 pattern	 explaining	 associations	 between	
species	and	repeat	length.	Many	of	the	largest	repeats	were	observed	
in	 small	 rodents,	 although	 several	 larger	mammal	 species	were	 also	
represented.	The	species	with	the	largest	repeat	across	all	clock	genes	
in	this	study	was	the	Golden	hamster	(Mesocricetus auratus;	30	units,	
90	bp,	PER1	 gene),	 followed	 by	 the	Chinese	 hamster	 (Cricetulus gri-
seus;	26	units,	78	bp,	CLOCK	 gene).	Remarkably,	 the	naked	mole	 rat	
(Heterocephalus glaber),	 a	blind	species	 that	does	not	 rely	on	photo-
period	cues,	exhibited	seven	cTNRs	throughout	the	genes	examined	
in	this	study.	The	largest	was	a	22	unit	 (66	bp)	repeat	 located	in	the	
CLOCK	gene.	Further,	the	purity	of	these	long	repeats	in	all	three	spe-
cies	was	quite	high	given	their	length	(96.67%,	93.59%,	and	91.18%	
purity	 in	the	Golden	hamster,	Chinese	hamster,	and	naked	mole	rat,	
respectively).

3.2 | Lynx species and the NR1D1 gene

A	 polyserine	 repeat	 motif	 (PolyS)	 was	 successfully	 amplified	 in	
Canada	 lynx	 and	 bobcat,	 and	 a	 complete	 segregation	 of	 nonover-
lapping	 alleles	 was	 observed	 between	 the	 two	 species	 (excluding	
putative	 hybrids).	 Seven	 alleles	 were	 observed,	 with	 the	 smaller	
three	occurring	exclusively	in	bobcat	and	the	larger	four	exclusively	
in	Canada	 lynx,	although	the	 largest	allele	observed	in	Canada	 lynx	
was	found	at	a	very	low	frequency	(0.008),	solely	in	western	Ontario	
(Figure	4c,	 Table	5).	 For	 the	 1,791	Canada	 lynx	 samples	 that	were	
analyzed	for	evidence	of	selection,	none	of	the	groups	deviated	from	
HWE	 at	 the	NR1D1	 locus.	 However,	 observed	 homozygosity	 was	

often	 slightly	 higher	 than	 expected,	 and	 observed	 heterozygosity	
slightly	lower	than	expected	(Table	S2).	For	the	neutral	marker	data-
set,	only	 the	Yukon	population	significantly	deviated	 from	HWE	at	
the	Fca441	locus	(p	=	.001).

Average	 genetic	 differentiation	 (FST)	 obtained	 from	 the	 NR1D1 
locus	 was	 substantially	 higher	 than	 average	 genetic	 differentiation	
across	our	set	of	14	presumably	neutral	microsatellites	(mean	FST	(SE)	
for	 neutral	microsatellites	=	0.017	 (±0.003),	NR1D1	=	0.06	 (±0.014);	
Figure	5a).	 Across	 all	 pairwise	 comparisons	 at	 both	 neutral	 mark-
ers	and	the	NR1D1	 locus,	eastern	populations	of	lynx	(i.e.,	Labrador,	
“Quebec	north”	and	“Quebec	south	of	the	St.	Lawrence	River”)	were	
the	most	highly	differentiated	groups	(Figure	5b).

Once	compared	to	a	background	of	neutral	microsatellite	mark-
ers,	most	LOSITAN	analyses	detected	the	NR1D1	locus	as	an	outlier	
under	 the	 influence	of	positive	selection	 (i.e.,	 the	NR1D1	 locus	 fell	
outside	of	 the	expected	range	of	neutrality	estimated	from	neutral	
microsatellites	 and	within	 the	 range	 of	 FST/heterozygosity	 that	 in-
dicates	positive	selection).	This	signature	of	selection	was	only	ab-
sent	when	the	“Quebec	south	of	the	St.	Lawrence	River”	group	was	
removed	 from	 the	 analysis.	We	 also	 periodically	 obtained	 a	 signal	
for	positive	 selection	at	 two	neutral	 loci	 (Fca35	and	Lc109).	These	
neutral	 loci,	 however,	 straddled	 the	 edge	 of	 the	 positive	 selection	
range	and	were	not	consistently	identified	as	putative	outliers	over	
multiple	tests.

3.3 | Glaucomys species and the CLOCK gene

A	polyglutamine	 repeat	motif	 (PolyQ)	was	successfully	amplified	 in	
northern	 and	 southern	 flying	 squirrels.	A	 total	 of	nine	 alleles	were	
observed	at	 the	CLOCK	 locus	between	the	 two	species,	which	had	
largely	overlapping	allelic	ranges;	six	of	the	nine	alleles	were	found	
in	both	 species.	Two	of	 the	 remaining	 three	observed	alleles	were	
found	solely	in	northern	flying	squirrels,	and	the	third	solely	in	south-
ern	flying	squirrels;	however,	the	frequencies	of	these	three	alleles	
were	 low	 (Table	6).	 The	 southern	 flying	 squirrel	 had	 greater	 allelic	
diversity	 at	 all	 neutral	 loci,	 with	 exception	 of	 the	 PvolE6	 locus.	 In	
contrast,	 the	northern	flying	squirrel	had	higher	diversity	 in	CLOCK 
alleles	 (an	 average	 of	 5.3	 alleles/site	 (SE	=	0.42)	 in	 northern	 flying	
squirrel	 versus	 3.3	 alleles/site	 (SE	=	0.76)	 in	 southern	 flying	 squir-
rel).	The	most	common	CLOCK	allele	was	the	same	in	both	species;	
however,	frequencies	of	this	allele	were	slightly	higher	in	the	south-
ern	flying	squirrel	(Table	6).	In	the	northern	flying	squirrel,	the	most	
northern	trapping	site	(Temagami)	was	the	only	site	in	which	the	larg-
est	CLOCK	allele	was	found.	Temagami	also	showed	the	highest	fre-
quency	of	the	second	largest	CLOCK	allele	(allele	frequency	of	0.167	
versus	 0.013–0.083	 across	 all	 other	 sites	 in	 both	 species).	 In	 the	
southern	flying	squirrel,	one	of	the	northern	Kawartha	sites	(site	3)	
had	higher	genetic	variability	than	all	other	sites	at	the	CLOCK	locus	
(seven	alleles	vs.	a	maximum	of	 three	alleles	across	all	other	sites);	
however,	many	of	the	alleles	present	at	this	site	were	found	at	low	
frequencies	(Table	6).	Alternatively,	this	may	be	an	artifact	of	sample	
size	(N	=	118	for	northern	Kawartha	Site	3	vs.	a	maximum	of	N	=	44	
across	all	other	sites).
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Patterns	 of	 observed	 and	 expected	 homo-		 and	 heterozygosity	
were	 inconsistent	 across	 sites	 for	 both	 species.	 In	 some	 locations,	
common	 heterozygous	 genotypes	 were	 observed	 more	 than	 ex-
pected,	whereas	 in	 others,	 the	 same	genotypes	were	observed	 less	
than	expected	(Tables	S3–S4).

Neither	neutral	microsatellite	 loci	nor	 the	CLOCK	 locus	deviated	
from	HWE	in	any	of	the	northern	flying	squirrel	sites.	For	the	southern	

flying	squirrel,	the	PvolE6	locus	deviated	from	HWE	in	both	northern	
Kawartha	sites	1	and	3	(p	<	.001).	Further,	both	the	GS8	and	Pvol74	
loci	were	 found	 to	 deviate	 from	HWE	at	 northern	Kawartha	 Site	 3	
(p	<	.001).

Average	genetic	differentiation	(FST)	at	the	CLOCK	locus	was	lower	
than	estimates	obtained	from	our	set	of	seven	neutral	microsatellites	
for	both	northern	and	southern	flying	squirrels	 (mean	FST	for	north-
ern	 [neutral	microsatellites	=	0.03	 (±0.004),	CLOCK	=	0.01	 (±0.004)],	
and	southern	flying	squirrels	[neutral	microsatellites	=	0.045	(±0.009),	
CLOCK	=	0.022	 (±0.009)];	 Figures	6a	 and	 7a),	 even	 though	 neutral	
genetic	 differentiation	was	 quite	 low.	 For	 southern	 flying	 squirrels,	
however,	 the	 Rondeau	 group	 (the	 most	 southern	 site	 for	 this	 spe-
cies)	showed	higher	levels	of	genetic	differentiation	at	neutral	mark-
ers	(FST	=	0.058–0.141	for	comparisons	including	the	Rondeau	group	
versus	 0–0.041	 for	 all	 other	 comparisons)	 and	 the	 CLOCK	 locus	
(FST	=	0–0.123	 for	 comparisons	 including	 the	 Rondeau	 group	 ver-
sus	0–0.025	 for	all	other	comparisons)	across	pairwise	comparisons	
(Figure	7b).

For	the	northern	flying	squirrel,	the	CLOCK	 locus	was	identified	
as	an	outlier	under	balancing	selection	in	analyses	where	the	Aurora	
and	Temagami	groups	were	removed	independently	from	the	dataset.	
Further,	the	neutral	microsatellites	PvolE6	and	Pvol41	showed	signa-
tures	of	balancing	selection	when	the	Aurora	and	southern	Kawartha	
groups	were	 removed,	 respectively.	 In	 the	 southern	 flying	 squirrel,	
evidence	of	 balancing	 selection	was	 identified	 at	 the	CLOCK	 locus	

TABLE  5 Allele	frequencies	of	the	coding	trinucleotide	repeat	
marker	within	the	NR1D1	gene	in	Canada	lynx	(Lynx canadensis)	
sampled	across	North	America

Population/Allele 270 273 276 279

Alaska 0.092 0.833 0.075 –

Yukon 0.093 0.833 0.074 –

British	Columbia 0.134 0.834 0.032 –

Alberta 0.162 0.755 0.083 –

Manitoba 0.065 0.880 0.055 –

Ontario	west 0.091 0.839 0.063 0.008

Ontario	east 0.104 0.811 0.085 –

Quebec	south 0.127 0.788 0.084 –

Quebec	north 0.200 0.678 0.122 –

Quebec	south	of	the	
St.	Lawrence	River

0.497 0.392 0.111 –

Labrador 0.050 0.950 – –

F IGURE  4 Allele	frequencies	for	deer	mice	(Peromyscus maniculatus,	a),	white-	footed	mice	(Peromyscus leucopus,	b),	Canada	lynx	(Lynx 
canadensis,	c),	northern	flying	squirrels	(Glaucomys sabrinus,	d),	and	southern	flying	squirrels	(Glaucomys volans,	e)	in	Ontario	(a,b,d,e),	and	across	
North	America	(c).	Allele	frequencies	represent	coding	trinucleotide	repeats	within	the	candidate	clock	genes	PER1	(a,b),	NR1D1	(c),	and	CLOCK 
(d,e).	Sizes	of	the	pie	charts	correspond	to	sample	sizes	for	each	location.	Rectangles	represent	groupings	of	sample	sites	within	general	areas,	
with	specific	sites	indicated	by	numbers

(b)

(c) (d)(a)

(e)
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when	the	Rondeau	group	was	 removed	 from	the	analysis.	A	signa-
ture	of	positive	selection	was	identified	for	the	neutral	microsatellite	
PvolE6	 in	several	analyses	 including	the	full	dataset,	and	when	the	
Algonquin	Provincial	Park	and	Mattawa	groups	were	removed.	The	
neutral	microsatellite	GS8	showed	a	signature	of	balancing	selection	
across	many	tests	including	the	full	dataset,	and	when	the	Mattawa,	
northern	Kawartha	Site	1,	and	Rondeau	groups	were	removed.	The	
neutral	 microsatellites	 SFS3	 and	 SFS15	were	 also	 identified	 to	 be	
under	 balancing	 selection	when	 the	Algonquin	Provincial	 Park	 and	
Rondeau	groups	were	removed,	respectively.	All	of	the	above	signa-
tures	of	selection	were	retained	across	three	independent	tests	for	
each	species.

3.4 | Peromyscus species and the PER1 gene

A	 polyglycine	 repeat	 motif	 (PolyG)	 was	 successfully	 amplified	 in	
white-	footed	and	deer	mice.	All	neutral	alleles	were	shared	between	
both	 species;	 however,	 deer	mice	 had	 greater	 allelic	 diversity	 than	
white-	footed	mice	across	all	neutral	loci.	In	contrast,	the	white-	footed	
mouse	had	a	higher	diversity	of	PER1	alleles	(an	average	of	4.3	alleles/

site	 (SE	=	0.64)	 in	 deer	 mice	 versus	 8.5	 alleles/site	 (SE	=	0.63)	 in	
white-	footed	mice;	measured	at	the	small	scale;	Figure	4d,e;	Table	7).	
Further,	the	most	common	PER1	allele	in	the	white-	footed	mouse	(fre-
quencies	between	0.146	and	0.452)	was	either	much	less	common	or	
completely	absent	from	the	deer	mouse	(frequencies	between	0	and	
0.088	among	sites).

For	 our	 larger-	scale	 analysis	 of	 deer	 mice,	 both	 the	 Algonquin	
Provincial	Park	and	south	of	Algonquin	Provincial	Park	groups	were	
found	to	be	out	of	HWE	at	 the	PER1	 locus,	 in	addition	to	 the	neu-
tral	 loci	PML01	and	PML03	 in	 the	Algonquin	Provincial	Park	group	
(p	<	.0028).	 Excessive	 homozygosity	 of	 all	 groups	 at	 two	 prevalent	
alleles	 at	 the	 PER1	 locus	 (Tables	S5–S6)	 suggests	 divergent	 or	 dis-
ruptive	 selection;	 however,	 it	 may	 also	 be	 a	 result	 of	 microgeo-
graphic	structure	or	a	Wahlund	effect.	We	attempted	to	account	for	
this	 by	 calculating	HWE	 at	 the	 finest	 spatial	 scale	 of	 our	 data:	 the	
trapping	 sites	 within	 Algonquin	 Provincial	 Park.	 Three	 of	 five	 sites	
in	Algonquin	Provincial	Park	deviated	 from	HWE	at	 the	PER1	 locus	
(sites	 2,	 3,	 and	 5),	 in	 addition	 to	 the	 south	 of	Algonquin	 Provincial	
Park	group	(p	<	.0012).	At	3	Algonquin	Provincial	Park	sites	each,	the	
neutral	 loci	PML01	(sites	3,	4,	and	5)	and	PML03	(sites	2,	3,	and	5)	

F IGURE  5 Estimates	of	FST	at	14	
neutral	microsatellite	loci	(black	points)	
and	the	NR1D1	cTNR	locus	(red	points)	
estimated	by	(a)	locus	and	(b)	pairwise	
population	comparisons	for	Canada	lynx	
(Lynx canadensis)	sampled	across	Canada	
and	Alaska.	The	x-	axis	is	ordered	by	
increasing	genetic	differentiation	of	neutral	
loci,	ending	with	estimates	of	mean	FST 
(across	loci	and	pairwise	comparisons)	
for	neutral	and	cTNR	loci	with	standard	
error	bars.	Population	abbreviations	are	
as	follows:	AB	(Alberta),	AK	(Alaska),	BC	
(British	Columbia),	LAB	(Labrador),	MAN	
(Manitoba),	ON_E	(eastern	Ontario),	
ON_W	(western	Ontario),	QC_N	(northern	
Quebec),	QC_S	(southern	Quebec),	
QC_SSLR	(Quebec	south	of	the	St.	
Lawrence	River),	YU	(Yukon)
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also	 deviated	 from	HWE,	 and	PML11	was	 out	 of	HWE	at	 one	 site	
(site	2)	 (p	<	.0012).	The	persistence	of	 deviations	 from	HWE	at	 the	
small	spatial	scale	suggests	that	our	results	were	not	confounded	by	
a	Wahlund	 effect.	 Further,	 at	 the	 smaller	 scale,	 the	 signal	 of	 diver-
gent	selection	at	the	PER1	locus	(higher	observed	homozygosity	with	
fewer	observed	heterozygotes)	was	retained.	For	white-	footed	mice,	
no	groups	 significantly	deviated	 from	HWE	at	 the	PER1	 locus	after	
Bonferroni	 correction	 at	 either	 scale;	 however,	 at	 the	 larger	 scale,	
the	neutral	locus	PML01	was	out	of	HWE	in	the	south	of	Algonquin	
Provincial	Park	group	(p	<	.0017).	Additionally,	no	sites	at	either	the	
small	or	 large	scale	demonstrated	excessive	observed	homozygosity	
in	white-	footed	mice	(Tables	S7–S8).

At	 the	 large	 scale,	 average	 genetic	 differentiation	 (FST)	 for	 the	
deer	mouse	was	 higher	 at	 the	PER1	 locus	 in	 comparison	with	 our	
neutral	 microsatellite	 dataset	 (mean	 FST	 for	 neutral	 microsat-
ellites	=	0.004	 (±0.004),	 and	 PER1	=	0.018	 (±0.01);	 Figure	8c).	
Further,	while	the	Algonquin	Provincial	Park	and	south	of	Algonquin	
Provincial	 Park	 pairwise	 comparison	 was	 most	 genetically	 differ-
entiated	 at	 neutral	 loci	 (FST	=	0.012	 for	Algonquin	 Provincial	 Park	
and	south	of	Algonquin	Provincial	Park	comparison,	vs.	FST	=	0	 for	
all	 other	 comparisons),	 it	was	 the	 least	 differentiated	 at	 the	PER1 
locus	(FST	=	0	for	Algonquin	Provincial	Park	and	south	of	Algonquin	
Provincial	Park	comparison,	vs.	FST	=	0.023–0.033	for	all	other	com-
parisons)	(Figure	8d).	At	the	smaller	scale,	average	genetic	differenti-
ation	for	deer	mouse	was	slightly	greater	at	both	neutral	markers	and	
PER1	 than	was	observed	 in	 the	 larger-	scale	 analysis	 (mean	FST	 for	
neutral	microsatellites	=	0.019	(±0.003),	and	PER1	=	0.029	(±0.009);	
Figure	8a),	although	standard	error	bars	for	neutral	loci	and	the	PER1 
cTNR	locus	overlapped.	At	this	scale,	the	Algonquin	Provincial	Park	
Site	 1	 group	was	 the	 most	 differentiated	 of	 all	 groups	 at	 neutral	
loci	 (FST	=	0.022–0.052	 for	 comparisons	 including	 the	 Algonquin	
Provincial	Park	site	1	group	vs.	0–0.029	for	all	other	comparisons;	
Figure	8b).	For	white-	footed	mouse,	both	the	large-	scale	and	small-	
scale	analyses	yielded	similar	results;	the	Algonquin	Provincial	Park	

group	was	the	most	highly	differentiated	from	other	groups	at	neu-
tral	markers	 (FST	=	0.020–0.080	and	0.020–0.052	at	 the	small	and	
large	scales	for	comparisons	including	the	Algonquin	Provincial	Park	
group	vs.	0.007–0.055	and	0.007–0.035	at	the	small	and	large	scales	
for	all	other	comparisons,	respectively;	Figure	9b,d),	and	neutral	ge-
netic	differentiation	was	slightly	higher	at	the	small	scale	(mean	FST 
for	 neutral	microsatellites	 at	 the	 small	 scale	=	0.035	 (±0.003),	 and	
large	 scale	=	0.028	 (±0.004);	 Figure	9a,c).	 In	 contrast	 to	 the	 deer	
mouse,	average	genetic	differentiation	at	the	PER1	locus	was	lower	
than	 in	 neutral	 microsatellites	 at	 both	 scales	 [small	 scale:	 mean	
FST	 for	 neutral	 microsatellites	=	0.035	 (±0.003),	 and	 PER1	=	0.024	
(±0.004);	 large	 scale:	 mean	 FST	 for	 neutral	 microsatellites	=	0.028	
(±0.004),	and	PER1	=	0.021	(±0.006)];	however,	standard	error	bars	
for	 neutral	 loci	 and	 the	PER1	 cTNR	 locus	 overlapped	 at	 the	 large	
scale	(Figure	9d).

For	 the	 deer	mouse	 at	 the	 small	 scale,	we	 found	 a	 signature	 of	
positive	 selection	 at	 the	PER1	 locus	when	 the	Algonquin	 Provincial	
Park	Site	1	was	removed	from	the	analysis,	but	this	signature	was	only	
retained	 in	 two	 of	 three	 independent	 tests,	 and	 disappeared	when	
analyzed	at	the	large	scale.	For	white-	footed	mouse,	no	signature	of	
selection	was	detected	at	the	small	scale;	however,	a	signature	of	bal-
ancing	selection	was	detected	for	 the	PER1,	 locus	at	 the	 large	scale	
when	the	Algonquin	Provincial	Park	group	was	removed	from	the	anal-
ysis.	This	analysis	also	indicated	balancing	selection	at	the	neutral	mi-
crosatellite	PML03	when	the	St.	Lawrence	Islands	group	was	removed	
from	the	analysis.

4  | DISCUSSION

4.1 | Characterization of candidate clock genes in 
mammal species

We	observed	a	number	of	trends	with	respect	to	the	presence,	abun-
dance,	 and	purity	of	 cTNRs	 in	a	 range	of	mammal	 species.	Repeats	

TABLE  6 Allele	frequencies	of	the	coding	trinucleotide	repeat	marker	within	the	CLOCK	gene	in	northern	flying	squirrels	(Glaucomys 
sabrinus)	and	southern	flying	squirrels	(Glaucomys volans)	sampled	in	Ontario,	Canada

Species Population/allele 102 111 114 117 120 123 126 129 132

Northern	
flying	
squirrel

Temagami – – 0.417 – 0.333 – – 0.167 0.083

Mattawa – – 0.400 0.200 0.200 0.100 0.100 – –

Algonquin	Provincial	Park – 0.024 0.452 0.143 0.190 0.143 0.048 – –

South	of	Algonquin	Provincial	Park – – 0.361 0.139 0.194 0.222 – 0.083 –

Northern	Kawartha – 0.027 0.365 0.122 0.392 0.041 0.027 0.027 –

Southern	Kawartha – – 0.357 0.107 0.286 0.143 0.071 0.036 –

Aurora – – 0.375 0.313 0.125 0.188 – – –

Southern	
flying	
squirrel

Mattawa – – 0.625 0.250 0.125 – – – –

Algonquin	Provincial	Park – – 0.750 – 0.250 – – – –

South	of	Algonquin	Provincial	Park – – 0.548 0.194 0.258 – – – –

Northern	Kawartha	Site	1 – – 0.614 0.250 0.125 – – – –

Northern	Kawartha	Site	3 0.009 – 0.443 0.257 0.230 0.009 0.039 0.013 –

Rondeau	Provincial	Park – – 0.875 – 0.125 – – – –
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were	generally	abundant	across	most	of	our	candidate	clock	genes.	
Due	 to	 the	overall	 short	 length,	 general	 abundance,	 and	 consistent	
purity	of	repeats	that	were	4	units	(12	bp)	or	smaller,	we	suggest	that	
the	most	promise	for	identifying	selection	will	be	found	in	repeats	that	
surpass	this	threshold.

We	found	that	longer	repeats	were	sometimes	more	impure	than	
shorter	 repeats;	 however,	 this	 trend	was	 inconsistent	 across	 genes,	
and	 the	 overall	 relationship	was	 not	 significant.	Thus,	 the	 tendency	
for	 there	 to	 be	 a	 negative	 relationship	 between	 repeat	 purity	 and	
length	may	be	tempered	by	variability	among	genes.	Interestingly,	im-
purity	has	been	reported	to	significantly	affect	the	stability	of	repeat	
structures	(Pearson	et	al.,	1998).	A	decrease	of	up	to	several	orders	of	
magnitude	in	the	overall	mutability	of	repeat	fragments	has	been	re-
ported	when	impurities	are	present	within	shorter	repeats,	in	multiple	
numbers,	or	near	the	center	of	the	repeat	unit	(Ananda	et	al.,	2014).	
This	suggests	that	impurities	within	exonic	repeat	structures	may	be	
selected	for	or	against.	For	some	genes,	increased	mutability	and	vari-
ation	in	repeat	length	might	favor	selection	for	pure	repeats,	whereas	
for	other	genes,	a	more	stable	repeat	structure	might	be	selected	for	
to	reduce	maladaptation	and	essentially	“lock-	in”	favorable	geno-		and	
phenotypes	within	an	optimal	functional	range.

We	also	found	that	the	longest	repeats	were	in	domestic	rodent	
species,	 suggesting	 that	 domestics	 may	 experience	 elevated	 muta-
tion	rates	in	cTNRs	(see	also	Laidlaw	et	al.,	2007).	Similarly,	we	found	
a	 large	repeat	 in	the	naked	mole	rat,	a	blind	species	which	does	not	
rely	on	photoperiodic	cues.	It	is	possible	that	the	expansion	of	cTNRs	
in	 both	 domestic	 and	wild	 species	 that	 do	 not	 use	 photoperiod	 to	
cue	life-	history	events	could	be	caused	by	the	lifting	of	evolutionary	
constraints	on	repeat	size;	however,	this	idea	remains	largely	unsup-
ported.	Further,	the	considerable	purity	of	these	long	repeats	supports	
the	claim	that	increased	purity	is	the	mechanism	by	which	cTNRs	mu-
tate	(Ananda	et	al.,	2014;	Gemayel	et	al.,	2012;	Kruglyak	et	al.,	1998).	
Thus,	 it	 is	plausible	that	the	removal	of	selective	constraints,	due	to	
domestication	 or	 nonreliance	 on	 photoperiod,	 has	 removed	 the	 ne-
cessity	 for	stable	 repeat	structures	 to	avoid	maladaptation	and	thus	
facilitated	the	expansion	of	cTNRs	in	these	species.

4.2 | Evidence of selection in candidate clock gene 
cTNRs of North American mammal species

We	 were	 able	 to	 detect	 signatures	 of	 selection	 at	 several	 candi-
date	clock	genes	in	our	range	of	mammal	study	species	with	varying	

F IGURE  6 Estimates	of	FST	at	seven	
neutral	microsatellite	loci	(black	points)	
and	the	CLOCK	cTNR	locus	(red	points)	
estimated	by	(a)	locus	and	(b)	pairwise	
population	comparisons	for	northern	
flying	squirrels	(Glaucomys sabrinus)	
sampled	within	Ontario,	Canada.	The	
x-	axis	is	ordered	by	increasing	genetic	
differentiation	of	neutral	loci,	ending	with	
estimates	of	mean	FST	(across	loci	and	
pairwise	comparisons)	for	neutral	and	cTNR	
loci	with	standard	error	bars.	Population	
abbreviations	are	as	follows:	APP	
(Algonquin	Provincial	Park),	sAPP	(south	
of	Algonquin	Provincial	Park),	nKawartha	
(northern	Kawartha),	sKawartha	(southern	
Kawartha).	All	other	population	labels	are	
written	in	full



16  |     PRENTICE ET al.

degrees	of	success.	Patterns	of	allele	frequencies,	allelic	diversity,	and/
or	HWE	deviations	from	the	patterns	typical	of	neutral	markers	indi-
cated	that	selection	pressures	are	potentially	influencing	these	loci	in	
our	species.	Additionally,	observed	patterns	of	genetic	differentiation	
at	 cTNRs	were	divergent	 from	 levels	 of	 differentiation	observed	 at	
neutral	microsatellite	markers	across	all	species,	as	predicted.	Higher	
genetic	structure	in	cTNRs	(e.g.,	Canada	lynx	and	deer	mouse)	could	
possibly	be	the	result	of	selection	favoring	different	alleles	across	the	
species’	distributions,	despite	the	homogenizing	effects	of	gene	flow	
on	neutral	markers.	In	contrast,	average	genetic	differentiation	that	is	
lower	at	candidate	cTNRs	than	estimates	obtained	from	neutral	mark-
ers	(e.g.,	white-	footed	mouse,	northern	and	southern	flying	squirrels)	
may	reflect	selective	pressures	that	favor	conserved	genetic	variants	
across	the	species’	distributions,	despite	population	structure	at	neu-
tral	markers.	Our	LOSITAN	analyses	provided	additional	support	for	
the	 influence	of	selection	on	the	cTNR	loci	studied	here.	We	found	
that	LOSITAN	analyses	were	sensitive	to	the	effects	of	geography	in	
each	of	 our	mammal	 species	 and	were	 able	 to	 identify	 populations	

that	contributed	the	most	to	the	signature	of	selection	detected	in	the	
cTNR	locus	of	each	species.

We	 found	 a	 complete	 divergence	 of	 alleles	 at	 the	NR1D1	 locus	
between	 Canada	 lynx	 and	 bobcat,	 supporting	 the	 role	 of	 selection	
in	 the	separate	Pleistocene	evolution	of	closely	 related	species,	and	
subsequent	adaptation	of	Canada	lynx	and	bobcat	to	more	northern	
and	southern	climatic	habitats,	respectively.	While	divergence	times	of	
these	species	may	account	for	the	divergence	of	alleles	at	the	NR1D1 
locus,	the	same	pattern	is	not	found	in	any	of	the	neutral	loci,	whose	
allelic	 ranges	 are	 largely	 shared	 between	 species,	 thus	 supporting	
the	 role	of	 selection	 in	maintaining	divergence	at	 the	NR1D1	 locus.	
Further,	the	higher	level	of	pairwise	genetic	differentiation	reflected	in	
the	NR1D1	locus	of	Canada	lynx	is	compelling	evidence	for	selection	
in	the	face	of	otherwise	homogenizing	gene	flow,	represented	by	low	
levels	of	differentiation	in	neutral	markers.	Our	adaptation-	driven	hy-
pothesis	was	also	supported	by	LOSITAN,	which	indicated	a	signature	
of	positive	 selection	 for	Canada	 lynx	at	 the	NR1D1	 locus	when	 the	
“Quebec	south	of	the	St.	Lawrence	River”	population	was	included	in	

F IGURE  7 Estimates	of	FST	at	seven	
neutral	microsatellite	loci	(black	points)	
and	the	CLOCK	cTNR	locus	(red	points)	
estimated	by	(a)	locus	and	(b)	pairwise	
population	comparisons	for	southern	flying	
squirrels	(Glaucomys volans)	sampled	within	
Ontario,	Canada.	The	x-	axis	is	ordered	by	
increasing	genetic	differentiation	of	neutral	
loci,	ending	with	estimates	of	mean	FST 
(across	loci	and	pairwise	comparisons)	
for	neutral	and	cTNR	loci	with	standard	
error	bars.	Population	abbreviations	are	as	
follows:	APP	(Algonquin	Provincial	Park),	
sAPP	(south	of	Algonquin	Provincial	Park),	
nKawartha	(northern	Kawartha),	RPP	
(Rondeau	Provincial	Park).	Numbers	beside	
the	“nKawartha”	label	represent	specific	
sites	in	northern	Kawartha	(1,3).	All	other	
populations’	labels	are	written	in	full
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analyses,	suggesting	that	this	southern	population	is	largely	driving	the	
signature	of	selection	that	we	detected.	It	should	be	noted,	however,	
that	neutral	genetic	differentiation	was	also	highest	in	pairwise	com-
parisons	 including	 the	 “south	of	 the	St.	 Lawrence	River”	 population	
(Koen	et	al.,	2015).

Although	 CLOCK	 alleles	 were	 largely	 shared	 between	 northern	
and	southern	flying	squirrels,	there	was	evidence	of	differentiation	in	
allele	 frequencies	 of	 some	 of	 the	more	 commonly	 observed	 alleles.	
This	 suggests	 that	 different	 alleles	may	 be	 selectively	 favored	 over	
others	 in	 accordance	with	 the	differing	habitats	 of	 the	northern	vs.	
southern	species.	In	addition	to	the	divergence	of	allele	frequencies,	
the	greater	genetic	diversity	of	CLOCK	alleles	 found	 in	the	northern	
flying	squirrel	may	allow	for	greater	fine-	tuning	capabilities	in	northern	
flying	squirrel	life-	history	strategies	to	cope	with	the	more	severe	sea-
sonal	changes	in	their	northern	environment.	We	identified	the	CLOCK 
gene	as	within	the	range	of	balancing	selection	in	LOSITAN	for	both	
northern	and	southern	 flying	 squirrels	when	 the	most	 southern	 (for	
both	species)	and	northern	(for	northern	flying	squirrel	only)	sites	were	
removed	from	the	analysis,	suggesting	that	these	geographically	“ex-
treme”	groups	were	influencing	the	signal	of	selection	in	both	species.

As	in	the	flying	squirrels,	differences	in	allele	frequency	distribu-
tions	of	the	white-	footed	and	deer	mouse	indicate	potential	differential	

selection	between	the	two	closely	related	species.	Further,	in	the	deer	
mouse,	deviations	from	HWE	and	an	excess	of	observed	homozygotes	
at	the	most	prevalent	PER1	alleles	in	both	large-		and	small-	scale	anal-
yses	of	sites	within	and	surrounding	Algonquin	Provincial	Park	suggest	
disruptive	selection	in	this	area,	where	small-	scale	changes	in	environ-
mental	 features	 (e.g.,	microhabitats)	may	 drive	 the	 selection	 of	 par-
ticular	alleles	 in	slightly	different	environments.	These	results	would	
be	predicted	 if	 there	were	mice	with	predispositions	 to	breeding	 at	
different	 times	of	 the	year,	essentially	 “isolation	by	 time”	 (Hendry	&	
Day,	2005).	Pairwise	estimates	of	genetic	differentiation	at	our	set	of	
neutral	microsatellites	 and	 the	PER1	 locus	 showed	 contrasting	 pat-
terns	 for	white-	footed	and	deer	mouse,	 indicating	 that	diverse	pro-
cesses	may	be	influencing	the	two	closely	related	species	differently.	
We	found	that	the	northern	residing	species	had	lower	allelic	diversity	
at	 the	PER1	 locus,	contrary	 to	our	expectations	 that	we	should	 find	
higher	allelic	diversity	to	allow	for	greater	seasonal	fine-	tuning	capa-
bilities	(as	observed	in	flying	squirrels).	However,	the	sampled	gradi-
ent	used	here	is	small	with	much	of	the	sampled	area	being	inhabited	
by	both	species;	a	wider	latitudinal	gradient	may	clarify	these	results.	
Lastly,	a	persistent	signature	of	balancing	selection	was	observed	 in	
the	white-	footed	mouse	when	the	Algonquin	Provincial	Park	site	(the	
most	northern	sampled	site)	was	removed	from	the	LOSITAN	analyses.

F IGURE  8 Estimates	of	FST	at	five	neutral	microsatellite	loci	(black	points)	and	the	PER1	cTNR	locus	(red	points)	estimated	by	(a,c)	locus	and	
(b,d)	pairwise	population	comparisons	at	the	“trapping	site-	specific”	small	scale	(a,b),	and	“regional”	large	scale	(c,d)	for	deer	mice	(Peromyscus 
maniculatus)	sampled	within	Ontario,	Canada.	The	x-	axis	is	ordered	by	increasing	genetic	differentiation	of	neutral	loci,	ending	with	estimates	
of	mean	FST	(across	loci	and	pairwise	comparisons)	for	neutral	and	cTNR	loci	with	standard	error	bars.	Population	abbreviations	are	as	follows:	
APP	(Algonquin	Provincial	Park),	sAPP	(south	of	Algonquin	Provincial	Park).	Numbers	beside	the	“APP”	label	represent	specific	sites	in	Algonquin	
Provincial	Park	(1–5).	All	other	population	labels	are	written	in	full
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Combined,	 our	 set	 of	 analytical	 approaches	was	 able	 to	 detect	
signatures	of	 selection	 in	 the	 cTNRs	of	 candidate	 clock	genes	 in	 an	
array	 of	 North	 American	 mammals	 along	 latitudinal	 clines.	 Our	 re-
sults	suggest	that	these	techniques	are	useful	for	surveying	candidate	
genes	 in	non-model	 species	and	 that	cTNRs	are	 interesting	markers	
to	investigate	in	reference	to	mammalian	adaptation.	Further,	the	di-
versity	of	analyses	used	to	detect	selection	in	these	genetic	markers	
suggests	that	testing	for	indications	of	selection	is	best	when	multiple	
approaches	are	 implemented	 that	are	able	 to	detect	different	 types	
of	selective	processes	(positive,	balancing,	divergent,	etc.).	While	the	
signatures	we	detected	in	our	datasets	point	to	the	potential	for	adap-
tive	differences	at	these	coding	motifs,	our	findings	support	the	need	
for	more	extensive	characterization	of	populations	(e.g.,	assessing	cor-
relates	with	environmental	variables).

4.3 | Limitations on the detection of selection

The	 influence	 of	 sample	 size	 on	 the	 accurate	 detection	 of	 selec-
tion	signatures	 is	 important	to	consider	given	some	of	our	datasets.	
Lachance	 (2009)	 showed	 that	 sample	 sizes	 ranging	 from	 thousands	
to	millions	are	needed	to	detect	departures	from	HWE	resulting	from	

selection.	Such	sample	sizes	are	often	difficult	if	not	impossible	to	ob-
tain	in	wild	study	systems.	Further,	small	sample	sizes	often	misrepre-
sent	the	true	allele	frequencies	of	populations,	which	can	cause	issues	
in	downstream	analyses.

In	addition	to	sample	sizes,	the	use	of	HWE	to	detect	signatures	
of	 selection	may	be	disadvantageous	 in	systems	experiencing	direc-
tional	selection,	as	cTNRs	under	the	influence	of	directional	selection	
are	less	likely	to	be	observed	at	intermediate	allele	frequencies,	which	
are	preferable	for	the	detection	of	departures	from	HWE	(Lachance,	
2009).	Thus,	departures	from	HWE	may	not	necessarily	imply	selec-
tion	on	the	marker	under	examination.	Alternatively,	background	pop-
ulation	 structure	 can	modify	 cTNR	 allele	 and	 genotype	 frequencies	
to	the	extent	that	any	signature	of	selection	is	effectively	masked	by	
other	mechanisms	(Ennis,	2007).

Differentiation-	based	 outlier	 approaches	 (e.g.,	 LOSITAN)	 have	
also	received	some	criticism	in	the	literature.	Such	approaches	gen-
erally	 have	 lower	power	 than	 approaches	based	on	environmental	
associations	(De	Mita	et	al.,	2013)	as	they	mainly	aim	to	detect	hard	
selective	sweeps	where	only	one	or	few	beneficial	alleles	are	selected	
to	high	frequency,	producing	more	significant	patterns	of	differen-
tiation	 between	 populations	 (Hohenlohe,	 Philips,	 &	 Cresko,	 2010;	

F IGURE  9 Estimates	of	FST	at	five	neutral	microsatellite	loci	(black	points)	and	the	PER1	cTNR	locus	(red	points)	estimated	by	(a,c)	locus	
and	(b,d)	pairwise	population	comparisons	at	the	“trapping	site-	specific”	small	scale	(a,b),	and	“regional”	large	scale	(c,d)	for	white-	footed	mice	
(Peromyscus leucopus)	sampled	within	Ontario,	Canada.	The	x-	axis	is	ordered	by	increasing	genetic	differentiation	of	neutral	loci,	ending	with	
estimates	of	mean	FST	(across	loci	and	pairwise	comparisons)	for	neutral	and	cTNR	loci	with	standard	error	bars.	Population	abbreviations	are	as	
follows:	APP	(Algonquin	Provincial	Park),	sAPP	(south	of	Algonquin	Provincial	Park),	SLINP	(St.	Lawrence	Islands	National	Park).	Numbers	beside	
the	“sAPP”	and	“Kawartha”	labels	represent	specific	sites	south	of	Algonquin	Provincial	Park	(1–3)	and	Kawartha	(1–2),	respectively.	All	other	
population	labels	are	written	in	full
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Raquin	et	al.,	2008).	Most	genes,	on	the	other	hand,	act	in	pleiotropy	
(Harrisson	et	al.,	 2014),	which	produces	more	modest	 increases	 in	
allele	 frequencies	over	multiple	 loci	 (Hermisson	&	Pennings,	2005)	
and	is	less	likely	to	affect	the	patterns	of	divergence	between	popu-
lations.	Indeed,	LOSITAN	does	not	address	the	issue	of	non-linearity	
of	FST	estimates	that	approach	zero	and,	thus,	 is	unlikely	to	detect	
low-	FST	outliers	when	selection	is	not	strong	(Antao	et	al.,	2008).	In	
such	cases,	the	detection	of	weak,	polygenic	selection	requires	much	
larger	sample	sizes	than	those	required	to	detect	hard	sweeps.

It	 is	also	possible	 that	cTNR	motifs	may	not	be	 the	specific	 re-
gions	under	selection	in	adaptive	genes	but	are	rather	linked	to	other	
genes	or	regulatory	elements	under	selection.	It	has	been	suggested	
that	 multilocus	 metrics	 of	 linkage	 disequilibrium	 (LD)	 are	 better	
suited	 for	 the	 detection	 of	 selection,	 as	 selection	will	 result	 in	 LD	
adjacent	 to	 the	 selected	 locus	 (Ennis,	2007).	 It	 also	has	 the	added	
benefit	of	bearing	the	footprint	of	past	selection	 (Lachance,	2009),	
which	can	provide	 important	 information	on	the	genetic	responses	
of	species	under	past	environmental	change.	Even	if	cTNRs	are	not	
the	markers	under	 selection,	 their	 increased	variability	 and	 linkage	
to	coding	SNPs	and	regulatory	elements	could	still	be	an	important	
proxy	for	detecting	candidate	adaptive	genes	through	haplotype	pro-
filing	and	analyses.

Although	our	approach	was	successful	at	identifying	putative	pat-
terns	of	adaptive	genetic	divergence	in	our	range	of	mammal	species,	
further	work	is	required	to	fully	realize	the	mechanisms	underlying	the	
observed	functional	variation	in	these	species,	as	it	has	been	demon-
strated	that	the	mechanisms	underlying	phenotype–genotype	correla-
tions	can	differ	between	closely	related	species	(Rosenblum,	Römpler,	
Schöneberg,	&	Hoekstra,	2010).	The	general	complexity	of	molecular	
mechanisms	 coupled	with	 the	pleiotropic	 effects	of	many	genes	ar-
gues	for	caution	in	interpretation	of	our	results;	however,	we	feel	that	
we	have	provided	support	for	the	importance	of	cTNRs	as	targets	of	
natural	selection	and	adaptation	in	wild	populations.

4.4 | Potential adaptive importance of cTNR loci

In	 the	 recent	 past,	 there	 has	 been	 an	 advancement	 in	 empirical	
studies	 implicating	climatic	and	environmental	gradients	 in	the	gen-
eration	 and	maintenance	 of	 adaptive	 genetic	 diversity	 through	 se-
lection,	even	in	the	face	of	ongoing	gene	flow	between	populations	
(DeFaveri	et	al.,	2013;	Fang	et	al.,	2013;	Watanabe,	Kazama,	Omura,	
&	 Monaghan,	 2014).	 Clock	 genes	 in	 particular	 have	 been	 demon-
strated	 to	 be	 important	 targets	 of	 selection,	 as	 they	 are	 likely	 to	
provide	a	means	by	which	species	can	adapt	to	seasonal	changes	or	
adjust	 to	novel	environments	 (Kondratova	et	al.,	2010).	Our	utiliza-
tion	of	a	candidate	gene	approach	allowed	us	to	identify	and	target	
cTNRs	within	clock	genes	characterized	in	closely	related	model	or-
ganisms	for	which	functional	roles	have	been	identified.	Not	only	did	
this	type	of	approach	make	optimizing	gene	fragments	easier	by	facili-
tating	primer	design,	but	it	also	allowed	us	to	use	prior	knowledge	of	
gene	function	to	develop	a	priori	hypotheses	regarding	the	environ-
mental	and	climatic	factors	that	may	be	driving	selection.	Thus,	this	
methodology	is	useful	in	determining	cTNR-	containing	genes	that	are	

good	candidates	for	environmental	association	studies	that	correlate	
	environmental		variants	with	adaptive	genetic	variability	in	a	spatially	
explicit	framework	(e.g.,	latent	factor	mixed	models,	LFMM;	Frichot,	
Schoville,	 Bouchard,	 &	 François,	 2013).	 This	 will	 lead	 us	 one	 step	
closer	to	being	able	to	accurately	characterize	genotype–phenotype	
associations	in	wild	populations.

Gene	motifs,	 specifically	 cTNRs	demonstrating	both	genetic	 and	
epigenetic	 characteristics	 (Gemayel	 et	al.,	 2010,	2012),	may	provide	
high-	pace	adaptive	capabilities,	making	them	ideal	targets	for	mitigat-
ing	the	decline	of	species	at	risk	through	the	identification	of	adaptively	
significant	populations.	A	critical	development	in	modeling	a	species’	
natural	 resilience	 (Dawson	 et	al.,	 2011)	 and	 implementing	 solutions	
(e.g.,	Thomas	et	al.,	2012)	is	mapping	and	promoting	environments	to	
maintain	 critical	 standing	 adaptive	 genetic	 variation	 and	 the	 poten-
tial	generation	of	novel	adaptive	alleles;	cTNRs	offer	the	potential	to	
support	both	of	these	objectives.	We	present	here	a	methodology	by	
which	we	were	able	to	identify	cTNRs	that	are	potentially	the	targets	
of	natural	selection	in	a	range	of	mammal	species,	a	taxonomic	group	
underestimated	 in	terms	of	vulnerability	to	climate	change.	Variance	
at	cTNR	motifs	in	other	genes	may	provide	a	mechanism	for	rapid	evo-
lutionary	responses	to	a	range	of	other	phenotypes.	Thus,	the	abun-
dance	 of	 cTNR	 repeats	 in	 functional	 gene	 classes	 including	 but	 not	
limited	to	clock,	immunity,	behavioral,	morphological,	and	stress-	axis	
genes	translates	 into	a	resource	 list	of	hundreds	of	candidate	genes	
that	can	be	used	in	the	search	for	rapidly	evolving	motifs	associated	
with	adaptation	in	wild	species.
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Abstract. Ecologists and managers are motivated to predict the distribution of animals across landscapes
as well as understand the mechanisms giving rise to that distribution. Satisfying this motivation requires
an integrated framework that characterizes multi-scale habitat use and selection, as well as builds predic-
tive models such as resource selection functions. However, the assumption of constant habitat use or selec-
tion is often made in such analyses, which ignores the possibility that individuals experiencing different
conditions might respond differently. Assessing functional responses in habitat use evaluates how animal
behavior changes with differing environmental conditions, which has basic and applied utility. Here, we
combined these ideas into an integrated process that characterizes habitat relationships, predicts habitat,
and assesses behavioral differences with changing environmental conditions. Our species of interest was
Canada lynx (Lynx canadensis) in the Northern Rocky Mountains, which is a rare and federally threatened
forest carnivore. Through our process, we developed multi-scale predictions of lynx distribution and
learned that across scales and seasons, lynx use more mature, spruce-fir forests than any other structure
stage or species. Intermediate snow depths and the distribution of snowshoe hares (Lepus americanus) were
the strongest predictors of where lynx selected their home ranges. Within their home ranges, female and
male lynx increasingly used advanced regeneration forest structures as they became more available (up to
a maximum availability of 40%). These patterns supported the bottom-up mechanisms regulating Canada
lynx in that advanced regeneration generally provides the most abundant snowshoe hares, while mature
forest is where lynx appear to hunt efficiently. However, lynx exhibited decreasing use of stand initiation
structures (up to a maximum availability of 25%). Land managers have an opportunity to promote lynx
habitat in the form of advanced regeneration, but are required to go through the stand initiation phase.
Thus, managers can apply the relative proportions of forest structure classes along with our response
curves to inform landscape actions (e.g., timber harvest) targeted at facilitating the forest mosaic used and
selected by Canada lynx. Collectively, the insights gleaned from our approach advance habitat conserva-
tion efforts and consequently are of broad utility to applied ecologists and managers.

Key words: functional response; habitat selection; habitat use; Lynx canadensis; resource selection function; scale-
integrated selection function.
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INTRODUCTION

Ecologists and managers alike are motivated
to understand habitat relationships of animals
and spatially predict their probability of use
(Elith and Leathwick 2009). This is particularly
true for species of conservation concern in that
the designation of “critical habitat” is required
by statutes such as the U.S. Endangered Species
Act (ESA) and Canada Species at Risk Act
(SARA). Consequently, previous researchers
have invested substantial effort to develop spa-
tial maps of habitat (i.e., probability of use) for
many species of conservation concern, including
caribou (Rangifer spp.; Johnson et al. 2004,
DeCesare et al. 2012), Amur tigers (Panthera tigris
altaica; Hebblewhite et al. 2014), brown bears
(Ursus arctos; Peters et al. 2015), fishers (Pekania
pennanti; Olson et al. 2014), and golden eagles
(Aquila chrysaetos; Tack and Fedy 2015). There are
many approaches to predict and understand
habitat relationships (Elith and Leathwick 2009),
but resource selection functions (RSFs; Boyce and
McDonald 1999, Manly et al. 2002) are one of the
most common methods employed.

Resource selection functions commonly imple-
ment a used-available design, whereby the RSF is
used to assess differences in habitat covariates at
areas used by an animal (as measured by radio-
transmitters or global positioning system [GPS]
units) and those areas that are likely available for
selection (Boyce 2006, Johnson et al. 2006).
Generally, this is accomplished by using logistic
regression software as a means to maximize the
use-availability likelihood (McDonald 2013). A
substantial strength of RSFs is that one can use
the coefficients derived from a model to generate
predictive maps of relative probability of use
(Boyce et al. 2002, Johnson et al. 2006), which are
commonly presented as habitat maps (Johnson
et al. 2004, DeCesare et al. 2012, Hebblewhite
et al. 2014). Further, resource selection models are
readily implemented and allow ecologists to eval-
uate habitat selection by animals across spatial
and temporal scales by changing measures of
availability (Johnson 1980, Boyce 2006, Meyer and
Thuiller 2006, DeCesare et al. 2012). Resource
selection analyses do, however, exhibit notable
limitations for species’ conservation planning.

Here, we address two inherent limitations of
resource selection analyses that present

challenges for practitioners wishing to translate
results to on-the-ground conservation. First, co-
efficients characterizing the strength of selection
or avoidance for a particular covariate are sensi-
tive to, and indeed conditioned on, how availabil-
ity is defined (Beyer et al. 2010, Matthiopoulos
et al. 2011, Aarts et al. 2013, Northrup et al.
2013). For example, previous simulations have
demonstrated that for a situation of constant use,
habitat selection can vary widely and even change
sign simply based on the definition of availability
(Beyer et al. 2010). This is concerning because
aligning availability with the perception of an
animal or population can be difficult, particularly
at the first and second orders of selection (Beyer
et al. 2010). The implications of this issue are as
follows: (1) selection may not solely reflect the
behavior of an animal and (2) inferring the impor-
tance of a resource based on the strength of selec-
tion or avoidance is tenuous (Beyer et al. 2010,
Kertson and Marzluff 2010, Northrup et al. 2013).
This is particularly true when examining a subset
of Johnson’s (1980) orders of selection (e.g., only
assessing third-order selection, which is common)
because higher order selection processes may cre-
ate an abundance of an important resource that
appears to be unimportant at lower levels of
selection (Anderson et al. 2012). Therefore, we
contend that simultaneously assessing multi-scale
habitat use and availability, along with habitat
selection, would provide a more contextual
understanding for practitioners concerning habi-
tat relationships of a particular species. Moreover,
habitat use is the direct link between environ-
mental conditions and individual performance
(e.g., reproduction, survival) further emphasizing
its importance (Gaillard et al. 2010).
The second limitation of resource selection

analyses is that RSFs inherently assume that
habitat use is a constant function of availability
(Mysterud and Ims 1998). Many studies, how-
ever, have demonstrated biologically relevant
shifts in habitat use and selection with changing
availability (Mysterud and Ims 1998, Hebble-
white and Merrill 2008, Moreau et al. 2012,
Tardy et al. 2014, van Beest et al. 2016), which
was formally characterized as functional res-
ponses in habitat use by Mysterud and Ims
(1998). Evaluating functional responses provides
basic insight into animal behavior as well as facil-
itates predictions concerning how animals might
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alter their behavior when experiencing spatio-
temporal changes in environmental conditions
(McLoughlin et al. 2010). These insights have
strong applied implications as well because ecol-
ogists can inform the direction of landscape-
altering actions, which ultimately change the
availability of resources. Advancing the under-
standing of animal behavior and providing
tangible recommendations to land managers is
essential for animal conservation and the recov-
ery of endangered species (McLoughlin et al.
2010, Moreau et al. 2012). Functional responses
in habitat use can assist both pursuits.

There are many analytical approaches for mod-
eling functional responses. Mysterud and Ims
(1998) initially proposed assessing functional
responses by characterizing how relative habitat
use changed across relative availability, but more
recently studies generally evaluate relationships
between habitat selection and availability (Moreau
et al. 2012, Tardy et al. 2014, van Beest et al.
2016). Inferring behavioral mechanisms, however,
could be difficult when using selection because
habitat selection can decrease with increasing
availability despite an animal’s habitat use remain-
ing constant (see Figs. 1 and 2 in Beyer et al. 2010
and Aarts et al. 2013, respectively). Thus, consis-
tent with the foundational study (Mysterud and
Ims 1998), we focused on habitat use to advance
the application of functional responses as valuable
tools for conservation planning.

In this paper, we characterize an analytical
process to assist applied ecologists in translating
the results from studies of habitat relationships
to on-the-ground conservation. We applied our
approach to Canada lynx (Lynx canadensis) in the
Northern Rocky Mountains (hereafter Northern
Rockies), USA. The Canada lynx is a rare, elu-
sive, and federally threatened forest carnivore in
the contiguous United States (USFWS 2000). The
first step in our process was to characterize habi-
tat use and selection at two spatial scales (second
and third orders) and across seasons (i.e., winter
and summer) by summarizing habitat use and
availability (i.e., outside a RSF framework). This
allowed us to assess spatio-temporal differences
in habitat use, availability, and selection sepa-
rately rather than relying only on selection coeffi-
cients derived from a RSF, which are conditioned
on the definition of availability. Next, under the
motivation of parsimony and prediction, we built

RSFs at the second and third orders to (1) evalu-
ate multivariate resource selection and (2) pro-
vide single-scale and scale-integrated (DeCesare
et al. 2012) predictions of Canada lynx habitat.
These spatial predictions represent the habitat
maps that are useful for land managers when
making decisions. Lastly, we formally challenged
the assumption of constant habitat use by imple-
menting a novel approach for assessing func-
tional responses (see Methods: Functional response
analysis). Our technique for evaluating and visu-
ally displaying functional responses facilitated
resource-specific insight concerning how Canada
lynx altered their behavior with changing avail-
ability, which consequently generated concrete
suggestions for land managers. More broadly,
our collective analytical process illustrated a
multi-step approach to achieve a common
motivation in applied ecology, which is to (1)
advance the understanding of animal–habitat
relationships and (2) develop spatial predictions
of habitat.

METHODS

Study area
This study took place in the Northern Rockies

of northwestern Montana, USA, within the
known distribution of Canada lynx (e.g., Squires
et al. 2013; Fig. 1). This area covers approxi-
mately 3.6 million ha, follows natural topo-
graphic and vegetative boundaries, and is mostly
composed of public lands (i.e., ~80%) with tribal
and private lands making up the remaining.
Across this gradient in ownership, there are
differing levels of human use and resource
extraction permitted; for instance, multiple
wilderness areas and Glacier National Park occur
within our study area. In addition, this area is
ecologically unique within the contiguous United
States in that the carnivore community remains
intact (e.g., grizzly and black bears [Ursus arctos
and Ursus americanus, respectively], cougars
[Puma concolor], gray wolves [Canis lupus],
wolverines [Gulo gulo], coyotes [Canis latrans],
bobcats [Lynx rufus], and Canada lynx are all pre-
sent). Moreover, our study area exhibits a diver-
sity of forest structure types and species
compositions (i.e., mostly mixed-conifer stands
across structure stages; Appendix S1) and ranges
from 220 to nearly 3400 m in elevation capturing
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a gradient in snow depths (elevation-snow depth
r = 0.72). The mixed-conifer forests within our
study area were mostly composed of ponderosa
pine (Pinus ponderosa) and Douglas-fir (Pseudot-
suga menziesii) in lower elevations, and lodgepole
pine (Pinus contorta), western larch (Larix occiden-
talis), subalpine fir (Abies lasiocarpa), and Engel-
mann spruce (Picea engelmannii) at higher
elevations. Forest structure types range from
stand initiation stages to mature stands.

Canada lynx spatial data and sampling
framework

Between 1998 and 2015, we captured Canada
lynx during winter using a combination of box
(Kolbe et al. 2003) and foothold traps as well as
foot snares, all of which were approved by the
Institutional Animal Care and Use Committee
(University of Montana IACUC permits 4–2008
and TE053737–1). Animals were fitted with very
high frequency (VHF) radio-collars (Advanced
Telemetry Systems, Isanti, Minnesota, USA), some
of which also included Argos platform transmitter
terminals (Sirtrack, Havelock North, New Zeal-
and) or store-on-board GPS units (Lotek Wireless,
Newmarket, Ontario, Canada). We located indi-
viduals with VHF collars every 1–2 weeks using

aerial telemetry, and we programmed GPS collars
to collect a location every 30 min for 24 h every
other day for 6–8 months. For animals with Argos
collars, we attempted to acquire a location twice a
day for the lifetime of the collar. We only used
Argos locations of classes 1, 2, and 3 (i.e., 20% of
total), which have reported precisions of 500–
1500 m, 250–500 m, and <250 m, respectively
(CLS America 2011). Spatial accuracy of VHF and
GPS locations averaged 27–45 m (VHF) and 30 m
(GPS) as reported by Squires et al. (2010, 2013),
respectively, and GPS collars successfully col-
lected locations in 86% of attempts.
We ensured all lynx exhibited space use consis-

tent with an established home range (e.g., a cen-
tral location of use) and removed animals with
<20 locations. We performed further screening
within our GPS data because we only used GPS
locations for our fine-scale models of resource
selection (i.e., third order of selection; Johnson
1980). We removed animals with <3 weeks of
GPS data, as well as implemented the methods
of Bjørneraas et al. (2010) to remove 187 error-
induced spikes (~0.1% of the data). After these
filtering procedures, our total dataset consisted
of 166,064 locations (median = 1887 locations/in-
dividual, range = 20–7714 locations/individual)
for 86 unique individuals (38 females, 48 males).
These data were unevenly distributed across
Argos (four individuals, 547 locations), VHF (16
individuals, 905 locations), and GPS (66 individ-
uals, 164,612 locations) as well as across time
periods (i.e., 2209 locations during 1998–2004,
88,030 locations during 2005–2010, and 75,825
locations during 2011–2015).
We developed RSFs for Canada lynx at the

landscape and home range scale, which corre-
spond to Johnson’s (1980) second and third
orders of selection, respectively. At the second
order, we used our entire dataset to build annual
or multi-annual home ranges (i.e., 95% minimum
convex polygon; MCP) for every individual
(Fig. 1). We used 95% MCPs because our intent
was not to precisely estimate home range sizes,
but rather to capture an approximate home range
at the second order while liberally sampling
availability at the third order (Hebblewhite and
Merrill 2008, Moreau et al. 2012). These 86 home
ranges characterized lynx resource use. We sam-
pled available resources by randomly allocating
1000 circular home ranges across our study area

0 60 120
km

MontanaIdaho

112° W116° W

48° N

46° N

Canada lynx home range
Glacier national park

3363 m

220 m

Fig. 1. Our Canada lynx (Lynx canadensis) study area
in western Montana, USA. The background gradient
indicates elevation (m).
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that were equal in area to the median lynx home
range (55 km2).

At the third order of selection, we used only
our GPS data that we separated into two seasons,
winter (November–March) and summer (April–
October). For each season, we constructed indi-
vidual home ranges (i.e., 95% MCP), which
resulted in 64 and 60 individuals sampled in
winter and summer, respectively. We used indi-
vidual locations within 95% MCPs (winter =
60,036 locations, summer = 96,291 locations) to
sample resource use by Canada lynx (winter:
median = 722 locations/individual, range = 113–
2972; summer: median = 1433 locations/individ-
ual, range = 61–4474). We sampled availability
for each individual by randomly allocating

locations (ratio = 1:1 for used and available loca-
tions) in both winter and summer home ranges.
To build our home ranges for Canada lynx, we
used the adehabitatHR package (Calenge 2006)
in program R (R Core Team 2016) and we used
standard tools in ArcGIS (ESRI 2011) to build our
samples of availability.

Resource variables
We characterized our study area using a tar-

geted suite of biotic and abiotic covariates that
we expected to influence resource use and selec-
tion by Canada lynx (Table 1). We characterized
abiotic characteristics using topographic metrics
including (1) topographic roughness (Jenness
2004), (2) heat load index (McCune and Keon

Table 1. Resource variables used in analyses of habitat use, habitat selection, and functional responses for
Canada lynx (Lynx canadensis) in western Montana, USA.

Variable Units
Base

resolution (m2) Order
Resolution

(m2) Reference

Cover
PICO canopy cover % 30 Both 100, 500 Savage et al. (2015)
PIEN-ABLA canopy cover % 30 Both 250, 250 Savage et al. (2015)
LAOC canopy cover % 30 Both 250, 250 Savage et al. (2015)
PSME canopy cover % 30 Both 100, 100 Savage et al. (2015)
Horizontal cover % 30 Both 250, 250 Holbrook et al. (2017)

Forest structure
Proportion of sparse forest Proportion 30 Both 250, 250 Savage and Lawrence

(2017)
Proportion of stand initiation forest Proportion 30 Both 250, 500 Savage and Lawrence

(2017)
Proportion of advanced regenerating
forest

Proportion 30 Both 500, 250 Savage and Lawrence
(2017)

Proportion of mature forest Proportion 30 Both 100, 100 Savage and Lawrence
(2017)

Climate
Mean snow depth on 1 April
2005–2013†

m 1000 2 — NOHRSC (2004)

Topography
Roughness Index 30 Both 500, 500 Jenness (2004)
Heat load index Index 30 3 250, 250 McCune and Keon

(2002)
Topographic position index Index 30 3 500, 250 Guisan et al. (1999)

Prey
Snowshoe hare occupancy‡ Probability Multi-scale Both NA, NA Holbrook et al. (2017)
Snowshoe hare intensity of use‡ Pellets/Krebs plot Multi-scale Both NA, NA Holbrook et al. (2017)

Notes: AICc, Akaike’s information criterion, corrected for sample sizes; RSF, resource selection function. Covariate codes
PICO, PIEN-ABLA, LAOC, and PSME indicate lodgepole pine (Pinus contorta), Engelmann spruce (Picea engelmannii)–subalpine
fir (Abies lasiocarpa), western larch (Larix occidentalis), and Douglas-fir (Pseudotsuga menziesii), respectively. “Order” indicates
whether the covariate was used for RSFs at the second order (2), third order (3), or both (both). “Resolution” indicates the scale
for a particular covariate that was selected based on lowest AICc during winter (W) and summer (S), respectively, which was
subsequently used in RSFs at the third order.

† Mean snow depth was not included in our third-order RSF models because the resolution (1000 m2) was too coarse.
‡ Snowshoe hare occupancy or intensity of use across multiple scales was not assessed because they were multi-scale com-

posites (Holbrook et al. 2017).
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2002), and (3) topographic position index (Gui-
san et al. 1999). Our heat load index and topo-
graphic position index represented hot-dry to
cool-moist areas and relative concavity or con-
vexity, respectively. We expected Canada lynx to
be associated with cool-moist areas in the context
of concave topographic locations (e.g., basins vs.
ridges; Squires et al. 2008). In addition, we incor-
porated spatially explicit data on snow depth
because Canada lynx are evolutionarily adapted
for success in snowy conditions (Murray and
Boutin 1991), and snow depth and extent are sen-
sitive to changes in temperature (Barnett et al.
2005). We gathered snow depth data from the
Snow Data Assimilation System (SNODAS)
within the National Operational Hydrologic
Remote Sensing Center (NOHRSC 2004). Previ-
ous analyses indicated a strong association
between SNODAS-derived estimates of snow
depth and field measurements in the forested
ecosystems of the Northern Rockies (Clow et al.
2012). We downloaded 1 April snow depth for
2005–2013 and averaged across years to produce
a relatively stable mean estimate for our study
area. At the second order of selection, we
expected a parabolic relationship between snow
depth and Canada lynx resource use because
lynx occupy subalpine environments (vs. high
elevation alpine areas with deeper snow, and
low elevation areas with little snow) in our study
area. All abiotic metrics were calculated within
ArcGIS (ESRI 2011) using standard tools, DEM
Surface Tools for ArcGIS (Jenness 2013), or Geo-
morphometric and Gradient Metrics Toolbox
(Evans et al. 2014).

To characterize forest composition and struc-
ture, we used a set of covariates developed
specifically for the distribution of lynx in the
Northern Rockies. Savage et al. (2015) developed
and independently validated predictions of
canopy cover for five conifer species during 2013:
lodgepole pine, Engelmann spruce, subalpine fir,
western larch, and Douglas-fir. Previous work in
the Northern and Southern Rockies indicated a
positive relationship between Canada lynx and
their primary prey (i.e., snowshoe hare; Lepus
americanus), and spruce-fir habitats (Squires et al.
2010, Berg et al. 2012, Ivan et al. 2014, Holbrook
et al. 2017); thus, we combined our maps of sub-
alpine fir and Engelmann spruce into a spruce-fir
canopy cover map. In addition, Holbrook et al.

(2017) developed and evaluated a map character-
izing horizontal cover during 2013, which is
strongly associated with habitat use and kill site
locations of Canada lynx (Squires et al. 2008,
2010) as well as high densities of snowshoe hares
(Holbrook et al. 2017). We expected a positive
relationship between horizontal cover and habi-
tat use by Canada lynx.
Additionally, we used recently developed

maps characterizing forest structural classes
(Savage and Lawrence 2017). Forest structure
mapping used manual interpretation of National
Agriculture Imaging Program aerial imagery for
reference data to classify 2013 Landsat 8 OLI/
TIRS imagery. Classification was accomplished
by separating structure classes hierarchically by
class similarity and sequentially testing a range
of machine-learning algorithms to determine the
best predicting models. Classification results
were further refined using a time series of forest
structure and applying a series of rules to
improve the accuracy of the final classification.
Overall classification accuracy for the forest
structure map was 80%, with most error occur-
ring between open stands and other sparse
stands. Thus, structural classes used for our anal-
ysis included (1) sparse forests, (2) stand initia-
tion, (3) advanced regeneration, and (4) mature
forests (see Table 2 and Appendix S1).
To further validate and define these predicted

classes of forest structure, we performed an inde-
pendent assessment with field-derived data. We
used subplot (~170 m2) data for 574 locations col-
lected by the United States Forest Service’s Forest
Inventory and Analysis (FIA) program during
2005–2012. We spatially overlapped these field
data with predicted structural classes and calcu-
lated median values of structural metrics includ-
ing basal area-weighted diameter at breast height
(dbh), canopy cover, tree density, and tree height
(Table 2; Appendix S1). This validation provided
two functions: (1) a biological assessment of our
structural classes at our study area extent
(Appendix S1: Fig. S1) and (2) an important cross-
walk to land managers tasked with managing
forests and lynx habitat (Table 2; Appendix S1:
Fig. S2). Results from this assessment confirmed
that structure classes represented distinct forest
conditions and that they captured gradients we
expected to be important to Canada lynx (e.g.,
tree size, canopy cover, stem density). Based on
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previous analyses of habitat selection and fitness–
habitat relationships (Squires et al. 2008, 2010,
McCann and Moen 2011, Simons-Legaard et al.
2013, Kosterman 2014), we expected a positive
association between Canada lynx and structural
classes exhibiting dense trees and closed canopies
(e.g., mature and advanced regeneration). In con-
trast, we expected a negative effect of the open
classes (e.g., sparse and stand initiation) on lynx
habitat use and selection. Given the strong associ-
ation between lynx and forest structure, we
expected to observe behavioral shifts in habitat
use by lynx with changing availabilities of forest
structure (i.e., functional responses).

Finally, we developed maps of predicted snow-
shoe hare occupancy (classification error = 25%)

and intensity of use (root-mean-square error =
4.22) across the distribution of lynx in the North-
ern Rockies (Holbrook et al. 2017). These maps
characterized a composite for dense forests with
high horizontal cover that occurred in intermedi-
ate snow depths (see Holbrook et al. 2017 for
additional details). We used these data within our
analytical process to characterize potential prey
resources for Canada lynx. We expected a positive
effect of these metrics on lynx habitat use and pre-
dicted that snowshoe hare occupancy would
likely be a parsimonious predictor for mapping
habitat of Canada lynx. In addition, we expected
to observe a functional response in habitat use for
both snowshoe hare occupancy and intensity of
use (i.e., more disproportionate use at low values

Table 2. Descriptions of forest structure classes using metrics from the USDA Forest Service Forest Inventory
and Analysis program within modeled structure classes in Canada lynx (Lynx canadensis) habitat as defined by
our RSF (i.e., score of 6–10 from our winter scale-integrated model) in western Montana, USA.

Structural class General description

Sparse Mixed-conifer stands (Appendix S1) that are sparsely stocked (naturally) or mechanically thinned, which
tend to be younger (i.e., ~10–20 yr old) but can occur at any age. Sparse stands exhibited a median basal
area-weighted dbh of 6 inches or 16 cm (IQR = 0–11 inches or 0–27 cm), 28% canopy cover (IQR = 8–49%),
and a median estimated tree height of 34 ft or 10 m (IQR = 1–52 ft or 0.31–16 m). Median basal area of
sparse stands was 40 ft2/acre or 9 m2/ha (IQR = 1–101 ft2/acre or 0.23–23 m2/ha), while tree density for
trees larger than 5 inches (12.7 cm) was 48 trees/acre or 119 trees/ha (IQR = 0–144 trees/acre or
0–357 trees/ha). Tree density for trees <5 inches (12.7 cm) was 900 trees/acre or 2223 trees/ha
(IQR = 0–3000 trees/acre or 0–7410 trees/ha)

Stand
initiation

Stands that have few trees and an open canopy, and are a result of recent (e.g., ≤5 yr) disturbance (forest
harvest or severe fire). Stand initiation exhibited a median basal area-weighted dbh of 0 inches and cm
(IQR = 0–8 inches or 0–20 cm), 8% canopy cover (IQR = 0–36%), and a median estimated tree height of
1 foot or 0.31 m (IQR = 0–50 ft or 0–16 m). Median basal area of stand initiation was 0 ft2/acre or
0 m2/ha (IQR = 0–55 ft2/acre or 0–13 m2/ha), while tree density for trees larger than 5 inches (12.7 cm) was
0 trees/acre and trees/ha (IQR = 0–75 trees/acre or 0–186 trees/ha). Tree density for trees <5 inches
(12.7 cm) was 0 trees/acre and trees/ha (IQR = 0–2249 trees/acre or 0–5557 trees/ha)

Advanced
regeneration

Early–mid-seral stands of age ~25–40 yr with a mixed species composition, but spruce-fir tends to occur the
most frequently (Appendix S1). Advanced regeneration exhibited a median basal area-weighted dbh of
8 inches or 20 cm (IQR = 5–10 inches or 14–27 cm); however, of the 51 plots examined 70% of them were
classified at size classes between 5 and 15 inches (12.7–38 cm). Advanced regeneration exhibited median
canopy cover of 45% (IQR = 30–70%), median tree height of 51 ft or 16 m (IQR = 34–64 ft or 10–20 m), and
median basal area of 89 ft2/acre or 20 m2/ha (IQR = 39–124 ft2/acre or 9–28 m2/ha). Tree density for trees
larger than 5 inches (12.7 cm) was 167 trees/acre or 416 trees/ha (IQR = 72–289 trees/acre or
178–714 trees/ha). Tree density for trees <5 inches (12.7 cm) was 900 trees/acre or 2223 trees/ha
(IQR = 150–2549 trees/acre or 370–6298 trees/ha)

Mature Mid-seral stands of age ≥40 yr arranged in a multi-storied structure with a mixed species composition, but
spruce-fir tends to occur twice as much as any other species (Appendix S1). Mature exhibited a median
basal area-weighted dbh of 10 inches or 25 cm (IQR = 7–14 inches or 18–35 cm). However, of the 194 plots
examined 45% were classified at size classes between 5 and 10 inches (12.7–25.4 cm), 25% at size classes
between 10 and 15 inches (25.4–38 cm), and 21% of them were classified at size classes between 15 and
25 inches (38–64 cm). Mature exhibited median canopy cover of 56% (IQR = 40–70%), median tree height
of 65 ft or 20 m (IQR = 53–88 ft or 16–27 m), and median basal area of 140 ft2/acre or 32 m2/ha
(IQR = 91–209 ft2/acre or 21–48 m2/ha). Tree density for trees larger than 5 inches (12.7 cm) was
217 trees/acre or 535 trees/ha (IQR = 144–331 trees/acre or 357–818 trees/ha). Tree density for trees
<5 inches (12.7 cm) was 1500 trees/acre or 3705 trees/ha (IQR = 300–4200 trees/acre or 741–10,374 trees/ha)

Notes: RSF, resource selection function. Forest inventory data were collected during 2005–2012, and the total sample size
was 366 subplots (subplots = ~170 m2), which included 194, 51, 34, and 87 classified as mature, advanced regeneration, stand
initiation, and sparse, respectively. English and metric units are presented. Abbreviations IQR and dbh indicate the interquartile
range and diameter at breast height, respectively. The calculation for basal area-weighted dbh was as follows: Ʃ(tree basal
area 9 dbh)/total basal area.
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of availability vs. high values) because of the
strong predator–prey relationship between
Canada lynx and snowshoe hares.

Summarizing habitat use, availability, and
selection

We sampled and analyzed our resource vari-
ables differently at the second and third orders
for our initial assessment of habitat use and
selection. We calculated the mean value of
covariates (see Table 1 for covariates used)
within used (n = 86) and available (n = 1000)
home ranges at the second order using the
Geospatial Modelling Environment (Beyer 2012).
At the third order, we attributed covariate values
(Table 1) for used and available locations at the
100 m2 resolution using standard tools in ArcGIS
(ESRI 2011). We then calculated the mean of
covariates at used and available locations for
every lynx and subsequently averaged across
animals (n = 64 for winter and 60 for summer) to
estimate mean (�95% confidence intervals [CIs])
use and availability. To calculate means and 95%
CIs, we used the package Rmisc (Hope 2013) in
program R (R Core Team 2016).

Development of RSF models
We then built RSFs at the second and third

orders using fixed- and mixed-effects logistic
regression (e.g., logit link) software, respectively,
to understand multivariate resource selection by
Canada lynx as well as develop spatial predictions
of lynx habitat. We used a fixed-effects model at
the second order because our design was not at
the individual level; that is, we assessed differ-
ences in use and availability across home ranges of
lynx. We weighted available : used observations
in our second-order RSF at 0.086:1 to balance sam-
ple sizes between used and available home ranges
that was reflective of our 86 lynx. Our second-
order model took the structure:

wðxÞ ¼ expðb1x1 þ b2x2 þ � � � þ bixiÞ (1)

where bi is the RSF coefficient for covariate i, xi is
the vector of covariate i, and w(x) is the predicted
relative probability of use (Boyce et al. 2002).

We built third-order RSFs (i.e., random inter-
cept for lynx) at the seasonal home range level
during winter and summer. We used a mixed-
effects model at the third order because our

design was at the individual level, whereby the
random effect accounted for (1) unbalanced
sampling among lynx and (2) repeated measures
(i.e., locations) within lynx (Gillies et al. 2006).
Our general third-order RSF structure was as
follows:

wðxÞ ¼ expðb1x1j þ b2x2j þ � � � þ bixij þ c0jÞ (2)

where bi is the population-level (i.e., marginal)
RSF coefficient for covariate i, xij is the vector of
covariate i for individual j, c0j is the random
intercept associated with the jth animal, and w(x)
is the same as in Eq. 1. For both our second- and
third-order RSF, we standardized covariates (i.e.,
ðxi � �xÞ=SD) and assessed support for quadratic
terms to allow for curvilinear relationships. We
observed quadratic effects for only mean snow
depth and proportion of advanced regeneration
forest in our second-order and our summer
third-order RSFs, respectively. In addition, we
implemented preliminary analyses to identify
the most predictive scale (i.e., 100, 250, and
500 m2; see Table 1) for each covariate included
in our third-order RSFs. We then assessed
collinearity among all covariates among the suite
being considered at both scales (Table 1) and
removed those that were contributing to high
correlations (|r| > 0.60; Appendix S2). When two
covariates were correlated, we selected the
covariate that was predicted to be more closely
associated with Canada lynx ecology based on
previous work.
With our set of reduced covariates and curvilin-

ear relationships, as well as our motivation to
develop parsimonious and predictive RSFs for
habitat mapping, we implemented a model selec-
tion procedure to exhaustively search for the most
predictive RSF using Akaike’s information crite-
rion, corrected for sample sizes (AICc; Hebble-
white et al. 2014). We developed a global model
for both our second- and third-order RSFs and
evaluated all potential subsets. However, because
of issues with computational time for our mixed-
effects RSFs, we initially searched all potential
subsets using only fixed effects at the third order.
We then selected the top 100 models, introduced
the random intercept for individual lynx (i.e.,
Eq. 2), and selected the top model based on AICc.
For all RSF modeling, when several nested mod-
els received similar support (ΔAICc < 2), we
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applied the principle of parsimony and selected
the model containing the fewest parameters
(Burnham and Anderson 2002). To assess the rela-
tive importance of each covariate (i.e., could be a
linear or quadratic relationship) in our top mod-
els, we iteratively removed each covariate and
documented the ΔAICc.

We evaluated the robustness of our second-
and third-order RSFs using k-fold cross-
validation (Boyce et al. 2002). We used two-fold
and 10-fold cross-validation for our second- and
third-order RSFs, respectively, by randomly divid-
ing the number of lynx home ranges or locations
into k-subsets of equal size and re-estimating the
b coefficients of our best model. We then gener-
ated predicted values for the available sample at
the appropriate order of selection from each sub-
set, merged them into 10 equal-area bins charac-
terizing low to high relative probability of use,
and used Spearman rank correlations (rS) to assess
the association between the bins and the mean
(i.e., across folds) frequency of home ranges or
locations within each bin. A strong Spearman
rank correlation coefficient indicates a robust
model (Boyce et al. 2002). For all RSF modeling,
we used the lme4 (Bates et al. 2015), MuMIn (Bar-
ton 2015), and AICcmodavg (Mazerolle 2016)
package in program R (R Core Team 2016).

Habitat mapping and validation across
the study area

By sampling home ranges and locations at the
second and third orders, respectively, we pre-
served the conditional nature of habitat selection
(sensu Johnson 1980), which allowed us to com-
bine our predictions into scale-integrated habitat
maps (DeCesare et al. 2012). We generated popu-
lation-level RSFs at the second and third orders
and across two seasons (winter and summer).
We used the population-level b coefficients
from Eqs. 1 and 2 to map the relative probability
of use (w(x)) for Canada lynx across our study
area (i.e., second order) at a 30 m2 resolution,
which generated five habitat maps. Because we
summarized our resource variables to used and
available home ranges for our second-order anal-
ysis, we averaged our second-order predictions
using a neighborhood equal to the median
home range size for our lynx (55 km2). To gener-
ate our scale-integrated habitat maps, we multi-
plied our second-order derived map by our two

third-order derived maps, which characterized
the scale-integrated relative probability of use for
Canada lynx during winter and summer. The
scale-integrated maps integrate habitat relation-
ships from the second and third orders into a
single map, which has been demonstrated to be
more predictive of habitat use than a single-order
map (DeCesare et al. 2012). For all five maps, we
sampled the predicted values using 100,000 ran-
dom locations to characterize the distribution of
predictions and reclassified the predicted values
into 10 ordinal categories of equal area (i.e., using
quantiles), which characterized low (i.e., 1) to
high (i.e., 10) relative probability of use for
Canada lynx.
To evaluate the ability of our probability maps

(i.e., habitat maps) to predict frequency of use by
lynx and inform conservation planning, we used
1919 lynx validation locations that were withheld
from our primary analyses. Of the 1919 locations,
920 were collected during the winter (from 20
individuals) and 999 were collected during the
summer (from 22 individuals). These locations
were generally collected during years (i.e.,
75% ≤ 2005) and via platforms (i.e., 75% via
Argos and VHF) that were independent of our
training data, which were primarily collected via
the GPS platform (99%) and after 2005 (82%). We
assessed how the relative frequency of use mea-
sured by Canada lynx locations correlated (i.e.,
using Spearman rank correlation coefficients;
Boyce et al. 2002) with our predicted categories
of relative probability of use. This assessment
was different than the k-fold cross-validation
aforementioned in that it (1) used independent
lynx locations (vs. subsets of the training data),
(2) was applied only at the study area level
(k-fold was at both the second- and third-order
domains of availability) and (3) provided a
model assessment that we believed was most
relevant to conservation planning.
Finally, we developed an approach to empiri-

cally identify a binary cut-point for our continu-
ous habitat maps indicating low and high
probability of use by Canada lynx as a tool for
conservation planning. We applied the concept
of Boyce et al. (2002), but rather than assessing
the relationship between our equal-area bins and
the frequency of use, we assessed how the cumu-
lative percentage of use was distributed across
our bins. In other words, we assessed how many
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equal-area bins (i.e., 1–10) were needed to cap-
ture a given percentage (e.g., 90%) of Canada
lynx use. Not only did this provide a cut-point
for deciding low and high probability of use that
is central to conservation planning, but it also
provided a simple means of assessing the relative
mapping efficiency of each study area habitat
map. In our case, the map that captures 90% of
lynx use with the fewest number of bins indicates
the most efficient map, that is, capturing the
most use for the smallest amount of area. We
used standard tools in ArcGIS (ESRI 2011) and
program R (R Core Team 2016) for habitat map-
ping and assessment.

Functional response analysis
Our approach to modeling functional responses

was a composite from previous studies in that we
first characterized habitat use and availability for
each individual by calculating a mean value (simi-
lar to Hansen et al. 2009, Matthiopoulos et al.
2011, Laforge et al. 2016) for all biotic covariates.
We focused on biotic covariates because land
managers could presumably change their avail-
abilities (vs. abiotic covariates such as slope, ele-
vation, or aspect). We then built linear, second-
degree polynomial, and third-degree polynomial
models (e.g., Pellerin et al. 2010) to test for func-
tional responses in absolute habitat use for male
and female lynx:

y1ij ¼ b0j þ b1jða1ijÞ (3)

y1ij ¼ b0j þ b1jða1ijÞ þ b2jða1ij2Þ (4)

y1ij ¼ b0j þ b1jða1ijÞ þ b2jða1ij2Þ þ b3jða1ij3Þ (5)

where y1ij = predicted value of covariate 1 at used
areas for lynx i during season j, b0j = y-intercept
for lynx during season j, b1–3 = regression coeffi-
cients for lynx during season j, and a1ij = mean
values of covariate 1 at available locations for lynx
i during season j. We assessed the relative fit of
each model to our data using a likelihood-ratio
test (a ≤ 0.05), wherein we retained lower order
polynomials when testing for higher order poly-
nomials. We used standard diagnostics (e.g.,
residual plots) to evaluate the appropriateness of
our most supported model. Support for a curvilin-
ear model (i.e., Eqs. 4 or 5) indicated a functional
response in habitat use, which we could then

assess by plotting the relationships and associated
90% CIs. As mentioned in Mysterud and Ims
(1998), disproportionate habitat use can occur in
some parts of the range of availability and not in
others. If a linear model was supported (i.e.,
Eq. 3), statistical deviations from proportional
habitat use (proportional use: b0 = 0, b1 = 1) indi-
cated additive use and consistent selection
(b0 > 0, b1 = 1), additive use and consistent
avoidance (b0 < 0, b1 = 1), or a functional
response (b1 6¼ 1). Other combinations of b0 and
b1 provide additional insights as well; for
instance, increasing or decreasing habitat use (i.e.,
b0 ≥ 0, b1 > 1 and b0 ≤ 0, b1 < 1, respectively)
relative to random expectation.
We applied our approach to assess how habitat

use by Canada lynx might change in the face of
changing environments (i.e., changing availabili-
ties). This analysis occurred at the third order of
selection, and we separated the data by season
(winter and summer) and sex (females and
males). Preliminary plotting of the data indicated
a substantial outlier and influential observation,
which we elected to remove for subsequent analy-
sis (i.e., female 174). We focused our analysis on
the following covariates: species-specific estimates
of canopy cover, estimated horizontal cover, pro-
portion of forest structural classes, and predicted
snowshoe hare occupancy and intensity of use
(see Table 1 for variable descriptions). We
conducted all analyses of functional responses in
program R (R Core Team 2016).

RESULTS

Habitat use, availability, and selection
Canada lynx demonstrated use of mixed-

conifer forests and a mosaic of forest structural
stages (Fig. 2), suggesting use of predominately
mid-late seral conditions. Within this context,
lynx selected (i.e., use greater than availability
in Fig. 2) canopies composed of spruce-fir and
lodgepole pine, but spruce-fir was used more than
any other species (Fig. 2). In terms of forest struc-
ture, lynx selected mature and advanced regener-
ating forest, but mature forest was used twice as
much as any other forest structure class (Fig. 2).
The mature class was composed of early to mid-
seral forests that included a diversity of tree sizes
(e.g., 45% were 12.7–25.4 cm in diameter, 25%
were 25.4–38 cm, and 21% were 38–64 cm; see
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Table 2 for all forest metrics). Sparse forest and
stand initiation were generally avoided (Fig. 2).

Furthermore, lynx exhibited spatial and sea-
sonal variation in resource selection for specific
variables related to forest composition and struc-
ture. Lynx used about the same amount of lodge-
pole pine and Douglas-fir canopy cover, but
lodgepole pine was strongly selected at the sec-
ond order (Fig. 2; Appendix S3: Table S1).

Canopy cover of western larch, however, was
used the least by lynx and was generally used in
proportion to availability across scales and sea-
sons (Fig. 2). Moreover, sparse forest was used
less than mature forest but more than advanced
regenerating forest at the second order (Fig. 2;
Appendix S3: Table S1). However, sparse forest
was avoided by lynx at the second order as well
as at the third order during winter (Fig. 2;

C D

A B

Fig. 2. Mean (�95% confidence intervals) canopy cover by species and proportion of forest structural classes at
the second order (A, B) and third order (C, D) of selection for Canada lynx (Lynx canadensis) in western Montana,
USA. Covariate codes PICO, PIEN, ABLA, LAOC, and PSME indicate lodgepole pine (Pinus contorta), Engel-
mann spruce (Picea engelmannii), subalpine fir (Abies lasiocarpa), western larch (Larix occidentalis), and Douglas-fir
(Pseudotsuga menziesii), respectively. In addition, Adv Regen and Stand Init indicate advanced regenerating and
stand initiation forest structures, respectively.
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Appendix S3). Advanced regenerating forest and
sparse forest were used similarly by lynx at the
third order, but advanced regenerating forest was
strongly selected by lynx across scales and sea-
sons (Fig. 2; Appendix S3). Stand initiation was
used the least by lynx across seasons and scales
and was avoided at the second order and the
third order during winter (Fig. 2; Appendix S3).

Canada lynx exhibited additional patterns of
selection that were generally consistent with our
expectations. Lynx selected higher values of hori-
zontal cover at the second order, and higher
snowshoe hare occupancy and intensity of use at
both the second and third orders (Appendix S3).
At the second order, lynx selected deeper snow,
but avoided areas of high topographic rough-
ness (Appendix S3: Table S1). Finally, lynx
selected basins at the third order during winter
(Appendix S3: Table S2).

RSF models
Resource variables within our most predictive

and parsimonious RSF models varied based on
scale and season. At the second order, our top
model contained only three covariates, which
included a quadratic relationship with snow
depth and a positive effect of snowshoe hare
occupancy and canopy cover of lodgepole pine
(Table 3). The next four models included one
additional parameter and exhibited a DAICc value
of 1.94–2.12 (i.e., they were penalized the maxi-
mum AIC can allow for the addition of one
parameter), indicating no model uncertainty asso-
ciated with our second-order RSF. Spearman rank
correlations from our two-fold cross-validation
indicated a robust model (rS = 0.91, P < 0.001).

At the third order during winter, our most
parsimonious model included 11 covariates
indicating relative probability of use was posi-
tively related to canopy cover (across species:
lodgepole pine, spruce-fir, western larch, and
Douglas-fir), advanced regeneration and mature
forests, valley bottoms or basins, and snowshoe
hare occupancy (Table 4). We observed negative
effects of stand initiation and rough topographies
exposed to high heat loads (Table 4). The next
closest model (i.e., DAICc = 1.96) included all the
same variables along with intensity of use by
snowshoe hares; thus, we selected the reduced
model (i.e., model without intensity of use by
snowshoe hares) as our top RSF for winter. The
remaining models within our candidate set were
≥15 DAICc values from our top model, indicating
substantial support for our selected model.
Spearman rank correlations from the 10-fold
cross-validation indicated our model was robust
(rS = 1, P < 0.001).
Finally, our most parsimonious model at the

third order during summer also included 11
covariates, but the patterns were different than in
our winter model. The relative probability of use
was positively related to canopy cover of lodge-
pole pine, spruce-fir, and Douglas-fir, as well as
occupancy and intensity of use by snowshoe
hares (Table 4). However, we documented a neg-
ative effect associated with canopy cover of west-
ern larch, proportion of mature forest and stand
initiation, and rough topographies exposed to
high heat loads. We also observed a quadratic
relationship (i.e., probability of use was highest
at mid-ranges) with advanced regenerating for-
est. The next closest model (DAICc = 1.80)
included an additional parameter (i.e., pretend-
ing variable; Anderson 2008), and the remaining
models exhibited a DAICc ≥ 20, collectively indi-
cating substantial support for the selection of our
top model. Spearman rank correlations from the
10-fold cross-validation indicated a robust model
(rS = 1, P < 0.001).

Habitat mapping and validation
We used the RSF coefficients from our predic-

tive and parsimonious models (Tables 3, 4), and
the appropriately scaled covariates (Table 1), to
develop three habitat maps across our study area
(Fig. 3). We then integrated these study area-level
predictions from our second- and third-order

Table 3. Standardized regression coefficients, standard
errors (SE), and P values for our most parsimonious
resource selection function for Canada lynx (Lynx
canadensis) in western Montana, USA, at the second
order of selection.

Covariate b SE DAICc P

PICO canopy cover 0.63 0.20 4.74 0.002
Snowshoe hare occupancy 1.05 0.26 7.56 <0.001
Snow depth 2.22 0.52 24.23 <0.001
Snow depth2 �2.18 0.53 <0.001

Notes: AICc, Akaike’s information criterion, corrected for
sample sizes. The DAICc indicates relative weight of each
covariate. Covariate code PICO indicates lodgepole pine
(Pinus contorta).
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RSFs to provide two additional scale-integrated
habitat maps (one each for winter and summer;
Fig. 3). Our validation indicated that our models
strongly predicted the frequency of lynx use as
measured by independent lynx locations: second-
order derived map rS = 0.94, P < 0.001, third-
order (winter) derived map rS = 0.85, P = 0.003,
third-order (summer) derived map rS = 0.87,
P = 0.003, winter scale-integrated rS = 0.94, P <
0.001, and summer scale-integrated rS = 0.99, P <
0.001. However, as expected, our second-order
and scale-integrated predictions were the most
efficient at characterizing lynx use across our
study area (Fig. 4). That is, only 4 and 5 equal-area
bins were required to capture 90% of our withheld
lynx locations during winter and summer using
our scale-integrated and second-order maps,
respectively, as compared to 6–7 bins using maps
derived from third-order coefficients (Fig. 4).

Functional responses
Our assessment of functional responses in habi-

tat use provided novel insights concerning lynx
habitat ecology and thus was an essential compo-
nent of our analytical process. For instance, we
demonstrated that female lynx during the winter
not only avoided stand initiation and sparse for-
est, but that use decreased (relative to random) as
stand initiation (gradient = ~0.2–22%) and sparse

forest (gradient = ~10–52%) became more avail-
able (Fig. 5, Table 5). In contrast, females exhib-
ited additive use and consistent selection of
advanced regenerating forest across the range of
availability (~10–40%; Fig. 5, Table 5). Mature
forest was used in proportion to its availability
(~16–75%; Fig. 5, Table 5), although 66% of female
home ranges contained ≥50% mature forest.
Together, these results demonstrated that female
lynx occupy home ranges of mostly mature forest
during the winter, and within that context they
reduce their use of open structure classes, but
additively use advanced regeneration as these
structures become more available.
We discovered additional functional responses

in habitat use concerning forest structural stages,
which in some cases differed by sex. Male lynx
exhibited a positive functional response for advan-
ced regenerating forest in that habitat use incre-
ased (relative to random) as availability increased
during winter and summer (Fig. 6, Table 6). Male
and female lynx exhibited decreasing habitat use
(relative to random) with increasing stand initia-
tion, and the response appeared to be stronger for
females (Fig. 6, Tables 5, 6). This response also
indicated that habitat use of stand initiation pla-
teaued at low availabilities and remained similar
as the availability increased. Lastly, males during
winter demonstrated decreasing habitat use

Table 4. Standardized marginal coefficients, standard errors (SE), and P values from our most parsimonious
mixed-effects resource selection function for Canada lynx (Lynx canadensis) during winter (November–March)
and summer (April–October) in western Montana, USA, at the third order of selection.

Covariate

Winter (n = 64 lynx) Summer (n = 60 lynx)

b SE DAICc P b SE DAICc P

PICO canopy cover 0.04 0.01 20.70 <0.001 0.03 0.01 20.20 0.001
PIEN-ABLA canopy cover 0.18 0.01 285.90 <0.001 0.07 0.01 63.00 <0.001
LAOC canopy cover 0.03 0.01 15.30 <0.001 �0.07 0.01 106.70 <0.001
PSME canopy cover 0.27 0.01 988.8 <0.001 0.16 0.01 519.30 <0.001
Proportion stand initiation �0.07 0.01 81.00 <0.001 �0.06 0.01 118.80 <0.001
Proportion advanced regeneration 0.41 0.01 1953.80 <0.001 0.48 0.01 2396.30 <0.001
Proportion advanced regeneration2 – – – – �0.15 0.01 <0.001
Proportion mature 0.07 0.01 57.40 <0.001 �0.05 0.01 42.40 <0.001
Topographic roughness �0.18 0.01 417.60 <0.001 �0.14 0.01 397.70 <0.001
Heat load index �0.05 0.01 51.40 <0.001 �0.07 0.01 168.40 <0.001
Topographic position index �0.13 0.01 421.50 <0.001 – – – –
Probability of snowshoe hare occupancy 0.21 0.01 702.10 <0.001 0.11 0.01 231.60 <0.001
Intensity of use by snowshoe hares – – – – 0.07 0.01 109.50 <0.001

Notes: AICc, Akaike’s information criterion, corrected for sample sizes. The DAICc indicates relative weight of each covariate.
Covariate codes PICO, PIEN, ABLA, LAOC, and PSME indicate lodgepole pine (Pinus contorta), Engelmann spruce (Picea engel-
mannii), subalpine fir (Abies lasiocarpa), western larch (Larix occidentalis), and Douglas-fir (Pseudotsuga menziesii), respectively.

 ❖ www.esajournals.org 13 September 2017 ❖ Volume 8(9) ❖ Article e01939

HOLBROOK ET AL.



A

Summer

Summer

B

C

Winter

Winter

km
0 50 100

Fig. 3. Predicted probability of use for Canada lynx (Lynx canadensis) in western Montana, USA. These maps
were generated from our top resource selection functions at the second order (A) and third order (B) of selection.
Lynx home ranges are highlighted on our second-order map (hashed polygons in A). We then integrated these
maps to develop scale-integrated predictions of use by Canada lynx (C).
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(relative to random) of sparse and mature forest,
respectively (Fig. 6, Table 6).

Finally, lynx exhibited functional responses in
habitat use for predicted snowshoe hare habitat
as well as vegetation cover. We observed a strong
functional response for snowshoe hare occu-
pancy and intensity of use for both sexes and
across seasons (Fig. 7, Tables 5, 6). This indicated
that habitat selection by lynx was strongest at
low snowshoe hare availability and that selection
decreased in strength as snowshoe hare availabil-
ity increased (Fig. 7). In addition, females during
winter demonstrated avoidance of Douglas-fir
canopy cover at low availabilities but propor-
tional use at higher availabilities (Table 5;
Appendix S4). Males exhibited increasing habitat
use with increasing availability of canopy cover
of Douglas-fir during both seasons (Table 6;
Appendix S4), as well as with increasing canopy
cover of spruce-fir (although a slight decrease
toward the maximum value) during winter and

lodgepole pine during summer (Table 6;
Appendix S4). Males also demonstrated additive
use (and consistent selection) for spruce-fir
canopy cover and horizontal cover during the
summer, as well as canopy cover of western larch
during the winter (Table 6). All other relation-
ships indicated proportional habitat use across
sexes and seasons.

DISCUSSION

Translating the advancement of animal–habitat
relationships to on-the-ground conservation is
difficult and requires an integrated analytical
framework. Here, we provided a process that
merged the research motivation of understand-
ing and prediction, as well as embraced the intri-
cacies of exploring animal–habitat relationships.
By examining habitat use, availability, selection,
and functional responses, we were able to
improve the current understanding of Canada

A B

Fig. 4. Cumulative percent of withheld Canada lynx (Lynx canadensis) locations across our predicted probabili-
ties of lynx use in western Montana, USA, using our second- and third-order, as well as scale-integrated, resource
selection function (RSF) during winter (A; November–March) and summer (B; April–October). The x-axis repre-
sents 10 equal-area RSF scores ranging from high to low. The intersection of the “second,” “third,” and “scale-
integrated” curves and the horizontal line indicate the RSF score that was required to capture 90% of lynx use.
Because the RSF scores are of equal area (Boyce et al. 2002), these figures also illustrated that the scale-integrated
RSF mapped more efficiently during winter (A) because it captured the same percent of lynx use over a reduced
area (i.e., lower number of equal-area bins). The intersection of the vertical and horizontal lines illustrates an
example of where managers could determine habitat vs. non-habitat using an empirically derived threshold from
the mapped predictions.
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lynx–habitat relationships while also providing
maps predictive of lynx use. If we had not imple-
mented all parts of our approach, we might have
developed incomplete understandings of lynx–
habitat relationships, which would result in
incomplete conservation recommendations at
best and misleading recommendations at worst.
We illustrate this by presenting the following
two examples.

We demonstrated that considering multi-scale
habitat use and selection is essential when assess-
ing animal–habitat relationships and developing
conservation recommendations. Canada lynx in
the Northern Rockies use a gradient of forest
structures and compositions (Figs. 2, 3), but they
use more mature, spruce-fir forest than any other
structural stage or species. Contrasting these
results with selection coefficients derived from

A B

C D

Fig. 5. Predicted relationships characterizing functional responses in habitat use by female Canada lynx (Lynx
canadensis) during winter in western Montana, USA, across four forest structural stages. The diagonal line indi-
cates random (i.e., proportional) habitat use. Data points indicate 27 female lynx used to develop predicted rela-
tionships and confidence bounds are 90% confidence intervals. Panels (A) and (B) indicate decreasing use, while
panels (C) and (D) indicate additive use (and consistent selection) and proportional use, respectively. See Table 1
and Appendix S1 for details concerning forest structure classes.
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our most predictive RSFs (i.e., selected based on
parsimony) highlighted the potential issues of
solely relying on top RSFs for understanding
habitat relationships. For instance, neither mature
forest nor spruce-fir canopy cover were included
in our most parsimonious RSF at the second
order, despite the evidence that lynx exhibited
selection for both of these resources (i.e., use
greater than availability in Fig. 2). Moreover, our
RSF models at the third order indicated compara-
tively weak selection for mature forest and
spruce-fir canopy cover (Table 4). In fact, and con-
sistent with previous work (Squires et al. 2010),
lynx exhibited avoidance of mature forest in the
summer (Table 4). Taken alone, our RSFs might
lead one to suggest that Canada lynx are indiffer-
ent to the mature forest structure class (as sug-
gested by others; Mowat and Slough 2003) and
spruce-fir canopies. However, as previously men-
tioned, we demonstrated that mature, spruce-fir
forests were used more by lynx than any other
structure or species (Fig. 2). Because we summa-
rized use and availability separately and across
scales, we were able to highlight that (1) mature
forests and spruce-fir canopies were highly avail-
able across our study area, potentially indicative
of first-order selection processes and (2) it was
indeed selection for mature, spruce-fir forests at

the second order (i.e., Fig. 2) that generated a con-
text of broad availability at the third order. And
by definition, it is difficult to strongly select habi-
tat attributes that are abundant (Beyer et al. 2010,
Kertson and Marzluff 2010). This example illus-
trates that characterizing use and availability
prior to identifying predictive and parsimonious
RSFs is essential for inferring covariate impor-
tance and that scale and availability are central to
interpreting selection (as mentioned in Beyer et al.
2010, Matthiopoulos et al. 2011, Aarts et al. 2013,
Northrup et al. 2013).
In addition, characterizing functional responses

in habitat use allowed us to gain a deeper under-
standing of lynx–habitat relationships and pro-
vide land managers with expected responses
under changing environmental conditions. For
instance, during the winter (i.e., the most con-
straining season for lynx; Squires et al. 2010)
female and male Canada lynx exhibited increas-
ing and additive use, respectively, for advanced
regenerating forest as it became more available
(Fig. 6). In contrast, both sexes demonstrated
decreasing use of stand initiation and sparse for-
est (Fig. 6). Placing these responses within their
respective availability ranges (i.e., x-axis in Fig. 6)
illustrated the magnitude of their effects, as well
as indicated they are occurring within a broader

Table 5. Results from functional response analysis for female Canada lynx (Lynx canadensis) during winter
(November–March) and summer (April–October) in western Montana, USA.

Covariate

Winter (n = 27 lynx) Summer (n = 24 lynx)

b0 (90% CI) b1 (90% CI) R2 b0 (90% CI) b1 (90% CI) R2

PICO canopy cover 0.61 (�0.53 to 1.76) 0.99 (0.89–1.08) 0.92 0.62 (�0.32 to 1.56) 0.95 (0.87–1.03) 0.95
PIEN-ABLA canopy cover 0.66 (�1.44 to 2.75) 1.07 (0.97–1.18) 0.92 0.00 (�3.42 to 3.42) 1.01 (0.88–1.27) 0.80
LAOC canopy cover 1.29 (�0.57 to 3.14) 1.01 (0.74–1.28) 0.62 0.76 (�0.67 to 2.20) 0.99 (0.79–1.19) 0.77
PSME canopy cover Second (P = 0.001) 0.96† �0.46 (�2.80 to 1.89) 1.11 (0.88–1.33) 0.77
Horizontal cover �0.27 (�6.12 to 5.58) 1.03 (0.92–1.13) 0.92 �1.14 (�11.27 to 9.00) 1.05 (0.86–1.23) 0.81
Sparse �0.03 (�0.06 to 0.01) 0.87 (0.73–1.01) 0.82‡ �0.01 (�0.07 to 0.05) 0.95 (0.75–1.15) 0.76
Stand initiation Second (P = 0.010) 0.61† Second (P = 0.026) 0.60†
Advanced regeneration 0.05 (0.01–0.09) 1.12 (0.94–1.30) 0.82§ 0.08 (0.02–0.15) 0.96 (0.60–1.32) 0.49§
Mature 0.04 (�0.04 to 0.12) 0.94 (0.79–1.09) 0.82 0.05 (�0.06 to 0.16) 0.81 (0.61–1.02) 0.68
Hare occupancy Second (P = 0.002) 0.62† 0.35 (0.23–0.46) 0.53 (0.35–0.70) 0.55†
Hare intensity 1.30 (0.42–2.17) 0.69 (0.38–0.99) 0.37† 1.60 (0.81–2.39) 0.56 (0.26–0.86) 0.32†

Notes: CI, confidence interval. If a polynomial model was supported, we indicate the complexity of the model (i.e., second
or third degree) and provide the P value of the likelihood-ratio test (v2 distribution). If a linear model was supported, we pro-
vide the estimated intercept (b0) and slope (b1) along with the 90% CI. For all models, we provide the coefficient of determina-
tion (R2). Covariate codes PICO, PIEN, ABLA, LAOC, and PSME indicate lodgepole pine (Pinus contorta), Engelmann spruce
(Picea engelmannii), subalpine fir (Abies lasiocarpa), western larch (Larix occidentalis), and Douglas-fir (Pseudotsuga menziesii),
respectively.

† Functional response.
‡ Perhaps biologically significant functional response, although not statistically significant (a ≤ 0.10).
§ Additive use (and consistent selection).
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context of mature forest (Fig. 6). Interpreting
functional responses within the appropriate con-
text of availability is essential to avoid extrapolat-
ing third-order behavioral responses beyond the
bounds set by second-order selection.

Moreover, these patterns capture some of the
spatio-temporal issues land managers might
consider when implementing landscape-altering
actions to enhance lynx habitat. For example,
managers might want to implement tools (e.g.,
timber harvest or fire) that create advanced
regeneration in the long term, but recognize they
will have to create stand initiation structures in

the short term. To dampen the negative response
by lynx in the short term, managers might focus
their conservation efforts in areas with relatively
low availabilities of existing stand initiation or
sparse forest. This example illustrates the applied
insights and recommendations one can derive
from examining functional responses. Landscape
management can benefit greatly from the
development of habitat maps (Johnson et al.
2004, Fattebert et al. 2015), but maps capture a
spatio-temporal snapshot with no context as to
how habitat use or selection might change with
changing conditions (Hirzel and Le Lay 2008,

A B

C D

Summer

SummerWinter

Winter

Fig. 6. Predicted relationships characterizing functional responses in habitat use by female (A: winter, and B:
summer) and male (C: winter, and D: summer) Canada lynx (Lynx canadensis) in western Montana, USA, across
four forest structural stages. The diagonal line indicates random (i.e., proportional) habitat use, and confidence
bounds are 90% confidence intervals. Data points used to develop predicted relationships are not shown. See
Table 1 and Appendix S1 for details concerning forest structure classes.
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Matthiopoulos et al. 2011, Paton and Matthio-
poulos 2016). Functional responses provide a
means to assess animal responses to changing
environments and as such are essential additions
to characterizing habitat relationships (Moreau
et al. 2012).

On advancing habitat relationships and
conservation of Canada lynx

In this study, we expanded the current under-
standing of lynx–habitat relationships through
our integrated analytical process. This combined
analysis provided a refined lens of lynx resource
use in the context of landscape pattern and con-
servation planning. For instance, we confirmed
that Canada lynx in the Northern Rockies use a
mixture of conifer species and structural stages,
but highlighted that selection and use of mature,
spruce-fir forests appears to be largely a first- or
second-order process (Fig. 2). Additionally, lynx
exhibited the strongest selection for intermediate
snow depths, predicted snowshoe hare habitat,
and lodgepole pine canopy cover at the second
order of selection. These results emphasize the
sensitivity of lynx to consistent and abundant
snow as well as snowshoe hare availability.
Previous work in the Northern Rockies has
demonstrated that advanced regenerating or

multi-storied forests with a substantial compo-
nent of lodgepole pine can provide high-quality
habitat for snowshoe hares (Holbrook et al.
2017). Additionally, the reliance of snowshoe
hares (Zimova et al. 2016) and lynx on snow
conditions highlights foreseeable conservation
challenges because snow extent and depth are
projected to decrease within the Northern Rock-
ies (Klos et al. 2014).
To our knowledge, all previous work on lynx–

habitat relationships has implicitly assumed
habitat use or selection will remain constant with
changing availabilities (Poole et al. 1996, Squires
et al. 2010, Simons-Legaard et al. 2013, Mont-
gomery et al. 2014). Our work is the first to chal-
lenge that assumption. First, female lynx selected
a narrower gradient of forest structures com-
pared to males, and among-female use was most
consistent during the most limiting season (i.e.,
winter R2 > summer R2; Table 5), whereas males
did not display a similar pattern (Table 6). Thus,
conservation planning should be focused on the
needs of females when developing management
plans. Second, both males and females demon-
strated selection of predicted snowshoe hare
occupancy and use, but selection increased as
occupancy and use became less available (Fig. 7).
This pattern was expected and consistent with

Table 6. Results from functional response analysis for male Canada lynx (Lynx canadensis) during winter
(November–March) and summer (April–October) in western Montana, USA.

Covariate

Winter (n = 36 lynx) Summer (n = 35 lynx)

b0 (90% CI) b1 (90% CI) R2 b0 (90% CI) b1 (90% CI) R2

PICO canopy cover 0.07 (�1.49 to 1.62) 1.05 (0.93–1.17) 0.86 �0.44 (�1.22 to 0.34) 1.07 (1.00–1.13) 0.96†
PIEN-ABLA canopy cover Second (P = 0.002) 0.92† 2.35 (0.73 to 3.97) 0.95 (0.87–1.04) 0.91‡
LAOC canopy cover 1.28 (0.07 to 2.48) 1.03 (0.87–1.19) 0.78‡ 0.83 (�0.07 to 1.74) 1.00 (0.87–1.13) 0.83
PSME canopy cover �1.32 (�2.87 to 0.23) 1.20 (1.07–1.33) 0.88† �1.02 (�2.26 to 0.22) 1.11 (1.00–1.21) 0.90†
Horizontal cover 3.19 (�2.25 to 8.63) 0.98 (0.88–1.08) 0.89 4.89 (0.71 to 9.06) 0.95 (0.88–1.03) 0.93‡
Sparse Second (P = 0.015) 0.84† �0.1 (�0.05 to 0.02) 0.97 (0.84–1.11) 0.82
Stand initiation Third (P = 0.018) 0.52† Third (P < 0.001) 0.82†
Advanced regeneration 0.03 (�0.01 to 0.06) 1.28 (1.09–1.46) 0.81† 0.02 (�0.01 to 0.05) 1.42 (1.26–1.59) 0.86†
Mature 0.09 (0.02 to 0.17) 0.86 (0.72–1.00) 0.76† �0.04 (�0.12 to 0.05) 0.96 (0.81–1.12) 0.77
Hare occupancy 0.32 (0.23 to 0.41) 0.61 (0.48–0.74) 0.64† Second (P = 0.015) 0.78†
Hare intensity Second (P = 0.024) 0.80† Second (P = 0.045) 0.85†

Notes: CI, confidence interval. If a polynomial model was supported, we indicate the complexity of the model (i.e., second
or third degree) and provide the P value of the likelihood-ratio test (v2 distribution). If a linear model was supported, we pro-
vide the estimated intercept (b0) and slope (b1) along with the 90% CI. For all models, we provide the coefficient of determina-
tion (R2). Covariate codes PICO, PIEN, ABLA, LAOC, and PSME indicate lodgepole pine (Pinus contorta), Engelmann spruce
(Picea engelmannii), subalpine fir (Abies lasiocarpa), western larch (Larix occidentalis), and Douglas-fir (Pseudotsuga menziesii),
respectively.

† Functional response.
‡ Additive use (and consistent selection).
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Canada lynx specializing on snowshoe hares
(Elton and Nicholson 1942, Krebs et al. 2001,
Ivan and Shenk 2016). Finally, male lynx demon-
strated a positive functional response (increasing
use with increasing availability) for advanced
regeneration while females demonstrated addi-
tive use (Fig. 6). The affinity of lynx to advanced
regenerating forest within a home range, coupled
with the high use of mature forest (Fig. 3), sug-
gests that Canada lynx spend a significant
amount of time at the interface between mature
and advanced regenerating forest. This is consis-
tent with the mechanism that advanced

regeneration likely produces the highest snow-
shoe hare densities (Cheng et al. 2015), but the
mature structure class is where hares are most
accessible for lynx (Fuller et al. 2007, Ivan and
Shenk 2016). This mechanism received demo-
graphic support by Kosterman (2014), who
demonstrated that female lynx with core areas of
highly connected mature forest and intermediate
levels of regenerating forests had the highest
probability of producing a litter. The integration
of resource selection and functional response
analyses begins to define the gestalt of landscape
mosaics and behaviors that give rise to the

A B

C D

SummerWinter

SummerWinter

Fig. 7. Predicted relationships characterizing functional responses in habitat use by male and female Canada
lynx (Lynx canadensis) in western Montana, USA, for snowshoe hare (Lepus americanus) occupancy (A: winter,
and B: summer) and intensity of use (C: winter, and D: summer). The diagonal line indicates random (i.e.,
proportional) habitat use, and confidence bounds are 90% confidence intervals. Data points used to develop
predicted relationships are not shown. See Table 1 for addition details on snowshoe hare covariates.
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distribution of Canada lynx, which facilitates
and informs habitat conservation efforts.

The second motivation for this work was to
provide efficient habitat maps for Canada lynx
with the goal of assisting land managers in their
decision-making processes. Mangers of public
lands are tasked with making multi-scale deci-
sions in the context of social, biological, and legal
complexities and thus require objective and
science-based designations of habitat for species
listed under the ESA, SARA, or similar statutes.
We provided five landscape-level maps character-
izing the probability of use by Canada lynx in the
Northern Rockies (Fig. 3), all of which were
deemed predictive of lynx use (Fig. 4). Although,
consistent with DeCesare et al. (2012), our scale-
integrated habitat maps appeared to perform best
based on validation and mapping efficiency
(Fig. 4). We believed this was the case because the
second-order map had a much wider range in rel-
ative probabilities of use (i.e., more discrimina-
tory) than the third-order map, such that a high
prediction from the third order would seldom
override the second order except on the low end
of the second-order range. Therefore, by integrat-
ing the second order with the third order, the
scale-integrated map appears to capture the hier-
archical nature of habitat selection and generate
efficient maps. Finally, by extending the concept
of Boyce et al. (2002) we provided a simple, objec-
tive, and defensible approach to determine the
threshold value of a habitat map (Fig. 4). This will
be helpful for land managers if they are required
to make decisions in a binary fashion, where a
habitat and non-habitat designation is needed.

The application of our habitat maps, or the
data characterizing lynx habitat, will depend on
the extent and resolution of the management
objective. For instance, our second-order and
scale-integrated habitat map would be best
applied at broad extents (e.g., landscape level).
At the project level (e.g., 40 acres or 16 ha), how-
ever, the third-order derived maps would likely
be the most informative for land managers, but
this is conditioned on the project area occurring
within lynx habitat as modeled at the broad
extent. At fine resolutions (3–10 acres or 1–4 ha),
managers will likely need to couple our maps with
site visits (and field data described elsewhere;
Squires et al. 2010) to develop the most informed
decisions concerning Canada lynx habitat.

Similarly, the absolute values of forest structure
and composition characterizing lynx habitat
(e.g., as in Fig. 2, Table 2; Appendices S1 and S3)
should be applied in a relative and general sense.
All of our metrics are derived from models with
error and characterize resolutions ≥100 m2

(Table 1). Indeed, maps of forest characteristics
and animal habitat are useful tools for conserva-
tion planning and prioritization (Johnson et al.
2004, DeCesare et al. 2012), but will likely need
refinement based on site-specific understandings
derived from direct observation.

CONCLUSIONS

Understanding and predicting habitat is essen-
tial in animal ecology and management (Elith
and Leathwick 2009), particularly for species that
are threatened or endangered. Here, we demon-
strated an integrated process to understand,
prioritize, and predict habitat, which we applied
in the case of the federally threatened Canada
lynx. Our approach was novel because we char-
acterized habitat use, availability, selection, and
functional response across scales, which
embraced the multi-scale behavioral process of
habitat selection (Johnson 1980, Boyce 2006,
Meyer and Thuiller 2006). Although previous
work has demonstrated the conditional nature of
habitat selection, and the potential issues deriv-
ing importance from selection (Beyer et al. 2010,
Anderson et al. 2012, Northrup et al. 2013), our
work is among the first to highlight the conserva-
tion costs of such issues. This is particularly a
concern when examining a subset of Johnson’s
(1980) orders of selection, which is commonly the
case. Further, we developed a synthetic approach
to characterize functional responses in habitat
use, which provided critically important insights
into the behavior of Canada lynx. Indeed, assess-
ing functional responses in habitat use can
inform both ecologists and managers on the
expected responses of animals to changing envi-
ronmental conditions and thus should become
basic tools in applied ecology (Moreau et al.
2012). Successful conservation efforts for most
endangered and threatened species require spa-
tial characterizations of habitat and precise
understandings of the mechanisms giving rise to
those spatial depictions. Our multi-scale and
integrated process offers a means to that end.
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From: Kurt Broderdorp
To: Leslie Ellwood (Leslie_Ellwood@fws.gov); Allison Jehly
Subject: FW: Lynx genetics question.
Date: Wednesday, September 20, 2017 1:52:00 PM
Attachments: Prentice_et_al-2017-Clock.pdf

Also FYI, not sure what the significance of the genetic work is, but…
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, September 20, 2017 12:50 PM
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Justin Shoemaker
Subject: Fwd: Lynx genetics question.
 
FYI. Lynx genetics update/ interpretation.
 
---------- Forwarded message ----------
From: Bowman, Jeff (MNRF) <Jeff.Bowman@ontario.ca>
Date: Wed, Sep 20, 2017 at 12:11 PM
Subject: RE: Lynx genetics question.
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hi Jim,

Erin Koen's earlier work (2015 CJZ paper cited in report) dealt with neutral genetic markers,
and so is relevant to the question of genetic differentiation (i.e., distinctiveness) but not so
much to the question of evolutionary significance, since neutral markers don't tell us much
about selection. Melanie Prentice followed Erin's work up to ask about evolutionary
significance. Melanie has found differentiation north and south of the St. Lawrence using a
variety of markers and approaches, such that our interpretation is that there is both
differentiation due to drift and also effects of differential selection. There are no private alleles
on the south side using markers we have looked at, but there are on the north side, and while
there is a very small amount of movement across the river, it does not appear to be enough to
homogenize the populations genetically.  So the river remains largely a barrier.

A couple of recent papers you may not be aware of:

mailto:kurt_broderdorp@fws.gov
mailto:Leslie_Ellwood@fws.gov
mailto:allison_jehly@fws.gov
mailto:Jeff.Bowman@ontario.ca
mailto:jim_zelenak@fws.gov


1) The attached paper looks at a gene involved in timing of reproduction in Canada lynx, and
shows that (1) lynx have completely different alleles for this gene than bobcats; and (2) lynx
have different allele frequencies for this gene south of the St. Lawrence compared to north of
the river. Furthermore, Melanie found evidence of selection on this gene causing
differentiation south of the St. Lawrence. See section 3.2, Table 4, and Figures 4 and 5 in the
attached ms, which is now published.

2) Melanie has submitted another paper to Biological Conservation entitled:

"Reconstruction of evolutionary history and functional adaptive differentiation supports
multiple conservation units of Canada lynx (Lynx canadensis)"

In this paper, Melanie used mitochondrial DNA and some functional genetic markers, and
reconstructs the evolutionary history of lynx in NA. She finds support using criteria of
distinctiveness and evolutionary significance for 4 evolutionarily significant units: mainland
NA north of the St. Lawrence, Cape Breton Island, Newfoundland, and mainland NA south of
the south of the St. Lawrence. Her evolutionary tree suggests that Cape Breton is diverged
from NA 12,000 years before present, Newfoundland diverged ~ 10,000 ybp, and south of the
St. Lawrence diverged ~ 1000 ybp.

This paper is still in review but I should be able to provide a copy if you are interested.

Take care, and please don't hesitate to ask if you have additional questions,

Jeff



________________________________
From: Zelenak, Jim [jim_zelenak@fws.gov]
Sent: Monday, September 18, 2017 3:21 PM
To: Bowman, Jeff (MNRF)
Subject: Lynx genetics question.

Hi Jeff,

In the expert workshop report, we said (after your review of a draft):

"Recent studies also show some differences in functional genetic markers (unique alleles) in
lynx south versus north of the St. Lawrence Seaway/River, suggesting the potential for
evolutionarily significant differences in lynx in those areas (Koen et al. 2015, Prentice
unpubl.)."

In the SSA that I'm still working to finalize, we similarly say:

"..., despite some differences in functional genetic markers (unique alleles) in lynx south
versus north of the St. Lawrence Seaway/River in eastern Canada, which suggest the potential
for evolutionarily significant differences in those areas (Bowman in Lynx SSA Team 2016a,
p. 14;  Prentice et al. 2017, entire), recent analyses reveal genetic exchange among lynx on
either side, indicating that some lynx successfully navigate this barrier (Koen et al. 2015, pp.
524-528; Bowman in Lynx SSA Team 2016a, p. 12-13)."

Highlighting the latter, one of our internal reviewers had this question:

"Are we saying unique genetic markers are unique alleles and there are differences in them
between south and north lynx? Or are we saying there are actual fully unique alleles between
the south and north lynx? As in alleles that the south has that the north doesn’t? Seems
important to clarify this."

Any chance you can clarify?

Thanks,

Jim

--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov<mailto:jim_zelenak@fws.gov>

 
--
Jim Zelenak, Biologist

mailto:jim_zelenak@fws.gov
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mailto:jim_zelenak@fws.gov
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Abstract
Climate	change	is	predicted	to	affect	the	reproductive	ecology	of	wildlife;	however,	
we	have	yet	to	understand	if	and	how	species	can	adapt	to	the	rapid	pace	of	change.	
Clock	genes	are	functional	genes	likely	critical	for	adaptation	to	shifting	seasonal	con-
ditions	through	shifts	in	timing	cues.	Many	of	these	genes	contain	coding	trinucleotide	
repeats,	which	offer	 the	potential	 for	higher	 rates	of	change	than	single	nucleotide	
polymorphisms	(SNPs)	at	coding	sites,	and,	thus,	may	translate	to	faster	rates	of	adap-
tation	in	changing	environments.	We	characterized	repeats	in	22	clock	genes	across	all	
annotated	mammal	species	and	evaluated	the	potential	for	selection	on	repeat	motifs	
in	three	clock	genes	(NR1D1,	CLOCK,	and	PER1)	in	three	congeneric	species	pairs	with	
different	latitudinal	range	limits:	Canada	lynx	and	bobcat	(Lynx canadensis	and	L. rufus),	
northern	and	southern	flying	squirrels	(Glaucomys sabrinus	and	G. volans),	and	white-	
footed	and	deer	mouse	(Peromyscus leucopus	and	P. maniculatus).	Signatures	of	posi-
tive	 selection	were	 found	 in	both	 the	 interspecific	 comparison	of	Canada	 lynx	 and	
bobcat,	and	intraspecific	analyses	in	Canada	lynx.	Northern	and	southern	flying	squir-
rels	showed	differing	frequencies	at	common	CLOCK	alleles	and	a	signature	of	balanc-
ing	 selection.	Regional	excess	homozygosity	was	 found	 in	 the	deer	mouse	at	PER1 
suggesting	disruptive	selection,	and	further	analyses	suggested	balancing	selection	in	
the	white-	footed	mouse.	These	preliminary	signatures	of	selection	and	the	presence	
of	trinucleotide	repeats	within	many	clock	genes	warrant	further	consideration	of	the	
importance	of	candidate	gene	motifs	for	adaptation	to	climate	change.

K E Y W O R D S

clock	genes,	coding	trinucleotide	repeats,	contemporary	adaptation,	natural	selection

1  | INTRODUCTION

The	rapid	pace	of	climate	change	is	expected	to	profoundly	alter	the	fu-
ture	phenology,	range	distribution,	and	physiology	of	wildlife	(Bellard,	

Berteksmeier,	Leadley,	Thuiller,	&	Courchamp,	2012),	with	impacts	on	
reproduction	being	of	particular	 importance	 (Milligan,	Holt,	&	Lloyd,	
2009).	A	critical	emerging	question	is	whether	species	can	evolve	new	
seasonal	strategies	(Boutin	&	Lane,	2014;	Merilä	&	Hendry,	2014).	The	
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underlying	basis	 for	 this	question	 lies	 in	whether	sufficient	standing	
genetic	variation	or	sufficient	rates	of	molecular	evolution	(Barrett	&	
Schluter,	2008;	Hedrick,	2013)	occur	at	key	genes	to	keep	pace	with	
climate	change.	Ultimately,	the	rate	of	adaptive	evolution	 in	relation	
to	the	rate	of	climate	change	will	contribute	to	the	demographic	ef-
fects	 of	 climate	 change	on	organisms	 and	 ecosystems	 (Bradshaw	&	
Holzapfel,	2010;	Bronson,	2009).	This	makes	the	characterization	of	
adaptive	genetic	variation	 critical,	 in	order	 to	 allow	 for	 a	better	un-
derstanding	 of	 the	 evolutionary	 potential	 and	 responses	 of	 species	
to	environmental	 stressors	 (e.g.,	Harrisson,	Paylova,	Telonis-	Scott,	&	
Sunnucks,	2014).	Further,	understanding	how	standing	genetic	vari-
ation	and	genomic	elements	operating	at	higher	rates	of	change	con-
tribute	to	adaptability	will	be	important	to	estimate	the	relative	roles	
of	 genetics,	 plasticity,	 and	epigenetics	 in	defining	 the	 “response	 ca-
pacity”	 or	 “adaptive	 potential”	 of	 species.	Mammals	 are	 a	 particular	
taxonomic	group	whose	vulnerability	 to	 climate	 change	may	be	un-
derestimated	(Schloss,	Nuñez,	&	Lawler,	2012),	and	as	a	result,	there	
is	 a	 recognized	need	 to	 identify	 and	 characterize	mammalian	 genes	
responding	 to	climate	change	 (Dawson,	Jackson,	House,	Prentice,	&	
Mace,	2011;	Franks	&	Hoffmann,	2012).

The	seasonal	 timing	of	 life-	history	events	 is	often	under	the	 in-
fluence	 of	 selection	 as	 such	 events	 are	 frequently	 influenced	 by	
environmental	cues	 (O’Malley,	Ford,	&	Hard,	2010).	 Individuals	that	
can	 anticipate	 the	 optimal	 timing	 of	 season-	specific	 activities	 (e.g.,	
migration,	reproduction)	are	predicted	to	demonstrate	higher	fitness,	
as	they	are	able	to	exploit	the	most	favorable	resources	throughout	
the	year.	 Photoperiod	 is	 one	 such	 environmental	 cue	 that	 is	 often	
used	to	determine	the	optimal	timing	of	life-	history	strategies	in	spe-
cies	occupying	seasonal	environments	(Bradshaw	&	Holzapfel,	2008).	
Species	respond	to	photoperiod	cues	via	their	circadian	clocks,	mo-
lecular	oscillators	that	sense	and	respond	to	changes	in	photoperiod	
by	 triggering	various	effects	 including	hormone	secretions	 in	mam-
mals	 (Goldman,	 2001).	 In	 fact,	 the	 negative	 relationship	 observed	
between	day	 length	and	amplitude	of	the	circadian	pacemaker	may	
be	 the	 cause	 of	 latitudinal	 clines	 often	 observed	 in	 the	 timing	 of	
seasonal	 events	 of	 many	 species	 (Pittendrigh,	 Kyner,	 &	 Takamura,	
1991).	Heritability	of	photoperiod	responsiveness	has	been	observed	
in	mammals	 (Bronson,	2009;	Heideman,	Bruno,	Singley,	&	Smedley,	
1999;	 Lynch,	 Heath,	 &	 Johnston,	 1981),	 particularly	 at	 higher	 lati-
tudes	 where	 dependence	 on	 photoperiod	 increases	 with	 variance	
in	 day	 length	 and	 cues	 circannual	 seasonal	 changes	 (Bradshaw	 &	
Holzapfel,	 2010).	 Thus,	 it	 has	 been	 argued	 that	 climate	 change	 is	
likely	to	introduce	significant	reproductive	challenges	for	species	in-
habiting	higher	 latitudes	 that	 rely	on	photoperiod	 to	 cue	breeding,	
because	at	such	latitudes	an	uncoupling	of	the	phase	relationship	be-
tween	environmental	 conditions	 and	photoperiodic	 cues	 can	occur	
(Milligan	et	al.,	2009).	Further,	as	range	redistributions	proceed	due	
to	shifts	in	temperature,	species	may	be	exposed	to	novel	photoperi-
ods.	As	species	can	track	shifts	in	temperature	through	range	redistri-
butions,	their	persistence	will	more	critically	require	the	adjustment	
of	photoperiod	 responses	 rather	 than	 thermal	 tolerance	 (Bradshaw	
&	Holzapfel,	2006).	Clock	genes	are	thus	one	category	of	functional	
genes	likely	critical	for	adaptation	to	shifting	seasonal	conditions	and	

novel	 environments	 (Kondratova,	Dubrovsky,	Antoch,	&	Kondratov,	
2010).

The	candidate	gene	approach	has	been	used	empirically	to	iden-
tify	patterns	of	adaptive	genetic	variation	and	disentangle	such	pat-
terns	 from	 neutral	 genetic	 population	 structure	 (DeFaveri,	 Jonsson,	
&	Merilä,	2013;	Hemmer-	Hansen,	Nielsen,	Frydenberg,	&	Loeschke,	
2007;	 Limborg	 et	al.,	 2012;	O’Malley	 et	al.,	 2010).	 Candidate	 genes	
are	selected	based	on	known	physiological	functions	perceived	to	be	
of	relevance	to	the	study	species.	This	approach	is	supported	where	
highly	divergent	allele	frequencies	are	found,	more	often	in	genes	with	
functions	 related	 to	 adaptive	 processes	 potentially	 under	 selection.	
Such	 genes	 are	 dissimilar	 to	 neutral	 regions	 of	 the	 genome,	which	
are	not	expected	to	vary	among	populations	experiencing	high	rates	
of	gene	flow.	Here,	we	use	the	candidate	gene	approach	to	examine	
specific	motifs	in	targeted	functional	genes,	specifically	coding	trinu-
cleotide	repeats.

Coding	trinucleotide	repeats	(cTNRs;	e.g.,	polyQ	=	polyglutamine)	
are	 repeat	 structures	 that	 often	 are	 found	 in	 exonic	 regions	 of	 the	
genome	and	consist	of	units	 that	 are	 three	nucleotides	 long	due	 to	
selection	against	frame-	shift	mutations,	which	would	alter	the	reading	
frame	of	 the	 transcribed	protein	 (Duitama	et	al.,	2014).	Such	 repeat	
structures	 have	 traditionally	 been	 linked	 to	human	genetic	 diseases	
(e.g.,	Huntington’s	disease;	MacDonald	et	al.,	1993);	however,	an	 in-
creasing	number	of	studies	now	show	that	these	motifs	have	a	critical	
role	in	“normal”	protein	function	and	evolutionary	adaptation	(Haerty	
&	Golding,	2010).	 Further,	 emerging	 studies	on	 cTNRs	 indicate	 that	
these	 structures	 can	 have	 functional	 roles	 that	 are	 under	 selection	
(Bradshaw	&	Holzapfel,	2010;	Haerty	&	Golding,	2010;	Li,	Liu,	Wu,	&	
Chen,	2012;	Molla,	Delcher,	Sunyaev,	Cantor,	&	Kasif,	2009;	Mularoni,	
Ledda,	Toll-	Riera,	&	Mar	Albà,	2010)	in	addition	to	high	levels	of	pop-
ulation	variation	 that	 exert	 continuous	 and	 discrete	 functional	 phe-
notypes	 (Gemayel,	 Cho,	 Boeynaems,	 &	Verstrepen,	 2012;	Gemayel,	
Vinces,	Legendre,	&	Verstrepen,	2010;	Kashi	&	King,	2006).

The	mutational	mechanism	of	 cTNR	 structures	has	been	 associ-
ated	with	the	purity	of	the	repeat	structure	itself,	where	purer	repeats	
are	more	likely	to	undergo	further	slippage	(Kruglyak,	Durrett,	Schug,	
&	Aquadro,	1998).	This	may	be	of	adaptive	value	by	generating	phe-
notypic	variation	upon	which	selection	can	act	 (Kashi	&	King,	2006;	
Laidlaw	et	al.,	2007).	These	 repeats	also	offer	 the	potential	 for	high	
mutation	 rates	 (Gemayel	 et	al.,	 2010,	 2012),	 allowing	 for	 the	 rapid	
generation	of	novel	alleles	on	the	scale	of	contemporary	adaptive	evo-
lution.	This	is	particularly	important	in	genes	required	for	adaptation	
to	 climate	 change,	 in	 addition	 to	 a	 reliance	 on	 plasticity,	 regulatory	
elements	 (Bozek	 et	al.,	 2009),	 and	 epigenetic	 effects	 (Ripperger	 &	
Merrow,	2011).

A	number	of	recent	latitudinal	studies	have	examined	the	potential	
evolutionary	 and	 adaptive	 importance	 of	 cTNRs	 embedded	 in	 clock	
genes.	 For	 example,	 intraspecific	 studies	 have	 demonstrated	 cor-
relations	between	repeat	number	of	the	CLOCK	cTNR	and	latitude	in	
birds	(Johnsen	et	al.,	2007)	and	fish	(O’Malley	et	al.,	2010)	in	addition	
to	 variation	 corresponding	 to	 earlier	 egg	 laying	 (Liedvogel,	 Szulkin,	
Knowles,	Wood,	&	Sheldon,	2009).	Further,	the	involvement	of	clock	
genes	 in	 seasonal	 entrainment	 has	 been	 demonstrated	 in	mammals	
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(Hazlerigg,	 Ebling,	&	Johnston,	 2005),	 suggesting	 that	 cTNRs	within	
these	 genes	may	 play	 a	 role	 in	 seasonally	 fine-	tuning	 the	 circadian	
characteristics	 of	 species	 inhabiting	 higher	 latitudes.	 Collectively,	
these	results	suggest	that	environmental	factors	correlated	with	lati-
tude	(e.g.,	photoperiod)	may	be	driving	selection	at	cTNRs	within	clock	
genes	that	are	critical	for	the	seasonal	adaptation	of	life-	history	strat-
egies.	Thus,	the	characterization	of	cTNR	structures	in	a	range	of	other	
vertebrate	species	offers	the	potential	to	use	the	properties	of	micro-
satellite	repeats	(Press,	Carlson,	&	Queitsch,	2014)	to	understand	the	
genomics	of	adaptation.

Coding	trinucleotide	 repeats	have	been	observed	 in	clock	genes	
that	facilitate	the	regulation	of	reproductive	timing	and	social	behav-
iors	(Johnsen	et	al.,	2007;	Liedvogel	&	Sheldon,	2010;	Liedvogel	et	al.,	
2009),	 genes	 associated	 with	 neuroprocesses	 (Whan	 et	al.,	 2010),	
developmental	homeobox	genes,	and	transcription	factors	(Mularoni	
et	al.,	2010).	For	closely	related	species,	their	higher	rates	of	mutation	
propose	a	mechanism	 for	 the	 convergence	of	pole-	ward	allele	 sizes	
following	climate-	induced	range	expansion.	This	is	highly	relevant	to	
mammals,	 as	many	 closely	 related	 species	 have	 evolved	 in	 complex	
and	 often	 isolated	 refugium	 patterns	 north	 or	 south	 of	 ice	 sheets	
during	 the	 Pleistocene	 (e.g.,	 Shafer,	 Cullingham,	 Côté,	 &	 Coltman,	
2010),	thus	allowing	for	the	evolution	of	allelic	repeat	motifs	specific	
to	differential	climatic	conditions	within	an	otherwise	presumably	con-
served	gene	sequence.

Our	objectives	for	this	study	were	twofold.	First,	as	wild	mammal	
species	have	been	 infrequently	characterized	at	 clock	genes	 for	 the	
presence	of	cTNR	motifs,	we	wanted	to	characterize	cTNRs	within	sev-
eral	candidate	clock	genes	in	a	wide	range	of	mammal	species.	Second,	
to	evaluate	the	potential	of	clock	genes	for	adaptation	to	differential	
latitudes,	we	 compared	 three	 north–south	 congeneric	 species	 pairs	
at	 a	 selection	 of	 clock	 genes	 to	 determine	 the	 prevalence	 of	 cTNR	
repeats	and	 levels	of	polymorphism.	Due	to	the	 importance	of	such	
genes	for	circadian	and	circannual	rhythms	of	mammal	species,	we	hy-
pothesized	 that	 clock	genes	 are	under	 selection	 in	mammal	 species	
occurring	along	latitudinal	clines.	To	test	our	hypothesis,	we	compared	
closely	related	species	pairs	adapted	to	different	climatic	niches	and	
separated	along	latitudinal	gradients	at	varying	spatial	scales.	If	clock	
genes	are	under	selection	in	our	study	species,	we	expect	to	observe	
at	 least	 one	 of	 the	 following:	 clines	 in	 allele	 frequencies	 within	 or	
between	 species	pairs,	 differentiation	of	 allele	 frequencies	between	
species	 pairs,	 departures	 from	Hardy–Weinberg	 equilibrium	 (HWE),	
divergent	patterns	of	differentiation	(FST)	between	neutral	microsatel-
lites	and	each	candidate	cTNR,	and/or	identification	of	our	cTNR	loci	
as	outliers	in	comparison	with	neutral	genetic	population	structure.

2  | METHODS

2.1 | Characterization of candidate clock genes in 
mammal species

Before	testing	for	selection,	we	wanted	to	characterize	the	presence	
and	abundance	of	cTNRs	in	22	candidate	clock	genes	of	mammal	spe-
cies.	We	selected	the	genes	AANAT,	ARNTL,	ARNTL2,	CLOCK,	CRY1,	

CRY2,	CSNK1A1,	CSNK1D,	MTNR1A,	MTNR1B,	NR1D1,	NR1D2,	PER1,	
PER2,	PER3,	RORA,	RORB,	RORC,	RXRA,	RXRB,	TIMELESS,	 and	TIPIN 
(Table	1)	and	used	the	Geneious	(version	6.1.7,	Biomatters,	Auckland,	
NZ)	 databank	 search	 function	 to	 search	GenBank	 for	 sequences	 of	
each	clock	gene	across	all	species.	We	extracted	the	coding	sequence	
of	each	clock	gene	in	a	total	of	68	mammal	species,	excluding	humans,	
and	 used	 the	 Geneious	 plug-	in	 Phobos	 (Mayer,	 Christoph,	 Phobos	
3.3.11,	 2006–2010)	 to	 search	 for	 tandem	 repeats.	We	defined	 our	
search	criteria	to	 locate	repeat	units	that	were	3	bp	 long	and	≥9	bp	
(3	units)	in	length.	Once	repeats	were	located,	we	extracted	informa-
tion	regarding	the	total	repeat	length,	percentage	perfection	(purity),	
repeat	unit	type	(e.g.,	CAG	or	polyglutamine)	and	the	sequence	of	the	
repeat,	and	calculated	metrics	of	repeat	abundance	and	purity	across	
all	mammal	species	at	each	candidate	clock	gene.	We	estimated	the	
total	number	of	repeats	found,	the	total	number	of	pure	 (i.e.,	100%	
perfection)	repeats,	the	total	number	of	repeats	over	5	units	(15	bp)	
long,	the	total	number	of	pure	repeats	over	5	units	long,	and	the	spe-
cies	for	which	the	longest	repeats	were	observed	at	each	gene.	We	
also	explored	the	relationship	between	repeat	length	and	repeat	pu-
rity	of	cTNRs	across	the	candidate	genes	we	surveyed	in	mammals	by	
conducting	a	Spearman’s	rank	correlation	in	R	(R	Core	Team	2016).

2.2 | Study systems for investigating selection

To	evaluate	whether	we	could	detect	signatures	of	selection	at	can-
didate	 clock	 genes	 in	 natural	 systems,	 we	 assessed	 three	 pairs	 of	
congeneric	 species:	 Canada	 lynx	 and	 bobcat	 (Lynx canadensis	 and	
L. rufus),	northern	and	southern	flying	squirrel	(Glaucomys sabrinus	and	
G. volans),	and	white-	footed	and	deer	mouse	(Peromyscus leucopus	and	
P. maniculatus).	Each	of	these	species	pairs	had	a	northern	distributed	
species	and	a	 southern	congener	 that	 is	expanding	northwards	and	
increasing	range	overlap	with	its	sister	species.	Although	all	of	these	
species	are	widely	distributed	and	exhibit	high	rates	of	 intraspecific	
gene	 flow	 (e.g.,	 Garroway,	 Bowman,	Holloway,	Malcolm,	&	Wilson,	
2011;	McKay,	2016;	Row	et	al.,	2012),	both	theoretical	(Charlesworth,	
Nordborg,	&	Charlesworth,	1997)	and	empirical	(DeFaveri	et	al.,	2013)	
studies	 support	 the	 prediction	 that	 selection	 can	maintain	 adaptive	
divergence	at	 critical	 loci	despite	 the	 rest	of	 the	genome	being	ho-
mogenized	via	gene	flow.	Thus,	the	evolutionary	histories	and	distri-
butional	patterns	of	these	species	pairs	provide	a	good	opportunity	to	
survey	candidate	genes	associated	with	climate	change	in	non-model	
organisms.

2.3 | Sample collection and strategy

The	spatial	 scale	of	sampling	 for	each	species	pair	varied,	and	sam-
ples	were	obtained	from	a	variety	of	sources.	The	Canada	 lynx	and	
bobcat	 analysis	 was	 continental,	 incorporating	 the	 entire	 range	 of	
both	species	(Figure	1),	and	the	area	of	range	overlap	at	the	southern	
extent	of	Canada	(Koen,	Bowman,	Lalor,	&	Wilson,	2014).	Hide	sam-
ples	(2.5	×	2.5	mm)	of	legally	trapped	individuals	were	collected	from	
the	North	American	Fur	Auction.	Two	sampling	strategies	were	used.	
First,	to	test	for	interspecific	differences,	three	Canada	lynx	samples	
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were	 selected	 from	 each	 Canadian	 province	 and	 territory	 (exclud-
ing	Nunavut),	and	Alaska,	USA,	 to	obtain	an	even	representation	of	
individuals	across	their	geographic	range	 (N	=	38,	Table	2).	Similarly,	
approximately	 three	bobcat	 samples	were	 selected	 from	across	 the	
United	States	representing	each	of	the	genetic	clusters	identified	by	
Reding,	Bronikowski,	Johnson,	and	Clark	(2012).	An	additional	three	
bobcat	samples	were	selected	from	each	of	the	Canadian	provinces	
where	 there	was	 a	harvest	 for	 bobcat	 (N	=	52,	Table	2).	 Second,	 to	
test	for	signatures	of	selection	within	Canada	lynx,	1,791	lynx	samples	
were	collected	and	genotyped	from	Alaska	(N	=	89),	Yukon	(N	=	28),	
British	 Columbia	 (N	=	193),	 Alberta	 (N	=	109),	 Manitoba	 (N	=	155),	
Ontario	(N	=	746),	Quebec	(N	=	461),	and	Labrador	(N	=	10).	The	sam-
ples	used	in	this	study	were	a	subset	of	those	used	by	Koen,	Bowman,	
Lalor	 et	al.	 (2014),	 and	 Koen,	 Bowman,	Murray,	 and	Wilson	 (2014)	
with	 the	 addition	 of	 samples	 from	 the	western	 portion	 of	 the	 lynx	
range	 (Alaska,	Yukon,	Alberta,	 and	additional	British	Columbia	 sam-
ples)	(Figure	1).

The	historical	 range	of	 the	northern	 flying	squirrel	encompasses	
the	coniferous	and	mixed	coniferous	forests	of	North	America,	includ-
ing	most	of	Canada	and	Alaska,	as	well	as	south	into	the	United	States	
in	association	with	boreal	remnant	mountaintop	habitats	in	both	the	
east	and	the	west	(Linzey	&	NatureServe,	2008;	Figure	2).	The	south-
ern	 flying	 squirrel	 inhabits	 the	 temperate	 forests	 of	 eastern	 North	
America,	with	a	historical	northern	range	boundary	at	approximately	
45°N	latitude	(Figure	2),	which	was	estimated	to	be	expanding	by	as	
much	as	22	km/year	due	 to	warmer	winters	 and	 thereby	 increasing	

overlap	of	this	species	with	the	range	of	the	northern	flying	squirrel	
(Bowman,	 Holloway,	 Malcolm,	 Middel,	 &	 Wilson,	 2005;	 Garroway	
et	al.,	2011).	Our	flying	squirrel	comparison	was	conducted	on	a	re-
gional	scale,	concentrating	on	an	approximately	700-	km	north–south	
transect	between	42.5	and	47.2°N	 in	Ontario,	Canada,	 and	encom-
passing	 the	 transition	 between	 temperate	 and	boreal	 forests	 in	 the	
region	 (Bowman	 et	al.,	 2005).	 Northern	 and	 southern	 flying	 squir-
rels’	ear	tissue	and	hair	samples	were	obtained	from	individuals	live-	
trapped	 between	 2005	 and	 2010	 at	 19	 unique	 trapping	 sites	 (see	
Bowman	et	al.,	2005	 for	capture	methods;	Figure	2).	Many	 trapping	
sites	yielded	 individuals	 from	both	 species;	however,	 there	were	11	
and	one	sites	where	only	northern	and	southern	flying	squirrels	were	
trapped,	respectively.	Overall,	118	samples	of	northern	and	206	sam-
ples	 of	 southern	 flying	 squirrels	were	 genotyped	 along	 the	700-	km	
transect	(Table	3).	Some	of	these	samples	were	the	same	as	those	used	
by	Garroway	et	al.	(2010,	2011).

The	ranges	of	both	the	white-	footed	and	deer	mouse	are	 large,	
with	the	white-	footed	mouse	existing	largely	in	the	eastern	and	cen-
tral	United	States	and	adjoining	portions	of	southern	Canada,	as	well	
as	southward	into	southern	Mexico	(Linzey,	Matson,	&	Timm,	2008;	
Figure	3).	The	deer	mouse	 range	 is	 also	 transcontinental,	 spanning	
from	southern	Yukon	through	most	of	 the	Canadian	provinces,	 the	
United	 States	 (excluding	 the	 southeastern	 costal	 states)	 and	 north	
and	 central	 Mexico	 (Linzey,	 2008;	 Figure	3).	 Ear	 punches	 or	 tail	
clippings	of	172	white-	footed	and	290	deer	mice	were	sampled	 in	
Ontario,	Canada,	 from	 individuals	 live-	trapped	at	13	sites	between	

F IGURE  1 Locations	of	trapping	sites	
of	Canada	lynx	(Lynx canadensis,	black	
circles)	and	bobcats	(Lynx rufus,	white	
circles)	across	North	America.	Sample	
coordinates	of	lynx	represent	the	centroids	
of	trapping	units.	Lynx	samples	were	
grouped	corresponding	to	provincial/
state	boundaries,	with	the	exception	of	
Ontario	and	Quebec,	Canada,	which	were	
further	subdivided.	Subdivision	of	these	
provinces	are	represented	by	red	polygons	
(1	=	“Ontario	east,”	2	=	“Ontario	west,”	
3	=	“Quebec	south,”	4	=	“Quebec	north,”	
5	=	“Quebec	south	of	the	St.	Lawrence	
River”).	Coordinates	for	bobcats	represent	
the	centroids	of	counties	(USA),	trap	
lines	(Canada),	or	states/provinces	when	
finer	resolution	spatial	data	were	not	
available.	The	ranges	of	lynx	and	bobcat	are	
represented	in	gray	and	blue,	respectively

1 2 3 
4 

5 
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Algonquin	 Provincial	 Park	 and	 the	 city	 of	 Guelph,	 Ontario	 during	
2009–2013	(Figure	3).	Trapping	sites	were	generally	species	specific,	
with	white-	footed	and	deer	mice	 trapped	at	eight	and	seven	sites,	
respectively	(Table	4).

2.4 | DNA extraction

As	 both	 the	 Lynx	 and	Glaucomys	 samples	 were	 extracted	 for	 prior	
work,	 the	Peromyscus	 samples	were	 the	only	 samples	 that	 required	
DNA	extraction	(described	in	Appendix	S1).

2.5 | Neutral microsatellite marker datasets

For	Canada	lynx,	we	used	an	existing	dataset	of	14	neutral	microsatel-
lite	loci	(Fca031,	Fca035,	Fca077,	Fca090,	Fca096,	Fca441,	Fca391,	
Fca559,	 Lc106,	 Lc109,	 Lc110,	 Lc111,	 Lc118).	 These	 loci	were	 also	
used	 by	 Koen,	 Bowman,	 Lalor,	 et	al.	 (2014)	 and	 Koen,	 Bowman,	
Murray,	et	al.	(2014)	and	were	a	subset	of	the	loci	genotyped	by	Row	
et	al.	(2012).	For	northern	and	southern	flying	squirrels,	we	used	an	ex-
isting	dataset	of	seven	neutral	microsatellite	loci	(GS8,	GS10,	Pvol41,	
Pvol74,	PvolE6,	SFS3,	and	SFS15)	generated	by	Garroway	et	al.	(2010,	
2011).	For	white-	footed	and	deer	mice,	we	amplified	five	neutral	mi-
crosatellite	 loci	 (PML01,	 PML03,	 PML04,	 PML11,	 PML12;	 reaction	
conditions	and	amplification	parameters	described	in	Appendix	S2).

2.6 | Selection, amplification, and genetic profiling of 
candidate clock gene fragments

The	candidate	gene	fragments	amplified	for	Canada	lynx	and	bob-
cat,	 northern	 and	 southern	 flying	 squirrels,	 and	white-	footed	 and	
deer	 mice	 were	 nuclear	 receptor	 Rev-erbα	 (NR1D1),	 CLOCK,	 and	
PER1,	respectively.	The	NR1D1	gene	is	a	nuclear	receptor	that	links	
circadian	rhythms	to	transcriptional	control	of	metabolic	pathways	
and	 has	 been	 documented	 to	 play	 an	 important	 role	 in	 establish-
ing	 and	 maintaining	 circadian	 body	 temperature	 rhythms	 of	 cold	
tolerance	 (Everett	&	Lazar,	 2014;	Gerhart-	Hines	et	al.,	 2013).	The	
CLOCK	gene	 is	a	critical	component	of	the	circadian	pathway,	and	
the	polyglutamine	 (PolyQ)	motif	within	 the	CLOCK	 gene	has	been	
shown	 to	 play	 a	 role	 in	 regulating	 gene	 transcription	 (Darlington	
et	al.,	 1998)	 and	 altering	 the	 corresponding	 circadian	 phenotype	
(Vitaterna	 et	al.,	 1994).	 Specifically,	 Vitaterna	 et	al.	 (2006)	 experi-
mentally	 showed	 that	mutations	 in	 the	CLOCK	 gene	 PolyQ	 cTNR	
reduced	the	amplitude	of	the	circadian	pacemaker	in	mice,	thereby	
effectively	 increasing	 the	efficiency	with	which	mice	can	synchro-
nize	to	external	 light	cues.	The	PER1	gene	 is	a	 light-	sensitive	core	
component	 of	 the	 circadian	 clock	 (Hunt	 &	 Sassone-	Corsi,	 2007),	
with	variability	 in	expression	allowing	for	entrainment	of	circadian	
rhythms	 in	 synchrony	 with	 the	 external	 environment	 (Yamamoto	
et	al.,	2004).	Importantly,	alterations	in	expression	levels	have	been	
shown	 to	 affect	phenotype	 (Bae	et	al.,	 2001).	 For	example,	PER1-	
deficient	mice	have	shown	impairment	in	survival-	related	behaviors	
including	nest	building,	habituation	to	other	mice,	and	exploratory	
behavior	(Bechstein	et	al.,	2014).

Primers	were	designed	for	each	cTNR	using	sequences	of	closely	
related	model	organisms	in	GenBank,	specifically,	cat	(Felis catus)	for	
Canada	 lynx	 and	 bobcat,	 house	mouse	 (Mus musculus)	 for	 northern	
and	southern	flying	squirrels,	and	human	(Homo sapiens),	house	mouse	
(Mus musculus),	 and	Norway	 rat	 (Rattus norvegicus)	 for	white-	footed	
and	 deer	mice	 (GenBank	 accession	 Nos.	 101094802,	 NM_007715,	
AB002107,	 AF022992,	 and	AY903228,	 respectively).	 Primers	were	
designed	in	Geneious	version	6.1.7	(Biomatters,	Auckland,	NZ)	and	op-
timized	on	a	set	of	control	samples	for	each	species.	Primer	sequences,	
amplification	conditions,	reaction	parameters,	and	genetic	profiling	of	
all	candidate	clock	gene	cTNRs	are	described	in	Appendices	S3	and	S4.

TABLE  2 Sample	size	and	location	of	sampling	of	bobcat	(Lynx 
rufus)	and	Canada	lynx	(Lynx canadensis)	to	test	for	interspecific	allelic	
differentiation	of	trinucleotide	repeats	at	the	NR1D1	gene	between	
the	northern	and	southern	evolved	closely	related	species

Species Location Sample size

Bobcat	
(Lynx rufus)

British	Columbia 3

Alberta 2

Manitoba 3

Ontario 3

Quebec 3

New	Brunswick 3

Nova	Scotia 3

Costal	Oregona 3

Californiaa 3

“western”	(Nevada,	Idaho,	Utah,	
Arizona)a

4

“central”	(Kansas,	Missouri,	Nebraska)a 3

“southern”	(Tennessee,	Alabama,	
Georgia)a

3

“northern”	(Minnesota,	Wisconsin)a 3

Michigan	lower	peninsulaa 3

Floridaa 3

Pennsylvaniaa 3

New	Englanda 3

Total 52

Canada	lynx	
(Lynx 
canadensis)

Alaska 3

Yukon 3

Northwest	Territories 3

British	Columbia 3

Alberta 5

Saskatchewan 3

Manitoba 3

Ontario 3

Quebec 3

Labrador 3

New	Brunswick 3

Newfoundland 3

Total 38

aThese	groupings	represent	the	sampling	of	genetically	differentiated	clus-
ters	of	bobcat	identified	by	Reding	et	al.	(2012)	across	the	USA.

info:ddbj-embl-genbank/NM_007715
info:ddbj-embl-genbank/AB002107
info:ddbj-embl-genbank/AF022992
info:ddbj-embl-genbank/AY903228
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2.7 | Analyses for signatures of selection

Initially,	genotype	distributions	were	assessed	for	all	species	to	deter-
mine	whether	private	alleles	occurred	in	either	species	of	each	pair,	
where	private	cTNR	alleles	may	indicate	the	differential	evolution	of	
or	selection	on	cTNR	alleles	 in	northern	versus	southern	closely	re-
lated	species.	Bobcat	samples	were	excluded	from	the	remainder	of	
the	analyses	due	to	low	sample	sizes	preventing	intraspecific	analyses	
for	selection	in	bobcats.

We	 used	 GenAlEx	 version	 6.5	 (Peakall	 &	 Smouse,	 2006,	 2012)	
to	calculate	allele	 frequencies,	and	observed	 (HO)	and	expected	 (HE)	
heterozygosity	 counts.	We	 used	 Genepop	 version	 4.2	 (Raymond	 &	
Rousset,	 1995;	 Rousset,	 2008)	 to	 conduct	 Hardy–Weinberg	 exact	
tests	(HWE)	on	all	species	at	both	neutral	microsatellites	and	each	can-
didate	cTNR	locus,	and	applied	a	Bonferroni	correction	to	these	tests	
to	correct	 for	multiple	pairwise	comparisons.	As	one	of	 the	assump-
tions	 of	HWE	 is	 the	 absence	 of	 selection,	 deviations	 from	HWE	 of	

cTNR,	but	not	neutral	loci,	would	indicate	a	potential	for	the	influence	
of	selection	on	the	cTNR	locus.	Genepop	version	4.2	was	also	used	to	
calculate	genetic	differentiation	 (FST)	between	all	population	pairs	at	
both	neutral	microsatellites	and	candidate	cTNR	 loci.	We	also	calcu-
lated	the	mean	FST	and	standard	error	for	each	neutral	microsatellite	
and	cTNR	dataset	and	compared	mean	neutral	vs.	cTNR	FST	within	each	
species.	Contrasting	patterns	of	genetic	differentiation	at	presumably	
neutral	microsatellites	versus	putatively	adaptive	cTNRs	would	suggest	
that	differential	mechanisms	are	influencing	neutral	versus	cTNR	loci.	
For	example,	greater	divergence	at	neutral	compared	to	cTNR	loci	sug-
gests	that	selection	 is	favoring	similar	alleles	across	populations	that	
do	not	experience	high	rates	of	gene	flow.	Alternatively,	lower	neutral	
genetic	differentiation	compared	to	cTNR	loci	suggests	that	selection	
is	favoring	different	alleles	across	the	examined	distribution	of	the	spe-
cies	despite	ongoing	gene	flow	between	populations.

Population	designations	were	determined	differently	for	each	spe-
cies.	Canada	lynx	are	considered	nearly	panmictic	across	their	range	

F IGURE  2 Locations	of	sample	sites	of	northern	flying	squirrels	(Glaucomys sabrinus)	and	southern	flying	squirrels	(Glaucomys volans)	in	
Ontario,	Canada.	Shapes	of	points	represent	the	species	that	was	trapped	at	each	site	(northern	flying	squirrels,	southern	flying	squirrels,	and	
both	species	represented	by	squares,	triangles,	and	circles,	respectively).	Outlined	in	red	is	the	perimeter	of	Algonquin	Provincial	Park.	The	
inset	map	in	the	top	left	corner	shows	an	overview	of	the	sampling	area	within	North	America	with	the	ranges	of	northern	and	southern	flying	
squirrels	shown	in	gray	and	blue,	respectively.	Sampling	site	labels	correspond	to	sample	sizes	in	Table	3,	and	site-	specific	groupings	are	outlined	
by	polygons
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(Row	 et	al.,	 2012),	 and	 we	 generally	 assessed	 each	 sampled	 prov-
ince	or	territory	separately.	We	subdivided	the	Ontario	and	Quebec	
groups	 according	 to	 evidence	 of	 subtle	 genetic	 structure	 that	 has	
been	identified	for	lynx	(Row	et	al.,	2014;	Koen,	Bowman,	&	Wilson,	
2015;	Figure	1).	Ontario	was	divided	into	two	groups;	“Ontario	east”	
(N	=	552)	and	“Ontario	west”	(N	=	194)	representing	individuals	sam-
pled	 east	 and	west	 of	 longitude	−88.1,	 respectively	 (see	Row	et	al.,	
2014).	Quebec	lynx	were	divided	into	three	groups	based	on	adminis-
trative	units	called	Unité	de	Gestion	des	Animaux	à	Fourrure	(UGAF).	
Individuals	 harvested	 within	 UGAFs	 between	 1–55,	 57–70,	 and	

70–90	were	grouped	 into	 the	 categories	 “Quebec	 south”	 (N	=	261),	
“Quebec	 north”	 (N	=	45),	 and	 “Quebec	 south	 of	 the	 St.	 Lawrence	
River”	(N	=	155),	respectively.	This	division	was	based	on	a	gap	in	sam-
pling	of	lynx	in	UGAF	56,	and	the	genetic	structure	of	lynx	south	of	the	
St.	Lawrence	River	(Koen	et	al.,	2015).

For	northern	and	southern	flying	squirrels,	we	generally	evaluated	
each	 trapping	 site	 separately,	 except	 where	 trapping	 sites	 were	 in	
close	proximity	to	one	another,	 in	which	case	sites	were	grouped	to	
increase	sample	sizes.	Thus,	for	northern	flying	squirrels,	we	grouped	
all	sites	within	Algonquin	Provincial	Park	(two	sites;	N	=	25),	all	sites	

TABLE  3 Sampling	site	coordinates	and	
sample	size	of	northern	flying	squirrels	
(Glaucomys sabrinus)	and	southern	flying	
squirrels	(Glaucomys volans)	for	analyses	
designed	toward	the	detection	of	selection	
at	the	CLOCK	exonic	trinucelotide	repeat	
motif.	Sampling	sites	are	consistent	with	
those	labeled	in	Figure	2.	Coordinates	
reflect	the	centroid	of	the	trapping	area	for	
each	site

Species Region Site (Figure 2)
Latitude/
longitude of site

Sample 
size

Northern	
flying	squirrel	
(Glaucomys 
sabrinus)

Temagami 47.25/−79.76 6

Mattawa 46.40/−78.92 5

Algonquin	Provincial	
Park

1 45.63/−78.32 11

2 45.59/−78.83 14

Algonquin	Provincial	Park	Total 25

South	of	Algonquin	
Provincial	Park

1 45.27/−78.90 2

2 45.18/−78.84 9

3 45.17/−78.84 7

South	of	Algonquin	Provincial	Park	Total 18

Northern	Kawartha 1 44.68/−78.33 31

2 44.63/−78.87 4

3 44.57/−78.49 6

Northern	Kawartha	Total 41

Southern	Kawartha 1 44.45/−78.10 2

2 44.36/−78.29 1

3 44.28/−78.48 3

4 44.25/−78.55 3

5 44.10/−78.50 6

Southern	Kawartha	Total 15

Aurora 1 43.95/−79.42 5

2 43.92/−79.83 2

3 43.81/−79.14 1

Aurora	Total 8

Northern	flying	squirrel	total 118

Southern	flying	
squirrel	
(Glaucomys 
volans)

Mattawa 46.40/−78.92 4

Algonquin	Provincial	
Park

45.63/−78.32 2

South	of	Algonquin	
Provincial	Park

1 45.27/−78.90 1

2 45.18/−78.84 6

3 45.17/−78.84 27

South	of	Algonquin	Provincial	Park	Total 34

Northern	Kawartha 1 44.68/−78.33 44

3 44.57/−78.49 118

Northern	Kawartha	Total 162

Rondeau	Provincial	
Park

42.52/−78.84 4

Southern	flying	squirrel	total 206
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located	 just	south	of	Algonquin	Provincial	Park	 (three	sites;	N	=	18),	
all	 sites	within	 the	 “northern	Kawartha”	 region	 (three	 sites;	N	=	41),	
all	 sites	 within	 the	 “southern	 Kawartha”	 region	 (five	 sites;	N	=	15),	
and	 all	 sites	within	 the	Aurora	 region	 (three	 sites;	N	=	8)	 (Figure	2).	
All	other	sites	were	evaluated	separately	(Table	3).	For	southern	flying	
squirrels,	we	grouped	all	sites	just	south	of	Algonquin	Provincial	Park	
(three	sites;	N	=	27),	keeping	all	other	sites	 independent	for	analysis	
(Figure	2,	Table	3).

For	white-	footed	and	deer	mice,	we	conducted	tests	on	two	sep-
arate	groupings	of	samples.	For	deer	mice,	we	first	conducted	a	large-	
scale	test	by	combining	all	sampling	sites	within	Algonquin	Provincial	
Park	 (five	 sites;	 N	=	252),	 sites	 located	 just	 south	 of	 Algonquin	
Provincial	Park	(three	sites;	N	=	33),	and	sites	within	the	Kawartha	re-
gion	 (three	 sites;	N	=	5)	 (Figure	3).	We	also	 conducted	 a	 small-	scale	
test	at	the	site-	specific	level	to	rule	out	microgeographic	structure	or	
possible	Wahlund	effects.	If	our	results	are	confounded	by	a	Wahlund	
effect,	we	would	 expect	 that	 sampling	within	 a	 smaller	 geographic	

scale	would	alleviate	deviations	from	HWE	as	we	are	more	confident	
that	we	are	only	sampling	from	a	single	breeding	population.	 In	this	
test,	we	considered	each	of	the	five	sites	within	Algonquin	Provincial	
Park	separately,	keeping	all	other	groupings	the	same	for	analyses	due	
to	 lower	 sample	 sizes	 (Figure	3,	Table	4).	For	white-	footed	mice,	we	
also	conducted	both	 large-		and	small-	scale	tests.	For	the	 large-	scale	
analysis,	 we	 grouped	 all	 sampling	 sites	 within	 Algonquin	 Provincial	
Park	(three	sites;	N	=	5),	sites	located	just	south	of	Algonquin	Provincial	
Park	(three	sites;	N	=	70),	and	sites	within	the	Kawartha	region	(three	
sites;	N	=	42),	evaluating	the	St.	Lawrence	Islands	National	Park	and	
Guelph	 sampling	 sites	 separately	 (Figure	3).	The	 small-	scale	 analysis	
considered	two	of	the	three	sites	within	the	Kawartha	region	(site	3	
was	removed	due	to	a	low	sample	size),	and	the	three	sites	south	of	
Algonquin	Provincial	Park	separately,	keeping	all	other	groupings	the	
same	for	analyses	(Figure	3,	Table	4).

We	tested	for	evidence	of	selection	using	a	coalescent-	based	ap-
proach	(Beaumont	&	Nichols,	1996)	implemented	in	LOSITAN	(Antao,	

F IGURE  3 Locations	of	sample	sites	for	deer	mice	(Peromyscus maniculatus)	and	white-	footed	mice	(Peromyscus leucopus)	in	Ontario,	Canada.	
Shapes	of	points	represent	the	species	that	was	trapped	at	each	site	(white-	footed	mice,	deer	mice,	and	both	species	represented	by	triangles,	
squares,	and	circles,	respectively).	Outlined	in	red	is	the	perimeter	of	Algonquin	Provincial	Park.	The	insert	in	the	top	left	corner	shows	an	
overview	of	the	sampling	area	within	North	America	with	the	ranges	of	white-	footed	and	deer	mice	in	blue	and	gray,	respectively.	Sampling	site	
labels	correspond	to	sample	sizes	in	Table	4,	and	site-	specific	groupings	are	outlined	by	polygons
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Lopes,	Lopes,	Beja-	Pereira,	&	Luikart,	2008),	a	software	platform	used	
to	detect	signatures	of	selection	based	on	the	distribution	of	FST	as	
a	function	of	heterozygosity.	We	calculated	the	“neutral”	mean	FST,	
where	we	 first	 ran	 a	 simulation	 to	 remove	potentially	 selected	 loci	
prior	to	computing	the	initial	mean	FST,	upon	which	putative	adaptive	
loci	were	identified.	We	also	selected	the	option	to	“force	mean	FST,”	
in	which	LOSITAN	will	attempt	to	approximate	a	more	precise	FST	by	
running	a	bisection	over	repeated	simulations.	We	ran	50,000	simu-
lations	at	a	95%	confidence	 interval	and	selected	a	stepwise	muta-
tion	model,	which	is	commonly	used	to	describe	STR	markers	(Antao	
et	al.,	2008;	Fan	&	Chu,	2007).	All	other	parameters	were	left	at	the	
recommended	default	settings.	In	cases	where	we	identified	a	signa-
ture	of	selection	at	any	locus,	two	additional	independent	tests	were	
conducted	on	 the	 same	dataset	 for	 confirmation	 (i.e.,	 a	 true	 signa-
ture	of	selection	would	be	expected	to	persist	in	3/3	tests).	We	also	

removed	populations	iteratively	with	replacement	from	each	analysis	
to	assess	the	sensitivity	of	our	results	to	the	exclusion	of	individual	
populations.

3  | RESULTS

3.1 | Characterization of candidate clock genes in 
mammal species

In	general,	cTNR	repeats	within	the	coding	regions	of	our	candidate	
clock	genes	were	relatively	abundant	(Table	1).	The	clock	genes	with	
the	largest	total	number	of	repeats	were	CLOCK,	NR1D1,	PER1,	and	
TIMELESS,	with	176,	315,	486,	and	521	total	repeats	across	all	mam-
mal	 species,	 respectively.	 The	 majority	 of	 repeats	 identified	 within	
each	 candidate	 clock	 gene	were	 small;	 repeats	 3–4	 units	 in	 length	

TABLE  4 Sampling	site	coordinates	and	
sample	size	of	white-	footed	mice	
(Peromyscus leucopus)	and	deer	mice	
(Peromyscus maniculatus)	for	analyses	
designed	toward	the	detection	of	selection	
at	the	PER1	exonic	trinucelotide	repeat	
motif.	Sampling	sites	are	consistent	with	
those	labeled	in	Figure	3.	Coordinates	
reflect	the	centroid	of	the	trapping	area	for	
each	site.	In	bold	is	the	sampling	site	where	
a	sufficient	sample	size	of	both	species	was	
obtained

Species Region Site (Figure 3)
Latitude/longitude 
of site

Sample 
size

White-	footed	
mouse	
(Peromyscus 
leucopus)

Algonquin	Provincial	
Park

2 45.62/−78.35 1

3 45.60/−78.52 2

5 45.45/−78.36 2

Algonquin	Provincial	Park	Total 5

South	of	Algonquin	
Provincial	Park

1 45.27/−78.90 11

2 45.18/−78.85 17

3 45.16/−78.84 42

South	of	Algonquin	Provincial	Park	Total 70

Kawartha 1 44.69/−78.34 19

2 44.57/−78.50 21

3 44.30/−78.30 2

Kawartha	Total 42

St.	Lawrence	Islands	
National	Park

44.35/−75.96 40

Guelph 43.79/−80.01 15

White-	footed	mice	total 172

Deer	mice	
(Peromyscus 
maniculatus)

Algonquin	Provincial	
Park

1 45.63/−78.32 24

2 45.62/−78.35 42

3 45.60/−78.52 133

4 45.59/−78.47 18

5 45.45/−78.36 35

Algonquin	Provincial	Park	Total 252

South	of	Algonquin	
Provincial	Park

1 45.27/−78.90 5

2 45.18/−78.85 25

3 45.16/−78.84 3

South	of	Algonquin	Provincial	Park	Total 33

Kawartha 1 44.69/−78.34 2

2 44.57/−78.50 1

3 44.30/−78.30 2

Kawartha	Total 5

Deer	mice	total 290
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(9–12	bp)	made	up	70%–100%	of	the	repeats	found	within	each	clock	
gene,	with	few	exceptions.	The	genes	CLOCK,	RORB,	and	RORC had 
the	greatest	abundance	of	large	repeats,	with	repeats	>5	units	(15	bp)	
comprising	39.8%,	42.4%,	and	50.5%	of	all	repeats	within	those	genes,	
respectively.	 Interestingly,	 the	candidate	clock	genes	with	 the	high-
est	 total	 number	 of	 observed	 repeats	 (CLOCK,	 NR1D1,	 PER1,	 and	
TIMELESS)	 were	 not	 necessarily	 the	 same	 as	 candidate	 genes	 that	
had	 the	 largest	 number	 of	 long	 repeats	 (≥5	units)	 (CLOCK, RORB,	
and	RORC)	(see	Table	S1	for	a	complete	list	of	all	sequences	≥5	units	
analyzed).

Across	all	of	our	 surveyed	genes,	 impurity	was	only	observed	 in	
repeats	 that	 were	 ≥5	units	 long	 (15	bp).	We	 often	 found	 that	 lon-
ger	repeats	were	more	 impure	than	shorter	 repeats;	however,	 these	
variables	were	not	significantly	correlated	(p	=	.17).	For	example,	the	
genes	CLOCK,	and	PER1,	which	had	some	of	the	highest	reported	per-
centages	of	pure	repeats	(52.9%	and	44.4%,	respectively),	were	also	
the	genes	with	a	large	number	of	long	repeats	(up	to	26	and	30	units,	
respectively).	Although	a	high	percentage	of	pure,	short	repeats	may	
explain	the	high	overall	purity	of	PER1	repeats,	it	cannot	explain	the	
same	observed	pattern	in	the	CLOCK	gene,	where	approximately	half	
of	 the	 pure	 repeats	were	 ≥7	units.	 Additionally,	 several	 genes	with	
only	short	observed	repeats	showed	an	extremely	low	percentage	of	
total	 pure	 repeats.	 For	 example,	 the	 genes	PER2	 and	RORB had 44 
and	70	repeats,	respectively,	all	of	which	were	a	maximum	of	5	units	
in	length.	However,	only	2.3%	and	0%	were	pure	for	PER2	and	RORB,	
respectively.

There	 was	 no	 obvious	 pattern	 explaining	 associations	 between	
species	and	repeat	length.	Many	of	the	largest	repeats	were	observed	
in	 small	 rodents,	 although	 several	 larger	mammal	 species	were	 also	
represented.	The	species	with	the	largest	repeat	across	all	clock	genes	
in	this	study	was	the	Golden	hamster	(Mesocricetus auratus;	30	units,	
90	bp,	PER1	 gene),	 followed	 by	 the	Chinese	 hamster	 (Cricetulus gri-
seus;	26	units,	78	bp,	CLOCK	 gene).	Remarkably,	 the	naked	mole	 rat	
(Heterocephalus glaber),	 a	blind	species	 that	does	not	 rely	on	photo-
period	cues,	exhibited	seven	cTNRs	throughout	the	genes	examined	
in	this	study.	The	largest	was	a	22	unit	 (66	bp)	repeat	 located	in	the	
CLOCK	gene.	Further,	the	purity	of	these	long	repeats	in	all	three	spe-
cies	was	quite	high	given	their	length	(96.67%,	93.59%,	and	91.18%	
purity	 in	the	Golden	hamster,	Chinese	hamster,	and	naked	mole	rat,	
respectively).

3.2 | Lynx species and the NR1D1 gene

A	 polyserine	 repeat	 motif	 (PolyS)	 was	 successfully	 amplified	 in	
Canada	 lynx	 and	 bobcat,	 and	 a	 complete	 segregation	 of	 nonover-
lapping	 alleles	 was	 observed	 between	 the	 two	 species	 (excluding	
putative	 hybrids).	 Seven	 alleles	 were	 observed,	 with	 the	 smaller	
three	occurring	exclusively	in	bobcat	and	the	larger	four	exclusively	
in	Canada	 lynx,	although	the	 largest	allele	observed	in	Canada	 lynx	
was	found	at	a	very	low	frequency	(0.008),	solely	in	western	Ontario	
(Figure	4c,	 Table	5).	 For	 the	 1,791	Canada	 lynx	 samples	 that	were	
analyzed	for	evidence	of	selection,	none	of	the	groups	deviated	from	
HWE	 at	 the	NR1D1	 locus.	 However,	 observed	 homozygosity	 was	

often	 slightly	 higher	 than	 expected,	 and	 observed	 heterozygosity	
slightly	lower	than	expected	(Table	S2).	For	the	neutral	marker	data-
set,	only	 the	Yukon	population	significantly	deviated	 from	HWE	at	
the	Fca441	locus	(p	=	.001).

Average	 genetic	 differentiation	 (FST)	 obtained	 from	 the	 NR1D1 
locus	 was	 substantially	 higher	 than	 average	 genetic	 differentiation	
across	our	set	of	14	presumably	neutral	microsatellites	(mean	FST	(SE)	
for	 neutral	microsatellites	=	0.017	 (±0.003),	NR1D1	=	0.06	 (±0.014);	
Figure	5a).	 Across	 all	 pairwise	 comparisons	 at	 both	 neutral	 mark-
ers	and	the	NR1D1	 locus,	eastern	populations	of	lynx	(i.e.,	Labrador,	
“Quebec	north”	and	“Quebec	south	of	the	St.	Lawrence	River”)	were	
the	most	highly	differentiated	groups	(Figure	5b).

Once	compared	to	a	background	of	neutral	microsatellite	mark-
ers,	most	LOSITAN	analyses	detected	the	NR1D1	locus	as	an	outlier	
under	 the	 influence	of	positive	selection	 (i.e.,	 the	NR1D1	 locus	 fell	
outside	of	 the	expected	range	of	neutrality	estimated	from	neutral	
microsatellites	 and	within	 the	 range	 of	 FST/heterozygosity	 that	 in-
dicates	positive	selection).	This	signature	of	selection	was	only	ab-
sent	when	the	“Quebec	south	of	the	St.	Lawrence	River”	group	was	
removed	 from	 the	 analysis.	We	 also	 periodically	 obtained	 a	 signal	
for	positive	 selection	at	 two	neutral	 loci	 (Fca35	and	Lc109).	These	
neutral	 loci,	 however,	 straddled	 the	 edge	 of	 the	 positive	 selection	
range	and	were	not	consistently	identified	as	putative	outliers	over	
multiple	tests.

3.3 | Glaucomys species and the CLOCK gene

A	polyglutamine	 repeat	motif	 (PolyQ)	was	successfully	amplified	 in	
northern	 and	 southern	 flying	 squirrels.	A	 total	 of	nine	 alleles	were	
observed	at	 the	CLOCK	 locus	between	the	 two	species,	which	had	
largely	overlapping	allelic	ranges;	six	of	the	nine	alleles	were	found	
in	both	 species.	Two	of	 the	 remaining	 three	observed	alleles	were	
found	solely	in	northern	flying	squirrels,	and	the	third	solely	in	south-
ern	flying	squirrels;	however,	the	frequencies	of	these	three	alleles	
were	 low	 (Table	6).	 The	 southern	 flying	 squirrel	 had	 greater	 allelic	
diversity	 at	 all	 neutral	 loci,	 with	 exception	 of	 the	 PvolE6	 locus.	 In	
contrast,	 the	northern	flying	squirrel	had	higher	diversity	 in	CLOCK 
alleles	 (an	 average	 of	 5.3	 alleles/site	 (SE	=	0.42)	 in	 northern	 flying	
squirrel	 versus	 3.3	 alleles/site	 (SE	=	0.76)	 in	 southern	 flying	 squir-
rel).	The	most	common	CLOCK	allele	was	the	same	in	both	species;	
however,	frequencies	of	this	allele	were	slightly	higher	in	the	south-
ern	flying	squirrel	(Table	6).	In	the	northern	flying	squirrel,	the	most	
northern	trapping	site	(Temagami)	was	the	only	site	in	which	the	larg-
est	CLOCK	allele	was	found.	Temagami	also	showed	the	highest	fre-
quency	of	the	second	largest	CLOCK	allele	(allele	frequency	of	0.167	
versus	 0.013–0.083	 across	 all	 other	 sites	 in	 both	 species).	 In	 the	
southern	flying	squirrel,	one	of	the	northern	Kawartha	sites	(site	3)	
had	higher	genetic	variability	than	all	other	sites	at	the	CLOCK	locus	
(seven	alleles	vs.	a	maximum	of	 three	alleles	across	all	other	sites);	
however,	many	of	the	alleles	present	at	this	site	were	found	at	low	
frequencies	(Table	6).	Alternatively,	this	may	be	an	artifact	of	sample	
size	(N	=	118	for	northern	Kawartha	Site	3	vs.	a	maximum	of	N	=	44	
across	all	other	sites).
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Patterns	 of	 observed	 and	 expected	 homo-		 and	 heterozygosity	
were	 inconsistent	 across	 sites	 for	 both	 species.	 In	 some	 locations,	
common	 heterozygous	 genotypes	 were	 observed	 more	 than	 ex-
pected,	whereas	 in	 others,	 the	 same	genotypes	were	observed	 less	
than	expected	(Tables	S3–S4).

Neither	neutral	microsatellite	 loci	nor	 the	CLOCK	 locus	deviated	
from	HWE	in	any	of	the	northern	flying	squirrel	sites.	For	the	southern	

flying	squirrel,	the	PvolE6	locus	deviated	from	HWE	in	both	northern	
Kawartha	sites	1	and	3	(p	<	.001).	Further,	both	the	GS8	and	Pvol74	
loci	were	 found	 to	 deviate	 from	HWE	at	 northern	Kawartha	 Site	 3	
(p	<	.001).

Average	genetic	differentiation	(FST)	at	the	CLOCK	locus	was	lower	
than	estimates	obtained	from	our	set	of	seven	neutral	microsatellites	
for	both	northern	and	southern	flying	squirrels	 (mean	FST	for	north-
ern	 [neutral	microsatellites	=	0.03	 (±0.004),	CLOCK	=	0.01	 (±0.004)],	
and	southern	flying	squirrels	[neutral	microsatellites	=	0.045	(±0.009),	
CLOCK	=	0.022	 (±0.009)];	 Figures	6a	 and	 7a),	 even	 though	 neutral	
genetic	 differentiation	was	 quite	 low.	 For	 southern	 flying	 squirrels,	
however,	 the	 Rondeau	 group	 (the	 most	 southern	 site	 for	 this	 spe-
cies)	showed	higher	levels	of	genetic	differentiation	at	neutral	mark-
ers	(FST	=	0.058–0.141	for	comparisons	including	the	Rondeau	group	
versus	 0–0.041	 for	 all	 other	 comparisons)	 and	 the	 CLOCK	 locus	
(FST	=	0–0.123	 for	 comparisons	 including	 the	 Rondeau	 group	 ver-
sus	0–0.025	 for	all	other	comparisons)	across	pairwise	comparisons	
(Figure	7b).

For	the	northern	flying	squirrel,	the	CLOCK	 locus	was	identified	
as	an	outlier	under	balancing	selection	in	analyses	where	the	Aurora	
and	Temagami	groups	were	removed	independently	from	the	dataset.	
Further,	the	neutral	microsatellites	PvolE6	and	Pvol41	showed	signa-
tures	of	balancing	selection	when	the	Aurora	and	southern	Kawartha	
groups	were	 removed,	 respectively.	 In	 the	 southern	 flying	 squirrel,	
evidence	of	 balancing	 selection	was	 identified	 at	 the	CLOCK	 locus	

TABLE  5 Allele	frequencies	of	the	coding	trinucleotide	repeat	
marker	within	the	NR1D1	gene	in	Canada	lynx	(Lynx canadensis)	
sampled	across	North	America

Population/Allele 270 273 276 279

Alaska 0.092 0.833 0.075 –

Yukon 0.093 0.833 0.074 –

British	Columbia 0.134 0.834 0.032 –

Alberta 0.162 0.755 0.083 –

Manitoba 0.065 0.880 0.055 –

Ontario	west 0.091 0.839 0.063 0.008

Ontario	east 0.104 0.811 0.085 –

Quebec	south 0.127 0.788 0.084 –

Quebec	north 0.200 0.678 0.122 –

Quebec	south	of	the	
St.	Lawrence	River

0.497 0.392 0.111 –

Labrador 0.050 0.950 – –

F IGURE  4 Allele	frequencies	for	deer	mice	(Peromyscus maniculatus,	a),	white-	footed	mice	(Peromyscus leucopus,	b),	Canada	lynx	(Lynx 
canadensis,	c),	northern	flying	squirrels	(Glaucomys sabrinus,	d),	and	southern	flying	squirrels	(Glaucomys volans,	e)	in	Ontario	(a,b,d,e),	and	across	
North	America	(c).	Allele	frequencies	represent	coding	trinucleotide	repeats	within	the	candidate	clock	genes	PER1	(a,b),	NR1D1	(c),	and	CLOCK 
(d,e).	Sizes	of	the	pie	charts	correspond	to	sample	sizes	for	each	location.	Rectangles	represent	groupings	of	sample	sites	within	general	areas,	
with	specific	sites	indicated	by	numbers

(b)

(c) (d)(a)

(e)
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when	the	Rondeau	group	was	 removed	 from	the	analysis.	A	signa-
ture	of	positive	selection	was	identified	for	the	neutral	microsatellite	
PvolE6	 in	several	analyses	 including	the	full	dataset,	and	when	the	
Algonquin	Provincial	Park	and	Mattawa	groups	were	removed.	The	
neutral	microsatellite	GS8	showed	a	signature	of	balancing	selection	
across	many	tests	including	the	full	dataset,	and	when	the	Mattawa,	
northern	Kawartha	Site	1,	and	Rondeau	groups	were	removed.	The	
neutral	 microsatellites	 SFS3	 and	 SFS15	were	 also	 identified	 to	 be	
under	 balancing	 selection	when	 the	Algonquin	Provincial	 Park	 and	
Rondeau	groups	were	removed,	respectively.	All	of	the	above	signa-
tures	of	selection	were	retained	across	three	independent	tests	for	
each	species.

3.4 | Peromyscus species and the PER1 gene

A	 polyglycine	 repeat	 motif	 (PolyG)	 was	 successfully	 amplified	 in	
white-	footed	and	deer	mice.	All	neutral	alleles	were	shared	between	
both	 species;	 however,	 deer	mice	 had	 greater	 allelic	 diversity	 than	
white-	footed	mice	across	all	neutral	loci.	In	contrast,	the	white-	footed	
mouse	had	a	higher	diversity	of	PER1	alleles	(an	average	of	4.3	alleles/

site	 (SE	=	0.64)	 in	 deer	 mice	 versus	 8.5	 alleles/site	 (SE	=	0.63)	 in	
white-	footed	mice;	measured	at	the	small	scale;	Figure	4d,e;	Table	7).	
Further,	the	most	common	PER1	allele	in	the	white-	footed	mouse	(fre-
quencies	between	0.146	and	0.452)	was	either	much	less	common	or	
completely	absent	from	the	deer	mouse	(frequencies	between	0	and	
0.088	among	sites).

For	 our	 larger-	scale	 analysis	 of	 deer	 mice,	 both	 the	 Algonquin	
Provincial	Park	and	south	of	Algonquin	Provincial	Park	groups	were	
found	to	be	out	of	HWE	at	 the	PER1	 locus,	 in	addition	to	 the	neu-
tral	 loci	PML01	and	PML03	 in	 the	Algonquin	Provincial	Park	group	
(p	<	.0028).	 Excessive	 homozygosity	 of	 all	 groups	 at	 two	 prevalent	
alleles	 at	 the	 PER1	 locus	 (Tables	S5–S6)	 suggests	 divergent	 or	 dis-
ruptive	 selection;	 however,	 it	 may	 also	 be	 a	 result	 of	 microgeo-
graphic	structure	or	a	Wahlund	effect.	We	attempted	to	account	for	
this	 by	 calculating	HWE	 at	 the	 finest	 spatial	 scale	 of	 our	 data:	 the	
trapping	 sites	 within	 Algonquin	 Provincial	 Park.	 Three	 of	 five	 sites	
in	Algonquin	Provincial	Park	deviated	 from	HWE	at	 the	PER1	 locus	
(sites	 2,	 3,	 and	 5),	 in	 addition	 to	 the	 south	 of	Algonquin	 Provincial	
Park	group	(p	<	.0012).	At	3	Algonquin	Provincial	Park	sites	each,	the	
neutral	 loci	PML01	(sites	3,	4,	and	5)	and	PML03	(sites	2,	3,	and	5)	

F IGURE  5 Estimates	of	FST	at	14	
neutral	microsatellite	loci	(black	points)	
and	the	NR1D1	cTNR	locus	(red	points)	
estimated	by	(a)	locus	and	(b)	pairwise	
population	comparisons	for	Canada	lynx	
(Lynx canadensis)	sampled	across	Canada	
and	Alaska.	The	x-	axis	is	ordered	by	
increasing	genetic	differentiation	of	neutral	
loci,	ending	with	estimates	of	mean	FST 
(across	loci	and	pairwise	comparisons)	
for	neutral	and	cTNR	loci	with	standard	
error	bars.	Population	abbreviations	are	
as	follows:	AB	(Alberta),	AK	(Alaska),	BC	
(British	Columbia),	LAB	(Labrador),	MAN	
(Manitoba),	ON_E	(eastern	Ontario),	
ON_W	(western	Ontario),	QC_N	(northern	
Quebec),	QC_S	(southern	Quebec),	
QC_SSLR	(Quebec	south	of	the	St.	
Lawrence	River),	YU	(Yukon)
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also	 deviated	 from	HWE,	 and	PML11	was	 out	 of	HWE	at	 one	 site	
(site	2)	 (p	<	.0012).	The	persistence	of	 deviations	 from	HWE	at	 the	
small	spatial	scale	suggests	that	our	results	were	not	confounded	by	
a	Wahlund	 effect.	 Further,	 at	 the	 smaller	 scale,	 the	 signal	 of	 diver-
gent	selection	at	the	PER1	locus	(higher	observed	homozygosity	with	
fewer	observed	heterozygotes)	was	retained.	For	white-	footed	mice,	
no	groups	 significantly	deviated	 from	HWE	at	 the	PER1	 locus	after	
Bonferroni	 correction	 at	 either	 scale;	 however,	 at	 the	 larger	 scale,	
the	neutral	locus	PML01	was	out	of	HWE	in	the	south	of	Algonquin	
Provincial	Park	group	(p	<	.0017).	Additionally,	no	sites	at	either	the	
small	or	 large	scale	demonstrated	excessive	observed	homozygosity	
in	white-	footed	mice	(Tables	S7–S8).

At	 the	 large	 scale,	 average	 genetic	 differentiation	 (FST)	 for	 the	
deer	mouse	was	 higher	 at	 the	PER1	 locus	 in	 comparison	with	 our	
neutral	 microsatellite	 dataset	 (mean	 FST	 for	 neutral	 microsat-
ellites	=	0.004	 (±0.004),	 and	 PER1	=	0.018	 (±0.01);	 Figure	8c).	
Further,	while	the	Algonquin	Provincial	Park	and	south	of	Algonquin	
Provincial	 Park	 pairwise	 comparison	 was	 most	 genetically	 differ-
entiated	 at	 neutral	 loci	 (FST	=	0.012	 for	Algonquin	 Provincial	 Park	
and	south	of	Algonquin	Provincial	Park	comparison,	vs.	FST	=	0	 for	
all	 other	 comparisons),	 it	was	 the	 least	 differentiated	 at	 the	PER1 
locus	(FST	=	0	for	Algonquin	Provincial	Park	and	south	of	Algonquin	
Provincial	Park	comparison,	vs.	FST	=	0.023–0.033	for	all	other	com-
parisons)	(Figure	8d).	At	the	smaller	scale,	average	genetic	differenti-
ation	for	deer	mouse	was	slightly	greater	at	both	neutral	markers	and	
PER1	 than	was	observed	 in	 the	 larger-	scale	 analysis	 (mean	FST	 for	
neutral	microsatellites	=	0.019	(±0.003),	and	PER1	=	0.029	(±0.009);	
Figure	8a),	although	standard	error	bars	for	neutral	loci	and	the	PER1 
cTNR	locus	overlapped.	At	this	scale,	the	Algonquin	Provincial	Park	
Site	 1	 group	was	 the	 most	 differentiated	 of	 all	 groups	 at	 neutral	
loci	 (FST	=	0.022–0.052	 for	 comparisons	 including	 the	 Algonquin	
Provincial	Park	site	1	group	vs.	0–0.029	for	all	other	comparisons;	
Figure	8b).	For	white-	footed	mouse,	both	the	large-	scale	and	small-	
scale	analyses	yielded	similar	results;	the	Algonquin	Provincial	Park	

group	was	the	most	highly	differentiated	from	other	groups	at	neu-
tral	markers	 (FST	=	0.020–0.080	and	0.020–0.052	at	 the	small	and	
large	scales	for	comparisons	including	the	Algonquin	Provincial	Park	
group	vs.	0.007–0.055	and	0.007–0.035	at	the	small	and	large	scales	
for	all	other	comparisons,	respectively;	Figure	9b,d),	and	neutral	ge-
netic	differentiation	was	slightly	higher	at	the	small	scale	(mean	FST 
for	 neutral	microsatellites	 at	 the	 small	 scale	=	0.035	 (±0.003),	 and	
large	 scale	=	0.028	 (±0.004);	 Figure	9a,c).	 In	 contrast	 to	 the	 deer	
mouse,	average	genetic	differentiation	at	the	PER1	locus	was	lower	
than	 in	 neutral	 microsatellites	 at	 both	 scales	 [small	 scale:	 mean	
FST	 for	 neutral	 microsatellites	=	0.035	 (±0.003),	 and	 PER1	=	0.024	
(±0.004);	 large	 scale:	 mean	 FST	 for	 neutral	 microsatellites	=	0.028	
(±0.004),	and	PER1	=	0.021	(±0.006)];	however,	standard	error	bars	
for	 neutral	 loci	 and	 the	PER1	 cTNR	 locus	 overlapped	 at	 the	 large	
scale	(Figure	9d).

For	 the	 deer	mouse	 at	 the	 small	 scale,	we	 found	 a	 signature	 of	
positive	 selection	 at	 the	PER1	 locus	when	 the	Algonquin	 Provincial	
Park	Site	1	was	removed	from	the	analysis,	but	this	signature	was	only	
retained	 in	 two	 of	 three	 independent	 tests,	 and	 disappeared	when	
analyzed	at	the	large	scale.	For	white-	footed	mouse,	no	signature	of	
selection	was	detected	at	the	small	scale;	however,	a	signature	of	bal-
ancing	selection	was	detected	for	 the	PER1,	 locus	at	 the	 large	scale	
when	the	Algonquin	Provincial	Park	group	was	removed	from	the	anal-
ysis.	This	analysis	also	indicated	balancing	selection	at	the	neutral	mi-
crosatellite	PML03	when	the	St.	Lawrence	Islands	group	was	removed	
from	the	analysis.

4  | DISCUSSION

4.1 | Characterization of candidate clock genes in 
mammal species

We	observed	a	number	of	trends	with	respect	to	the	presence,	abun-
dance,	 and	purity	of	 cTNRs	 in	a	 range	of	mammal	 species.	Repeats	

TABLE  6 Allele	frequencies	of	the	coding	trinucleotide	repeat	marker	within	the	CLOCK	gene	in	northern	flying	squirrels	(Glaucomys 
sabrinus)	and	southern	flying	squirrels	(Glaucomys volans)	sampled	in	Ontario,	Canada

Species Population/allele 102 111 114 117 120 123 126 129 132

Northern	
flying	
squirrel

Temagami – – 0.417 – 0.333 – – 0.167 0.083

Mattawa – – 0.400 0.200 0.200 0.100 0.100 – –

Algonquin	Provincial	Park – 0.024 0.452 0.143 0.190 0.143 0.048 – –

South	of	Algonquin	Provincial	Park – – 0.361 0.139 0.194 0.222 – 0.083 –

Northern	Kawartha – 0.027 0.365 0.122 0.392 0.041 0.027 0.027 –

Southern	Kawartha – – 0.357 0.107 0.286 0.143 0.071 0.036 –

Aurora – – 0.375 0.313 0.125 0.188 – – –

Southern	
flying	
squirrel

Mattawa – – 0.625 0.250 0.125 – – – –

Algonquin	Provincial	Park – – 0.750 – 0.250 – – – –

South	of	Algonquin	Provincial	Park – – 0.548 0.194 0.258 – – – –

Northern	Kawartha	Site	1 – – 0.614 0.250 0.125 – – – –

Northern	Kawartha	Site	3 0.009 – 0.443 0.257 0.230 0.009 0.039 0.013 –

Rondeau	Provincial	Park – – 0.875 – 0.125 – – – –
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were	generally	abundant	across	most	of	our	candidate	clock	genes.	
Due	 to	 the	overall	 short	 length,	 general	 abundance,	 and	 consistent	
purity	of	repeats	that	were	4	units	(12	bp)	or	smaller,	we	suggest	that	
the	most	promise	for	identifying	selection	will	be	found	in	repeats	that	
surpass	this	threshold.

We	found	that	longer	repeats	were	sometimes	more	impure	than	
shorter	 repeats;	 however,	 this	 trend	was	 inconsistent	 across	 genes,	
and	 the	 overall	 relationship	was	 not	 significant.	Thus,	 the	 tendency	
for	 there	 to	 be	 a	 negative	 relationship	 between	 repeat	 purity	 and	
length	may	be	tempered	by	variability	among	genes.	Interestingly,	im-
purity	has	been	reported	to	significantly	affect	the	stability	of	repeat	
structures	(Pearson	et	al.,	1998).	A	decrease	of	up	to	several	orders	of	
magnitude	in	the	overall	mutability	of	repeat	fragments	has	been	re-
ported	when	impurities	are	present	within	shorter	repeats,	in	multiple	
numbers,	or	near	the	center	of	the	repeat	unit	(Ananda	et	al.,	2014).	
This	suggests	that	impurities	within	exonic	repeat	structures	may	be	
selected	for	or	against.	For	some	genes,	increased	mutability	and	vari-
ation	in	repeat	length	might	favor	selection	for	pure	repeats,	whereas	
for	other	genes,	a	more	stable	repeat	structure	might	be	selected	for	
to	reduce	maladaptation	and	essentially	“lock-	in”	favorable	geno-		and	
phenotypes	within	an	optimal	functional	range.

We	also	found	that	the	longest	repeats	were	in	domestic	rodent	
species,	 suggesting	 that	 domestics	 may	 experience	 elevated	 muta-
tion	rates	in	cTNRs	(see	also	Laidlaw	et	al.,	2007).	Similarly,	we	found	
a	 large	repeat	 in	the	naked	mole	rat,	a	blind	species	which	does	not	
rely	on	photoperiodic	cues.	It	is	possible	that	the	expansion	of	cTNRs	
in	 both	 domestic	 and	wild	 species	 that	 do	 not	 use	 photoperiod	 to	
cue	life-	history	events	could	be	caused	by	the	lifting	of	evolutionary	
constraints	on	repeat	size;	however,	this	idea	remains	largely	unsup-
ported.	Further,	the	considerable	purity	of	these	long	repeats	supports	
the	claim	that	increased	purity	is	the	mechanism	by	which	cTNRs	mu-
tate	(Ananda	et	al.,	2014;	Gemayel	et	al.,	2012;	Kruglyak	et	al.,	1998).	
Thus,	 it	 is	plausible	that	the	removal	of	selective	constraints,	due	to	
domestication	 or	 nonreliance	 on	 photoperiod,	 has	 removed	 the	 ne-
cessity	 for	stable	 repeat	structures	 to	avoid	maladaptation	and	thus	
facilitated	the	expansion	of	cTNRs	in	these	species.

4.2 | Evidence of selection in candidate clock gene 
cTNRs of North American mammal species

We	 were	 able	 to	 detect	 signatures	 of	 selection	 at	 several	 candi-
date	clock	genes	in	our	range	of	mammal	study	species	with	varying	

F IGURE  6 Estimates	of	FST	at	seven	
neutral	microsatellite	loci	(black	points)	
and	the	CLOCK	cTNR	locus	(red	points)	
estimated	by	(a)	locus	and	(b)	pairwise	
population	comparisons	for	northern	
flying	squirrels	(Glaucomys sabrinus)	
sampled	within	Ontario,	Canada.	The	
x-	axis	is	ordered	by	increasing	genetic	
differentiation	of	neutral	loci,	ending	with	
estimates	of	mean	FST	(across	loci	and	
pairwise	comparisons)	for	neutral	and	cTNR	
loci	with	standard	error	bars.	Population	
abbreviations	are	as	follows:	APP	
(Algonquin	Provincial	Park),	sAPP	(south	
of	Algonquin	Provincial	Park),	nKawartha	
(northern	Kawartha),	sKawartha	(southern	
Kawartha).	All	other	population	labels	are	
written	in	full
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degrees	of	success.	Patterns	of	allele	frequencies,	allelic	diversity,	and/
or	HWE	deviations	from	the	patterns	typical	of	neutral	markers	indi-
cated	that	selection	pressures	are	potentially	influencing	these	loci	in	
our	species.	Additionally,	observed	patterns	of	genetic	differentiation	
at	 cTNRs	were	divergent	 from	 levels	 of	 differentiation	observed	 at	
neutral	microsatellite	markers	across	all	species,	as	predicted.	Higher	
genetic	structure	in	cTNRs	(e.g.,	Canada	lynx	and	deer	mouse)	could	
possibly	be	the	result	of	selection	favoring	different	alleles	across	the	
species’	distributions,	despite	the	homogenizing	effects	of	gene	flow	
on	neutral	markers.	In	contrast,	average	genetic	differentiation	that	is	
lower	at	candidate	cTNRs	than	estimates	obtained	from	neutral	mark-
ers	(e.g.,	white-	footed	mouse,	northern	and	southern	flying	squirrels)	
may	reflect	selective	pressures	that	favor	conserved	genetic	variants	
across	the	species’	distributions,	despite	population	structure	at	neu-
tral	markers.	Our	LOSITAN	analyses	provided	additional	support	for	
the	 influence	of	selection	on	the	cTNR	loci	studied	here.	We	found	
that	LOSITAN	analyses	were	sensitive	to	the	effects	of	geography	in	
each	of	 our	mammal	 species	 and	were	 able	 to	 identify	 populations	

that	contributed	the	most	to	the	signature	of	selection	detected	in	the	
cTNR	locus	of	each	species.

We	 found	 a	 complete	 divergence	 of	 alleles	 at	 the	NR1D1	 locus	
between	 Canada	 lynx	 and	 bobcat,	 supporting	 the	 role	 of	 selection	
in	 the	separate	Pleistocene	evolution	of	closely	 related	species,	and	
subsequent	adaptation	of	Canada	lynx	and	bobcat	to	more	northern	
and	southern	climatic	habitats,	respectively.	While	divergence	times	of	
these	species	may	account	for	the	divergence	of	alleles	at	the	NR1D1 
locus,	the	same	pattern	is	not	found	in	any	of	the	neutral	loci,	whose	
allelic	 ranges	 are	 largely	 shared	 between	 species,	 thus	 supporting	
the	 role	of	 selection	 in	maintaining	divergence	at	 the	NR1D1	 locus.	
Further,	the	higher	level	of	pairwise	genetic	differentiation	reflected	in	
the	NR1D1	locus	of	Canada	lynx	is	compelling	evidence	for	selection	
in	the	face	of	otherwise	homogenizing	gene	flow,	represented	by	low	
levels	of	differentiation	in	neutral	markers.	Our	adaptation-	driven	hy-
pothesis	was	also	supported	by	LOSITAN,	which	indicated	a	signature	
of	positive	 selection	 for	Canada	 lynx	at	 the	NR1D1	 locus	when	 the	
“Quebec	south	of	the	St.	Lawrence	River”	population	was	included	in	

F IGURE  7 Estimates	of	FST	at	seven	
neutral	microsatellite	loci	(black	points)	
and	the	CLOCK	cTNR	locus	(red	points)	
estimated	by	(a)	locus	and	(b)	pairwise	
population	comparisons	for	southern	flying	
squirrels	(Glaucomys volans)	sampled	within	
Ontario,	Canada.	The	x-	axis	is	ordered	by	
increasing	genetic	differentiation	of	neutral	
loci,	ending	with	estimates	of	mean	FST 
(across	loci	and	pairwise	comparisons)	
for	neutral	and	cTNR	loci	with	standard	
error	bars.	Population	abbreviations	are	as	
follows:	APP	(Algonquin	Provincial	Park),	
sAPP	(south	of	Algonquin	Provincial	Park),	
nKawartha	(northern	Kawartha),	RPP	
(Rondeau	Provincial	Park).	Numbers	beside	
the	“nKawartha”	label	represent	specific	
sites	in	northern	Kawartha	(1,3).	All	other	
populations’	labels	are	written	in	full
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analyses,	suggesting	that	this	southern	population	is	largely	driving	the	
signature	of	selection	that	we	detected.	It	should	be	noted,	however,	
that	neutral	genetic	differentiation	was	also	highest	in	pairwise	com-
parisons	 including	 the	 “south	of	 the	St.	 Lawrence	River”	 population	
(Koen	et	al.,	2015).

Although	 CLOCK	 alleles	 were	 largely	 shared	 between	 northern	
and	southern	flying	squirrels,	there	was	evidence	of	differentiation	in	
allele	 frequencies	 of	 some	 of	 the	more	 commonly	 observed	 alleles.	
This	 suggests	 that	 different	 alleles	may	 be	 selectively	 favored	 over	
others	 in	 accordance	with	 the	differing	habitats	 of	 the	northern	vs.	
southern	species.	In	addition	to	the	divergence	of	allele	frequencies,	
the	greater	genetic	diversity	of	CLOCK	alleles	 found	 in	the	northern	
flying	squirrel	may	allow	for	greater	fine-	tuning	capabilities	in	northern	
flying	squirrel	life-	history	strategies	to	cope	with	the	more	severe	sea-
sonal	changes	in	their	northern	environment.	We	identified	the	CLOCK 
gene	as	within	the	range	of	balancing	selection	in	LOSITAN	for	both	
northern	and	southern	 flying	 squirrels	when	 the	most	 southern	 (for	
both	species)	and	northern	(for	northern	flying	squirrel	only)	sites	were	
removed	from	the	analysis,	suggesting	that	these	geographically	“ex-
treme”	groups	were	influencing	the	signal	of	selection	in	both	species.

As	in	the	flying	squirrels,	differences	in	allele	frequency	distribu-
tions	of	the	white-	footed	and	deer	mouse	indicate	potential	differential	

selection	between	the	two	closely	related	species.	Further,	in	the	deer	
mouse,	deviations	from	HWE	and	an	excess	of	observed	homozygotes	
at	the	most	prevalent	PER1	alleles	in	both	large-		and	small-	scale	anal-
yses	of	sites	within	and	surrounding	Algonquin	Provincial	Park	suggest	
disruptive	selection	in	this	area,	where	small-	scale	changes	in	environ-
mental	 features	 (e.g.,	microhabitats)	may	 drive	 the	 selection	 of	 par-
ticular	alleles	 in	slightly	different	environments.	These	results	would	
be	predicted	 if	 there	were	mice	with	predispositions	 to	breeding	 at	
different	 times	of	 the	year,	essentially	 “isolation	by	 time”	 (Hendry	&	
Day,	2005).	Pairwise	estimates	of	genetic	differentiation	at	our	set	of	
neutral	microsatellites	 and	 the	PER1	 locus	 showed	 contrasting	 pat-
terns	 for	white-	footed	and	deer	mouse,	 indicating	 that	diverse	pro-
cesses	may	be	influencing	the	two	closely	related	species	differently.	
We	found	that	the	northern	residing	species	had	lower	allelic	diversity	
at	 the	PER1	 locus,	contrary	 to	our	expectations	 that	we	should	 find	
higher	allelic	diversity	to	allow	for	greater	seasonal	fine-	tuning	capa-
bilities	(as	observed	in	flying	squirrels).	However,	the	sampled	gradi-
ent	used	here	is	small	with	much	of	the	sampled	area	being	inhabited	
by	both	species;	a	wider	latitudinal	gradient	may	clarify	these	results.	
Lastly,	a	persistent	signature	of	balancing	selection	was	observed	 in	
the	white-	footed	mouse	when	the	Algonquin	Provincial	Park	site	(the	
most	northern	sampled	site)	was	removed	from	the	LOSITAN	analyses.

F IGURE  8 Estimates	of	FST	at	five	neutral	microsatellite	loci	(black	points)	and	the	PER1	cTNR	locus	(red	points)	estimated	by	(a,c)	locus	and	
(b,d)	pairwise	population	comparisons	at	the	“trapping	site-	specific”	small	scale	(a,b),	and	“regional”	large	scale	(c,d)	for	deer	mice	(Peromyscus 
maniculatus)	sampled	within	Ontario,	Canada.	The	x-	axis	is	ordered	by	increasing	genetic	differentiation	of	neutral	loci,	ending	with	estimates	
of	mean	FST	(across	loci	and	pairwise	comparisons)	for	neutral	and	cTNR	loci	with	standard	error	bars.	Population	abbreviations	are	as	follows:	
APP	(Algonquin	Provincial	Park),	sAPP	(south	of	Algonquin	Provincial	Park).	Numbers	beside	the	“APP”	label	represent	specific	sites	in	Algonquin	
Provincial	Park	(1–5).	All	other	population	labels	are	written	in	full
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Combined,	 our	 set	 of	 analytical	 approaches	was	 able	 to	 detect	
signatures	of	 selection	 in	 the	 cTNRs	of	 candidate	 clock	genes	 in	 an	
array	 of	 North	 American	 mammals	 along	 latitudinal	 clines.	 Our	 re-
sults	suggest	that	these	techniques	are	useful	for	surveying	candidate	
genes	 in	non-model	 species	and	 that	cTNRs	are	 interesting	markers	
to	investigate	in	reference	to	mammalian	adaptation.	Further,	the	di-
versity	of	analyses	used	to	detect	selection	in	these	genetic	markers	
suggests	that	testing	for	indications	of	selection	is	best	when	multiple	
approaches	are	 implemented	 that	are	able	 to	detect	different	 types	
of	selective	processes	(positive,	balancing,	divergent,	etc.).	While	the	
signatures	we	detected	in	our	datasets	point	to	the	potential	for	adap-
tive	differences	at	these	coding	motifs,	our	findings	support	the	need	
for	more	extensive	characterization	of	populations	(e.g.,	assessing	cor-
relates	with	environmental	variables).

4.3 | Limitations on the detection of selection

The	 influence	 of	 sample	 size	 on	 the	 accurate	 detection	 of	 selec-
tion	signatures	 is	 important	to	consider	given	some	of	our	datasets.	
Lachance	 (2009)	 showed	 that	 sample	 sizes	 ranging	 from	 thousands	
to	millions	are	needed	to	detect	departures	from	HWE	resulting	from	

selection.	Such	sample	sizes	are	often	difficult	if	not	impossible	to	ob-
tain	in	wild	study	systems.	Further,	small	sample	sizes	often	misrepre-
sent	the	true	allele	frequencies	of	populations,	which	can	cause	issues	
in	downstream	analyses.

In	addition	to	sample	sizes,	the	use	of	HWE	to	detect	signatures	
of	 selection	may	be	disadvantageous	 in	systems	experiencing	direc-
tional	selection,	as	cTNRs	under	the	influence	of	directional	selection	
are	less	likely	to	be	observed	at	intermediate	allele	frequencies,	which	
are	preferable	for	the	detection	of	departures	from	HWE	(Lachance,	
2009).	Thus,	departures	from	HWE	may	not	necessarily	imply	selec-
tion	on	the	marker	under	examination.	Alternatively,	background	pop-
ulation	 structure	 can	modify	 cTNR	 allele	 and	 genotype	 frequencies	
to	the	extent	that	any	signature	of	selection	is	effectively	masked	by	
other	mechanisms	(Ennis,	2007).

Differentiation-	based	 outlier	 approaches	 (e.g.,	 LOSITAN)	 have	
also	received	some	criticism	in	the	literature.	Such	approaches	gen-
erally	 have	 lower	power	 than	 approaches	based	on	environmental	
associations	(De	Mita	et	al.,	2013)	as	they	mainly	aim	to	detect	hard	
selective	sweeps	where	only	one	or	few	beneficial	alleles	are	selected	
to	high	frequency,	producing	more	significant	patterns	of	differen-
tiation	 between	 populations	 (Hohenlohe,	 Philips,	 &	 Cresko,	 2010;	

F IGURE  9 Estimates	of	FST	at	five	neutral	microsatellite	loci	(black	points)	and	the	PER1	cTNR	locus	(red	points)	estimated	by	(a,c)	locus	
and	(b,d)	pairwise	population	comparisons	at	the	“trapping	site-	specific”	small	scale	(a,b),	and	“regional”	large	scale	(c,d)	for	white-	footed	mice	
(Peromyscus leucopus)	sampled	within	Ontario,	Canada.	The	x-	axis	is	ordered	by	increasing	genetic	differentiation	of	neutral	loci,	ending	with	
estimates	of	mean	FST	(across	loci	and	pairwise	comparisons)	for	neutral	and	cTNR	loci	with	standard	error	bars.	Population	abbreviations	are	as	
follows:	APP	(Algonquin	Provincial	Park),	sAPP	(south	of	Algonquin	Provincial	Park),	SLINP	(St.	Lawrence	Islands	National	Park).	Numbers	beside	
the	“sAPP”	and	“Kawartha”	labels	represent	specific	sites	south	of	Algonquin	Provincial	Park	(1–3)	and	Kawartha	(1–2),	respectively.	All	other	
population	labels	are	written	in	full
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Raquin	et	al.,	2008).	Most	genes,	on	the	other	hand,	act	in	pleiotropy	
(Harrisson	et	al.,	 2014),	which	produces	more	modest	 increases	 in	
allele	 frequencies	over	multiple	 loci	 (Hermisson	&	Pennings,	2005)	
and	is	less	likely	to	affect	the	patterns	of	divergence	between	popu-
lations.	Indeed,	LOSITAN	does	not	address	the	issue	of	non-linearity	
of	FST	estimates	that	approach	zero	and,	thus,	 is	unlikely	to	detect	
low-	FST	outliers	when	selection	is	not	strong	(Antao	et	al.,	2008).	In	
such	cases,	the	detection	of	weak,	polygenic	selection	requires	much	
larger	sample	sizes	than	those	required	to	detect	hard	sweeps.

It	 is	also	possible	 that	cTNR	motifs	may	not	be	 the	specific	 re-
gions	under	selection	in	adaptive	genes	but	are	rather	linked	to	other	
genes	or	regulatory	elements	under	selection.	It	has	been	suggested	
that	 multilocus	 metrics	 of	 linkage	 disequilibrium	 (LD)	 are	 better	
suited	 for	 the	 detection	 of	 selection,	 as	 selection	will	 result	 in	 LD	
adjacent	 to	 the	 selected	 locus	 (Ennis,	2007).	 It	 also	has	 the	added	
benefit	of	bearing	the	footprint	of	past	selection	 (Lachance,	2009),	
which	can	provide	 important	 information	on	the	genetic	responses	
of	species	under	past	environmental	change.	Even	if	cTNRs	are	not	
the	markers	under	 selection,	 their	 increased	variability	 and	 linkage	
to	coding	SNPs	and	regulatory	elements	could	still	be	an	important	
proxy	for	detecting	candidate	adaptive	genes	through	haplotype	pro-
filing	and	analyses.

Although	our	approach	was	successful	at	identifying	putative	pat-
terns	of	adaptive	genetic	divergence	in	our	range	of	mammal	species,	
further	work	is	required	to	fully	realize	the	mechanisms	underlying	the	
observed	functional	variation	in	these	species,	as	it	has	been	demon-
strated	that	the	mechanisms	underlying	phenotype–genotype	correla-
tions	can	differ	between	closely	related	species	(Rosenblum,	Römpler,	
Schöneberg,	&	Hoekstra,	2010).	The	general	complexity	of	molecular	
mechanisms	 coupled	with	 the	pleiotropic	 effects	of	many	genes	ar-
gues	for	caution	in	interpretation	of	our	results;	however,	we	feel	that	
we	have	provided	support	for	the	importance	of	cTNRs	as	targets	of	
natural	selection	and	adaptation	in	wild	populations.

4.4 | Potential adaptive importance of cTNR loci

In	 the	 recent	 past,	 there	 has	 been	 an	 advancement	 in	 empirical	
studies	 implicating	climatic	and	environmental	gradients	 in	the	gen-
eration	 and	maintenance	 of	 adaptive	 genetic	 diversity	 through	 se-
lection,	even	in	the	face	of	ongoing	gene	flow	between	populations	
(DeFaveri	et	al.,	2013;	Fang	et	al.,	2013;	Watanabe,	Kazama,	Omura,	
&	 Monaghan,	 2014).	 Clock	 genes	 in	 particular	 have	 been	 demon-
strated	 to	 be	 important	 targets	 of	 selection,	 as	 they	 are	 likely	 to	
provide	a	means	by	which	species	can	adapt	to	seasonal	changes	or	
adjust	 to	novel	environments	 (Kondratova	et	al.,	2010).	Our	utiliza-
tion	of	a	candidate	gene	approach	allowed	us	to	identify	and	target	
cTNRs	within	clock	genes	characterized	in	closely	related	model	or-
ganisms	for	which	functional	roles	have	been	identified.	Not	only	did	
this	type	of	approach	make	optimizing	gene	fragments	easier	by	facili-
tating	primer	design,	but	it	also	allowed	us	to	use	prior	knowledge	of	
gene	function	to	develop	a	priori	hypotheses	regarding	the	environ-
mental	and	climatic	factors	that	may	be	driving	selection.	Thus,	this	
methodology	is	useful	in	determining	cTNR-	containing	genes	that	are	

good	candidates	for	environmental	association	studies	that	correlate	
	environmental		variants	with	adaptive	genetic	variability	in	a	spatially	
explicit	framework	(e.g.,	latent	factor	mixed	models,	LFMM;	Frichot,	
Schoville,	 Bouchard,	 &	 François,	 2013).	 This	 will	 lead	 us	 one	 step	
closer	to	being	able	to	accurately	characterize	genotype–phenotype	
associations	in	wild	populations.

Gene	motifs,	 specifically	 cTNRs	demonstrating	both	genetic	 and	
epigenetic	 characteristics	 (Gemayel	 et	al.,	 2010,	2012),	may	provide	
high-	pace	adaptive	capabilities,	making	them	ideal	targets	for	mitigat-
ing	the	decline	of	species	at	risk	through	the	identification	of	adaptively	
significant	populations.	A	critical	development	in	modeling	a	species’	
natural	 resilience	 (Dawson	 et	al.,	 2011)	 and	 implementing	 solutions	
(e.g.,	Thomas	et	al.,	2012)	is	mapping	and	promoting	environments	to	
maintain	 critical	 standing	 adaptive	 genetic	 variation	 and	 the	 poten-
tial	generation	of	novel	adaptive	alleles;	cTNRs	offer	the	potential	to	
support	both	of	these	objectives.	We	present	here	a	methodology	by	
which	we	were	able	to	identify	cTNRs	that	are	potentially	the	targets	
of	natural	selection	in	a	range	of	mammal	species,	a	taxonomic	group	
underestimated	 in	terms	of	vulnerability	to	climate	change.	Variance	
at	cTNR	motifs	in	other	genes	may	provide	a	mechanism	for	rapid	evo-
lutionary	responses	to	a	range	of	other	phenotypes.	Thus,	the	abun-
dance	 of	 cTNR	 repeats	 in	 functional	 gene	 classes	 including	 but	 not	
limited	to	clock,	immunity,	behavioral,	morphological,	and	stress-	axis	
genes	translates	 into	a	resource	 list	of	hundreds	of	candidate	genes	
that	can	be	used	in	the	search	for	rapidly	evolving	motifs	associated	
with	adaptation	in	wild	species.
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Subject: Lynx SSA Coordination
Date: Tuesday, September 26, 2017 3:13:29 PM

Hi All:

Jodi and I discussed the efficacy of a monthly coordination call and agreed that in lieu of a call letting you know that we are still working to finalize the SSA report and develop the 5-year status
review for the lynx DPS, we would provide the following update.

So we will not be having the call originally scheduled for tomorrow, Wed., Sept. 27.

As always, if you have specific questions or need more information, please call me or email.

Cheers!

Jim

Canada Lynx Update

In June 2014, the U.S. District Court for the District of Montana ordered the Service to initiate recovery planning for the Canada lynx DPS.  In April 2015, the
Service determined the need to complete a Species Status Assessment (SSA) to inform its response to the court order, and in July 2015, it convened the Lynx
SSA Team. In October 2015, the Team conducted an Expert Elicitation Workshop in Minnesota to gather the professional judgments and opinions of
recognized lynx experts and other subject matter experts regarding the current status, threats, and potential future conditions for DPS lynx populations. After
review by participating experts, we completed the workshop report in April 2016 (available here:

https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf).

In January 2017, after reviewing the available scientific information and considering expert opinion, we provided the draft SSA report to the AFWA for
distribution to and coordination of review by the wildlife and natural resource agencies of 15 states within the DPS range (Colorado, Idaho, Maine, Michigan,
Minnesota, Montana, New Hampshire, New Mexico, New York, Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming). At the same time, we
provided the draft to 5 independent peer reviewers, other Federal agencies (BLM, National Park Service, and U.S. Forest Service) and Tribal organizations
throughout the DPS range.  By March 2017, we had received all peer reviews and State and Federal agency reviews.

We continue working to finalize the SSA based on comments from 5 peer reviewers, 11 State agencies, and 3 other federal agencies, as well as additional
internal Service and solicitor reviews.  The Final SSA Report will form the basis of the statutorily-required 5-year status review and determine our next steps,
including recovery planning direction. We hope to complete the final report and the 5-year review very soon and we plan to release both to our State (and
AFWA), Tribal, and federal partners, and to make them available to the public simultaneously.

As we have indicated in previous calls, there are 3 possible recommendations that could come from the 5-year review: (1) the lynx DPS should remain
threatened, (2) it should be uplisted to endangered, or (3) it no longer warrants listing.  If the Service recommends either (1) or (2), we will proceed with
recovery plan development.  The court ordered that we complete a final recovery plan by Jan. 15, 2018, unless we determine one is not needed (listing no
longer warranted). 

If the Service recommends that the lynx DPS no longer warrants listing (3), we will initiate a rule-making process that would include a proposed rule to delist
with public comment, hearings, peer and partner review, etc., followed by a final rule determining listing status of the DPS.  Both the proposed and final rules
would be published in the Federal Register.  This means that even if the Service were to recommend delisting, the DPS would remain listed until 30 days after
the final rule to delist is published.  That is, even if the 5-year review recommended delisting, that would not happen officially for a year or more, depending on
the length and complexity of the rule-making process, and the DPS would remain listed during that time.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Hall, Sarah
To: Marilet Zablan; Rollie White
Subject: Fwd: Lynx SSA Coordination
Date: Tuesday, September 26, 2017 3:43:39 PM

FYI - update on lynx activities.

Still working on finalizing the SSA and the 5-year review.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Sep 26, 2017 at 3:13 PM
Subject: Lynx SSA Coordination
To: bob.broscheid@state.co.us, craig.mclaughlin@state.co.us, Jake Ivan - DNR
<Jake.ivan@state.co.us>, "Odell, Eric" <eric.odell@state.co.us>, "Moore,Virgil"
<virgil.moore@idfg.idaho.gov>, "Dustin Miller (dustin.miller@osc.idaho.gov)"
<dustin.miller@osc.idaho.gov>, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>,
"Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>, Sam Eaton
<Sam.Eaton@osc.idaho.gov>, rita.dixon@idfg.idaho.gov, Chandler.woodcock@maine.gov,
"Connolly, James" <James.Connolly@maine.gov>, "Vashon, Jennifer"
<jennifer.vashon@maine.gov>, moritzw@michigan.gov, bumpa@michigan.gov,
kennedyd@michigan.gov, commissioner.dnr@state.mn.us, jim.leach@state.mn.us,
Paul.Telander@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>, "Erb,
John D (DNR)" <john.erb@state.mn.us>, JTubbs@mt.gov, "McDonald, Ken"
<kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, seggeman@mt.gov, "Baty, Ross" <rbaty@mt.gov>,
glenn.normandeau@wildlife.nh.gov, Mark.Ellingwood@wildlife.nh.gov,
john.kanter@wildlife.nh.gov, William.Staats@wildlife.nh.gov, Patrick.Tate@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, stewart.liley@state.nm.us, rick.winslow@state.nm.us,
"Stuart, James N., DGF" <james.stuart@state.nm.us>, sean.murphy@state.nm.us,
michael.schiavone@dec.ny.gov, doug.stang@dec.ny.gov, curt.melcher@state.or.us,
derek.j.broman@state.or.us, Gregory Sheehan <GregSheehan@utah.gov>, Kimberly Hersey
<kimberlyasmus@utah.gov>, director@dfw.wa.gov, cpl@dnr.wa.gov, "Lewis, Jeffrey C
(DFW)" <Jeffrey.Lewis@dfw.wa.gov>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, Sanjay.Olson@wisconsin.gov, Tom.Hauge@wisconsin.gov,
Erin.Crain@wisconsin.gov, Owen Boyle <Owen.Boyle@wisconsin.gov>, "Roberts, Nathan
M - DNR" <NathanM.Roberts@wisconsin.gov>, "Rossler, Shawn T - DNR"
<Shawn.Rossler@wisconsin.gov>, David.MacFarland@wisconsin.gov,
John.White@wisconsin.gov, scott.talbot@wyo.gov, Bob Lanka <bob.lanka@wyo.gov>, Zack
Walker <zack.walker@wyo.gov>, Nichole Bjornlie <nichole.cudworth@wyo.gov>, Susan
Patla <susan.patla@wyo.gov>, Rick Kahn <rick_kahn@nps.gov>, "Jackson, Scott -FS"
<sjackson03@fs.fed.us>, "Hanvey, Gary -FS" <ghanvey@fs.fed.us>, "Tripp, Kim"
<ktripp@blm.gov>, Christopher Boone <ctboone@blm.gov>, "Sparks, James"
<jrsparks@blm.gov>, Jonathan Mawdsley <jmawdsley@fishwildlife.org>, "Kilborn, Jillian"
<jillian.kilborn@wildlife.nh.gov>, Scott.Darling@vermont.gov, Kim.Royar@vermont.gov,
"Bernier, Chris" <Chris.Bernier@vermont.gov>, Mark.Scott@vermont.gov,
Louis.Porter@vermont.gov
Cc: Jodi Bush <jodi_bush@fws.gov>, Heather Bell <heather_bell@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
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<kurt_broderdorp@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>, Tamara
Smith <tamara_smith@fws.gov>, Anna Harris <anna_harris@fws.gov>, Brady McGee
<brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Brad
Thompson <brad_thompson@fws.gov>, Chris Mensing <chris_mensing@fws.gov>, David
Stilwell <David_Stilwell@fws.gov>, David Simmons <david_simmons@fws.gov>, Drue
DeBerry <drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>, Grant
Canterbury <Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>,
"Szymanski, Jennifer" <jennifer_szymanski@fws.gov>, Karen Cathey
<karen_cathey@fws.gov>, Karl Halupka <Karl_Halupka@fws.gov>, Kate Novak
<kate_novak@fws.gov>, Kathleen Hendricks <kathleen_hendricks@fws.gov>, Larry Crist
<Larry_Crist@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Leslie Ellwood
<leslie_ellwood@fws.gov>, Mark Maghini <mark_maghini@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>, Megan Kosterman <megan_kosterman@fws.gov>, Michelle
Eames <michelle_eames@fws.gov>, Patricia Zenone <patricia_zenone@fws.gov>, Paul
Casey <paul_casey@fws.gov>, Paul Henson <paul_henson@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, Rollie White <rollie_white@fws.gov>, Sarah Hall
<sarah_hall@fws.gov>, Scott Hicks <scott_hicks@fws.gov>, Sue Livingston
<sue_livingston@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>, Tom McDowell
<tom_mcdowell@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Dennis Mackey
<Dennis_Mackey@fws.gov>, Marjorie Nelson <marjorie_nelson@fws.gov>, Lori
Nordstrom/R6/FWS/DOI <lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
Michael Thabault <michael_thabault@fws.gov>, "Kurz, Gregg" <Gregg_Kurz@fws.gov>

Hi All:

Jodi and I discussed the efficacy of a monthly coordination call and agreed that in lieu of a call letting you know that
we are still working to finalize the SSA report and develop the 5-year status review for the lynx DPS, we would
provide the following update.

So we will not be having the call originally scheduled for tomorrow, Wed., Sept. 27.

As always, if you have specific questions or need more information, please call me or email.

Cheers!

Jim

Canada Lynx Update

In June 2014, the U.S. District Court for the District of Montana ordered the Service to initiate
recovery planning for the Canada lynx DPS.  In April 2015, the Service determined the need
to complete a Species Status Assessment (SSA) to inform its response to the court order, and
in July 2015, it convened the Lynx SSA Team. In October 2015, the Team conducted an
Expert Elicitation Workshop in Minnesota to gather the professional judgments and opinions
of recognized lynx experts and other subject matter experts regarding the current status,
threats, and potential future conditions for DPS lynx populations. After review by participating
experts, we completed the workshop report in April 2016 (available here:

https://www.fws.gov/mountain-prairie/es/species/mammals/
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lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%
20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf).

In January 2017, after reviewing the available scientific information and considering expert
opinion, we provided the draft SSA report to the AFWA for distribution to and coordination of
review by the wildlife and natural resource agencies of 15 states within the DPS range
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New Mexico,
New York, Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming). At the same
time, we provided the draft to 5 independent peer reviewers, other Federal agencies (BLM,
National Park Service, and U.S. Forest Service) and Tribal organizations throughout the DPS
range.  By March 2017, we had received all peer reviews and State and Federal agency
reviews.

We continue working to finalize the SSA based on comments from 5 peer reviewers, 11 State
agencies, and 3 other federal agencies, as well as additional internal Service and solicitor
reviews.  The Final SSA Report will form the basis of the statutorily-required 5-year status
review and determine our next steps, including recovery planning direction. We hope to
complete the final report and the 5-year review very soon and we plan to release both to our
State (and AFWA), Tribal, and federal partners, and to make them available to the public
simultaneously.

As we have indicated in previous calls, there are 3 possible recommendations that could come
from the 5-year review: (1) the lynx DPS should remain threatened, (2) it should be uplisted to
endangered, or (3) it no longer warrants listing.  If the Service recommends either (1) or (2),
we will proceed with recovery plan development.  The court ordered that we complete a final
recovery plan by Jan. 15, 2018, unless we determine one is not needed (listing no longer
warranted). 

If the Service recommends that the lynx DPS no longer warrants listing (3), we will initiate a
rule-making process that would include a proposed rule to delist with public comment,
hearings, peer and partner review, etc., followed by a final rule determining listing status of
the DPS.  Both the proposed and final rules would be published in the Federal Register.  This
means that even if the Service were to recommend delisting, the DPS would remain listed until
30 days after the final rule to delist is published.  That is, even if the 5-year review
recommended delisting, that would not happen officially for a year or more, depending on the
length and complexity of the rule-making process, and the DPS would remain listed during
that time.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Broderdorp, Kurt
To: Allison Jehly
Subject: Fwd: Lynx SSA Coordination
Date: Wednesday, September 27, 2017 7:09:38 AM

FYI, Lynx SSA, etc.
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Sep 26, 2017 at 4:13 PM
Subject: Lynx SSA Coordination
To: bob.broscheid@state.co.us, craig.mclaughlin@state.co.us, Jake Ivan - DNR
<Jake.ivan@state.co.us>, "Odell, Eric" <eric.odell@state.co.us>, "Moore,Virgil"
<virgil.moore@idfg.idaho.gov>, "Dustin Miller (dustin.miller@osc.idaho.gov)"
<dustin.miller@osc.idaho.gov>, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>,
"Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>, Sam Eaton
<Sam.Eaton@osc.idaho.gov>, rita.dixon@idfg.idaho.gov, Chandler.woodcock@maine.gov,
"Connolly, James" <James.Connolly@maine.gov>, "Vashon, Jennifer"
<jennifer.vashon@maine.gov>, moritzw@michigan.gov, bumpa@michigan.gov,
kennedyd@michigan.gov, commissioner.dnr@state.mn.us, jim.leach@state.mn.us,
Paul.Telander@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>, "Erb,
John D (DNR)" <john.erb@state.mn.us>, JTubbs@mt.gov, "McDonald, Ken"
<kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, seggeman@mt.gov, "Baty, Ross" <rbaty@mt.gov>,
glenn.normandeau@wildlife.nh.gov, Mark.Ellingwood@wildlife.nh.gov,
john.kanter@wildlife.nh.gov, William.Staats@wildlife.nh.gov, Patrick.Tate@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, stewart.liley@state.nm.us, rick.winslow@state.nm.us,
"Stuart, James N., DGF" <james.stuart@state.nm.us>, sean.murphy@state.nm.us,
michael.schiavone@dec.ny.gov, doug.stang@dec.ny.gov, curt.melcher@state.or.us,
derek.j.broman@state.or.us, Gregory Sheehan <GregSheehan@utah.gov>, Kimberly Hersey
<kimberlyasmus@utah.gov>, director@dfw.wa.gov, cpl@dnr.wa.gov, "Lewis, Jeffrey C
(DFW)" <Jeffrey.Lewis@dfw.wa.gov>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, Sanjay.Olson@wisconsin.gov, Tom.Hauge@wisconsin.gov,
Erin.Crain@wisconsin.gov, Owen Boyle <Owen.Boyle@wisconsin.gov>, "Roberts, Nathan
M - DNR" <NathanM.Roberts@wisconsin.gov>, "Rossler, Shawn T - DNR"
<Shawn.Rossler@wisconsin.gov>, David.MacFarland@wisconsin.gov,
John.White@wisconsin.gov, scott.talbot@wyo.gov, Bob Lanka <bob.lanka@wyo.gov>, Zack
Walker <zack.walker@wyo.gov>, Nichole Bjornlie <nichole.cudworth@wyo.gov>, Susan
Patla <susan.patla@wyo.gov>, Rick Kahn <rick_kahn@nps.gov>, "Jackson, Scott -FS"
<sjackson03@fs.fed.us>, "Hanvey, Gary -FS" <ghanvey@fs.fed.us>, "Tripp, Kim"
<ktripp@blm.gov>, Christopher Boone <ctboone@blm.gov>, "Sparks, James"
<jrsparks@blm.gov>, Jonathan Mawdsley <jmawdsley@fishwildlife.org>, "Kilborn, Jillian"
<jillian.kilborn@wildlife.nh.gov>, Scott.Darling@vermont.gov, Kim.Royar@vermont.gov,
"Bernier, Chris" <Chris.Bernier@vermont.gov>, Mark.Scott@vermont.gov,
Louis.Porter@vermont.gov
Cc: Jodi Bush <jodi_bush@fws.gov>, Heather Bell <heather_bell@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>, Tamara
Smith <tamara_smith@fws.gov>, Anna Harris <anna_harris@fws.gov>, Brady McGee
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<brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Brad
Thompson <brad_thompson@fws.gov>, Chris Mensing <chris_mensing@fws.gov>, David
Stilwell <David_Stilwell@fws.gov>, David Simmons <david_simmons@fws.gov>, Drue
DeBerry <drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>, Grant
Canterbury <Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>,
"Szymanski, Jennifer" <jennifer_szymanski@fws.gov>, Karen Cathey
<karen_cathey@fws.gov>, Karl Halupka <Karl_Halupka@fws.gov>, Kate Novak
<kate_novak@fws.gov>, Kathleen Hendricks <kathleen_hendricks@fws.gov>, Larry Crist
<Larry_Crist@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Leslie Ellwood
<leslie_ellwood@fws.gov>, Mark Maghini <mark_maghini@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>, Megan Kosterman <megan_kosterman@fws.gov>, Michelle
Eames <michelle_eames@fws.gov>, Patricia Zenone <patricia_zenone@fws.gov>, Paul
Casey <paul_casey@fws.gov>, Paul Henson <paul_henson@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, Rollie White <rollie_white@fws.gov>, Sarah Hall
<sarah_hall@fws.gov>, Scott Hicks <scott_hicks@fws.gov>, Sue Livingston
<sue_livingston@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>, Tom McDowell
<tom_mcdowell@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Dennis Mackey
<Dennis_Mackey@fws.gov>, Marjorie Nelson <marjorie_nelson@fws.gov>, Lori
Nordstrom/R6/FWS/DOI <lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
Michael Thabault <michael_thabault@fws.gov>, "Kurz, Gregg" <Gregg_Kurz@fws.gov>

Hi All:

Jodi and I discussed the efficacy of a monthly coordination call and agreed that in lieu of a call letting you know that
we are still working to finalize the SSA report and develop the 5-year status review for the lynx DPS, we would
provide the following update.

So we will not be having the call originally scheduled for tomorrow, Wed., Sept. 27.

As always, if you have specific questions or need more information, please call me or email.

Cheers!

Jim

Canada Lynx Update

In June 2014, the U.S. District Court for the District of Montana ordered the Service to initiate
recovery planning for the Canada lynx DPS.  In April 2015, the Service determined the need
to complete a Species Status Assessment (SSA) to inform its response to the court order, and
in July 2015, it convened the Lynx SSA Team. In October 2015, the Team conducted an
Expert Elicitation Workshop in Minnesota to gather the professional judgments and opinions
of recognized lynx experts and other subject matter experts regarding the current status,
threats, and potential future conditions for DPS lynx populations. After review by participating
experts, we completed the workshop report in April 2016 (available here:

https://www.fws.gov/mountain-prairie/es/species/mammals/
lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%
20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf).
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In January 2017, after reviewing the available scientific information and considering expert
opinion, we provided the draft SSA report to the AFWA for distribution to and coordination of
review by the wildlife and natural resource agencies of 15 states within the DPS range
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New Mexico,
New York, Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming). At the same
time, we provided the draft to 5 independent peer reviewers, other Federal agencies (BLM,
National Park Service, and U.S. Forest Service) and Tribal organizations throughout the DPS
range.  By March 2017, we had received all peer reviews and State and Federal agency
reviews.

We continue working to finalize the SSA based on comments from 5 peer reviewers, 11 State
agencies, and 3 other federal agencies, as well as additional internal Service and solicitor
reviews.  The Final SSA Report will form the basis of the statutorily-required 5-year status
review and determine our next steps, including recovery planning direction. We hope to
complete the final report and the 5-year review very soon and we plan to release both to our
State (and AFWA), Tribal, and federal partners, and to make them available to the public
simultaneously.

As we have indicated in previous calls, there are 3 possible recommendations that could come
from the 5-year review: (1) the lynx DPS should remain threatened, (2) it should be uplisted to
endangered, or (3) it no longer warrants listing.  If the Service recommends either (1) or (2),
we will proceed with recovery plan development.  The court ordered that we complete a final
recovery plan by Jan. 15, 2018, unless we determine one is not needed (listing no longer
warranted). 

If the Service recommends that the lynx DPS no longer warrants listing (3), we will initiate a
rule-making process that would include a proposed rule to delist with public comment,
hearings, peer and partner review, etc., followed by a final rule determining listing status of
the DPS.  Both the proposed and final rules would be published in the Federal Register.  This
means that even if the Service were to recommend delisting, the DPS would remain listed until
30 days after the final rule to delist is published.  That is, even if the 5-year review
recommended delisting, that would not happen officially for a year or more, depending on the
length and complexity of the rule-making process, and the DPS would remain listed during
that time.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
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Grand Junction, CO  81501-5720
(970) 628-7186



From: Catton, Timothy J -FS
To: Tamara_Smith@fws.gov
Subject: Take database
Date: Wednesday, October 04, 2017 12:22:19 PM
Attachments: image002.png

image003.png
image004.png
image005.png

Hi Tam,
 
I’m pulling together the summary report for our lynx DNA database and thought I would incorporate a brief
summary of the take database as well.  Are you okay with that?  If so, could you send me the most
current version of it that you have?
 
Thanks!
 
Tim
 

Timothy J. Catton 
Wildlife/Reforestation
Forest Service
Superior National Forest
p: 218-626-4376 
f: 218-626-4398 
tcatton@fs.fed.us
8901 Grand Ave Pl
Duluth, MN 55808
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.
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From: Smith, Tamara
To: Catton, Timothy J -FS
Subject: Re: Take database
Date: Thursday, October 05, 2017 11:25:31 AM
Attachments: image004.png

image005.png
image003.png
image002.png
LYCA Incidental Take 2001-present 5Oct2017.xlsx

Hi Tim - Yes - I've attached the most recent version of the database. Thanks! -Tam

On Wed, Oct 4, 2017 at 12:22 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Hi Tam,

 

I’m pulling together the summary report for our lynx DNA database and thought I would incorporate a
brief summary of the take database as well.  Are you okay with that?  If so, could you send me the most
current version of it that you have?

 

Thanks!

 

Tim

 

Timothy J. Catton 
Wildlife/Reforestation
Forest Service

Superior National Forest
p: 218-626-4376 
f: 218-626-4398 
tcatton@fs.fed.us
8901 Grand Ave Pl
Duluth, MN 55808
www.fs.fed.us 

Caring for the land and serving people
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This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell



From: Catton, Timothy J -FS
To: Tamara_Smith@fws.gov
Subject: RE: Take database
Date: Thursday, October 05, 2017 2:58:58 PM
Attachments: image002.png

image003.png
image004.png
image005.png

Thanks!  I’ll send you a copy of the report when it has been finalized.
 
Tim
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, October 05, 2017 11:26 AM
To: Catton, Timothy J -FS <tcatton@fs.fed.us>
Subject: Re: Take database
 
Hi Tim - Yes - I've attached the most recent version of the database. Thanks! -Tam
 
On Wed, Oct 4, 2017 at 12:22 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Hi Tam,
 
I’m pulling together the summary report for our lynx DNA database and thought I would incorporate a
brief summary of the take database as well.  Are you okay with that?  If so, could you send me the
most current version of it that you have?
 
Thanks!
 
Tim
 

Timothy J. Catton 
Wildlife/Reforestation
Forest Service
Superior National Forest
p: 218-626-4376 
f: 218-626-4398 
tcatton@fs.fed.us
8901 Grand Ave Pl
Duluth, MN 55808
www.fs.fed.us 

Caring for the land and serving people
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This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell



From: Robert Segin
To: Jim Zelenak; Justin Shoemaker
Subject: FW: R5 initial thoughts on lynx outreach
Date: Monday, October 09, 2017 10:11:29 PM
Attachments: Untitled attachment 02523.htm

Canada Lynx Press release_MJM.docx
Lynx QA_MJM.docx
Untitled attachment 02526.htm
Canada Lynx 5-year Review Communications Strategy_MJM.docx
Untitled attachment 02529.htm

More comments
 
From: Meagan Racey [mailto:meagan_racey@fws.gov] 
Sent: Monday, October 09, 2017 8:58 AM
To: robert_segin@fws.gov
Subject: Fwd: R5 initial thoughts on lynx outreach
 
Hey Steve! Heard you were away but sending just in case -- 

Sent from my iPhone

Begin forwarded message:

From: "Racey, Meagan" <meagan_racey@fws.gov>
Date: October 6, 2017 at 11:47:42 AM EDT
To: "Munoz, Anna" <anna_munoz@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>,  Paul Phifer <paul_phifer@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>
Subject: R5 initial thoughts on lynx outreach

Hi Anna, Kyla asked me to follow up with you on lynx. We appreciate the
opportunity to review the draft materials. Given the complexity of this issue, I'm
planning to spend some more time getting up to speed on the review, the nuances
of the recommendation, and how we'd like to highlight the conservation history
and future commitments. With many of our lynx folks on travel this week, we
weren't able to get together. 
 
A few elements in general caught our attention: 

We weren't sure if the approach is to downplay this stage in the process, or
play up the conservation success story. The primary message in the
communications plan (focused on the recommendation & success story)
doesn't appear in the news release until the third paragraph, near the bottom
of the first page. The plan notes the intent to reach the greatest number of
interested parties, including national television and radio, but the
implementation steps and tone/content of the news release don't line up
with how we'd make that happen.
It might confuse a reader to see that we would come out with this
recommendation and then say in the press release and QA that we don't
have plans to act on it (without hinting as to why). I don't yet know our
internal rationale but hoping we could add some clarity there.
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References to the status of the lynx population (now & projected) seem to
vary -- thriving/rebounded, ephemeral, sustainable/persisting, expected to
decline --  such that its not clear what that key message is.

The approach outlined in the communications plan (getting more publicity) would
support what we're hearing from folks initially here, which is a desire to
emphasize in Maine the contributions of landowners and the state to long-term
conservation commitments. If we were to move forward with that, would you
need us to create a regional step-down plan to attach to the national plan? 
 
I've attached some tracked changes and comments directly on the document. Once
we have time to discuss in R5, we may have a second round of thoughts to share. 
 
Have a nice weekend,
Meagan
 
 
---
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386
 
Check out our blog, Conserving the nature of the Northeast
 

http://usfwsnortheast.wordpress.com/
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FULL COMMUNICATIONS STRATEGY 
FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

SECTION I: GENERAL INFORMATION 

 
1. Plan title: Canada lynx 5-year Review 

  

2. DTS number 
 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year Review of the Canada lynx in the distinct population 
segment (DPS) occurring in the contiguous, lower 48 states. The Review and subsequent 
species status assessment (SSA) indicates that the Canada lynx has a significant and steady 
population in north-central Washington, northwest and south west Montana, western 
Colorado, northeastern Minnesota and northern Maine, with ephemeral populations in 9 
other states. As a result of conservation partnerships with state and local entities, the lynx 
population is such that the recommendation from the 5-year review is delistingto remove 
the species from the list of endangered and threatened species in accordance with the 
Endangered Species Act of 1973. 

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

Autumn of 2017 is the proposed time frame for 5-year review and SSA to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS Mountain-Prairie Region (R6)  

 

 

SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Comment [MJM1]: The SSA came first. 
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The ideal goal is to inform the public that through the Service’s management of the species 
with its federal, state, local and tribal partners, the Canada lynx has rebounded within the 
DPS and that their current population, food source and habitat are stable to the point where 
they could be delistedremoved from the list of endangered and threatened species. The 
message will highlight the success of our specific lynx- related programs/efforts and the 
ESA mechanisms that allow for the conservation of endangered and threatened species. 

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

The methodology and conservation practices by which the Service evaluates, lists and 
manages species has resulted in the successful rebound of the Canada lynx (and other 
endangered species) and that the recommendation to delist is a success story for the lynx 
and not a danger to the species.   

 

 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The general public/tax payer, Congress, state and local conservation partners, the scientific 
and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

Congress. The office of the Director of FWS. Regional level leadership, particularly in 
which the lynx DPS is currently active. The FWS scientific community. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

• Environmental groups (e.g., WildEarth Guardians, Earthjustice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 

Comment [MJM2]: This seems to imply that 
ESA listing lead to a rebound.  While there may 
have been some increase in some areas, the larger 
reason is that we discovered after listing that the 
population at the time of listing was larger than 
we realized.  

Comment [MJM3]: The Q&A doc says “we 
expect lynx habitat and numbers to decline 
throughout the DPS in the future.”  If we’re saying 
the DPS and its habitat and food source will 
remain stable in the near-term and decline in the 
farther term, then we should be prepared to 
address this nuance.  But I don’t know that this is 
what we’re saying. 
 
Saying “stable to the point where they could be 
delisted” implies that we’re using the word 
“stable” in the context of timeframes associated 
with the definitions of endangered and 
threatened, which are not limited to the near 
term. 

Comment [MJM4]: See comment 2 above. 
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believe the lynx population should remain Threatened under the ESA despite empirical 
evidence that the populations within the DPS are thriving and relatively stable. 

• Parties that have participated in litigation lynx over critical habitat 

• Tribal governments.  
 

 

11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forrest Service, Bureau of Land Management, Bureau of Indian Affairs, National Parks, 
State equivalent to FWS 

 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of facts, 
which should be placed in the appendix. List no more than three!) 

1. This is a success story for the Canada lynx and it is thriving in the DPS to the point 
where it may no longer be Threatened. 

2. The ESA and subsequent conservation methods and strategies are successful in managing 
and increasing the population of Canada lynx and other endangered species who have gone 
through this conservation process. 

3. Partnerships with other federal agencies, state, local and tribal government conservations 
organizations is critical to the success of this process. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

The Canada lynx’s population within the DPS is steady but thate population was seen as 
ephemeral and transitory as opposed to the non-endangered populations in Alaska and 
Canada. This can result in changes to the overall DPS subpopulations as external natural 
and manmade forces eaffect habitats and food sources.  

The most real threat to the Canada lynx within the DPS is climate change, which could 
affect their boreal sub-alpine habitat and main food source, the snowshoe hare.  

Comment [MJM5]: This seems disingenuous 
given our finding that “we expect lynx habitat and 
numbers to decline throughout the DPS in the 
future.”   

Comment [MJM6]: Redundant – DPS means 
population. 
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SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media assets to reach the greatest number of 
interested parties. These include but are not limited to Service and partner government 
organization web sites and news feeds, local and national television and radio, print media, 
civilian web- based news sites, social media including Facebook, Twitter, Snapchat,  

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS web site 

Pop-Up 

Internal email 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press Release Glenn Johnson – 
Robert Segin 

Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 Internet page Rob Mansheim TBD 

   

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 
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Date and Time Tactic Responsible 

All times are in the 32T time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

9/26/17 Communications materials for R6 RD review  R6 EA 

TBD/fall 2017 Release of packet to media in effected regions (6, 
5, 3, 1) 

R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/fall 2017 Posting to R6 and FWS national web sites and 
social media platforms 

R6 EA Digital 
Media 

TBD/fall-winter 
2017 and early 
2018 

Response to all subsequent media requests and 
inquiries 

R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 

19. Stakeholder contacts (For each, paste in a table that provides organization name, contact person, 
contact information as appropriate, and the name of the person responsible for making contact) 
 
Internal 
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Stakeholder Contact Information Contact By 

FWS Region 5 Meagan Racy (413) 253-8558 EA-Segin 

FWS Region 3, Charles Traxler (612)-713-5313 EA-Segin 

FWS Region 1, Jason Holm (503)-231-2264 EA-Segin 

   

       External Pro 
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       Stakeholder Contact Information Contact By 

National Park Service Director Jon Jarvis (202) 208-6843 HQ Director  

U.S. Forest Service Chief Thomas Tidwell (202) 205-8439 HQ Director  

Bureau of Land Management Director Neil 
Kornze 

(202) 208-3801 HQ Director  

U.S. Geological Survey Director Dr. Suzette 
Kimball 

(703) 648-7411 HQ Director  

Montana Fish, Wildlife, and Parks Director Jeff 
Hagener 

(406) 444-3186 

jhagener@mt.gov 

R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R6 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester 

(406) 329-3511 R6 DRD 

mailto:jhagener@mt.gov
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U.S. Forest Service US Forest Service 
Intermountain Regional Forester 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester 

(503) 808-2468 R6 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester 

(414) 297-3600 R1 DRD 

Bureau of Land Management Montana State 
Director 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State 
Director 

(307) 775-6001 

 

R6 DRD 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R3 DRD 

Bureau of Land Management Colorado State 
Director, Ruth Welch 

(303)-239-3700 R6 DRD 

Bureau of Land Management Montana-Dakotas 
State Director 

(406)-896-5000 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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External Neutral 

Stakeholder Contact Information Contact By 

NA   

   

   

   

 

 External Anti 

 
 

 

 

 

 

 

Stakeholder Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

mailto:cchavers@boisforte-nsn.gov
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20. Congressional emails 

Member Colorado Contact Information  

Sen. Cory Gardener - Philip Newman philip_newman@gardner.senate.gov  R6 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.senate.gov  R6 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.gov  R6 

Rep. Jared Polis – Blaine Miller-McFeeley (202) 225-2161 (D.C)  R6 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.gov  R6 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.gov  R6 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.gov  R6 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-smith@mail.house.gov  R6 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  R6 

Member Wyoming   

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.senate.gov  R6 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.gov  R6 

Rep. Liz Cheney – Jimmy Ward jimmy.ward@mail.house.gov  R6 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.gov  R6 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.senate.gov  R6 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.gov  R6 

Member Washington   

TBD by Region 1 EA   

 
 

mailto:philip_newman@gardner.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:jimmy.ward@mail.house.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 
Committees 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

 
 

SECTION VI: SOCIAL MEDIA PLAN 

 

21. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a 

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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large swath of the general public across a number of age demographics. 

 

Lead accounts to be used:  Facebook, Twitter. 

 

Secondary accounts to share messaging: We assume that there will be collateral 
inquiries associated with images for the Canada lynx so Flckr may also play an important 
role in this rollout. 
 

Hashtags: #lynx #conservation 

 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  
 

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  

• 5-year review of Canada lynx indicates conservation efforts are effective in 
increasing population in lower 48 states. 

• Canada lynx population in lower 48 states, stable and thriving according to 5-year 
review. Report recommends delisting from ESA. 

• Canada lynx habitat and food sources stable allowing lynx in lower 48 states to 
thrive according to 5-year review. 

 

Facebook messages:  
The U.S. Fish and Wildlife Service has completed a mandatory 5-year review of the 
Endangered Canada lynx located in the lower 48 states. Preliminary results from the 
Canada lynx status review found that, “There is no compelling evidence, based on verified 
historical records, of major range contraction or population declines among resident 
breeding lynx populations in the United States distinct population segment.”   
 
In fact there are many more resident lynx in northern Maine, western Colorado and 
northeastern Minnesota than suspected at the time of its ESA listing in 2000. The study 
further indicates that those populations have the ability to sustain their current numbers 
and ranges. As a result, the report recommends delisting of the species, however that is 
only a recommendation and there are no immediate plans to begin that separate delisting 
process. 
 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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The Service is obligated to conduct a 5-year status review of the species in accordance 
with the Endangered Species Act (ESA) of 1973. 

 

Other platform messages:  
 

 

 

SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Robert Segin - robert_segin@fws.gov - 303-236-4578 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Roya Mogadam - roya_mogadam@fws.gov - 303-236-4572 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Robert Segin - robert_segin@fws.gov - 303-236-4578 

 
26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

mailto:robert_segin@fws.gov
mailto:roya_mogadam@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
mailto:justin_shoemaker@fws.gov
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Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

 

 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

  

  

  

  

 

 

APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 

mailto:jim_zelenak@fws.gov
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DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 
SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 

(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



Material for Q &A’s 

 

       Q.     Why was the Lynx originally listed? 

A. At that time the DPS was listed the existing regulatory mechanisms on Federal lands did not 
provide sufficient guidance for the conservation of lynx habitat. 

 

        Q. Who else did the Service consult with? 

A. We also consulted with a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained persist in the future.  

 

         Q. What is a 5-year review? 

A. A 5-year review is a periodic review of the status of species listed under the Endangered Species 
Act (Act), that is conducted at least once every 5 years. The purpose of a this review is to ensure 
that listed species have the appropriate level of protection under the law. The Service listed the 
lynx DPS as threatened under the Act in 2000 

 

        Q. What has changed in regards to existing regulatory mechanisms? 

A. The SSA found that conservation measures and habitat management guidance adopted by the  
B. U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended or 
revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   

 

        Q. Are there any current threats to the Lunx? 

A. The Service and lynx expert panelists agree that projected climate warming now poses the most 
significant threat to lynx in the DPS.  Although there is great uncertainty about the timing and 
extent of climate-driven impacts, continued warming is projected to cause the boreal forest 
habitats and snow conditions that support populations of lynx and its primary food source, the 
snowshoe hare (Lepus americanus), to contract northward and to higher elevations in the future 
However, even considering climate change and other factors, the Service and lynx experts 
conclude that all resident lynx populations in the DPS are very likely to persist in the near-term 
(at year 2025) and at mid-century (2050).  Beyond mid-century, uncertainty regarding potential 
climate-mediated impacts limits confidence in predictions, although we expect lynx habitat and 

Comment [MJM1]: “Sustained” may be 
interpreted as “maintained at current levels,” which 
was not the question we were trying to answer. 

Formatted: Indent: Left:  0.25",  No bullets or
numbering



numbers to decline throughout the DPS in the future, largely in response to continued climate 
warming. 

 

        Q. When would the Lynx be delisted? 

A. There are no immediate plans to delist the Lunx.  However, bBased on this recommendation, 
the Service will in the future promulgate a proposed rule to delist the lynx DPS and, based on 
peer and public review, and may move forward with a final rule to delist the DPS.  However, 
delisting would not occur until 30 days after publication of a final rule if one is proposed.  Until 
then, the DPS remains listed as threatened under the Act, and the protections and prohibitions 
of the Act remain in force.       



 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 

 5-Year Status Review Completed for Canada Lynx 
 
Contact: Steve Segin, (303) 236-4578; robert_segin@fws.gov 
 
DENVER – The U.S. Fish and Wildlife Service (Service) has completed a 5-year review of the 
contiguous United States (Lower 48 States) distinct population segment (DPS) of the Canada 
lynx (Lynx canadensis). The 5-year review is based on the recently- completed Species Status 
Assessment (SSA) for the lynx DPS (web link here).  In the SSA, the Service reviewed all the 
available scientific information regarding the historical, current, and possible future conditions 
for lynx populations in 6 geographic areas in the contiguous U.S.   
 
The SSA found that despite uncertainty regarding historical numbers and distributions of resident 
lynx, there is no compelling evidence, based on verified records, of major range contraction or 
population declines among resident breeding lynx populations in the DPS.  In fact, the SSA 
concludes that there are many more resident lynx currently in Maine and Colorado than there 
probably were historically, and many more in Minnesota than were suspected at the time the 
DPS was listed. Additionally, resident breeding lynx have been documented recently in northern 
New Hampshire and northern Vermont; places that were not occupied by lynx when the DPS 
was listed. Conversely, the SSA found that, in much of the western U.S., habitats capable of 
supporting lynx are naturally less abundant, and lynx therefore naturally rarer, in much of the 
western U.S. than was thought when the DPS was listed.  
 
Considering the scientific information evaluated in the SSA, the Service finds that the contiguous 
U.S. lynx DPS is not currently or in the foreseeable future in danger of extinction or likely to 
become so throughout its range and, therefore, does not meet the Act’s definition of an 
endangered or threatened or endangered species.  Therefore, the Service concludes  that the lynx 
DPS no longer warrants protection under the Act and recommends that the DPS be removed 
from the list of endangered and threatened and endangered species.    
 
Based on this recommendation, the Service may in the future develop a proposed rule to delist 
the lynx DPS. However, there are no immediate plans to delist the Lynx, and the DPS remains 
listed as threatened under the Act, and the protections and prohibitions remain in force.       

News Release 

Comment [MJM1]: This seems to be saying that 
the Minnesota population has increased dramatically 
since listing.  I think what it should say is that we 
discovered after listing that the population in 
Minnesota was larger at the time of listing than we 
realized.  I think the same applies to Maine. 

Comment [MJM2]: I don’t think these few lynx 
were a significant factor in the determination.  So, 
it’s a bit misleading to mention this here with the 
significant factors. 

Comment [MJM3]: This is the important element 
of the definition of threatened. 

Comment [MJM4]: State in the order the 
definitions above are presented. 

Comment [MJM5]: This is the order in the 
names of the Lists in our regulations. 

Comment [MJM6]: Really?  We’re going to go 
on regulating an entity we’ve determined no longer 
qualifies for listing?  This is an invitation for an 
immediate petition to delist.  I would suggest we say 
something like: 
 
“Based on this determination, the Service will, in the 
coming months, develop a proposed rule to delist the 
lynx DPS.  The public will have an opportunity to 
comment on the proposed rule.” 

mailto:robert_segin@fws.gov


 
 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


From: Bush, Jodi
To: Robert Segin
Cc: Justin Shoemaker; Zelenak, Jim
Subject: Re: FW: Region 3 edits to lynx outreach
Date: Tuesday, October 10, 2017 8:41:52 AM

I agree.  Please make sure we do not overstate our conclusion. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Oct 9, 2017 at 8:16 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Some edits to the NR and draft Q&As are OK, others need attention. One focuses only on Forest Service as
reason for listing, but the listing rules were very specific to inadequacies in both Forest Service and BLM land
mgmt. plans.

This, in the comm. plan., in NOT accurate:

"The review and subsequent species status assessment (SSA) indicate that the Canada
lynx has a significant and steady population in north-central Washington, northwest and
southwest Montana, western Colorado, northeastern Minnesota and northern Maine, with
ephemeral populations in nine other states."

Washington is the ONE PLACE where we think lynx have declined because of large,
frequent and intense fires in lynx habitat over the last 25 years.  Nowhere else do we have
data that would allow us to say "significant and steady populations - we only have guesses
as to how many resident lynx each geographic unit MIGHT support. Finally, we speculate
that a metapopulation structure would suggest that some pops in DPS may be naturally
ephemeral, but we don't know for sure., and certainly not enough info to say 9 other states
have them.  Not sure where this comes from, but there is substantially more nuance and care
needed in how we present this stuff.

Lacking evidence of decline is not the same as having data showing "significant and steady"
or "thriving populations."

Also need to ditch references to "Canada lynx has rebounded" language.  No population
increases have been demonstrated except where there were introduced in Colorado (and we
suspect they are actually declining slowly there and will eventually wink out). There are
more of them in Maine and Minnesota than we thought there were when we listed them, and
fewer in Montana, Idaho, Washington, Wyoming, than we thought at listing. 

Same care needed for language like this:

"empirical evidence that the populations within the DPS are thriving and relatively stable."

We simply do not have evidence of thriving except in Maine, and we expect that to change

mailto:jodi_bush@fws.gov
mailto:robert_segin@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


(less thriving over the next 2 decades).  We also have no empirical evidence of population
stability - what we know is that resident lynx continue to occur in the places we think they
did historically, for the most part.

I don't have time to review the rest of the comm. plan right now, but I urge that it not go out
until I and the other lynx biologists have a chance to weigh in.  As is, there is a lot of
misinformation and many inaccuracies.

I know everyone wants a "success story," but caution in how we present this, with care not
to go beyond what the available info really says, is absolutely imperative. Otherwise, we are
overreaching and will have a hard time when folks ask for the data upon which such grand
pronouncements are based. 

On Sun, Oct 8, 2017 at 7:46 PM, Robert Segin <robert_segin@fws.gov> wrote:

Comments for one of the regions and wanted your take.

 

From: Parham, Georgia [mailto:georgia_parham@fws.gov] 
Sent: Tuesday, October 03, 2017 1:21 PM
To: Robert Segin
Cc: Charles Traxler; Tim Patronski; Garrett Peterson
Subject: Region 3 edits to lynx outreach

 

Hi Steve,

 

Thanks for the opportunity to take a look. We've made a few suggested edits - just let me
know if you have any questions.

 

Thanks!
Georgia

Georgia Parham

U.S. Fish and Wildlife Service

Midwest Region External Affairs

620 South Walker Street

Bloomington, IN 47403

812-334-4261 x 203

mailto:robert_segin@fws.gov
mailto:georgia_parham@fws.gov
https://maps.google.com/?q=620+South+Walker+Street+Bloomington,+IN+47403+812&entry=gmail&source=g
https://maps.google.com/?q=620+South+Walker+Street+Bloomington,+IN+47403+812&entry=gmail&source=g
https://maps.google.com/?q=620+South+Walker+Street+Bloomington,+IN+47403+812&entry=gmail&source=g


Cell: 812-593-8501

 

<<^._.^>>   <<^._.^>>  <<^._.^>> 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zablan, Marilet
To: sarah hall
Bcc: rollie_white@fws.gov
Subject: Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
Date: Tuesday, October 10, 2017 8:55:57 AM
Attachments: Tab 2. Canada Lynx draft 5-yrReview_09282017.doc

HI Sarah,

Thanks for the update [hat Bryon hasn't actually seen this status report].  I understand he was
very involved in the SSA.  

Would you please ask Bryon for his review of the status review, before Rollie reviews &
replies (deadline is Oct 23, so a decent number of days before that would be best).

Thanks.
~MAZ

Marilet A. Zablan, Program Manager for Restoration & Endangered Species Classification
  US Fish & Wildlife Service, Pacific Regional Office - Ecological Services, 911 NE 11th Avenue, Portland, OR 97232
  503-231-6131 (general), 503-231-2345 (direct); email: marilet_zablan@fws.gov

PLEASE NOTE: This email correspondence, including any attachments to and from this sender, are subject to the Freedom of Information Act
(FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: White, Rollie <rollie_white@fws.gov>
Date: Fri, Oct 6, 2017 at 1:23 PM
Subject: Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Marilet Zablan <marilet_zablan@fws.gov>

Can you have someone check with Bryon Holt to see if he has any concerns?

Thanks,

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 1:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>,
Rollie White <rollie_white@fws.gov>

mailto:marilet_zablan@fws.gov
mailto:sarah_hall@fws.gov
mailto:rollie_white@fws.gov
mailto:marilet_zablan@fws.gov
mailto:rollie_white@fws.gov
mailto:marilet_zablan@fws.gov
mailto:Rollie_White@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:Paul_Phifer@fws.gov
mailto:Lori_Nordstrom@fws.gov
mailto:rollie_white@fws.gov


Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI
<justin_shoemaker@fws.gov>

Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of the
Canada lynx.  This review documents the recommendation and rationale from the meeting on April and follow-up
conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input and contributions
to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it is 6 pages plus cover
(plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and nature of
informing appropriate courts.  As such, we are not public about this pending recommendation to the point that it
did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about a week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or comments,
feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for signature (though I think
we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

mailto:Michael_Thabault@fws.gov
mailto:justin_shoemaker@fws.gov
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
The purpose of a 5-year review is to assess each threatened and endangered species to determine 
whether its status has changed since the time of its listing, or its last status review and whether it 
should be classified differently or removed from the list of threatened and endangered species.  
The U.S. Fish and Wildlife Service (Service) evaluated the biology and status of the contiguous 
United States (U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species 
Status Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The 
SSA Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA 
Team), which consists of a Core Team of Service biologists who work on lynx issues across the 
DPS range and an SSA Framework Implementation Team of Service and U.S. Geological 
Survey staff who have developed and advanced the SSA framework.  The SSA Report represents 
the Service’s evaluation of the best available scientific information, including the formally-
elicited professional judgments and opinions of recognized lynx experts.  The SSA Report 
underwent independent peer and partner review before being used as the scientific basis to 
support a decision making process involving Service Regions 1, 3, 5, and 6 regarding the 
recommendation presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the lynx DPS as a threatened species under the Endangered Species Act (ESA) 
in 2000 because of the potential for impacts to lynx habitat conditions and the availability of 
snowshoe hare and other prey populations within the lynx DPS and existing regulatory 
mechanisms on Federal lands, at that time, did not provide sufficient guidance for the 
conservation of lynx habitats and populations or snowshoe hare habitat in light of potential 
threats (65 FR 16052-16086).  On May 8, 2014, the United States District Court for the District 
of Montana ordered the Service to complete recovery planning for the lynx DPS (U.S. District 
Court MT 2014a, p. 8).  On June 25, 2014, the same court ordered the Service to complete a 
recovery plan by January 15, 2018 “…unless the Service finds that such a plan will not promote 
the conservation of the [lynx]” (i.e., the DPS is recovered or no longer warrants ESA protections; 
U.S. District Court MT 2014b, p. 2).  We noticed the initiation of the 5-yr review in the Federal 
Register on April 18, 2007 (72 FR 19549), and additionally published a news release announcing 
re-initiation of a 5-yr review on January 13, 2015.   
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We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  SSA provides the scientific basis for this 5-
yr review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in 4 of the 6 geographic units evaluated in the SSA (Units 1 (Northern Maine), 2 
(Northeastern Minnesota), 3 (Northwestern Montana/Northeastern Idaho), and 4 (North-central 
Washington)) (SSA Report, p. X).  Based on verified records, it is uncertain if the Greater 
Yellowstone Area (Unit 5) historically supported a persistent resident lynx population and it 
currently appears not to support resident lynx (SSA Report, p. X).  Available evidence also 
suggests that Colorado (Unit 6) did not historically support persistent lynx presence; however, a 
resident population has persisted there for more than a decade since the 1999-2006 release of 218 
Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. X).   
 
Considering the available information, we found no reliable evidence that the current distribution 
and relative abundance of resident lynx in the contiguous United States are substantially reduced 
from historical conditions (SSA Report, p. X).  In fact, because of the introduction of lynx in 
Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than likely occurred historically (SSA Report, p. X).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. X).  
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. X).  In fact, as a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. X).  Similarly, resident lynx remains broadly distributed across the range of habitats 
that have supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. X).   
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Additionally, observed high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors too, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, p. X). 
 
We conclude that resident lynx populations are very likely to persist in all 5 units that currently 
support them (Units 1-4 and 6) in the near-term (2025) and likely to persist in those 5 units at 
mid-century (2050) (SSA Report, p. X).  We and the experts we consulted have low confidence 
in predicting the likely conditions of DPS populations beyond 2050 (SSA Report, p. X).  
Therefore we consider 2050 as the foreseeable future for this 5-year review.  Nonetheless, we 
expect lynx populations in each geographic unit to become smaller and more patchily-distributed 
in the future due largely to projected climate-driven losses in habitat quality and quantity and 
related factors (SSA Report, p. X).  However, the timing, rate, and extent of habitat decline due 
to projected climate warming and corresponding effects to lynx populations all are highly 
uncertain (SSA Report, p. X).  That said, smaller, more isolated populations would be less 
resilient and more vulnerable to demographic and environmental stochasticity and genetic drift 
and, therefore, at higher risk of extirpation (SSA Report, p. X).  Despite some reduced resiliency, 
we conclude that resident lynx populations are likely to persist through mid-century in the 
geographic units that supported them historically (units 1-4); with the corresponding 
maintenance of redundancy and representation in the DPS over that time span (SSA Report, p. 
X).  Predictions out to 2100 are highly uncertain (SSA Report, p. X), and beyond what we 
consider to be reasonably foreseeable.  Nonetheless, although we expect some resident lynx to 
persist within the DPS at the end of the century, it is possible that populations in some units 
could be functionally extirpated by then (SSA Report, p. X).  Should future extirpations occur, 
this would indicate a loss of resiliency, reduced redundancy, and representation, and an increased 
risk of extirpation of the DPS. 
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or snowshoe hare habitat (SSA Report, p. X).   
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Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the Endangered Species Act (Act), an endangered species is any species that is “in 
danger of extinction throughout all or a significant portion of its range.”  In the SSA Report, we 
evaluated the best available scientific information regarding the current and predicted future 
condition of the lynx DPS to describe its viability and how it may change over time (2025, 2050, 
and 2100).  We assess the viability of the lynx DPS by evaluating its ability to maintain a 
sufficient number and distribution of viable populations to withstand environmental stochasticity 
(resiliency), catastrophes (redundancy), and changes in its environment (representation) into the 
future.  Ultimately, we compare our evaluation of the DPS’ risk of extinction against the 
definitions of an endangered or threatened species as defined by the Act.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4), the current persistence of lynx in one of the units 
(Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. X).  The large sizes and broad distributions of the geographic units occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to preclude the possibility of extirpation from catastrophic events (SSA Report, p. X).  
There are no indications of current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, and the current level of representation do not suggest a decrease from 
historical conditions (SSA Report, p. X).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the Act, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. X).  
It became apparent through discussions with lynx experts, in peer and partner reviews of the 
draft SSA Report, and among Service biologists and management that any future projections of 
lynx status beyond mid-century were complicated by a very high degree of uncertainty 
concerning the timing and extent of various stressors that may affect lynx and hare habitat and 
snow regimes, especially those related to projected future climate change (SSA Report, p. X).  
Therefore, in this evaluation, we focused on mid-century (2050) as the foreseeable future 
because this time horizon gives us a higher degree of certainty in reasonably projecting the future 
condition of the lynx DPS.  
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As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. X).  
However, all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts (with likelihoods of 70 to 90 percent) to continue to do so 
through mid-century (2050) (SSA Report, p. X).  Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence (i.e., preclude extirpation) of resident lynx 
through mid-century in all or most of the 5 geographic units that currently support them (SSA 
Report, p. X).  At mid-century, we expect lynx to retain a wide geographical distribution of 
populations, maintaining redundancy within the DPS (SSA Report, p. X).  Should lynx 
populations in each geographic unit to become smaller and more patchily-distributed, reduced 
genetic health and/or adaptive capacity would be expected; however, we have no evidence to 
suggest reduced representation would be a DPS-level concern at mid-century (SSA Report, p. 
X).  Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is low, 
such that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and, therefore, does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS and, therefore, 
recovery criteria have not been developed.  However, the Service completed a Recovery Outline 
on September 14, 2005, which provided preliminary recovery objectives and actions based on 
our understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Even in the absence of a recovery plan, progress 
has been made on some components of the preliminary recovery strategy described in the 2005 
Recovery Outline (e.g., improved regulatory mechanisms on Federal and some State, Tribal, and 
private lands and related protections of important lynx and hare habitats), while other 
components have seen little or no progress or may no longer be appropriate.  Nonetheless, lynx 
conservation measures and habitat management guidance adopted by the USFS and the BLM 
have substantially addressed the potential threats considered at the time of listing to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. X).  Furthermore, as described above, the lynx DPS no longer meets 
the definition of a threatened species.  
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range nor is it likely to 
become so in the foreseeable future, i.e., not a threatened species throughout its range.  We 
recommend removing the Canada lynx DPS, currently listed as threatened, from the list of 
threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
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  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Region 1, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
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Cooperating Regional Director, Region 3, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 
Cooperating Regional Director, Region 5, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   



From: Nelson, Marjorie
To: Robert Segin
Cc: Bush, Jodi; Anna Munoz; Mogadam, Roya; Justin Shoemaker; Jim Zelenak; jennifer_strickland@fws.gov
Subject: Re: lynx outreach
Date: Tuesday, October 10, 2017 9:49:32 AM

thanks Steve,

I would rather have Jim and Justin coordinate with the biologists for regional specific
information and provide the biologist voice to the document rather than open it to all 4
Regions' biologists.  Likewise, I would recommend that R6 EA be the clearing house
for EA comments from the other Regions.  We will also need to have an avenue for
R6 SOL to review - let us know if you'd like ES to manage that input.

The 5 YSR went to the ARDs for concurrence on Friday.  Once I have the SSA in
hand, I will pass that to the ARDs.

thanks,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Tue, Oct 10, 2017 at 9:19 AM, Robert Segin <robert_segin@fws.gov> wrote:
Good morning everyone

I was working with jim and Justin… And we sent the COMS materials out to the partner
regions after the documents were edited here in the region.  Some of those we are now just
getting back.

I can't tell if those are jim's comments on something the other region changed/suggested …
Or changes to the COMS materials after he and Justin made the initial edits and changes?

I did share with jim and Justin two of the three regions edits.

What I will do is consolidate the responses in the Google drive and share with everyone.

Then perhaps the biologists in the three regions can edit it to what is accurate and then we
can go forward.

Yes… I'm on hurricane duty for the military and won't be back until the end of the month.
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I won't be able to do that until this afternoon though.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

On Oct 10, 2017, at 8:57 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Anna/Roya.  Since Robert is out til the end of the month, I wanted to make sure
you folks see our comments on the lynx outreach.  We appreciate Robert's work
(and Glenn's before him), but there are some generalizations in the comm plan
and NR that are in error.  See Jim's specific comments below.  Since the SSA
and 5-year review are likely to go to HQ before Robert gets back - I wanted to
make sure whoever was going to do the next draft saw our comments and
concerns.  

Also, once we get the SSA report and 5 year review out to other Regions for
their concurrence, we'd like to have a webinar with all of the affected regions
EA teams, Decision makers and bios to make sure that we are all on the same
page for messaging.  This is going to be hugely important.  

It is likely that we will schedule this webinar in the next several weeks so we
will need the outreach documents to be close to final.  Thanks for your help.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Oct 9, 2017 at 8:16 AM
Subject: Re: FW: Region 3 edits to lynx outreach
To: Robert Segin <robert_segin@fws.gov>
Cc: Justin Shoemaker <justin_shoemaker@fws.gov>, Jodi Bush
<jodi_bush@fws.gov>
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Some edits to the NR and draft Q&As are OK, others need attention. One focuses only on Forest
Service as reason for listing, but the listing rules were very specific to inadequacies in both Forest
Service and BLM land mgmt. plans.

This, in the comm. plan., in NOT accurate:

"The review and subsequent species status assessment (SSA) indicate that the
Canada lynx has a significant and steady population in north-central
Washington, northwest and southwest Montana, western Colorado, northeastern
Minnesota and northern Maine, with ephemeral populations in nine other
states."

Washington is the ONE PLACE where we think lynx have declined because of
large, frequent and intense fires in lynx habitat over the last 25 years.  Nowhere
else do we have data that would allow us to say "significant and steady
populations - we only have guesses as to how many resident lynx each
geographic unit MIGHT support. Finally, we speculate that a metapopulation
structure would suggest that some pops in DPS may be naturally ephemeral, but
we don't know for sure., and certainly not enough info to say 9 other states have
them.  Not sure where this comes from, but there is substantially more nuance
and care needed in how we present this stuff.

Lacking evidence of decline is not the same as having data showing "significant
and steady" or "thriving populations."

Also need to ditch references to "Canada lynx has rebounded" language.  No
population increases have been demonstrated except where there were
introduced in Colorado (and we suspect they are actually declining slowly there
and will eventually wink out). There are more of them in Maine and Minnesota
than we thought there were when we listed them, and fewer in Montana, Idaho,
Washington, Wyoming, than we thought at listing. 

Same care needed for language like this:

"empirical evidence that the populations within the DPS are thriving and
relatively stable."

We simply do not have evidence of thriving except in Maine, and we expect
that to change (less thriving over the next 2 decades).  We also have no
empirical evidence of population stability - what we know is that resident lynx
continue to occur in the places we think they did historically, for the most part.

I don't have time to review the rest of the comm. plan right now, but I urge that
it not go out until I and the other lynx biologists have a chance to weigh in.  As
is, there is a lot of misinformation and many inaccuracies.

I know everyone wants a "success story," but caution in how we present this,
with care not to go beyond what the available info really says, is absolutely
imperative. Otherwise, we are overreaching and will have a hard time when
folks ask for the data upon which such grand pronouncements are based. 



On Sun, Oct 8, 2017 at 7:46 PM, Robert Segin <robert_segin@fws.gov> wrote:

Comments for one of the regions and wanted your take.

 

From: Parham, Georgia [mailto:georgia_parham@fws.gov] 
Sent: Tuesday, October 03, 2017 1:21 PM
To: Robert Segin
Cc: Charles Traxler; Tim Patronski; Garrett Peterson
Subject: Region 3 edits to lynx outreach

 

Hi Steve,

 

Thanks for the opportunity to take a look. We've made a few suggested edits -
just let me know if you have any questions.

 

Thanks!
Georgia

Georgia Parham

U.S. Fish and Wildlife Service

Midwest Region External Affairs

620 South Walker Street

Bloomington, IN 47403

812-334-4261 x 203

Cell: 812-593-8501

 

<<^._.^>>   <<^._.^>>  <<^._.^>> 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: remaining Maine literature cited
Date: Tuesday, October 10, 2017 2:53:26 PM

Also, you added Andrews 2016 and Anderson 2016  to your Loss of Boreal Forest section in 5.2.1, but I don't have
either one.  Could you send those citations to me for the lit cited list?

Thanks.

On Tue, Oct 10, 2017 at 11:54 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark.

Any additional page numbers for your sections (3.2, 3.3, 3.5, and the Unit 1 parts of CH. 4 and 5) would be
helpful by COB Thursday, as I've been asked to have the SSA finalized and to Jodi on Friday of this week.

Still trying to get thru all of your, Anna's, and R5RSOL comments, plus Justin's, plus rest of State comments.

Think it will be improved, but not as much as I'd like, and some things may have to wait for next version of the
SSA. 

On Tue, Oct 10, 2017 at 11:22 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

The following are the remaining literature cited for the Maine sections of the SSA.  Thank
much to Anna Harris and Chris DeVore for finding other citations while I was away on
annual leave.  Let me know if you need additional help.  I could work on page numbers
later this week.  

Thanks to all...Mark

MDIFW. 2015a. Amended IT Plan? – do you need PDF? We need to get these on the MEFO website

Maine Department of Inland Fisheries and Wildlife. 2015a. 2015 research and management
report. Maine Department of Inland Fisheries and Wildlife, Bangor, Maine. Last accessed
10.10.2017 at http://www.maine.gov/ifw/docs/reports_research_2015.pdf

 

MDIFW. 2015c. Amended IT Plan? - do you need PDF? We need to get these on the MEFO website

My search of the SSA does not come up with a MDIFW 2015c in the text.

 

Huntington and Hodgkins 2004 - not sure this exists

Error.  Should be reported as Huntington et al. 2004 in text.

 

Fernandez et al. 2016
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Error.  Should be reported as Fernandez et al. 2015 in text.  Citation:  Fernandez, I.J., C. Schmitt, E.
Stancioff, S.D. Birkel, and A. Pershing. 2015. Maine’s Climate Future: 2015 Update. Climate Change
Institute Faculty Scholarship. Paper 5. http://digitalcommons.library.umaine.edu/climate_facpub/5 last
accessed 10.10.2017.

 

Iverson and Prasad 2000 - I think this is the same paper as the one cited below Lit Cited Legaard 2013-
question from Jim to Mark about the citation in the SSA.

Error. Should be reported as Iverson and Prasad 2001 in text.

 

Legaard 2016 personal communication

Legaard, K. 2016.  Kasey Legaard, School of Forest Resources, University of Maine, Personal
communication to Mark McCollough, U. S. Fish and Wildlife Service, Orland, Maine.

 

McCoullough M 2016 unpubl data; USFWS Vortex 10, deterministic population simulation.

McCollough, M.A. 2016. Deterministic population simulation of the Maine Canada lynx population.
Vortex 10.  Note:  I will scan and provide a pdf for our admin record.

 

Publicover 2013

Publicover, D. 2013.  High-elevation spruce-fir forest in the northern forest: an assessment of ecological
value and conservation priorities.  Appalachian Mountain Club, Gorham, New Hampshire. Last
accessed 10.10.2017 at https://nsrcforest.org/sites/default/files/uploads/publicoverfull11.pdf

 

Rustad et al. 2014- I could not find a reference; likely 2012 paper

Error.  Should be reported as Rustad et al. 2012 in text of the SSA.  

 

Simons-Legaard, E.M. 2015, pers. Comm.

Simons-Legaard, E.M. 2015. Erin Simons-Legaard, Assistant Research Professor in Forest Landscape
Modeling, School of Forest Resources, University of Maine, Orono, Maine to Mark McCollough, U. S.
Fish and Wildlife Service, Maine Field Office, Orland, Maine.

 

Squires 2012, pers comm – no citation in the LCAS.  

Squires, J. 2012. Personal communication to U.S. Department of Agriculture, Forest Service. p. 55 in
Interagency Lynx Biology Team (ILBT). 2013. Canada lynx conservation assessment and strategy. 3rd
edition. USDA Forest Service, USDI Fish and Wildlife Service, USDI Bureau of Land Management, and

http://digitalcommons.library.umaine.edu/climate_facpub/5
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USDI National Park Service. Forest Service Publication #R1-13-19, Missoula, MT. 128 pp.

 

Vashon, J., MDIFW, unpubl. Data

J. Vashon, Maine Department of Inland Fisheries and Wildlife, Unpublished data. 
Note:  Jen has telemetry data showing that lynx have successfully dispersed through this
landscape.

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough
Subject: Remaining Lit Cited for Lynx SSA
Date: Wednesday, October 11, 2017 7:41:51 AM
Attachments: 2017 10 11 Missing citations for Lit cited list.docx

Hi Mark,

I was able to find or figure out most of the lit cited based on what Anna sent while you were away (tracking down
author initials on some, finding correct citations on GScholar, etc.).

I think I have most of what I need except for the few outstanding citations listed in the attached doc.  If you could
provide those full citations so I can finish the lit cited list, or indicate errors/corrections, and provide PDFs by
tomorrow, that would be great.

Let me know if you have questions.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Missing citations for Lit cited list. 10/11/2017 (Need the citation and the pdf). 

1. Anderson 2016. Cited in 5.2.1, Loss of Boreal Forest 

2. Andrews 2016. Same. 

3. British Columbia Wildlife Accident Reporting System 2012. 3.5, Habitat Loss and Fragmentation, 
Roads. Anna provided the citation below, but it did not have the data you cited. 

British Columbia Wildlife Accident Reporting System 2012. 
https://www.th.gov.bc.ca/publications/eng_publications/environment/references/WARS/factsheets/W
ARS_Data_2012_Deer_Elk_Moose_Summry_by_Regions_Highway.pdf. Copyright © 2017, Province of 
British Columbia 

4. Hansen et al. 2002. 3.5, Residential and Commercial Development. Should this be 2006? Hansen et al 
2006 is “Global Temp. Change,” so probably not the one we need for the section cited. 

5. Harrison et al. 2015. Section 3.3, Reduced Quality of Hare Habitat, twice; 4.2.1, Habitat Status;  5.2.1. 

6. Hoving 2002. 5.2.1 (Climate Change). 

7. Legaard 2013. 5.2.1 (Habitat Fragmentation). 

8. Nadeau-Drillen and Ippoliti. 2006 – ONLY NEED AUTHORS INITIALS (cited 3 times in 4.2.1). 

 

 



From: Zelenak, Jim
To: Mark McCollough
Subject: Re: Remaining Lit Cited for Lynx SSA
Date: Wednesday, October 11, 2017 8:17:48 AM

I found another citation that I have not been able to locate.  In 3.2 (Climate Change, Loss of Snow section), you
wrote:

Because of their higher foot-loading, bobcats likely hunt less efficiently than lynx in deep,
unconsolidated snows (Hoving et al. 2005, entire; Krohn et al. 2005, pp. 122-129), and they
experience high mortality in deep-snow winters (Litvaitis et al. 1986, p. 116).

We have 3 Litvaitis docs in the lit cited, none of which seems like the correct one for this cite,
and none of which have this page number:

Litvaitis, J. A. and J. P. Tash. 2005. Species profile: Canada lynx Lynx canadensis. Pages A-
296 – A-302 in New Hampshire Wildlife Action Plan. New Hampshire Fish and Game
Department, Concord. http://www.wildlife.state.nh.us/nongame/documents/canada-lynx.pdf.

Litvaitis, J. A., D. Kingman, Jr., J. Lanier, and E. Orff. 1991. Status of lynx in New
Hampshire. Transactions of the Northeast Section of the Wildlife Society 48:70-75.

Litvaitis, J. A., J. A. Sherburne, and J. A. Bissonette. 1985. Influence of understory
characteristics on snowshoe hare habitat use and density. Journal of Wildlife Management
49:866-873.

If it's a differenct doc, please provide the citation for the list and send me a PDF.

Thanks.

On Wed, Oct 11, 2017 at 7:41 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Mark,

I was able to find or figure out most of the lit cited based on what Anna sent while you were away (tracking down
author initials on some, finding correct citations on GScholar, etc.).

I think I have most of what I need except for the few outstanding citations listed in the attached doc.  If you could
provide those full citations so I can finish the lit cited list, or indicate errors/corrections, and provide PDFs by
tomorrow, that would be great.

Let me know if you have questions.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
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jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough
Subject: Another citation question
Date: Wednesday, October 11, 2017 8:33:10 AM

Sorry mark, I keep finding notes I've left myself regarding need to clarify citations.

In 4.2.1, Lynx Status, there is this:

Lynx were detected in northern New Hampshire in 2006 and have occurred there annually
since then (Siren 2014, pp. 53, 55).

I currently have only one Siren 2014 citation, which does not include those page numbers. All
of the Siren Citations I have are below, but none of them seems to fit.

Siren, A. P. K. 2014. 2012-2014 New Hampshire Fish and Game Canada Lynx
Summary Report. 44 pp.

Siren, A. P. K. 2016a. Winter 2014–2015 New Hampshire Canada lynx snow track and
camera surveys. 2 pp.

Siren, A. P. K. 2016b. Personal communication re: additional question or two about
climate change citations; electronic mail reply to J. Zelenak, USFWS, Helena, MT,
June 9, 2016.

Siren, A., P. K. 2017.  Assessing potential impacts of climate change on carnivore
occupancy and snowshoe hare demography along elevational and latitudinal gradients
in New England.  Unpublished Report provided to the U. S. Fish and Wildlife Service,
electronic maile to M. McCollough dated June 21, 2017. 33pp.

Siren, A.P. K., A. Newell, J. R. Killborn. 2015. Influence of stand and landscape
composition on snowshoe hare density and population fluctuations in the White Mountain
National Forest. Unpublished Report, University of Massachusetts, Amherst,
Massachusetts.

Let me know if you can figure this one out. If so, please provide the citation and a PDF if you
can.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Hall, Sarah
To: Rollie White
Cc: Marilet Zablan
Subject: Fwd: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE

10/13
Date: Wednesday, October 11, 2017 10:09:05 AM
Attachments: Tab 2. Canada Lynx draft 5-yrReview_09282017_BHolt edits.doc

Rollie,

Bryon Holt has reviewed and concurs with R6's 5-year review for the lynx.

He does have a few suggested edits / comments on the document (see attached).  Should I pass them along to Marj
and Justin for their consideration?

Thanks,
Sarah

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Wed, Oct 11, 2017 at 8:32 AM
Subject: Re: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx 5
year status review: DUE 10/13
To: "Hall, Sarah" <sarah_hall@fws.gov>
Cc: Marilet Zablan <marilet_zablan@fws.gov>

Sarah,

I've completed my review.  Overall, the report is consistent with the SSA and decision meeting
recommendation, and I did not see any fatal flaws.  Nonetheless, I do have a few edits and
comments.

Bryon

On Tue, Oct 10, 2017 at 9:08 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Hi Bryon,

Following up on my call to you this morning, I'm forwarding the current lynx 5-year review to you for your
review.  Rollie would like your thoughts before providing his concurrence.

Given the sensitive nature of this particular 5-year review (which you are well aware of, I know), please do not
forward or share this with others.

If you could let us know if you have any concerns or suggested feedback by this Friday, 10/13, that would be
great.

Thanks so much and please let me know if you have any questions,
Sarah
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---------- Forwarded message ----------
From: Zablan, Marilet <marilet_zablan@fws.gov>
Date: Fri, Oct 6, 2017 at 1:41 PM
Subject: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx 5
year status review: DUE 10/23
To: sarah hall <sarah_hall@fws.gov>

Hi Sarah ,

Please see below -- I'm assuming most folks are not around at the moment [Friday afternoon
before a 3-day weekend...], so if you would please give Bryon a call on Tuesday that would
be great --before concurring, Rollie would like to make sure Bryon sees no red flags/ has no
concerns.

Thanks,
~MAZ

Marilet A. Zablan, Program Manager for Restoration & Endangered Species Classification
  US Fish & Wildlife Service, Pacific Regional Office - Ecological Services, 911 NE 11th Avenue, Portland, OR 97232
  503-231-6131 (general), 503-231-2345 (direct); email: marilet_zablan@fws.gov

PLEASE NOTE: This email correspondence, including any attachments to and from this sender, are subject to the Freedom of Information Act
(FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: White, Rollie <rollie_white@fws.gov>
Date: Fri, Oct 6, 2017 at 1:23 PM
Subject: Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Marilet Zablan <marilet_zablan@fws.gov>

Can you have someone check with Bryon Holt to see if he has any concerns?

Thanks,

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 1:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>,
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Rollie White <rollie_white@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI
<justin_shoemaker@fws.gov>

Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of the
Canada lynx.  This review documents the recommendation and rationale from the meeting on April and follow-
up conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input and
contributions to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it is 6
pages plus cover (plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and nature
of informing appropriate courts.  As such, we are not public about this pending recommendation to the point that
it did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about a
week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or comments,
feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for signature (though I
think we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
The purpose of a 5-year review is to assess each threatened and endangered species to determine 
whether its status has changed since the time of its listing, or its last status review and whether it 
should be classified differently or removed from the list of threatened and endangered species.  
The U.S. Fish and Wildlife Service (Service) evaluated the biology and status of the contiguous 
United States (U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species 
Status Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The 
SSA Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA 
Team), which consists of a Core Team of Service biologists who work on lynx issues across the 
DPS range and an SSA Framework Implementation Team of Service and U.S. Geological 
Survey staff who have developed and advanced the SSA framework.  The SSA Report represents 
the Service’s evaluation of the best available scientific information, including the formally-
elicited professional judgments and opinions of recognized lynx experts.  The SSA Report 
underwent independent peer and partner review before being used as the scientific basis to 
support a decision making process involving Service Regions 1, 3, 5, and 6 regarding the 
recommendation presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, WashingtonIdaho, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the lynx DPS as a threatened species under the Endangered Species Act (ESA) 
in 2000 because of the potential for impacts to lynx habitat conditions and the availability of 
snowshoe hare and other prey populations within the lynx DPS and existing regulatory 
mechanisms on Federal lands, at that time, did not provide sufficient guidance for the 
conservation of lynx habitats and populations or snowshoe hare habitat in light of potential 
threats (65 FR 16052-16086).  On May 8, 2014, the United States District Court for the District 
of Montana ordered the Service to complete recovery planning for the lynx DPS (U.S. District 
Court MT 2014a, p. 8).  On June 25, 2014, the same court ordered the Service to complete a 
recovery plan by January 15, 2018 “…unless the Service finds that such a plan will not promote 
the conservation of the [lynx]” (i.e., the DPS is recovered or no longer warrants ESA protections; 
U.S. District Court MT 2014b, p. 2).  We noticed the initiation of the 5-yr review in the Federal 
Register on April 18, 2007 (72 FR 19549), and additionally published a news release announcing 
re-initiation of a 5-yr review on January 13, 2015.   
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We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  The SSA provides the scientific basis for 
this 5-yr review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in 4 of the 6 geographic units evaluated in the SSA (Units 1 (Northern Maine), 2 
(Northeastern Minnesota), 3 (Northwestern Montana/Northeastern Idaho), and 4 (North-central 
Washington)) (SSA Report, p. X).  Based on verified records, it is uncertain if the Greater 
Yellowstone Area (Unit 5) historically supported a persistent resident lynx population and it 
currently appears not to support resident lynx (SSA Report, p. X).  Available evidence also 
suggests that Colorado (Unit 6) did not historically support persistent lynx presence; however, a 
resident population has persisted there for more than a decade since the 1999-2006 release of 218 
Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. X).   
 
Considering the available information, we found no reliable evidence that the current distribution 
and relative abundance of resident lynx in the contiguous United States are substantially reduced 
from historical conditions (SSA Report, p. X).  In fact, because of the introduction of lynx in 
Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than likely occurred historically (SSA Report, p. X).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. X).  
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. X).  In fact, as a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. X).  Similarly, resident lynx remains broadly distributed across the range of habitats 
that have supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. X).   
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Additionally, observed high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) is not likely adversely 
affecting the resiliency of the DPS (SSA Report, section 2.1).  Because there are no indications 
of significant loss of, or current stressors too, the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions (SSA Report, p. X). 
 
We conclude that resident lynx populations are very likely to persist in all 5 units that currently 
support them (Units 1-4 and 6) in the near-term (2025) and likely to persist in those 5 units at 
mid-century (2050) (SSA Report, p. X).  We and the experts we consulted have low confidence 
in predicting the likely conditions of DPS populations beyond 2050 (SSA Report, p. X).  
Therefore we consider 2050 as the foreseeable future for this 5-year review.  Nonetheless, we 
expect lynx populations in each geographic unit to become smaller and more patchily-distributed 
in the future due largely to projected climate-driven losses in habitat quality and quantity and 
related factors (SSA Report, p. X).  However, the timing, rate, and extent of habitat decline due 
to projected climate warming and corresponding effects to lynx populations all are highly 
uncertain (SSA Report, p. X).  That said, smaller, more isolated populations would be less 
resilient and more vulnerable to demographic and environmental stochasticity and genetic drift 
and, therefore, at higher risk of extirpation (SSA Report, p. X).  Despite some reduced resiliency, 
we conclude that resident lynx populations are likely to persist through mid-century in the 
geographic units that supported them historically (units 1-4); with the corresponding 
maintenance of redundancy and representation in the DPS over that time span (SSA Report, p. 
X).  Predictions out to 2100 are highly uncertain (SSA Report, p. X), and beyond what we 
consider to be reasonably foreseeable.  Nonetheless, although we expect some resident lynx to 
persist within the DPS at the end of the century, it is possible that populations in some units 
could be functionally extirpated by then (SSA Report, p. X).  Should future extirpations occur, 
this would indicate a loss of resiliency, reduced redundancy, and representation, and an increased 
risk of extirpation of the DPS. 
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or snowshoe hare habitat (SSA Report, p. X).   

Comment [HB1]: This sentence needs some 
qualification.  I don’t know if this is the appropriate 
wording or not, but offer it as a suggestion. 
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Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the Endangered Species Act (Act), an endangered species is any species that is “in 
danger of extinction throughout all or a significant portion of its range.”  In the SSA Report, we 
evaluated the best available scientific information regarding the current and predicted future 
condition of the lynx DPS to describe its viability and how it may change over time (2025, 2050, 
and 2100).  We assess the viability of the lynx DPS by evaluating its ability to maintain a 
sufficient number and distribution of viable populations to withstand environmental stochasticity 
(resiliency), catastrophes (redundancy), and changes in its environment (representation) into the 
future.  Ultimately, we compare our evaluation of the DPS’ risk of extinction against the 
definitions of an endangered or threatened species as defined by the Act.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4), the current persistence of lynx in one of the units 
(Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
that lynx populations in the DPS historically were and currently are resilient the historical and 
recent resiliency to stochastic events of lynx populations in the DPS (SSA Report, p. X).  The 
large sizes and broad distributions of the geographic units occupied by resident lynx populations 
likewise indicate historical and current redundancy in the DPS sufficient to preclude the 
possibility of extirpation from catastrophic events (SSA Report, p. X).  There are no indications 
of current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and 
the current level of representation do not suggest a decrease from historical conditions (SSA 
Report, p. X).  Due to the current resiliency, redundancy, and representation of the lynx DPS, we 
conclude that the risk of extinction (in this case, extirpation of all resident lynx populations in the 
DPS) is low, such that the DPS currently is not in danger of extinction throughout all or a 
significant portion of its range and, therefore, does not meet the definition of an endangered 
species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the Act, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. X).  
It became apparent through discussions with lynx experts, in peer and partner reviews of the 
draft SSA Report, and among Service biologists and management that any future projections of 
lynx status beyond mid-century were complicated by a very high degree of uncertainty 
concerning the timing and extent of various stressors that may affect lynx and hare habitat and 
snow regimes, especially those related to projected future climate change (SSA Report, p. X).  
Therefore, in this evaluation, we focused on mid-century (2050) as the foreseeable future 

Comment [HB2]: Previously defined as ESA. 
Either is fine, but should be consistent. 

Comment [HB3]: See comment HB2 

Comment [HB4]: See comment HB2 
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because this time horizon gives us a higher degree of certainty in reasonably projecting the future 
condition of the lynx DPS.  
 
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. X).  
However, all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts (with likelihoods of 70 to 90 percent) to continue to do so 
through mid-century (2050) (SSA Report, p. X).  Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence (i.e., preclude extirpation) of resident lynx 
through mid-century in all or most of the 5 geographic units that currently support them (SSA 
Report, p. X).  At mid-century, we expect lynx to retain a wide geographical distribution of 
populations, maintaining redundancy within the DPS (SSA Report, p. X).  Should lynx 
populations in each geographic unit to become smaller and more patchily-distributed, reduced 
genetic health and/or adaptive capacity would be expected; however, we have no evidence to 
suggest reduced representation would be a DPS-level concern at mid-century (SSA Report, p. 
X).  Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is low, 
such that the lynx DPS is not likely to become endangered throughout all or a significant portion 
of its range within the foreseeable future and, therefore, does not meet the definition of a 
threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS and, therefore, 
recovery criteria have not been developed.  However, the Service completed a Recovery Outline 
on September 14, 2005, which provided preliminary recovery objectives and actions based on 
our understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Even in the absence of a recovery plan, progress 
has been made on some components of the preliminary recovery strategy described in the 2005 
Recovery Outline (e.g., improved regulatory mechanisms on Federal and some State, Tribal, and 
private lands and related protections of important lynx and hare habitats), while other 
components have seen little or no progress or may no longer be appropriate.  Nonetheless, lynx 
conservation measures and habitat management guidance adopted by the USFS and the BLM 
have substantially addressed the potential threats considered at the time of listing to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. X).  Furthermore, as described above, the lynx DPS no longer meets 
the definition of a threatened species.  
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all or a significant portion of its 
range nor is it likely to become so in the foreseeable future, i.e., not a threatened species 
throughout or a significant portion of its range.  We recommend removing the Canada lynx DPS, 
currently listed as threatened, from the list of threatened and endangered species.  
 

Comment [HB5]: I don’t think this is necessarily 
an expected outcome; lynx are very mobile.  Thus, it 
may be better to replace “would be expected” with 
“could occur”.  However, at a certain level of 
fragmentation (population that is) these things would 
be expected.  But, a little smaller and/or a little more 
patchily distributed, not necessarily so. 
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____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Region 1, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
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Cooperating Regional Director, Region 3, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 
Cooperating Regional Director, Region 5, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   



From: White, Rollie
To: Hall, Sarah
Cc: Marilet Zablan
Subject: Re: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE

10/13
Date: Wednesday, October 11, 2017 10:13:11 AM

Have him submit his comments.  I am going to check in with Terry to make sure she's good
with me surnaming.

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

On Wed, Oct 11, 2017 at 10:08 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Rollie,

Bryon Holt has reviewed and concurs with R6's 5-year review for the lynx.

He does have a few suggested edits / comments on the document (see attached).  Should I pass them along to
Marj and Justin for their consideration?

Thanks,
Sarah

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Wed, Oct 11, 2017 at 8:32 AM
Subject: Re: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx
5 year status review: DUE 10/13
To: "Hall, Sarah" <sarah_hall@fws.gov>
Cc: Marilet Zablan <marilet_zablan@fws.gov>

Sarah,

I've completed my review.  Overall, the report is consistent with the SSA and decision
meeting recommendation, and I did not see any fatal flaws.  Nonetheless, I do have a few
edits and comments.

Bryon

On Tue, Oct 10, 2017 at 9:08 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Hi Bryon,

mailto:rollie_white@fws.gov
mailto:sarah_hall@fws.gov
mailto:marilet_zablan@fws.gov
mailto:Rollie_White@fws.gov
mailto:sarah_hall@fws.gov
mailto:bryon_holt@fws.gov
mailto:sarah_hall@fws.gov
mailto:marilet_zablan@fws.gov
mailto:sarah_hall@fws.gov


Following up on my call to you this morning, I'm forwarding the current lynx 5-year review to you for your
review.  Rollie would like your thoughts before providing his concurrence.

Given the sensitive nature of this particular 5-year review (which you are well aware of, I know), please do not
forward or share this with others.

If you could let us know if you have any concerns or suggested feedback by this Friday, 10/13, that would be
great.

Thanks so much and please let me know if you have any questions,
Sarah

---------- Forwarded message ----------
From: Zablan, Marilet <marilet_zablan@fws.gov>
Date: Fri, Oct 6, 2017 at 1:41 PM
Subject: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx 5
year status review: DUE 10/23
To: sarah hall <sarah_hall@fws.gov>

Hi Sarah ,

Please see below -- I'm assuming most folks are not around at the moment [Friday
afternoon before a 3-day weekend...], so if you would please give Bryon a call on Tuesday
that would be great --before concurring, Rollie would like to make sure Bryon sees no red
flags/ has no concerns.

Thanks,
~MAZ

Marilet A. Zablan, Program Manager for Restoration & Endangered Species Classification
  US Fish & Wildlife Service, Pacific Regional Office - Ecological Services, 911 NE 11th Avenue, Portland, OR 97232
  503-231-6131 (general), 503-231-2345 (direct); email: marilet_zablan@fws.gov

PLEASE NOTE: This email correspondence, including any attachments to and from this sender, are subject to the Freedom of Information
Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: White, Rollie <rollie_white@fws.gov>
Date: Fri, Oct 6, 2017 at 1:23 PM
Subject: Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Marilet Zablan <marilet_zablan@fws.gov>

Can you have someone check with Bryon Holt to see if he has any concerns?

Thanks,

-Rollie

Rollie White

mailto:marilet_zablan@fws.gov
mailto:sarah_hall@fws.gov
mailto:marilet_zablan@fws.gov
mailto:rollie_white@fws.gov
mailto:marilet_zablan@fws.gov


Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 1:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>,
Rollie White <rollie_white@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI
<justin_shoemaker@fws.gov>

Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of
the Canada lynx.  This review documents the recommendation and rationale from the meeting on April and
follow-up conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input and
contributions to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it is 6
pages plus cover (plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and
nature of informing appropriate courts.  As such, we are not public about this pending recommendation to the
point that it did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about a
week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or
comments, feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for signature
(though I think we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014

mailto:Rollie_White@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:Paul_Phifer@fws.gov
mailto:Lori_Nordstrom@fws.gov
mailto:rollie_white@fws.gov
mailto:Michael_Thabault@fws.gov
mailto:justin_shoemaker@fws.gov


Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: Zelenak, Jim
To: Justin Shoemaker
Subject: Lynx SSA Table 4 edits - need your help
Date: Wednesday, October 11, 2017 10:33:57 AM
Attachments: Tabel 4 Edits.docx

Hey Justin,

We discussed this at some point, and I remain unable to edit the table here.

Let me know if you can make the changes indicated in the attached.  If so, could you send me the revised table so I
can insert it in place of the current one in the SSA report?

Thanks again.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov


Current table: 

 

Edits 

1. Connectivity row, Unit 6, add: “; long-distance dispersal (emigration) documented to many western 
states and to Canada” 

2. Home range size, Unit 6, delete: “ – 704” (keep just “75”) 

3. Between last 2 rows, add a new row with the following info: 

Kitten 
Survival 

Rate 
0.78 – 0.89 

No 
estimate; 

recruitment 
thought low 

0.58 
(Seeley 
Lake) 

No estimate; 
most kittens 
died prior to 

independence 

No estimate; 
no evidence 

of kitten 
survival to 

independence 

0.23 

 

4. Lambda row, Unit 6, delete : “No estimate” replace with “0.93 – 1.08” 



From: Hall, Sarah
To: White, Rollie
Cc: Marilet Zablan
Subject: Re: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE

10/13
Date: Wednesday, October 11, 2017 11:16:55 AM

Okay, will do.
Thanks

On Wed, Oct 11, 2017 at 10:13 AM, White, Rollie <rollie_white@fws.gov> wrote:
Have him submit his comments.  I am going to check in with Terry to make sure she's good
with me surnaming.

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

On Wed, Oct 11, 2017 at 10:08 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Rollie,

Bryon Holt has reviewed and concurs with R6's 5-year review for the lynx.

He does have a few suggested edits / comments on the document (see attached).  Should I pass them along to
Marj and Justin for their consideration?

Thanks,
Sarah

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Wed, Oct 11, 2017 at 8:32 AM
Subject: Re: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada
Lynx 5 year status review: DUE 10/13
To: "Hall, Sarah" <sarah_hall@fws.gov>
Cc: Marilet Zablan <marilet_zablan@fws.gov>

Sarah,

I've completed my review.  Overall, the report is consistent with the SSA and decision
meeting recommendation, and I did not see any fatal flaws.  Nonetheless, I do have a few
edits and comments.

Bryon
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On Tue, Oct 10, 2017 at 9:08 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Hi Bryon,

Following up on my call to you this morning, I'm forwarding the current lynx 5-year review to you for your
review.  Rollie would like your thoughts before providing his concurrence.

Given the sensitive nature of this particular 5-year review (which you are well aware of, I know), please do
not forward or share this with others.

If you could let us know if you have any concerns or suggested feedback by this Friday, 10/13, that would be
great.

Thanks so much and please let me know if you have any questions,
Sarah

---------- Forwarded message ----------
From: Zablan, Marilet <marilet_zablan@fws.gov>
Date: Fri, Oct 6, 2017 at 1:41 PM
Subject: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx
5 year status review: DUE 10/23
To: sarah hall <sarah_hall@fws.gov>

Hi Sarah ,

Please see below -- I'm assuming most folks are not around at the moment [Friday
afternoon before a 3-day weekend...], so if you would please give Bryon a call on
Tuesday that would be great --before concurring, Rollie would like to make sure Bryon
sees no red flags/ has no concerns.

Thanks,
~MAZ

Marilet A. Zablan, Program Manager for Restoration & Endangered Species Classification
  US Fish & Wildlife Service, Pacific Regional Office - Ecological Services, 911 NE 11th Avenue, Portland, OR
97232
  503-231-6131 (general), 503-231-2345 (direct); email: marilet_zablan@fws.gov

PLEASE NOTE: This email correspondence, including any attachments to and from this sender, are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: White, Rollie <rollie_white@fws.gov>
Date: Fri, Oct 6, 2017 at 1:23 PM
Subject: Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE
10/23
To: Marilet Zablan <marilet_zablan@fws.gov>
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Can you have someone check with Bryon Holt to see if he has any concerns?

Thanks,

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 1:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>,
Rollie White <rollie_white@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI
<justin_shoemaker@fws.gov>

Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of
the Canada lynx.  This review documents the recommendation and rationale from the meeting on April and
follow-up conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input
and contributions to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it
is 6 pages plus cover (plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and
nature of informing appropriate courts.  As such, we are not public about this pending recommendation to
the point that it did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about
a week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or
comments, feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for
signature (though I think we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell
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-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: Holt, Bryon
To: Hall, Sarah
Cc: Karen Cathey
Subject: Re: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE

10/13
Date: Wednesday, October 11, 2017 12:13:06 PM

Will do.

On Wed, Oct 11, 2017 at 11:19 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Hi Bryon,

Rollie asked that you go ahead and submit your edits to R6 (presumably Justin?) for their consideration.

Thanks again for your thoughtful review of the document.

Sarah

On Wed, Oct 11, 2017 at 8:32 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Sarah,

I've completed my review.  Overall, the report is consistent with the SSA and decision
meeting recommendation, and I did not see any fatal flaws.  Nonetheless, I do have a few
edits and comments.

Bryon

On Tue, Oct 10, 2017 at 9:08 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Hi Bryon,

Following up on my call to you this morning, I'm forwarding the current lynx 5-year review to you for your
review.  Rollie would like your thoughts before providing his concurrence.

Given the sensitive nature of this particular 5-year review (which you are well aware of, I know), please do
not forward or share this with others.

If you could let us know if you have any concerns or suggested feedback by this Friday, 10/13, that would be
great.

Thanks so much and please let me know if you have any questions,
Sarah

---------- Forwarded message ----------
From: Zablan, Marilet <marilet_zablan@fws.gov>
Date: Fri, Oct 6, 2017 at 1:41 PM
Subject: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx
5 year status review: DUE 10/23
To: sarah hall <sarah_hall@fws.gov>
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Hi Sarah ,

Please see below -- I'm assuming most folks are not around at the moment [Friday
afternoon before a 3-day weekend...], so if you would please give Bryon a call on
Tuesday that would be great --before concurring, Rollie would like to make sure Bryon
sees no red flags/ has no concerns.

Thanks,
~MAZ

Marilet A. Zablan, Program Manager for Restoration & Endangered Species Classification
  US Fish & Wildlife Service, Pacific Regional Office - Ecological Services, 911 NE 11th Avenue, Portland, OR
97232
  503-231-6131 (general), 503-231-2345 (direct); email: marilet_zablan@fws.gov

PLEASE NOTE: This email correspondence, including any attachments to and from this sender, are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: White, Rollie <rollie_white@fws.gov>
Date: Fri, Oct 6, 2017 at 1:23 PM
Subject: Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE
10/23
To: Marilet Zablan <marilet_zablan@fws.gov>

Can you have someone check with Bryon Holt to see if he has any concerns?

Thanks,

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 1:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>,
Rollie White <rollie_white@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI
<justin_shoemaker@fws.gov>
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Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of
the Canada lynx.  This review documents the recommendation and rationale from the meeting on April and
follow-up conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input
and contributions to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it
is 6 pages plus cover (plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and
nature of informing appropriate courts.  As such, we are not public about this pending recommendation to
the point that it did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about
a week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or
comments, feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for
signature (though I think we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov
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*************************************************



From: Shoemaker, Justin
To: Zelenak, Jim
Subject: Re: Lynx SSA Table 4 edits - need your help
Date: Wednesday, October 11, 2017 12:34:40 PM
Attachments: Tabel 4 Edits_revised.docx

Lynx current condition table_10112017.xlsx

I've copied the revised table into your Table 4 Edits doc.  You should be able to copy/paste
from there.  

I also attached the excel file.  If you need further edits, they can be made in the excel version,
then copy and pasted into word (as a picture).  I prefer to edit and format tables in excel, rather
than in word. Then pasting as a picture makes it easier to fit into the word document and resize
as needed. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Oct 11, 2017 at 11:33 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hey Justin,

We discussed this at some point, and I remain unable to edit the table here.

Let me know if you can make the changes indicated in the attached.  If so, could you send me the revised table so
I can insert it in place of the current one in the SSA report?

Thanks again.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Unit 1 - Northern ME Unit 2 - Northeastern 
MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-central 
WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 100% 83% (Purcells); 61% 

(Seeley Lake) 100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares) 3.3 2.95 (Purcells); 2.24 

(Seeley Lake) 2.25 (2 females) 3.0 (1 female, 2 years) 2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00 0.85 (Purcells); 0.75 

(Seeley Lake) 0.86 Few data
0.93 (in Core Release 
Area [CRA]), 0.82 (out 

of CRA)

Kitten Survival Rate 0.78 - 0.89
No estimate; 

recruitment thought 
low

0.58 (Seeley Lake)
No estimate; most 
kittens died prior to 

independence

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08



Current table: 

 

Edits 

1. Connectivity row, Unit 6, add: “; long-distance dispersal (emigration) documented to many western 
states and to Canada” 

2. Home range size, Unit 6, delete: “ – 704” (keep just “75”) 

3. Between last 2 rows, add a new row with the following info: 

Kitten 
Survival 

Rate 
0.78 – 0.89 

No 
estimate; 

recruitment 
thought low 

0.58 
(Seeley 
Lake) 

No estimate; 
most kittens 
died prior to 

independence 

No estimate; 
no evidence 

of kitten 
survival to 

independence 

0.23 

 

4. Lambda row, Unit 6, delete : “No estimate” replace with “0.93 – 1.08” 

  



Revised: 

 

 

 

 

 

  

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to 
Lynx Populations/ 
Habitats in Canada

Directly connected 
to lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 

of natural 
movement, but rates 

of immigration/ 
emigration unknown

Directly connected 
to lynx habitats/ 

populations in s. 
Ontario; evidence of 
natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected 
to lynx habitats/ 

populations in s. 
Alberta and s. 

British Columbia; 
evidence of natural 

movement, but rates 
of immigration/ 

emigration unknown

Directly connected 
to lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct 
connection; rates of 

immigration/ 
emigration unknown

No direct 
connection; rates of 

immigration/ 
emigration 

unknown; long-
distance dispersal 

(emigration) 
documented to 
many western 
states and to 

Canada
Home Range Size 

(Adult Female, km2)
25-33 17 - 21 43 - 115 37 - 91

50 (1 female, 3 
years)

75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100%
83% (Purcells); 61% 

(Seeley Lake)
100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3
2.95 (Purcells); 2.24 

(Seeley Lake)
2.25 (2 females)

3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares)

0.75 - 1.00
0.85 (Purcells); 0.75 

(Seeley Lake)
0.86 Few data

0.93 (in Core 
Release Area 

[CRA]), 0.82 (out of 
CRA)

Kitten Survival Rate 0.78 - 0.89
No estimate; 

recruitment thought 
low

0.58 (Seeley Lake)
No estimate; most 
kittens died prior to 

independence

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low 
hares, 4 yrs)

No estimate
1.16 (Purcells, 4 
yrs); 0.92 (Seeley 

Lake, 8 yrs)
No estimate No estimate 0.93 - 1.08



From: Zelenak, Jim
To: Kosterman, Megan
Subject: Re: Hello
Date: Wednesday, October 11, 2017 12:51:22 PM

Hi Megan,

I'm working frantically to try to finish the SSA report by Friday. I can't share the draft before then (and maybe not
until after it has been looked at by regional decision makers from the other lynx regions), and I won't have time to
talk between now and when I get this monster off my desk.

I would be happy to talk with you about it as soon thereafter as possible.

Hope all is well and that your workload settles down soon (mine, too!).

On Wed, Oct 11, 2017 at 12:46 PM, Kosterman, Megan <megan_kosterman@fws.gov>
wrote:

Hi Jim,

I am sorry it has taken me so long to respond to you, we have had a hectic workload lately.  I
read the executive summary and I don't see any big red flags, but there are a couple items I
would like to look at in the SSA itself.  Do you mind sharing a recent draft of the SSA with
me?  Do you have time to chat later this week about my comments?  

-- 
Megan Kosterman
Endangered Species Biologist
U.S. Fish and Wildlife Service
Northern Idaho Field Office
11103 East Montgomery Drive
Spokane Valley, WA 99206
megan_kosterman@fws.gov
Office: 509-893-8013

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Holt, Bryon
To: Shoemaker, Justin
Subject: Lynx 5-yr Review
Date: Wednesday, October 11, 2017 1:21:25 PM
Attachments: Tab 2. Canada Lynx draft 5-yrReview_09282017_BHolt edits.doc

Justin,

Rollie asked that I provide my edits and comments directly to R-6 for consideration.  If you
have any questions, let me know.

Thanks,

Bryon

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
The purpose of a 5-year review is to assess each threatened and endangered species to determine 
whether its status has changed since the time of its listing, or its last status review and whether it 
should be classified differently or removed from the list of threatened and endangered species.  
The U.S. Fish and Wildlife Service (Service) evaluated the biology and status of the contiguous 
United States (U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species 
Status Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The 
SSA Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA 
Team), which consists of a Core Team of Service biologists who work on lynx issues across the 
DPS range and an SSA Framework Implementation Team of Service and U.S. Geological 
Survey staff who have developed and advanced the SSA framework.  The SSA Report represents 
the Service’s evaluation of the best available scientific information, including the formally-
elicited professional judgments and opinions of recognized lynx experts.  The SSA Report 
underwent independent peer and partner review before being used as the scientific basis to 
support a decision making process involving Service Regions 1, 3, 5, and 6 regarding the 
recommendation presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, WashingtonIdaho, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the lynx DPS as a threatened species under the Endangered Species Act (ESA) 
in 2000 because of the potential for impacts to lynx habitat conditions and the availability of 
snowshoe hare and other prey populations within the lynx DPS and existing regulatory 
mechanisms on Federal lands, at that time, did not provide sufficient guidance for the 
conservation of lynx habitats and populations or snowshoe hare habitat in light of potential 
threats (65 FR 16052-16086).  On May 8, 2014, the United States District Court for the District 
of Montana ordered the Service to complete recovery planning for the lynx DPS (U.S. District 
Court MT 2014a, p. 8).  On June 25, 2014, the same court ordered the Service to complete a 
recovery plan by January 15, 2018 “…unless the Service finds that such a plan will not promote 
the conservation of the [lynx]” (i.e., the DPS is recovered or no longer warrants ESA protections; 
U.S. District Court MT 2014b, p. 2).  We noticed the initiation of the 5-yr review in the Federal 
Register on April 18, 2007 (72 FR 19549), and additionally published a news release announcing 
re-initiation of a 5-yr review on January 13, 2015.   
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We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  The SSA provides the scientific basis for 
this 5-yr review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in 4 of the 6 geographic units evaluated in the SSA (Units 1 (Northern Maine), 2 
(Northeastern Minnesota), 3 (Northwestern Montana/Northeastern Idaho), and 4 (North-central 
Washington)) (SSA Report, p. X).  Based on verified records, it is uncertain if the Greater 
Yellowstone Area (Unit 5) historically supported a persistent resident lynx population and it 
currently appears not to support resident lynx (SSA Report, p. X).  Available evidence also 
suggests that Colorado (Unit 6) did not historically support persistent lynx presence; however, a 
resident population has persisted there for more than a decade since the 1999-2006 release of 218 
Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. X).   
 
Considering the available information, we found no reliable evidence that the current distribution 
and relative abundance of resident lynx in the contiguous United States are substantially reduced 
from historical conditions (SSA Report, p. X).  In fact, because of the introduction of lynx in 
Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than likely occurred historically (SSA Report, p. X).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. X).  
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. X).  In fact, as a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. X).  Similarly, resident lynx remains broadly distributed across the range of habitats 
that have supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. X).   
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Additionally, observed high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) is not likely adversely 
affecting the resiliency of the DPS (SSA Report, section 2.1).  Because there are no indications 
of significant loss of, or current stressors too, the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions (SSA Report, p. X). 
 
We conclude that resident lynx populations are very likely to persist in all 5 units that currently 
support them (Units 1-4 and 6) in the near-term (2025) and likely to persist in those 5 units at 
mid-century (2050) (SSA Report, p. X).  We and the experts we consulted have low confidence 
in predicting the likely conditions of DPS populations beyond 2050 (SSA Report, p. X).  
Therefore we consider 2050 as the foreseeable future for this 5-year review.  Nonetheless, we 
expect lynx populations in each geographic unit to become smaller and more patchily-distributed 
in the future due largely to projected climate-driven losses in habitat quality and quantity and 
related factors (SSA Report, p. X).  However, the timing, rate, and extent of habitat decline due 
to projected climate warming and corresponding effects to lynx populations all are highly 
uncertain (SSA Report, p. X).  That said, smaller, more isolated populations would be less 
resilient and more vulnerable to demographic and environmental stochasticity and genetic drift 
and, therefore, at higher risk of extirpation (SSA Report, p. X).  Despite some reduced resiliency, 
we conclude that resident lynx populations are likely to persist through mid-century in the 
geographic units that supported them historically (units 1-4); with the corresponding 
maintenance of redundancy and representation in the DPS over that time span (SSA Report, p. 
X).  Predictions out to 2100 are highly uncertain (SSA Report, p. X), and beyond what we 
consider to be reasonably foreseeable.  Nonetheless, although we expect some resident lynx to 
persist within the DPS at the end of the century, it is possible that populations in some units 
could be functionally extirpated by then (SSA Report, p. X).  Should future extirpations occur, 
this would indicate a loss of resiliency, reduced redundancy, and representation, and an increased 
risk of extirpation of the DPS. 
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or snowshoe hare habitat (SSA Report, p. X).   

Comment [HB1]: This sentence needs some 
qualification.  I don’t know if this is the appropriate 
wording or not, but offer it as a suggestion. 
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Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the Endangered Species Act (Act), an endangered species is any species that is “in 
danger of extinction throughout all or a significant portion of its range.”  In the SSA Report, we 
evaluated the best available scientific information regarding the current and predicted future 
condition of the lynx DPS to describe its viability and how it may change over time (2025, 2050, 
and 2100).  We assess the viability of the lynx DPS by evaluating its ability to maintain a 
sufficient number and distribution of viable populations to withstand environmental stochasticity 
(resiliency), catastrophes (redundancy), and changes in its environment (representation) into the 
future.  Ultimately, we compare our evaluation of the DPS’ risk of extinction against the 
definitions of an endangered or threatened species as defined by the Act.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4), the current persistence of lynx in one of the units 
(Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
that lynx populations in the DPS historically were and currently are resilient the historical and 
recent resiliency to stochastic events of lynx populations in the DPS (SSA Report, p. X).  The 
large sizes and broad distributions of the geographic units occupied by resident lynx populations 
likewise indicate historical and current redundancy in the DPS sufficient to preclude the 
possibility of extirpation from catastrophic events (SSA Report, p. X).  There are no indications 
of current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and 
the current level of representation do not suggest a decrease from historical conditions (SSA 
Report, p. X).  Due to the current resiliency, redundancy, and representation of the lynx DPS, we 
conclude that the risk of extinction (in this case, extirpation of all resident lynx populations in the 
DPS) is low, such that the DPS currently is not in danger of extinction throughout all or a 
significant portion of its range and, therefore, does not meet the definition of an endangered 
species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the Act, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. X).  
It became apparent through discussions with lynx experts, in peer and partner reviews of the 
draft SSA Report, and among Service biologists and management that any future projections of 
lynx status beyond mid-century were complicated by a very high degree of uncertainty 
concerning the timing and extent of various stressors that may affect lynx and hare habitat and 
snow regimes, especially those related to projected future climate change (SSA Report, p. X).  
Therefore, in this evaluation, we focused on mid-century (2050) as the foreseeable future 

Comment [HB2]: Previously defined as ESA. 
Either is fine, but should be consistent. 

Comment [HB3]: See comment HB2 

Comment [HB4]: See comment HB2 
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because this time horizon gives us a higher degree of certainty in reasonably projecting the future 
condition of the lynx DPS.  
 
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. X).  
However, all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts (with likelihoods of 70 to 90 percent) to continue to do so 
through mid-century (2050) (SSA Report, p. X).  Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence (i.e., preclude extirpation) of resident lynx 
through mid-century in all or most of the 5 geographic units that currently support them (SSA 
Report, p. X).  At mid-century, we expect lynx to retain a wide geographical distribution of 
populations, maintaining redundancy within the DPS (SSA Report, p. X).  Should lynx 
populations in each geographic unit to become smaller and more patchily-distributed, reduced 
genetic health and/or adaptive capacity would be expected; however, we have no evidence to 
suggest reduced representation would be a DPS-level concern at mid-century (SSA Report, p. 
X).  Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is low, 
such that the lynx DPS is not likely to become endangered throughout all or a significant portion 
of its range within the foreseeable future and, therefore, does not meet the definition of a 
threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS and, therefore, 
recovery criteria have not been developed.  However, the Service completed a Recovery Outline 
on September 14, 2005, which provided preliminary recovery objectives and actions based on 
our understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Even in the absence of a recovery plan, progress 
has been made on some components of the preliminary recovery strategy described in the 2005 
Recovery Outline (e.g., improved regulatory mechanisms on Federal and some State, Tribal, and 
private lands and related protections of important lynx and hare habitats), while other 
components have seen little or no progress or may no longer be appropriate.  Nonetheless, lynx 
conservation measures and habitat management guidance adopted by the USFS and the BLM 
have substantially addressed the potential threats considered at the time of listing to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. X).  Furthermore, as described above, the lynx DPS no longer meets 
the definition of a threatened species.  
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all or a significant portion of its 
range nor is it likely to become so in the foreseeable future, i.e., not a threatened species 
throughout or a significant portion of its range.  We recommend removing the Canada lynx DPS, 
currently listed as threatened, from the list of threatened and endangered species.  
 

Comment [HB5]: I don’t think this is necessarily 
an expected outcome; lynx are very mobile.  Thus, it 
may be better to replace “would be expected” with 
“could occur”.  However, at a certain level of 
fragmentation (population that is) these things would 
be expected.  But, a little smaller and/or a little more 
patchily distributed, not necessarily so. 
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____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Region 1, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
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Cooperating Regional Director, Region 3, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 
Cooperating Regional Director, Region 5, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   



From: Smith, Tamara
To: Catton, Timothy J -FS
Subject: Re: Lynx Occupancy Report
Date: Wednesday, October 11, 2017 3:01:14 PM
Attachments: Lynx_2016_Summary.19Oct2016 FINAL REPORT 2017.pdf

Hi Tim -  I've attached their final report. I have not heard if they have had it published yet.
Beth is now at the U. of Washington in Seattle (bg43@uw.edu).  I will contact her to see if it
has or is on its way to publication...

Thanks!
Tam

On Wed, Oct 11, 2017 at 2:24 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Hi Tam,

 

Have you ever received a final version of this report?  I think Nathan and Beth were trying to get it
published, but we never heard anything more on that, either.  We have been trying to get ahold of
Nathan but he hasn’t gotten back to us thus far.  I know both he and Beth have moved from NCSU but I
was hoping you had heard something further.

 

Thanks!

 

Tim

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, December 08, 2016 4:38 PM
To: Nathan Hostetter <njhostet@ncsu.edu>
Cc: Catton, Susan J -FS <scatton@fs.fed.us>; Ryan, Daniel C -FS <dcryan@fs.fed.us>; Grosshuesch,
David A -FS <dgrosshuesch@fs.fed.us>; Catton, Timothy J -FS <tcatton@fs.fed.us>; Beth Gardner
<bg43@uw.edu>
Subject: Re: Lynx Occupancy Report

 

Thanks, Nathan!  Thanks to all for your hard work on this! 

 

On Thu, Dec 8, 2016 at 7:23 AM, Nathan Hostetter <njhostet@ncsu.edu> wrote:

Hi All,

mailto:tamara_smith@fws.gov
mailto:tcatton@fs.fed.us
mailto:bg43@uw.edu
mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:njhostet@ncsu.edu
mailto:scatton@fs.fed.us
mailto:dcryan@fs.fed.us
mailto:dgrosshuesch@fs.fed.us
mailto:tcatton@fs.fed.us
mailto:bg43@uw.edu
mailto:njhostet@ncsu.edu


 

Attached is the draft lynx report summarizing winter surveys in 2014-15 and 2015-16.
This is still a draft report which we plan to finalize in the next few weeks.

 

I want to thank each of you for all your hard work on these surveys. The amount of area
surveyed over these two winters, along with all the data collection and organization is
really impressive. Thank you.

 

Also attached are brief responses to a few questions and comments previously provided
by Dan, Dave, and Tim. Other comments were addressed by directly updating the report.

 

Please let me know if you have any questions. Best,

-Nathan

 

--

Nathan J. Hostetter

P: 1-541-410-1453

njhostet@ncsu.edu

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Boulevard East

Bloomington, MN 55425

952-252-0092, Ext. 219  (new number)

952-646-2873  (new fax number)

mailto:njhostet@ncsu.edu
https://maps.google.com/?q=4101+American+Boulevard+East%0D+%0D+%0D+Bloomington,+MN+55425%0D+%0D+%0D+%0D+952&entry=gmail&source=g
https://maps.google.com/?q=4101+American+Boulevard+East%0D+%0D+%0D+Bloomington,+MN+55425%0D+%0D+%0D+%0D+952&entry=gmail&source=g
https://maps.google.com/?q=4101+American+Boulevard+East%0D+%0D+%0D+Bloomington,+MN+55425%0D+%0D+%0D+%0D+952&entry=gmail&source=g


 

612-600-1599 Cell

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell
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SUMMARY 

Occupancy modeling is increasingly used to monitor the presence and spatial distribution of rare 

and threatened species. We evaluated patterns of Canada lynx occupancy across Superior 

National Forest and designated critical habitat in northeastern Minnesota to better understand 

lynx habitat selection and inter-annual variation in occupancy. Snow-track detection/non-

detection surveys were completed in winter 2014-15 and winter 2015-16, covering more than 

3,100 km each year. We investigated three habitat covariates to explain spatial variation in lynx 

occupancy: percent evergreen forest derived from Landsat satellite imagery and the density of 

mid-story vegetation and density of trees > 12 meters, both derived from Lidar data. In general, 

percent evergreen forest provided a landscape-level metric to define ecotones, while Lidar data 

provided information on stand-level characteristics. We used an information-theoretic approach 

to compare 8 models evaluating the relative influences of forest composition on lynx occupancy. 

Results indicated that lynx occupancy was positively associated with percent evergreen forest 

and negatively associated with the density of trees >12m.  Occupancy was highly variable across 

the study (range = 0.01 – 0.99) and noticeably higher in winter 2014-15 compared to winter 

2015-16. Estimates of occupancy from this pilot study provide useful information on the 

distribution of a difficult to monitor species and can be used to inform future study designs 

aimed at monitoring lynx occupancy across the region. 
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INTRODUCTION 

Canada lynx (Lynx canadensis, hereafter lynx) were listed as threatened under the U.S. 

Endangered Species Act in 2000. Determining the presence and distribution of lynx across broad 

landscapes is important to conservation, recovery, and management efforts. Monitoring the 

presence of carnivores like lynx, however, can be especially difficult due to their cryptic nature, 

low densities, and the need to survey large geographical areas to achieve adequate survey 

coverage (Bayne et al. 2008, O’Connell et al. 2006, Whittington et al. 2015).  

Occupancy modeling is increasingly used to monitor changes in species distribution and 

the factors affecting these changes (MacKenzie et al. 2002). Occupancy methods can account for 

imperfect detection, whereby the species is present but not detected. Determining lynx 

occupancy, distribution, and habitat relationships are an important management need (Squires et 

al. 2004). Lynx populations on the southern portion of their range are particularly challenging to 

monitor due to lower densities, high annual fluctuations in density, and increased seasonal 

variation in distributions compared to populations in the core of the range (O’Donoghue et al. 

1997, Krebs et al. 2001, Murray et al. 2008). Lynx population status and trends at the southern 

end of their range is less well understood as most studies have focused on core areas in relatively 

homogenous boreal forests (Murray et al. 2008).  

Herein, we examine the spatial pattern of lynx occupancy at the southern edge of its 

distribution in northeastern Minnesota. We use spatially and temporally replicated snow-track 

surveys conducted in winter 2014-15 and 2015-16 to estimate lynx occupancy in Superior 

National Forest and critical habitat in northeastern Minnesota. We investigate three habitat 

covariates possibly affecting lynx occupancy and distribution: satellite derived percent evergreen 

forest, and Lidar derived covariates for density of mid-story vegetation and density of trees >12 

meters. Habitat covariates were selected based on previous studies and/or factors believed to 

possibly influence lynx presence (Lidar covariates, Bayne et al. 2008, Simons-Legaard et al. 

2013, Hornseth et al. 2014). While occupancy was the focus of the study, we also evaluate the 

effects of survey conditions on detection probability.  
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METHODS 

Study Area 

The study area included 22,100 km2 of Superior National Forest and designated lynx 

critical habitat in northeastern Minnesota, USA (USFWS 2014, Figure 1). Short warm summers 

and long cold winters are typical for this region (McCann and Moen 2011). Vegetation consists 

of both boreal forests and Great Lakes forests dominated by pine, fir, aspen, and spruce (McCann 

and Moen 2011).  

 

 

Figure 1. Survey routes and lynx detections (blue dots) in winter 2014-15 and winter 2015-16. 

The study area included Superior National Forest and designated Lynx Critical Habitat in 

Minnesota (green) and was divided into 5x5 km grid cells for analysis (grey grid). A few cells in 

the northwest section of the study area were removed due to missing covariates. 

 

Snow-track occupancy surveys 

Snow-track surveys (Squires et al. 2004) were conducted from November 2014 to March 

2015 and from November 2015 to April 2016 when snow cover was present (Table 1). Trained 

observers drove open roads located throughout the study area recording the locations of all lynx 

sign (tracks or scat, Figures 1 and 2). Observers also recorded snow conditions during each 

survey as Good (>3 days post snow, no blowing), Fair (1-2 days post snow, no blowing), or Poor 

(<1 day post snow or blowing snow) as snow condition is known to affect detection probability 

during snow-track surveys (Whittington et al. 2015).   

 



5 
 

 

Table 1. Summary of snow-track effort in winter 2014-15 and winter 2015-16. Data for each 

winter are summarized as first and last survey dates, the total number of days surveyed, total 

kilometers surveyed (km), total number of 5x5 km grid cells surveyed (Cells) and total number 

of surveyed cells with at least one lynx detection (cells with detection). Naïve occupancy is the 

proportion of surveyed cells with at least one lynx detection. 

Winter Start End Survey Days km 

Cells 

surveyed 

Cells 

with  

detection 

Naïve 

Occupancy 

2014-15 11/20/2014 3/11/2015 48 3,169 242 68 0.28 

2015-16 11/20/2015 4/7/2016 48 3,712 255 42 0.16 

 

Occupancy modeling  

 For analysis purposes we overlaid a 25-km2 grid across the study area, resulting in 884 

25-km2 cells (Figure 1). Grid cells were selected to match other on-going surveys on Superior 

National Forest (NABat, 

https://www.sciencebase.gov/catalog/item/546e65c5e4b0fc7976e4e894). Only grid cells that 

were contained within the U.S. boundary were included as covariate values were not available 

for grid cells overlapping the U.S.-Canada border. Each grid cell was considered a ‘site’ and 

encounter histories (detection/non-detection) were generated for each cell based on whether or 

not lynx were detected during each survey (MacKenzie et al. 2006).  

Occupancy models use detection/non-detection information from replicated surveys to 

separate the underlying state process (i.e., occupied or not) from the observation process (e.g., 

the species was present but not detected during a survey). We analyzed the snow-track survey 

data using an occupancy modeling approach to estimate lynx occupancy (ψ) and detection (p, 

MacKenzie et al. 2002). Here, occupancy is the probability lynx occupied a cell during the 

survey period and detection is the probability of detecting a lynx given it used the cell. 

Occupancy models require a closure assumption where each cell is permanently occupied or not 

occupied during the study period. Due to the nature of this study, we adopted a different 

interpretation where occupancy (ψ) was interpreted as the probability of that lynx used a site 

during the study period (MacKenzie et al. 2006). This interpretation allows for more flexibility in 

relaxing the closure assumption, which was likely violated during the surveys. 

We investigated three habitat covariates possibly affecting spatial variation in lynx 

occupancy: percent evergreen forest, mid-story vegetation density, and density of trees >12m 
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(Figure 3). Percent evergreen forest data were obtained from the 2011 GAP Analysis [USGS] 

available at http://gapanalysis.usgs.gov/. Mid-story vegetation density and density of trees >12m 

were obtained from Lidar data provided by Superior National Forest. Habitat covariate values for 

each grid cell were calculated as the mean value across all pixels in that cell, allowing each grid 

cell to have a unique value for each covariate (Figure 3). We included three covariates on 

detection probability: snow conditions (good, fair, or poor), survey route length (km), and date, 

which were recorded during each survey. Survey date was formatted for each winter as the 

number of days since the first survey due to survey periods overlapping the new year. We used a 

quadratic effect of date (date+date2) to allow for possible nonlinear changes in detectability. 

Route length was included as detection probability was expected to increase as the length of the 

route increased (Thompson et al. 2012).  Route length was log-transformed and all other 

continuous covariates were standardized by subtracting the mean and dividing by the standard 

deviation.  

We fit all possible model combinations for occupancy covariates, resulting in 8 models 

(Table 2). Detection covariates for survey length, snow conditions, date, and date2 were included 

in all models as these variables were believed to be important and detection probability was not 

the primary interest of this study. We compared models using Akaike’s information criterion 

corrected for small sample size (AICc), the difference in AICc units from the most parsimonious 

model (ΔAICc),  and relative model support (AICc weights, Burnham and Anderson 2002). We 

considered models with ΔAICc <2 as fitting similarly well (Burnham and Anderson 2002). We 

used model-averaged parameter estimates to evaluate covariate effects on lynx occupancy and 

detection (Burnham and Anderson 2002). Model-averaged parameter estimates were then used to 

predict lynx occupancy across the entire study area using the previously described covariate 

values. All analyses were conducted in R statistical software version 3.2.2 (R Development 

Team 2015) using the packages unmarked (Fiske and Chandler 2011) and MuMin (Barton and 

Barton 2013). 

 

RESULTS 

Snow-track surveys included >3,100 km in both winter 2014-15 and winter 2015-16 

(Table 1, Figures 1 and 2). Surveys covered 242 grid cells in 2014-15 and 255 grid cells in 2015-

16 o the possible 884 total grid cells (Table 1, Figures 1 and 2). Numerous grid cells were 
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sampled on multiple occasion providing temporally replicated survey data required for 

occupancy modeling (Figure 3). Lynx were detected in 68 grid cells in 2014-15 and 42 gird cells 

in 2015-16 (Figure 1). Similarly, the spatial distribution of lynx detections was more constrained 

in winter 2015-16 than winter 2014-15 (Figure 1). 

Percent evergreen forest, mid-story vegetation density, and density of trees >12m were all 

included in competing models in winter 2014-15 (Table 2). Percent evergreen forest, however, 

was included in all competing models (Table 2). In winter 2015-16, two competing models were 

selected and both included percent evergreen forest and density of trees >12m (Table 2). 

 

Table 2. Comparison of models estimating lynx occupancy and detection in winter 2014-15 and 

2015-16. Covariates on the occupancy component of the model included percent evergreen forest 

(Evergreen), density of mid-story vegetation (LidarMid), and density of trees >12 meters 

(Lidar12m). All models included detection covariates for log survey length, snow conditions, 

date, and date2.  Models with the lowest AICc values have the best fit to the data using the fewest 

parameters. Models within two ΔAICc of the top model in each winter are bolded. 

   Winter 2014-15  Winter 2015-16 

Model K AICc ΔAICc AICcw  AICc ΔAICc AICcw 

Everg+LidarMid+Lidar12m 10 646.62 0.21 0.26  444.26 2.06 0.26 

Everg+Lidar12m 9 646.45 0.04 0.28  442.20 0.00 0.74 

Everg+LidarMid 9 646.41 0.00 0.28  461.76 19.56 0.00 

LidarMid+Lidar12m 9 656.53 10.12 0.00  456.83 14.63 0.00 

Everg 8 647.32 0.91 0.18  462.32 20.11 0.00 

Lidar12m 8 678.34 31.93 0.00  463.50 21.29 0.00 

LidarMid 8 654.86 8.45 0.00  465.23 23.03 0.00 

Null 7 676.28 29.87 0.00  473.07 30.87 0.00 

Note: AICc weights (AICcw) represent the relative probability that the candidate model is the 

best model. 
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Figure 2. Number of snow-track surveys conducted per grid cell during winter 2014-15 and winter 2015-16. Grid cells with zero 

surveys are not filled. 

 

Figure 3. Habitat covariates used in the analysis and prediction of lynx occupancy. Covariates included percent evergreen, mid-story 

vegetation density (LidarMid), and the density of trees >12m (Lidar12m). The Lidar12m map was rescaled due to the smaller range of 

values. 

Winter 2014-15 Winter 2015-16 
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In both winter 2014-15 and 2015-16, lynx occupancy increased as percent evergreen 

increased and decreased as density of trees >12m increased (Table 3). The model averaged 

confidence interval for the density of trees >12m, however, overlapped zero in winter 2014-15. 

Confidence intervals for mid-story vegetation widely overlapped zero in both years (Table 3).  

Transect length was strongly associated with increased detection probability in both years 

(Table 3, Figure 2). Detection probability was also positively correlated with survey date, with 

higher detection probability during late-season surveys (Table 3). Poor snow conditions were 

associated with decreased detection probability in winter 2014-15, but there was no difference 

between good and poor snow conditions in winter 2015-16 (Table 3, Figure 4).  

 

Table 3. Model averaged parameter estimates (logit scale) estimating lynx occupancy and 

detection in winter 2014-15 and winter 2015-16. Estimates with a 95% confidence interval that 

do not overlap zero are bolded.  

  Winter 2014-15   Winter 2015-16 

Parameter Mean 2.5% 97.5%   Mean 2.5% 97.5% 

OCCUPANCY   
 

   

Intercept -0.47 -1.13 0.19  -2.03 -2.89 -1.18 

Everg 1.73 0.63 2.85  1.73 0.74 2.72 

LidarMid 0.37 -0.18 1.54  0.04 -0.73 1.02 

Lidar12m -0.33 -1.44 0.21  -1.43 -2.24 -0.61 
 

       

DETECTION       
Intercept -1.20 -1.91 -0.50  -1.68 -2.62 -0.74 

log(length) 0.62 0.35 0.89  0.39 0.12 0.66 

snow:fair -0.15 -0.73 0.43  0.75 -0.12 1.62 

snow:poor -1.14 -1.76 -0.53  -0.13 -1.07 0.82 

date 0.19 -0.01 0.40  0.41 0.11 0.71 

date2 0.04 -0.18 0.26   -0.16 -0.39 0.06 
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Figure 4. Effect of survey length and snow condition on lynx detectability during snow-track 

surveys. 

 

Predicted lynx occupancy across the study area was much higher in winter 2014-15 

compared to winter 2015-16 (Figure 5). In both years, lynx occupancy was generally highest in 

the northeastern section of Superior National Forest and lowest in the southwest (Figure 5). In 

winter 2014-15, predicted lynx occupancy was >0.50 in 386 of the 884 cells (44% of study area). 

Comparatively, predicted lynx occupancy was >0.50 in only 96 cells in winter 2014-15 (11% of 

study area, Figure 5). Lynx occupancy decreased across nearly the entire forest in winter 2015-

16 (Figure 5). However, predicted occupancy remained high in patches of the forest with both 

high percent evergreen and low density of trees >12m (Figures 3 and 5).  

 

Figure 5. Predicted lynx occupancy in winter 2014-15 (left) and 2015-2016 (right) using 

year-specific model-averaged parameter estimates. 
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DISCUSSION 

Occupancy and habitat relationships 

Habitat relationships suggested lynx occupancy was highest in the northeastern section of 

Superior National Forest and generally lowest at the southern and western regions of the forest. 

Lynx occupancy was positively associated with percent of evergreen forest and negatively 

associated with the density of trees >12 m. These results also support previous studies in 

Superior National Forest where lynx presence was higher in areas with more coniferous forest 

and regenerating young forest than surrounding areas (Moen et al. 2008, McCann and Moen 

2011). These results are also consistent with more broad trends where lynx are generally 

associated with mid-successional forest, while mature forest are used but not preferred (Mowat 

and Slough 2003, Murray et al. 2008, Vashon et al. 2008).  

Superior National Forest is at the southern edge of the current lynx range. Forest 

composition at the southern periphery of the lynx range is more heterogeneous than core areas 

and results in lower hare densities, restricted lynx distribution, reduced lynx abundance, and 

larger home range sizes (Burdett et al. 2007, Vashon et al. 2008, Hornseth et al. 2014). In these 

heterogeneous regions, landscape-level metrics separating entire ecotones (e.g., evergreen vs 

deciduous forests) are often important predictors of species distribution and occupancy (Bayne et 

al. 2008). In this study, a landscape-level covariate for percent evergreen estimated lynx 

occupancy to be low in the extreme southern and western regions of the study area, where lynx 

are generally thought to be very sparse or completely absent due to the habitat characteristics of 

these regions (Moen et al. 2008, McCann and Moen 2011). In both years, however, lynx 

occupancy was best predicted by both a general landscape-level covariate (percent evergreen) 

and a more spatially variable stand-level covariate (density of trees >12 m), suggesting lynx 

occupancy is affected by habitat variables across multiple spatial scales (Bayne et al. 2008, 

Mordecai et al. 2011, Simons-Legaard et al. 2013). 

Lynx in the southern range do not exhibit periodic cyclicity, but abundance is highly 

variable likely due to immigration from Canada (Schwartz et al. 2002, Murray et al. 2008). 

During this two-year study, predicted occupancy was markedly higher in in winter 2014-15 

compared to 2015-16. Raw observations between years supported these results as lynx were 

detected more frequently and in wider range of habitats during winter 2014-15. Explicitly 

modeling the dynamic process of local colonization and extinction and possible factors affecting 
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these processes will be a worthwhile consideration if lynx surveys continue in this region. 

Although investigated, dynamic occupancy models generally require >2 years of data 

(MacKenzie et al. 2003) and did not fit lynx data analyzed herein. Dynamic occupancy models, 

however, permit the modeling of both changes in occupancy and vital rates responsible for those 

changes as functions of static habitat covariates (e.g., percent water) or temporally variable 

habitat variables (e.g., annual snow fall, snow-shoe hare density). Colonization and extinction 

rates can also be modeled as a function of habitat covariates or annual variables influencing 

changes in lynx distribution (Krebs et al. 2001). We highly suggest the consideration of dynamic 

occupancy models if collection of detection/non-detection data continues in future years.  

 

Study design considerations 

A key requirement to estimate species occupancy, density, and abundance is not only 

detection data, but information on survey effort (i.e., when and where surveys were conducted, 

MacKenzie et al. 2002). Our focus in winter 2014-15 was directed towards study design 

considerations, with an emphasis on recording both lynx detections and survey effort. The pilot 

study conducted in winter 2014-2015 provided important information on lynx monitoring across 

Superior National Forest. For instance, the probability of detecting lynx was found to be much 

less than 1.0 and a function of both snow conditions and survey length. Similar surveys were 

then repeated in winter 2015-16, allowing multi-year comparisons of lynx occupancy and 

detection probabilities. 

Spatially and temporally replicated snow-track surveys are a promising approach for 

monitoring wide-ranging species and estimating trends in species distribution across space and 

time (Hines et al. 2010, Guillera-Arroita et al. 2011, Whittington et al. 2015). Snow-track 

surveys to detect lynx are particularly effective as they do not require a response from the animal 

(e.g., entering a trap), document species presence across large geographical areas for multiple 

days or months, and are generally lower cost than live-trapping (Squires et al. 2012, Whittington 

et al. 2015). Nearly all surveys in this study were conducted while driving on roads. Effects of 

road density on lynx distribution is contradictory in the literature, with some studies finding 

negative relationships (Bayne et al. 2008) while others found no evidence of road avoidance 

(Squires et al. 2004, Hornseth et al. 2014). The increased efficiency of road-based snow-track 

surveys in Superior National Forest may be warranted due to logistical constraints, however, 
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conducting off-road surveys (e.g., snow mobile, camera traps), even on a smaller scale, will 

provide important information to evaluate the assumptions of road-based surveys and their 

ability to accurately predict lynx distribution across the broader geographical region (Squires et 

al. 2012). 

Increasing survey length and the numbers of temporal replicates increases the probability 

of detection and thus improves the precision of occupancy estimates (Whittington et al. 2015). 

Squires et al. (2012) found that detection probability generally asymptotes near survey distances 

of 7 km per 8 x 8 km grid cells and increasing survey length > 7 km did not greatly increase the 

probability of detecting lynx. Results in our study were similar, where detection probability 

continually increased with survey length, but noticeably flattened after of 5 – 10 km when using 

5x5 km grid cells (Figure 4). Sampling more grid cells would likely improve precision in 

occupancy estimates. Although beyond the scope of this study, a power analysis may be useful to 

evaluate efficient study designs based on survey route length, the number of grid cells sampled, 

and number of temporal replicates. Setting specific requirements for the precision and duration 

of monitoring efforts (e.g., detect a 10% change in occupancy over 10 years), will greatly 

enhance efforts aimed at study design development. 

Occupancy methods used in this study identified important areas of use and habitat 

relationships important to lynx distribution. These methods, however, cannot separate areas that 

were used by transient individuals from those used by resident lynx. Differences in the amount 

and type of use are particularly important when evaluating a wide-ranging species like lynx. For 

instance, lynx recovery plans separate habitats in to core, secondary, and peripheral areas based 

on occupancy, reproduction, and use documented by historical and current records. While 

occupancy surveys cannot address these metrics alone, continued occupancy surveys, in 

conjunction with ongoing den surveys can provide a combination of methods to evaluate lynx 

conservation and persistence across Superior National Forest.  

 

Project objectives 

The original objective of this project was to implement a spatial capture recapture (SCR) model 

using data from the Superior National Forest Canada Lynx genetics database.  Unfortunately, we 

were unable to implement that model to estimate density due to a lack of data collected on 

survey effort.  Sampling design for estimation of abundance using SCR models requires 
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information on survey effort, which can be difficult to attain in this region due in part to 

opportunist sampling.  Opportunistic sampling provides valuable information on documenting 

species presence and reproduction, two goals of the genetic sampling project.  Incorporating 

opportunistic data into SCR models is a current research area, thus if the genetic sampling 

project is able to conduct systematic surveys for genetic materials (which I believe they have 

started), then in the future those data may be analyzed separately or provide a means to integrate 

the opportunistic data into a model for population abundance. As such, we worked with the 

USFWS and USFS to design an occupancy study (reported on in this final report) and to improve 

the design of the genetic data collection.   

 

Products 

This report serves as the deliverable for this project.  In addition, we have assembled all data, 

modeling code, and maps presented in this report, which are available upon request (please email 

Beth Gardner at bg43@uw.edu).  Attached to this document is an appendix with the study design 

protocol and example data sheet.  Some changes were made to the implemented protocol and 

design during implementation to facilitate data collection. 
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Appendix : Lynx Occupancy Survey Design 

 

General approach (complete datasheet below): 

 Record GPS tracks during all Lynx surveys (start tracks when survey begins, stop tracks when 
survey ends). 
 

 Record locations of any lynx sign observed during the survey, even if it is the same Lynx. 
o e.g., driving down road, observe set of lynx tracks, then you see another set of tracks 

100 meters later… record location at both points. 
o If Lynx follows the road, note location of first and last observation (e.g., the lynx was 

continuously present during that section) 
 

 For occupancy surveys, it is better to survey additional areas than follow tracks to collect genetic 
material. 

o Time spent surveying different habitat types, LAU’s, and new areas contribute more 
than collection of genetic material (for occupancy approaches).  

o Time spent surveying areas where Lynx are likely absent or rarely detected is also 
helpful 

 

 

Datasheet specifics: 

 Each survey will have its own datasheet 

 General information – 
o Always enter “GPS track file name”. This will link the survey data to a .shp file 
o Enter “GPS waypoint  file name” if a waypoint file was created (e.g., lynx sign were 

observed during the survey) 
o Reason for survey – why was the area surveyed? 

 e.g., reported sighting, project area, explore new area, etc. 

 Lynx Detections –  
o Fill in this section when sign(s) of lynx were observed 
o Each line denotes the location where sign was observed 
o Record separate observations on different rows 

 e.g., lynx tracks observed while driving (record in row 1), keep driving and see 
another set of tracks 100 meters later (record in row 2), etc.   

o Take a waypoint and record the UTM’s whenever lynx sign are observed 
An example of a completed datasheet is provided below 
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Lynx Snow Tracking Datasheet

Survey Information

Survey IDa:  Start time: 

Date: End time: 

Surveyor: Overall conditionsb: 1  2  3  

Days since last snow eventc:   

Why survey ended:   

Reason for survey: Occupancy     DNA Collection 
 

Lynx Detections (each row denotes the location where sign was observed)  

 
a Survey ID: Intials_MMDDYY; (i.e., dcr_121915)  
b Overall conditions: 1 = poor (<1 day post snow or blowing snow), 2 = good (1-2 days post snow, no blowing), 3 = excellent (3 or more days post snow with no 

blowing or melting);  
c Days since last snow event: any snow event that would obliterate or make undeterminable all previous tracks. 
d Detection type: Tracks, scat, hair, etc. 

Survey IDa 
Num Lynx 
detected 

Detection 
typed 

Detection 
UTM E & N 

RMRS 
Sample # Notes  
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Lynx Detections (each row denotes the location where sign was observed)  

Survey IDa 
Num Lynx 
detected 

Detection 
typed 

Detection 
UTM E & N 

RMRS 
Sample # Notes  
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EXAMPLE Lynx Snow Tracking Datasheet Survey Information 

Survey IDa: njh_12012014 Start time: 09:15 

Date: 12/01/2014 End time: 12:15 

Surveyor: N. Hostetter Overall conditionsb: 1    2    3 

Days since last snow: 2 

Why survey ended: Detected lynx and collected genetic material 

Reason for survey: Occupancy     DNA Collection  

 
Lynx Detections (each row denotes the location where sign was observed)  

Survey IDa 
Num Lynx 
detected 

Detection 
typec 

Detection 
UTM E & N 

RMRS 
Sample # Notes  

njh_12012014 1 Tracks 
630332 
5267333 

  

njh_12012014 1 Tracks 
630332 
5267333 

  

njh_12012014 1 Hair 
630342 
5267330 

 
Back-tracked from tracks in row above. 
Collected hair. 

      

      

a Survey ID: Intials_MMDDYY; (i.e., dcr_121915)  
b Overall conditions: 1 = poor (<1 day post snow or blowing snow), 2 = good (1-2 days post snow, no blowing), 3 = excellent (3 or more days post snow with no  

blowing or melting);  
c Days since last snow event: any snow event that would obliterate or make undeterminable all previous tracks. 
d Detection type: Tracks, scat, hair, etc
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From: Jay Kolbe
To: Zelenak, Jim
Cc: Inman, Bob
Subject: Re: FW: Lynx Pictures and Video
Date: Wednesday, October 11, 2017 5:52:16 PM
Attachments: image002.png

image001.png
image003.png

I used to trap them regularly in Sawyer Cr. (where this was taken)--It's (was?) prime core
habitat. I'm also very interested in the effects of a fire of that magnitude on lynx in the
Clearwater. Following the Boles and Jocko fires we did see HR abandonment--the cover was
simply not there initially where things burned hot. We started to see them begin to use areas of
the '88 Canyon Cr. fire by the early 2000s, and this area will regenerate quickly. The really
HQ habitat, even in Seeley, was so limited (on a landscape scale) that I suspect short range
male displacement will be tough...I'm looking forward to heading over there this winter to see
how things look. If there's any interest, I'd be glad to participate in a saturation track survey of
the affected area. It would be anecdotal, but fascinating to see whether they continue to use a
burn of this magnitude. Hopefully John is already thinking about a post fire study--we have
fantastic pre-burn GPS data for the affected area....

On Wed, Oct 11, 2017 at 4:33 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thought you guys might want to see this if you haven't already.

Jim

---------- Forwarded message ----------
From: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Date: Wed, Oct 11, 2017 at 3:49 PM
Subject: FW: Lynx Pictures and Video
To: "Katrina_Dixon@fws.gov" <Katrina_Dixon@fws.gov>, "thomas_olenicki@fws.gov"
<thomas_olenicki@fws.gov>, "Zelenak, Jim" <jim_zelenak@fws.gov>

FYI

 

From: Hanvey, Gary -FS 
Sent: Wednesday, October 04, 2017 2:06 PM
To: Squires, John -FS <jsquires@fs.fed.us>
Cc: Holbrook, Joseph - FS, Missoula, MT <jholbrook@fs.fed.us>; Olson, Lucretia E -FS
<lucretiaolson@fs.fed.us>
Subject: FW: Lynx Pictures and Video

 

John,

 

mailto:jkolbe.fwp@gmail.com
mailto:jim_zelenak@fws.gov
mailto:bobinman@mt.gov
mailto:jim_zelenak@fws.gov
mailto:ghanvey@fs.fed.us
mailto:Katrina_Dixon@fws.gov
mailto:Katrina_Dixon@fws.gov
mailto:thomas_olenicki@fws.gov
mailto:thomas_olenicki@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jsquires@fs.fed.us
mailto:jholbrook@fs.fed.us
mailto:lucretiaolson@fs.fed.us


You might of heard about this sighting in the Rice Ridge fire area, but maybe not. 

 

I had heard a rumor about a firefighter on the Rice Ridge Fire observing a female lynx w/ a
kitten – the guy that saw the lynx was from Alabama, but the crew supervisor (Kip) is an
AFMO on the HLC, who I worked with when I was on that Forest 10 years ago. I called
Kip, and he confirmed the story – he didn’t get to observe the lynx himself, but the Alabama
firefighter captured video on his cell phone. So, Kip got ahold of AL firefighter and he sent
the attached. I also plotted the location they gave – that map is also attached. Fire was very
active at the time, but the cat(s) showed little concern for the fire or the fire fighters that
were watching…

 

 

From: Hanvey, Gary -FS 
Sent: Tuesday, October 03, 2017 3:26 PM
To: Roberts, Elizabeth K -FS <ekroberts@fs.fed.us>; Tomson, Scott D -FS
<stomson@fs.fed.us>; Feigley, Rachel J -FS <rfeigley@fs.fed.us>
Subject: FW: Lynx Pictures and Video

 

Sure looks like a lynx.  Plotting the location now to see if its close to any of John’s known
home ranges.

 

Yea, lots of good habitat burned this summer. We’re certainly interested in knowing how
these large fires are affecting resident females – did they escape – are they still there?  Or,
did they establish a home range in the next best neighborhood?  The idea of surveying old
home ranges (any maybe even hanging new radio collars if lynx are still there or nearby) has
been discussed some. 

 

From: Layfield, Scott -FS 
Sent: Tuesday, October 03, 2017 2:21 PM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Subject: Lynx Pictures and Video

 

I rec’d an email from Kip Colby with a request to share these with you.  The quality isn’t the
best, but she caught me by surprise and I was hurrying to get this.  It was taken on the Rice
Ridge Fire outside of Seely Lake, MT.  It was on the upper part of FSR 685.

 

mailto:ekroberts@fs.fed.us
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Scott Layfield 
Zone Fire Management Officer

Forest Service

Talladega National Forest, Talladega Ranger District

p: 256-362-2909 x123 
c: 256-761-5907 
f: 256-362-0823 
slayfield@fs.fed.us

1001 North Street
Talladega, AL 35160
www.fs.fed.us 

Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jay Kolbe
Wildlife Biologist
Montana Fish, Wildlife & Parks
White Sulphur Springs, Region 4
(406) 499-2356

tel:(256)%20362-2909
tel:(256)%20761-5907
tel:(256)%20362-0823
mailto:slayfield@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112
tel:(406)%20449-5225
mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Andrews 2016 and Anderson 2016 citations
Date: Thursday, October 12, 2017 7:35:59 AM

Will work on this one in a few minutes.  I am almost all the way through finding the correct
citations on the list that Anna addressed.

Mark

On Thu, Oct 12, 2017 at 9:34 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark.

Here's another. You cited Ollinger et al. 2008 twice in section 5.2.1, once siting page 17 and once page 8.  Anna
provided the citation below, which does not include those pages.

Ollinger, S. V.,  A. D. Richardson, M. E. Martin, D. Y. Hollinger, S. E. Frolkin, P. B. Reich,
L. C. Plourde, G. G. Katul, J. W. Munger, R. Oren, M.-L. Smith, K. T. Paw U, P. V. Bolstad
, B. D. Cook , M. C. Day, T. A. Martin, R. K. Monson , and H. P. Schmid. 2008 Canopy
nitrogen, carbon assimilation, and albedo in temperate and boreal forests: Functional
relations and potential climate feedbacks. Proc. Natl. Acad. Sci. U.S.A. 105:19336–19341.

Can you resolve this one?  Is the cite Anna provided correct. If not (or even if it is), could
you provide a PDF?

Thanks.

On Thu, Oct 12, 2017 at 6:31 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

I will work through your recent emails and provide lit citations...  Here are 

Andrews, C. 2016. Modeling and forecasting the influence of current and future climate
on eastern North American spruce-fir (Picea abies) forests. M.S. Thesis, University of
Maine, Orono, Maine. Last accessed 10.12.2017 from Electronic Theses and
Dissertations. 2562.
http://digitalcommons.library.umaine.edu/etd/2562

Anderson 2016 is an error.  It should be cited Andrews 2016 (the citation above).

Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
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P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

https://maps.google.com/?q=306+Hatchery+Road&entry=gmail&source=g
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
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From: McCollough, Mark
To: Jim Zelenak
Subject: Litvaitis et al. 1986
Date: Thursday, October 12, 2017 8:11:36 AM

The citation is:

Litvaitis, J. A., J. A. Sherburne, and J. A. Bissonette. 1986. Bobcat habitat use and home range
size in relation to prey density. The Journal of Wildlife Management 50:110-117.

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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mailto:mark_mccollough@fws.gov


From: Jodi Bush
To: Robert Segin
Cc: Jim Zelenak; Justin Shoemaker
Subject: Re: Region 3 edits to lynx outreach
Date: Thursday, October 12, 2017 8:39:39 AM

Ok thanks. JB 

Sent from my iPhone

On Oct 11, 2017, at 7:53 PM, Robert Segin <robert_segin@fws.gov> wrote:

Yes….I thought we did that with the google drive docs on Sept 26/27 time frame so I
am not sure.  I have been working 14 hour days for 2 weeks now so my brain is a bit
fried.
 
I went through the comments from the other regions and incorporated what made
sense.  So if you can edit that doc and get it where you want we can share that final
draft from R6 to 1,3,5 for comments.  We can just use the Google drive. 
 
The docs shared in the G drive should be a good place to start your edits.
 
 
Cheers
 
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, October 11, 2017 8:43 AM
To: Robert Segin
Cc: Zelenak, Jim
Subject: Re: Region 3 edits to lynx outreach
 
Robert.  If you could take another look at the comm plan and NR and make sure
none of the offending language is in there -that would be great.  Typically we
finalize the outreach in the region before we send it out.  At least thats what I
heard from folks.  So lets plan on doing that so when we can get a call together,
we have something that is pretty close to being complete.  Thanks for your help.
JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Wed, Oct 11, 2017 at 8:23 AM, Robert Segin <robert_segin@fws.gov> wrote:
Great… It's better that everybody get together first and figure out what it is we
need and want to say.

mailto:jodi_bush@fws.gov
mailto:robert_segin@fws.gov
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mailto:robert_segin@fws.gov
mailto:jodi_bush@fws.gov
mailto:robert_segin@fws.gov


 
Let me know what you would like me to do to help get that started… I will be out
for another at least two weeks but I can at least help get things put together so you
guys can get your part done.
 
What is it that you would like me to do to get you started?

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell
 
 

On Oct 10, 2017, at 10:19 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

It was just my quick look at what was attached to your Sun. Oct. 8
email -  it included comments/edits from Georgia P., but I don't think
all that text was hers.  It was the first time I've seen some of that
language about "steady, thriving, rebounded, ..." etc.
 
As Jodi mentioned, we need to be very careful with the messaging for
this action, so I agree that it would be good to get all the USFWS
decision makers, External Affairs folks, and lynx biologists from the
affected regions together for a call to make sure everyone is on the
same page.  Looks like Jodi will  be working to set that up.
 
Thanks for keeping me in the loop.
 
On Tue, Oct 10, 2017 at 9:19 AM, Robert Segin
<robert_segin@fws.gov> wrote:
Jim… Is this the same document that you edited that we sent out or
does it look like a different version?

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell
 
 

On Oct 9, 2017, at 8:16 AM, Zelenak, Jim <jim_zelenak@fws.gov>
wrote:

Some edits to the NR and draft Q&As are OK, others
need attention. One focuses only on Forest Service as
reason for listing, but the listing rules were very specific

mailto:jim_zelenak@fws.gov
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to inadequacies in both Forest Service and BLM land
mgmt. plans.
 
This, in the comm. plan., in NOT accurate:
 
"The review and subsequent species status assessment
(SSA) indicate that the Canada lynx has a significant and
steady population in north-central Washington,
northwest and southwest Montana, western Colorado,
northeastern Minnesota and northern Maine, with
ephemeral populations in nine other states."
 
Washington is the ONE PLACE where we think lynx
have declined because of large, frequent and intense fires
in lynx habitat over the last 25 years.  Nowhere else do
we have data that would allow us to say "significant and
steady populations - we only have guesses as to how
many resident lynx each geographic unit MIGHT
support. Finally, we speculate that a metapopulation
structure would suggest that some pops in DPS may be
naturally ephemeral, but we don't know for sure., and
certainly not enough info to say 9 other states have
them.  Not sure where this comes from, but there is
substantially more nuance and care needed in how we
present this stuff.
 
Lacking evidence of decline is not the same as having
data showing "significant and steady" or "thriving
populations."
 
Also need to ditch references to "Canada lynx has
rebounded" language.  No population increases have
been demonstrated except where there were introduced
in Colorado (and we suspect they are actually declining
slowly there and will eventually wink out). There are
more of them in Maine and Minnesota than we thought
there were when we listed them, and fewer in Montana,
Idaho, Washington, Wyoming, than we thought at
listing. 
 
Same care needed for language like this:
 
"empirical evidence that the populations within the DPS
are thriving and relatively stable."
 
We simply do not have evidence of thriving except in
Maine, and we expect that to change (less thriving over
the next 2 decades).  We also have no empirical evidence
of population stability - what we know is that
resident lynx continue to occur in the places we think



they did historically, for the most part.
 
I don't have time to review the rest of the comm. plan
right now, but I urge that it not go out until I and the
other lynx biologists have a chance to weigh in.  As is,
there is a lot of misinformation and many inaccuracies.
 
I know everyone wants a "success story," but caution in
how we present this, with care not to go beyond what the
available info really says, is absolutely imperative.
Otherwise, we are overreaching and will have a hard
time when folks ask for the data upon which such grand
pronouncements are based. 
 
 
 
On Sun, Oct 8, 2017 at 7:46 PM, Robert Segin
<robert_segin@fws.gov> wrote:
Comments for one of the regions and wanted your take.
 
From: Parham, Georgia [mailto:georgia_parham@fws.gov] 
Sent: Tuesday, October 03, 2017 1:21 PM
To: Robert Segin
Cc: Charles Traxler; Tim Patronski; Garrett Peterson
Subject: Region 3 edits to lynx outreach
 
Hi Steve,
 
Thanks for the opportunity to take a look. We've made a
few suggested edits - just let me know if you have any
questions.
 
Thanks!
Georgia
Georgia Parham
U.S. Fish and Wildlife Service
Midwest Region External Affairs
620 South Walker Street
Bloomington, IN 47403
812-334-4261 x 203
Cell: 812-593-8501
 
<<^._.^>>   <<^._.^>>  <<^._.^>> 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: outstanding lit cited from Anna Harris
Date: Thursday, October 12, 2017 8:51:39 AM

Great - thanks Mark.

How should we cite this (from section 3.3, Veg. Mgmt.)? And do you have a PDF of the data?

B. Rolek, unpublished data, Maine Cooperative Fish and Wildlife Research Unit

On Thu, Oct 12, 2017 at 8:01 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  The following should resolve the remaining lit cited from the information Anna
provided you a week or two ago.  

Missing citations for Lit cited list. 10/11/2017 (Need the citation and the pdf).

1. Anderson 2016. Cited in 5.2.1, Loss of Boreal Forest 

 

Anderson 2016 is an error.  It should be cited Andrews 2016 (the citation below).

 

2. Andrews 2016. Same.

Andrews, C. 2016. Modeling and forecasting the influence of current and future climate on
eastern North American spruce-fir (Picea abies) forests. M.S. Thesis, University of Maine,
Orono, Maine. Last accessed 10.12.2017 from Electronic Theses and Dissertations. 2562.
http://digitalcommons.library.umaine.edu/etd/2562

 

3. British Columbia Wildlife Accident Reporting System 2012. 3.5, Habitat Loss and
Fragmentation, Roads. Anna provided the citation below, but it did not have the data you
cited.

British Columbia Wildlife Accident Reporting System 2012. https://www.th.gov.bc.ca/
publications/eng_publications/environment/references/WARS/
factsheets/WARS_Data_2012_Deer_Elk_Moose_Summry_by_Regions_Highway.pdf.
Copyright © 2017, Province of British Columbia

This information came from the LCAS and cited there as

British Columbia Wildlife Accident Reporting System. 2012. B.C. Ministry of
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Transportation and Infrastructure, Victoria, B.C. Accessed Jan 3, 2012.

I can find some lynx data at https://www.th.gov.bc.ca/publications/eng_publications/
environment/references/WARS/WARS_1988-2007/WARS_88-07_Section-07W.pdf but
this report only goes to 2007.  I cannot find where Bob Naney obtained this information
through 2012.  We could either cite as

British Columbia Wildlife Accident Reporting System. 2012. B.C. Ministry of
Transportation and Infrastructure, Victoria, B.C. Accessed Jan 3, 2012. Last accessed
10.12.2017 at https://www.th.gov.bc.ca/publications/eng_publications/
environment/references/WARS/WARS_1988-2007/WARS_88-07_Section-07W.pdf

OR cite as

British Columbia Wildlife Accident Reporting System. 2012. B.C. Ministry of
Transportation and Infrastructure, Victoria, B.C. cited from page 78 in  Interagency Lynx
Biology Team (ILBT). 2013. Canada lynx conservation assessment and strategy. 3rd edition.
USDA Forest Service, USDI Fish and Wildlife Service, USDI Bureau of Land Management,
and USDI National Park Service. Forest Service Publication #R1-13-19, Missoula, MT. 128
pp.

OR drop the citation and the reference in the SSA.

4. Hansen et al. 2002. 3.5, Residential and Commercial Development. Should this be 2006?
Hansen et al 2006 is “Global Temp. Change,” so probably not the one we need for the
section cited.

Correct citation is:

Hansen, A.J., R.  Rasker, B. Maxwell, J. J. Rotella,  A. Wright, U. Langner, W. Cohen, R.
Lawrence, and J. Johnson. 2002. Ecology and socioeconomics in the new west: a case study
from Greater Yellowstone. BioScience 52:151–168.

5. Harrison et al. 2015. Section 3.3, Reduced Quality of Hare Habitat, twice; 4.2.1, Habitat
Status;  5.2.1.

https://www.th.gov.bc.ca/publications/eng_publications/environment/references/WARS/WARS_1988-2007/WARS_88-07_Section-07W.pdf
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https://www.th.gov.bc.ca/publications/eng_publications/environment/references/WARS/WARS_1988-2007/WARS_88-07_Section-07W.pdf


Correct citation is:

Harrison, D., S. Morano, and S. Olson. 2016. Relationships among forest harvesting,
snowshoe hares, and Canada lynx in Maine.  Pages 51-56 In Roth, B.E. (Editor) 2016.
Cooperative Forestry Research Unit: 2015 Annual Report. University of Maine. Orono, ME.
83 pages.  Last accessed 10.12.2017 from http://umaine.edu/cfru/files/2016/08/2015-CFRU-
Annual-Report.pdf

Could you please change these citations to Harrison et al. 2016 in the SSA?  I did not
realize until now this is a 2016 publication reporting on 2015 activities.

6. Hoving 2002. 5.2.1 (Climate Change).

This is an error in the text.  It should be reported as Hoving 2001 in the text.  We have the
citation (Hoving’s thesis) already in our lit cited.

7. Legaard 2013. 5.2.1 (Habitat Fragmentation).

This article should be cited as Legaard et al. 2013 in text.  Citation is already in lit cited.

8. Nadeau-Drillen and Ippoliti. 2006 – ONLY NEED AUTHORS INITIALS (cited 3 times
in 4.2.1).

The correct citation should be Ipolliti and Nadeau-Drillen 2006:

Ippoliti, J. and K. Nadeau-Drillen. 2006.  Maine Office of Policy and Legal Analysis staff
study of forest ownership trends and issues. Maine State Legislature; Office of Policy and
Legal Analysis, Augusta, Maine. Office of Policy and Legal Analysis. Paper 153.
http://digitalmaine.com/opla_docs/153

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
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US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Jim Zelenak
Subject: Ollinger et al. 2008
Date: Thursday, October 12, 2017 10:39:58 AM
Attachments: Ollinger et al. 2008.pdf

Anna's citation is incorrect.  The correct citation is:

Ollinger, S. V., C.L. Goodale, K. Hayhoe, and J. P. Jenkins. 2008. Potential effects of climate
change and rising CO2 on ecosystem processes in Northeastern U.S. Forests. Submitted to
Mitigation and Adaptation Strategies for Global Change 31:467-485. 

See attached...

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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ORIGINAL ARTICLE

Potential effects of climate change and rising CO2

on ecosystem processes in northeastern U.S. forests

S. V. Ollinger & C. L. Goodale & K. Hayhoe & J. P. Jenkins

Received: 11 December 2006 /Accepted: 11 May 2007 / Published online: 26 September 2007
# Springer Science + Business Media B.V. 2007

Abstract Forest ecosystems represent the dominant form of land cover in the northeastern
United States and are heavily relied upon by the region’s residents as a source of fuel, fiber,
structural materials, clean water, economic vitality, and recreational opportunities. Although
predicted changes in climate have important implications for a number of ecosystem
processes, our present understanding of their long-term effects is poor. In this study, we
used the PnET-CN model of forest carbon (C), nitrogen (N) and water cycling to evaluate
the effects of predicted changes in climate and atmospheric carbon dioxide (CO2) on forest
growth, C exchange, water runoff, and nitrate (NO�

3 ) leaching at five forest research sites
across the northeastern U.S. We used four sets of statistically downscaled climate
predictions from two general circulation models (the Hadley Centre Coupled Model,
version 3 and the Parallel Climate Model) and two scenarios of future CO2 concentrations.
A series of model experiments was conducted to examine the effects of future temperature,
precipitation, CO2, and various assumptions regarding the physiological response of forests
to these changes. Results indicate a wide range of predicted future growth rates. Increased
growth was predicted across deciduous sites under most future conditions, while growth
declines were predicted for spruce forests under the warmest scenarios and in some
deciduous forests when CO2 fertilization effects were absent. Both climate and rising CO2

contributed to predicted changes, but their relative importance shifted from CO2-dominated
to climate-dominated from the first to second half of the twenty-first century. Predicted
runoff ranged from no change to a slight decrease, depending on future precipitation and
assumptions about stomatal response to CO2. Nitrate leaching exhibited variable responses,
but was highest under conditions that imposed plant stress with no physiological effects of
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CO2. Although there are considerable uncertainties surrounding predicted responses to
climate change, these results provide a range of possible outcomes and highlight
interactions among processes that are likely to be important. Such information can be
useful to scientists and land managers as they plan on means of examining and responding
to the effects of climate change.

Keywords Climate change . CO2
. Forest ecosystems . Carbon cycling . NPP. NEP.

Nitrogen . Nitrate . Runoff

1 Introduction

There is broad scientific consensus that human alteration of the global carbon (C) cycle has
induced a change in climate that is expected to continue into the foreseeable future
(Intergovernmental Panel on Climate Change [IPCC] 2001). A growing body of literature
has begun documenting the consequences of this change, which include accelerated melting
of Arctic and Antarctic ice sheets (Alley et al. 2005), increased Arctic river discharge
(Peterson et al. 2002), altered vegetation phenology (Schwartz et al. 2006), and shifts in the
distributions of plant and animal species (Root et al. 2003).

Across the northeastern U.S., mean annual temperatures have increased 0.7°C over the
past 30 years (0.26°C per decade), and are expected to increase another 2–6°C over the next
century. Our understanding of what climate change and rising carbon dioxide (CO2) will
mean for the health and function of northeastern U.S. forests is presently limited. Although
insights can be gained from retrospective studies and present-day climate gradients, the
expected rates of change for both CO2 and climate are unprecedented in recent geological
history and can only be addressed using costly experiments or ecosystem models. To date,
whole ecosystem warming experiments have not been undertaken in mature forests. There
have been only a handful of field-scale forest CO2-enrichment experiments; most of these
are in young plantations, and none are in the Northeast. Concurrent exposure to multiple
environmental change factors complicate predictions further due to interactions that can
either accentuate or offset the effects of individual stressors. For instance, although forests
may grow faster in a warmer, CO2-rich world, increased growth could also lead to higher
evapotranspiration and reduced runoff to streams (Huntington 2003). Rising temperatures
may cause increased drought stress, even under increased precipitation, although the effect
of rising CO2 on leaf stomatal conductance should at least partially offset this effect
(Medlyn et al. 2001). Limits on soil nitrogen (N) availability may constrain growth in forests
that would otherwise be stimulated by rising CO2 or temperature (e.g., Luo et al. 2006),
unless offset by atmospheric N deposition or warming-driven increases in soil N cycling.
Multi-factor manipulation experiments can provide valuable tests of certain combinations of
these changes, but ecosystem models are needed to predict interactive effects across the full
range of conditions likely to be experienced by native northeastern forests.

The purpose of this study was to apply a widely-used ecosystem model representing our
current understanding of relevant biogeochemical and physiological processes with a new
set of high resolution climate predictions for the northeastern U.S. To date, model analyses
designed to assess climate change effects on northeastern forests have used now-outdated
and coarse-scale climate scenarios, and have had limited treatment of historical N
deposition and forest disturbance (e.g., Bolker et al. 1995; Aber et al. 1995; Jenkins et al.
2000). Climate change can be expected to bring a variety of consequences to the region’s
forests, including shifts in the composition of dominant trees and in the composition of

468 Mitig Adapt Strat Glob Change (2008) 13:467–485



forest pests and pathogens favored under warmer conditions (see Iverson et al. 2007 and
Paradis et al. 2007). Here, we focus on projected effects of changes in climate and CO2 on
ecosystem processes, including forest growth (net primary production; NPP), C exchange
(net ecosystem production; NEP), water runoff, and leaching of nitrate (NO�

3 ) from soils to
surface waters.

2 Methods

2.1 Study sites

Five northeastern U.S. forest research sites were chosen to represent a range of conditions
across the region (Table 1). All sites have long histories of ecosystem research, providing
sufficient information to parameterize models for vegetation type and disturbance history.
Sites used for model simulations were: Huntington Forest, Adirondacks, NY (Hunt);
Biscuit Brook, Catskills, NY (Bisc); Hubbard Brook, White Mountains, NH (HB); Harvard
Forest, Petersham, MA (HF); and Howland Forest, Howland, ME (How). Four of the sites
are dominated by deciduous tree species (yellow birch, Betula alleghaniensis; red maple,
Acer rubrum; sugar maple, Acer saccharum; American beech, Fagus grandifolia; and red
oak, Quercus rubrum) and one site (Howland, ME) is dominated by evergreens (red spruce,
Picea rubens; and eastern hemlock, Tsuga canadensis). Although northward shifts in the
distributions of some tree species are predicted to occur by 2100 (Iverson et al. 2007),
consideration of species migration effects was beyond the scope of the model simulations
presented here.

Table 1 Site and disturbance history parameters for the five study sites used in the analysis

Site Location Forest type WHC N
Dep.

Disturbance history Reference

Type Year Mortality
(%)

Removed
(%)

Biscuit
Brook, NY

41.99–
74.50

Oak, red
maple

12 0.96 Harvest 1859 90 80 Murdoch and
Stoddard 1992Harvest 1916 90 80

Huntington
Forest, NY

43.98–
74.23

Northern
hardwood

12 0.61 Harvest 1859 90 80 Mitchell
et al. 2001Harvest 1916 90 80

Harvard
Forest, MA

42.5–
72.2

Oak, red
maple

18 0.80 Agric. 1750–
1850

100 5/year Foster and
Aber 2004

Hubbard
Brook, NH

43.94–
71.75

Northern
hardwood

12 0.64 Harvest 1904 20 80 Likens and
Bormann 1995Harvest 1919 80 80

Wind 1938 20 40

Howland
Forest, ME

45.25–
68.73

Spruce 18 0.39 Uncut and unmanaged Hollinger
et al. 1999

Location coordinates are latitude and longitude, respectively, in decimal degrees. Soil water holding capacity
(WHC) is in cm. Nitrogen deposition (N Dep.) values are contemporary annual averages in gN m−2 yr−1 .
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2.2 PnET-CN model description

PnET-CN is a monthly time-step forest ecosystem model that combines algorithms for
processes such as photosynthesis, evapotranspiration, litter production, decomposition, and
N mineralization along with monthly climate inputs to estimate complete fluxes of C, N,
and water (see schematic in Aber et al. 1997; Ollinger et al. 2002). The model uses a multi-
layered sub-model of photosynthesis and phenology developed by Aber et al. (1995, 1996)
and modified by Ollinger et al. (1997, 2002) to account for the effects of rising CO2 and
tropospheric ozone. The productive potential of forest canopies is dependent on canopy N
content (Reich et al. 1999) and on vertical gradients in light and leaf structure through the
canopy. Stomatal conductance varies with photosynthesis such that water use efficiency is a
function of CO2 gain and is inversely related to atmospheric vapor pressure deficit. Actual
evapotranspiration and moisture stress are calculated as functions of plant water demand
and available soil water. Photosynthetic response curves for light and temperature were
derived by Aber and Federer (1992). The temperature effect on gross photosynthesis is
represented using a multiplier which varies between 0 and 1, determined as a parabolic
function with minimum and optimum temperature values parameterized from the literature
(Fig. 1). Temperature optima for northern hardwoods and spruce-fir were set at 24°C and
20°C, respectively (Aber et al. 1995). Foliar respiration is a function of gross photosynthesis
and increases with temperature using a Q10 factor of 2 (Aber and Federer 1992).

The model’s CO2 response builds on findings from C enrichment experiments indicating
that plants maintain relatively constant ratios of internal to ambient CO2 concentrations
(Ci/Ca ratios) in response to varying atmospheric CO2 (e.g., Drake and Gonzalez-Meler
1996) and that leaf photosynthetic rates at varying CO2 concentrations scale along stable
A–Ci curves (Ellsworth 1999; Nowak et al. 2004). In PnET, these responses are captured
using a Michaelis–Menten equation fit to normalized A–Ci curves. Internal leaf CO2

concentrations (Ci) are estimated from Ci/Ca ratios, which are unaffected by ambient CO2,
but vary slightly as a function of foliar N. This reflects greater internal CO2 assimilation,
and greater draw-down of Ci, in foliage with higher N concentrations. The effect of CO2 on
stomatal conductance (Medlyn et al. 2001) is handled by treating photosynthesis and
conductance as coupled processes such that changes in conductance are proportional to the
change in CO2 concentrations across the stomatal boundary as ambient CO2 is altered
(Ollinger et al. 2002).

Added to these canopy processes in PnET-CN are allocation and accumulation of C and
N in live biomass, dead wood, and soil organic matter, as well as algorithms for N

Fig. 1 Temperature effect on gross photosynthesis (psn.; left) and foliar respiration (center) for northern
hardwoods (solid line) and spruce-fir (dotted line). Temperature effect on soil decomposition rate and gross
nitrogen mineralization (right)
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mineralization and nitrification, plant N uptake, and leaching losses (Aber et al. 1997). At
present, PnET-CN includes only two detrital organic matter pools: dead wood, and a single
soil organic matter pool with a base mean residence time of 13 years (k=0.075 year−1). The
soil decomposition rate decreases linearly with decreasing soil moisture, and increases
exponentially with temperature (Fig. 1). Gross N mineralization occurs with decomposition,
and the fraction of N re-immobilized increases with soil C/N ratio. Tissue N concentrations
change from year-to-year as a function of the availability of C and N in plants and soils.
When plants have high internal N pools, the efficiency of N uptake from the soil is reduced.
Increased foliar N increases net photosynthesis and hence plant demand for N in the
production of new tissues, which completes a negative feedback. C to N ratios in biomass
are translated to litter and soil pools. Nitrogen deposition and land use history act through
their effects on soil C and N pools, which in turn affect plant and soil C/N ratios, rates of N
supply to vegetation, and N losses to drainage water. Historical disturbance effects can
persist for several hundred years, depending on disturbance severity and rates of N
deposition. Model structure and vegetation parameters used here follow Ollinger et al.
(1998, 2002). Site parameters for the sites used in this study are given in Table 1.

2.3 Prior model application and validation in the Northeast region

The PnET models have been used in numerous applications in northeastern U.S. forests and
elsewhere, including several of the sites in the present study. These analyses have included
a considerable body of validation exercises which have established the model’s suitability
for simulating C, N, and water cycles and have also highlighted limitations and sources of
error. Because the primary goal of the present study is to examine the model’s response to
specific projections of future climate change, we rely here on synthesis of previous
validation rather than repeating validation exercises for the sites used in this study.

Predicted NPP and biomass accumulation have been evaluated for northeastern forests
by Ollinger et al. (1998), Ollinger and Smith (2005) and Goodale et al. (2002) and at
Hubbard Brook and Harvard Forest by Aber et al. (1995). Rates of gross and net ecosystem
production have been tested against eddy covariance CO2 flux data at Harvard Forest by
Aber et al. (1996) and Braswell et al. (2005) and at Howland by Richardson et al. (2007).
Ollinger et al. (1998) tested predicted runoff against measured United States Geological
Survey (USGS) stream gauge data from a large number of northeastern watersheds, while
Aber et al. (1997, 2002) and Aber and Driscoll (1997) examined predictions of seasonal
and interannual variation in runoff and NO�

3 export at Hubbard Brook. Although there is no
standard metric for establishing the success of a validation exercise, the collection of PnET
analyses carried out thus far have generally yielded a high degree of correspondence
between predicted and observed C, N, and water fluxes. Sources of error typically involve
inaccuracies in input parameters or a lack of understanding of specific processes. Errors
associated with input parameters can often be quantified and occasionally corrected through
a combination of sensitivity analyses and investigation into alternative data sources (e.g.,
Ollinger and Smith 2005). Errors associated with poorly understood mechanisms are more
difficult to address and often require additional research.

2.4 Climate and environmental inputs

PnET-CN requires monthly inputs of average maximum and minimum daily temperature,
precipitation, photosynthetically active radiation (PAR), N deposition and atmospheric CO2

concentrations. Temperature and precipitation estimates going back to 1900 were available
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from the National Oceanic and Atmospheric Administration’s (NOAA) historic climate data
network. These data were used in the model up to the point when measurements from on-site
or nearby weather station data became available. Climate values for the initialization period
from 1700 to 1900 were derived by repeating the 1900–1950 climate record backwards
through time, which provided a means of imposing a realistic range of variation while
maintaining the appropriate long-term average. PAR measurements are not widely available
and are not part of the NOAA historical climate network. However, PAR data has been
collected at three of the five study sites (HF, HB, and How) over a period of 10 or more years
and solar radiation estimates were available for all five sites from a model described by
Ollinger et al. (1995, 1998) and scaled to PAR by Aber et al. (1996).

Monthly and annual wet+dry N deposition were estimated for each site from a regional
deposition model that was derived by combining gradients in air and precipitation N
concentrations with precipitation amounts and deposition velocity estimates (Ollinger et al.
1993, 2002). After Aber and Driscoll (1997), N deposition was held at 20% of its
contemporary level prior to 1930 and increased linearly to their present values.
Atmospheric CO2 concentrations for 1700 to 2000 were estimated using a nonlinear
function that mirrors patterns seen in ice core data and in the Mauna Loa CO2 record
(Ollinger et al. 2002).

2.5 Future climate scenarios

Climate projections for 2000 to 2099 at each of the five sites were generated by Hayhoe
et al. (2006) using the PCM (Parallel Climate Model) and HadCM3 (Hadley Centre
Coupled Model, version 3) general circulation models (GCMs), statistically downscaled to
one-eighth degree or approximately 10 km spatial resolution. Projections were generated
using two scenarios of CO2 and other greenhouse gas emissions (the IPCC Special Report
on Emission Scenarios [SRES] higher [A1fi] and lower [B1] scenarios, Nakicenovic et al.
2000), yielding four climate scenarios per site (HADA1, HADB1, PCMA1, PCMB1;
Table 2). Among these scenarios, the HADA1 projections had the greatest degree of
warming, with an average increase of 6.3°C across the five sites for the period of
2070–2099. The least amount of warming occurred under the PCMB1 scenario, which
simulated a 1.5°C increase over the same time period. The PCMA1 and HADB1 scenarios

Table 2 Summary of climate predictions at the five study sites for 2070–2099 under four climate model
scenarios in contrast to observed means for 1990–1999

Year HB HF Bisc Hunt How Mean

Mean annual temperature 1990–1999 Obs. 4.5 7.5 9.0 5.1 6.4 6.5
2070–2099 PCMA1 7.9 10.7 12.0 8.4 9.8 9.8

PCMB1 6.2 9.0 10.4 6.7 7.9 8.0
HADA1 10.9 14.0 15.2 11.5 12.6 12.8
HADB1 8.5 10.6 11.9 8.1 9.2 9.7

Mean annual precipitation 1990–1999 Obs. 146.7 98.4 132.7 102.2 91.7 114.4
2070–2099 PCMA1 146.4 134.5 144.1 115.0 114.0 130.8

PCMB1 152.3 142.5 149.1 120.3 124.3 137.7
HADA1 170.9 156.5 157.8 131.4 148.6 153.0
HADB1 161.0 148.4 154.6 125.3 136.5 145.2

Temperature values in °C and precipitation values are in cm year−1 .
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were intermediate, producing mean annual temperature increases of 3.3°C and 3.2°C,
respectively. Annual precipitation increased under all scenarios, ranging from a 14% rise
under the PCMB1 scenario to a 34% rise under HADA1.

To identify potential biases in the climate predictions, model-based climate outputs were
begun in 1960, providing more than 40 years of overlap with measured data (Hayhoe et al.
2006). Detailed comparison of predicted and observed values were given by Hayhoe et al.
(2006). A general conclusion was that predicted temperature trends closely matched the
measured record, albeit with a lesser amount of predicted winter warming than had actually
occurred. Although the models successfully captured mean rates of precipitation, agreement
was poor on an interannual basis as a result of the much greater degree of interannual
variability in precipitation than temperature. For one of the sites used here (HB), simulated
precipitation from both PCM and HadCM3 was 20% lower than measured values for the
1960–2000 period, likely due to local effects of mountainous topography. All GCM
precipitation estimates for HB were scaled upwards by 20%, effectively imposing a
topographic effect on the climate projections. No other bias was observed between GCM-
predicted and measured values for temperature or precipitation across the study sites.

Because GCM output includes shortwave radiation (SWRad) but not photosynthetically
active radiation, future radiation projections were converted from SWRad to PAR using an
empirically-based relationship obtained by comparing predicted and measured values for the
period of overlap. This comparison was possible at HB, How, and HF, which all have measured
PAR data, and yielded a nonlinear pattern that was consistent across sites and was fit with a
logarithmic relationship [PAR=a Ln(SWRad)−b, where a and b are derived coefficients].
Because PAR data were not available at Bisc or Hunt, equations used were obtained at HF
and HB, respectively, which are the most climatically and physiographically similar.

Future rates of N deposition in the region are highly uncertain and will depend on the
potentially antagonistic effects of growing population densities and more stringent N
emissions regulations. As a result, we assumed no change in future N deposition and held
each site at its present rate into the future. Future CO2 concentrations were set using the
same scenarios (A1fi and B1) as were used to drive the GCM simulations. These scenarios
produced CO2 concentrations that increase to 970 ppm (A1fi) and 548 ppm (B1) by 2099.

2.6 Model scenarios

For each site, PnET-CN was allowed to equilibrate and run transiently from 1700 to 2100
using the historical climate inputs and future climate projections described above. Historical
disturbances related to agriculture and timber harvesting were treated in a similar fashion to
that of Ollinger et al. (2002), with harvest scenarios imposed by parameters defining the
proportion of biomass killed and the fraction which was removed, and agriculture
represented as a fractional annual harvest of vegetation (Table 1).

For each of the four climate scenarios, PnET-CN was run using two scenarios of forest
response to elevated CO2: the full effects of CO2 on photosynthesis and stomatal
conductance described above, and no CO2 fertilization effects on either process. Although
CO2 effects on short-term physiology are becoming increasingly well-resolved through
CO2 fertilization experiments, there are considerable uncertainties regarding how these
processes will play out over decades to centuries. Additionally, although CO2 fertilization
studies have shown substantial enhancement of leaf-level photosynthesis, effects on stand-
level growth rates have been more moderate (Nowak et al. 2004). Evidence for
enhancement of NPP in response to the CO2 rise that has occurred thus far has yet to
emerge. Because most ecosystem models, PnET-CN included, use leaf-level responses to
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scale CO2 effects to whole ecosystems, we view the two scenarios imposed here as an
upper and lower bound to the range of responses forests are likely to exhibit.

In this study, no assumptions were made about future disturbance patterns or changes in
forest composition. Although shifts in species distribution are considered by Iverson et al.
(2007), future patterns of disturbance and human land use are exceedingly difficult to
predict and will likely be highly variable.

3 Results and discussion

3.1 Predicted forest growth

Predicted NPP under the four climate scenarios and two CO2 fertilization scenarios is shown in
Fig. 2 and summarized in Table 3. Most scenarios produced increased growth rates as a result
of warmer temperatures and an increase in growing season length. When CO2 fertilization
effects were included, the mean growth increase for the period from 1990–2000 to
2070–2099 ranged from 25% at Howland to 75% at Biscuit Brook and Hubbard Brook
across the four climate scenarios (Table 3). Under the warmest scenario (HADA1), predicted
growth at Howland declined throughout the later half of the twenty-first century. This
occurred because the spruce forests at Howland have a lower temperature optimum for
photosynthesis (Fig. 1) and began to experience temperature stress that was not offset by CO2

fertilization. This result is significant given the prevalence of spruce forests across northern
New England and the importance of the pulp and paper industry to the region’s economy.

When CO2 fertilization effects were absent, changes in growth were more modest and
ranged from a 24% increase at Biscuit Brook to a 9% decline at Howland. Without CO2

fertilization, growth rates at the four deciduous-dominated sites began to decline by 2099
under the HADA1 scenario as mid-summer temperatures exceeded optima for net
photosynthesis. The other three climate scenarios produced no change to moderate
increases in growth by the century’s end (Fig. 2).

Although rising CO2 generally had a greater effect than did changes in climate, most of
the CO2 effect was realized during the first half of the twenty-first century, while changes
occurring beyond 2050 were dominated by climate (Fig. 3). This pattern stems from the
nonlinear nature of the photosynthetic response to CO2, which caused the rate of CO2

enhancement to decrease over time and eventually become saturated. Although projections
cannot be made beyond 2099 in this study, the implication of this result is that the
beneficial effects of rising CO2 will be transient and will be replaced by increasing
temperature stress if warming continues over longer time scales.

3.2 Net carbon exchange

Net ecosystem production (NEP), or net C exchange, is the balance between C uptake
through photosynthesis and C losses by respiration from living plants and decomposition of
dead organic matter. Net ecosystem production is usually equivalent to the whole-
ecosystem rate of net C sequestration or loss. Because young, aggrading forests actively
accumulate biomass, NEP is often related to forest age and disturbance history to an equal
or greater extent than to climate. Nevertheless, changes in climate have potentially
important effects on NEP through their effects on both growth and decomposition.

The overall pattern of NEP across all model runs was similar in nature to patterns of
NPP and the effects of rising CO2 were greater than those of climate (Table 4). Modeled
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Fig. 2 Predicted net primary productivity (NPP) (gC m−2 year−1) for the five study sites in the USA (Biscuit
Brook, New York; Hubbard Brook, New Hampshire; Harvard Forest, Massachusetts; Huntington Forest,
New York; and Howland, Maine) under four climate scenarios with and without CO2 enhancement effects.
The four climate scenarios result from two climate models (PCM and HAD), each run with a high (A1) and
low (B1) scenario of future CO2
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effects of rising CO2 on photosynthesis and biomass accumulation were greater than
temperature effects on plant respiration and detrital decomposition. As a result, most
scenarios that included CO2 fertilization showed enhanced C uptake over the whole
ecosystem. The exception to this pattern was the HADA1 scenario where the effects of
increasing temperature stress caused NEP to decline toward the end of the simulations. This
was particularly true for Howland, but was also evident at the other four sites (Fig. 4).

In contrast, simulations that lacked CO2 fertilization showed either little change or
modest declines in NEP over time (Fig. 4). These results indicate that rising temperatures
had a relatively small effect on biomass accumulation, either directly through effects on
photosynthesis balance, or indirectly through increased N mineralization in soils.
Furthermore, interpretation is confounded by the natural process of stand development,
which causes NEP to drift towards zero over time as ecosystems recover from past
disturbances. Because the Howland site has not been affected by historical agriculture or
logging, it had the lowest NEP values going into the study and had become a net C source
by the end of the century under several scenarios.

3.3 Water yield

Under scenarios that included CO2 enhancement effects, predicted annual runoff at the end
of the twenty-first century ranged from relatively little change at Hubbard Brook and

Fig. 3 Predicted net primary productivity (NPP) (gC m−2 year−1) for Hubbard Brook, New Hampshire with
a rise in CO2, but no change in climate (green lines), in contrast to predictions that include rising CO2 along
with the four climate scenarios from two climate models (PCM and HAD), each run with a high (A1) and low
(B1) scenario of future CO2. In the no-climate-change scenarios, climate values for the period from 2000–
2099 were generated by reproducing the 1900–1999 record

Table 3 Summary of predicted NPP under contemporary and future climate and CO2 at the five study sites,
generated with and without CO2 fertilization effects included in the model

Year CO2 effect Bisc HB Hunt How HF

1990–2000 Contemporary 606 510 434 334 581
2010–2039 Yes 813 598 567 357 693

No 743 526 493 334 555
2040–2069 Yes 943 746 688 413 825

No 742 544 497 335 546
2070–2099 Yes 1,065 894 815 417 961

No 752 575 523 308 543

Values are averages (gC m−2 year−1 ) of the four climate scenarios over the periods indicated.
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Harvard Forest, to modest increases (approximately 10%) at Biscuit Brook and Huntington,
and a substantial increase (53%) at Howland (Table 5, Fig. 5). The larger response at
Howland reflects the predicted decline in spruce forest NPP—and hence water demand—
under the warmer climate scenarios, while the more moderate response at the other sites
resulted from the tradeoffs between higher temperatures, increased precipitation and greater
plant water use efficiency. When CO2 enhancement effects were absent, predictions ranged
from no change to a 12% decrease at the deciduous sites and a 33% increase at Howland
(Table 5, Fig. 5). These lower runoff values reflect the lack of a CO2 effect on stomatal
conductance, which prevented the potential for reduced canopy transpiration to offset the
greater evaporative demand brought by higher temperatures.

In addition to changes in annual runoff, the seasonality of runoff is important because it
can influence both the potential for altered frequency of flooding events and mid-summer
drought. Although the monthly time step of the PnET-CN runs does not allow examination
of individual events, all four climate scenarios resulted in a shortening of the spring high
flow period and a lengthening of the summer low flow period (data not shown). This
resulted from a reduction in, and earlier melting of, the winter snowpack and an earlier
onset of water demand by plants.

3.4 Nitrate leaching

Export of NO�
3 from forest soils to surface waters has been a concern for decades in light of

elevated atmospheric N inputs and the deleterious effects associated with base cation
removal and acidification of soils and streams (Driscoll et al. 2003). However, predicting N
losses from soils has proven difficult, both because N cycling mechanisms associated with
immobilization and denitrification remain poorly understood (e.g., Dail et al. 2001;
Venterea et al. 2004) and because observations that show declines in stream NO�

3 over the
past several decades do not match expectations based on theories of nutrient retention with
ecosystem development (Goodale et al. 2003). Retention of N by ecosystems is also
sensitive to a variety of stress factors and the effects of land use and disturbance can persist
for decades or centuries (Aber et al. 2002).

Despite these caveats, examining the effects of climate change on N losses predicted by
PnET-CN can be instructive because climate and CO2 can both have a potentially strong
influence on N turnover in soils and N demand by vegetation. Under contemporary
conditions (1990–2000), predicted N losses were low across all sites, ranging from 0.05 g
m−2 year−1 at Harvard Forest to 0.32 g m−2 year−1 at Biscuit Brook, or 6.3% and 33.1% of
the annual inputs from N deposition, respectively (Table 6). The differences among sites

Table 4 Summary of predicted NEP under contemporary and future climate and CO2 at the five study sites,
generated with and without CO2 fertilization effects

Year CO2 effect Bisc HB Hunt How HF

1990–2000 Contemporary 69.0 35.0 38.2 13.7 150.2
2010–2039 Yes 220.3 118.0 125.5 29.6 177.2

No 122.5 35.6 41.5 2.1 97.7
2040–2069 Yes 245.4 188.4 183.8 63.6 213.7

No 79.2 36.0 40.3 −2.9 35.1
2070–2099 Yes 238.1 210.5 188.8 43.1 206.6

No 46.3 36.0 38.6 −14.4 3.4

Values are averages (gC m−2 year−1 ) of the four climate scenarios over the periods indicated.
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Fig. 4 Predicted net ecosystem production (NEP) (gC m−2 year−1) for the five study sites in the USA
(Biscuit Brook, New York; Hubbard Brook, New Hampshire; Harvard Forest, Massachusetts; Huntington
Forest, New York; and Howland, Maine) under four climate scenarios, with and without CO2 enhancement
effects. The four climate scenarios result from two climate models (PCM and HAD), each run with a high
(A1) and low (B1) scenario of future CO2
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correspond to differences in rates of N deposition as well as the severity of soil N depletion
caused by past disturbance. For example, although Harvard Forest has the second highest
rate of N deposition (Table 1), its history of agriculture and timber harvesting result in a
high capacity for present-day soil N retention (Aber et al. 1997).

Under the four climate scenario simulations that included CO2 growth enhancement
effects, mean predicted N losses for 2070–2099 increased slightly in the four deciduous
stands—to between 21% and 46% of N deposition inputs—whereas N losses at Howland
increased to more than twice the input from deposition (Fig. 6, Table 6; note that because
simulated N inputs remained constant through the twenty-first century, leaching losses can
be compared through time as a fraction of atmospheric inputs). These increases in N loss
occurred despite increased plant demand for N by more quickly growing trees, indicating
that plant demand for N did not keep pace with increased N availability from accumulated
N deposition and from faster N mineralization associated with increasing temperature. The
greatest effect at Howland occurred under the HADA1 scenario (Fig. 6). The high
temperatures of this scenario produced the greatest decline in growth for spruce, which
translated to reduced plant N demand, increased N mineralization, and increased potential
for elevated nitrification and N leaching.

Under climate change scenarios that lacked CO2 enhancement effects, mean N losses for
the 2070–2099 period increased more markedly and ranged from 57% of atmospheric
inputs at Harvard Forest to over three times the atmospheric inputs at Howland (Fig. 6).
These higher N loss values stem from the lower plant demand for N that occurs in the
absence of CO2 fertilization.

N leaching losses of the magnitude predicted under the HADA1 scenario and by
scenarios that lacked CO2 fertilization effects would likely raise significant concerns for the
health of aquatic ecosystems. However, several sources of uncertainty should be considered
when interpreting these results. First, if scenarios leading to the decline of spruce at
Howland are borne out, it is likely that the growth of other forest types—most likely
deciduous forests with higher temperature tolerance—will increase as a result, imposing a
higher plant demand for N than predicted by PnET-CN. Secondly, simulations assume
constant N inputs and no disturbance throughout the twenty-first century, would produce
increasing soil N pools that would eventually reach saturation. Actual N loss rates could be
lower than those predicted here if reductions in N pollution emissions are imposed or if
other mechanisms of N removal from ecosystems occur (e.g. loss from denitrification or
harvesting). Conversely, an increase in future N deposition could result in N losses that are
higher than those predicted here.

Table 5 Summary of predicted runoff under contemporary and future climate and CO2 at the five study
sites, generated with and without CO2 fertilization effects

Year CO2 effect Bisc HB Hunt How HF

1990–2000 Contemporary 72.4 88.7 54.3 46.4 65.2
2010–2039 Yes 76.9 84.9 60.2 62.9 62.2

No 73.5 81.1 59.1 59.0 66.3
2040–2069 Yes 76.9 83.6 59.2 64.1 61.7

No 69.3 76.9 55.8 56.5 61.8
2070–2099 Yes 80.7 87.4 61.2 70.8 63.8

No 70.0 78.2 56.4 61.9 61.1

Values are averages (cm year−1 ) of the four climate scenarios over the periods indicated.
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Fig. 5 Predicted annual runoff (cm year−1) for the five study sites under four climate scenarios with and
without CO2 enhancement effects. The four climate scenarios result from two climate models (PCM and
HAD), each run with a high (A1) and low (B1) scenario of future CO2
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4 Conclusions

In this study, the potential effects of predicted changes in climate and CO2 on growth rates
and C, N, and water balances at five northeastern forest research sites were examined.
Although the four climate scenarios and two CO2 response scenarios produced a wide range
of results, several generalizations can be made. First, whereas the three scenarios of
moderate climate warming all produced increased growth rates over the twenty-first
century, the hottest scenario (HADA1) induced significant growth declines at the Howland
spruce forest site and began to induce declines at deciduous sites when CO2 growth
enhancement effects were absent. Across all climate scenarios, the effects of CO2

fertilization were equal to or greater than the effects of changes in climate. Assumptions
about CO2 fertilization also had a large influence on predicted ecosystem C balances, with
large increases occurring in scenarios that included CO2 enhancement, but saw either small
increases or declines in scenarios where CO2 enhancement was absent. Predicted runoff
increased across most scenarios, although the degree of increase was generally less than the
increase in precipitation, due to the effects of higher temperatures and extended growing
season length on evapotranspiration. Predicted N export from NO�

3 leaching showed little
change to moderate increases under most scenarios, reflecting a tradeoff between continued
atmospheric N loading and rising plant N demand. However, in climate scenarios that
induced declines in growth or lacked CO2 enhancement, the lower N demand by vegetation
led to substantial N loss rates, rising to more than three times atmospheric inputs in some
circumstances.

Predictions generated in this study should be interpreted with consideration of several
sources of uncertainty. First, although in viewing the scenarios that either included or
lacked CO2 growth enhancement effects as an upper and lower bound to actual CO2 effects,
the large differences produced by these assumptions emphasizes the need to improve
understanding of long-term ecosystem CO2 response. Major uncertainties remain in
understanding plant physiology on the extent to which CO2-driven enhancements in leaf-
level photosynthesis would translate into enhancements of leaf- and wood production, or

Table 6 Summary of predicted NO�
3 leaching under contemporary and future climate and CO2, generated

with and without CO2 fertilization effects at the five study sites

Year CO2 effect Bisc HB Hunt How HF

1990–2000 0.32 0.15 0.09 0.14 0.05
33.1% 23.7% 15.4% 35.5% 6.3%

2010–2039 Yes 0.19 0.20 0.11 0.23 0.09
19.8% 31.9% 18.6% 60.1% 11.5%

No 0.32 0.46 0.12 0.47 0.02
33.0% 72.1% 19.1% 121.1% 3.1%

2040–2069 Yes 0.18 0.23 0.20 0.49 0.15
18.4% 35.4% 32.3% 124.4% 18.5%

No 0.65 0.92 0.58 0.81 0.08
67.9% 143.5% 94.7% 207.0% 10.4%

2070–2099 Yes 0.20 0.30 0.28 0.88 0.26
21.0% 46.4% 46.1% 224.9% 32.4%

No 0.90 1.26 1.07 1.21 0.45
94.2% 197.4% 174.6% 311.3% 56.5%

Values are averages (gN m−2 year−1 ) of the four climate scenarios over the time periods indicated. Also
shown is N leaching as a percent of N inputs from atmospheric deposition.
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Fig. 6 Predicted leaching (gN m−2 year−1) for the five study sites under four climate scenarios, with and
without CO2 enhancement effects. The four climate scenarios result from two climate models (PCM and
HAD), each run with a high (A1) and low (B1) scenario of future CO2
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would instead be balanced by increased respiration above- or below-ground (Körner et al.
2005; Albani et al. 2006). Secondly, given uncertainties in future N deposition rates, N
deposition was held constant through the twenty-first century. Additional sensitivity
analyses can be performed to examine the influence of this assumption, but increasing the
level of certainty in PnET-CN predictions will depend on improved N deposition forecasts
becoming available. Similarly, other stress factors such as ozone pollution, which are likely
to become increasingly important into the future, have not been addressed.

Whereas the focus has been on the response of ecosystem processes to changes in
climate and CO2, changes in ecosystem composition and distribution will also be important.
Although it can be expected that such changes will be small over the course of 100 years or
less (due to limitations in tree migration imposed by seed dispersal and the long life spans
of trees), they may still be important, particularly in areas that represent ecotones between
different forest community types (e.g., the transition between deciduous and evergreen
communities along elevation gradients). The potential effects of such species shifts on
ecosystem processes should be addressed and will require a coupling of models like PnET-
CN with those designed to predict the dynamics and dispersal of forest communities.

Finally, although the impacts of high and low future emissions scenarios were examined,
there is a possibility of emissions exceeding those projected in the higher A1fi scenario or,
through concerted action to reduce greenhouse gas emissions, remaining below those of the
lower B1 scenario. Furthermore, the climate models used in this analysis span only the
lower two-thirds of the likely range of climate sensitivity (Intergovernmental Panel on
Climate Change [IPCC] 2001; Hegerl et al. 2006). Hence, there is also the possibility for
changes in temperature or precipitation to fall beyond the range of future conditions
examined here.
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From: McCollough, Mark
To: Jim Zelenak
Subject: Brian Rolek citation
Date: Thursday, October 12, 2017 11:00:38 AM

Jim:  Brian Rolek is one of Dan Harrison and Cyndy Loftin's doctoral students.  He is studying
the effects of forest management on songbird assemblages in Maine's northern forest.  He has
a number of his study plots on Dan's snowshoe hare plots to take advantage of the long-term
vegetation characterization of the stands.  Dan shared some of his preliminary work with me
concerning Brian's measurements of shelterwood harvests as it is some of the only work done
to characterize these stands in maine.  Brian's data shows that many shelterwoods in northern
Maine occur in mixed or hardwood stands and they have lower conifer composition, on
average, than regenerating clearcuts.

Brian presented the data at the most recent Maine Cooperative Fish and Wildlife Research
meeting and Dan shared them with me and explained the specifics.  They will be part of
Brian's dissertation, which will be completed this year.

I suggest the following citation:

B. Rolek. 2016., Maine Cooperative Fish and Wildlife Research Unit, University of Maine,
Orono.  Unpublished data from doctoral dissertation shared by Dan Harrison with Mark
McCollough, USFWS, Maine Field Office on 2.29.2016.

I have a pdf of the data at the office and will scan and send you tomorrow.

Mark   

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
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A comparison of snow-track and camera surveys for detecting 

Canada lynx (Lynx canadensis) and sympatric carnivores in north-

central New England 

Alexej P. K. Sirén1 

Abstract 

Canada lynx (Lynx canadensis) were listed as Threatened under the Endangered Species Act in 

2000.  Since this designation, numerous studies have investigated factors that influence lynx 

ecology and distribution in the conterminous United States.  However, certain regions in its 

peripheral range are still underrepresented due to limited access.  To understand factors that 

influenced the distribution of lynx and other sympatric carnivores in north-central New England, 

we utilized existing snow track and camera survey protocols and developed new methods to meet 

the monitoring needs of the region.  We specifically compared detection events and trends for 

snow track and camera surveys for lynx, bobcats (Lynx rufus), coyotes (Canis latrans), red fox 

(Vulpes vulpes), fishers (Pekania pennanti), and American martens (Martes americana) at high 

elevation landscapes with limited access and at low elevation ones with high road density.  We 

also compared effort and cost for each lynx detection.  Additionally, we utilized site covariate 

data available from camera trap sites to estimate detection probability and occupancy for a suite 

of northern forest carnivores during winter.  We surveyed a total of 1,473 km (high elevation = 

306 km, low elevation = 1,167 km) snowmobile and hiking trails during winter 2014.  Coyotes 

were encountered most often (n = 449), followed by marten (n = 359), red fox (n = 124), fisher 

(n = 118), bobcat (n = 102), and lynx (n = 8) were only detected in northern New Hampshire.  

Sixty-three camera traps were set for an average of 97 (15-187) days for a total of 6,221 trap 

nights) during winter 2014.  Martens were photographed most often (n = 97), followed by 

coyotes (n = 41), fisher (n = 19), bobcats (n = 19), red fox (n = 5), and lynx (n = 5) were detected 

in northern Vermont and New Hampshire.  The indices and trends between snow track and 

camera surveys were relatively similar for each species indicating that either method was reliable 

for monitoring northern forest carnivores.  Overall, camera surveys required greater field effort 

(camera surveys = 810 hours, snow track surveys = 662 hours) and resulted in a lower efficiency 

for detecting lynx (1 detection/162 hours).  Further, the cost of fuel and labor was slightly higher 

for snow track surveys ($11,645.73) compared to $10,582.57 for camera surveys (does not 

include initial cost of equipment) yet resulted in less cost per lynx detection (1 lynx/$1,629.64) 

as more lynx were detected during snow track surveys.  Site occupancy (ψ) was best explained 

by elevation for all species:  bobcats, coyotes, and fishers were more likely to occupy sites at low 

elevation that had a shallow snowpack and the reverse trend occurred for martens.  However, 

preliminary data indicates that site occupancy may change throughout the year as bobcats, 

coyotes, and fishers were detected at high elevation sites during the snow free months.  We 

recommend continuing camera surveys for at least one more year to determine if these trends 

continue and to increase coverage along latitudinal gradients to determine factors that influence 

lynx occupancy.  We also recommend designing snow track surveys to estimate occupancy and 

to compare corresponding estimates and precision with the camera trap method. 
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Introduction 

Canada lynx (Lynx canadensis) were listed as Threatened in 2000 under the Endangered 

Species Act, precipitating numerous studies to investigate lynx ecology in the conterminous 

United States (Murray et al. 2008).  An important objective of several studies was to delineate 

the distribution of southern populations and identify factors that influenced range expansion 

(Hoving et al. 2005, Koehler et al. 2008, Simons-Legaard et al. 2013).  Until recently, little was 

known about the status and distribution of lynx in the Northeast.  However, a decade of research 

(2000-2010) has provided considerable insight into lynx ecology and specific recommendations 

for management in the core of its range in Maine (USDI Fish and Wildlife Service 2013).  Yet, 

there is still a need to investigate lynx distribution and determine appropriate survey strategies in 

peripheral habitat in north-central New England where lynx occur at lower density (Interagency 

Lynx Biology Team 2013). 

Provided that lynx generally occupy deep snow forests and their tracks are relatively 

unambiguous, snow track surveys have been used extensively and meet a variety of research 

objectives (see Zielinski and Kucera 1995, Squires et al. 2004, Crowley et al. 2005, Bunnell et al. 

2006, Kolbe et al. 2007, Dowd 2010).  However, camera surveys have been used – although to a 

lesser degree – and are beneficial, as they provide year round monitoring (see Crowley et al. 

2005, Moen and Lindquist 2006, Nielson and McCollough 2008).  Both methods have been 

valuable yet have inherent biases that need to be addressed to develop appropriate sampling 

method(s) for the region.  Further, although there are several protocols available for monitoring 

lynx (see Squires et al. 2004, Crowley et al. 2005, and Nielson and McCollough 2009) they may 

not be well suited within or outside a region due to varying levels of land access.  In the 

northeastern United States, landownership is diverse, ranging from large private industrial 
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landownerships in the core of lynx range in northern Maine, to a mix of large, small, and public 

landownerships in its peripheral range in northern New Hampshire and Vermont (USDI Fish and 

Wildlife Service 2013).  Consequently, public and private landownership may either facilitate or 

prevent access and ultimately influence the ability to detect lynx. 

Since 2012, New Hampshire Fish and Game (NHFG), Vermont Fish and Wildlife 

Department (VFWD), and United States Fish and Wildlife Service (USFWS) have conducted 

snow track surveys in northern New Hampshire and Vermont to document lynx occurrence and 

distribution following a protocol established by the Maine Department of Inland Fisheries and 

Wildlife (see Crowley et al. 2005).  This protocol was designed for townships with consistent 

area and road access that also contained suitable lynx habitat; surveys were conducted by 

snowmobile and required >55 km/100 km2 or >80 km/100 km2 to confidently detect one or all 

radio collared lynx within the survey area, respectively (Crowley et al. 2005).  However, towns 

with suitable lynx habitat vary in area and access in New Hampshire and Vermont, necessitating 

alternative survey methods.  For example, approximately half of the suitable habitat in New 

Hampshire is located in the White Mountain National Forest (WMNF) which is remote and 

mountainous with only hiking access.  Also, the prevalence of private property in both states 

greatly complicates access to snowmobiles trails, even in towns where a sufficient network 

exists.   

To address these concerns, we utilized snow track survey methods developed in a low 

density lynx population in Montana (Squires et al. 2004, Squires et al. 2012; hereafter SEL) and 

a high density population in Maine (Crowley et al. 2005), and compared with a novel camera 

trap method to determine the appropriate survey method(s) for the region.  First, we created a 

predictive GIS habitat model to increase survey efficiency for lynx in winter 2014, as past 
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surveys indicated that there was considerable suboptimal habitat in New Hampshire (Webb 

2012, Holman 2013) (Appendix A).  This model was not developed for Vermont as GIS data was 

unavailable and lynx were only surveyed regularly in 2 locales (Bernier 2013).  We then 

compared lynx detections from winter 2014 and those from recent years (2006-2013) with the 

GIS model to determine 1) its predictive value, 2) factors that influenced detection probability 

and distribution, and 3) the effectiveness of the priority ranking method (Appendix A).  The 

snow track surveys in towns with sufficient road access approached or met the effort required by 

the Crowley et al. (2005) protocol as in previous years (Bernier 2012, Webb 2012), but 

incorporated methods developed by SEL to provide comparison, whereas surveys in remote high 

elevation sites only used the SEL method.  Camera trapping occurred along snow track survey 

routes at selected sites that either had road access and a documented lynx presence or reduced 

access with a high probability of lynx occurrence (typically high elevation habitat in the 

WMNF).  Additionally, we recorded track and camera detections of competing and/or sympatric 

mesocarnivores, as lynx distribution is partially influenced by interspecific competition (Parker 

et al. 1983, Aubry et al. 2000, Buskirk et al. 2000).  To determine the effectiveness and 

efficiency of each survey method we compared detection data, effort, and cost.  Finally, we 

recorded biotic and abiotic covariates at camera stations to investigate factors that influenced 

detection probability and occupancy of lynx and sympatric mesocarnivores.     

The objectives of these surveys were to 1) document lynx presence and distribution to aid 

in USFWS recovery efforts, 2) develop a predictive GIS habitat model to improve search 

efficiency for lynx (New Hampshire only; Appendix A), 3) establish high and low elevation 

survey sites with varying levels of access to monitor lynx where they presently occur, 

historically occurred, and are predicted to occur, 4) compare varying levels of effort and 
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detection among snow track and cameras surveys to determine the appropriate survey strategy(s) 

for lynx in the region, and 5) determine the suitability of these surveys for monitoring multiple 

northern forest carnivores, associated prey species, and factors that influence detection 

probability and occupancy.       

Methods 

Study Area 

The study area was located in the northern towns and in the White Mountain National 

Forest (hereafter WMNF) of New Hampshire, and in the Victory Basin Wildlife Management 

Area (hereafter VB) and the Nulhegan Basin Division of the Silvio O. Conte National Fish and 

Wildlife Refuge (hereafter NBD) of Vermont (Fig. 1).   

Snow Track Surveys  

Snow track survey routes in the northern towns of New Hampshire (north of Route 2) 

were amended to meet both MDIFW and SEL effort based on varying habitat quality.  

Conversely, the high elevation routes in WMNF incorporated the SEL method (surveyed 2x and 

8.3-20 km) and were located on hiking trails and roads that traversed habitat with a high 

probability of lynx occurrence and in areas with recent lynx detections and/or historical 

sightings.  For Vermont, the existing survey routes in VB and NBD were not altered as both 

areas contained high quality habitat and a recent history of lynx detections.  The location of 

survey routes for New Hampshire were derived using a probability of occurrence map weighted 

by snow depth and conifer forest (Litvaitis and Tash 2005) and a recent northern New 

Hampshire Land Cover dataset (NNLCD 2012).  From these GIS layers, lynx probability of 

occurrence >0.5 and four land cover values considered important for lynx (regenerating 
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softwood, mixed-wood, and wetland forest, spruce-fir forest, wetland forest, and sub-alpine 

forest) were selected to assess the current distribution of potential lynx habitat in northern New 

Hampshire and the WMNF (Fig. 2).  The NNLCD layer was used to calculate lynx habitat pixels 

(28.5 m x 28.5 m resolution) and the probability of occurrence layer was used to ensure that 

these habitat pixels were within areas with sufficient snow depth.  To identify high and medium 

priority survey areas to establish survey routes, 8x8 km grids (average female home range size) 

were then projected over the entire study area (Squires et al. 2004) (Fig. 1)1.  It was assumed that 

habitat quality in north-central New England was likely lower than in core habitat in Maine but 

similar to Montana and that this grid size might approximate a local average female lynx home 

range.  The proportion of potential lynx habitat per grid was calculated to determine sampling 

priority (Fig. 2).  Because of arbitrary grid placement and the irregularity of the New Hampshire 

state boundary those located along borders were often less in area.  High priority sampling grids 

constituted >27% of potential lynx habitat which is considered important for sustaining lynx in 

Maine (Simons-Legaard 2013), those with 15-26% suitable habitat were considered medium 

priority, and those <15% were considered low priority.  For the northern towns existing survey 

                                                 
1 We only used the grid system to standardize effort and increase efficiency for the snowmobile surveys in 

northern New Hampshire and to evaluate the effectiveness of a GIS habitat model to predict lynx occurrence 

(Appendix A).  The grid system was used to identify survey routes in the WMNF, but due to arbitrary grid 

placement and limited resources we allowed these routes to overlap grids to increase survey efficiency, but still 

maintained minimum survey distance.  In attempt to reconcile any bias created by this sampling artefact we used 

indices for snow track (species detections/kilometer) and camera (species detections/100 trap nights) surveys to 

provide comparison.  Hereafter, use of the term “grid” refers to the northern New Hampshire surveys and landscape 

refers the survey areas that may or may not have used the grid system.   
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routes were linked together with high and medium priority sampling grids (Fig. 2).  High priority 

grids (n = 6) were surveyed twice per winter, at an effort greater than SEL, but less than MDIFW 

and well distributed throughout the grid.  Medium priority grids (n = 22) were surveyed once, 

meeting the MDIFW effort (35 km/grid), and low priority grids were surveyed opportunistically 

when traveling between high and medium priority grids.   

As in previous winters, surveys were conducted 24-96 hours following a snow and/or 

wind event, ideally within the 48-72 hour window (Appendix B).  Weather and time from last 

snow event was recorded for each snow track survey as well as a qualitative assessment of 

snowshoe hare (Lepus americanus) abundance, and overall snowpack characteristics (Appendix 

B).  However, for winter 2014 detections of lynx and competing carnivores were also recorded 

(bobcat [Lynx rufus], coyote [Canis latrans], red fox [Vulpes fulva], and fisher [Martes pennant]) 

and American marten [Martes americana]) with a GPS and considered independent if detected 

>100 m from a previously recorded track; independence was calculated later using GIS 

(Appendix B).  To compare species detections between high and low elevation routes and with 

camera trap data we calculated the number of detections/km (total species detections/grid type ÷ 

total distance (km) /grid type).    

Camera Surveys 

We established 63 camera trapsites along snow track survey routes in 4 low elevation 

landscapes with road access and lynx sightings within the last 8 years, and 6 high elevation 

landscapes with reduced access but potential lynx habitat in the WMNF (Fig. 1).  Camera 

trapsites were spaced 1-3 km apart along routes in each landscape and placed in high quality 

habitat and/or in close proximity to recent or historical lynx sightings.  This spacing is 

comparable to past camera trap studies of lynx (Crowley et al. 2005, Moen and Lindquist 2006, 
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Nielson and McCollough 2009) and bobcat (Kelly and Holub 2008, Clare 2013).  There were an 

average of 6 (2-12) camera trapsites per landscape providing a total of 63 camera stations.  We 

used a combination of camera brands (Moultrie i990 [n = 15] and M80 [n = 2], Bushnell Trophy 

Cam [n = 24], Reconyx HC500 Hyperfire [n = 5], and ScoutGuard SG565FV-8M [n = 18]) to 

achieve this density and some were interchanged to ensure all sites continued operating.  All 

cameras were set to take 3 consecutive pictures every 10 sec when triggered, except for the 

ScoutGuard cameras that did not allow for consecutive pictures; to compensate, these cameras 

were set at the lowest setting (one picture every 5 sec when triggered). 

Each camera trapsite included a compact disc hung in a strategic position as a long range 

visual attractant, and a commercial skunk lure and a short range visual attractant (e.g., feathers) 

placed on a wooden stake (hereafter attractant stake; Fig 2).  We positioned cameras on a tree 

facing north, 1-2 m above the snow surface, and pointed at a slight downward angle towards the 

attractant stake positioned 3-5 m from the camera (Fig. 2).  A GPS was used to mark the location 

of each camera trapsite and was flagged discretely for future trap checks.  Each trapline was set 

for >45 d and checked once every 1-4 weeks to download data, refresh attractants, and to ensure 

cameras were working properly (Appendix C). 

Detections of lynx and competing carnivores were recorded and considered independent 

when detected >1 hr apart.  If >1 individual of the same species were present in the camera trap 

or if individual identity was recognizable we allowed for >1 detection/hr.  Total trap nights were 

recorded and the catch per unit effort (CPUE:  # of species/100 trap nights) was used as an index 

to evaluate performance.  Additionally, the mean latency to first detection (LTD) was calculated 

for each species at each camera trap and used as a general summary statistic to evaluate the 

length of time cameras would need to be deployed to detect each species. 
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To estimate detection probability and occupancy, covariates considered important for 

lynx and sympatric carnivores were recorded.  The visibility or exposure of the camera trap site 

was noted during camera trap setup using a visibility scale of high, medium, and low.  Snow 

depth was recorded at each camera trap station by reading the ruler on the attractant stake from 

pictures taken by the camera.  Camera detections of competing carnivores and prey abundance 

(snowshoe hare, red squirrel, and ruffed grouse) were tallied and divided by total trap nights, and 

standardized to detections/100 trap nights to provide a measure of CPUE.  Additionally, tracks of 

competing carnivores and prey in the camera trap vicinity (~20 m radius) were noted during each 

visit to provide a broader assessment of prey abundance, presence of predators, and to evaluate 

camera performance (Appendix C).  We also recorded the temperature, time, and date of each 

camera detection to use as model covariates for estimating detection probability and occupancy; 

date and time data were available for all cameras, whereas temperature data were only available 

for 59% (37 of 63) cameras.  

Method Comparison 

 Snow track and camera surveys provide inherently different measures which can make 

direct comparison challenging (Kendall and White 2009).  In attempt to test for differences in 

detection events between methods, we used standardized track counts (detections/km) and 

camera captures (captures/100 TN) and compared ratios using a Wilcoxon two-sample ranked 

test.  Further, we assumed that there would be similar detection trends between methods because 

camera traps were spaced along snow track survey routes within each landscape.  To test this 

assumption we compared species presence/absence for each method at each landscape using 

Kendall’s rank correlation.  Landscapes (n = 11) were considered the sampling unit for detection 

and correlation analyses.  We used the “coin” (Torsten et al. 2006) and “Kendall” (McLeod 



10 

 

2011) packages in R to calculate Wilcoxon and Kendall rank tests, respectively, and evaluated 

significance based on the 95% confidence level.   

 We compared the effort (i.e., personnel hours) and cost (i.e., labor expense, equipment, 

and training) with the total number of lynx detections to provide an index of efficiency 

(hours/lynx detection; Crowley et al. 2005) and cost (cost/species detection; Clare 2013).  

Because multiple agencies were involved we estimated effort simply by calculating personnel 

hours for each agency in addition to training hours; only field hours were included.  Cost for 

each survey method was calculated based on operational expenses (e.g., cameras, trapping gear, 

fuel, and training materials) and the allotted budget used for agency personnel.  For privacy 

reasons, hourly wages for each agency were not provided.  Rather only the total cost of field 

work (hours*hourly wage for each agency) is reported.  The cost/gallon of gas was calculated 

using the regional average ($3.59 for regular unleaded) for 1 January-31 April 2014 and the 

average snowmobile gas mileage (10 m.p.g.) and truck mileage (17 m.p.g.) were used to 

determine the overall cost of fuel for snow track and camera surveys.    

Occupancy Modeling       

Camera trap data was organized into daily occasions and for each occasion we tallied 

presence/absence and included this data into an occupancy modeling framework (MacKenzie et 

al. 2002) to estimate daily detection probability (p) and site occupancy (ψ) using the unmarked 

package (Fiske and Chandler 2011) in R (R Core Team 2014).  We compared naïve estimates of 

p (i.e., the null model without covariates) among species and also calculated the cumulative 

detection probability (i.e., p* = 1 – (1-p)k), where p* = probability level and k = number of 

occasions, to determine the effort required to estimate presence/absence at the 90% confidence 

level for each species.  We then compared this threshold of cumulative detection probability with 
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the LTD to determine the utility of the latter measurement.  Occupancy was modeled for each 

species using a suite of abiotic and biotic covariates that we considered predictive of occurrence 

for each.  Specifically, we evaluated site covariate data that was either extracted using GIS (e.g., 

elevation, forest type, stand and landscape seral stage) or collected at the site (temperature, snow 

depth, and predator and prey CPUE) and observation covariate data that we felt influenced 

detection probability (e.g., camera make and model, site tending and lure application, site 

visibility).  All models were evaluated using Akaike Information Criterion scores and competing 

models (i.e., AIC <8) were chosen and parameter estimates extracted to evaluate the covariates 

that influenced occupancy; if the null model was a competing model we only chose models 

which ranked higher.  The significance (P <0.05) of the parameter estimates for the best fitting 

models were evaluated using Wald z-tests.  We chose a liberal cutoff for AIC model selection as 

this was a preliminary investigation to shape future study design.  Based on previous research we 

hypothesized that lynx and martens would occupy forests with a deep snowpack and that the 

reverse trend would occur for competing carnivores (Murray and Boutin 1991, Krohn et al. 

2004).  We also hypothesized that marten ψ would be positively correlated with elevation and 

mature forest types.   

Results 

There were 21 high elevation and 41 low elevation snow track surveys conducted in 

winter 2014.  Total distance surveyed was 1,473 km (High = 306 km, Low = 1,167 km).  

Overall, the number of lynx detections was low (n = 8) and confined to surveys in northern New 

Hampshire (Fig. 3).  Coyotes were detected most often (n = 449), followed by marten (n = 359), 

red fox (n = 124), fisher (n = 118), and bobcat (n = 102); except for lynx these species were 

detected along high and low elevation routes (Table 1).  The reported counts for coyotes and red 
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fox were low as these species weren’t recorded on several surveys.  Further, coyotes were often 

too numerous to count and often travelled along the survey routes >100 m, thereby increasing 

counts considerably.  Comparing species detections between route types using adjusted counts 

(detections/km) revealed that coyotes (high elevation = 0.16 detections/km; low elevation = 0.34 

detections/km) and bobcats (high elevation = 0.02 detections/km; low elevation = 0.08 

detections/km) were more common along low elevation routes, red fox (high elevation = 0.11 

detections/km; low elevation = 0.08 detections/km) were as likely to be detected along either 

route type, and martens (high elevation = 0.85 detections/km; low elevation = 0.08 

detections/km) and fishers (high elevation = 0.18 detections/km; low elevation = 0.05 

detections/km) were more common along the WMNF high elevation routes (Fig. 3).   

 Sixty-three camera traps were set for an average of 97 (15-187) days for a total of 6,221 

trap nights; camera failure occurred on 2 cameras and these were excluded from analyses.  

Additionally, U.S. Customs and Border Protection shared picture data from 2 cameras increasing 

the total to 65 cameras; however, this data did not include attractants and or snow depth and only 

lynx detections were utilized.  We recorded 4 lynx detections at 2 camera stations in northern 

New Hampshire and 1 lynx at a camera trapsite in NBD, Vermont.  Overall, CPUE for lynx was 

low (0.1 lynx/100 trap nights (TN)) and no lynx were detected in high elevation landscapes 

(Table 2).  Martens were detected most often (n = 97), followed by coyotes (n = 41), fisher (n = 

19), bobcats (n = 19) and red fox (n = 5) (Table 2).  Comparing species detections between 

landscape types revealed that martens (2.7 martens/100 TN) were more common at high 

elevation landscapes, whereas coyotes (0.9 coyotes/100 TN), bobcats (0.6 bobcats/100 TN), and 

fishers (0.4 fishers/100 TN) were more common at low elevation ones (Fig. 4).  Conversely, red 

fox were only detected by cameras in high elevation landscapes with a low detection rate (high 
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elevation = 0.2 fox/100 TN; Table 2, Fig. 5).  Similarly, the mean (± SE) latency to first 

detection (LTD) indicated that marten were detected sooner at sites in high elevation landscapes 

(22 ± 4 days), whereas, coyotes (21 ± 6 days) and bobcats (59 ± 19 days) were detected sooner at 

sites in low elevation landscapes.  However, LTD for fisher was approximately even (low 

elevation = 42 ± 10 days; high elevation = 41 ± 17 days).  LTD for lynx was relatively short (15 

± 4 days) and long for fox (53 ± 12 days); however, sample size was relatively small for both 

species.   

 Although camera trap indices (detections/100 TN) were higher these differences were 

only marginally significant for mustelids (fisher [Z1.75, P = 0.08]; marten, [Z1.52, P = 0.14]), and 

similar to track indices (detections/km) for felids (bobcat [Z0.68, P = 0.52]; lynx, [Z0.04, P = 1]), 

and coyotes (Z0.23, P = 0.83).  Red fox were the only species to have lower camera detection 

indices (Z-1.23, P = 0.23), yet these statistically similar to track indices.  However, the detection 

trends for both methods were similar, indicating the reliability of either method to provide 

presence/absence data for species at survey sites.  Specifically, detection trends for marten were 

perfectly correlated (r = 1.0, P = 0.005), strongly correlated for felids (lynx [r = 0.671, P = 0.06]; 

bobcat, [r = 0.583, P = 0.10]), and moderately correlated for red fox (r = 0.327, P = 0.41).  

However, there was a weak negative correlation for fisher detections (r = -0.250, P = 0.57) and 

no correlation was detected between camera and snow track data for coyotes.   

 Overall, camera surveys required greater field effort (camera surveys = 810 hours, snow 

track surveys = 662 hours; Table 3) and resulted in 1 lynx detection/162 hours of camera trap 

effort compared to 1 lynx detection/83 hours of snow track survey effort; totals include 

assistance from citizen science volunteers and U.S. Customs and Border Protection personnel.  

The cost of fuel and labor was slightly higher for snow track surveys ($11,645.73) compared to 
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$10,582.57 for camera surveys (Table 3).  However, if the initial cost of camera equipment (e.g., 

cameras, batteries, SD cards) is included ($9,969.60), camera surveys were nearly twice as 

expensive ($21,460.18) as snow track surveys (Table 3).  The cost per lynx detection was less 

expensive for snow track surveys (1 lynx/$1,629.64) compared to camera trapping (1 

lynx/$2,298.12, or 1 lynx/$4,292.04 if the cost of camera equipment is included).  In New 

Hampshire, the only camera trap detections of lynx were provided retroactively by the U.S. 

Customs and Border Protection.  It’s reasonable to assume that we would’ve detected lynx if we 

had cameras in this survey grid, given that the U.S. Customs and Border Protection camera traps 

did not use attractants and we detected a lynx using the camera trap protocol at NBD in Vermont. 

We evaluated a suite of detection probability (p) and occupancy (ψ) models for bobcats, 

coyotes, fishers, and martens using camera trap data; sample sizes were too low for lynx and red 

fox.  Further, we only evaluated univariate models for these species as certain variables were 

correlated (e.g., snow depth, forest type, and elevation) and limited sample size lowered 

statistical power and therefore model selection.  Overall, the naïve estimate of p (i.e., the null 

model) was low to moderate for most species (fisher p = 0.01 [95% C. I. 0.001-0.014], bobcat p 

= 0.02 [95% C. I. 0.01-0.04], coyote p = 0.03 [95% C. I. 0.016-0.039], and marten p = 0.04 [95% 

C. I. 0.026-0.046]; logit values in Table 5).  Further, the cumulative detection probability 

indicated that a camera trapsite would need to be operating a minimum of 67 days to detect a 

marten, 95 days to detect a coyote, 108 days to detect a bobcat, and 383 days to detect a fisher at 

the 90% confidence level (Fig. 5).  For 3 of 4 species the null p model ranked highest, yet the top 

p model for coyotes was clearly “Julian day” (Table 4) and the parameter estimates of this model 

indicated that p increased as Julian days increased (Table 5).  Although, “Julian day” was not the 

top model for the other species, it consistently outperformed other models and was comparable 
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to the null model (∆AICc scores <8) (Table 4).  Similarly, the “Julian day” model for these 

species indicated that p was directly proportional to an increase in Julian days (Table 5).   

The top occupancy (ψ) model for most species was “elevation” and/or models that were 

correlated with elevation (i.e., “seral stage (landscape)”, “seral stage (site)”, and “maximum 

snow depth (site)”; Table 4).  Overall, ψ increased for bobcats at lower elevation sites, and those 

with shallow snow depths, and in landscapes that contained mixed mature and early regenerating 

forest, yet none of these relationships were considered significant (Table 5, Fig. 6).  However, 

“hare CPUE (landscape)” was a top competing model and was a positive and significant (P = 

0.013) predictor of ψ, indicating that bobcats occupied sites within landscapes that had overall 

higher hare CPUE (detections/100 trap nights; Tables 4-5, Fig. 6).  Site occupancy was 

significantly higher for coyotes at lower elevation sites (P = 0.007), in regenerating stands (P = 

0.016), and in mixed seral stage landscapes (P = 0.05), and marginally higher at sites with 

deciduous cover (P = 0.06) and shallow snow depths (P = 0.06; Table 5, Fig. 7).  Similarly, these 

patterns persisted for fishers where ψ was higher at low elevation sites, in landscapes that 

contained a mosaic of regenerating and mature forest, and sites with deciduous cover and overall 

shallow snowpack; however, these were relatively weak relationships as the null ψ model ranked 

relatively high and these predictors were statistically insignificant (Tables 4-5, Fig. 8).  The top 

ψ model for marten was clearly “elevation”, with “seral stage (landscape)” a distant competitor; 

both models indicated that ψ increased significantly at high elevation (P <0.001) and in mature 

forest landscapes (P <0.001; Tables 4-5, Fig. 9).   
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Discussion 

 Snow track and camera surveys were effective for monitoring lynx and sympatric 

carnivores in the region.  We recorded 11 lynx detections (6 snow track intercepts, 5 camera 

detections) during winter 2014.  Although sample size is small, we detected lynx in the same grid 

in northern New Hampshire using both methods during formal surveys and lynx were detected in 

an adjacent grid during informal camera and snow track surveys in 2011 (unpublished data, 

NHFG).  However, a lynx was only detected by a camera during formal surveys in NBD, 

Vermont.  Overall, detection indices and trends between survey methods were similar, 

suggesting that both methods were reliable for monitoring the survey species.  Some of the 

variance and/or inconsistencies between the methods was likely due to small sample sizes, and 

potential shortcomings of the sampling scheme.  For example, red fox were rarely detected by 

cameras, yet they were more commonly encountered close to human development during snow 

track surveys where cameras were absent.   

Overall, snow track surveys required less effort and expense to detect lynx compared to 

camera surveys.  However, if the initial cost of camera equipment is considered, camera surveys 

become cost effective in following years, especially if the number of camera trapsites/landscape 

is reduced or if tending is reduced.  Because winter 2014 was in part a pilot study to evaluate the 

effectiveness of camera surveys for multiple northern forest carnivores, we often saturated 

landscapes with camera traps to determine the appropriate sampling strategy required for 

detecting each species.  It is reasonable to assume that fewer cameras are required per landscape 

for lynx and competing carnivores (i.e., bobcat, coyote, and red fox), which would allow for 

greater coverage.  However, if the goal is to also include fishers and martens the camera trap 

spacing/density should meet or eclipse what was used in this study.  One suggestion is to use a 
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nested grid system.  For example, to meet the occupancy sampling requirements for martens – 

the species with the smallest area requirements – the 8 x 8 grid could be subdivided into 2 x 2 km 

grids to estimate occupancy for multiple species (Shannon et al. 2014).  Further, camera trap 

checks were conducted frequently during the first part of the survey period to ensure that 

cameras and attractants were working properly.  Because camera failure was rare (3%; 2 of 63 

cameras) and the smell of skunk lure was evident during camera checks, camera checks can 

occur less frequently and thereby reduce the effort and associated costs considerably. 

For most species, there was scant evidence of factors that influenced detection 

probability.  However, “Julian day” ranked high for all species and was the best model for 

coyotes.  We decided a priori to include Julian day as a model covariate as we felt it best 

captured several factors that influenced p.  First, we assumed that it may take a certain period of 

time for each species to be lured into a camera trapsite.  Second, the species we surveyed 

generally become more active and mobile during late winter as the snowpack becomes more 

supportive and they increase travel for breeding opportunities.  The “Julian day” models were 

well supported for all species and confirmed that detectability increased as days elapsed.  

However, we thought that the camera brand/model may have influenced detectability as 

brands/models have different sensitivity levels (Wellington et al. 2014) and some were equipped 

with incandescent flashes which may cause trap shyness (e.g., coyotes; Sequin et al. 2003), but 

there was no support for this model for any species.  We also considered the exposure of the site 

(i.e., how visible it was) as a factor, but there was also no evidence for these models as well.  It’s 

possible that the camera trap method was relatively unbiased.  However, there are likely other 

factors that we didn’t consider or have enough data to test.  For example, we only had 

temperature and barometric pressure data for 37 of the 63 cameras and could not effectively test 
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the influence of this covariate on detectability due to excessive missing data.  If resources are 

limited it would be wise to ensure that adjacent trapsites have at least one camera capable of 

recording daily climate data.  Also, future efforts should quantify the number of days elapsed 

since a site was tended to determine if this factor influences detection probability.  Overall, 

though, naïve estimates of p were relatively low to intermediate (0.01-0.03) which is typical for 

camera trap studies (Shannon et al. 2014).  Further, the cumulative detection probability revealed 

that cameras need to be operating for over a year (67-384 days) to estimate presence/absence at a 

site for all species at the 90% confidence level.  These estimates were much higher than LTD, 

yet reveal the overall probability of detecting a species during the survey at all sites.  LTD only 

incorporates data from sites where species were detected and indicates the mean (± SE) number 

of days that elapse before the species is detected at a site.  Because occupancy modeling 

specifically incorporates detection probability and can be used to evaluate the influence of 

specific factors (e.g., probability of detecting species at a site with or without attractants) on p, it 

a more robust approach for determining the effort required to confidently detect a survey species 

at a specific threshold.  However, there may be too few detections to accurately estimate p, and 

in these cases LTD should provide a rough estimate of effort and may help identify site 

conditions which are associated with occupancy (e.g., habitat, snow depth, etc.).   

The species specific site occupancy models (ψ) provided inference into factors that 

influenced distribution of mesocarnivores in the survey area and was consistent with predictions 

regarding morphology and adaptability to snow (Krohn et al. 2004).  First, and foremost, 

elevation was the most powerful predictor of species occurrence.  In north-central New England, 

elevation is a reliable surrogate for snow depth, seral condition, and forest type (unpublished 

data, NHFG).  Generally, snow depth is shallow at low elevation except in northern New 
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Hampshire where it was comparable to high elevation sites.  Further, most forest management 

occurs below 823 m which is the cutoff for high elevation spruce-fir forest and there were clear 

habitat associations with species occurrence in this study.  Lastly, although some landscapes 

have considerable low elevation spruce-fir forest (e.g., NBD, VB, and CLNA), forest cover type 

is typically associated with elevation gradients with high elevation forest containing softwood, 

mid-elevation mixedwood, whereas lower elevation stands are primarily hardwood.  Occupancy 

models for each species showed that bobcats, coyotes, and fishers were positively associated 

with lower elevation sites that contained shallow snow depths and a higher proportion of 

regenerating forest.  Importantly, we documented marten ψ to be positively associated with 

higher elevation and mature forest conditions.  These findings confer with past research in the 

region (Kelly 2005, Jensen 2012), and provide evidence that mountainous habitat is relatively 

inaccessible to competing carnivores in the winter likely due to deep and unsupportive snow 

conditions.   

Interestingly, we found evidence that occupancy may shift for species during snow free 

months.  Although we only evaluated occupancy in both states for a single season, camera trap 

data from camera trapsites that remained operational in New Hampshire indicated that coyotes, 

bobcats, and fishers accessed high elevation sites in late winter and after the snowpack melted.  

Further, when they were detected at high elevation sites during late winter/early spring, they 

were not sinking into the snowpack.  To our knowledge, this is the first study to document these 

temporal use patterns for a community of carnivores in the northeastern United States.  These 

seasonal detection trends highlight the utility of using camera traps to survey for northern forest 

carnivores and warrant further investigation to determine if they occur on an annual basis.  

Further, it will be important to increase sites in the northern part of the study area, as this region 
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was underrepresented, yet contains the bulk of majority of lynx detections in New Hampshire.  It 

is likely that latitude is a strong determinant of occupancy for these species.  However, there 

were only 4 sites in the CLNA landscape and 1 camera failed during the survey period, yet these 

sites had the deepest snowpack (126 ± 12 cm) that remained until late spring.  Further, the 

northernmost sites that were set by U.S. Customs and Border Patrol did not include snow data or 

pictures of species besides lynx.  It would be prudent to establish cameras in these grids and 

those adjacent using the camera trap protocol described in this study to increase coverage and 

determine the influence of latitude on occupancy.  We detected martens at low elevation 

consistently at sites in the CLNA landscape, yet no bobcats and coyotes were detected.  This 

detection pattern was consistent with snow track surveys in this grid and in surrounding ones, 

indicating that latitude gradients within the study area influence likely influence occupancy.     

Overall, snow track surveys were relatively inexpensive, allowed for broad sampling, and 

were relatively unbiased.  However, they are restricted to winter months, can be labor intensive, 

require training, and if snow conditions are unreliable it can be difficult to meet the survey 

protocol.  These factors are especially relevant if the goal is to estimate occupancy for species in 

large landscapes, which requires multiple sampling occasions/grid (Mackenzie et al. 2002).  

Although we were able to sample most high and medium priority grids this past winter, it was 

difficult to survey some of the high elevation, high priority ones twice, and several low elevation, 

medium priority grids were skipped in the northern part of the state.  Snow track surveys require 

considerable training to ensure that field observers are proficient at identifying wildlife tracks, as 

misidentification can lead to erroneous results and hamper management and/or conservation 

initiatives (e.g., Evans et al. 2009).  Ideally, all observers should be evaluated, trained, or 

certified to minimize observer variability (Evans et al. 2009).  We were fortunate to have a small 
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group of well-trained biologists and citizen science trackers, but would have benefited greatly 

from more trained field observers. 

Conversely, camera surveys provide yearlong monitoring, the exact date and time of a 

species detection, relatively unambiguous identification, and inclusion of climate data (snow 

depth and accumulation, temperature, and barometric pressure).  The cameras we used allowed 

multiple frames/minute and most images were good quality (i.e., 8-10 megapixel) which allowed 

for positive identification in most instances (88%; 185 of 210 detections).  Also, cameras often 

captured prey species important for lynx and other northern forest carnivores (e.g., snowshoe 

hare, red squirrel, and grouse).  However, it’s unknown if the scale at which cameras detect these 

species accurately reflects their relative abundance.  Compared to snow track surveys, detection 

only occurs at the camera trap site which may introduce bias, especially when attractants are 

used.  Further, some species may illicit a negative behavioral response (i.e., trap shyness) due to 

the presence of a foreign object and/or human scent, and introduce bias that may underestimate 

occupancy for some species.  For example, coyotes are known to be camera shy especially for 

those that utilize incandescent flashes (Séquin et al. 2003).  However, this trend was not 

observed at our camera trap sites in New Hampshire where there were a high number of 

detections of coyote and ~1/3 of our cameras had incandescent flashes.  However, at the 

Vermont study sites, coyotes were rarely detected on cameras.  It is unknown if this is reflective 

of local coyote densities or if tending camera traps often results in increased wariness by canids 

due to the presence of human scent.  New Hampshire camera trap sites were checked less 

frequently than those in Vermont, potentially resulting in reduced human scent and increased 

security.  A similar theory is that the Vermont sites had increased public access compared to the 

New Hampshire study sites, resulting in behavioral avoidance and the observed low camera 
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detection rates of canids at these sites.  Interestingly, red fox were rarely detected by cameras (n 

= 5 detections) and only at high elevation sites in the WMNF.  However, red fox were detected 

during snow track surveys at low elevation but were often associated with human development.  

It is likely that this is an artifact of our sampling design as sample size of camera trap grids was 

relatively low and biased against human development.  It is important to note that the same trend 

occurred in the 2 Vermont study sites where camera trap density was high and there were no red 

fox detections.  Lastly, managing and analyzing camera trap data is a significant task that can 

sometimes take personnel weeks to complete.   

Recommendations 

 Snow track surveys are an excellent method to detect lynx and other northern forest 

carnivores, especially if the conditions and accessibility are good (Crowley et al. 2005, Squires et 

al. 2012).  Efforts should focus on grids with high quality lynx habitat and surveys should be 

conducted at least 2 times per winter to determine if lynx are present (Squires et al. 2012) and ≥3 

times to estimate occupancy (Mackenzie et al. 2002).  Also, the minimal survey length can be 

shorter (≥7 km) provided that it covers suitable lynx habitat within a grid (Squires et al. 2012).  

However, as this method has not been tested against telemetered lynx in the northeastern United 

States, its unknown if this sampling distance is appropriate.  Although, we were often well below 

the survey effort required by the MDIFW protocol in all towns/grids where lynx were detected 

(Webb 2012, Sirén 2014).  Until these relationships are tested, we suggest maintaining a balance 

between the SEL and MDIFW protocols and survey at least 15 km roads/trails per 8 x 8 km, high 

priority grid.  However, is accessibility is poor then 10 km is likely sufficient, especially if 

multiple surveys are conducted (Squires et al. 2012).  Future efforts should document the 

distance (km) from each lynx detection to the starting point of the survey to determine the 
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minimal distance required to survey lynx per grid, as this metric may be useful in the absence of 

radio-collared individuals.  Also, because lynx are sparsely distributed in the state it may be 

useful to adopt cluster sampling methods (Thompson 1992) that allow for adaptive sampling in 

grids that are adjacent to lynx detections (J. Squires, pers. commun., United States Department of 

Agriculture, Forest Service). 

The camera trap method provides annual monitoring, and can be cost-efficient for 

detecting lynx and other northern carnivores if used long-term.  Training and site setup is 

relatively straightforward and species identification is less ambiguous compared to snow 

tracking.  Further, the inclusion of snow accumulation and depth from the attractant stake 

provides important data to predict the distribution of lynx and other northern forest carnivores.  

We recommend 6-8 visits per year as this seems like a good balance for natural resource 

agencies and volunteers.  If necessary, the number of visits could be cut back to 5 visits with 

preferably more visits during winter as this is the best time to detect survey carnivores.  Camera 

traps should be installed during the snow free months when the frost is absent to ensure that the 

attractant/snow depth stakes can be installed to the 0 cm mark (i.e., ground level).  We 

recommend using skunk essence lure as it’s used on number of carnivore studies in New 

England, and remains potent in a variety of weather conditions.  Additionally, solar activated 

scent dispersers (e.g., black HME Seal-Tite Drop Wicks http://www.amazon.com/Hme-

Products-Seal-Tite-Drop-Olive/dp/B005L9VY5A) are relatively inexpensive and may prolong 

the potency of the skunk essence, and SD cards with high memory capacity (preferably ≥8 GB) 

will reduce the tending frequency.  Also, visual lures (i.e., feathers and cd’s) should have strong 

monofilament (≥20 lb. test) and be attached by barrel swivels to avoid breakage.  Because the 

PIR sensitivity changes between seasons we suggest setting cameras for normal or automatic 

http://www.amazon.com/Hme-Products-Seal-Tite-Drop-Olive/dp/B005L9VY5A
http://www.amazon.com/Hme-Products-Seal-Tite-Drop-Olive/dp/B005L9VY5A
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sensitivity during winter and low sensitivity during summer months.  A final recommendation 

for camera settings, is to set cameras to take pictures twice a day to record minimum and 

maximum temperatures (e.g., 04:00 and 14:00) and to ensure that snow depth is tallied daily; 

these data are important for occupancy modeling.  Either the newer (i.e., 2013) Bushnell Trophy 

Cam or Moultrie i990 camera models provide this option; we recommend both these brands as 

they performed well and were relatively inexpensive.  Also, database management tools such as 

the ASAP add-in from MS Excel can be used to efficiently manage and analyze camera trap 

data.  These add-ins save significant time which will in return lower the cost of the office time 

required for managing large picture databases.  Lastly, if cameras are checked by staff and/or 

volunteers, it’s crucial that the camera data on SD cards is not modified.  Rather, cards need to 

be sent directly to the person responsible for managing the camera database, as valuable 

metadata gets lost sending files through FTP sites and results in considerable time loss and 

potential errors.   

Ideally, monitoring should continue for at least 2 more years to better understand the 

factors that influence lynx distribution and because optimal habitat in the WMNF was 

underrepresented in the first couple years.  Efforts should focus on high priority grids in northern 

New Hampshire and the WMNF, as lynx detections from 2006-2014 were highly correlated with 

the GIS habitat model (Appendix A).  Both sampling strategies are effective for monitoring lynx 

and should follow the recommendations suggested herein.  If testing between survey methods 

continues, we highly recommend only comparing detection between grids as this standardizes 

effort and is customary for occupancy modeling.  Further, because citizen science volunteers 

played a crucial role in sampling this winter (20% of total hours [289 of 1,472 hours]), and are 
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continuing to monitor camera trap lines in the WMNF, it is advisable to include these 

individuals/organizations in future efforts. 
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Table 1.  Survey distance and species detections (species detections/km) for high and low elevation snow track 

surveys and total distance surveyed and total species detections (bold) for all snow track surveys in New Hampshire 

and Vermont from 4 January-11 April 2014. 

Landscape type distance (km) lynx bobcat coyote* red fox* fisher marten 

High elevation 306 0 5 (0.02) 50 (0.16) 34 (0.11) 54 (0.18) 261 (0.85) 

Low elevation 1,167 8 (0.01) 97 (0.08) 399 (0.34) 90 (0.08) 64 (0.05) 98 (0.08) 

 
1,473 8 102 449 124 118 359 

 

* Species detections for coyote and fox are underestimated as these species weren’t tallied on 6 surveys. 
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Table 2.  Summary of species detections (# of camera trapsites that detected each species, and mean (± days) LTD), 

and species detections/100 TN (bold) for high and low elevation camera trap sites (total trap nights) in New 

Hampshire and Vermont from 9 January-27 June 2014. 

type lynx bobcat coyote red fox fisher marten 

Low 

elevation 

(2,900) 

5 (3, 15) 17 (8, 59 ± 19) 26 (10, 21 ± 6) 0 13 (11, 42 ± 10) 8 (4, 30 ± 9) 

0.2 0.6 0.9 - 0.4 0.3 

High 

elevation 

(3,321) 

0 2 (1, 100) 15 (7, 76 ± 18) 5 (5, 53 ± 12) 6 (5, 41 ± 17) 89 (25, 22 ± 4) 

- 0.1 0.5 0.2 0.2 2.7 

Total 

(6,221) 

5 (3, 15 ± 4) 19 (9, 63 ± 17) 41 (17, 44 ± 10) 5 (5, 53 ± 12) 19 (16, 41 ± 8) 97 (29, 23 ± 3) 

0.8 0.3 0.7 0.1 0.3 1.6 
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Table 3.  Fuel (snowmobile and truck), labor, and total costs for each survey methods to detect lynx and other survey 

carnivores in New Hampshire and Vermont from 4 January-15 July 2014. 

Method 
snow 

(miles) 

snow 

(cost)a 

truck 

(miles) 

truck 

(cost)b 
fuel cost hoursc cost (labor) cost (total)d 

Camera 918 $329.39 2,740 $578.62 $908.01 622 $10,582.57 $11,490.58 

Snow 1,832 $657.86 3,474 $733.52 $1,391.38 545 $11,645.73 $13,037.11 

 

a Snowmobile fuel cost was calculated by dividing the average gas mileage of snowmobiles (10 m.p.g.) by the 

snowmobile mileage and then multiplying the fuel efficiency by the average price/gallon for regular unleaded fuel 

for New England during 1 Jan-31 April 2014 ($3.59).   

b Truck fuel cost was calculated by dividing the average gas mileage of trucks (17 m.p.g.) by the truck mileage and 

then multiplying the fuel efficiency by the average price/gallon for regular unleaded fuel for New England during 1 

Jan-31 April 2014 ($3.59). 

c Hours were calculated differently depending on agency and agency position and do not include the citizen science 

volunteer hours (289) or U.S. Customs and Border Patrol hours (16).  Including these hours increases totals to: 

camera surveys = 810 hours, snow track surveys = 662 hours.  

d Cost does not include equipment expense.  If camera equipment is included ($9,969.60 for agencies in both 

states:  14 Bushnell cameras @ $200/piece; 18 ScoutGuard cameras @$160/piece; 15 Moultrie i990 cameras @ 

$145.17/piece; 32 packs [8 count] of Ultimate Lithium Energizer batteries @ $13.13/pack; 15 packs [8 count] of 

Ultimate Lithium Energizer batteries @ $13.23/pack; 30 – 4 gb SD cards @ $5.95/piece; 40 – 8 gb SD cards @ 

$7.99/piece; and 30 – 32 gb SD cards @ $26.56/piece) then the price of camera trapping increases to $21,460.18 

during the first year.   
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Table 4.  The number of parameters (K), adjusted Akaike Information Criterion Score for small sample size (AICc ), 

delta AIC (∆AICc ), and model weight (wi ) for top competing bobcat, coyote, marten, and fisher detection (p) and 

occupancy (ψ) models from camera trap data collected from 9 January 2014-15 April 2014 in northern New 

Hampshire and Vermont, USA.  Top models were those with ∆AICc scores <8.   

Species Model K AICc ∆AICc wi 

bobcat 

p null 2 151.49 0.00 0.46 

p Julian day 3 151.60 0.11 0.43 

     

ψ elevation 3 142.98 0.00 0.56 

ψ seral stage (landscape) 3 145.09 2.11 0.19 

ψ hare CPUE (landscape) 3 145.60 2.62 0.15 

ψ maximum snow depth (site) 3 146.90 3.92 0.08 

coyote 

p Julian day 3 316.04 0.00 0.96 

p null 2 323.78 7.74 0.02 

     

ψ elevation 3 318.44 0.00 0.40 

ψ seral stage (site) 3 319.33 0.89 0.26 

ψ stand type 4 321.28 2.84 0.10 

ψ seral stage (landscape) 3 321.53 3.09 0.09 

ψ maximum snow depth (site) 3 321.60 3.16 0.08 

fisher 

p null 2 237.49 0.00 0.64 

p Julian day 3 239.43 1.95 0.24 

     

ψ seral stage (landscape) 3 235.69 0.00 0.25 

ψ elevation 3 235.72 0.04 0.25 

ψ stand type 4 237.11 1.43 0.12 

ψ null 2 237.49 1.80 0.10 

ψ maximum snow depth (site) 3 237.62 1.93 0.10 

marten 

p null 2 733.64 0.00 0.60 

p Julian day 3 735.09 1.45 0.29 

     

ψ elevation 3 693.08 0.00 0.97 

ψ seral stage (landscape) 3 700.15 7.06 0.03 
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Table 5. Parameter estimates (Est), standard errors (SE), and probability statistics (P(>|z|)) for the top detection 

probability (p) and occupancy (ψ) models (i.e., those with ∆AICc <8) for bobcat, coyote, marten, and fisher from 

camera trap data collected from 9 January 2014-15 April 2014 in northern New Hampshire and Vermont, USA.   

Species Model Parameter Est SE P(>|z|) Logita 

bobcat 

p null null -3.840 0.379 0.000 0.02 

p Julian day Julian day 0.019 0.014 0.179 0.50 

ψ elevation elevation -0.013 0.008 0.133 0.50 

ψ seral stage (landscape) mixed seral stage 8.370 24.400 0.732 1.00 

 mature seral stage -9.500 24.400 0.698 0.00 

ψ hare CPUE (landscape) hare CPUE 0.196 0.079 0.013 0.55 

ψ maximum snow depth (site) maximum snow depth -0.050 0.030 0.080 0.49 

coyote 

p Julian day Julian day -0.028 0.009 0.003 0.49 

p null null -3.650 0.231 0.000 0.03 

ψ elevation elevation -0.004 0.001 0.007 0.50 

ψ seral stage (site) regenerating stand 1.760 0.735 0.016 0.85 

 mature stand -1.910 0.550 0.001 0.13 

ψ stand type deciduous  2.803 1.503 0.062 0.94 

 mixedwood 0.152 0.811 0.851 0.54 

 softwood -1.451 0.473 0.002 0.19 

ψ seral stage (landscape) mixed seral stage 1.460 0.754 0.050 0.81 

 mature seral stage -1.950 0.631 0.002 0.12 

ψ maximum snow depth (site) maximum snow depth -0.024 0.013 0.064 0.49 

fisher 

p null null -5.290 0.562 0.000 0.01 

p Julian day Julian day -0.003 0.011 0.813 0.50 

ψ seral stage (landscape) mixed seral stage 7.798 50.180 0.877 1.00 

 mature seral stage -0.386 0.858 0.653 0.40 

ψ elevation elevation -0.004 0.004 0.273 0.50 

ψ stand type deciduous  8.313 32.515 0.798 1.00 

 mixedwood 1.405 1.523 0.356 0.80 

 softwood -0.499 0.746 0.504 0.38 

ψ null null 1.540 2.900 0.597 0.82 

ψ maximum snow depth (site) maximum snow depth -0.038 0.034 0.264 0.49 

marten 

p null null -3.350 0.133 0.000 0.03 

p Julian day Julian day -0.004 0.005 0.449 0.50 

ψ elevation elevation 0.009 0.002 0.000 0.50 

ψ seral stage (landscape) mixed seral stage -4.200 1.046 0.000 0.01 

  mature seral stage 2.370 0.903 0.009 0.91 

 

a The logit of the parameter estimate was calculated to report the probability of detecting a species at a site during an 

occasion (i.e., a day) and a species occupy a site during the survey period.  Detection probability was compared 

between species using the null model (i.e., the naïve model without covariates).   
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Fig. 1. Study area site in New Hampshire and Vermont for lynx snow track and camera surveys in winter 2014.  

Survey routes are based on existing routes in northern New Hampshire and Vermont and high elevation routes are 

along hiking trails in the WMNF.  Priority ranking system was only used for northern New Hampshire (see 

Appendix A). 
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Fig. 2.  Camera trap design included attractant stake, feather, cd (top picture), and camera placed ~3-5 m away 

(bottom picture; red circle) and pointed down at attractant stake (bottom picture; red oval). 
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Fig. 3.  Species detections (tracks >100m apart/km) per unit effort (detections/km) during snow track surveys from 4 

January-11 April 2014 in high and low elevation landscapes in the WMNF and northern New Hampshire.  

Competing carnivore detections – especially coyote and red fox – are underestimated as they were not recorded on 6 

of the 62 surveys. 
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Fig. 4.  Species detections (camera captures ≥1 hr apart) per unit effort (detections/100 trap nights (TN)) for camera 

surveys in New Hampshire and Vermont from 9 January-27 June 2014. 
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Fig. 5.  The number of sampling days (dotted vertical line) required to achieve a 90% detection probability (red 

dashed line) for each species as indicated by cumulative detection probability curves.    
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Fig. 6. Top bobcat probability of occurrence models (order indicates ranking):  Bobcats were more likely to occur at 

lower elevation sites (1), in landscapes with regenerating and mature forest (2) and sites with higher snowshoe hare 

CPUE (3), and at sites with shallow snow depths (4).  Probability of occurrence plots contain upper and lower 95% 

confidence intervals (curves) or standard error bars (dot plots). 
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Fig. 7.  Top coyote probability of occurrence models (order indicates ranking):  Coyotes were more likely to occur at 

lower elevation sites (1), in sites that had regenerating stands (2) that were deciduous (3) with shallow snow depths 

(5), and in landscapes with regenerating and mature forest (4).  Probability of occurrence plots contain upper and 

lower 95% confidence intervals (curves) or standard error bars (dot plots).   
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Fig. 8.  Top fisher probability of occurrence models (order indicates ranking):  Fishers were more likely to occur in 

landscapes with regenerating and mature forest (1) that contained sites with higher snowshoe hare CPUE (5), and at 

lower elevation sites (2), deciduous (3) and regenerating stands (6), and at sites with shallow snow (4).  Probability 

of occurrence plots contain upper and lower 95% confidence intervals (curves) or standard error bars (dot plots).   

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1

Seral Stage (Landscape)

P
ro

ba
bi

lit
y 

of
 o

cc
ur

re
nc

e 
(

)

mix mature 400 600 800 1000 1200

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

2

Elevation(m)

P
ro

ba
bi

lit
y 

of
 o

cc
ur

re
nc

e 
(

)

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

3

Forest Cover Type

P
ro

ba
bi

lit
y 

of
 o

cc
ur

re
nc

e 
(

)

softw ood deciduous mixedw ood 20 40 60 80 100 120 140 160

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

4

Maximum Site Snowdepth (cm)

P
ro

ba
bi

lit
y 

of
 o

cc
ur

re
nc

e 
(

)

0 2 4 6 8 10

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

5

Landscape Snowshoe hare CPUE

P
ro

ba
bi

lit
y 

of
 o

cc
ur

re
nc

e 
(

)

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

6

Seral Stage (Site)

P
ro

ba
bi

lit
y 

of
 o

cc
ur

re
nc

e 
(

)

mature regenerating

fisher



42 

 

 

 

 

Fig. 9.  Top marten probability of occurrence models (order indicates ranking):  Martens were more likely to occur 

at higher elevation sites (1) and in landscapes that were primarily comprised of mature forest.  Probability of 

occurrence plots contain upper and lower 95% confidence intervals (curves) or standard error bars (dot plots). 
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APPENDIX A. 

 

A GIS habitat model to detect lynx in northern New Hampshire 

New Hampshire Fish and Game Department:  Prepared by Alexej Sirén 

Introduction 

New Hampshire Fish and Game Department has been monitoring Canada lynx (Lynx 

canadensis) since 2011 to aid in USFWS federal recovery efforts (Webb 2012, Holman 2013).  

However, past efforts have indicated that searcher efficiency is compromised by the current 

amount of suboptimal lynx habitat (Holman 2013).  To identify areas to search for lynx during 

winter 2014, we created a GIS model to predict the current distribution of high quality snowshoe 

hare habitat in northern New Hampshire, as abundant hare populations are generally associated 

with lynx occurrence (>0.5 hares/ha; Ruggerio et al. 2000, Moen et al. 2012, Simons-Legaard et 

al. 2013).  We calculated the proportion of current high value snowshoe hare habitat within 8 x 8 

km grids (average size of female lynx home range; Squires et al. 2004) to identify priority areas.  

The grid assignments were delineated as high priority (≥27% high quality snowshoe hare habitat; 

Simons-Legaard et al. 2013), medium priority (15-26%), and low priority (0-16%).  We then 

established snow track survey routes and camera traps within the high and medium priority grids 

and searched these following protocols developed in Maine (Crowley et al. 2005) and Montana 

(Squires et al. 2012); low priority grids were searched opportunistically.  We then compared lynx 

detections from 2014 and those from recent years (2006-2013) with the habitat model to 

determine its predictive value and the effectiveness of the priority ranking method. 
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We were specifically interested in understanding how well the GIS habitat layer 

performed at predicting recent lynx detections.  To do so, we compared the lynx detection data 

with randomly generated locations to test the hypothesis that lynx were keying in on habitat 

features associated with its preferred prey.  We also included the elevation and latitude of the 

actual and randomized lynx detections to determine if lynx were using areas with a deeper 

snowpack.  Second, we were interested in how well the priority grid system worked as a method 

for focusing efforts in a large landscape.  We were specifically interested if a higher proportion 

of the recent lynx detections would be found in the high and/or medium priority grids compared 

to low priority ones.   

Methods 

The location of snow track survey routes and camera trap survey sites were derived using 

a probability of occurrence map weighted by snow depth and conifer forest (Litvaitis and Tash 

2005) and a recent northern New Hampshire Land Cover dataset (NNLCD 2012).  From these 

GIS layers, lynx probability of occurrence >0.5 and four land cover values considered important 

for lynx (regenerating softwood, mixed-wood, and wetland forest, spruce-fir forest, wetland 

forest, and sub-alpine forest) were selected to assess the current distribution of potential lynx 

habitat in northern New Hampshire and the WMNF (Fig. 1).  The NNLCD layer was used to 

calculate lynx habitat pixels (28.5 m x 28.5 m resolution) and the probability of occurrence layer 

was used to ensure that these habitat pixels were within areas with sufficient snow depth.  To 

identify high and medium priority survey areas to establish survey routes, 8 x 8 km grids 

(average female home range size) were then projected over the entire study area (Squires et al. 

2004) (Fig. 2).  It was assumed that habitat quality in New Hampshire was likely lower than in 

Maine but similar to Montana and that this grid size might approximate a local average female 
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lynx home range.  The proportion of potential lynx habitat per grid was calculated to determine 

sampling priority (Fig. 1).  Because of arbitrary grid placement and the irregularity of the New 

Hampshire state boundary those located along borders were often less in area.  The grid 

assignments were delineated as:  High priority grids contained ≥27% high quality snowshoe hare 

habitat as identified in Maine (Simons-Legaard et al. 2013); medium priority grids contained 17-

26% with the lower end determined by the noticeable increase in distribution of grids with 

available hare habitat (Fig. 2); and low priority grids contained 0-16% high quality habitat.   

To determine the effectiveness of the habitat layer to detect lynx, we measured the 

distance of lynx detections to the closest habitat patch; lynx detected within a patch were counted 

as a “0”.  To test that these detections weren’t random occurrences and that lynx would be 

detected closer to habitat patches than random, we provided a random sample (5 x the number of 

actual locations; Rettie and McCoughlin 1999) within the landscape and measured the distance 

from each random sample to the nearest habitat patch.  We evaluated the hypothesis that lynx 

would be detected closer to habitat patches and tested it against a random model.  We also 

included elevation and latitude as model covariates as lynx distribution is influenced by a deep 

snowpack, which is common at high elevation in the WMNF and in northern New Hampshire.  

Logistic regression models were evaluated using Akaike Information Criterion adjusted for small 

sample size (AICc) and the location of each detection was included as a random intercept to 

adjust for potential autocorrelation.  We also tested the effectiveness of the survey grids for 

detecting lynx and calculated the proportion of detections within each grid type and for those 

detected in lower priority grids the average distance to the closest high or medium priority grid.  

We used the “lme4” (Bates et al. 2013) and “AICmodavg” (Mazerolle et al. 2013) packages in R 

to perform mixed effects logistic regression models and evaluated significance at the 95% 
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confidence level using Wald z-tests.  If top competing models were close (i.e., had ∆AICc scores 

<2), we model-averaged parameter estimates with the MuMIn package (Bartoń 2013) in R (R 

Development Core Team 2013) to derive a predictive equation.  We then used the Raster 

Calculator tool in ArcGIS 10.2 (ESRI 2013) to generate a distribution map using this equation. 

Results 

Lynx were detected by snow track and camera surveys in 2 grids (n = 11) in northern 

Pittsburg during winter 2014.  These detections and ones from previous years (2006-2013; 

primarily though from 2010-2013) resulted in a total of 32 detections.  The top model identified 

that the proximity of lynx to habitat patches was not random and that latitude was a strong 

determinant of lynx detections in New Hampshire (Table 1).  On average, the probability of 

detecting a lynx increased as distance to habitat patches decreased (β = -0.002, P = 0.03) and 

detection probability also increased in the northern part of the state (β = 4.810, P < 0.0001; Table 

1, Fig. 3).  The following equation was used to create the predictive raster surface of detection 

probability values within the state:  

𝜌 = 213.7 + (−0.002 × 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑝𝑎𝑡𝑐ℎ) + (4.810 × 𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒) 

Where ρ represents the likelihood of detecting a lynx in relation to the summation of the 

intercept, distance to habitat patches, and changes in latitude.  Lynx were detected within habitat 

patches on 9 occasions and the average distance of those located outside of habitat patches (n = 

23) was 297 ± 78 ft, indicating these lynx were often traveling along the edge of the habitat 

patches (Table 2).   

For winter 2014, lynx were detected in high (n = 11, 85%) and medium (n = 2, 15%) 

priority grids in northern Pittsburg, and no lynx were detected in low priority grids (Table 2).  
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Overall, the proportion of lynx detections that occurred within high and medium priority grids 

was equal and accounted for most of the detections (n = 28, 87.6%) from 2006-2014 (Table 2).  

Conversely, only 4 lynx were detected in low priority grids during this period and these were 

relatively close (6,699 ± 3,159 ft. [median = 4,850 ft.]) to high and medium priority grids (Table 

2).   

Discussion 

Overall, the hypothesis that lynx detections would be positively correlated with the 

snowshoe hare habitat patches was well supported.  On average, lynx were detected closer to 

these habitat patches than random and were often detected adjacent to these patches.  The latter 

finding highlights two important considerations.  First, surveys occurred along roads and this 

bias likely explains why lynx were associated with edges.  However, lynx do prefer edge habitat 

at several scales due to increased foraging success and perhaps proximity to denning habitat 

(Kesterson 1988, Staples 1995, Fuller et al. 2007, Fuller and Harrison 2010, Simons-Legaard et 

al. 2013; for exception see Squires et al. 2010).  Additionally, most lynx were detected in the 

northern part of the state which confers with past modeling efforts (Litvaitis and Tash 2005, 

Carroll 2007), and perhaps relates to bobcat distribution (Reed 2013), as both species are 

influenced by snowpack.  Although bobcat detections were not included as a model covariate in 

this analysis, there is anecdotal evidence that bobcat populations are rebounding due to 

consecutive shallow snow winters (W. Staats, New Hampshire Fish and Game Department, pers. 

comm.).  Coincidentally, bobcat tracks dominated those grids where lynx were detected in 

previous years (e.g., Success and Cambridge) but absent in winter 2014. 

Similarly, lynx detections were highly associated with high and medium priority grids 

providing evidence that this approach is useful for identifying areas to survey for lynx.  Lynx 
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were only detected in high and medium priority grids during winter 2014 and rarely detected in 

low priority grids in previous years.  There are several caveats that are worth mentioning though.  

Although, the habitat is likely similar, it’s unknown how much this habitat has changed since 

lynx were first detected in 2006.  It is also possible that some of these lynx were dispersing and 

traveling through suboptimal habitat given the juxtaposition of optimal habitat on the landscape.  

Further, the random placement of survey grids may either include or exclude data, yet still 

provide interesting interpretation.  For example, the grids along the border of Maine and New 

Hampshire likely underestimated the proportion of hare habitat patches per grid.  These were 

smaller (i.e., often only 8x4 km) and did not incorporate areas in Maine where there is likely 

considerable optimal hare habitat (e.g., high elevation and regenerating conifer forest).  Also, the 

detections in the low priority grids were reasonably close to the high and medium priority grids 

and also associated with habitat patches providing evidence that grid placement only 

approximates occupancy.   

The snowshoe hare habitat layer and priority grid system was a reasonably accurate 

method for predicting lynx occurrence and to identify survey areas in New Hampshire.  We 

suggest using it in the short term to identify important connectivity zones for lynx and test it to 

see how well it predicts the distribution of other carnivores dependent upon snowshoe hare (e.g., 

marten, bobcats).  Prior to this, though, it will be important to determine if the ranking system is 

a reliable surrogate of hare density at the landscape scale and if the high priority areas meet the 

thresholds required to support lynx (Simons-Legaard et al. 2013).   

 

 

 



49 

 

Literature Cited 

Barton, K.  2013.  MuMIn: Multi-model inference. R package version 1.9.13. http://CRAN.R-

project.org/package=MuMIn 

Bates, D., Maechler, M., Bolker, B., and Walker, S.  2013.  lme4: Linear mixed-effects models 

using Eigen and S4. R package version 1.0-5.  http://CRAN.R-project.org/package=lme4 

Bunnell, K. D., J. T. Flinders, and M. L. Wolfe.  2006.  Potential impacts of coyotes and 

snowmobiles on lynx conservation in the Intermountain West. Wildlife Society Bulletin 

34:828-838. 

Carroll, C. A.  2007.  Interacting effects of climate change, landscape, conversion, and harvest on 

carnivore populations at the range margin: marten and lynx in the northern Appalachians.  

Conservation Biology 21: 1092-1104. 

Crowley, S.M., C.R. McLaughlin, A.D. Vashon, J.H. Vashon, W.J. Jakubas, J.F. Organ, and 

G.J. Matula, Jr.  2005.  A comparison of survey techniques to detect Canada Lynx (Lynx 

canadensis) in northem Maine. Unpublished report. Maine Department of Inland Fisheries 

and Wildlife, Bangor, ME. 

Fuller, A. K., D. J. Harrison, and J. H. Vashon. 2007. Winter habitat selection by Canada lynx in 

Maine: prey abundance or accessibility? Journal of Wildlife Management 71:1980–1986. 

Fuller, A. K., and D. J. Harrison. 2010. Movement paths reveal scale dependent habitat decisions 

by Canada lynx. Journal of Mammalogy, 91:1269–1279.  

Hoving, C. L., D. J. Harrison, W. B. Krohn, R. A. Joseph, and M. O’Brien.  2005.  Broad-scale 

predictors of Canada lynx occurrence in eastern North America. Journal of Wildlife 

Management 69:739-751. 

Kesterson, M. B. 1988. Lynx home range and spatial organization in relation to population 

density and prey abundance. Thesis, University of Alaska, Fairbanks, USA. 

Koehler, G. M., B. T. Maletzke, J. A. Kienast, K. B. Aubry, R. B. Wielgus, and R. H. Naney. 

2008.  Habitat fragmentation and the persistence of lynx populations in Washington State. 

Journal of Wildlife Management, 72:1518-1524. 

Kolbe, J. A., J. R. Squires, D. H. Pletscher, and L. F. Ruggiero.  2007.  The effect of snowmobile 

trails on coyote movements within lynx home ranges.  Journal of Wildlife Management 

71:1409-1418. 

Litvaitis, J.A., and J.P. Tash.  2005.  Species Profile:  Canada lynx Lynx canadensis.  New 

Hampshire Wildlife Action Plan.  New Hampshire Fish and Game Department, Concord, 

New Hampshire, USA. 

Mazerolle, M.J.  2013.  AICcmodavg: Model selection and multimodel inference based on 

(Q)AIC(c). R package version 1.34. http://CRAN.R-project.org/package=AICcmodavg. 

http://cran.r-project.org/package=lme4
http://cran.r-project.org/package=AICcmodavg


50 

 

Moen, R. A., S. K. Windels, and B. Hansen. 2012. Lynx suitability in and near Voyageurs 

National Park. Natural Areas Journal, 32:348–355. 

New Hampshire GRANIT. 2012. Northern New Hampshire Land Cover Reassessment - 2012. 

New Hampshire GRANIT, Durham, NH. 

Reed, G.C.  2013.  Bobcats in New Hampshire:  Understanding their relationship between habitat 

suitability, connectivity, and abundance in a changing landscape.  M.Sc. thesis.  University of 

New Hampshire, USA.  

Rettie, W. J., and P. D. McLoughlin. 1999. Overcoming radiotelemetry bias in habitat-selection 

studies. Canadian Journal of Zoology 77:1175-1184. 

Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. 

R. Squires. 2000. The scientific basis for lynx conservation: qualified insights. Pages 443–454 

in L. F. Ruggiero, K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, 

and J. R. Squires, editors. Ecology and conservation of lynx in the United States. University 

Press of Colorado, Boulder, Colorado, USA. 

Simons‐Legaard, E. M., D. J. Harrison, W. B. Krohn, and J. H. Vashon.  2013.  Canada lynx 

occurrence and forest management in the Acadian Forest. The Journal of Wildlife 

Management, 77:567-578. 

Squires, J.R., K.S. McKelvey, and L.F. Ruggiero. 2004. A snow-tracking protocol used to 

delineate local lynx. Lynx canadensis, distributions. Canadian Field-Naturalist 118:583-589. 

Squires, J. R., N. J. DeCesare, J. A. Kolbe, and L. F. Ruggiero. 2010. Seasonal resource selection 

of Canada lynx in managed forests of the Northern Rocky Mountains. Journal of Wildlife 

Management 74:1648–1660. 

Squires, J. R., L.E. Olson, D.L. Turner, N.J. DeCesare, and J.A. Kolbe.  2012.  Estimating 

detection probability for Canada lynx Lynx canadensis using snow-track surveys in the 

northern Rocky Mountains, Montana, USA. Wildlife Biology, 18:215-224. 

Staples, W. R. 1995. Lynx and coyote diet and habitat relationships during a low hare population 

on the Kenai Peninsula, Alaska. University of Alaska, Fairbanks, USA.   

 

 

 

 

 

 

 

 



51 

 

Table 1.  Model selection summary and parameter estimates of the top competing lynx detection model.  The total 

number of parameters (K), AICc score, ∆AICc, and model weight (wi) for the lynx detection models. The parameter 

estimates, standard error, z value, and z statistic are included for the top model (i.e., ∆AICc scores <2).  Lynx were 

detected more often near or in habitat patches and in the northern part of the state.    

Model K AICc ∆AICc wi  

lat + near 4 98.85 0 0.95  

lat 3 104.7 5.85 0.05  

near 3 147.28 48.43 0  

interact 5 149.65 50.8 0  

elev 3 158.09 59.24 0  

null 2 162.86 64.01 0  

      

Parameter β estimate SE z value Pr(>|z|)  

(Intercept) -213.70 43.140 -4.954 7.28E-07 *** 

near -0.002 0.001 -2.199 0.0279 * 

latitude 4.810 0.961 5.008 5.51E-07 *** 

---      

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1    
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Table 2.  Summary statistics for lynx detections for winter 2014 and for all recent detections (2006-2014) as related 

to habitat patches, grid classifications, and elevation.  Lynx were often detected along habitat edges and were 

detected disproportionately in high and medium priority grids during winter 2014 and for all years. 

time 

period 

detections 

in habitat 

patches 

± ft) 

to habitat 

patch 

n (%) in high 

quality 

habitat grids 

n (%) in 

medium quality 

habitat grids 

n (%) in 

low quality 

habitat grids 

± ft) to 

high/med 

grids 

± ft) 

elevation 

2014 4 225 ± 85 9 (85%) 2 (15%) 0 0 2,404 

2006-

2014 
9 297 ± 78 14 (43.8%) 14 (43.8%) 4 (12.5%) 6699 ± 3159 2199 ± 83 
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Fig. 1.  Distribution of lynx detections from 2006-2010 in the WMNF and northern New Hampshire.  Low priority 

grids are white.  Lynx were closely associated with snowshoe hare habitat and with high and medium priority grids.    
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Fig. 2.  Distribution of hare habitat grids in northern New Hampshire.  There was considerably more low and 

medium priority (quality) snowshoe hare girds than high quality ones (i.e., ≥27% hare habitat per grid). 
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Fig. 3. Predicted probability of detection map derived from verified Canada lynx (Lynx canadensis) detections (n = 

33) and randomized absences (n = 165) from 2006-2014 in New Hampshire, USA.   
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APPENDIX B. 

 

Canada Lynx Monitoring Project Protocol for Snowmobile and 

Hiking Snow Track Surveys  
New Hampshire Fish & Game:  Prepared by Alexej Sirén and Lindsay Webb and adapted from 

MDIFW protocol 

Snow Track Survey Protocol (snowmobile) 

Each town will be surveyed by a 2-4 person team depending on the density of roads or length of 

transects.  Surveys will be done by snowmobile or on foot which will cover all the identified 

routes possible that bisect high quality habitat in 8x8 km grids.  Routes will be identified 

beforehand using GIS and uploaded onto each GPS to simplify survey effort.  Surveys conducted 

using snowmobiles will be driven at a slow speed to aid in looking for tracks.  Each surveyor 

will keep a track log with a handheld GPS unit to accurately summarize the kilometers of roads 

surveyed within the town.  Track logs will be set to collect a track point every 15 seconds to 

maximize road mapping accuracy and routes will be calculated later in the office utilizing GIS.   

High Elevation Surveys (hiking) 

High elevation snow track survey routes in WMNF will be located at sites with a high 

probability of lynx occurrence based on snow depth and conifer cover (Litvaitis and Tash 2005), 

a high proportion of current lynx habitat (for complete methods see design document), and in 

areas with recent lynx detections and/or historical sightings.  Survey routes vary 8-15 km in 

length based on suggestions from previous research (Squires et al. 2012).  Approximately half of 

these routes will be coupled with camera stations placed 1-3 km apart to provide comparison 

with low elevation and high road density snow track and camera survey sites in northern New 

Hampshire and Vermont.  Surveys will be done by foot by a ≥2 person team depending on site 

conditions and cover all of the identified routes to meet the required survey effort.  Route maps 

will be identified beforehand using GIS and uploaded onto each GPS and/or printed and 

laminated for field use.  Each surveyor will keep a track log with a handheld GPS unit to 

accurately summarize the kilometers of hiking trails surveyed.  Track logs will be set to collect a 

track point every 30 seconds to maximize trail mapping accuracy and exact routes will be 

calculated later in the office utilizing GIS.   

Timing and Frequency 

Snow track surveys to detect lynx presence should begin 24 hours after a snow event.  If, after a 

snow event, there is a wind strong enough to cover tracks, surveys should not be started until 24 

hours after the wind event has ended.  Surveys should be conducted 24-96 hours after a 

snow/wind event only under conditions that provide clear definition of tracks and ideally 48-72 

hours as this provides the greatest opportunity to detect lynx (Squires et al. 2012).  This time 

delay will allow animals time to travel sufficiently following severe weather and provide a 

reasonable chance of detecting their presence.  Number of hours after a snow or wind event will 

be recorded on the data sheet to correct for the accumulation of tracks that occur as time 

progresses.   Weather and tracking conditions will be documented on the data sheet.  Surveyors 

should note on the data sheet if conditions change throughout the survey day.  In some cases, 
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weather conditions, snow conditions, number of tracks encountered, etc., may make completion 

of an entire transect route impractical.  Surveys along designated routes should be conducted 

2 times per winter in order to increase the likelihood of detecting lynx tracks (Squires et al. 

2012) and this should occur whether or not lynx tracks were detected during the first 

survey.  If the objective is to estimate occupancy, it is suggested that surveys be conducted ≥3 

occasions (Mackenzie et al. 2002).  There are several factors that may lead to low detection 

probability of lynx during surveys.  Lynx are at their distributional edge in New Hampshire and 

Vermont where habitat quality and hare abundance are likely lower than source populations in 

Maine or Canada.  Also, there may be higher density of competing predators (e.g., fisher, bobcat 

and coyote) which may further reduce the probability of detecting lynx during a survey.  

Plowed Roads 

This survey protocol was designed for unplowed roads and trails where the likelihood of 

detecting a lynx track if a lynx crossed a road is greater.  However, under certain situations some 

plowed roads may be surveyed, but additional data needs to be collected to determine the value 

of the survey.  When surveying plowed roads, mark the starting point with a waypoint (e.g. 

PRB1).  At the end of the plowed road, obtain a second waypoint marking the end of the plowed 

road (e.g. PRE1).  Also, record snow conditions on plowed road following the below scores (see 

data sheet).  

Snowshoe hare sign 

In order to get a general idea of snowshoe hare abundance each surveyor will record a general 

description of abundance of hare tracks.  The surveyor will record hare abundance based on the 

general impression of the percentage of your survey area where hares were absent (no tracks), 

rare (<10 tracks), common (25-75 tracks), or abundant (>100 tracks) (see Fig. 2).     

Data Collection 

For each survey unit the following information should be recorded on an individual ___ data 

sheet (refer to Fig. 2).  If conditions change throughout the survey day, it should be noted on the 

data sheet.   

 Date:  Record the date. 

 Observer(s):  Record the names of the observers. 

 Survey Route:  Record the name of the survey route.  

 End Date of Last Snow/Wind Event:  Record the date of the last snow or wind event.  

 End Time of Last Snow/Wind:  Record the time that the last snow or wind event ended.  

GPS Map Datum:  Determine the map datum your GPS unit is collecting data.  If you 

have a choice set it for NAD 83, State Plane.   

Start Time – Record the time you start the transect. 

End Time:  Record the time you end the transect.  

GPS Track Name:  Record the name you gave your GPS track. 
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Tracking Conditions:  Describe the snow depth, sinking depth, snow structure (crust, 

powder, granular, etc), etc.  Record the time and changes in tracking conditions 

throughout the day.  

Weather Code:  Clear(1); Partly Cloudy(2); Cloudy(3); Fog(4); Mist(5); Rain 

Showers(6); Rain(7); Rainstorm(8); Hail(9); Freezing Rain(10); Sleet(11); Snow 

Showers(12); Snow(13); Snowstorm(14).  Record the time and changes in 

weather throughout the day.  

Road/Trail Conditions:  When the trail surface changes, record the following information. 

Waypoint:  Record the waypoint coordinates or a landmark where there is a 

noticeable change in snow conditions.   

Trail Conditions:  Indicate the conditions on the trail as: Best: fresh snowfall, no 

traffic, and not recently travelled (e.g. can read tracks in the trail and 

alongside it). Good: fresh snowfall, and light foot traffic (e.g. can read 

tracks in trail between snowshoe tracks, and alongside the trail).  

Acceptable: high foot traffic, but the snow alongside the trail has fresh 

snow and adequate conditions to read tracks if a lynx crossed the path.  

Poor: high foot traffic and snow conditions alongside the trail are poor. 

Average STQ:  Record the overall snow track quality of the observed tracks along 

a section of the survey route.    

Snowshoe Hare Conditions:  At the end of the day record the general impression of 

snowshoe hare tracks along the survey route.  Estimate the percent of the survey 

route where tracks were absent (no tracks), rare (<10 tracks), common (25-75 

tracks), and abundant (100 tracks).   

Lynx Tracks Detected:  If lynx tracks are detected the additional data sheet should be 

filled out.   

Bobcat Tracks Detected:  If bobcat tracks are detected the additional data sheet should be 

filled out.  Only a representative bobcat track needs to be recorded.  You can note 

with a waypoint or indicate on data sheet other tracks along the same survey 

transect.   

Other Carnivore Tracks Detected:  If other survey carnivores are detected the additional 

data sheet should be filled out.  Only a representative track for each species needs 

to be recorded.  You can note with a waypoint or indicate on data sheet other 

tracks along the same survey transect.  

 Species:  List other carnivore species detected during survey.   

Comments:  Any additional comments should be recorded here. 

Since predators frequently travel roads and trails, or they may cross roads/trails several times 

over a short distance, following the recommendation of Stephenson and Karczmarczyk (1989), a 

track intercept will be defined as any trail made by a lynx encountered along the survey route 

that could not be connected to an adjacent lynx trail, based on visual examination from the 

survey route.   
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If a lynx track is encountered, record the track intercept by obtaining a GPS waypoint where that 

lynx track crosses the road.  Record the location on the datasheet after it has been acquired on the 

GPS.  Obtain and record the error associated with the marked waypoint.  The estimated position 

error (EPE) should be <10 m for all track intercepts.  When a lynx travels along the survey 

route, obtain a waypoint where it both enters the road and leaves the road and record information 

for both waypoints on the data sheet.  When more than 1 set of lynx tracks is identified (usually 

family groups), record the number of individuals observed.  See Fig. 1 below, courtesy of 

MDIFW. 

 

At each lynx track intercept and representative bobcat or other survey carnivore intercept, the 

following additional data should be recorded (refer to Fig. 3): 

 Date:  Record the date.  

 Observer(s):  Record the observer names.  

GPS Map Datum:  Determine the map datum your GPS unit is collecting data.  If you 

have a choice set it for NAD 83, State Plane.   

 Town/Survey Unit:  Record the name of the town/survey unit.  

Waypoint # or coordinates:  Mark a waypoint at the track intercept and record the name 

or coordinates here.  Remember that the EPE needs to be <10 m.   

Photo(s) #:  Take several photographs that are close-ups of the track along with several 

photographs that display the stride and straddle of the track set.  Include a small 

ruler as a scale reference in photographs.  Use the same ruler in all 
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photographs of all tracks.  Record the photo number or indicate the number of 

photos taken.  

 Species:  Indicate the species you believe the track belongs to.  

Confidence Level:  Provide a level of confidence (e.g., 50%, 75%, or 90%) and 

briefly describe your choice (e.g., poor snow conditions, unsure). 

Track measurements:  For each individual set of tracks, measure and record the track 

length, track width, stride (toe to toe of the same foot), straddle (measure on 

outside of tracks), and sinking depth.  Take several repeated measurements of 

different tracks for each of the measurement types. 

STQ (Snow Tracking Quality):  Record the quality of the detected track as follows: 

Rating 4: Best; every footprint registers, and detail within prints is very clear.  

Species identification is essentially absolute based on track details.  Rating 3: 

Good; every print registers, but details are weak, perhaps obscured by snow 

falling in print. Print details usually visible in microtopographic sites. e.g. tree 

wells and shadows.  Identification based on track details, but gait patterns offer 

needed support.  Rating 2: Acceptable; some prints fail to register, and footprint 

details, if present are visible only in microtopographic sites. Identification based 

primarily on gait patterns.  Rating 1: Poor; many prints do not register. Track 

details lacking. Identification is essentially by gait patterns, and may be possible 

only in microtopographic sites.  Rating 0: Unacceptable; target species does not 

leave enough prints to identify gait patterns left in trails. 

Number of Ind.:  Record the number of individual lynx (i.e. solitary individual or family 

group of 3).     

DNA Sample:  If a DNA sample is collected take a GPS waypoint and write the GPS 

waypoint name and coordinates on the data sheet. See “Collection of scat DNA 

samples” below for protocol.   

Tracking Conditions:  Describe the snow depth, sinking depth, snow structure (crust, 

powder, granular, etc), etc.  Record the time and changes in tracking conditions 

throughout the day.  

Track Activity/Observation:  Record any behavioral observations such as crossing road, 

traveling on road, chasing prey, kill site, scat, resting site, scent markings, or 

other.                                 

Trail Conditions:  Indicate the conditions on the trail as: Best: fresh snowfall, no traffic, 

and not recently travelled (e.g. can read tracks in the trail and alongside it). Good: 

fresh snowfall, and light foot traffic (e.g. can read tracks in trail between 

snowshoe tracks, and alongside the trail).  Acceptable: high foot traffic, but the 

snow alongside the trail has fresh snow and adequate conditions to read tracks if a 

lynx crossed the path.  Poor: high foot traffic and snow conditions alongside the 

trail are poor. 
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Collection of scat DNA samples 

Scat samples should be placed in an unused Ziploc bag wearing a latex glove. When you return 

from the field, the scat should be removed from the bag to air dry and then be placed in a vial of 

desiccant.  Store scat samples in a cool, dry place (not frozen).  All samples should be labeled 

with date, species, township, sample number, observer’s initials, and NHFGD.  

Bobcats and Hybrids 

It is essential that we obtain data to provide supporting evidence that bobcat tracks are being 

properly identified.  Bobcat distribution as well as bobcat/lynx hybrids are possible throughout 

the survey areas in NH.  In addition to obtaining a waypoint at each bobcat intercept, we need to 

record track measurements and obtain a photograph of the track.  However, you may encounter 

many bobcat tracks, which may hinder your ability to complete surveys within the survey area.  

Therefore, it is only necessary to take a photograph and obtain track measurements (individual 

track and trail pattern (i.e. stride and straddle)) of a representative bobcat track in each survey 

transect that a bobcat track is observed.  When documenting the initial encounter, follow the 

guidelines outlined above for documenting a potential lynx track.  All intercepts thereafter can 

just be recorded using a GPS and “bobcat” can be entered into the notes screen of the GPS.   

Note: if you question whether a track was left by a bobcat or lynx, record all information as you 

would for a lynx and include comments describing your concerns regarding the identification of 

the tracks.  This can be entered in the comments section. 

Other Survey Carnivores (marten, fisher, coyote, fisher) 

While it is not mandatory to document these carnivores, doing so will be helpful for interpreting 

lynx presence or absence in an area.  Additionally, marten are a state threatened species and there 

is concern for declining fisher populations.  If time allows and the surveyor can confidently 

identify the survey species listed above we would greatly appreciate this additional 

information.  In the event that a track of these species is discovered, record track measurements 

and obtain a photograph of the track.  However, you may encounter many tracks, which may 

hinder your ability to complete surveys within the survey area.  Therefore, it is only necessary to 

take a photograph and obtain track measurements (individual track and trail pattern (i.e. stride 

and straddle)) for the initial encounter of each species.  When documenting the initial encounter, 

follow the guidelines outlined above for documenting a potential lynx track.  All intercepts 

thereafter can just be recorded using a GPS and the species name can be entered into the 

notes screen of the GPS.  If this becomes too time consuming the surveyor may elect to just list 

the presence/absence of the other carnivore survey species instead of taking a GPS waypoint at 

each track intercept.   

Note: if you question whether a track was left by a bobcat or lynx, record all information as you 

would for a lynx and include comments describing your concerns regarding the identification of 

the tracks.  This can be entered in the comments section. 
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Fig. 2. New Hampshire Canada Lynx Winter Track Survey sheet to be filled out for each survey.  
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Fig. 3.  Lynx, bobcat, and survey species sheet to be filled out for each lynx encounter and all initial bobcat, marten, 

fisher, fox and coyote encounter.   
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APPENDIX C. 

 

Camera Trap Survey Protocol for Canada Lynx Monitoring Project Surveys 
Prepared by:  Alexej Sirén (NHFG), Rachel Cliché (USFWS), and Tony Smith (VFWD) 

 

Introduction 

Since 2011, New Hampshire and Vermont have conducted annual snow track surveys to 

document Canada lynx (Lynx canadensis) occurrence and distribution following a protocol 

established by Maine Department of Inland Fisheries and Wildlife (MDIFW) (Crowley et al. 

2005).  This protocol was designed for townships with consistent area and road access that also 

contained suitable lynx habitat; surveys were conducted by snowmobile and required a minimal 

effort of 55 km/township (Crowley et al. 2005).  In New Hampshire and Vermont, towns with 

suitable lynx habitat vary in area and access, necessitating alternative survey methods.  For 

example, approximately half of the suitable habitat in New Hampshire is located in the White 

Mountain National Forest (WMNF) which is remote and mountainous with only hiking access.  

Further private property in areas of both states restricts snowmobile access.   

To address these concerns, an alternative snow track survey method developed in a low 

density lynx population in Montana (Squires et al. 2004, Squires et al. 2012; hereafter SEL) and 

a camera trap method designed to detect lynx occurrence (Nielson and McCollough 2009) will 

be tested and compared with the snow track protocol developed in Maine (Crowley et al. 2005).  

Snow track surveys in towns with road access will approach or meet the effort required by 

MDIFW protocol as in previous years (Webb 2012), but will incorporate methods developed by 

SEL to allow for comparison, whereas surveys in remote high elevation sites will only use the 

SEL method.  Camera trapping will occur along snow track survey routes at selected sites that 
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either have road access and a documented lynx presence or reduced access with a high 

probability of lynx occurrence.  To determine the effectiveness and efficiency of each survey 

method we will compare detection data, effort, and cost.  Further, we will calculate detection 

probability for each survey method to determine factors that influences detection and record 

covariates associated with lynx presence in an attempt to estimate occupancy for the sampled 

landscape.  

Methods (camera only) 

Camera Surveys 

Camera trap stations will be spaced 1-3 km apart and placed in high quality habitat and/or 

in close proximity to recent or historical lynx sightings.  This spacing is comparable to past 

camera trap studies of lynx (Crowley et al. 2005, Moen and Lindquist 2006) and bobcat (Kelly 

and Holub 2008, Clare 2013), and although less than that used for lynx in Maine (Nielson and 

McCollough 2009) it is still considered sufficient for objectives of this study (email 

communication; M. McCollough, United States Fish and Wildlife Service).  For each survey site 

there will be approximately 4 camera traps per average female lynx home range (~40 km2; 

Vashon et al. 2008) resulting in 4-12 camera trap stations per survey site.  This is higher than 

what is suggested in the literature of 2 per average home range size for estimating density (Dillon 

and Kelly 2007) which requires greater effort compared to occupancy estimation; 2 low 

elevation sites will have only 1 camera due to limited resources, yet will serve to compare 

methods with minimal camera survey effort.   

Each camera trap station will include a compact disc hung in a strategic position as a long 

range visual attractant, and a commercial skunk lure and a short range visual attractant (e.g., 
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feathers) that will be placed underneath a platform on a wooden stake (Fig 1).  Cameras will be 

positioned on a tree facing north, 1-2 m above the snow surface and pointed at a slight downward 

angle towards the wooden stake positioned 3-5 m from the camera (Fig. 1).  A GPS will be used 

to mark the location of each camera trap station and the local site will be marked discretely for 

future trap checks.  Each trapline will be set for >45 d and checked monthly to download data, 

refresh attractants, and to ensure cameras are working properly.      

In the attempt to estimate detection probability and occupancy, covariates considered 

important for lynx will be recorded.  The visibility or exposure of the camera trap site will be 

noted during camera trap setup using a visibility scale of high, medium, and low.  Snow depth 

will be recorded at each camera trap station by reading the ruler on the attractant stake from 

pictures taken by the camera.  It will be important for the person conducting weekly visits to 

clear any snow from the attractant stake which will also allow for a picture to be taken to allow 

for snow depth calculation.  Camera detections of competing carnivores and prey abundance 

(snowshoe hare, red squirrel, and ruffed grouse) will be included as a count variable.  

Additionally, tracks of competing carnivores and prey in the camera trap vicinity (~20 m radius) 

will be noted during each visit to provide a broader assessment of prey abundance, presence of 

predators, and to evaluate camera performance (see data sheet).  Because the observed tracks will 

likely vary due to the time from the last snowfall, the days elapsed from the last snow event will 

be used as an offset variable to calculate the expected accumulation of prey tracks for each 

camera trap site.  Additional exploratory covariates such as temperature, moon phase, and 

countdown to expected breeding season will be calculated later using data provided from the 

time stamp of each detection.     
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Site Establishment:  The following section provides the materials and steps required to set 

up a camera trap station.   

Materials  

 GPS w/extra batteries 

 Trail camera with SD cards (labeled with the camera number) 

 Monofilament line (≥20 lb. test) and barrel swivels  

 Scissors 

 Turkey feathers (or any large bird feather) 

 Wooden stakes (150 cm long x 5 cm wide x 5 cm thick) 

 CD with a swivel and monofilament line (≥20 lb. test) attached to pre-drilled hole   

 Dry erase board and dry erase marker 

 Paper towels 

 Digital camera 

 Saw 

 Skunk lure 

 Post driver 

 Black sharpie  

 Note book and pencil 

Procedure 

1. Before heading out, mark the attractant stakes in 4cm increments, starting approximately 

20cm from the tip. Label every 20cm (i.e., 20, 40, 60 …). 

2. Scout each possible site location in the desired area and choose one that best meets the 

criteria below. 

a. If camera thievery is a concern, then sites should not be directly on the main 

trails; rather, they should be on skid and secondary roads that are not receive less 

use during winter months.  
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b. Make sure the area is accessible in different conditions (e.g., during the winter 

months with heavy snow cover and in early spring when the snow is melting and 

there is moving water). 

c. There should be multiple trees to potentially place a camera on. 

d. Spruce/fir forests should be the main stand type in the area or at least adjacent to 

site.  If possible, sites should be established along edge habitat that is open. 

3. Determine cardinal directions and choose a tree that allows the camera to be on the north 

side of the tree. 

4. Using a handsaw, remove all branches from the tree that could potentially hinder your 

ability to attach the camera or would be in the view of the camera. 

a. Place the camera approximately 1-2 m off the ground depending on expected 

snow depth of area.   

5. Using your GPS, mark a waypoint and label it SiteName ## (e.g., Kinsman 1). 

6. In your note book, write down the site name, UTMs, and the visibility class of the site 

(high, medium, low).  Visibility is based on how likely it is for a lynx to see the CD (in 

the future Visibility should be quantified by using a cover pole).   

7. Place the attractant stake in the ground approximately 3-5 m away from the camera, with 

the “0” cm mark at ground level.   

8. Aim the camera so that the photo includes the entire attractant stake and ample room in 

the foreground to detect species. Make sure the stake is centered (left to right) in the 

photo.  The picture frame will vary depending the presence/absence of snow cover and 

should be adjusted accordingly.   

a. Bending down behind the stake, look directly at the camera and see where the 

lens is looking.  Adjust the camera until the lens seems to be looking slightly 

below your face while kneeling. 

b. When you think the camera is aligned, turn it on and arm it for taking pictures.  

Most cameras provide a 5-10 second delay until the camera is armed to take 

pictures.  Wait this length of time and then walk in front of the attractant stake to 

trigger the camera and remain there for a sufficient length of time to ensure it 

takes multiple pictures. 

c. Verify that pictures have been taken either using the camera viewer or by 

removing the SD card and placing it into in a digital camera.  If the trail camera 

has sufficiently captured the attractant stake and the foreground then proceed.  

Otherwise, repeat this process until you have the stake and foreground are visible 

and centered.   

9. Once the camera is aligned, establish visual and olfactory attractants and take the initial 

picture with the whiteboard to document the trapsite name, date and time.   
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a. Take your handsaw and make small incisions (no more than 1/8th an inch) on the 

top corners of the stake where the feather will be fastened. 

b. Tie fishing line onto the feather so that once tied to the stake, it dangles about 6 

inches. 

c. Tie the CD to a nearby tree approximately 1-2 m off the ground.  Remember, the 

CD requires a barrel swivel so that it can swing freely and not stress the 

monofilament.  Make sure it cannot get tangled in other trees/shrubs and is not 

directly in line with the camera, as the reflection could potentially cause the 

camera to take pictures.  

d. Place a small amount (the tip of an index finger) of skunk lure on the top and 

notches of the stake using a stick.  Be careful not to get this on anything you don’t 

want to stink for excessive amounts of time. 

e. When everything else is complete, remove all supplies from in front of the camera 

and turn it ON so it is “armed”.  

f. Take your dry erase board out and using the marker put the Site name, Date, and 

Time (military) on the board.  Make sure the board is dry before writing on it, 

otherwise the marker won’t work.  Walk in front of the camera so that it takes a 

picture of you but mainly so the board can be read.  Do not block the attractant 

stake as this records snow depth/accumulation during winter months.   

g. Confirm that a picture was taken and re-arm the camera once you confirmed a 

picture was taken.  

 

Camera Trap Checks:  The following section provides the materials and steps required to 

perform a camera trap check.   

Materials 

 Canada Lynx Camera Survey datasheet (Fig. 2) 

 GPS with camera location coordinates loaded 

 Clipboard 

 Blank, formatted and labeled SD cards (one for each camera) 

 Dry erase board and dry erase marker 

 Paper Towels 

 Digital Camera 

 Sharpie 

 Extra CDs with swivels attached 

 Extra feathers 
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 Fishing line 

 Pencils 

 Scissors or knife 

Procedure 

1. Before entering the detection zone of the camera, write the site name, date, and time on 

your white board using the dry erase marker in large letters. 

2. Enter the detection zone and stand directly in front of the camera with your board visible 

to the camera so that a picture can be taken of you.  Do not block the attractant stake as 

this records snow depth/accumulation during winter months.  Stand there for at least 

10 seconds to make sure the photo was taken. 

3. Open the camera and turn it off.  Record the number of battery bars and number of photos 

on the datasheet (Fig. 2). 

a. Bushnell:  Open the case carefully to avoid changing the camera position on the 

tree, then turn the camera off.  The Bushnell camera has a switch that faces the 

viewer.  Then move the off/on switch upwards to the setup mode (Fig. 3).  It may 

take 5-10 seconds for the screen to illuminate.  If the LCD screen does not appear, 

sometimes you may need to gently wiggle the switch with your thumb while in 

setup mode.  Be patient, I’ve had it take over 10 seconds before!  Please note the 

battery power (upper right corner of LCD screen) and report the number of bars 

on the datasheet (Fig. 2).  Full power is 3 bars, medium power is 2 bars, and low 

power is 1 bar.  After the battery power has been noted, record the number of 

photos on the sd card on the datasheet (Fig. 2).  The picture data is on the bottom 

of the screen.  The camera should read 0000/9999 if there are no pictures taken.  

This means that 0 out of 9999 have been taken.  The field on the right will vary 

based on the memory capacity of the sd card and the megapixel setting (i.e., it 

might be another number other than 9999).  Only record the number on the left. 

b. ScoutGuard:  Open the case carefully to avoid changing the camera position on 

the tree, then turn the camera off.  The Scout Guard camera (camouflage one) has 

a switch on its underside (Fig. 3).  Then plug the white remote into the USB slot 

which is adjacent to the sd card slot and move the switch back to the on mode 

(Fig. 3).  The LCD screen on the white remote should illuminate.  Please note the 

battery power (upper right corner of LCD screen) and report the number of bars.  

Full power is 3 bars, medium power is 2 bars, and low power is 1 bar.  After the 

battery power has been noted, record the number of photos on the sd card.  The 

picture data is on the bottom of the screen.  The camera should read 

00000/30591m if there are no pictures taken.  This means that 0 out of 30,591m 

have been taken.  The field on the right will vary based on the memory capacity 

of the sd card and the megapixel setting (i.e., it might be another number other 

than 30,591m).  Only record the number on the left. 
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4. Turn the camera off before removing the SD card; this is standard procedure for 

most remote cameras.  Replace the SD card with a new, blank card and put the used 

card in a safe location, separate from the blank cards.  Make sure the new card is 

formatted.  Both the used and blank SD cards should be properly labeled with the site 

name.  Refer to the specific instructions for each camera make below. 

a. Bushnell: After the camera is off, remove the sd card.  These are located on the 

underside for both cameras and require the technician to push the card gently for 

it to unlock itself from the card slot (Fig. 3).  After it becomes unlocked, pull it 

out gently and put it into a Ziploc bag.  Each camera will have 2 sd cards each 

that will have a code written on them.  For example, if the camera trap site is 

Zealand 1, there will be two cards labeled Z1A and Z1B.  It is important that you 

note the id of the one you’re installing in the Id# field; the one that you remove 

can be noted in the notes field immediately to the right of the Id# field (Fig. 2).  

When this documented, place the new card in the card slot by pushing it gently 

into the housing until it clicks into place and close the camera.  Then you will 

need to format the new card.  Move the switch upward to the setup position and 

then press the menu button.  From here press the right (or shot) button until the 

screen reads “Format Execute”.  Then push the “Ok” button and use the up or 

down button to select “yes” and push the “Ok” button again.  It will take about 6 

seconds for the camera to format the card.  Once it is formatted it will go back to 

the “Format Execute” screen.  Press “Menu” and turn the camera off. 

b. ScoutGuard:  After the camera is off, remove the sd card.  The sd card is located 

on the underside of the Scout Guard near the off/on switch and requires one to 

push the card gently for it to unlock itself from the card slot (Fig. 3).  After it 

becomes unlocked, pull it out gently and put it into a Ziploc bag.  Each camera 

will have 2 sd cards each that will have a code written on them.  For example, if 

the camera trap site is Zealand 1, there will be two cards labeled Z1A and Z1B.  It 

is important that you note the id of the one you’re installing in the Id# field; the 

one that you remove can be noted in the notes field immediately to the right of the 

Id# field (Fig. 2).  When this documented, place the new card in the card slot by 

pushing it gently into the housing until it clicks into place and close the camera.  

Then you will need to format the new card.  Turn the camera on (the white remote 

must be plugged in) and press menu to display the setting menu.  Then scroll 

through the menu using the up or down key to find the “Format” screen.  Press 

“OK” to enter into the submenu and then press “Right” to select “Yes”.  When 

you reach this option, press “OK” and it will format the card.  When it is 

completed press “Menu” again to return to the main screen (i.e., the one that 

displays battery power and # of pictures).   Once it is formatted turn the camera 

off. 

5. Check all the equipment (Camera, CD, stake, feather, skunk lure) is still properly 

positioned/aligned and functioning.  To determine if the camera is aimed directly at the 

attractant stake position yourself in front of it as an animal might and look towards the 

camera.  It should appear that the camera is focusing on you.  If it seems improperly 

aligned please carefully adjust the camera so it properly faces the attractant stake.  If 
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there is anything that needs to be replaced or adjusted, record this in the “Trapsite Notes” 

field on the datasheet (Fig. 3).  

a. Use your spare supplies to replace/fix anything that needs tending to. 

6. Using a stick, gently stir up the skunk lure on the stake. This helps the scent disperse 

fully again. 

7. Once all these steps are completed, turn the camera on again. 

a. Bushnell:  Open the camera and move the switch upward to the on position and 

carefully close the camera.  You should see a blinking red light for about 5 

seconds and the camera will start taking pictures in about 10 seconds. 

b. ScoutGuard:  Open the camera, plug in the white remote and move the switch to 

the on position.  Make sure that the screen displays the main menu (i.e., the one 

that shows the battery power and the number of pictures taken/available).  Then 

remove the white remote and carefully close the camera.  A blinking red light 

should be visible for about 5 seconds after the remote has been removed and then 

the camera will start taking pictures.   

8. On your dry erase board, write the site name, date, and time again in large letters.  Stand 

to the side of the attractant stake for at least 10 seconds so your picture is taken with the 

board visible and readable by the camera. 

9. If you want to see check to make sure the photo was taken go back to step 3 and follow 

instructions for each camera make.  It’s likely that only a few pictures will be taken.   

File management 

1. In the office download the photos into separate files.  

a. Insert the SD card into the SD slot attached to the computer. 

b. Find the icon for the SD card in My Computer and open the file to show the pictures. 

c. Create individual files for each camera trap line, camera trap, and each date you 

checked the camera trap.  For example, if you tend the Zealand line, create a folder 

named “Zealand” and then create individual folders for each camera trap (e.g., Zeal 1; 

the first Zealand camera trap).  Perhaps you check Zeal 1 on June 2nd, 2014.  You 

would then would create a folder named “Z1_6-2-14” within the Zeal 1 folder.   

i. Here is the computer path for the given example:  My Pictures → Zealand → 

Zeal 1 → Z1_6-2-2014 

d. Highlight all the photos on the SD card and drag them into the new folder you had 

just made with the date.  

2. Before deleting the photos, close the folders and reopen them to verify that the transfer 

worked.  Once all the photos have been successfully transferred, delete the photos from 

the SD card by highlighting them all, right clicking and selecting delete. 
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Fig. 1.  Camera trap design included an attractant stake and feather (top and bottom pictures), cd, and camera placed 

~3-5 m away (red circle) and pointed down at attractant stake (red oval). 



76 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Canada Lynx Camera Survey datasheet used for recording during camera site visits. 

Observer(s):_________________
# of pics:_____________ Battery level:_______________ Remove SD Card?__ Id #_____New SD Card Id:_____________________

Prey Tracks Detected?:  Snowshoe Hare:_______  Red Squirrel:_______ Grouse:_______ Stake snow depth (cm):_______________

Trapsite Notes :__________________________________________________________________________________________________________

Observer(s):_________________
# of pics:_____________ Battery level:_______________ Remove SD Card?__ Id #_____New SD Card Id:_____________________

Prey Tracks Detected?:  Snowshoe Hare:_______  Red Squirrel:_______ Grouse:_______ Stake snow depth (cm):_______________

Trapsite Notes :__________________________________________________________________________________________________________

Observer(s):_________________
# of pics:_____________ Battery level:_______________ Remove SD Card?__ Id #_____New SD Card Id:_____________________

Prey Tracks Detected?:  Snowshoe Hare:_______  Red Squirrel:_______ Grouse:_______ Stake snow depth (cm):_______________

Trapsite Notes :__________________________________________________________________________________________________________

Circle if present within 20 m of camera trap site then record # of track sets for each species.  If too abundant, just write "abundant" in field.  

Trapsite Notes is a f ield to document items that need to be addressed at the site (e.g., needs cd or feather missing)

Circle if present within 20 m of camera trap site then record # of track sets for each species.  If too abundant, just write "abundant" in field.  

Date:_____/_____/_____

Note the battery level and if too low  w rite "replaced" in Battery level f ield.  Use Notes f ield to record any potential problems w ith camera

Canada Lynx Camera Survey 2014   
             To be filled out for each camera trapsite.

Date:_____/_____/_____ Trapsite id:_____________

Trapsite Notes is a f ield to document items that need to be addressed at the site (e.g., needs cd or feather missing)

Trapsite id:_____________ Survey Unit:_________________________

Canada Lynx Camera Survey 2014   
             To be filled out for each camera trapsite.

             To be filled out for each camera trapsite.

Trapsite id:_____________ Survey Unit:_________________________Date:_____/_____/_____

Circle if present within 20 m of camera trap site then record # of track sets for each species.  If too abundant, just write "abundant" in field.  

Note the battery level and if too low  w rite "replaced" in Battery level f ield.  Use Notes f ield to record any potential problems w ith camera

Trapsite Notes is a f ield to document items that need to be addressed at the site (e.g., needs cd or feather missing)

Canada Lynx Camera Survey 2014   

Carnivores Tracks Detected?:  Lynx:_______  Bobcat:_______  Fisher:_______ Coyote:_______ Red Fox:_______  Marten:_______

Carnivores Tracks Detected?:  Lynx:_______  Bobcat:_______  Fisher:_______ Coyote:_______ Red Fox:_______  Marten:_______

Carnivores Tracks Detected?:  Lynx:_______  Bobcat:_______  Fisher:_______ Coyote:_______ Red Fox:_______  Marten:_______

Note the battery level and if too low  w rite "replaced" in Battery level f ield.  Use Notes f ield to record any potential problems w ith camera

Survey Unit:_________________________
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Fig. 3.  Identification of Bushnell Trophy Cam (2 top pictures) and ScoutGuard 565 (below) camera components 

required for checking cameras and changing sd cards.   



From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Siren 2014
Date: Thursday, October 12, 2017 11:07:02 AM
Attachments: Siren 2014.pdf

Here is the additional Siren 2014

On Thu, Oct 12, 2017 at 11:29 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark - could you shoot me that PDF.  I need to ge back thru the SSA and look at all the Siren 2014 cites
and distinguish between 2014a and 2014b.

On Thu, Oct 12, 2017 at 9:14 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Here is the citation for Siren 2014

Siren, A.P. 2014. A comparison of snow-track and camera surveys for detecting Canada
lynx (Lynx canadensis) and sympatric carnivores in northcentral New England.
Unpublished report emailed to Mark McCollough, USFWS on 12.23.2014. 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Jim Zelenak
Subject: on to page numbers
Date: Thursday, October 12, 2017 11:12:02 AM

Jim:

I think I have completed your list of lit cited requests.  Let me know if you have others today. 

I probably have a few pdfs that need uploaded, but I assume that can come later.  Could we
have someone cross reference the final lit cited with what we have for pdfs and develop a list
for outstanding pdfs?  I've lost track of the couple collections of pdfs that we had.

I will move on to page numbers for remainder of the day.  I'll send you an email with what I
have at the end of the day.

I think you will be glad to get this SSA off your desk at the end of the week.

Anna called me today to talk about the lit cited.  She asked if we have a timeline for releasing
the 5-year review and listing recommendation.  Any idea when?

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Jim Zelenak
Subject: Need reminder of where our lit cited pdfs are located on Google Drive
Date: Thursday, October 12, 2017 11:53:38 AM

Jim:

Can you remind me how to find our archive of lit cited pdfs (and those from the LCAS)?

Lynx SSA > SSA > SSA Documentation & Report > ???

I am trying to find, but can't.

thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Need reminder of where our lit cited pdfs are located on Google Drive
Date: Thursday, October 12, 2017 12:33:44 PM

Thank you Jim.  I will give this a try.

I would appreciate receiving the telemetry update.  We met with MDIFW about a month ago
concerning their trapping ITP and learned for the first time that they had resumed radio-
tagging lynx last year.  They are radio-tagging some lynx incidentally trapped by trappers and
capturing others on their own.  I don't know the objectives, experimental design, who is
analyzing the data, and when interim or final reports may be available.  Maybe the document
you received will clarify.

Mark

On Thu, Oct 12, 2017 at 2:27 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Disappeared for me recently, too ( Justin, too) maybe because that folder on drive in owned by Kurt, and he hasn't
been in it in a while?

If you type "SSA Report Literature" at the top of your drive window by the search (magnifying glass) icon, it
should take you to the first PDF files, along with a folder to the lit cited list (old now) and a folder for PDFs
added after Jan 9, 2017.

The LCAS PDFs/Lit also disappeared for me but a similar search (LCAS 2013 Lit Cited) found that file, too.

Hope this helps.

I'll be lucky to get this done tomorrow for Jodi. If I do, I suspect she will forward it to the region on Monday,
where it will be sent, along with the draft 5-year Review, to regions 1, 2, 3, and 5 for concurrence on the 5-year
(we are not seeking concurrence on the SSA, and it is my understanding that it will be made clear that the SSA is
final and we are not seeking additional internal review of the SSA). Once we have concurrence from all regions
and finalize the 5-year, my understanding is that we will have a news release and related materials and make both
the 5-year and the final SSA available to the public.  I would hope that we would make both available to State
agencies, federal and Tribal partners, and the expert panel and expert participants from the EE workshop before it
hits the streets for the public, but I'm not sure how those things usually work. 

I am not sure the final SSA will address all the States' concerns, but I think we have addressed the major
substantial comments.  At some point we will also need to get back to the comment response table and make sure
we think that is in shape to be released when or soon after we make the SSA and 5-year review available to the
public.

I got an email update from Jen V. today on some of the telemetry work they've been doing recently, and I can
forward that to you if you haven't seen it already. Let me know.

Hope you're hanging in there. I am, but just barely....

On Thu, Oct 12, 2017 at 11:53 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

Can you remind me how to find our archive of lit cited pdfs (and those from the LCAS)?

Lynx SSA > SSA > SSA Documentation & Report > ???
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I am trying to find, but can't.

thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

https://maps.google.com/?q=306+Hatchery+Road&entry=gmail&source=g
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From: Zelenak, Jim
To: Mark McCollough
Subject: Fwd: Lynx Maine Update
Date: Thursday, October 12, 2017 12:36:34 PM

Jen actually sent this yesterday; I saw it this morning.

---------- Forwarded message ----------
From: Vashon, Jennifer <Jennifer.Vashon@maine.gov>
Date: Wed, Oct 11, 2017 at 2:37 PM
Subject: Lynx Maine Update
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: "Connolly, James" <James.Connolly@maine.gov>

Hi Jim,

 

We recently met with the Maine Field Office to provide an update on the lynx research efforts we
have underway and findings to date.  Since, it has been awhile since I provided the update to you
(i.e., the workshop in Minnesota), it seemed appropriate to provide you with an update as well. 

 

As you know, the State (MDIFW) has several projects underway. Below, I provide a brief update on
on-going lynx occupancy and telemetry studies.    We also have two projects with other researchers
that have just started – a lynx genomic study (Mass. Coop Unit/Smithsonian) and  a lynx mortality
study to explore the role of lungworm (University of New Hampshire Diagnostic Lab).  I’ll provide an
update on these projects when more information is available from researchers. We also continue to
maintain a database and spatial layer of confirm sightings and take of lynx (e.g. road mortalities and
incidental trapping).

 

MDIFW Telemetry Study (2015-present)  

After the meeting in Minnesota, we began equipping lynx with GPS collars.  The intent of this 2nd

telemetry study is to improve our understanding of lynx in Maine, since previous telemetry studies
had been limited to an area heavily impacted by spruce budworm (1999-2011 Vashon et al. 2008a,
2008b). Rather than capture lynx on a defined study area, we are collared a sample of lynx that are
incidentally captured by fur trappers during our fall trapping season.  This provides us an opportunity
to radio lynx at little cost and evaluate lynx habitat use and behavior across a larger spatial scale. 

 

There has been a lot of speculation about the value of areas outside the budworm impact spruce/fir
forest of northern Maine.  Although this work is underway, we have some very interesting

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:Jennifer.Vashon@maine.gov
mailto:jim_zelenak@fws.gov
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preliminary findings:

·         During the fall of 2015 and 2016, we equipped 8 lynx (5M:3F) with GPS collars. 

·         These lynx were captured primarily along the southern fringe of lynx range in Maine .   

·         Since these lynx have been monitored for at least a year, we have sufficient data to assess
whether these animals are residents or dispersers.   

·         All 8 lynx have  defined home ranges indicating they are residents.

·         In addition, this May both adult females equipped with radio collars gave birth to kittens.  The
other female was killed by a fisher in April before she would have given birth.

·         Two lynx , including an adult female, appear to be older than we documented during previous
studies.  We were pleasantly surprised that despite her older age, she had not reached senescence;
she was 1 of the 2 radioed females that produced a litter of kittens this May.  

 

Please keep in mind that the sample of collared lynx should not be interpreted as a smaller
population in this area, but reflects the design of the study and availability of collars (i.e., lynx caught
incidentally to other fur trapping vs. targeted capture of lynx by researchers). We recently purchased
an additional 12 collars to bolster our sample to better estimate home range size, habitat use, and
productivity across lynx range in Maine. We will keep you updated on our findings. 

 

Update: MDIFW Lynx
occupancy and distribution
(2015-present) 

Our telemetry work and
documented sightings suggest
an expanding lynx population. 
As we reported in Minnesota, 
we began a resurvey effort in
2015 to document changes in
lynx distribution and
occurrence.  Since then, we
have completed two more
winters of survey effort and
have continued to find lynx in
more locations than during
previous surveys.  Preliminary
occupancy models indicated
that occupancy has increased



between initial surveys (2003-
2008) and follow-up surveys
(2015-17).  We hope to
complete the resurvey effort
this winter (2018).   

 

During previous surveys (2003-2008) in northern Maine, we detected lynx in 42 of 91 towns(46%),
(see map, green=lynx, pink=no lynx detected).  This includes detecting lynx in towns where a habitat
model (Hoving 2003) predicted a high probability of lynx occurrence, as well as, a portion of towns
where the model predicted a low probability of occurrence.  This indicated that although the model
was based on the best available data, that the model was conservative since lynx were observed
where the model did not predict. 

 

Starting in 2015, we began resurveying these towns to detect changes in lynx distribution and
occurrence. In addition, we surveyed 11 new areas further to the east where we received numerous
recent confirmed sightings of lynx.  To date, we detected lynx in 38 of 45 towns (84%; as denoted by
paw print on map).  This includes 17 towns in northern Maine where lynx were not documented
during earlier surveys (see pink towns with paw prints).   Areas where we did not detect lynx (n=7) is
denote by hatched line.  We will keep you updated on this effort. 

 

If you have any questions or if you would like additional information, please do not hesitate to ask!



 

Best,

 

Jen

 

 

Jennifer Vashon
Black Bear and Canada Lynx Biologist
Maine Dept of Inland Fisheries & Wildlife Division
Wildlife Division
650 State St. 
Bangor, ME 04401
(207) 941-4238 
mefishwildlife.com | facebook | twitter

Correspondence to and from this office is considered a public record and may be subject to a request under the Maine Freedom of
Access Act. Information that you wish to keep confidential should not be included in email correspondence.

 

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

https://maps.google.com/?q=650+State+St.+%0D+Bangor,+ME+04401+%0D+(207&entry=gmail&source=g
http://www.maine.gov/ifw/
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From: McCollough, Mark
To: Jim Zelenak
Subject: More page numbers from approx. p. 79-80
Date: Thursday, October 12, 2017 2:26:06 PM

Its not much, but here are more page numbers from text in the SSA approximately pages 79
and 80.  My page numbers have changes slightly.  This text is from the version that Anna and
I sent you.

Effects of forest practices on snowshoe hare habitats have been studied across the range of the
species (Conroy et al. 1979, entire; Sullivan and Sullivan 1988, entire; Koehler 1990b, entire;
Thomas et al. 1997, entire; Homyack et al. 2005, entire; Robinson 2006, pp. 5-37; Griffin and
Mills 2007, entire ; Scott 2009, pp. 58-93; Berg 2010, pp. 33-52; Ivan 2011a, pp. 71-121;
Lewis et al. 2011, entire; McCann and Moen 2011, pp. 513-515 ). Similarly, the effects of
forest management on lynx habitat use, movements, and home range have been investigated
by Koehler (1990a, entire), Koehler and Brittell (1990, entire), Fuller et al. (2007, entire), ,
Moen et al. (2008, entire), Vashon et al. (2008b, entire), Simons (2009, pp. 64-121), Squires et
al. (2010, entire), Simons-Legaard et al. (2013, entire), Simons-Legaard et al. (2016, entire).

 

Historically, the dominant natural disturbance processes that created young, regenerating
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease
outbreaks (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998,
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). In
forests of northern Maine, wind, fire, insects, and diseases were predominant natural
disturbance agents, while fire, insects, and diseases were predominant in the Great Lakes
Geographic Unit and across the western United States After disturbances, forests generally
develop through several stages described by Oliver (1980, 155-161) as “stand initiation,”
“stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, particularly
within-stand competition for light, nutrients, and space, determine how forests grow and
respond to intentional manipulations and natural disturbances (Oliver and Larson 1996[ZJ1] ,
entire). The frequency and severity of disturbances have a large role in determining which
species will dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat
are created during the stand initiation stage, after the young trees have established and grown
tall enough (1-3 m (3-10 ft) to protrude above the snow and provide adequate horizontal cover.
During the stem exclusion stage (when trees reach about 10 m [33 ft], depending on tree
species) the tree crowns lift and lower branches self-prune, thus reducing the live horizontal
branches providing food and cover for snowshoe hares. In the old growth stage, understory
may re-develop (e.g., in forest gaps where mature trees die or fall down) and food and cover
may again become available to support snowshoe hares.

 

[MM2] Timber harvest may mimic some natural forest practices, but sometimes differs from
natural forest processes.  Some methods for harvesting methods forest products may create
dense horizontal cover to benefit snowshoe hares and lynx in the lynx and snowshoe hare
habitat similar to natural stand-replacing events.  The response of the forest to harvesting
depends on the type of silviculture selected (e.g., clearcutting, partial harvesting, fuels
reduction) and the timing and intensity of the harvest of year of the harvest.  Thus, the species
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composition of a forest regenerating from a clearcut may be similar to that of windthrow
event.  In contrast, there are no ecological equivalents to forest practices such as the use of
herbicides to suppress hardwood regeneration, plantations to create a monoculture, or
precommercial thinning to influence species composition.  In some instances, these practices
may create stand conditions that benefit hares and lynx and other instances not.  Timber
harvest may also differ from natural disturbances by having a smaller footprint on the
landscape than historic fire, insect, or wind damage may have had historically.  Forestry
removes standing biomass from the site, primarily larger trees, which influences coarse wood
debris, microsite conditions, and nutrient cycling.  Forestry may occur only at accessible sites,
thus not creating hare and lynx habitat in remote areas.  Some forestry equipment may cause
soil compaction or erosion that may influence tree growth.  Finally, forestry often gives a
competitive advantage to commercially-valuable tree species that may or may not benefit
hares and lynx (ILBT 2013, pp. 71-72).   . Where the objective is to create hare and lynx
habitat, forest managers should select areas that are capable of, but not currently providing,
dense horizontal cover, , employ silviculture that mimics the nature and scale of natural
disturbances,  retain coarse woody debris, , design the appropriate size and shape of treatment
units, and provide sufficient habitat to create landscape hare densities that will attract lynx
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005,
entire; Fuller and Harrison 2005, p. 719;, ).
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Thanks,
Drue DeBerry
Colorado and Nebraska Field Supervisor
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with the new VEG S7 lynx management standard for the Rio Grande NF? The Rio Grande
released the public drafts of their revised forest plan and EIS within the last couple weeks, so a
good time to reconnect to discuss some proposed changes and further refinement of the
standard. Leslie and Kurt have been closely involved with it to now and we would hope they
could participate. We would have some folks from our Regional Office and the forest.
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Let me know. Thanks Drue.  
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are naturally 
less abundant and generally more patchily-distributed than in the core of the species’ range in 
Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in Canada 
is thought to be important. However, the extent to which DPS populations may depend on 
immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
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listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain. This geographic unit may also be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
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only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
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for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences in lynx habitat compared to the 
northern parts of the species’ range in Canada and Alaska (62 FR 28654-28655). The Service 
listed the DPS as threatened under the ESA in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on some Federal lands to provide for the conservation of lynx 
habitats and populations (65 FR 16052-16086). On May 8, 2014, the United States District 
Court for the District of Montana ordered the Service to complete recovery planning for the lynx 
DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the 
Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that such 
a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered or no longer 
warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed this SSA (version 
1.0) to summarize the best available scientific information on the current status and likely future 
viability of the DPS. This SSA will inform a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is needed to 
guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support resident lynx and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
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● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate conifer or deciduous) forests, non-snow-domintated climates, or to persist 
on alternate prey species where hare densities are or become inadequate. Therefore, we 
assume lynx populations in the DPS are vulnerable (sensitive, exposed, and with little 
capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 5) to the 
projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
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stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
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that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
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363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
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Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
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Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus  spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
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projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
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Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
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2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
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2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
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own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern populations the 
likelihood is probably relatively low that an individual lynx will have its ecological requirements 
met sufficiently to replace itself in the breeding population. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens (Moen 
et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
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females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
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level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal. 
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
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doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex 10, deterministic 
population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) to calculate 
finite growth rates during a period of high hare density (λ = 1.16; increasing trend) and during a 
period of low hare density (λ = 0.88; decreasing trend) for the lynx population in northern Maine 
(see also section 4.2.1). Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration (i.e., both assumed immigration and emigration rates of zero, which is 
very unlikely and contradicted by historical and recent evidence of lynx dispersal in both 
directions across the Canada-Unites States border across the DPS range). Schwartz (2017, p. 
4) noted that very low immigration rates (less than 1 female/year on average for a theoretical 
population of 100 lynx) could provide population stability or even growth, suggesting that the 
Seeley Lake population and perhaps other DPS populations are probably being bolstered by 
low levels of immigration, which may go undetected. Other efforts to model lynx population 
dynamics in the DPS range include those of Lyons et al. (2016, entire), who developed spatially-
explicit, individual-based population models to estimate reductions in potential lynx carrying 
capacity in Washington associated with recent large wildfires, and Licht et al. (2017, in press, 
entire), who conducted a PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, 
about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
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years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 



 

39 
 

risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
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The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
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80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 



 

42 
 

the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
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(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
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state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
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high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 



 

46 
 

has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
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recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
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recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Although the current population size in Maine is uncertain, 
habitat distribution and lynx home range data suggest this geographic unit could potentially 
support 750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35-40 years post-harvest, hare 
densities are expected to decline as cover and forage are reduced as a result of forest 
succession (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The 
current lynx population in Maine is probably substantially larger than typically occurred 
historically under the natural disturbance regime, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of the dense young stands that provode 
optimal hare (and, therefore, lynx foraging) habitat (Lorimer 1977, entire; 68 FR 40094; Vashon 
et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the proliferation of 
partial harvesting following enactment of the Maine Forest Practices Act of 1989, lynx densities 
in Maine are projected to decline by 55 to 65 percent by 2032 (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16), perhaps to levels more consistent with likely 
historical conditions. Lynx in Maine likely represent the southern periphery of a larger population 
that occurs in northern New Brunswick and southern Quebec south of the St. Lawrence 
Seaway/River, which appears to partially isolate lynx in this region, demographically and 
genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
Whether lynx persistence in Maine relies on immigration from Canada, and if so to what extent, 
is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
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whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx 
SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent evidence of 
reproduction have been documented in the Montana portion of the GYA where, as with the 
northwestern Wyoming part of the GYA (discussed above), uncertainty about whether this area 
consistently or only intermittently supported resident lynx historically makes it difficult to interpret 
their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As elsewhere in 
the West, recent research and habitat assessments suggest that habitats capable of supporting 
resident lynx in Montana are, and historically were, naturally patchier and less-broadly 
distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore 
naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson in Lynx 
SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 



 

51 
 

the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 
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3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
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management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
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movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
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incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
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to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
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the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. Overall, Federal lands managed by the USFS, BLM, and NPS constitute nearly 64 
percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, and all but a tiny fraction of 
these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
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resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
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are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. In response to a Federal court order, MDNR developed an incidental 
take plan designed to minimize the potential for lynx to be incidentally trapped during other legal 
furbearer trapping; the plan is currently under review by the Service. Like Maine, Minnesota has 
a State Endangered Species Statute (84.0895) which requires the MNDNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the MNDNR to 
adopt rules that regulate treatment of species designated as endangered and threatened. Also 
like Maine, however, Minnesota has not designated lynx as threatened or endangered under the 
statute. Instead it has designated the lynx a species of special concern, a designation for 
species that are extremely uncommon, have unique or highly specific habitat requirements, or 
occur on the periphery of their range in Minnesota and, therefore, deserve careful monitoring 
(MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of reasonable restrictions on trapping in lynx 
habitat. Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
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10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming were offered full protection from trapping 
and hunting beginning in 1973, and they are designated by the State as a species of greatest 
conservation need (ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also 
participates in the CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
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of Unit 1) in northern Maine is under conservation easement10, but easements do not require 
management prescriptions or commitments for lynx. In the past Maine private forest landowners 
have expressed interest in long-term commitments to lynx management plans, but to our 
knowledge, there are no private landowners in Maine who have committed to long-term or 
permanent protection and creation of lynx habitat according to the Service’s lynx management 
guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 

                                                
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
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private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
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In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
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climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
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have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
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13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over potential competitors and predators. However, climate warming is diminishing snow 
conditions (depth, quality, persistence) throughout the DPS range. Warmer winter temperatures 
are reducing snow cover extent  and duration and altering snow structure via a combination of a 
higher proportion of precipitation falling as rain, more winter thaw-freeze events, higher rates of 
snowmelt during winter, and earlier spring melt and runoff (Hamlet and Lettenmaier 1999, p. 
1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 
2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; Pierce et al. 2008, 
entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; Georgakakos et al. 2014, pp. 
71-85). These trends are expected to continue with projected future climate warming (Hamlet 
and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; IPCC 2014b, p. 62). The 
IPCC projects that spring snow cover in the Northern Hemisphere is likely to decrease by 7-25 
percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase’’ (Christensen et al. 2007, p. 850). 
Because lynx occurrence is correlated with prolonged periods of deep, fluffy snow, current lynx 
habitats would be expected to decline in value for lynx with decreases in snow condition and 
duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
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47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Snowpack losses have been documented and will likely continue and could even accelerate in 
the future (Hamlet and Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 
2011, entire; Kapnick and Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-
971), with faster losses likely in milder climates like the Cascades and the slowest losses in the 
high peaks of the Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in 
temperature, snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 
2016, p. 106). In the West, areas of contiguous spring snow cover are projected to become 
smaller and more isolated throughout the Columbia, Upper Missouri, and Upper Colorado 
Basins, with greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). 
Snow accumulation and duration are also expected to continue to decline generally in the 
central and eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 
2009, p. 31; Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential 
future snow cover under a range of IPCC climate scenarios suggests that snow conditions 
correlated with historical lynx occurrence records could decline by 10-20 percent across the 
continental U.S. and Canada and by 46-84 percent in the contiguous United States by the end 
of the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
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and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
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mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), and they experience high mortality in deep-snow winters (Litvaitis et 
al. 1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
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warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
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Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
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events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
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860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
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genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
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analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
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Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
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and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
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Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 



 

85 
 

Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
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Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
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recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
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There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
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In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
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important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 



 

92 
 

landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
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history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
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Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
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or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
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northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
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eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
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As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
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Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
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more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
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al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
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Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
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to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
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and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
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of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
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(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
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less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger population that also occupies southern Quebec 
(where trapping is legal) and northern New Brunswick (where lynx are a provincially-
endangered species and harvest is prohibited). There are no reliable estimates of current or 
historical resident lynx numbers in this unit. However, based on estimates of habitat distribution 
and lynx home range sizes, the MDIFW believes this unit currently may be capable of 
supporting 750-1,000 lynx (Vashon et al. 2012, pp. 87-91), which would make it the largest 
population in the DPS. This is many more resident lynx than likely occurred historically and 
many more than were suspected to occur in this unit when the DPS was listed, and it is the 
result of extensive clearcutting and herbicide application to salvage spruce-fir and encourage 
softwood regeneration following a severe spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments 
have created the current extensive distribution of young, regenerating softwood stands that 
provide optimal hare foraging habitat. Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and the highest densities documented in the DPS. 
Historically, under a more natural disturbance regime, Maine typically had a greater proportion 
of mature forest and, therefore a patchier distribution of high-quality habitat that likely supported 
a smaller lynx population that may have been more dependent on immigration from Canada. 
State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 
harvesting that have resulted in lower landscape hare densities across much of the unit. Hare 
populations do not seem to cycle in this region, but hare density estimates from 2008-2015 
declined by over 50 percent compared to estimates from 2001-2006. Reproduction and survival 
rates in the low-hare environment after 2006 suggest a slightly declining lynx population, 
although kitten survival remained high. Unlike other DPS units, lynx habitat in northern Maine 
occurs nearly entirely on private, industrial forest lands, most of which lack long-term 
commitments to lynx management. The majority of private lands in this unit are now owned by 
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investment companies seeking to diversify income from their investments, which could result in 
forest practices less likely to maintain or conserve hare and lynx habitat. Other potential 
stressors to lynx in this unit include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. Another spruce budworm outbreak may be 
imminent, and forestry response by investment landowners is uncertain. Climate change is a 
concern because average annual snowfall and duration are currently at the minimum thresholds 
believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores. Although lynx regularly occur outside this unit in southeastern and 
southwestern Maine, and small numbers of reproducing lynx have also been documented 
recently in northern New Hampshire and northern Vermont, the ability of some of these 
peripheral areas to support persistent breeding populations is questionable. However, recent 
telemetry data in Maine suggest that resident lynx are expanding both east and south of the 
Northern Maine Geographic Unit, with home range maintenance and reproduction documented 
in both areas, which previously were considered outside the area capable of supporting resident 
lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
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supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. There are no reliable estimates of historical or current resident lynx numbers in 
northern Washington, but recent habitat and home range analyses for the larger Okanogan LMZ 
(summarized in Lewis 2016) suggest that this unit may have been capable of supporting about 
50 lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). 
Those fires affected over a third of the LMZ, led to increased home range size, and may have 
reduced the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
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942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
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Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but CPW lynx biologists believe it may currently support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 1996, 2 
unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 mi2) of 
spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in this unit. 
Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) of lynx 
habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively impacted 
hares, and hare numbers may increase in affected areas as succession progresses; however, 
they have negatively impacted red squirrels, an important alternate prey species for lynx in this 
unit. Areas affected by beetles that contained multi-story stand conditions likely continue to 
provide habitat to support snowshoe hares and lynx. Areas affected by fire may require 20 years 
or more, and in some areas considerably longer, to recover to a point where the stands will 
again support snowshoe hares. Large-scale monitoring efforts in the San Juans documented 
continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is reasonably likely 
that lynx continue to occur in all national forests within the State of Colorado. Snowshoe hare 
habitat is patchily-distributed in this geographic unit, which limits hare abundance. Because the 
majority (90 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant impacts to lynx habitat 
within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, providing 
conservation through the SRLA. However, regulatory mechanisms for the conservation of lynx 
are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx 
habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
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Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
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[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
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forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
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km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
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Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
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and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
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Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
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townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
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In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 



 

124 
 

5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 



 

126 
 

Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx, although the 
actual population size is unknown. High-quality habitat created by extensive clearcutting 30 to 
40 years ago is peaking and is projected to decline by 50 percent in the next 15 to 20 years 
(Simons-Legaard 2016, pp. 10-18; also see section 5.2.1). Hare densities declined by 50 
percent in this unit starting in about 2006 and have remained at lower levels, and future hare 
fluctuations or cycles are uncertain. Recent history demonstrates that some forms of forest 
management have the potential to create or increase lynx habitat. However, forest practices 
have shifted to partial harvesting, which is less likely to create large areas of lynx habitat or 
maintain the current historically broad distribution of high-quality habitat generated by previous 
landscape-level clear-cutting. Additionally, private landowners who previously entered into 
commitments to manage for lynx conservation have not renewed those commitments (although 
the habitat will remain viable for lynx for some time). Land ownership has also changed in 
northern Maine, and the majority of lands are owned now by investment companies that often 
wish to diversify income from their investments, which could result in forest practices 
inconsistent with lynx habitat conservation. Without long-term, binding land management 
commitments in this unit, there is no guarantee that the current historically high amount of lynx 
habitat will be maintained by future forest managment practices on private lands. The greatest 
stressors to resident lynx in this unit are habitat loss (as a result of the shift in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 
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lack of forest planning for lynx, and projected continued climate warming (diminishing snow 
depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
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Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
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involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways.  
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
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Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
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In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
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relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
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availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 

                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
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Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
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to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
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A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 



 

140 
 

management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
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female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
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intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
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In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
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p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 



 

145 
 

winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (> 30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. The Diamond Creek wildfire burned another large block of 
lynx habitat in the northern part of this unit in 2017. These burned areas are expected to 
regenerate back into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 
2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx 
population in this geographic unit will likely be at increased risk of stochastic demographic, 
genetic, and environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
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habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
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(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades 
(see Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 
37 percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
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persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
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WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
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3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place22. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 

                                                
22 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
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developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
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unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
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historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
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probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
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development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-523). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
                                                
23 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
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In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
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All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Ibid), the estimate of survival within the study area was higher than those reported for 
natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; Slough and Mowat 1996, 
entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories (0.90; Poole 1994, p. 
612). Successful reproduction, including by third- and fourth-generation offspring of translocated 
lynx, has been documented (Shenk 2008, p. 2); however, the average proportion of females that 
produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) and the kitten survival rate 
(0.23; Ivan 2016b, pers. comm.) were both lower in this geographic unit (during the period of 
intensive monitoring from 1999-2010) than rates reported for some other geographic units (table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
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also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
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A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time.  
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
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Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
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we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
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the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
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Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
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Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
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number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
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well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
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populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
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the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
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of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
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losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
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warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
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Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 
at years 2025, 

2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 
2025: 80 
(60-95) 

 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
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2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Adequacy of immigration from southern 

BC 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
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breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
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scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201024), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
24 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Ibid., p. 8). Notaro et al. (2015, pp. 1668-1669) 
projected changes in lake effect snowfall using downscaled climate models (Abdus Salam 
International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 (RegCM4; 
Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great Lakes 
Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an increase in 
lake effect snow in the eastern Great Lakes until 2050, with a decline later in the century, with 
an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)25 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
25 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see section 3.2), but 
continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
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geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncerytainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 



 

213 
 

really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
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LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
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affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
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similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future that it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.26 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
26 https://inciweb.nwcg.gov/state/27/0/ 



 

230 
 

lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
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settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are naturally 
less abundant and generally more patchily-distributed than in the core of the species’ range in 
Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in Canada 
is thought to be important. However, the extent to which DPS populations may depend on 
immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 



7 
 

listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain. This geographic unit may also be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
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only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
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for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences in lynx habitat compared to the 
northern parts of the species’ range in Canada and Alaska (62 FR 28654-28655). The Service 
listed the DPS as threatened under the ESA in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on some Federal lands to provide for the conservation of lynx 
habitats and populations (65 FR 16052-16086). On May 8, 2014, the United States District 
Court for the District of Montana ordered the Service to complete recovery planning for the lynx 
DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the 
Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that such 
a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered or no longer 
warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed this SSA (version 
1.0) to summarize the best available scientific information on the current status and likely future 
viability of the DPS. This SSA will inform a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is needed to 
guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support resident lynx and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 



18 
 

 
Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
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● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate conifer or deciduous) forests, non-snow-domintated climates, or to persist 
on alternate prey species where hare densities are or become inadequate. Therefore, we 
assume lynx populations in the DPS are vulnerable (sensitive, exposed, and with little 
capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 5) to the 
projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
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stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
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that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
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363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
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Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
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Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus  spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
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projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
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Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
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2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
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2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
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own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern populations the 
likelihood is probably relatively low that an individual lynx will have its ecological requirements 
met sufficiently to replace itself in the breeding population. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens (Moen 
et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
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females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
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level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal. 
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
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doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex 10, deterministic 
population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) to calculate 
finite growth rates during a period of high hare density (λ = 1.16; increasing trend) and during a 
period of low hare density (λ = 0.88; decreasing trend) for the lynx population in northern Maine 
(see also section 4.2.1). Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration (i.e., both assumed immigration and emigration rates of zero, which is 
very unlikely and contradicted by historical and recent evidence of lynx dispersal in both 
directions across the Canada-Unites States border across the DPS range). Schwartz (2017, p. 
4) noted that very low immigration rates (less than 1 female/year on average for a theoretical 
population of 100 lynx) could provide population stability or even growth, suggesting that the 
Seeley Lake population and perhaps other DPS populations are probably being bolstered by 
low levels of immigration, which may go undetected. Other efforts to model lynx population 
dynamics in the DPS range include those of Lyons et al. (2016, entire), who developed spatially-
explicit, individual-based population models to estimate reductions in potential lynx carrying 
capacity in Washington associated with recent large wildfires, and Licht et al. (2017, in press, 
entire), who conducted a PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, 
about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
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years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
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risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
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The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
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80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
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the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
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(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
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state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
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high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
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has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
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recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
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recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Although the current population size in Maine is uncertain, 
habitat distribution and lynx home range data suggest this geographic unit could potentially 
support 750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35-40 years post-harvest, hare 
densities are expected to decline as cover and forage are reduced as a result of forest 
succession (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The 
current lynx population in Maine is probably substantially larger than typically occurred 
historically under the natural disturbance regime, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of the dense young stands that provode 
optimal hare (and, therefore, lynx foraging) habitat (Lorimer 1977, entire; 68 FR 40094; Vashon 
et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the proliferation of 
partial harvesting following enactment of the Maine Forest Practices Act of 1989, lynx densities 
in Maine are projected to decline by 55 to 65 percent by 2032 (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16), perhaps to levels more consistent with likely 
historical conditions. Lynx in Maine likely represent the southern periphery of a larger population 
that occurs in northern New Brunswick and southern Quebec south of the St. Lawrence 
Seaway/River, which appears to partially isolate lynx in this region, demographically and 
genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
Whether lynx persistence in Maine relies on immigration from Canada, and if so to what extent, 
is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
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whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx 
SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent evidence of 
reproduction have been documented in the Montana portion of the GYA where, as with the 
northwestern Wyoming part of the GYA (discussed above), uncertainty about whether this area 
consistently or only intermittently supported resident lynx historically makes it difficult to interpret 
their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As elsewhere in 
the West, recent research and habitat assessments suggest that habitats capable of supporting 
resident lynx in Montana are, and historically were, naturally patchier and less-broadly 
distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore 
naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson in Lynx 
SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
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the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 
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3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
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management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
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movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
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incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
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to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
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the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. Overall, Federal lands managed by the USFS, BLM, and NPS constitute nearly 64 
percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, and all but a tiny fraction of 
these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
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resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
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are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. In response to a Federal court order, MDNR developed an incidental 
take plan designed to minimize the potential for lynx to be incidentally trapped during other legal 
furbearer trapping; the plan is currently under review by the Service. Like Maine, Minnesota has 
a State Endangered Species Statute (84.0895) which requires the MNDNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the MNDNR to 
adopt rules that regulate treatment of species designated as endangered and threatened. Also 
like Maine, however, Minnesota has not designated lynx as threatened or endangered under the 
statute. Instead it has designated the lynx a species of special concern, a designation for 
species that are extremely uncommon, have unique or highly specific habitat requirements, or 
occur on the periphery of their range in Minnesota and, therefore, deserve careful monitoring 
(MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of reasonable restrictions on trapping in lynx 
habitat. Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
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10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming were offered full protection from trapping 
and hunting beginning in 1973, and they are designated by the State as a species of greatest 
conservation need (ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also 
participates in the CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
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of Unit 1) in northern Maine is under conservation easement10, but easements do not require 
management prescriptions or commitments for lynx. In the past Maine private forest landowners 
have expressed interest in long-term commitments to lynx management plans, but to our 
knowledge, there are no private landowners in Maine who have committed to long-term or 
permanent protection and creation of lynx habitat according to the Service’s lynx management 
guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 

                                                
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
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private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
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In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
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climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
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have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
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13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over potential competitors and predators. However, climate warming is diminishing snow 
conditions (depth, quality, persistence) throughout the DPS range. Warmer winter temperatures 
are reducing snow cover extent  and duration and altering snow structure via a combination of a 
higher proportion of precipitation falling as rain, more winter thaw-freeze events, higher rates of 
snowmelt during winter, and earlier spring melt and runoff (Hamlet and Lettenmaier 1999, p. 
1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 
2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; Pierce et al. 2008, 
entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; Georgakakos et al. 2014, pp. 
71-85). These trends are expected to continue with projected future climate warming (Hamlet 
and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; IPCC 2014b, p. 62). The 
IPCC projects that spring snow cover in the Northern Hemisphere is likely to decrease by 7-25 
percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase’’ (Christensen et al. 2007, p. 850). 
Because lynx occurrence is correlated with prolonged periods of deep, fluffy snow, current lynx 
habitats would be expected to decline in value for lynx with decreases in snow condition and 
duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
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47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Snowpack losses have been documented and will likely continue and could even accelerate in 
the future (Hamlet and Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 
2011, entire; Kapnick and Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-
971), with faster losses likely in milder climates like the Cascades and the slowest losses in the 
high peaks of the Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in 
temperature, snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 
2016, p. 106). In the West, areas of contiguous spring snow cover are projected to become 
smaller and more isolated throughout the Columbia, Upper Missouri, and Upper Colorado 
Basins, with greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). 
Snow accumulation and duration are also expected to continue to decline generally in the 
central and eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 
2009, p. 31; Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential 
future snow cover under a range of IPCC climate scenarios suggests that snow conditions 
correlated with historical lynx occurrence records could decline by 10-20 percent across the 
continental U.S. and Canada and by 46-84 percent in the contiguous United States by the end 
of the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
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and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
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mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), and they experience high mortality in deep-snow winters (Litvaitis et 
al. 1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 



75 
 

warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
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Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
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events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
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860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
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genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
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analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
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Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
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and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
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Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
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Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
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Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
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recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
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There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
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In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
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important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
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landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
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history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
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Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
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or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
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northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
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eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
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As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
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Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
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more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 



102 
 

al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
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Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
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to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 



105 
 

and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
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of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
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(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
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less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger population that also occupies southern Quebec 
(where trapping is legal) and northern New Brunswick (where lynx are a provincially-
endangered species and harvest is prohibited). There are no reliable estimates of current or 
historical resident lynx numbers in this unit. However, based on estimates of habitat distribution 
and lynx home range sizes, the MDIFW believes this unit currently may be capable of 
supporting 750-1,000 lynx (Vashon et al. 2012, pp. 87-91), which would make it the largest 
population in the DPS. This is many more resident lynx than likely occurred historically and 
many more than were suspected to occur in this unit when the DPS was listed, and it is the 
result of extensive clearcutting and herbicide application to salvage spruce-fir and encourage 
softwood regeneration following a severe spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments 
have created the current extensive distribution of young, regenerating softwood stands that 
provide optimal hare foraging habitat. Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and the highest densities documented in the DPS. 
Historically, under a more natural disturbance regime, Maine typically had a greater proportion 
of mature forest and, therefore a patchier distribution of high-quality habitat that likely supported 
a smaller lynx population that may have been more dependent on immigration from Canada. 
State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 
harvesting that have resulted in lower landscape hare densities across much of the unit. Hare 
populations do not seem to cycle in this region, but hare density estimates from 2008-2015 
declined by over 50 percent compared to estimates from 2001-2006. Reproduction and survival 
rates in the low-hare environment after 2006 suggest a slightly declining lynx population, 
although kitten survival remained high. Unlike other DPS units, lynx habitat in northern Maine 
occurs nearly entirely on private, industrial forest lands, most of which lack long-term 
commitments to lynx management. The majority of private lands in this unit are now owned by 
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investment companies seeking to diversify income from their investments, which could result in 
forest practices less likely to maintain or conserve hare and lynx habitat. Other potential 
stressors to lynx in this unit include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. Another spruce budworm outbreak may be 
imminent, and forestry response by investment landowners is uncertain. Climate change is a 
concern because average annual snowfall and duration are currently at the minimum thresholds 
believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores. Although lynx regularly occur outside this unit in southeastern and 
southwestern Maine, and small numbers of reproducing lynx have also been documented 
recently in northern New Hampshire and northern Vermont, the ability of some of these 
peripheral areas to support persistent breeding populations is questionable. However, recent 
telemetry data in Maine suggest that resident lynx are expanding both east and south of the 
Northern Maine Geographic Unit, with home range maintenance and reproduction documented 
in both areas, which previously were considered outside the area capable of supporting resident 
lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
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supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. There are no reliable estimates of historical or current resident lynx numbers in 
northern Washington, but recent habitat and home range analyses for the larger Okanogan LMZ 
(summarized in Lewis 2016) suggest that this unit may have been capable of supporting about 
50 lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). 
Those fires affected over a third of the LMZ, led to increased home range size, and may have 
reduced the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
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942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
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Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but CPW lynx biologists believe it may currently support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 1996, 2 
unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 mi2) of 
spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in this unit. 
Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) of lynx 
habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively impacted 
hares, and hare numbers may increase in affected areas as succession progresses; however, 
they have negatively impacted red squirrels, an important alternate prey species for lynx in this 
unit. Areas affected by beetles that contained multi-story stand conditions likely continue to 
provide habitat to support snowshoe hares and lynx. Areas affected by fire may require 20 years 
or more, and in some areas considerably longer, to recover to a point where the stands will 
again support snowshoe hares. Large-scale monitoring efforts in the San Juans documented 
continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is reasonably likely 
that lynx continue to occur in all national forests within the State of Colorado. Snowshoe hare 
habitat is patchily-distributed in this geographic unit, which limits hare abundance. Because the 
majority (90 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant impacts to lynx habitat 
within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, providing 
conservation through the SRLA. However, regulatory mechanisms for the conservation of lynx 
are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx 
habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
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Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
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[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
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forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
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km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
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Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
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and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
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Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
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townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
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In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
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5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
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Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx, although the 
actual population size is unknown. High-quality habitat created by extensive clearcutting 30 to 
40 years ago is peaking and is projected to decline by 50 percent in the next 15 to 20 years 
(Simons-Legaard 2016, pp. 10-18; also see section 5.2.1). Hare densities declined by 50 
percent in this unit starting in about 2006 and have remained at lower levels, and future hare 
fluctuations or cycles are uncertain. Recent history demonstrates that some forms of forest 
management have the potential to create or increase lynx habitat. However, forest practices 
have shifted to partial harvesting, which is less likely to create large areas of lynx habitat or 
maintain the current historically broad distribution of high-quality habitat generated by previous 
landscape-level clear-cutting. Additionally, private landowners who previously entered into 
commitments to manage for lynx conservation have not renewed those commitments (although 
the habitat will remain viable for lynx for some time). Land ownership has also changed in 
northern Maine, and the majority of lands are owned now by investment companies that often 
wish to diversify income from their investments, which could result in forest practices 
inconsistent with lynx habitat conservation. Without long-term, binding land management 
commitments in this unit, there is no guarantee that the current historically high amount of lynx 
habitat will be maintained by future forest managment practices on private lands. The greatest 
stressors to resident lynx in this unit are habitat loss (as a result of the shift in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 
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lack of forest planning for lynx, and projected continued climate warming (diminishing snow 
depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
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Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
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involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways.  
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
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Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
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In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
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relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
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availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 

                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
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Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
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to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
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A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
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management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
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female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 



142 
 

intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
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In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
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p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
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winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (> 30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 
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perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. The Diamond Creek wildfire burned another large block of 
lynx habitat in the northern part of this unit in 2017. These burned areas are expected to 
regenerate back into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 
2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx 
population in this geographic unit will likely be at increased risk of stochastic demographic, 
genetic, and environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
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habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
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(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades 
(see Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 
37 percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
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persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
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WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
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3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place22. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 

                                                
22 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 
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provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
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developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
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unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
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historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
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probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
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development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-523). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
                                                
23 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
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In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
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All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Ibid), the estimate of survival within the study area was higher than those reported for 
natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; Slough and Mowat 1996, 
entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories (0.90; Poole 1994, p. 
612). Successful reproduction, including by third- and fourth-generation offspring of translocated 
lynx, has been documented (Shenk 2008, p. 2); however, the average proportion of females that 
produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) and the kitten survival rate 
(0.23; Ivan 2016b, pers. comm.) were both lower in this geographic unit (during the period of 
intensive monitoring from 1999-2010) than rates reported for some other geographic units (table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
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also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
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A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time.  
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
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Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
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we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
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the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
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Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
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Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
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number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
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well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
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populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
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the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
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of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
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losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
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warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
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Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 
at years 2025, 

2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 
2025: 80 
(60-95) 

 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
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2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Adequacy of immigration from southern 

BC 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 



180 
 

breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
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scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201024), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
24 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Ibid., p. 8). Notaro et al. (2015, pp. 1668-1669) 
projected changes in lake effect snowfall using downscaled climate models (Abdus Salam 
International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 (RegCM4; 
Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great Lakes 
Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an increase in 
lake effect snow in the eastern Great Lakes until 2050, with a decline later in the century, with 
an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)25 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
25 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 



207 
 

Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see section 3.2), but 
continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
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geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncerytainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
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really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
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LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
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affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
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similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 



218 
 

We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 



222 
 

After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future that it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.26 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
26 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
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settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are naturally 
less abundant and generally more patchily-distributed than in the core of the species’ range in 
Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in Canada 
is thought to be important. However, the extent to which DPS populations may depend on 
immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 



7 
 

listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain. This geographic unit may also be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
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only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
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for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences in lynx habitat compared to the 
northern parts of the species’ range in Canada and Alaska (62 FR 28654-28655). The Service 
listed the DPS as threatened under the ESA in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on some Federal lands to provide for the conservation of lynx 
habitats and populations (65 FR 16052-16086). On May 8, 2014, the United States District 
Court for the District of Montana ordered the Service to complete recovery planning for the lynx 
DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the 
Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that such 
a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered or no longer 
warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed this SSA (version 
1.0) to summarize the best available scientific information on the current status and likely future 
viability of the DPS. This SSA will inform a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is needed to 
guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support resident lynx and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
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● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate conifer or deciduous) forests, non-snow-domintated climates, or to persist 
on alternate prey species where hare densities are or become inadequate. Therefore, we 
assume lynx populations in the DPS are vulnerable (sensitive, exposed, and with little 
capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 5) to the 
projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
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stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
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that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
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363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
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Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
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Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus  spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
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projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
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Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
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2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
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2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
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own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern populations the 
likelihood is probably relatively low that an individual lynx will have its ecological requirements 
met sufficiently to replace itself in the breeding population. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens (Moen 
et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
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females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
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level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal. 
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
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doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex 10, deterministic 
population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) to calculate 
finite growth rates during a period of high hare density (λ = 1.16; increasing trend) and during a 
period of low hare density (λ = 0.88; decreasing trend) for the lynx population in northern Maine 
(see also section 4.2.1). Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration (i.e., both assumed immigration and emigration rates of zero, which is 
very unlikely and contradicted by historical and recent evidence of lynx dispersal in both 
directions across the Canada-Unites States border across the DPS range). Schwartz (2017, p. 
4) noted that very low immigration rates (less than 1 female/year on average for a theoretical 
population of 100 lynx) could provide population stability or even growth, suggesting that the 
Seeley Lake population and perhaps other DPS populations are probably being bolstered by 
low levels of immigration, which may go undetected. Other efforts to model lynx population 
dynamics in the DPS range include those of Lyons et al. (2016, entire), who developed spatially-
explicit, individual-based population models to estimate reductions in potential lynx carrying 
capacity in Washington associated with recent large wildfires, and Licht et al. (2017, in press, 
entire), who conducted a PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, 
about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
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years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
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risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
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The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
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80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
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the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 



43 
 

(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
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state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
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high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
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has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
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recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
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recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Although the current population size in Maine is uncertain, 
habitat distribution and lynx home range data suggest this geographic unit could potentially 
support 750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35-40 years post-harvest, hare 
densities are expected to decline as cover and forage are reduced as a result of forest 
succession (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The 
current lynx population in Maine is probably substantially larger than typically occurred 
historically under the natural disturbance regime, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of the dense young stands that provode 
optimal hare (and, therefore, lynx foraging) habitat (Lorimer 1977, entire; 68 FR 40094; Vashon 
et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the proliferation of 
partial harvesting following enactment of the Maine Forest Practices Act of 1989, lynx densities 
in Maine are projected to decline by 55 to 65 percent by 2032 (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16), perhaps to levels more consistent with likely 
historical conditions. Lynx in Maine likely represent the southern periphery of a larger population 
that occurs in northern New Brunswick and southern Quebec south of the St. Lawrence 
Seaway/River, which appears to partially isolate lynx in this region, demographically and 
genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
Whether lynx persistence in Maine relies on immigration from Canada, and if so to what extent, 
is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
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whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx 
SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent evidence of 
reproduction have been documented in the Montana portion of the GYA where, as with the 
northwestern Wyoming part of the GYA (discussed above), uncertainty about whether this area 
consistently or only intermittently supported resident lynx historically makes it difficult to interpret 
their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As elsewhere in 
the West, recent research and habitat assessments suggest that habitats capable of supporting 
resident lynx in Montana are, and historically were, naturally patchier and less-broadly 
distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore 
naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson in Lynx 
SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
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the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 
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3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
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management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
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movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 



55 
 

incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
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to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
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the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. Overall, Federal lands managed by the USFS, BLM, and NPS constitute nearly 64 
percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, and all but a tiny fraction of 
these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
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resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
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are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. In response to a Federal court order, MDNR developed an incidental 
take plan designed to minimize the potential for lynx to be incidentally trapped during other legal 
furbearer trapping; the plan is currently under review by the Service. Like Maine, Minnesota has 
a State Endangered Species Statute (84.0895) which requires the MNDNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the MNDNR to 
adopt rules that regulate treatment of species designated as endangered and threatened. Also 
like Maine, however, Minnesota has not designated lynx as threatened or endangered under the 
statute. Instead it has designated the lynx a species of special concern, a designation for 
species that are extremely uncommon, have unique or highly specific habitat requirements, or 
occur on the periphery of their range in Minnesota and, therefore, deserve careful monitoring 
(MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of reasonable restrictions on trapping in lynx 
habitat. Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
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10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming were offered full protection from trapping 
and hunting beginning in 1973, and they are designated by the State as a species of greatest 
conservation need (ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also 
participates in the CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
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of Unit 1) in northern Maine is under conservation easement10, but easements do not require 
management prescriptions or commitments for lynx. In the past Maine private forest landowners 
have expressed interest in long-term commitments to lynx management plans, but to our 
knowledge, there are no private landowners in Maine who have committed to long-term or 
permanent protection and creation of lynx habitat according to the Service’s lynx management 
guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 

                                                
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
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private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
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In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 



69 
 

climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
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have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
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13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over potential competitors and predators. However, climate warming is diminishing snow 
conditions (depth, quality, persistence) throughout the DPS range. Warmer winter temperatures 
are reducing snow cover extent  and duration and altering snow structure via a combination of a 
higher proportion of precipitation falling as rain, more winter thaw-freeze events, higher rates of 
snowmelt during winter, and earlier spring melt and runoff (Hamlet and Lettenmaier 1999, p. 
1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 
2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; Pierce et al. 2008, 
entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; Georgakakos et al. 2014, pp. 
71-85). These trends are expected to continue with projected future climate warming (Hamlet 
and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; IPCC 2014b, p. 62). The 
IPCC projects that spring snow cover in the Northern Hemisphere is likely to decrease by 7-25 
percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase’’ (Christensen et al. 2007, p. 850). 
Because lynx occurrence is correlated with prolonged periods of deep, fluffy snow, current lynx 
habitats would be expected to decline in value for lynx with decreases in snow condition and 
duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
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47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Snowpack losses have been documented and will likely continue and could even accelerate in 
the future (Hamlet and Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 
2011, entire; Kapnick and Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-
971), with faster losses likely in milder climates like the Cascades and the slowest losses in the 
high peaks of the Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in 
temperature, snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 
2016, p. 106). In the West, areas of contiguous spring snow cover are projected to become 
smaller and more isolated throughout the Columbia, Upper Missouri, and Upper Colorado 
Basins, with greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). 
Snow accumulation and duration are also expected to continue to decline generally in the 
central and eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 
2009, p. 31; Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential 
future snow cover under a range of IPCC climate scenarios suggests that snow conditions 
correlated with historical lynx occurrence records could decline by 10-20 percent across the 
continental U.S. and Canada and by 46-84 percent in the contiguous United States by the end 
of the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
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and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
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mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), and they experience high mortality in deep-snow winters (Litvaitis et 
al. 1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
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warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
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Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
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events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
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860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
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genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
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analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
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Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
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and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
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Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
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Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
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Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
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recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
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There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
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In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
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important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
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landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
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history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
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Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
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or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
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northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
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eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
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As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
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Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
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more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
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al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
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Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
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to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
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and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
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of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 



107 
 

(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
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less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger population that also occupies southern Quebec 
(where trapping is legal) and northern New Brunswick (where lynx are a provincially-
endangered species and harvest is prohibited). There are no reliable estimates of current or 
historical resident lynx numbers in this unit. However, based on estimates of habitat distribution 
and lynx home range sizes, the MDIFW believes this unit currently may be capable of 
supporting 750-1,000 lynx (Vashon et al. 2012, pp. 87-91), which would make it the largest 
population in the DPS. This is many more resident lynx than likely occurred historically and 
many more than were suspected to occur in this unit when the DPS was listed, and it is the 
result of extensive clearcutting and herbicide application to salvage spruce-fir and encourage 
softwood regeneration following a severe spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments 
have created the current extensive distribution of young, regenerating softwood stands that 
provide optimal hare foraging habitat. Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and the highest densities documented in the DPS. 
Historically, under a more natural disturbance regime, Maine typically had a greater proportion 
of mature forest and, therefore a patchier distribution of high-quality habitat that likely supported 
a smaller lynx population that may have been more dependent on immigration from Canada. 
State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 
harvesting that have resulted in lower landscape hare densities across much of the unit. Hare 
populations do not seem to cycle in this region, but hare density estimates from 2008-2015 
declined by over 50 percent compared to estimates from 2001-2006. Reproduction and survival 
rates in the low-hare environment after 2006 suggest a slightly declining lynx population, 
although kitten survival remained high. Unlike other DPS units, lynx habitat in northern Maine 
occurs nearly entirely on private, industrial forest lands, most of which lack long-term 
commitments to lynx management. The majority of private lands in this unit are now owned by 
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investment companies seeking to diversify income from their investments, which could result in 
forest practices less likely to maintain or conserve hare and lynx habitat. Other potential 
stressors to lynx in this unit include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. Another spruce budworm outbreak may be 
imminent, and forestry response by investment landowners is uncertain. Climate change is a 
concern because average annual snowfall and duration are currently at the minimum thresholds 
believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores. Although lynx regularly occur outside this unit in southeastern and 
southwestern Maine, and small numbers of reproducing lynx have also been documented 
recently in northern New Hampshire and northern Vermont, the ability of some of these 
peripheral areas to support persistent breeding populations is questionable. However, recent 
telemetry data in Maine suggest that resident lynx are expanding both east and south of the 
Northern Maine Geographic Unit, with home range maintenance and reproduction documented 
in both areas, which previously were considered outside the area capable of supporting resident 
lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 



110 
 

supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. There are no reliable estimates of historical or current resident lynx numbers in 
northern Washington, but recent habitat and home range analyses for the larger Okanogan LMZ 
(summarized in Lewis 2016) suggest that this unit may have been capable of supporting about 
50 lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). 
Those fires affected over a third of the LMZ, led to increased home range size, and may have 
reduced the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
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942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
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Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but CPW lynx biologists believe it may currently support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 1996, 2 
unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 mi2) of 
spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in this unit. 
Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) of lynx 
habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively impacted 
hares, and hare numbers may increase in affected areas as succession progresses; however, 
they have negatively impacted red squirrels, an important alternate prey species for lynx in this 
unit. Areas affected by beetles that contained multi-story stand conditions likely continue to 
provide habitat to support snowshoe hares and lynx. Areas affected by fire may require 20 years 
or more, and in some areas considerably longer, to recover to a point where the stands will 
again support snowshoe hares. Large-scale monitoring efforts in the San Juans documented 
continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is reasonably likely 
that lynx continue to occur in all national forests within the State of Colorado. Snowshoe hare 
habitat is patchily-distributed in this geographic unit, which limits hare abundance. Because the 
majority (90 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant impacts to lynx habitat 
within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, providing 
conservation through the SRLA. However, regulatory mechanisms for the conservation of lynx 
are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx 
habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
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Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
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[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
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forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
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km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
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Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
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and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
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Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
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townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
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In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
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5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
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Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx, although the 
actual population size is unknown. High-quality habitat created by extensive clearcutting 30 to 
40 years ago is peaking and is projected to decline by 50 percent in the next 15 to 20 years 
(Simons-Legaard 2016, pp. 10-18; also see section 5.2.1). Hare densities declined by 50 
percent in this unit starting in about 2006 and have remained at lower levels, and future hare 
fluctuations or cycles are uncertain. Recent history demonstrates that some forms of forest 
management have the potential to create or increase lynx habitat. However, forest practices 
have shifted to partial harvesting, which is less likely to create large areas of lynx habitat or 
maintain the current historically broad distribution of high-quality habitat generated by previous 
landscape-level clear-cutting. Additionally, private landowners who previously entered into 
commitments to manage for lynx conservation have not renewed those commitments (although 
the habitat will remain viable for lynx for some time). Land ownership has also changed in 
northern Maine, and the majority of lands are owned now by investment companies that often 
wish to diversify income from their investments, which could result in forest practices 
inconsistent with lynx habitat conservation. Without long-term, binding land management 
commitments in this unit, there is no guarantee that the current historically high amount of lynx 
habitat will be maintained by future forest managment practices on private lands. The greatest 
stressors to resident lynx in this unit are habitat loss (as a result of the shift in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 
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lack of forest planning for lynx, and projected continued climate warming (diminishing snow 
depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
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Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
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involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways.  
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
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Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
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In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
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relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
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availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 

                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
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Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
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to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
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A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
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management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
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female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
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intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
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In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
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p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
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winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (> 30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. The Diamond Creek wildfire burned another large block of 
lynx habitat in the northern part of this unit in 2017. These burned areas are expected to 
regenerate back into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 
2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx 
population in this geographic unit will likely be at increased risk of stochastic demographic, 
genetic, and environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
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habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
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(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
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persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
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WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
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3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place22. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 

                                                
22 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
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developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
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unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 



158 
 

historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
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probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
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development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-523). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
                                                
23 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf


161 
 

we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 



162 
 

In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
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All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Ibid), the estimate of survival within the study area was higher than those reported for 
natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; Slough and Mowat 1996, 
entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories (0.90; Poole 1994, p. 
612). Successful reproduction, including by third- and fourth-generation offspring of translocated 
lynx, has been documented (Shenk 2008, p. 2); however, the average proportion of females that 
produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) and the kitten survival rate 
(0.23; Ivan 2016b, pers. comm.) were both lower in this geographic unit (during the period of 
intensive monitoring from 1999-2010) than rates reported for some other geographic units (table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
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also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
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A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time.  
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
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Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
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we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
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the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
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Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
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Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
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number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
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well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
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populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
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the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 



175 
 

of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
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losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
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warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
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Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 
2025: 80 
(60-95) 

 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
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2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Adequacy of immigration from southern 

BC 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
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breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
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scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201024), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
24 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Ibid., p. 8). Notaro et al. (2015, pp. 1668-1669) 
projected changes in lake effect snowfall using downscaled climate models (Abdus Salam 
International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 (RegCM4; 
Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great Lakes 
Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an increase in 
lake effect snow in the eastern Great Lakes until 2050, with a decline later in the century, with 
an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)25 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
25 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see section 3.2), but 
continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
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geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 



212 
 

 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncerytainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
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really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
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LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
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affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
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similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future that it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.26 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
26 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 



232 
 

Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
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settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are naturally 
less abundant and generally more patchily-distributed than in the core of the species’ range in 
Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in Canada 
is thought to be important. However, the extent to which DPS populations may depend on 
immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
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listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain. This geographic unit may also be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
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only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
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for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences in lynx habitat compared to the 
northern parts of the species’ range in Canada and Alaska (62 FR 28654-28655). The Service 
listed the DPS as threatened under the ESA in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on some Federal lands to provide for the conservation of lynx 
habitats and populations (65 FR 16052-16086). On May 8, 2014, the United States District 
Court for the District of Montana ordered the Service to complete recovery planning for the lynx 
DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the 
Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that such 
a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered or no longer 
warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed this SSA (version 
1.0) to summarize the best available scientific information on the current status and likely future 
viability of the DPS. This SSA will inform a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is needed to 
guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support resident lynx and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
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● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate conifer or deciduous) forests, non-snow-domintated climates, or to persist 
on alternate prey species where hare densities are or become inadequate. Therefore, we 
assume lynx populations in the DPS are vulnerable (sensitive, exposed, and with little 
capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 5) to the 
projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
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stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
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that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
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363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
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Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
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Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus  spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
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projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
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Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
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2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
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2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
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own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern populations the 
likelihood is probably relatively low that an individual lynx will have its ecological requirements 
met sufficiently to replace itself in the breeding population. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens (Moen 
et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
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females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
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level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal. 
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
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doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex 10, deterministic 
population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) to calculate 
finite growth rates during a period of high hare density (λ = 1.16; increasing trend) and during a 
period of low hare density (λ = 0.88; decreasing trend) for the lynx population in northern Maine 
(see also section 4.2.1). Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration (i.e., both assumed immigration and emigration rates of zero, which is 
very unlikely and contradicted by historical and recent evidence of lynx dispersal in both 
directions across the Canada-Unites States border across the DPS range). Schwartz (2017, p. 
4) noted that very low immigration rates (less than 1 female/year on average for a theoretical 
population of 100 lynx) could provide population stability or even growth, suggesting that the 
Seeley Lake population and perhaps other DPS populations are probably being bolstered by 
low levels of immigration, which may go undetected. Other efforts to model lynx population 
dynamics in the DPS range include those of Lyons et al. (2016, entire), who developed spatially-
explicit, individual-based population models to estimate reductions in potential lynx carrying 
capacity in Washington associated with recent large wildfires, and Licht et al. (2017, in press, 
entire), who conducted a PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, 
about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
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years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
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risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
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The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
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80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
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the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
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(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
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state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
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high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
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has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
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recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
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recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Although the current population size in Maine is uncertain, 
habitat distribution and lynx home range data suggest this geographic unit could potentially 
support 750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35-40 years post-harvest, hare 
densities are expected to decline as cover and forage are reduced as a result of forest 
succession (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The 
current lynx population in Maine is probably substantially larger than typically occurred 
historically under the natural disturbance regime, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of the dense young stands that provode 
optimal hare (and, therefore, lynx foraging) habitat (Lorimer 1977, entire; 68 FR 40094; Vashon 
et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the proliferation of 
partial harvesting following enactment of the Maine Forest Practices Act of 1989, lynx densities 
in Maine are projected to decline by 55 to 65 percent by 2032 (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16), perhaps to levels more consistent with likely 
historical conditions. Lynx in Maine likely represent the southern periphery of a larger population 
that occurs in northern New Brunswick and southern Quebec south of the St. Lawrence 
Seaway/River, which appears to partially isolate lynx in this region, demographically and 
genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
Whether lynx persistence in Maine relies on immigration from Canada, and if so to what extent, 
is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 



50 
 

whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx 
SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent evidence of 
reproduction have been documented in the Montana portion of the GYA where, as with the 
northwestern Wyoming part of the GYA (discussed above), uncertainty about whether this area 
consistently or only intermittently supported resident lynx historically makes it difficult to interpret 
their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As elsewhere in 
the West, recent research and habitat assessments suggest that habitats capable of supporting 
resident lynx in Montana are, and historically were, naturally patchier and less-broadly 
distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore 
naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson in Lynx 
SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
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the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 
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3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
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management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
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movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
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incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
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to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
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the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. Overall, Federal lands managed by the USFS, BLM, and NPS constitute nearly 64 
percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, and all but a tiny fraction of 
these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
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resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
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are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. In response to a Federal court order, MDNR developed an incidental 
take plan designed to minimize the potential for lynx to be incidentally trapped during other legal 
furbearer trapping; the plan is currently under review by the Service. Like Maine, Minnesota has 
a State Endangered Species Statute (84.0895) which requires the MNDNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the MNDNR to 
adopt rules that regulate treatment of species designated as endangered and threatened. Also 
like Maine, however, Minnesota has not designated lynx as threatened or endangered under the 
statute. Instead it has designated the lynx a species of special concern, a designation for 
species that are extremely uncommon, have unique or highly specific habitat requirements, or 
occur on the periphery of their range in Minnesota and, therefore, deserve careful monitoring 
(MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of reasonable restrictions on trapping in lynx 
habitat. Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
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10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming were offered full protection from trapping 
and hunting beginning in 1973, and they are designated by the State as a species of greatest 
conservation need (ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also 
participates in the CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
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of Unit 1) in northern Maine is under conservation easement10, but easements do not require 
management prescriptions or commitments for lynx. In the past Maine private forest landowners 
have expressed interest in long-term commitments to lynx management plans, but to our 
knowledge, there are no private landowners in Maine who have committed to long-term or 
permanent protection and creation of lynx habitat according to the Service’s lynx management 
guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 

                                                
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
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private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
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In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
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climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
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have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
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13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over potential competitors and predators. However, climate warming is diminishing snow 
conditions (depth, quality, persistence) throughout the DPS range. Warmer winter temperatures 
are reducing snow cover extent  and duration and altering snow structure via a combination of a 
higher proportion of precipitation falling as rain, more winter thaw-freeze events, higher rates of 
snowmelt during winter, and earlier spring melt and runoff (Hamlet and Lettenmaier 1999, p. 
1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 
2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; Pierce et al. 2008, 
entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; Georgakakos et al. 2014, pp. 
71-85). These trends are expected to continue with projected future climate warming (Hamlet 
and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; IPCC 2014b, p. 62). The 
IPCC projects that spring snow cover in the Northern Hemisphere is likely to decrease by 7-25 
percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase’’ (Christensen et al. 2007, p. 850). 
Because lynx occurrence is correlated with prolonged periods of deep, fluffy snow, current lynx 
habitats would be expected to decline in value for lynx with decreases in snow condition and 
duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
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47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Snowpack losses have been documented and will likely continue and could even accelerate in 
the future (Hamlet and Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 
2011, entire; Kapnick and Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-
971), with faster losses likely in milder climates like the Cascades and the slowest losses in the 
high peaks of the Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in 
temperature, snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 
2016, p. 106). In the West, areas of contiguous spring snow cover are projected to become 
smaller and more isolated throughout the Columbia, Upper Missouri, and Upper Colorado 
Basins, with greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). 
Snow accumulation and duration are also expected to continue to decline generally in the 
central and eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 
2009, p. 31; Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential 
future snow cover under a range of IPCC climate scenarios suggests that snow conditions 
correlated with historical lynx occurrence records could decline by 10-20 percent across the 
continental U.S. and Canada and by 46-84 percent in the contiguous United States by the end 
of the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
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and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
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mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), and they experience high mortality in deep-snow winters (Litvaitis et 
al. 1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
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warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
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Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
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events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
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860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
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genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
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analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
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Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
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and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
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Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
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Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
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Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
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recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
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There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
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In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
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important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
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landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
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history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
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Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
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or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
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northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
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eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
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As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
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Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 



101 
 

more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
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al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
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Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
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to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
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and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
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of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
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(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
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less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger population that also occupies southern Quebec 
(where trapping is legal) and northern New Brunswick (where lynx are a provincially-
endangered species and harvest is prohibited). There are no reliable estimates of current or 
historical resident lynx numbers in this unit. However, based on estimates of habitat distribution 
and lynx home range sizes, the MDIFW believes this unit currently may be capable of 
supporting 750-1,000 lynx (Vashon et al. 2012, pp. 87-91), which would make it the largest 
population in the DPS. This is many more resident lynx than likely occurred historically and 
many more than were suspected to occur in this unit when the DPS was listed, and it is the 
result of extensive clearcutting and herbicide application to salvage spruce-fir and encourage 
softwood regeneration following a severe spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments 
have created the current extensive distribution of young, regenerating softwood stands that 
provide optimal hare foraging habitat. Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and the highest densities documented in the DPS. 
Historically, under a more natural disturbance regime, Maine typically had a greater proportion 
of mature forest and, therefore a patchier distribution of high-quality habitat that likely supported 
a smaller lynx population that may have been more dependent on immigration from Canada. 
State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 
harvesting that have resulted in lower landscape hare densities across much of the unit. Hare 
populations do not seem to cycle in this region, but hare density estimates from 2008-2015 
declined by over 50 percent compared to estimates from 2001-2006. Reproduction and survival 
rates in the low-hare environment after 2006 suggest a slightly declining lynx population, 
although kitten survival remained high. Unlike other DPS units, lynx habitat in northern Maine 
occurs nearly entirely on private, industrial forest lands, most of which lack long-term 
commitments to lynx management. The majority of private lands in this unit are now owned by 
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investment companies seeking to diversify income from their investments, which could result in 
forest practices less likely to maintain or conserve hare and lynx habitat. Other potential 
stressors to lynx in this unit include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. Another spruce budworm outbreak may be 
imminent, and forestry response by investment landowners is uncertain. Climate change is a 
concern because average annual snowfall and duration are currently at the minimum thresholds 
believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores. Although lynx regularly occur outside this unit in southeastern and 
southwestern Maine, and small numbers of reproducing lynx have also been documented 
recently in northern New Hampshire and northern Vermont, the ability of some of these 
peripheral areas to support persistent breeding populations is questionable. However, recent 
telemetry data in Maine suggest that resident lynx are expanding both east and south of the 
Northern Maine Geographic Unit, with home range maintenance and reproduction documented 
in both areas, which previously were considered outside the area capable of supporting resident 
lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
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supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. There are no reliable estimates of historical or current resident lynx numbers in 
northern Washington, but recent habitat and home range analyses for the larger Okanogan LMZ 
(summarized in Lewis 2016) suggest that this unit may have been capable of supporting about 
50 lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). 
Those fires affected over a third of the LMZ, led to increased home range size, and may have 
reduced the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
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942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
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Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but CPW lynx biologists believe it may currently support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 1996, 2 
unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 mi2) of 
spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in this unit. 
Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) of lynx 
habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively impacted 
hares, and hare numbers may increase in affected areas as succession progresses; however, 
they have negatively impacted red squirrels, an important alternate prey species for lynx in this 
unit. Areas affected by beetles that contained multi-story stand conditions likely continue to 
provide habitat to support snowshoe hares and lynx. Areas affected by fire may require 20 years 
or more, and in some areas considerably longer, to recover to a point where the stands will 
again support snowshoe hares. Large-scale monitoring efforts in the San Juans documented 
continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is reasonably likely 
that lynx continue to occur in all national forests within the State of Colorado. Snowshoe hare 
habitat is patchily-distributed in this geographic unit, which limits hare abundance. Because the 
majority (90 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant impacts to lynx habitat 
within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, providing 
conservation through the SRLA. However, regulatory mechanisms for the conservation of lynx 
are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx 
habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
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Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
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[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
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forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
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km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
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Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
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and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
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Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
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townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
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In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
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5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
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Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx, although the 
actual population size is unknown. High-quality habitat created by extensive clearcutting 30 to 
40 years ago is peaking and is projected to decline by 50 percent in the next 15 to 20 years 
(Simons-Legaard 2016, pp. 10-18; also see section 5.2.1). Hare densities declined by 50 
percent in this unit starting in about 2006 and have remained at lower levels, and future hare 
fluctuations or cycles are uncertain. Recent history demonstrates that some forms of forest 
management have the potential to create or increase lynx habitat. However, forest practices 
have shifted to partial harvesting, which is less likely to create large areas of lynx habitat or 
maintain the current historically broad distribution of high-quality habitat generated by previous 
landscape-level clear-cutting. Additionally, private landowners who previously entered into 
commitments to manage for lynx conservation have not renewed those commitments (although 
the habitat will remain viable for lynx for some time). Land ownership has also changed in 
northern Maine, and the majority of lands are owned now by investment companies that often 
wish to diversify income from their investments, which could result in forest practices 
inconsistent with lynx habitat conservation. Without long-term, binding land management 
commitments in this unit, there is no guarantee that the current historically high amount of lynx 
habitat will be maintained by future forest managment practices on private lands. The greatest 
stressors to resident lynx in this unit are habitat loss (as a result of the shift in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 
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lack of forest planning for lynx, and projected continued climate warming (diminishing snow 
depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
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Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 



131 
 

involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways.  
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
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Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
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In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
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relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 



135 
 

availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 

                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
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Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
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to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
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A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
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management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
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female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
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intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
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In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
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p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
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winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (> 30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. The Diamond Creek wildfire burned another large block of 
lynx habitat in the northern part of this unit in 2017. These burned areas are expected to 
regenerate back into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 
2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx 
population in this geographic unit will likely be at increased risk of stochastic demographic, 
genetic, and environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 



150 
 

habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
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(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
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persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 



153 
 

WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
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3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place22. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 

                                                
22 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
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developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
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unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
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historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
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probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
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development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-523). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
                                                
23 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
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In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
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All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Ibid), the estimate of survival within the study area was higher than those reported for 
natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; Slough and Mowat 1996, 
entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories (0.90; Poole 1994, p. 
612). Successful reproduction, including by third- and fourth-generation offspring of translocated 
lynx, has been documented (Shenk 2008, p. 2); however, the average proportion of females that 
produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) and the kitten survival rate 
(0.23; Ivan 2016b, pers. comm.) were both lower in this geographic unit (during the period of 
intensive monitoring from 1999-2010) than rates reported for some other geographic units (table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
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also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
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A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time.  
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
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Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
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we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
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the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
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Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
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Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
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number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 



172 
 

well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
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populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
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the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
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of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
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losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
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warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
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Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 
2025: 80 
(60-95) 

 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
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2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Adequacy of immigration from southern 

BC 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
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breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 



181 
 

scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
 



188 
 

The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201024), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
24 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Ibid., p. 8). Notaro et al. (2015, pp. 1668-1669) 
projected changes in lake effect snowfall using downscaled climate models (Abdus Salam 
International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 (RegCM4; 
Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great Lakes 
Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an increase in 
lake effect snow in the eastern Great Lakes until 2050, with a decline later in the century, with 
an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)25 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
25 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 



203 
 

increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see section 3.2), but 
continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
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geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncerytainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
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really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
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LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 



215 
 

affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
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similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future that it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.26 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
26 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
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settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Vashon, Jennifer
To: Zelenak, Jim
Cc: Connolly, James
Subject: Re: Lynx Maine Update
Date: Tuesday, October 17, 2017 7:27:04 AM

Jim

Yes but also talks a bit more to the overall health of Maine's Lynx population. The pop by all
indications is  strong and likely still increasing. The
evidence of Lynx in areas outside their historic range suggests Maine is able to     carry a
larger pop than previously thought.

Thanks for the question and clarification.

Best
Jen

Get Outlook for iOS

From: Zelenak, Jim <jim_zelenak@fws.gov>
Sent: Thursday, October 12, 2017 10:26:58 AM
To: Vashon, Jennifer
Cc: Connolly, James
Subject: Re: Lynx Maine Update
 
Excellent!  Thanks Jen.

Is the following, particularly the last sentence, a reasonable interpretation/summary of the new telemetry data
regarding home range maintenance and productivity - for "current conditions" summary for the Maine Unit?

"Although lynx regularly occur outside this unit in southeastern and southwestern Maine, and
small numbers of reproducing lynx have also been documented recently in northern New
Hampshire and northern Vermont, the ability of some of these peripheral areas to support
persistent breeding populations is questionable. However, recent telemetry data in Maine
suggest that resident lynx are expanding both east and south of the Northern Maine
Geographic Unit, with home range maintenance and reproduction documented in both areas,
which previously were considered outside the area capable of supporting resident lynx
(Vashon 2017, pers. comm.)."

Jim

On Wed, Oct 11, 2017 at 2:37 PM, Vashon, Jennifer <Jennifer.Vashon@maine.gov> wrote:

Hi Jim,

 

We recently met with the Maine Field Office to provide an update on the lynx research efforts we
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mailto:James.Connolly@maine.gov
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have underway and findings to date.  Since, it has been awhile since I provided the update to you
(i.e., the workshop in Minnesota), it seemed appropriate to provide you with an update as well. 

 

As you know, the State (MDIFW) has several projects underway. Below, I provide a brief update on
on-going lynx occupancy and telemetry studies.    We also have two projects with other
researchers that have just started – a lynx genomic study (Mass. Coop Unit/Smithsonian) and  a
lynx mortality study to explore the role of lungworm (University of New Hampshire Diagnostic
Lab).  I’ll provide an update on these projects when more information is available from
researchers. We also continue to maintain a database and spatial layer of confirm sightings and
take of lynx (e.g. road mortalities and incidental trapping).

 

MDIFW Telemetry Study (2015-present)  

After the meeting in Minnesota, we began equipping lynx with GPS collars.  The intent of this 2nd

telemetry study is to improve our understanding of lynx in Maine, since previous telemetry studies
had been limited to an area heavily impacted by spruce budworm (1999-2011 Vashon et al. 2008a,
2008b). Rather than capture lynx on a defined study area, we are collared a sample of lynx that are
incidentally captured by fur trappers during our fall trapping season.  This provides us an
opportunity to radio lynx at little cost and evaluate lynx habitat use and behavior across a larger
spatial scale. 

 

There has been a lot of speculation about the value of areas outside the budworm impact
spruce/fir forest of northern Maine.  Although this work is underway, we have some very
interesting preliminary findings:

·         During the fall of 2015 and 2016, we equipped 8 lynx (5M:3F) with GPS collars. 

·         These lynx were captured primarily along the southern fringe of lynx range in Maine .   

·         Since these lynx have been monitored for at least a year, we have sufficient data to assess
whether these animals are residents or dispersers.   

·         All 8 lynx have  defined home ranges indicating they are residents.

·         In addition, this May both adult females equipped with radio collars gave birth to kittens.  The
other female was killed by a fisher in April before she would have given birth.

·         Two lynx , including an adult female, appear to be older than we documented during previous
studies.  We were pleasantly surprised that despite her older age, she had not reached
senescence; she was 1 of the 2 radioed females that produced a litter of kittens this May.  

 



Please keep in mind that the sample of collared lynx should not be interpreted as a smaller
population in this area, but reflects the design of the study and availability of collars (i.e., lynx
caught incidentally to other fur trapping vs. targeted capture of lynx by researchers). We recently
purchased an additional 12 collars to bolster our sample to better estimate home range size,
habitat use, and productivity across lynx range in Maine. We will keep you updated on our
findings. 

 

Update: MDIFW Lynx
occupancy and distribution
(2015-present) 

Our telemetry work and
documented sightings
suggest an expanding lynx
population.  As we reported
in Minnesota,  we began a
resurvey effort in 2015 to
document changes in lynx
distribution and
occurrence.  Since then, we
have completed two more
winters of survey effort and
have continued to find lynx
in more locations than
during previous surveys. 
Preliminary occupancy
models indicated that
occupancy has increased
between initial surveys
(2003-2008) and follow-up
surveys (2015-17).  We
hope to complete the resurvey effort this winter (2018).   

 

During previous surveys (2003-2008) in northern Maine, we detected lynx in 42 of 91 towns(46%),
(see map, green=lynx, pink=no lynx detected).  This includes detecting lynx in towns where a
habitat model (Hoving 2003) predicted a high probability of lynx occurrence, as well as, a portion
of towns where the model predicted a low probability of occurrence.  This indicated that although
the model was based on the best available data, that the model was conservative since lynx were
observed where the model did not predict. 

 



Starting in 2015, we began resurveying these towns to detect changes in lynx distribution and
occurrence. In addition, we surveyed 11 new areas further to the east where we received
numerous recent confirmed sightings of lynx.  To date, we detected lynx in 38 of 45 towns (84%;
as denoted by paw print on map).  This includes 17 towns in northern Maine where lynx were not
documented during earlier surveys (see pink towns with paw prints).   Areas where we did not
detect lynx (n=7) is denote by hatched line.  We will keep you updated on this effort. 

 

If you have any questions or if you would like additional information, please do not hesitate to ask!

 

Best,

 

Jen

 

 

Jennifer Vashon
Black Bear and Canada Lynx Biologist
Maine Dept of Inland Fisheries & Wildlife Division
Wildlife Division
650 State St. 
Bangor, ME 04401
(207) 941-4238 
mefishwildlife.com | facebook | twitter

Correspondence to and from this office is considered a public record and may be subject to a request under the Maine Freedom of
Access Act. Information that you wish to keep confidential should not be included in email correspondence.

 

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220

https://maps.google.com/?q=650+State+St.+%0D+Bangor,+ME+04401+%0D+(207&entry=gmail&source=g
http://www.maine.gov/ifw/
http://www.facebook.com/mainefishwildlife
http://www.twitter.com/mefishwildlife
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From: Nelson, Marjorie
To: Paul Phifer; Lori Nordstrom; Rollie White
Cc: Michael Thabault
Subject: Fwd: PDF
Date: Tuesday, October 17, 2017 9:21:15 AM
Attachments: 2017 10 13 FINAL Lynx SSA Report.pdf

HI all,
Here is the final version of the SSA.  Thank you for your region's extensive review
and comment.  Just let us know if there are any red flags.  
Marj
Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Oct 16, 2017 at 2:06 PM
Subject: Fwd: PDF
To: Marjorie Nelson <Marjorie_Nelson@fws.gov>
Cc: "Thabault, Michael" <michael_thabault@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>

Final (ish) Lynx SSA.  

Some messages to pass on to other Regions.    JB

We are not looking for a review of the SSA.  
We are looking for any red flags that we somehow missed. 
We have completed the 5-year Review of the Canada lynx in the contiguous United
States (Lower 48 States) distinct population segment (DPS) and recommend that the
DPS be delisted.
Most lynx populations in the DPS are larger and more secure than we thought when we
listed the DPS, and the threat for which the DPS was listed (the inadequacy of Federal
regulations at the time of listing) has been substantially addressed since then.
Improvement in our understanding of lynx habitat requirements and thus lynx
distribution in the DPS has led us to conclude that although lynx are naturally rare in the
DPS, the available information does not suggest broad-scale habitat loss or population
declines relative to historical conditions. 
The efforts of Federal, State, and Tribal agencies and other conservation partners to
identify and protect lynx habitats and populations throughout the DPS range have been
critical to the conservation of lynx.
Although we remain concerned about climate in the future, at this time we can not
accurately predict, model or estimate potential effects to the DPS to be such that lynx
warrants listing. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are naturally 
less abundant and generally more patchily-distributed than in the core of the species’ range in 
Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in Canada 
is thought to be important. However, the extent to which DPS populations may depend on 
immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
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listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain. This geographic unit may also be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
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only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
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for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences in lynx habitat compared to the 
northern parts of the species’ range in Canada and Alaska (62 FR 28654-28655). The Service 
listed the DPS as threatened under the ESA in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on some Federal lands to provide for the conservation of lynx 
habitats and populations (65 FR 16052-16086). On May 8, 2014, the United States District 
Court for the District of Montana ordered the Service to complete recovery planning for the lynx 
DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the 
Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that such 
a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered or no longer 
warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed this SSA (version 
1.0) to summarize the best available scientific information on the current status and likely future 
viability of the DPS. This SSA will inform a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is needed to 
guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support resident lynx and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php


14 
 

Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
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● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate conifer or deciduous) forests, non-snow-domintated climates, or to persist 
on alternate prey species where hare densities are or become inadequate. Therefore, we 
assume lynx populations in the DPS are vulnerable (sensitive, exposed, and with little 
capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 5) to the 
projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
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stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
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that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
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363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
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Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
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Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus  spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
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projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
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Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
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2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
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2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
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own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern populations the 
likelihood is probably relatively low that an individual lynx will have its ecological requirements 
met sufficiently to replace itself in the breeding population. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens (Moen 
et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
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females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
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level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal. 
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
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doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex 10, deterministic 
population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) to calculate 
finite growth rates during a period of high hare density (λ = 1.16; increasing trend) and during a 
period of low hare density (λ = 0.88; decreasing trend) for the lynx population in northern Maine 
(see also section 4.2.1). Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration (i.e., both assumed immigration and emigration rates of zero, which is 
very unlikely and contradicted by historical and recent evidence of lynx dispersal in both 
directions across the Canada-Unites States border across the DPS range). Schwartz (2017, p. 
4) noted that very low immigration rates (less than 1 female/year on average for a theoretical 
population of 100 lynx) could provide population stability or even growth, suggesting that the 
Seeley Lake population and perhaps other DPS populations are probably being bolstered by 
low levels of immigration, which may go undetected. Other efforts to model lynx population 
dynamics in the DPS range include those of Lyons et al. (2016, entire), who developed spatially-
explicit, individual-based population models to estimate reductions in potential lynx carrying 
capacity in Washington associated with recent large wildfires, and Licht et al. (2017, in press, 
entire), who conducted a PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, 
about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
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years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
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risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
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The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
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80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
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the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
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(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
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state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
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high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
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has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
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recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
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recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Although the current population size in Maine is uncertain, 
habitat distribution and lynx home range data suggest this geographic unit could potentially 
support 750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35-40 years post-harvest, hare 
densities are expected to decline as cover and forage are reduced as a result of forest 
succession (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The 
current lynx population in Maine is probably substantially larger than typically occurred 
historically under the natural disturbance regime, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of the dense young stands that provode 
optimal hare (and, therefore, lynx foraging) habitat (Lorimer 1977, entire; 68 FR 40094; Vashon 
et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the proliferation of 
partial harvesting following enactment of the Maine Forest Practices Act of 1989, lynx densities 
in Maine are projected to decline by 55 to 65 percent by 2032 (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16), perhaps to levels more consistent with likely 
historical conditions. Lynx in Maine likely represent the southern periphery of a larger population 
that occurs in northern New Brunswick and southern Quebec south of the St. Lawrence 
Seaway/River, which appears to partially isolate lynx in this region, demographically and 
genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
Whether lynx persistence in Maine relies on immigration from Canada, and if so to what extent, 
is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
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whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx 
SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent evidence of 
reproduction have been documented in the Montana portion of the GYA where, as with the 
northwestern Wyoming part of the GYA (discussed above), uncertainty about whether this area 
consistently or only intermittently supported resident lynx historically makes it difficult to interpret 
their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As elsewhere in 
the West, recent research and habitat assessments suggest that habitats capable of supporting 
resident lynx in Montana are, and historically were, naturally patchier and less-broadly 
distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore 
naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson in Lynx 
SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
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the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 
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3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
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management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
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movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
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incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
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to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
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the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. Overall, Federal lands managed by the USFS, BLM, and NPS constitute nearly 64 
percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, and all but a tiny fraction of 
these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
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resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
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are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. In response to a Federal court order, MDNR developed an incidental 
take plan designed to minimize the potential for lynx to be incidentally trapped during other legal 
furbearer trapping; the plan is currently under review by the Service. Like Maine, Minnesota has 
a State Endangered Species Statute (84.0895) which requires the MNDNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the MNDNR to 
adopt rules that regulate treatment of species designated as endangered and threatened. Also 
like Maine, however, Minnesota has not designated lynx as threatened or endangered under the 
statute. Instead it has designated the lynx a species of special concern, a designation for 
species that are extremely uncommon, have unique or highly specific habitat requirements, or 
occur on the periphery of their range in Minnesota and, therefore, deserve careful monitoring 
(MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of reasonable restrictions on trapping in lynx 
habitat. Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
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10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming were offered full protection from trapping 
and hunting beginning in 1973, and they are designated by the State as a species of greatest 
conservation need (ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also 
participates in the CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
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of Unit 1) in northern Maine is under conservation easement10, but easements do not require 
management prescriptions or commitments for lynx. In the past Maine private forest landowners 
have expressed interest in long-term commitments to lynx management plans, but to our 
knowledge, there are no private landowners in Maine who have committed to long-term or 
permanent protection and creation of lynx habitat according to the Service’s lynx management 
guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 

                                                
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
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private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
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In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 
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lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
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climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
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have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
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13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over potential competitors and predators. However, climate warming is diminishing snow 
conditions (depth, quality, persistence) throughout the DPS range. Warmer winter temperatures 
are reducing snow cover extent  and duration and altering snow structure via a combination of a 
higher proportion of precipitation falling as rain, more winter thaw-freeze events, higher rates of 
snowmelt during winter, and earlier spring melt and runoff (Hamlet and Lettenmaier 1999, p. 
1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 
2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; Pierce et al. 2008, 
entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; Georgakakos et al. 2014, pp. 
71-85). These trends are expected to continue with projected future climate warming (Hamlet 
and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; IPCC 2014b, p. 62). The 
IPCC projects that spring snow cover in the Northern Hemisphere is likely to decrease by 7-25 
percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase’’ (Christensen et al. 2007, p. 850). 
Because lynx occurrence is correlated with prolonged periods of deep, fluffy snow, current lynx 
habitats would be expected to decline in value for lynx with decreases in snow condition and 
duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
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47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Snowpack losses have been documented and will likely continue and could even accelerate in 
the future (Hamlet and Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 
2011, entire; Kapnick and Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-
971), with faster losses likely in milder climates like the Cascades and the slowest losses in the 
high peaks of the Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in 
temperature, snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 
2016, p. 106). In the West, areas of contiguous spring snow cover are projected to become 
smaller and more isolated throughout the Columbia, Upper Missouri, and Upper Colorado 
Basins, with greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). 
Snow accumulation and duration are also expected to continue to decline generally in the 
central and eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 
2009, p. 31; Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential 
future snow cover under a range of IPCC climate scenarios suggests that snow conditions 
correlated with historical lynx occurrence records could decline by 10-20 percent across the 
continental U.S. and Canada and by 46-84 percent in the contiguous United States by the end 
of the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
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and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
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mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), and they experience high mortality in deep-snow winters (Litvaitis et 
al. 1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
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warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
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Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
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events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
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860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
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genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
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analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
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Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
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and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
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Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
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Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
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Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
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recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
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There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
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In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
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important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
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landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
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history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
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Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
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or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
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northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
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eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
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As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
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Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
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more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 



102 
 

al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
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Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
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to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
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and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
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of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
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(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
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less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger population that also occupies southern Quebec 
(where trapping is legal) and northern New Brunswick (where lynx are a provincially-
endangered species and harvest is prohibited). There are no reliable estimates of current or 
historical resident lynx numbers in this unit. However, based on estimates of habitat distribution 
and lynx home range sizes, the MDIFW believes this unit currently may be capable of 
supporting 750-1,000 lynx (Vashon et al. 2012, pp. 87-91), which would make it the largest 
population in the DPS. This is many more resident lynx than likely occurred historically and 
many more than were suspected to occur in this unit when the DPS was listed, and it is the 
result of extensive clearcutting and herbicide application to salvage spruce-fir and encourage 
softwood regeneration following a severe spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments 
have created the current extensive distribution of young, regenerating softwood stands that 
provide optimal hare foraging habitat. Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and the highest densities documented in the DPS. 
Historically, under a more natural disturbance regime, Maine typically had a greater proportion 
of mature forest and, therefore a patchier distribution of high-quality habitat that likely supported 
a smaller lynx population that may have been more dependent on immigration from Canada. 
State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 
harvesting that have resulted in lower landscape hare densities across much of the unit. Hare 
populations do not seem to cycle in this region, but hare density estimates from 2008-2015 
declined by over 50 percent compared to estimates from 2001-2006. Reproduction and survival 
rates in the low-hare environment after 2006 suggest a slightly declining lynx population, 
although kitten survival remained high. Unlike other DPS units, lynx habitat in northern Maine 
occurs nearly entirely on private, industrial forest lands, most of which lack long-term 
commitments to lynx management. The majority of private lands in this unit are now owned by 
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investment companies seeking to diversify income from their investments, which could result in 
forest practices less likely to maintain or conserve hare and lynx habitat. Other potential 
stressors to lynx in this unit include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. Another spruce budworm outbreak may be 
imminent, and forestry response by investment landowners is uncertain. Climate change is a 
concern because average annual snowfall and duration are currently at the minimum thresholds 
believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores. Although lynx regularly occur outside this unit in southeastern and 
southwestern Maine, and small numbers of reproducing lynx have also been documented 
recently in northern New Hampshire and northern Vermont, the ability of some of these 
peripheral areas to support persistent breeding populations is questionable. However, recent 
telemetry data in Maine suggest that resident lynx are expanding both east and south of the 
Northern Maine Geographic Unit, with home range maintenance and reproduction documented 
in both areas, which previously were considered outside the area capable of supporting resident 
lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 



110 
 

supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. There are no reliable estimates of historical or current resident lynx numbers in 
northern Washington, but recent habitat and home range analyses for the larger Okanogan LMZ 
(summarized in Lewis 2016) suggest that this unit may have been capable of supporting about 
50 lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). 
Those fires affected over a third of the LMZ, led to increased home range size, and may have 
reduced the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
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942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 



112 
 

Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but CPW lynx biologists believe it may currently support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 1996, 2 
unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 mi2) of 
spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in this unit. 
Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) of lynx 
habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively impacted 
hares, and hare numbers may increase in affected areas as succession progresses; however, 
they have negatively impacted red squirrels, an important alternate prey species for lynx in this 
unit. Areas affected by beetles that contained multi-story stand conditions likely continue to 
provide habitat to support snowshoe hares and lynx. Areas affected by fire may require 20 years 
or more, and in some areas considerably longer, to recover to a point where the stands will 
again support snowshoe hares. Large-scale monitoring efforts in the San Juans documented 
continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is reasonably likely 
that lynx continue to occur in all national forests within the State of Colorado. Snowshoe hare 
habitat is patchily-distributed in this geographic unit, which limits hare abundance. Because the 
majority (90 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant impacts to lynx habitat 
within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, providing 
conservation through the SRLA. However, regulatory mechanisms for the conservation of lynx 
are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx 
habitats on some BLM and some non-Federal lands. 
 



113 
 

Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
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Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
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[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
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forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
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km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
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Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
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and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
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Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
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townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 



123 
 

In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
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5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
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Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx, although the 
actual population size is unknown. High-quality habitat created by extensive clearcutting 30 to 
40 years ago is peaking and is projected to decline by 50 percent in the next 15 to 20 years 
(Simons-Legaard 2016, pp. 10-18; also see section 5.2.1). Hare densities declined by 50 
percent in this unit starting in about 2006 and have remained at lower levels, and future hare 
fluctuations or cycles are uncertain. Recent history demonstrates that some forms of forest 
management have the potential to create or increase lynx habitat. However, forest practices 
have shifted to partial harvesting, which is less likely to create large areas of lynx habitat or 
maintain the current historically broad distribution of high-quality habitat generated by previous 
landscape-level clear-cutting. Additionally, private landowners who previously entered into 
commitments to manage for lynx conservation have not renewed those commitments (although 
the habitat will remain viable for lynx for some time). Land ownership has also changed in 
northern Maine, and the majority of lands are owned now by investment companies that often 
wish to diversify income from their investments, which could result in forest practices 
inconsistent with lynx habitat conservation. Without long-term, binding land management 
commitments in this unit, there is no guarantee that the current historically high amount of lynx 
habitat will be maintained by future forest managment practices on private lands. The greatest 
stressors to resident lynx in this unit are habitat loss (as a result of the shift in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 
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lack of forest planning for lynx, and projected continued climate warming (diminishing snow 
depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
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Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
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involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways.  
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
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Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
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In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
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relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
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availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 

                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
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Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
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to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
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A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
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management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
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female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
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intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
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In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
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p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
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winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (> 30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. The Diamond Creek wildfire burned another large block of 
lynx habitat in the northern part of this unit in 2017. These burned areas are expected to 
regenerate back into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 
2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx 
population in this geographic unit will likely be at increased risk of stochastic demographic, 
genetic, and environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
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habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
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(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 



152 
 

persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
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WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
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3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place22. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 

                                                
22 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 
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provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
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developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 



157 
 

unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
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historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
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probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
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development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-523). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
                                                
23 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
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In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
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All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Ibid), the estimate of survival within the study area was higher than those reported for 
natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; Slough and Mowat 1996, 
entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories (0.90; Poole 1994, p. 
612). Successful reproduction, including by third- and fourth-generation offspring of translocated 
lynx, has been documented (Shenk 2008, p. 2); however, the average proportion of females that 
produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) and the kitten survival rate 
(0.23; Ivan 2016b, pers. comm.) were both lower in this geographic unit (during the period of 
intensive monitoring from 1999-2010) than rates reported for some other geographic units (table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
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also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
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A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time.  
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
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Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
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we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
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the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
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Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
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Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
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number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
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well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
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populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
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the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
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of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
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losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
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warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
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Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 
2025: 80 
(60-95) 

 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
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2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Adequacy of immigration from southern 

BC 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
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breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
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scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 



189 
 

et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201024), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
24 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 



193 
 

likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Ibid., p. 8). Notaro et al. (2015, pp. 1668-1669) 
projected changes in lake effect snowfall using downscaled climate models (Abdus Salam 
International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 (RegCM4; 
Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great Lakes 
Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an increase in 
lake effect snow in the eastern Great Lakes until 2050, with a decline later in the century, with 
an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)25 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
25 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see section 3.2), but 
continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
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geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncerytainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
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really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
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LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
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affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
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similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 



219 
 

Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future that it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.26 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
26 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
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settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Bush, Jodi
To: Zelenak, Jim
Cc: Shoemaker, Justin; Munoz, Anna; Marjorie Nelson
Subject: Re: Lynx call w/ SOL Today at 2:00 MT?
Date: Tuesday, October 17, 2017 9:42:31 AM

thats fine

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Oct 17, 2017 at 9:35 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Works for me. Thanks.

On Tue, Oct 17, 2017 at 9:32 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
To discuss lynx 5 yr review, outreach, etc. and timing w/ Dana and Kate.

If 2:00 today works, I'll set it up. Looks clear on your calendars.  It works for SOLs. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Broderdorp, Kurt
To: Ellwood, Leslie
Subject: Re: VEG S7 meeting
Date: Tuesday, October 17, 2017 12:28:43 PM
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I don't have it yet, I'll have to pull it out of their DEIS.  I will be in meetings most of the
afternoon, I will try and dig it up at some point.

On Tue, Oct 17, 2017 at 12:17 PM, Ellwood, Leslie <leslie_ellwood@fws.gov> wrote:
Kurt,

I haven't seen what the Rio Grande NF provided for review - can you share that with me?

Thanks,
Leslie

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747

On Fri, Oct 13, 2017 at 2:18 PM, DeBerry, Drue <drue_deberry@fws.gov> wrote:
Does the morning of Tuesday 10/31 work for you?

Kurt,  I understand if the SSA will make your involvement difficult.  If it does we'll have
Allison call in and Leslie will have to suffice for the historical context.

Thanks,
Drue DeBerry
Colorado and Nebraska Field Supervisor
U.S. Fish and Wildlife Service/ Ecological Services
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
Office: 303 236-4774
Cell: 703-472-7777
drue_deberry@fws.gov

---------- Forwarded message ----------
From: McDonald, Peter M -FS <petermcdonald@fs.fed.us>
Date: Thu, Oct 12, 2017 at 9:33 AM
Subject: VEG S7 meeting
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To: "DeBerry, Drue (drue_deberry@fws.gov)" <drue_deberry@fws.gov>
Cc: "Lohr, Steve -FS" <slohr@fs.fed.us>

Drue,

 

Could we have another meeting sometime the week of 10/30 to discuss latest developments
with the new VEG S7 lynx management standard for the Rio Grande NF? The Rio Grande
released the public drafts of their revised forest plan and EIS within the last couple weeks, so
a good time to reconnect to discuss some proposed changes and further refinement of the
standard. Leslie and Kurt have been closely involved with it to now and we would hope they
could participate. We would have some folks from our Regional Office and the forest.

 

Let me know. Thanks Drue.  

 

Peter

Peter McDonald
Regional Program Group Leader
Threatened, Endangered and Sensitive Species

Forest Service
Rocky Mountain Region

p: 303-275-5029
c: 303-475-3515
petermcdonald@fs.fed.us

1617 Cole Boulevard, Bldg 17
Lakewood, CO 80401
www.fs.fed.us

Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify
the sender and delete the email immediately.
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-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186



From: Broderdorp, Kurt
To: Ellwood, Leslie
Subject: Re: VEG S7 meeting
Date: Tuesday, October 17, 2017 12:28:43 PM
Attachments: image001.png

image002.png
image003.png
image004.png

I don't have it yet, I'll have to pull it out of their DEIS.  I will be in meetings most of the
afternoon, I will try and dig it up at some point.

On Tue, Oct 17, 2017 at 12:17 PM, Ellwood, Leslie <leslie_ellwood@fws.gov> wrote:
Kurt,

I haven't seen what the Rio Grande NF provided for review - can you share that with me?

Thanks,
Leslie

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747

On Fri, Oct 13, 2017 at 2:18 PM, DeBerry, Drue <drue_deberry@fws.gov> wrote:
Does the morning of Tuesday 10/31 work for you?

Kurt,  I understand if the SSA will make your involvement difficult.  If it does we'll have
Allison call in and Leslie will have to suffice for the historical context.

Thanks,
Drue DeBerry
Colorado and Nebraska Field Supervisor
U.S. Fish and Wildlife Service/ Ecological Services
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
Office: 303 236-4774
Cell: 703-472-7777
drue_deberry@fws.gov

---------- Forwarded message ----------
From: McDonald, Peter M -FS <petermcdonald@fs.fed.us>
Date: Thu, Oct 12, 2017 at 9:33 AM
Subject: VEG S7 meeting

mailto:kurt_broderdorp@fws.gov
mailto:leslie_ellwood@fws.gov
mailto:leslie_ellwood@fws.gov
https://maps.google.com/?q=134+Union+Blvd,+Suite+670,+Lakewood,+CO+80228&entry=gmail&source=g
mailto:drue_deberry@fws.gov
https://maps.google.com/?q=134+Union+Blvd.,+Suite+670+Lakewood,+Colorado+%C2%A080228Office:+303&entry=gmail&source=g
https://maps.google.com/?q=134+Union+Blvd.,+Suite+670+Lakewood,+Colorado+%C2%A080228Office:+303&entry=gmail&source=g
https://maps.google.com/?q=134+Union+Blvd.,+Suite+670+Lakewood,+Colorado+%C2%A080228Office:+303&entry=gmail&source=g
mailto:drue_deberry@fws.gov
mailto:petermcdonald@fs.fed.us


To: "DeBerry, Drue (drue_deberry@fws.gov)" <drue_deberry@fws.gov>
Cc: "Lohr, Steve -FS" <slohr@fs.fed.us>

Drue,

 

Could we have another meeting sometime the week of 10/30 to discuss latest developments
with the new VEG S7 lynx management standard for the Rio Grande NF? The Rio Grande
released the public drafts of their revised forest plan and EIS within the last couple weeks, so
a good time to reconnect to discuss some proposed changes and further refinement of the
standard. Leslie and Kurt have been closely involved with it to now and we would hope they
could participate. We would have some folks from our Regional Office and the forest.

 

Let me know. Thanks Drue.  

 

Peter

Peter McDonald
Regional Program Group Leader
Threatened, Endangered and Sensitive Species

Forest Service
Rocky Mountain Region

p: 303-275-5029
c: 303-475-3515
petermcdonald@fs.fed.us

1617 Cole Boulevard, Bldg 17
Lakewood, CO 80401
www.fs.fed.us

Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify
the sender and delete the email immediately.
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-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186



From: Zelenak, Jim
To: Anna Munoz
Cc: Jodi Bush; Justin Shoemaker
Subject: Re: Canada Lynx 5-year Review Communications Strategy.docx
Date: Wednesday, October 18, 2017 8:15:03 AM

Thanks Anna.

Please let me know if you have questions or concerns regarding any of my recommendations, and let me know if
there's anything I can do to help.

Jim

On Wed, Oct 18, 2017 at 8:11 AM, Anna Munoz (via Google Docs) <drive-shares-
noreply@google.com> wrote:

anna_munoz@fws.gov has sent a message regarding the following
document:

Canada Lynx 5-year Review Communications
Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of the
documents off of this google drive for completion. If you have
comments that have not already been submitted, please email them
to me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with you

from Google Docs.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Zelenak, Jim
Cc: Brent Esmoil
Subject: Re: Lynx Science Review
Date: Wednesday, October 18, 2017 8:18:18 AM

I'd like you to go if you dont have leave scheduled.  Hopefully by then the SSA will be out so
the direction may change. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Oct 18, 2017 at 7:50 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI. Gary also left a phone message and wants me to call him back to discuss this.  Wanted to run it by you both
first.  Let me know what you think.

---------- Forwarded message ----------
From: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Date: Tue, Oct 17, 2017 at 4:09 PM
Subject: Lynx Science Review
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Jim,  I think we shared the attached Brief with you.  And, I think Scott and I both have mentioned
this Review Team to you in the past as well.  I know Erin talked about it w/ Jodi and name
requested  your participation.  A handful of bios in FS Regions 1, 2, 4, and possibly 6 are trying to
arrange a face to face meeting on Nov 6-7 here in Missoula to start the process, and hope you can

to attend – I think your presence at this 1st meeting is important.   I’ll call you later today and we
can talk more about it………..

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Anna Munoz
Cc: Robert Segin; Mogadam, Roya; Craig Hansen; Meagan Racey; jason_holm@fws.gov; Charles Traxler; Jim

Zelenak; Justin Shoemaker; Marjorie Nelson
Subject: Re: Canada Lynx 5-year Review Communications Strategy.docx
Date: Wednesday, October 18, 2017 9:53:40 AM

I have reviewed the comments in the communication plan and NR by Jim and support them.
JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Oct 18, 2017 at 8:11 AM, Anna Munoz (via Google Docs) <drive-shares-
noreply@google.com> wrote:

anna_munoz@fws.gov has sent a message regarding the following
document:

Canada Lynx 5-year Review Communications
Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of the
documents off of this google drive for completion. If you have
comments that have not already been submitted, please email them
to me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with you

from Google Docs.
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From: Shoemaker, Justin
To: Munoz, Anna
Cc: Zelenak, Jim
Subject: Re: Can one of you send me the SSA and 5-year review
Date: Wednesday, October 18, 2017 12:02:53 PM
Attachments: 2017 10 13 FINAL Lynx SSA Report.pdf

Tab 2. Canada Lynx draft 5-yrReview_09282017.doc

Anna,

Here's the SSA and the 5YR.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Oct 18, 2017 at 12:33 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I will momentarily (but not reply all so as not to bomb Jodi's and Justin's in-box), along with a reminder that
neither is for broad distribution yet.

On Wed, Oct 18, 2017 at 11:30 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I understand that these are being reviewed by SOL but for my purposes, I really need to
just better understand the key tenets of each. 

Thanks.

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
The purpose of a 5-year review is to assess each threatened and endangered species to determine 
whether its status has changed since the time of its listing, or its last status review and whether it 
should be classified differently or removed from the list of threatened and endangered species.  
The U.S. Fish and Wildlife Service (Service) evaluated the biology and status of the contiguous 
United States (U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species 
Status Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The 
SSA Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA 
Team), which consists of a Core Team of Service biologists who work on lynx issues across the 
DPS range and an SSA Framework Implementation Team of Service and U.S. Geological 
Survey staff who have developed and advanced the SSA framework.  The SSA Report represents 
the Service’s evaluation of the best available scientific information, including the formally-
elicited professional judgments and opinions of recognized lynx experts.  The SSA Report 
underwent independent peer and partner review before being used as the scientific basis to 
support a decision making process involving Service Regions 1, 3, 5, and 6 regarding the 
recommendation presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the lynx DPS as a threatened species under the Endangered Species Act (ESA) 
in 2000 because of the potential for impacts to lynx habitat conditions and the availability of 
snowshoe hare and other prey populations within the lynx DPS and existing regulatory 
mechanisms on Federal lands, at that time, did not provide sufficient guidance for the 
conservation of lynx habitats and populations or snowshoe hare habitat in light of potential 
threats (65 FR 16052-16086).  On May 8, 2014, the United States District Court for the District 
of Montana ordered the Service to complete recovery planning for the lynx DPS (U.S. District 
Court MT 2014a, p. 8).  On June 25, 2014, the same court ordered the Service to complete a 
recovery plan by January 15, 2018 “…unless the Service finds that such a plan will not promote 
the conservation of the [lynx]” (i.e., the DPS is recovered or no longer warrants ESA protections; 
U.S. District Court MT 2014b, p. 2).  We noticed the initiation of the 5-yr review in the Federal 
Register on April 18, 2007 (72 FR 19549), and additionally published a news release announcing 
re-initiation of a 5-yr review on January 13, 2015.   
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We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  SSA provides the scientific basis for this 5-
yr review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in 4 of the 6 geographic units evaluated in the SSA (Units 1 (Northern Maine), 2 
(Northeastern Minnesota), 3 (Northwestern Montana/Northeastern Idaho), and 4 (North-central 
Washington)) (SSA Report, p. X).  Based on verified records, it is uncertain if the Greater 
Yellowstone Area (Unit 5) historically supported a persistent resident lynx population and it 
currently appears not to support resident lynx (SSA Report, p. X).  Available evidence also 
suggests that Colorado (Unit 6) did not historically support persistent lynx presence; however, a 
resident population has persisted there for more than a decade since the 1999-2006 release of 218 
Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. X).   
 
Considering the available information, we found no reliable evidence that the current distribution 
and relative abundance of resident lynx in the contiguous United States are substantially reduced 
from historical conditions (SSA Report, p. X).  In fact, because of the introduction of lynx in 
Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than likely occurred historically (SSA Report, p. X).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. X).  
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. X).  In fact, as a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. X).  Similarly, resident lynx remains broadly distributed across the range of habitats 
that have supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. X).   
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Additionally, observed high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors too, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, p. X). 
 
We conclude that resident lynx populations are very likely to persist in all 5 units that currently 
support them (Units 1-4 and 6) in the near-term (2025) and likely to persist in those 5 units at 
mid-century (2050) (SSA Report, p. X).  We and the experts we consulted have low confidence 
in predicting the likely conditions of DPS populations beyond 2050 (SSA Report, p. X).  
Therefore we consider 2050 as the foreseeable future for this 5-year review.  Nonetheless, we 
expect lynx populations in each geographic unit to become smaller and more patchily-distributed 
in the future due largely to projected climate-driven losses in habitat quality and quantity and 
related factors (SSA Report, p. X).  However, the timing, rate, and extent of habitat decline due 
to projected climate warming and corresponding effects to lynx populations all are highly 
uncertain (SSA Report, p. X).  That said, smaller, more isolated populations would be less 
resilient and more vulnerable to demographic and environmental stochasticity and genetic drift 
and, therefore, at higher risk of extirpation (SSA Report, p. X).  Despite some reduced resiliency, 
we conclude that resident lynx populations are likely to persist through mid-century in the 
geographic units that supported them historically (units 1-4); with the corresponding 
maintenance of redundancy and representation in the DPS over that time span (SSA Report, p. 
X).  Predictions out to 2100 are highly uncertain (SSA Report, p. X), and beyond what we 
consider to be reasonably foreseeable.  Nonetheless, although we expect some resident lynx to 
persist within the DPS at the end of the century, it is possible that populations in some units 
could be functionally extirpated by then (SSA Report, p. X).  Should future extirpations occur, 
this would indicate a loss of resiliency, reduced redundancy, and representation, and an increased 
risk of extirpation of the DPS. 
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or snowshoe hare habitat (SSA Report, p. X).   
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Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the Endangered Species Act (Act), an endangered species is any species that is “in 
danger of extinction throughout all or a significant portion of its range.”  In the SSA Report, we 
evaluated the best available scientific information regarding the current and predicted future 
condition of the lynx DPS to describe its viability and how it may change over time (2025, 2050, 
and 2100).  We assess the viability of the lynx DPS by evaluating its ability to maintain a 
sufficient number and distribution of viable populations to withstand environmental stochasticity 
(resiliency), catastrophes (redundancy), and changes in its environment (representation) into the 
future.  Ultimately, we compare our evaluation of the DPS’ risk of extinction against the 
definitions of an endangered or threatened species as defined by the Act.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4), the current persistence of lynx in one of the units 
(Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. X).  The large sizes and broad distributions of the geographic units occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to preclude the possibility of extirpation from catastrophic events (SSA Report, p. X).  
There are no indications of current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, and the current level of representation do not suggest a decrease from 
historical conditions (SSA Report, p. X).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the Act, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. X).  
It became apparent through discussions with lynx experts, in peer and partner reviews of the 
draft SSA Report, and among Service biologists and management that any future projections of 
lynx status beyond mid-century were complicated by a very high degree of uncertainty 
concerning the timing and extent of various stressors that may affect lynx and hare habitat and 
snow regimes, especially those related to projected future climate change (SSA Report, p. X).  
Therefore, in this evaluation, we focused on mid-century (2050) as the foreseeable future 
because this time horizon gives us a higher degree of certainty in reasonably projecting the future 
condition of the lynx DPS.  
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As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. X).  
However, all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts (with likelihoods of 70 to 90 percent) to continue to do so 
through mid-century (2050) (SSA Report, p. X).  Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence (i.e., preclude extirpation) of resident lynx 
through mid-century in all or most of the 5 geographic units that currently support them (SSA 
Report, p. X).  At mid-century, we expect lynx to retain a wide geographical distribution of 
populations, maintaining redundancy within the DPS (SSA Report, p. X).  Should lynx 
populations in each geographic unit to become smaller and more patchily-distributed, reduced 
genetic health and/or adaptive capacity would be expected; however, we have no evidence to 
suggest reduced representation would be a DPS-level concern at mid-century (SSA Report, p. 
X).  Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is low, 
such that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and, therefore, does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS and, therefore, 
recovery criteria have not been developed.  However, the Service completed a Recovery Outline 
on September 14, 2005, which provided preliminary recovery objectives and actions based on 
our understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Even in the absence of a recovery plan, progress 
has been made on some components of the preliminary recovery strategy described in the 2005 
Recovery Outline (e.g., improved regulatory mechanisms on Federal and some State, Tribal, and 
private lands and related protections of important lynx and hare habitats), while other 
components have seen little or no progress or may no longer be appropriate.  Nonetheless, lynx 
conservation measures and habitat management guidance adopted by the USFS and the BLM 
have substantially addressed the potential threats considered at the time of listing to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. X).  Furthermore, as described above, the lynx DPS no longer meets 
the definition of a threatened species.  
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range nor is it likely to 
become so in the foreseeable future, i.e., not a threatened species throughout its range.  We 
recommend removing the Canada lynx DPS, currently listed as threatened, from the list of 
threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
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  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are naturally 
less abundant and generally more patchily-distributed than in the core of the species’ range in 
Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in Canada 
is thought to be important. However, the extent to which DPS populations may depend on 
immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 



4 
 

analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
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listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain. This geographic unit may also be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
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only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
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for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences in lynx habitat compared to the 
northern parts of the species’ range in Canada and Alaska (62 FR 28654-28655). The Service 
listed the DPS as threatened under the ESA in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on some Federal lands to provide for the conservation of lynx 
habitats and populations (65 FR 16052-16086). On May 8, 2014, the United States District 
Court for the District of Montana ordered the Service to complete recovery planning for the lynx 
DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the 
Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that such 
a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered or no longer 
warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed this SSA (version 
1.0) to summarize the best available scientific information on the current status and likely future 
viability of the DPS. This SSA will inform a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is needed to 
guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support resident lynx and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
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● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate conifer or deciduous) forests, non-snow-domintated climates, or to persist 
on alternate prey species where hare densities are or become inadequate. Therefore, we 
assume lynx populations in the DPS are vulnerable (sensitive, exposed, and with little 
capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 5) to the 
projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
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stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
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that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
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363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
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Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 



28 
 

Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus  spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
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projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
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Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
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2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
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2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
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own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern populations the 
likelihood is probably relatively low that an individual lynx will have its ecological requirements 
met sufficiently to replace itself in the breeding population. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens (Moen 
et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
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females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
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level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal. 
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
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doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex 10, deterministic 
population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) to calculate 
finite growth rates during a period of high hare density (λ = 1.16; increasing trend) and during a 
period of low hare density (λ = 0.88; decreasing trend) for the lynx population in northern Maine 
(see also section 4.2.1). Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration (i.e., both assumed immigration and emigration rates of zero, which is 
very unlikely and contradicted by historical and recent evidence of lynx dispersal in both 
directions across the Canada-Unites States border across the DPS range). Schwartz (2017, p. 
4) noted that very low immigration rates (less than 1 female/year on average for a theoretical 
population of 100 lynx) could provide population stability or even growth, suggesting that the 
Seeley Lake population and perhaps other DPS populations are probably being bolstered by 
low levels of immigration, which may go undetected. Other efforts to model lynx population 
dynamics in the DPS range include those of Lyons et al. (2016, entire), who developed spatially-
explicit, individual-based population models to estimate reductions in potential lynx carrying 
capacity in Washington associated with recent large wildfires, and Licht et al. (2017, in press, 
entire), who conducted a PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, 
about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
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years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
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risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
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The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-



41 
 

80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
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the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
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(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
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state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
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high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
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has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
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recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
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recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Although the current population size in Maine is uncertain, 
habitat distribution and lynx home range data suggest this geographic unit could potentially 
support 750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35-40 years post-harvest, hare 
densities are expected to decline as cover and forage are reduced as a result of forest 
succession (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The 
current lynx population in Maine is probably substantially larger than typically occurred 
historically under the natural disturbance regime, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of the dense young stands that provode 
optimal hare (and, therefore, lynx foraging) habitat (Lorimer 1977, entire; 68 FR 40094; Vashon 
et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the proliferation of 
partial harvesting following enactment of the Maine Forest Practices Act of 1989, lynx densities 
in Maine are projected to decline by 55 to 65 percent by 2032 (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16), perhaps to levels more consistent with likely 
historical conditions. Lynx in Maine likely represent the southern periphery of a larger population 
that occurs in northern New Brunswick and southern Quebec south of the St. Lawrence 
Seaway/River, which appears to partially isolate lynx in this region, demographically and 
genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
Whether lynx persistence in Maine relies on immigration from Canada, and if so to what extent, 
is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
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whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx 
SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent evidence of 
reproduction have been documented in the Montana portion of the GYA where, as with the 
northwestern Wyoming part of the GYA (discussed above), uncertainty about whether this area 
consistently or only intermittently supported resident lynx historically makes it difficult to interpret 
their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As elsewhere in 
the West, recent research and habitat assessments suggest that habitats capable of supporting 
resident lynx in Montana are, and historically were, naturally patchier and less-broadly 
distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore 
naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson in Lynx 
SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
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the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 
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3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
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management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
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movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 



55 
 

incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
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to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
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the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. Overall, Federal lands managed by the USFS, BLM, and NPS constitute nearly 64 
percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, and all but a tiny fraction of 
these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 



58 
 

resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
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are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. In response to a Federal court order, MDNR developed an incidental 
take plan designed to minimize the potential for lynx to be incidentally trapped during other legal 
furbearer trapping; the plan is currently under review by the Service. Like Maine, Minnesota has 
a State Endangered Species Statute (84.0895) which requires the MNDNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the MNDNR to 
adopt rules that regulate treatment of species designated as endangered and threatened. Also 
like Maine, however, Minnesota has not designated lynx as threatened or endangered under the 
statute. Instead it has designated the lynx a species of special concern, a designation for 
species that are extremely uncommon, have unique or highly specific habitat requirements, or 
occur on the periphery of their range in Minnesota and, therefore, deserve careful monitoring 
(MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of reasonable restrictions on trapping in lynx 
habitat. Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
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10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming were offered full protection from trapping 
and hunting beginning in 1973, and they are designated by the State as a species of greatest 
conservation need (ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also 
participates in the CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
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of Unit 1) in northern Maine is under conservation easement10, but easements do not require 
management prescriptions or commitments for lynx. In the past Maine private forest landowners 
have expressed interest in long-term commitments to lynx management plans, but to our 
knowledge, there are no private landowners in Maine who have committed to long-term or 
permanent protection and creation of lynx habitat according to the Service’s lynx management 
guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 

                                                
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 



66 
 

private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
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In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
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climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
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have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
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13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over potential competitors and predators. However, climate warming is diminishing snow 
conditions (depth, quality, persistence) throughout the DPS range. Warmer winter temperatures 
are reducing snow cover extent  and duration and altering snow structure via a combination of a 
higher proportion of precipitation falling as rain, more winter thaw-freeze events, higher rates of 
snowmelt during winter, and earlier spring melt and runoff (Hamlet and Lettenmaier 1999, p. 
1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 
2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; Pierce et al. 2008, 
entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; Georgakakos et al. 2014, pp. 
71-85). These trends are expected to continue with projected future climate warming (Hamlet 
and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; IPCC 2014b, p. 62). The 
IPCC projects that spring snow cover in the Northern Hemisphere is likely to decrease by 7-25 
percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase’’ (Christensen et al. 2007, p. 850). 
Because lynx occurrence is correlated with prolonged periods of deep, fluffy snow, current lynx 
habitats would be expected to decline in value for lynx with decreases in snow condition and 
duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
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47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Snowpack losses have been documented and will likely continue and could even accelerate in 
the future (Hamlet and Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 
2011, entire; Kapnick and Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-
971), with faster losses likely in milder climates like the Cascades and the slowest losses in the 
high peaks of the Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in 
temperature, snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 
2016, p. 106). In the West, areas of contiguous spring snow cover are projected to become 
smaller and more isolated throughout the Columbia, Upper Missouri, and Upper Colorado 
Basins, with greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). 
Snow accumulation and duration are also expected to continue to decline generally in the 
central and eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 
2009, p. 31; Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential 
future snow cover under a range of IPCC climate scenarios suggests that snow conditions 
correlated with historical lynx occurrence records could decline by 10-20 percent across the 
continental U.S. and Canada and by 46-84 percent in the contiguous United States by the end 
of the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
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and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
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mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), and they experience high mortality in deep-snow winters (Litvaitis et 
al. 1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
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warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
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Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
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events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
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860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
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genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
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analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
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Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
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and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
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Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
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Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
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Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
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recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
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There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
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In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
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important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
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landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
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history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
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Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
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or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
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northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
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eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
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As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
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Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
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more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
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al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
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Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 



104 
 

to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 



105 
 

and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
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of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
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(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
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less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger population that also occupies southern Quebec 
(where trapping is legal) and northern New Brunswick (where lynx are a provincially-
endangered species and harvest is prohibited). There are no reliable estimates of current or 
historical resident lynx numbers in this unit. However, based on estimates of habitat distribution 
and lynx home range sizes, the MDIFW believes this unit currently may be capable of 
supporting 750-1,000 lynx (Vashon et al. 2012, pp. 87-91), which would make it the largest 
population in the DPS. This is many more resident lynx than likely occurred historically and 
many more than were suspected to occur in this unit when the DPS was listed, and it is the 
result of extensive clearcutting and herbicide application to salvage spruce-fir and encourage 
softwood regeneration following a severe spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments 
have created the current extensive distribution of young, regenerating softwood stands that 
provide optimal hare foraging habitat. Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and the highest densities documented in the DPS. 
Historically, under a more natural disturbance regime, Maine typically had a greater proportion 
of mature forest and, therefore a patchier distribution of high-quality habitat that likely supported 
a smaller lynx population that may have been more dependent on immigration from Canada. 
State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 
harvesting that have resulted in lower landscape hare densities across much of the unit. Hare 
populations do not seem to cycle in this region, but hare density estimates from 2008-2015 
declined by over 50 percent compared to estimates from 2001-2006. Reproduction and survival 
rates in the low-hare environment after 2006 suggest a slightly declining lynx population, 
although kitten survival remained high. Unlike other DPS units, lynx habitat in northern Maine 
occurs nearly entirely on private, industrial forest lands, most of which lack long-term 
commitments to lynx management. The majority of private lands in this unit are now owned by 
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investment companies seeking to diversify income from their investments, which could result in 
forest practices less likely to maintain or conserve hare and lynx habitat. Other potential 
stressors to lynx in this unit include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. Another spruce budworm outbreak may be 
imminent, and forestry response by investment landowners is uncertain. Climate change is a 
concern because average annual snowfall and duration are currently at the minimum thresholds 
believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores. Although lynx regularly occur outside this unit in southeastern and 
southwestern Maine, and small numbers of reproducing lynx have also been documented 
recently in northern New Hampshire and northern Vermont, the ability of some of these 
peripheral areas to support persistent breeding populations is questionable. However, recent 
telemetry data in Maine suggest that resident lynx are expanding both east and south of the 
Northern Maine Geographic Unit, with home range maintenance and reproduction documented 
in both areas, which previously were considered outside the area capable of supporting resident 
lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
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supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. There are no reliable estimates of historical or current resident lynx numbers in 
northern Washington, but recent habitat and home range analyses for the larger Okanogan LMZ 
(summarized in Lewis 2016) suggest that this unit may have been capable of supporting about 
50 lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). 
Those fires affected over a third of the LMZ, led to increased home range size, and may have 
reduced the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 



111 
 

942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 



112 
 

Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but CPW lynx biologists believe it may currently support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 1996, 2 
unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 mi2) of 
spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in this unit. 
Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) of lynx 
habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively impacted 
hares, and hare numbers may increase in affected areas as succession progresses; however, 
they have negatively impacted red squirrels, an important alternate prey species for lynx in this 
unit. Areas affected by beetles that contained multi-story stand conditions likely continue to 
provide habitat to support snowshoe hares and lynx. Areas affected by fire may require 20 years 
or more, and in some areas considerably longer, to recover to a point where the stands will 
again support snowshoe hares. Large-scale monitoring efforts in the San Juans documented 
continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is reasonably likely 
that lynx continue to occur in all national forests within the State of Colorado. Snowshoe hare 
habitat is patchily-distributed in this geographic unit, which limits hare abundance. Because the 
majority (90 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant impacts to lynx habitat 
within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, providing 
conservation through the SRLA. However, regulatory mechanisms for the conservation of lynx 
are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx 
habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
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Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
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[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
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forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
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km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
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Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
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and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
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Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
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townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
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In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
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5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
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Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx, although the 
actual population size is unknown. High-quality habitat created by extensive clearcutting 30 to 
40 years ago is peaking and is projected to decline by 50 percent in the next 15 to 20 years 
(Simons-Legaard 2016, pp. 10-18; also see section 5.2.1). Hare densities declined by 50 
percent in this unit starting in about 2006 and have remained at lower levels, and future hare 
fluctuations or cycles are uncertain. Recent history demonstrates that some forms of forest 
management have the potential to create or increase lynx habitat. However, forest practices 
have shifted to partial harvesting, which is less likely to create large areas of lynx habitat or 
maintain the current historically broad distribution of high-quality habitat generated by previous 
landscape-level clear-cutting. Additionally, private landowners who previously entered into 
commitments to manage for lynx conservation have not renewed those commitments (although 
the habitat will remain viable for lynx for some time). Land ownership has also changed in 
northern Maine, and the majority of lands are owned now by investment companies that often 
wish to diversify income from their investments, which could result in forest practices 
inconsistent with lynx habitat conservation. Without long-term, binding land management 
commitments in this unit, there is no guarantee that the current historically high amount of lynx 
habitat will be maintained by future forest managment practices on private lands. The greatest 
stressors to resident lynx in this unit are habitat loss (as a result of the shift in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 
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lack of forest planning for lynx, and projected continued climate warming (diminishing snow 
depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
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Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
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involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways.  
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
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Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
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In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
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relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
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availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 

                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
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Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
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to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
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A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
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management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
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female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
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intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
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In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
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p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
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winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (> 30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 
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perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. The Diamond Creek wildfire burned another large block of 
lynx habitat in the northern part of this unit in 2017. These burned areas are expected to 
regenerate back into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 
2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx 
population in this geographic unit will likely be at increased risk of stochastic demographic, 
genetic, and environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
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habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
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(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
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persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
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WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
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3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place22. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 

                                                
22 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 
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provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
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developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
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unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
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historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
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probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
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development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-523). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
                                                
23 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
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In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
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All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Ibid), the estimate of survival within the study area was higher than those reported for 
natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; Slough and Mowat 1996, 
entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories (0.90; Poole 1994, p. 
612). Successful reproduction, including by third- and fourth-generation offspring of translocated 
lynx, has been documented (Shenk 2008, p. 2); however, the average proportion of females that 
produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) and the kitten survival rate 
(0.23; Ivan 2016b, pers. comm.) were both lower in this geographic unit (during the period of 
intensive monitoring from 1999-2010) than rates reported for some other geographic units (table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
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also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
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A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time.  
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
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Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
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we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
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the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
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Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
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Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
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number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
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well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
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populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
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the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 



175 
 

of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
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losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
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warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
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Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 
2025: 80 
(60-95) 

 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
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2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Adequacy of immigration from southern 

BC 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
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breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
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scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 



182 
 

 

Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201024), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
24 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Ibid., p. 8). Notaro et al. (2015, pp. 1668-1669) 
projected changes in lake effect snowfall using downscaled climate models (Abdus Salam 
International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 (RegCM4; 
Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great Lakes 
Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an increase in 
lake effect snow in the eastern Great Lakes until 2050, with a decline later in the century, with 
an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 



199 
 

(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)25 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
25 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see section 3.2), but 
continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
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geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncerytainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 



213 
 

really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
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LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
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affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
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similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future that it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.26 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
26 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 



235 
 

management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
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settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Munoz, Anna
To: Shoemaker, Justin
Cc: Zelenak, Jim
Subject: Re: Can one of you send me the SSA and 5-year review
Date: Wednesday, October 18, 2017 12:48:14 PM

Thank you!!

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

On Wed, Oct 18, 2017 at 12:01 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Anna,

Here's the SSA and the 5YR.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Oct 18, 2017 at 12:33 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I will momentarily (but not reply all so as not to bomb Jodi's and Justin's in-box), along with a reminder that
neither is for broad distribution yet.

On Wed, Oct 18, 2017 at 11:30 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I understand that these are being reviewed by SOL but for my purposes, I really need to
just better understand the key tenets of each. 

Thanks.

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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U.S. Fish and Wildlife Service, Region 6
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Email: justin_shoemaker@fws.gov
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I will momentarily (but not reply all so as not to bomb Jodi's and Justin's in-box), along with a reminder that
neither is for broad distribution yet.

On Wed, Oct 18, 2017 at 11:30 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I understand that these are being reviewed by SOL but for my purposes, I really need to
just better understand the key tenets of each. 

Thanks.

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology uUsed to cComplete the rReview: 

 
The purpose of a 5-year review is to assess each threatened and endangered species to determine 
whether its status has changed since the time of its listing, or its last status review and whether it 
should be classified differently or removed from the list of threatened and endangered species.  
The U.S. Fish and Wildlife Service (Service) evaluated the biology and status of the contiguous 
United States (U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species 
Status Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The 
SSA Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA 
Team), which consists of a Core Team of Service biologists who work on lynx issues across the 
DPS range and an SSA Framework Implementation Team of Service and U.S. Geological 
Survey staff who have developed and advanced the SSA framework.  The SSA Report represents 
the Service’s evaluation of the best available scientific information, including the formally-
elicited professional judgments and opinions of recognized lynx experts.  The SSA Report 
underwent independent peer and partner review before being used as the scientific basis to 
support a decision making process involving Service Regions 1, 3, 5, and 6 regarding the 
recommendation presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing hHistory 

 
The Service listed the lynx DPS as a threatened species under the Endangered Species Act (ESA) 
in 2000 because of the potential for impacts to lynx habitat conditions and the availability of 
snowshoe hare and other prey populations within the lynx DPS and existing regulatory 
mechanisms on Federal lands, at that time, did not provide sufficient guidance for the 
conservation of lynx habitats and populations or snowshoe hare habitat in light of potential 
threats (65 FR 16052-16086).  On May 8, 2014, the United States District Court for the District 
of Montana ordered the Service to complete recovery planning for the lynx DPS (U.S. District 
Court MT 2014a, p. 8).  On June 25, 2014, the same court ordered the Service to complete a 
recovery plan by January 15, 2018 “…unless the Service finds that such a plan will not promote 
the conservation of the [lynx]” (i.e., the DPS is recovered or no longer warrants ESA protections; 
U.S. District Court MT 2014b, p. 2).  We noticed the initiation of the 5-yr review in the Federal 
Register on April 18, 2007 (72 FR 19549), and additionally published a news release announcing 
re-initiation of a 5-yr review on January 13, 2015.   
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We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  SSA provides the scientific basis for this 5-
yr review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) pPolicy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in 4 of the 6 geographic units evaluated in the SSA (Units 1 (Northern Maine), 2 
(Northeastern Minnesota), 3 (Northwestern Montana/Northeastern Idaho), and 4 (North-central 
Washington)) (SSA Report, p. X).  Based on verified records, it is uncertain if the Greater 
Yellowstone Area (Unit 5) historically supported a persistent resident lynx population and it 
currently appears not to support resident lynx (SSA Report, p. X).  Available evidence also 
suggests that Colorado (Unit 6) did not historically support persistent lynx presence; however, a 
resident population has persisted there for more than a decade since the 1999-2006 release of 218 
Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. X).   
 
Considering the available information, we found no reliable evidence that the current distribution 
and relative abundance of resident lynx in the contiguous United States are substantially reduced 
from historical conditions (SSA Report, p. X).  In fact, because of the introduction of lynx in 
Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than likely occurred historically (SSA Report, p. X).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. X).  
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. X).  In fact, as a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. X).  Similarly, resident lynx remains broadly distributed across the range of habitats 
that have supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. X).   
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Additionally, observed high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors too, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, p. X). 
 
We conclude that resident lynx populations are very likely to persist in all 5 units that currently 
support them (Units 1-4 and 6) in the near-term (2025) and likely to persist in those 5 units at 
mid-century (2050) (SSA Report, p. X).  We and the experts we consulted have low confidence 
in predicting the likely conditions of DPS populations beyond 2050 (SSA Report, p. X).  
Therefore we consider 2050 as the foreseeable future for this 5-year review.  Nonetheless, we 
expect lynx populations in each geographic unit to become smaller and more patchily-distributed 
in the future due largely to projected climate-driven losses in habitat quality and quantity and 
related factors (SSA Report, p. X).  However, the timing, rate, and extent of habitat decline due 
to projected climate warming and corresponding effects to lynx populations all are highly 
uncertain (SSA Report, p. X).  That said, smaller, more isolated populations would be less 
resilient and more vulnerable to demographic and environmental stochasticity and genetic drift 
and, therefore, at higher risk of extirpation (SSA Report, p. X).  Despite some reduced resiliency, 
we conclude that resident lynx populations are likely to persist through mid-century in the 
geographic units that supported them historically (units 1-4); with the corresponding 
maintenance of redundancy and representation in the DPS over that time span (SSA Report, p. 
X).  Predictions out to 2100 are highly uncertain (SSA Report, p. X), and beyond what we 
consider to be reasonably foreseeable.  Nonetheless, although we expect some resident lynx to 
persist within the DPS at the end of the century, it is possible that populations in some units 
could be functionally extirpated by then (SSA Report, p. X).  Should future extirpations occur, 
this would indicate a loss of resiliency, reduced redundancy, and representation, and an increased 
risk of extirpation of the DPS. 
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or snowshoe hare habitat (SSA Report, p. X).   
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Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the Endangered Species Act (Act), an endangered species is any species that is “in 
danger of extinction throughout all or a significant portion of its range.”  In the SSA Report, we 
evaluated the best available scientific information regarding the current and predicted future 
condition of the lynx DPS to describe its viability and how it may change over time (2025, 2050, 
and 2100).  We assess the viability of the lynx DPS by evaluating its ability to maintain a 
sufficient number and distribution of viable populations to withstand environmental stochasticity 
(resiliency), catastrophes (redundancy), and changes in its environment (representation) into the 
future.  Ultimately, we compare our evaluation of the DPS’ risk of extinction against the 
definitions of an endangered or threatened species as defined by the Act.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4), the current persistence of lynx in one of the units 
(Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. X).  The large sizes and broad distributions of the geographic units occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to preclude the possibility of extirpation from catastrophic events (SSA Report, p. X).  
There are no indications of current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, and the current level of representation do not suggest a decrease from 
historical conditions (SSA Report, p. X).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the Act, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. X).  
It became apparent through discussions with lynx experts, in peer and partner reviews of the 
draft SSA Report, and among Service biologists and management that any future projections of 
lynx status beyond mid-century were complicated by a very high degree of uncertainty 
concerning the timing and extent of various stressors that may affect lynx and hare habitat and 
snow regimes, especially those related to projected future climate change (SSA Report, p. X).  
Therefore, in this evaluation, we focused on mid-century (2050) as the foreseeable future 
because this time horizon gives us a higher degree of certainty in reasonably projecting the future 
condition of the lynx DPS.  
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As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. X).  
However, all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts (with likelihoods of 70 to 90 percent) to continue to do so 
through mid-century (2050) (SSA Report, p. X).  Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence (i.e., preclude extirpation) of resident lynx 
through mid-century in all or most of the 5 geographic units that currently support them (SSA 
Report, p. X).  At mid-century, we expect lynx to retain a wide geographical distribution of 
populations, maintaining redundancy within the DPS (SSA Report, p. X).  Should lynx 
populations in each geographic unit to become smaller and more patchily-distributed, reduced 
genetic health and/or adaptive capacity would be expected; however, we have no evidence to 
suggest reduced representation would be a DPS-level concern at mid-century (SSA Report, p. 
X).  Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is low, 
such that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and, therefore, does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS and, therefore, 
recovery criteria have not been developed.  However, the Service completed a Recovery Outline 
on September 14, 2005, which provided preliminary recovery objectives and actions based on 
our understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Even in the absence of a recovery plan, progress 
has been made on some components of the preliminary recovery strategy described in the 2005 
Recovery Outline (e.g., improved regulatory mechanisms on Federal and some State, Tribal, and 
private lands and related protections of important lynx and hare habitats), while other 
components have seen little or no progress or may no longer be appropriate.  Nonetheless, lynx 
conservation measures and habitat management guidance adopted by the USFS and the BLM 
have substantially addressed the potential threats considered at the time of listing to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. X).  Furthermore, as described above, the lynx DPS no longer meets 
the definition of a threatened species.  
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range nor is it likely to 
become so in the foreseeable future, i.e., not a threatened species throughout its range.  We 
recommend removing the Canada lynx DPS, currently listed as threatened, from the list of 
threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
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  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Region 1, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
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Cooperating Regional Director, Region 3, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 
Cooperating Regional Director, Region 5, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   



From: Zelenak, Jim
To: Justin Shoemaker
Subject: 5 yr
Date: Thursday, October 19, 2017 8:12:51 AM
Attachments: Canada Lynx draft 5-yrReview_09282017_jz comments 1.doc

Found a couple typos and header-consistency stuff you might want to consider (Track Changes).

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov


From: Shoemaker, Justin
To: Zelenak, Jim
Subject: Re: 5 yr
Date: Thursday, October 19, 2017 8:20:54 AM

Thanks Jim. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, Oct 19, 2017 at 9:12 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Found a couple typos and header-consistency stuff you might want to consider (Track Changes).

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Baty, Ross
Subject: Fwd: Garnet lynx
Date: Monday, October 23, 2017 4:58:16 PM
Attachments: image004.png

image001.png
image002.png
image003.png

---------- Forwarded message ----------
From: Squires, John -FS <jsquires@fs.fed.us>
Date: Mon, May 23, 2016 at 4:54 PM
Subject: RE: Garnet lynx
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hello Jim,

 

Those were all the lynx we collared in the Garnets.  I never looked in the Hoodoos/East Garnets for
lynx.   I thought Jim Sparks had, but didn’t detect any individuals.  I think your population size
estimate seems reasonable as any guess.  It is interesting that despite the small sample, lynx
persisted in the Garnet Range since at least the 1980s and long enough for some fine-scale genetic
sub-structuring.  Your email stimulated me to review our trapping records for the Garnet Range.  In
Minneapolis, I stated that no collared females in the Garnets produced any kittens.  That was
generally true, but I noticed that one female was associated with 2, 9-month old kittens during
winter that we assume the kittens lived to independence.  Regards, JRS

 

 

John Squires, PhD 
Research Wildlife Biologist
Forest Service

Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 

mailto:jim_zelenak@fws.gov
mailto:rbaty@mt.gov
mailto:jsquires@fs.fed.us
mailto:jim_zelenak@fws.gov
mailto:jsquires@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112
mailto:jim_zelenak@fws.gov


Sent: Wednesday, May 11, 2016 1:52 PM
To: Squires, John -FS <jsquires@fs.fed.us>
Subject: Garnet lynx

 

Hi John,

 

Looking at slide 26 from your workshop presentation, from 2002 - 2007 you had 3 females
and 3 males radio-marked in the Garnets.  Was that all the lynx that were trapped/marked
there during your research?

 

Also, did you ever verify any lynx in the Hoodoos/East Garnets?

 

Jim Sparks tells me BLM has mapped 5 LAUs in the Garnets and 2 in the Hoodoos, with 222
sq. miles of lynx habitat mapped in the 366 sq. mi. of LAUs in the Garnet, and 69 sq. mi. of
lynx habitat mapped in the 129 sq. mi. of LAUs in the Hoodoos.

 

Trying to get an idea of how many lynx those places might support with adequate hare
densities.  Based on reported home range sizes and the amount of mapped lynx habitat, it
seems like the Garnets might be able to support 3-4 males and maybe 4-6 females; the
Hoodoos maybe 1-2 males and 2-4 females.  Overall, maybe 10-15 home ranges total in those
2 areas at a time if hare densities were decent??

 

Could you let me know your thoughts on that?  More?  Fewer?

 

Give me a call if you'd rather discuss over the phone than via email.

 

Thanks,

 

Jim

 

--

mailto:jsquires@fs.fed.us


Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Baty, Ross
To: Zelenak, Jim
Subject: RE: Squires" Presentation from EE Workshop
Date: Monday, October 23, 2017 5:08:40 PM

Jim, this is all excellent information.  Thank you again very much!  Ross
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Monday, October 23, 2017 5:00 PM
To: Baty, Ross <rbaty@mt.gov>
Subject: Squires' Presentation from EE Workshop
 
https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2014%20-
%208%20-%20Squires%20Status%20and%20Threats%20to%20%20Lynx%20in%20WY%20and%20MT.pdf
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:rbaty@mt.gov
mailto:jim_zelenak@fws.gov
https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.fws.gov%2Fmountain-prairie%2Fes%2Fspecies%2Fmammals%2Flynx%2FSSA2016%2FAppendices%2FAppendix%25205%2520Presentation%2520PDFs%2F2015%252010%252014%2520-%25208%2520-%2520Squires%2520Status%2520and%2520Threats%2520to%2520%2520Lynx%2520in%2520WY%2520and%2520MT.pdf&data=02%7C01%7Crbaty%40mt.gov%7C72a39dfa5a954571532a08d51a6ad1a1%7C07a94c98f30f4abbbd7ed63f8720dc02%7C0%7C1%7C636443968440207635&sdata=P55vORofeBD0W1vhUj2r3a%2BW8HfndEc6fkMVLmTGDzY%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.fws.gov%2Fmountain-prairie%2Fes%2Fspecies%2Fmammals%2Flynx%2FSSA2016%2FAppendices%2FAppendix%25205%2520Presentation%2520PDFs%2F2015%252010%252014%2520-%25208%2520-%2520Squires%2520Status%2520and%2520Threats%2520to%2520%2520Lynx%2520in%2520WY%2520and%2520MT.pdf&data=02%7C01%7Crbaty%40mt.gov%7C72a39dfa5a954571532a08d51a6ad1a1%7C07a94c98f30f4abbbd7ed63f8720dc02%7C0%7C1%7C636443968440207635&sdata=P55vORofeBD0W1vhUj2r3a%2BW8HfndEc6fkMVLmTGDzY%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.fws.gov%2Fmountain-prairie%2Fes%2Fspecies%2Fmammals%2Flynx%2FSSA2016%2FAppendices%2FAppendix%25205%2520Presentation%2520PDFs%2F2015%252010%252014%2520-%25208%2520-%2520Squires%2520Status%2520and%2520Threats%2520to%2520%2520Lynx%2520in%2520WY%2520and%2520MT.pdf&data=02%7C01%7Crbaty%40mt.gov%7C72a39dfa5a954571532a08d51a6ad1a1%7C07a94c98f30f4abbbd7ed63f8720dc02%7C0%7C1%7C636443968440207635&sdata=P55vORofeBD0W1vhUj2r3a%2BW8HfndEc6fkMVLmTGDzY%3D&reserved=0
mailto:jim_zelenak@fws.gov


From: Baty, Ross
To: Zelenak, Jim
Subject: RE: Garnet lynx
Date: Tuesday, October 24, 2017 9:12:53 AM
Attachments: image001.png

image002.png
image003.png
image004.png

Got it!  Thanks again Jim.  Ross
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, October 24, 2017 9:03 AM
To: Baty, Ross <rbaty@mt.gov>
Subject: Re: Garnet lynx
 
Looking back over that slide, from 2002 thru 2010, Squires had 4 different individual female
lynx and 5 individual male lynx radioed in the Garnets:
 
3 females and 2 males in 2002, then a new female and new male in 2003 (no new females
after 2003!), a new male in 2005, and another new male in 2010.
 
Of the 4 females, it looks like 2 (F95 and F96) were only on the air in 2002, while F90 was on
the air 2002, 03, and 04; and F104 was on the air 2003, 04, 05, and 06.
 
Two of the males (M82 and M84) were only on the air in 2002. M101 was in 2003 and 04;
M120 from 2005 thru 07; and M149 in 2010.
 
On Mon, Oct 23, 2017 at 4:58 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

 
---------- Forwarded message ----------
From: Squires, John -FS <jsquires@fs.fed.us>
Date: Mon, May 23, 2016 at 4:54 PM
Subject: RE: Garnet lynx
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hello Jim,
 
Those were all the lynx we collared in the Garnets.  I never looked in the Hoodoos/East Garnets
for lynx.   I thought Jim Sparks had, but didn’t detect any individuals.  I think your population size
estimate seems reasonable as any guess.  It is interesting that despite the small sample, lynx
persisted in the Garnet Range since at least the 1980s and long enough for some fine-scale
genetic sub-structuring.  Your email stimulated me to review our trapping records for the Garnet
Range.  In Minneapolis, I stated that no collared females in the Garnets produced any kittens. 
That was generally true, but I noticed that one female was associated with 2, 9-month old kittens

mailto:rbaty@mt.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jsquires@fs.fed.us
mailto:jim_zelenak@fws.gov


during winter that we assume the kittens lived to independence.  Regards, JRS
 
 

John Squires, PhD 
Research Wildlife Biologist
Forest Service
Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, May 11, 2016 1:52 PM
To: Squires, John -FS <jsquires@fs.fed.us>
Subject: Garnet lynx
 
Hi John,
 
Looking at slide 26 from your workshop presentation, from 2002 - 2007 you had 3 females and 3
males radio-marked in the Garnets.  Was that all the lynx that were trapped/marked there during
your research?
 
Also, did you ever verify any lynx in the Hoodoos/East Garnets?
 
Jim Sparks tells me BLM has mapped 5 LAUs in the Garnets and 2 in the Hoodoos, with 222 sq.
miles of lynx habitat mapped in the 366 sq. mi. of LAUs in the Garnet, and 69 sq. mi. of lynx
habitat mapped in the 129 sq. mi. of LAUs in the Hoodoos.
 
Trying to get an idea of how many lynx those places might support with adequate hare densities. 
Based on reported home range sizes and the amount of mapped lynx habitat, it seems like the
Garnets might be able to support 3-4 males and maybe 4-6 females; the Hoodoos maybe 1-2
males and 2-4 females.  Overall, maybe 10-15 home ranges total in those 2 areas at a time if hare
densities were decent??
 
Could you let me know your thoughts on that?  More?  Fewer?
 
Give me a call if you'd rather discuss over the phone than via email.
 
Thanks,
 
Jim
 

mailto:jsquires@fs.fed.us
https://na01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.fs.fed.us%2F&data=02%7C01%7Crbaty%40mt.gov%7C1df82bacc94248b1ddd808d51af06587%7C07a94c98f30f4abbbd7ed63f8720dc02%7C0%7C0%7C636444542158674177&sdata=QSvke3GTVHoZAjOLcuI1GSUO12pHdaVM2VIkl%2F4lH5c%3D&reserved=0
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--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal penalties. If
you believe you have received this message in error, please notify the sender and delete the email
immediately.

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Baty, Ross
Subject: Re: Garnet lynx
Date: Tuesday, October 24, 2017 9:36:56 AM
Attachments: image002.png

image001.png
image004.png
image003.png

Sure.  Hope something in all that proves useful.

On Tue, Oct 24, 2017 at 9:12 AM, Baty, Ross <rbaty@mt.gov> wrote:

Got it!  Thanks again Jim.  Ross

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, October 24, 2017 9:03 AM
To: Baty, Ross <rbaty@mt.gov>
Subject: Re: Garnet lynx

 

Looking back over that slide, from 2002 thru 2010, Squires had 4 different individual female
lynx and 5 individual male lynx radioed in the Garnets:

 

3 females and 2 males in 2002, then a new female and new male in 2003 (no new females
after 2003!), a new male in 2005, and another new male in 2010.

 

Of the 4 females, it looks like 2 (F95 and F96) were only on the air in 2002, while F90 was
on the air 2002, 03, and 04; and F104 was on the air 2003, 04, 05, and 06.

 

Two of the males (M82 and M84) were only on the air in 2002. M101 was in 2003 and 04;
M120 from 2005 thru 07; and M149 in 2010.

 

On Mon, Oct 23, 2017 at 4:58 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

 

---------- Forwarded message ----------
From: Squires, John -FS <jsquires@fs.fed.us>
Date: Mon, May 23, 2016 at 4:54 PM
Subject: RE: Garnet lynx
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
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Hello Jim,

 

Those were all the lynx we collared in the Garnets.  I never looked in the Hoodoos/East
Garnets for lynx.   I thought Jim Sparks had, but didn’t detect any individuals.  I think
your population size estimate seems reasonable as any guess.  It is interesting that despite
the small sample, lynx persisted in the Garnet Range since at least the 1980s and long
enough for some fine-scale genetic sub-structuring.  Your email stimulated me to review
our trapping records for the Garnet Range.  In Minneapolis, I stated that no collared
females in the Garnets produced any kittens.  That was generally true, but I noticed that
one female was associated with 2, 9-month old kittens during winter that we assume the
kittens lived to independence.  Regards, JRS

 

 

John Squires, PhD 
Research Wildlife Biologist
Forest Service

Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, May 11, 2016 1:52 PM
To: Squires, John -FS <jsquires@fs.fed.us>
Subject: Garnet lynx

 

Hi John,

 

Looking at slide 26 from your workshop presentation, from 2002 - 2007 you had 3
females and 3 males radio-marked in the Garnets.  Was that all the lynx that were
trapped/marked there during your research?
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Also, did you ever verify any lynx in the Hoodoos/East Garnets?

 

Jim Sparks tells me BLM has mapped 5 LAUs in the Garnets and 2 in the Hoodoos, with
222 sq. miles of lynx habitat mapped in the 366 sq. mi. of LAUs in the Garnet, and 69 sq.
mi. of lynx habitat mapped in the 129 sq. mi. of LAUs in the Hoodoos.

 

Trying to get an idea of how many lynx those places might support with adequate hare
densities.  Based on reported home range sizes and the amount of mapped lynx habitat, it
seems like the Garnets might be able to support 3-4 males and maybe 4-6 females; the
Hoodoos maybe 1-2 males and 2-4 females.  Overall, maybe 10-15 home ranges total in
those 2 areas at a time if hare densities were decent??

 

Could you let me know your thoughts on that?  More?  Fewer?

 

Give me a call if you'd rather discuss over the phone than via email.

 

Thanks,

 

Jim

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify
the sender and delete the email immediately.

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: Recent lynx briefing memos
Date: Tuesday, October 24, 2017 10:12:25 AM
Attachments: 2017 03 06 DRAFT Lynx INFO MEMO FOR THE SECRETARY.docx

2017 06 29 DRAFT LYNX INFO MEMO FOR THE DEPUTY ASSISTANT SECRETARY_20170227 V2.docx

A 2-pager from March and a 1-pager from July - attached.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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INFORMATION MEMORANDUM FOR THE DEPUTY ASSISTANT 
SECRETARY 

 

DATE: July 5, 2017 
 
FROM: Noreen Walsh, Regional Director, Mountain-Prairie Region, 303-236-7920 
 
SUBJECT: Status Review for the Canada Lynx Distinct Population Segment 
 
 
I. STATEMENT OF PURPOSE 
 
This memorandum provides an update on the status of the contiguous United States distinct 
population segment (DPS) of the Canada lynx. 
 
II. BACKGROUND 

 
The Service identified Canada lynx in the contiguous U.S. as a DPS and listed it as threatened 
under the Endangered Species Act (Act) in 2000 due to the inadequacy, at that time, of 
regulatory mechanisms on Federal (Forest Service and BLM) lands.  In 2014, the Montana 
District Court ordered the Service to complete a final recovery plan for the DPS by January, 
2018, unless we determine that the DPS no longer warrants listing under the Act. 
 
III. DISCUSSION 
 
Since listing, all relevant USFS and BLM units have formally amended management plans or 
implemented conservation agreements to conserve lynx habitats.  Climate warming is projected 
to reduce the future amount and distribution of lynx habitat in the contiguous U.S. and has been 
identified as the stressor most likely to influence the long-term persistence of DPS populations. 
 
IV. NEXT STEPS 
 

• The Service has coordinated closely with the wildlife and natural resources agencies of 
the 15 states within the DPS range and with Federal and Tribal partners and recognized 
lynx experts to complete a Species Status Assessment (SSA) for the lynx DPS. 

• We are finalizing the SSA based on peer review and State/Federal agency comments. 
• The final SSA will provide the scientific basis for a statutorily-required 5-year status 

review to determine whether the DPS continues to warrant protection under the Act. 
• If so, the Service will use the SSA to develop a recovery plan for the DPS. 
• If not, we will use the SSA to support a recommendation and subsequent rulemaking to 

delist the DPS. 
• We will complete the 5-year review and announce our recommendation this summer. 

 
V. ATTACHMENTS – N/A 



INFORMATION MEMORANDUM FOR THE SECRETARY 

 

DATE: March 10, 2017 
 
FROM: Jim Kurth, Acting Director, U.S. Fish and Wildlife Service 
 
CC:  Gary Frazer, Assistant Director, Ecological Services 

Noreen Walsh, Regional Director, Region 6 
 

SUBJECT: Status Review for the Canada Lynx Distinct Population Segment 
 
I. STATEMENT OF PURPOSE 
 
This memorandum provides an update to the Secretary on the current status of and related issues 
regarding the contiguous United States distinct population segment of the Canada lynx. 
 
II. BACKGROUND 
 
The Service identified Canada lynx (Lynx canadensis) in the contiguous United States as a 
distinct population segment (DPS) and listed the DPS as threatened under the Endangered 
Species Act (Act) in 2000.  The threat to the DPS was identified as the inadequacy, at that time, 
of existing regulatory mechanisms on Federal lands, particularly those administered by the 
Bureau of Land Management (BLM; DOI) and the U.S. Forest Service (USFS; USDA).  The 
Service developed a Recovery Outline for the DPS in 2005, designated critical habitat in 2006, 
and revised the critical habitat designation in 2009 and again in 2014, the latter in response to 
court orders from the U.S. District Courts in Montana and Wyoming.  In 2014, the Montana 
District Court ordered the Service to complete a final recovery plan for the DPS by January, 
2018, unless we determine that the DPS no longer warrants listing under the Act (i.e., it is 
already recovered).  In 2016, the same court remanded the 2014 critical habitat designation to the 
Service for further consideration regarding Colorado and several National Forests in Idaho and 
Montana but did not specify a deadline for revising critical habitat.    
 
III. DISCUSSION 
 
The lynx is a boreal species that occurs primarily in Canada and Alaska and whose range largely 
overlaps that of its primary prey species, the snowshoe hare (Lepus americanus).  In the north, 
both hares and lynx undergo dramatic and well documented 10-year population cycles, which 
resulted historically in large numbers of lynx dispersing from Canada into the northern 
contiguous states intermittently when hare populations in Canada declined.  These roughly 
decadal events, referred to as “irruptions,” resulted in lynx records in 24 states, including many 
areas lacking habitat capable of supporting lynx over time.  The southern edges of the ranges of 
lynx, snowshoe hares, and boreal forest extend into the northern contiguous United States, which 
includes about 2 percent of the lynx’s breeding distribution.  Along this southern margin of the 
species’ range, habitats become naturally patchy as boreal forests transition to temperate forest 
types and snow conditions become less favorable for both hares and lynx.  In this part of the 



range, some places support persistent resident lynx populations, while others support resident 
lynx only ephemerally, and yet others support only dispersing lynx temporarily during and for 
short periods after irruptions.  In the contiguous United States, resident lynx populations occur in 
northern Maine, northeastern Minnesota, northwestern Montana, and north-central Washington, 
and an introduced population of lynx currently occurs in western Colorado, where 218 Canadian 
and Alaskan lynx were released in 1999-2006.  Small resident populations may also have 
occurred historically in northern New Hampshire, northern Michigan, northern Idaho/ 
northeastern Washington, and the Greater Yellowstone Area of southwestern Montana and 
northwestern Wyoming. 
 
Since the DPS was listed, nearly all BLM and USFS units within the lynx range have formally 
amended management plans or adopted conservation agreements with the Service to implement 
specific science-based conservation measures for lynx and hare habitats and populations.  Such 
commitments are lacking on private lands in some parts of the DPS range, particularly Maine 
and Minnesota.  Also since listing, projected continued climate warming has been identified as a 
factor that ultimately will diminish the amount and extent of suitable lynx habitat in the 
contiguous U.S. and as the threat that is most likely to influence the continued persistence of 
DPS lynx populations in the long term. 
 
IV. NEXT STEPS 
 

• To address the outstanding court orders described above, the Service completed a draft 
Species Status Assessment (SSA) for the lynx DPS and we are in the process of finalizing 
it based on peer reviews and comments from State and Federal partners. 

• The final SSA report will provide the scientific basis for a statutorily-required five-year 
status review to determine whether lynx in the Lower 48 States continue to warrant 
protection under the Act. 

• If so, the Service will also rely on the final SSA report to comply with court orders 
regarding development of a recovery plan for the DPS and a revised designation of 
critical habitat. 

• If not, the Service will rely on the SSA to support a recommendation and subsequent 
rulemaking to delist the DPS.  

 
V. ATTACHMENTS 
 
N/A 



From: Backsen, Sarah
To: Willey, Seth
Cc: Keinath, Douglas
Subject: Re: Request for any outstanding court-ordered recovery plans or de/downlistings?
Date: Tuesday, October 24, 2017 10:49:33 AM

Ditto what Seth said.  I'm not aware of anything else besides lynx, other than the informal
agreements.

Sarah Backsen
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

On Tue, Oct 24, 2017 at 9:14 AM, Willey, Seth <seth_willey@fws.gov> wrote:
Lynx is the only one I can think of too.  We have a bunch we got an NOI on a few years ago,
and entered into informal agreements on (both at HQ and Regional level), but these are
informal and not court ordered.  

Seth 

*********************************************
Seth L. Willey 
Deputy ARD for Ecological Services
Southwest Region, USFWS
Seth_Willey@fws.gov 
Work:  505-248-6492
Cell:  505-697-7600
*********************************************

On Tue, Oct 24, 2017 at 8:44 AM, Keinath, Douglas <douglas_keinath@fws.gov> wrote:
Sarah and Seth,

See the email below asking about outstanding court-ordered recovery plans or
de/downlistings.  The only one that Marj and I can think of is Lynx. Given I am not
wholly up to speed, I wanted to run this by you both in case we are forgetting something.

Thanks,
Doug

~~~
Douglas Keinath, PhD
Recovery Coordinator, Wyoming Ecological Services Field Office
Acting Branch Chief, Division of Classification and Recovery, Region 6
U.S. Fish and Wildlife Service
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
(307) 631-5920
douglas_keinath@fws.gov
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~~~

---------- Forwarded message ----------
From: Constantino, Maricela <maricela_constantino@fws.gov>
Date: Tue, Oct 24, 2017 at 8:15 AM
Subject: Request for any outstanding court-ordered recovery plans or de/downlistings?
To: Marjorie Nelson <marjorie_nelson@fws.gov>, Douglas Keinath
<douglas_keinath@fws.gov>

Good Morning - Please see the following request.  Are you aware of any from R6?

**********************************
Maricela Constantino
Branch of Recovery and State Grants
Ecological Services 
US Fish and Wildlife Service - Headquarters Office

maricela_constantino@fws.gov
703/358-2113 office

---------- Forwarded message ----------
From: Morgan, Don <don_morgan@fws.gov>
Date: Tue, Oct 24, 2017 at 9:42 AM
Subject: Request for any outstanding court-ordered recovery plans or de/downlistings?
To: Amy Brisendine <amy_brisendine@fws.gov>, Daniel Elbert
<daniel_elbert@fws.gov>, Debby Crouse <Debby_Crouse@fws.gov>, Diane Bowen
<diane_bowen@fws.gov>, Karen Myers <karen_myers@fws.gov>, Kelly Hornaday
<Kelly_Hornaday@fws.gov>, Kelly Niland <Kelly_Niland@fws.gov>, Lewis Gorman
<Lewis_Gorman@fws.gov>, Maricela Constantino <Maricela_Constantino@fws.gov>

All, 

Parks has asked if there are any outstanding court-ordered recovery plans or
de/downlistings?   We will need this information as soon as possible for a response to
Gary.

Thanks,

Don
___________________________
Don R. Morgan
U.S. Fish and Wildlife Service
Chief, Branch of Recovery and State Grants
5275 Leesburg Pike
Falls Church, VA 22041-3803
Phone (703) 358-2444  
Fax      (703) 358-1800
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From: Backsen, Sarah
To: Willey, Seth
Cc: Keinath, Douglas
Subject: Re: Request for any outstanding court-ordered recovery plans or de/downlistings?
Date: Tuesday, October 24, 2017 10:49:33 AM

Ditto what Seth said.  I'm not aware of anything else besides lynx, other than the informal
agreements.

Sarah Backsen
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

On Tue, Oct 24, 2017 at 9:14 AM, Willey, Seth <seth_willey@fws.gov> wrote:
Lynx is the only one I can think of too.  We have a bunch we got an NOI on a few years ago,
and entered into informal agreements on (both at HQ and Regional level), but these are
informal and not court ordered.  

Seth 

*********************************************
Seth L. Willey 
Deputy ARD for Ecological Services
Southwest Region, USFWS
Seth_Willey@fws.gov 
Work:  505-248-6492
Cell:  505-697-7600
*********************************************

On Tue, Oct 24, 2017 at 8:44 AM, Keinath, Douglas <douglas_keinath@fws.gov> wrote:
Sarah and Seth,

See the email below asking about outstanding court-ordered recovery plans or
de/downlistings.  The only one that Marj and I can think of is Lynx. Given I am not
wholly up to speed, I wanted to run this by you both in case we are forgetting something.

Thanks,
Doug

~~~
Douglas Keinath, PhD
Recovery Coordinator, Wyoming Ecological Services Field Office
Acting Branch Chief, Division of Classification and Recovery, Region 6
U.S. Fish and Wildlife Service
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
(307) 631-5920
douglas_keinath@fws.gov
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~~~

---------- Forwarded message ----------
From: Constantino, Maricela <maricela_constantino@fws.gov>
Date: Tue, Oct 24, 2017 at 8:15 AM
Subject: Request for any outstanding court-ordered recovery plans or de/downlistings?
To: Marjorie Nelson <marjorie_nelson@fws.gov>, Douglas Keinath
<douglas_keinath@fws.gov>

Good Morning - Please see the following request.  Are you aware of any from R6?

**********************************
Maricela Constantino
Branch of Recovery and State Grants
Ecological Services 
US Fish and Wildlife Service - Headquarters Office

maricela_constantino@fws.gov
703/358-2113 office

---------- Forwarded message ----------
From: Morgan, Don <don_morgan@fws.gov>
Date: Tue, Oct 24, 2017 at 9:42 AM
Subject: Request for any outstanding court-ordered recovery plans or de/downlistings?
To: Amy Brisendine <amy_brisendine@fws.gov>, Daniel Elbert
<daniel_elbert@fws.gov>, Debby Crouse <Debby_Crouse@fws.gov>, Diane Bowen
<diane_bowen@fws.gov>, Karen Myers <karen_myers@fws.gov>, Kelly Hornaday
<Kelly_Hornaday@fws.gov>, Kelly Niland <Kelly_Niland@fws.gov>, Lewis Gorman
<Lewis_Gorman@fws.gov>, Maricela Constantino <Maricela_Constantino@fws.gov>

All, 

Parks has asked if there are any outstanding court-ordered recovery plans or
de/downlistings?   We will need this information as soon as possible for a response to
Gary.

Thanks,

Don
___________________________
Don R. Morgan
U.S. Fish and Wildlife Service
Chief, Branch of Recovery and State Grants
5275 Leesburg Pike
Falls Church, VA 22041-3803
Phone (703) 358-2444  
Fax      (703) 358-1800
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Here is the note to reviewer.  Feel free to adjust.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Oct 24, 2017 at 11:18 AM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell
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From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Oct 18, 2017 at 1:08 PM
Subject: Lynx memo for Director
To: Marjorie Nelson <marjorie_nelson@fws.gov>

Here's what I've got.  It's in an older format.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov


NOTE TO REVIEWER (NTR) 
 
DATE SUBMITTED:  October 24, 2017 
 
PREPARED BY:  Jodi Bush, Office Supervisor, MTESO for Mike Thabault   
 
SUBJECT:  CANADA LYNX 5-YEAR REVIEW AND SPECIES STATUS ASSESSMENT 
 
CRITICAL DATES (if any):  NOVEMBER 3, 2017 
 
DESCRIPTION/MAIN MESSAGE:   

• THIS RESPONDS TO A REQUEST FROM GARY FRAZER, ASSISTANT DIRECTOR, ECOLOGICAL SERVICES 
(HQ) FOR A BRIEFING ON THE CANADA LYNX 5-YEAR REVIEW AND SPECIES STATUS ASSESSMENT (SSA) 
REPORT.  

• THE MOUNTAIN-PRAIRIE REGION INTENDS TO ANNOUNCE THE 5-YEAR REVIEW RECOMMENDATION FOR 
THE CONTIGUOUS UNITED STATES DISTINCT POPULATION SEGMENT (DPS) OF CANADA LYNX (LYNX 
CANADENSIS) BY NOVEMBER 3, 2017.  

• THE 5-YEAR REVIEW WILL BE SIGNED AT THE REGIONAL DIRECTOR LEVEL WITH CONCURRENCE FROM 
ALL AFFECTED REGIONS.  

• ON MAY 8, 2014, THE UNITED STATES DISTRICT COURT FOR THE DISTRICT OF MONTANA ORDERED 
THE SERVICE TO COMPLETE RECOVERY PLANNING FOR THE CANADA LYNX DPS BY JANUARY 15, 2018 
“…UNLESS THE SERVICE FINDS THAT SUCH A PLAN WILL NOT PROMOTE THE CONSERVATION OF THE 
[LYNX].  THE 5-YEAR REVIEW AND SSA REPORT RESPONDS TO THIS ORDER.   

• BOTH COURTS INVOLVED IN LYNX ISSUES (RECOVERY AND CRITICAL HABITAT) WILL BE NOTIFIED 
PRECEDING THE PUBLIC NOTIFICATION ON NOVEMBER 3, 2017.   

• A NEWS RELEASE AND COMMUNICATION PLAN TO REACH OUT TO STATE, TRIBAL AND FEDERAL 
PARTNERS WILL PRECEDE THE NOTIFICATION ON NOVEMBER 3, 2017.  

• THE SERVICE INTENDS TO ANNOUNCE THAT MEASURES AND  MANAGEMENT ADOPTED BY THE U. S. 
FOREST SERVICE AND THE BUREAU OF LAND MANAGEMENT HAVE SUBSTANTIALLY ADDRESSED THE 
CONSERVATION OF LYNX IN LIGHT OF POTENTIAL THREATS CONSIDERED AT THE TIME OF LISTING 

• AFTER CONSIDERING THE EFFECTS OF CLIMATE CHANGE, THE SSA REPORT CONCLUDES THAT 
RESIDENT LYNX POPULATIONS ARE VERY LIKELY TO PERSIST IN ALL 5 UNITS THAT CURRENTLY SUPPORT 
THEM (NORTHERN MAINE, NORTHEASTERN MINNESOTA, NORTHWESTERN MONTANA/NORTHEASTERN 
IDAHO, NORTH-CENTRAL WASHINGTON, AND COLORADO) IN THE NEAR-TERM (2025) AND LIKELY TO 
PERSIST IN THOSE 5 UNITS AT MID-CENTURY, THE FORESEEABLE FUTURE (2050). 

• OUR CONCLUSION IS THAT THE RISK OF EXTINCTION BY 2050 IS LOW, SUCH THAT THE LYNX DPS IS NOT 
LIKELY TO BECOME ENDANGERED THROUGHOUT ALL OF ITS RANGE WITHIN THE FORESEEABLE FUTURE 
AND, THEREFORE, DOES NOT MEET THE DEFINITION OF A THREATENED SPECIES. 

• AS A RESULT, IN OUR 5-YEAR REVIEW, WE RECOMMEND THAT THE LYNX DPS BE DELISTED.  
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briefing.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Tue, Oct 24, 2017 at 11:18 AM
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Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
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---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Oct 18, 2017 at 1:08 PM
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Here's what I've got.  It's in an older format.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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INFORMATION MEMORANDUM FOR THE DIRECTOR 
 
DATE:   October 18, 2017 
 
FROM: Noreen Walsh, Regional Director, Mountain-Prairie Region, 303-236-7920 
 
SUBJECT: 5 Year Status Review for the Canada Lynx 
 
The Mountain-Prairie Region intends to announce the 5-year review recommendation for the 
contiguous United States Distinct Population Segment (DPS) of Canada lynx (Lynx canadensis).  
The Canada lynx DPS is currently federally listed as threatened and critical habitat has been 
designated under the Endangered Species Act of 1973, as amended.  
 
BACKGROUND 
 
On May 8, 2014, the United States District Court for the District of Montana ordered the U.S. 
Fish and Wildlife Service (Service) to complete recovery planning for the Canada lynx DPS.  On 
June 25, 2014, the same court ordered the Service to complete a recovery plan by January 15, 
2018 “…unless the Service finds that such a plan will not promote the conservation of the 
[lynx]” (i.e., the DPS is recovered or no longer warrants Endangered Species Act protections).  
We completed a Species Status Assessment (SSA) report to inform the 5-year review.   
 
DISCUSSION 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service and the Bureau of Land Management, via formally amended or revised management 
plans or conservation agreements with the Service, have substantially addressed the conservation 
of lynx habitats and populations or snowshoe hare habitat in light of potential threats considered 
at the time of listing.  Going forward, the effect of climate change on lynx and their habitat is the 
main stressor with the potential for DPS level impacts.  After considering the effects of climate 
change, the SSA report concludes that resident lynx populations are very likely to persist in all 5 
units that currently support them (Northern Maine, Northeastern Minnesota, Northwestern 
Montana/Northeastern Idaho, North-central Washington, and Colorado) in the near-term (2025) 
and likely to persist in those 5 units at mid-century (2050).  Therefore, we conclude that the risk 
of extinction (extirpation of the DPS) by 2050 is low, such that the lynx DPS is not likely to 
become endangered throughout all of its range within the foreseeable future and, therefore, does 
not meet the definition of a threatened species. 
 
NEXT STEPS 
Announce the 5-year review recommendation and make it publically available along with the 
supporting Canada Lynx SSA Report, following the communications plan and materials drafted 
by External Affairs.  Proceed with a proposed delisting rule.  



From: Zelenak, Jim
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Looks fine to me - I have no adjustments.

On Tue, Oct 24, 2017 at 12:10 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Here is the note to reviewer.  Feel free to adjust.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Oct 24, 2017 at 11:18 AM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell
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From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Oct 18, 2017 at 1:08 PM
Subject: Lynx memo for Director
To: Marjorie Nelson <marjorie_nelson@fws.gov>

Here's what I've got.  It's in an older format.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
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From: Zelenak, Jim
To: Jodi Bush
Subject: Final SSA
Date: Wednesday, October 25, 2017 2:27:20 PM
Attachments: 2017 10 13 FINAL Lynx SSA Report Corrections 2017 10 25 CLEAN.pdf

Jodi,

I know you said stop, but I found some typos and a few other errors, but also some areas where we could easily
improve our responsiveness to State and some peer comments. I've made those changes in the attached.

They do not change any outcome or context, but I think they improve the doc and will improve it's reception among
our State agency partners.  I hope you will consider using this as the final, which hopefully would only require
contacting the small group of regional decision makers and asking them to replace the 10/13 version with this one.

Attached is the updated PDF.  I will follow with CLEAN and TRACK versions in Word so you can look at the
changes if you like. TOC and all other linked stuff also have been updated in the revised doc.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
 



22 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 



28 
 

winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and  demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (λ = 1.05) 
for Maine’s lynx population based on demographic data from a radiotelemetry study collected 
over a 12-year period (Vashon et al. 2012, Appendix VI). Neither the Montana nor Maine 
estimates incorporated rates of immigration/emigration (i.e., both assumed immigration and 
emigration rates of zero, which is very unlikely and contradicted by historical and recent 
evidence of lynx dispersal in both directions across the Canada-Unites States border across the 
DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
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the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
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and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
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New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
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management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
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ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
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completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
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concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
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hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 



59 
 

specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
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may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
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sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
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would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
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Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
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Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
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hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
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appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
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the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 
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● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
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the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
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problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
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thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
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2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
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whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
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generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
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most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
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potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
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location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
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potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 



108 
 

record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
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hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
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Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
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(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
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et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
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Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
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In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
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the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
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assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
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2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
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result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
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minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
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According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above.Genetic analyses and snow and 
camera surveys have verified continued reproduction and recruitment among lynx populations in 
this unit and also suggest some immigration may be occurring. The recent apparent absence of 
resident lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
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16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
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Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
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the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
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(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
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From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
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Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
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southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 
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Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
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monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
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records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
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Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
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Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
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units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
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Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 
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In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
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As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
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the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
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in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
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those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
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will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
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effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
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extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
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snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
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Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
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other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 



176 
 

century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
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unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
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paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 
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● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 



195 
 

indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 



208 
 

anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
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that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
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Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
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Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
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like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
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currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and  demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (λ = 1.05) 
for Maine’s lynx population based on demographic data from a radiotelemetry study collected 
over a 12-year period (Vashon et al. 2012, Appendix VI). Neither the Montana nor Maine 
estimates incorporated rates of immigration/emigration (i.e., both assumed immigration and 
emigration rates of zero, which is very unlikely and contradicted by historical and recent 
evidence of lynx dispersal in both directions across the Canada-Unites States border across the 
DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
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the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
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and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
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New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
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management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
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ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
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completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
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concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
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hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
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specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 



61 
 

may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
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sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
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would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
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Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
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Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
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hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
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appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
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the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 
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● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
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the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
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problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
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thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
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2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
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whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
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generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 



99 
 

most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
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potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
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location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
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potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
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record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
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hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
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Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
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(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
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et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
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Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
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In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
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the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
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assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
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2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
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result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
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minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
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According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana


137 
 

NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above.Genetic analyses and snow and 
camera surveys have verified continued reproduction and recruitment among lynx populations in 
this unit and also suggest some immigration may be occurring. The recent apparent absence of 
resident lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
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16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
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Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 



146 
 

the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 
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scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 
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lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
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(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
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From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
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Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
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southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 
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Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
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monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
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records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
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Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 



160 
 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
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Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
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units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
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Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 
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In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
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As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
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the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
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in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
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those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
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will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
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effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
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extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
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snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
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Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
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other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
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century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
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unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
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paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 
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● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
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that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
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Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
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Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
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like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
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currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 



234 
 

geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense young regenerating conifer stands are much 
more extensive than they are thought to have been historically under natural disturbance 
regimes. The State of Maine suggests that this unit currently may support 750-1,000 or more 
resident lynx. However, habitat the extent of these high-quality stands probably peaked in the 
late 1990s and early 2000sby 2005, and habitat quality is projected to decline in these stands 
over the next few decades as they age beyond 35-40 years post-harvest. Because a shift in 
forest management from clearcutting to partial harvesting that began in 1989 is appears unlikely 
to maintain or recreate this extensive high-quality habitat, we expect lynx habitat and numbers 
to decline in this unit over the next several decades, perhaps to levels more consistent with 
likely historical conditions. We concur with the expert panel that the resident lynx population in 
this unit is very likely to persist at 2025 and at 2050. Over the longer-term (at 2100), we expect 
continued climate warming to reduce the amount and quality of lynx habitat in this unit and 
exacerbate other potential stressors (commercial and energy developments, changing forestry 
practices and land ownership patterns, etc.), further reducing lynx numbers and likely 
decreasing the population’s resilience. Some climate models indicate substantial loss of boreal 
forest and favorable snow conditions under higher emissions scenarios, and this unit generally 
lacks potential elevational refugia that would support upslope movement of lynx habitats and 
populations. Therefore, we suggest that the likelihood that this unit will support a resident lynx 
population at 2100 may be somewhat lower than expert projections, although the timing and 
extent of future climate-mediated habitat decline is highly uncertain. This geographic unit may 
also be the source of dispersing lynx that recently recolonized northern New Hampshire as well 
as several that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was listed, 
and resident lynx were thought to have been extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining stressors to lynxuncertainties (e.g., 
immigration/emigration rates, changes in snowpack, disease, lynx population status and 
impacts of trapping in southern British Columbia, and habitat corridor stability between British 
Columbia and this unit), the Washington Department of Fish and Wildlife recently submitted, 
and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx from threatened 
to endangered within the State. Nonetheless, we concur with the expert panel that the resident 
lynx population in this unit is very likely to persist at years 2025 and 2050. Over the longer-term 
(2100), we expect continued climate warming to reduce the amount and quality of lynx habitat in 
this unit, further reducing lynx numbers and likely decreasing the population’s resilience. 
Therefore, we concur with experts that this unit has a relatively lower likelihood of supporting a 



9 
 

resident population at 2100, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. 
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
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In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, wWe expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support resident lynx and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change warming and has limited 
adaptive capacity to respond to it. That is, despite some level of behavioral plasticity 
suggested by differences in snow conditions and specific vegetation communities and stand 
conditions across the DPS range, we expect that lynx lack the adaptive capacity to shift to 
non-boreal (e.g., temperate coniferous or deciduous) forests, non-snow-domintated 
climates, or to persist on alternate prey species where hare densities are or become 
inadequate. Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, 
exposed, and with little capacity to adapt; therefore, predisposed to be adversely affected; 
IPCC 2014a, p. 5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/


25 
 

compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus  spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 



33 
 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) its mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
In At the southern periphery of the lynx’s populations range (southern Canada and the 
contiguous United States), hare population cycles are of lower amplitude or absent (Hodges 
2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment 
Canada 2014, p. 1; Hodges in Lynx SSA Team 2016a, pp. 16-17), and hare densities are 
typically on the lower end of densities reported for northern populations, and lynx abundances 
and lynx demographic rates in the south are typically like those of northern lynx populations 
during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 
362-367). Therefore, in southern populations the likelihood is probably relatively low that an 
individual lynx will have its ecological requirements met sufficiently to replace itself in the 
breeding population. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have 1 or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately providesion for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
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Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
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requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, Hhistorical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
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DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (λ = 1.05) 
for Maine’s lynx population based on demographic data from a radiotelemetry study collected 
over a 12-year period (Vashon et al. 2012, Appendix VI). McCollough (2016 unpubl. data; 
USFWS, Vortex 10, deterministic population simulation) used demographic data from Vashon et 
al. 2012 (pp. 17-21) to calculate finite growth rates during a period of high hare density (λ = 
1.16; increasing trend) and during a period of low hare density (λ = 0.88; decreasing trend) for 
the lynx population in northern Maine (see also section 4.2.1). Neither the Montana nor Maine 
estimates incorporated rates of immigration/emigration (i.e., both assumed immigration and 
emigration rates of zero, which is very unlikely and contradicted by historical and recent 
evidence of lynx dispersal in both directions across the Canada-Unites States border across the 
DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
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favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
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of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
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Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
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occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
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While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
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Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
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populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 



45 
 

rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
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In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 



47 
 

several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
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favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
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227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Although the current population size in Maine is uncertain, 
hBased on habitat distribution and lynx home range data, the MDIFW suggest estimated that 
this geographic unit could potentiallymay have supported roughly 250-320 adult lynx in 1995 
and 750-1,000+ resident lynxby 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 
2016a, p. 18]), and recent information suggests that resident lynx may be expanding to the 
south of the core population area (Vashon 2017, pers. comm.). The current lynx population in 
Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.2.1). As these regenerating clearcuts, which currently provide the dense horizontal structure 
preferred by hares, mature beyond about 35-40 years post-harvest, hare densities are expected 
to decline as cover and forage are reduced as a result of forest succession (Simons 2009, p. 
217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is 
probably substantially larger than typically occurred historically under the natural disturbance 
regime, when relatively small amounts of the spruce-fir forests in the state are thought to have 
been composed of the dense young stands that provode optimal hare (and, therefore, lynx 
foraging) habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 
54792). With the reduction in clearcutting and the proliferation of partial harvesting following 
enactment of the Maine Forest Practices Act of 1989, lynx densities in Maine are projected to 
decline by 55 to 65 percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 
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2016a, p. 16), perhaps to levels more consistent with likely historical conditions. Lynx in Maine 
likely represent the southern periphery of a larger population that occurs in northern New 
Brunswick and southern Quebec south of the St. Lawrence Seaway/River, which appears to 
partially isolate lynx in this region, demographically and genetically, from populations in the core 
of the species’ range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on 
immigration from Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
there is no indication of substantial immigration from Canadatrapping harvest data suggest 
declining immigration after the mid-1980s (McKelvey et al. 2000a, p. 225; Squires in Lynx SSA 
Team 2016a, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction 
have been documented in the Montana portion of the GYA where, as with the northwestern 
Wyoming part of the GYA (discussed above), uncertainty about whether this area consistently 
or only intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016a, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
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lynx in Montana are, and historically were, naturally patchier and less-broadly distributed 
(Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, 
than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson in Lynx SSA Team 
2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 
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Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
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habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
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In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
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committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
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km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
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available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
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3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
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enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In 2015, the MNDNR issued emergency 
trapping rules in the LMZ mandating additional restrictions on the types of traps that may be 
used (MNDNR 2015, entire) to further reduce the likelihood of incidentally trapping lynx. In 
response to a Federal court order, MDNR developed an incidental take plan designed to 
minimize the potential for lynx to be incidentally trapped during other legal furbearer trapping; 
the plan is currently under review by the Service. Like Maine, Minnesota has a State 
Endangered Species Statute (84.0895) which requires the MNDNR to adopt rules designating 
species meeting the statutory definitions of endangered, threatened, or species of special 
concern (State of Minnesota 2016, entire). The Statute also authorizes the MNDNR to adopt 
rules that regulate treatment of species designated as endangered and threatened. Also like 
Maine, however, Minnesota has not designated lynx as threatened or endangered under the 
statute. Instead it has designated the lynx a species of special concern, a designation for 
species that are extremely uncommon, have unique or highly specific habitat requirements, or 
occur on the periphery of their range in Minnesota and, therefore, deserve careful monitoring 
(MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
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trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of reasonable restrictions on trapping in lynx 
habitat. Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and Llynx in Wyoming were offered full protection from trapping and hunting beginning in 1973, 
and they are designated by the State as a species of greatest conservation need (ILBT 2013, p. 
57). The Wyoming Game and Fish Department (WGFD) also participates in the CITES Export 
Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
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manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine areis under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2)but easements do not require management prescriptions or 
commitments for lynx. In the past Maine private forest landowners have expressed interest in 
long-term commitments to lynx management plans, but to our knowledge, there are no private 
landowners in Maine who have committed to long-term or permanent protection and creation of 
lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
                                                
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
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continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
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Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
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hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
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cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
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upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over potential terrestrial competitors and predators. Although specific snow requirements for 
lynx (amount/depth, quality, persistence) have not been quantified throughout the DPS 
rangeHowever, climate warming is diminishing snow conditions (depth, quality, persistence) 
throughout the DPS rangein the contiguous United States. Warmer winter temperatures are 
reducing snow cover extent  and duration and altering snow structure via a combination of a 
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higher proportion of precipitation falling as rain, more winter thaw-freeze events, higher rates of 
snowmelt during winter, and earlier spring melt and runoff (Hamlet and Lettenmaier 1999, p. 
1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 
2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; Pierce et al. 2008, 
entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; Georgakakos et al. 2014, pp. 
71-85). These trends are expected to continue with projected future climate warming (Hamlet 
and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; IPCC 2014b, p. 62). The 
IPCC projects that spring snow cover in the Northern Hemisphere is likely to decrease by 7-25 
percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase’’ (Christensen et al. 2007, p. 850). 
Because lynx occurrence is correlated with prolonged periods of deep, fluffy snow, current lynx 
habitats would be expected to decline in value for lynx with decreases in snow condition and 
duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, Ssnowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
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Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
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These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), and they experience high mortality in deep-snow winterswhich appear 
to limit bobcat mobility and distribution (Litvaitis et al. 1986, p. 116). Considering recent and 
projected future changes in snow conditions described above, stable or increasing bobcat 
populations in the DPS range (Roberts and Crimmins 2010, p. 170), and the predicted 
northward expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 
2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172), lynx may 
experience increased competition and displacement by bobcats, which could influence lynx 
distribution and persistence at the southern edge of their range (in all DPS geographic units and 
in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
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is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likelyalso may affect hare populations in other ways, especially at the 
southern extent of its range in the DPS and in parts of southern Canada. As described above, 
changing snow conditions may influence lynx hunting behavior and effectiveness. For example, 
hard-packed snow is reported to be associated with a higher kill rate of hares by lynx and 
coyotes compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). 
Consistently higher kill rates could generate numeric responses (population increases) by lynx 
and other hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower 
levels (Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at 
the southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and 
snow conditions that are projected to decreasingly favor lynx and increasingly favor less 
specialized predators (i.e., those with lower foot-loading) would be expected to result in 
increased predation on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 



76 
 

have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
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Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
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Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
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2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
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Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
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Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
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stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
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p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
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crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
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Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
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The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
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extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
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complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
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supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
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sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
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of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
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other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
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In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
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threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
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fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
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2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
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was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
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between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
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to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
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years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
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clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
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from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 
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4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
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has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
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the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
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(where lynx are a provincially-endangered species and harvest is prohibited). There are no 
reliable estimates of current or historical resident lynx numbers in this unit. HoweverAlthough 
the actual number of resident lynx in this unit is unknown, based on estimates of habitat 
distribution and lynx home range sizes, the MDIFW believes this unit currently may be capable 
of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx home range 
sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in the DPS. 
This is many more resident lynx than likely occurred historically and many more than were 
suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival rates declined 
in the low-hare environment after 2006 suggest a slightly declining lynx population, although 
kitten survival remained high. Unlike other DPS units, lynx habitat in northern Maine occurs 
nearly entirely on private, industrial forest lands, most of which lack long-term commitments to 
lynx management. The majority of private lands in this unit are now owned by investment 
companies seeking to diversify income from their investments, which could result in forest 
practices less likely to maintain or conserve hare and lynx habitat. Other potential stressors to 
lynx in this unit include incidental trapping, road mortality, large-scale wind energy development, 
residential and resort development, and parcelization of forestlands from rapid turnover in 
investment company landowners. Another spruce budworm outbreak may be imminent, and 
forestry response by investment landowners is uncertain. Climate change is a concern because 
average annual snowfall and duration are currently at the minimum thresholds believed 
necessary to give lynx a competitive advantage over bobcats and other mesocarnivores. 
Although lynx regularly occur outside this unit in southeastern and southwestern Maine, and 
small numbers of reproducing lynx have also been documented recently in northern New 
Hampshire and northern Vermont, the ability of some of these peripheral areas to support 
persistent breeding populations is questionable. However, recent telemetry data in Maine 
suggest that resident lynx are expanding both east and south of the Northern Maine Geographic 
Unit, with home range maintenance and reproduction documented in both areas, which 
previously were considered outside the area capable of supporting resident lynx (Vashon 2017, 
pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 

Comment [ZJ2]: Maine strongly disagrees. 
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swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknownre are no reliable estimates of current or 
historical resident lynx numbers in this geographic unit, but it is thought currently to be capable 
of supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this 
unit are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires 
et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was 
listed (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences 
suggest 3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and 
southern (Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 
2011 to 2015, prompting concerns about the potential loss of the small resident population 
(perhaps 7-10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. 
However, whether this absence indicates the extirpation of a previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. A single 
lynx was verified in the Garnet Range in February 2016, indicating that natural recolonization of 
the area is possible; however, subsequent surveys have failed to detect that lynx or other lynx, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and 
hare habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest 
and associated management (e.g., thinning, road construction, fire suppression) appear to have 
had localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
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and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. There are no reliable estimates of hHistorical or and current resident lynx numbers 
in northern Washington are unknown, but recent habitat and home range analyses for the larger 
Okanogan LMZ (summarized in Lewis 2016) suggest that this geographic unit may have been 
capable of supporting about 50 lynx prior to extensive wildfires over the past 2-3 decades (85-
90 lynx in the entire LMZ). Those fires affected over a third of the LMZ, led to increased home 
range size, and may have reduced the carrying capacity of this unit to perhaps 30 lynx currently 
(50-55 in the entire LMZ). Additional extensive wildfire activity in the northern part of this unit in 
2017 may result in further reduction of carrying capacity. The recent increases in wildfire 
frequency, size, and intensity in lynx habitat in this unit may have been influenced by climate 
change (Westerling et al. 2006, pp. 942-943). Burned habitats are expected to regenerate back 
into suitable lynx habitat, but this may take 10-40 years. However, additional wildfire activity in 
this unit before previously burned areas recover could substantially reduce the viability of the 
lynx population in this geographic unit (see section 5.2.4).Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently submitted, 
and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx from threatened 
to endangered within the State. Hare densities in Washington are generally at the low end of the 
range thought necessary to support lynx persistence. The Okanogan-Wenatchee and Colville 
National Forests, which administer more than 90 percent of lynx habitat in Washington, continue 
to manage in accordance with the LCAS. Additionally, the WADNR, which manages 
approximately 4 percent of lynx habitat in Washington, developed a Lynx Habitat Management 
Plan in 1996, which was updated in 2006 and is also largely based on the LCAS. The Kettle 
Range to the east of this unit was suspected to have supported a small (likely fewer than 20 
individuals) resident population until about 30 years ago when over-trapping compounded by 
habitat changes may have resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, 
p.1523). Potential impediments to lynx movement between the Kettle Range and the Cascades 
and British Columbia may make natural recolonization of the Kettle Range unlikely. 
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or and historical numbers 
of resident lynx numbers in this unit are unknown, but CPW lynx biologists believe it may 
currently could support 100-250 lynx as a result of the 1999-2006 release of 218 lynx from 
Canada and Alaska. Released lynx had high survival but the proportion of females producing 
kittens and kitten survival were low. This unit is not directly connected to lynx populations in 
Canada, and it does not appear to have received immigrant lynx during the historicaly large 
irruptions of the early 1960s and early 1970s. Since 1996, 2 unprecedentledly large bark beetle 
epidemics have affected about 16,200 km2 (6,255 mi2) of spruce-fir and lodgepole pine forests 
in Colorado, including much of the lynx habitat in this unit. Additionally, the 2013 West Fork 
Complex fire impacted more than 400 km2 (154 mi2) of lynx habitat in the San Juan Mountains. 
Beetle outbreaks do not appear to have negatively impacted hares, and hare numbers may 
increase in affected areas as succession progresses; however, they have negatively impacted 
red squirrels, an important alternate prey species for lynx in this unit. Areas affected by beetles 
that contained multi-story stand conditions likely continue to provide habitat to support 
snowshoe hares and lynx. Areas affected by fire may require 20 years or more, and in some 
areas considerably longer, to recover to a point where the stands will again support snowshoe 
hares. Large-scale monitoring efforts in the San Juans documented continued lynx occupancy 
during 2010-11, 2014-15, and 2015-2016, and it is reasonably likely that lynx continue to occur 
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in all national forests within the State of Colorado. Snowshoe hare habitat is naturally patchily-
distributed in this geographic unit, which limits hare abundance. Because the majority (90 
percent) of potential lynx habitat in Colorado is under Federal land management, actions 
occurring on other ownerships are unlikely to result in significant impacts to lynx habitat within 
this unit. The USFS manages over 85 percent of the lynx habitat in this unit, providing 
conservation through the SRLA. However, regulatory mechanisms for the conservation of lynx 
are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx 
habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
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component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
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1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
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deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
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dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
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2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
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Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
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Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
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estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
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survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
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wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
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Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 

                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx, although the 
actual population size is unknown. High-quality habitat created by extensive clearcutting 30 to 
40 years ago is peaking and is projected to decline by 50 percent in the next 15 to 20 years 
(Simons-Legaard 2016, pp. 10-18; also see section 5.2.1). Hare densities declined by 50 
percent in this unit starting in about 2006 and have remained at lower levels, and future hare 
fluctuations or cycles are uncertain. Recent history demonstrates that some forms of forest 
management have the potential to create or increase lynx habitat. However, forest practices 
have shifted to partial harvesting, which is less likely to create large areas of lynx habitat or 
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maintain the current historically broad distribution of high-quality habitat generated by previous 
landscape-level clear-cutting. Additionally, private landowners who previously entered into 
commitments to manage for lynx conservation have not renewed those commitments (although 
the habitat will remain viable for lynx for some time). Land ownership has also changed in 
northern Maine, and the majority of lands are owned now by investment companies that often 
wish to diversify income from their investments, which could result in forest practices 
inconsistent with lynx habitat conservation. Without long-term, binding land management 
commitments in this unit, there is no guarantee that the current historically high amount of lynx 
habitat will be maintained by future forest managment practices on private lands. The greatest 
stressors to resident lynx in this unit are habitat loss (as a result of the shift in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 
lack of forest planning for lynx, and projected continued climate warming (diminishing snow 
depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
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were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 



131 
 

genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways.  
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
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reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
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(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
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Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
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separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
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Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 

                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
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The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
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Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
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In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
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indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
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any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
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detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above.Genetic analyses and snow and 
camera surveys have verified continued reproduction and recruitment among lynx populations in 
this unit and also suggest some immigration may be occurring. The recent apparent absence of 
resident lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
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management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
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population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
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Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 

                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (> 30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
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Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire burned another large block of lynx habitat in the northern part of this unit 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://snowfall.weatherdb.com/d/a/Washington
https://inciweb.nwcg.gov/incident/5409/
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in 2017described above. These burned areas are expected to regenerate back into suitable lynx 
habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; Maletzke in Lynx SSA 
Team 2016a, p. 21), during which time the resident lynx population in this geographic unit will 
likely be at increased risk of stochastic demographic, genetic, and environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
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protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades 
(see Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 
37 percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
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total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
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standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
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NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 
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Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 
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areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
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reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
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confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 



159 
 

hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
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40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
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1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 

                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
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hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
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geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5Ibid), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for some 
other geographic units where estimates were based on adequate sample sizes (Units 1 and 3; 
table 4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
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recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
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Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
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Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
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After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
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potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
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century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
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at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
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lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
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How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
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and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
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contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
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above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
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potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
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conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 
at years 2025, 

2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 
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snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 



180 
 

reintroduced lynx population ● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
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outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
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percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 

Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
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by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
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Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
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15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
 
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
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Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
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northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
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Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
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variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
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hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
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Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
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increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
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result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
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interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
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an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 

Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
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of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 



198 
 

harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007Ibid., p. 8). Notaro et al. (2015, 
pp. 1668-1669) projected changes in lake effect snowfall using downscaled climate models 
(Abdus Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model 
version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for 
the Great Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show 
an increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
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days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
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percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
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exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
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is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
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that despite a closed hunting and trapping season, incidental take would continue and possibly 
increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
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occupy public lands, which are actively managed for lynx into the future. Experts also 
considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
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change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
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from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 20140, entire; Holden et al. 2015, entire; Morelli 
et al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
 There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
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quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
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Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
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probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration.  Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncerytainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
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habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 
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Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
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the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
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temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
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Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future thant it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 



235 
 

geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
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settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Summary of the Superior National Forest’s 2017 Canada lynx (Lynx 
canadensis) DNA database   October 12, 2017 

 
TIM CATTON – USDA Forest Service, Superior National Forest, 8901 Grand Ave. Pl., 

Duluth, MN 55808 
DAN RYAN – USDA Forest Service, Superior National Forest, Laurentian Ranger 

District, 318 Forestry Road, Aurora, MN  55705 
DAVE GROSSHUESCH – USDA Forest Service, Superior National Forest, Tofte 

Ranger District, 7355 W. Hwy. 61, Tofte, MN  55615 
 
Introduction 
Snow tracking and other methods used to obtain genetic samples have confirmed presence of Canada 
lynx (Lynx canadensis) across northeastern Minnesota since December 2000.  In 2008, the Superior 
National Forest (Superior NF) created, and continues to maintain, a database of genetically confirmed 
Canada lynx (hereafter lynx) to document their occurrence, persistence and reproduction in Minnesota.  
Genetic samples (typically scat but also hair and tissue) have been collected primarily as part of the 
Superior NF’s survey and monitoring program.  Also included in this database are samples collected 
during an independent genetic research project, a radio telemetry project, mining project surveys, and 
from specimens that were surrendered to resource agencies, e.g., from animals that had been trapped, 
shot or killed in vehicle collisions.  These samples were submitted to the USDA Forest Service Rocky 
Mountain Research Station’s National Genomics Laboratory for Wildlife and Fish Conservation for 
testing.  Samples that were identified as lynx using mitochondrial DNA analysis were further evaluated 
using nuclear DNA analysis methods to determine sex (Pilgrim et al. 2005) and individual identification.  
Further testing was used to determine Canada lynx-bobcat (Lynx rufus) hybridization (Schwartz et al. 
2004).  Field observations combined with DNA analysis have been used to document lynx reproduction 
within the State since 2002.  
 
Summary 
The current database contains 1,624 samples that have been submitted for DNA testing.  Mitochondrial 
DNA analysis has identified 1,325 of them (81.6%) as lynx.  Nuclear DNA analysis has determined 333 
unique lynx genotypes, 162 female (48.4%), 169 male (51.3%) and 2 of indeterminable sex.  Since 
2010, 30 family groups have been identified producing 65 kittens that survived to the winter following 
their birth, 36 female (55.4%) and 29 male (44.6%).  Of the 302 individuals that were not originally 
detected as a result of a mortality, 67 (22.2%) are known to have persisted into a second year.  Five 
individuals (1.7%: 3 female and 2 male), have persisted for over 6 years.   
 
During the 2016-2017 survey season 144 samples were collected and submitted for testing.  One-
hundred thirty (90.3%) were identified as lynx and 42 unique genotypes were determined, 24 female 
(57.1%) and 17 male (40.5%) and 1 of indeterminable sex.  Twenty-three individuals (54.8%: 14 female 
and 9 male) were previously recorded in this database (recaptures), and 19 individuals (45.2%: 10 
female, 8 male and 1 indeterminable sex) are new to the database this year.  Field observations 
suggest that there were at least 8 family groups with as many as 17 kittens found in the survey area.  
DNA analysis confirm 6 family groups with 11 individuals (8 female, 3 male) genetically consistent with 
being offspring.  Of the 31 individuals identified that were not kittens, 24 (77.4%) have persisted in to 
their second year, 11 (35.5%) have persisted into their third year or more.  Three individuals (9.7%:1 
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male and 2 female) have persisted on the Forest for over 6 years. There are 6 individuals new to the 
database this year whose age could not be determined. 
 
To date there have been 70 reported incidents of lynx “take” in the database maintained by USFWS.  
Fifty-three of these incidents have resulted in mortalities to the animal.  There have been 7 incidents of 
shooting (all mortalities), 34 trapped (17 mortalities and 17 released alive), and 13 that have been hit by 
a vehicle or a train (all mortalities).  There were also 16 incidents of take that resulted in the mortality of 
an animal but the cause is unknown.   
 
The database also contains 43 samples that have been identified as F1 Canada lynx-bobcat hybrids.  
There are 13 unique lynx-bobcat hybrid genotypes, 5 (38.5%) female and 8 male (61.5%).  One 
Canada lynx-bobcat hybrid, a male, was detected during this year’s surveys; a recapture who was first 
detected in February 2011 and has persisted for over 6 years.   
 
This database contains all known samples submitted by the Superior NF to the Wildlife Genetics 
Laboratory since the year 2000.  Other contributors to this database are Steve Loch, Natural Resources 
Research Institute (NRRI) of the University of Minnesota-Duluth, Franconia Minerals Corporation, 
PolyMet Mining Corporation, Minnesota Department of Natural Resources, Voyageur’s National Park, 
US Fish and Wildlife Service, Chippewa National Forest, US Geological Survey, Wolf Ridge ELC and 
Leech Lake Band of Ojibwe.   
  



 3 Superior National Forest  

Canada lynx DNA Database 2000-2017 
 
Survey Effort 
For the purposes of this report, the primary survey area is generally considered to be the proclamation 
boundaries of the Superior National Forest (see attached map).  Survey techniques over the years 
have been predominantly on an ad hoc basis.  Survey effort has varied dependent upon funding, 
personnel availability and suitable snow conditions; biologists usually survey areas on their Districts as 
time and snow conditions allowed.  Prior to 2014 records and GPS tracks were not stringently 
maintained, nor was there consistency between surveyors.  However, as part of a recent research effort 
by North Carolina State University (NCSU) to develop an occupancy model (see Current Research 
below), we summarized our survey effort in to miles of occupancy surveys and trailing miles (miles in 
which surveyors were actually following lynx tracks) during survey seasons 2014/2015, 2015/2016, and 
2016/2017.  During surveys season 2012/2013 and 2013/2014 only the trailing miles were recorded 
and not included in the NCSU work but are included in Table 1 below.  These 2 parameters give an 
index of survey effort by Superior NF personnel in collecting genetic samples for this database. 
 

Year 
Occupancy 

miles Trailing miles 
Samples 
collected 

Number lynx 
samples 

Individuals 
identified 

2013 NA 41.6 149 122 35 
2014 NA 45.6 198 162 68 
2015 1,970 43.1 135 114 49 
2016 2,044 52.8 127 113 38 
2017 2,279  70.2 144 130 42 

Table 1. Survey effort for DNA collection. 
 
Species Identification 
To date there are 1,624 samples contained in the database, of which 1,546 (95.2%) have been 
identified to species (Figure 1).  Of the samples for which species results were obtained, 1,325 (85.7%) 
were identified as lynx.  One-thousand one-hundred of those samples (83.0%) were able to be 
genotyped (meaning an individual identification was made), while 225 (17.0%) did not amplify 
(identified to species only).  Seventy-eight (4.8%) did not contain enough quality DNA to make a 
species determination.   

 

 
Figure 1.  Species identification results 2000-2017 (n = 1,546) 
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Of the 1,325 lynx samples: 

• 333 individual lynx genotypes were identified, of which there are 
• 169 females (50.8%), 162 males (48.6%) and 2 (0.6%) undetermined sex (Figure 2) 

 

 
Figure 2.  Total Canada lynx individuals detected 2000-2017 (n = 333) 

 
 
Reproduction 
Field observations and DNA analysis have been used to document reproduction of lynx in Minnesota 
since 2002.  Areas that contain tracks of family groups (adults and kittens (animals presumed to be <1 
year old)) are continually monitored during the survey season in an effort to collect DNA from all 
individuals.  However, genetic samples from each member of the family group may not always be 
obtained, nor is every family group likely detected each year, so numbers presented here likely under-
represent the total numbers of family groups and kittens.  These figures represent only those family 
groups and kittens for which DNA analysis has shown a parent-offspring relationship.   
 
Field observations of family groups combined with DNA analysis since 2010 have identified a minimum 
of 31 family groups producing a total of 65 presumed kittens, 36 (55.4%) female and 29 (44.6%) male 
(Figure 3).  Overall, 103 kittens have been identified from 27 different mothers.  Seventy-two of the 103 
have an identified father within the database, from 17 different fathers.   
 
Of note in these data are: Mother S390 (detected 4 winters 2012-2015) has had at least 13 kittens from 
4 litters; mother L31 (detected 5 winters 2005-2009) has had at least 11 kittens from 3 litters.  Father 
L28 (detected as an adult 5 winters 2007-2011) has sired at least 15 kittens over 5 years with 5 
different mothers; father L10 (detected 3 winters 2003-2005) has sired at least 10 kittens from 3 litters.   

 

 
Figure 3.  Family groups and known annual reproduction 2010-2016 
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Persistence 
Snow tracking and other methods used to obtain genetic samples have confirmed persistence of lynx 
on the Superior NF and elsewhere across northeastern Minnesota since January 2002 (Figure 4).  Of 
the 302 individuals that were not originally detected as a result of a mortality, 67 (22.2%) are known to 
have persisted into a second year.  There are 5 individuals (1.7%) that have been detected over 6 
years, 1 that has been detected over 5 years, 6 that have been detected over 4 years, 8 that have been 
detected over 3 years, and 13 that have been detected over 2 years.  The number of detections of an 
individual ranges from just once to 41 times.   

 

 
Figure 4.  Persistence of individuals 2000-2017 (n = 302) 

 
Survivorship/Recruitment 
Although not an accurate representation of true kitten survivorship, the persistence of kittens in the 
database in to their second year and longer can be an index of survivorship and recruitment in to the 
overall population (Figure 5).  Of the 91 individuals that have been identified as kittens in the database 
prior to 2016/2017, 26 of them (28.6%: 13 female and 13 male) have been recaptured into their second 
year or beyond and are assumed to have been recruited into the northeastern Minnesota (NE MN) sub-
population.  It is also presumed that not all surviving kittens are detected within the survey area, and 
other surviving kittens emigrate to other sub-populations.  Figure 5 shows only those detected as 
kittens prior to the 2016/2017 survey season. 
 

 
Figure 5. Persistence/recruitment of kittens 2001-2017 (n=91) 
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Field observations in combination with genotypes of individuals yield some interesting relationships in 
the NE MN sub-population’s lineage and recruitment from the 2016/2017 samples.  For example, 
Loch132, identified as a kitten in 2010, has produced 6 kittens from 4 litters since that time.  She had 
known litters in 2012, 2013, 2014 but did not have a known litter in 2015.  In that year her normal 
territory was occupied by one of her kittens (S551) who had a kitten of her own in 2015.  Loch132 was 
back in her territory with a kitten again in 2016.  Male Loch270, identified in 2011, has fathered 4 
families of lynx (3 with Loch132) producing 6 kittens, including with Loch132 again in 2016/2017. 
 
Two breeding females from 2015/2016 (S551 and S571) were not found to have kittens this year in the 
territories they occupied last year.  Both territories had different breeding females with kittens.  They 
were, however, found within the Forest and may have had families in different locations that were not 
surveyed.  
 
Distribution and Dispersal 
Lynx detections are distributed over 12 counties in Minnesota.  The majority occur in St. Louis, Lake 
and Cook counties in northeastern Minnesota where essentially all field data collection efforts have 
been focused (Table 2).  There are 19 lynx samples in the database that do not have an accurate 
enough confirmed location to be represented in this table.  The attached map represents locations of 
samples genetically confirmed as lynx within the State of Minnesota since they were listed as a 
threatened species under the Endangered Species Act (March 24, 2000).   
 

County 
No. of lynx 

samples 
% of lynx 
samples 

Cook 200 15.3% 
Lake 889 68.1% 

St. Louis 198 15.2% 
All other 19 1.5% 

Table 2. Distribution of lynx samples in Minnesota by county 
 
Dispersal and movement of individuals both within and out of the core survey and monitoring area has 
been documented.  Maximum movement distance is 196 miles for males and 46 miles for females. 
 
2016-2017 Monitoring Results 
 
Species Identification 
One-hundred forty-four samples were collected and submitted for analysis during the period of June 
2016 through April 2017.  One-hundred thirty samples (90.3%) were identified as lynx, and genotypes 
were obtained from 113 of these identifying 42 unique individuals, 24 female (57.1%) 17 male (40.5%) 
and 1 (2.4%) of indeterminable sex (Figure 6).  Twenty-three individuals (54.8%: 14 female and 9 male) 
were previously recorded in this database (recaptures), and 19 individuals (45.2%: 10 female, 8 male, 
and 1 of indeterminable sex) were new to the database this year including 11 kittens.  
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Figure 6.  Canada lynx individuals detected 2017 (n = 42) 

 
 
Reproduction 
Field observations during the winter 2016-2017 survey season suggest that there were at least 8 family 
groups with as many as 17 kittens found in the survey area.  DNA analysis confirm 6 family groups in 
the survey area with a total of 11 individuals, 8 female (72.7%) and 3 male (27.3%), genetically 
consistent with being offspring (Figure 7).  Two additional family groups were reported but could not be 
verified either through site visits or DNA collection.  Of the 6 family groups we collected genetic 
samples from, one family group consisted of a candidate mother and at least 3 presumed kittens (2 
female, 1 male) consistent with being her offspring.  Three family groups consisted of a candidate 
mother with at least 2 kittens, two with 1 female and 1 male, the other with 2 females.  There were also 
2 family groups with at least 1 kitten each, both female, consistent with being the offspring of the 
candidate mother each was associated with.   

 

 
Figure 7.  Family groups and known reproduction 2017 

 
Five of the 6 mothers are previously known in the database.  Three of them have had known litters in 
previous years and have produced a total of 12 kittens.   
 
Persistence 
Persistence distribution of the current year’s individuals may be representative of the overall age 
structure of the NE MN sub-population.  Of the 30 individuals detected during the 2016/2017 survey 
season that were not kittens, 15 (50.0%: 8 female and 7 male) have persisted at least into their second 
year (Figure 8).  Three individuals have been detected over a 6 year period, 1 over a 5 year period, 3 
over a 4 year period, 4 over a 2 year period and 7 over a 9 year period.  There are 8 individuals that are 
new to the database this year that are not assumed to be kittens and therefore are not considered in 
persistence analysis.  By using field observations and genetic analysis 1 of these 8 was determined to 
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be an adult female with kittens, and 1 an adult male that fathered a current year’s litter. Six are of 
unknown age; either they were travelling alone or tied to a family group but were unrelated. 
 

 
Figure 8. Persistence of individuals 2017 (n = 42) 
* Individuals new to the database of an unknown age 

 
Take 
 
Section 9 of the Endangered Species Act (ESA) prohibits the take of endangered and threatened 
species without special exemption.  The USDI Fish and Wildlife Service (USFWS) maintains a 
database of reported incidents of “take” of Canada lynx that have occurred in Minnesota since the year 
2001.  Take is defined in Section 3 (19) of the Endangered Species Act as “to harass, harm, pursue, 
hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in any such conduct” of a 
federally listed species (16 U.S.C. Chapter 35 Section 1532).  There have been 70 incidents of reported 
take of Canada lynx since 2001 (USFWS 2017) (Figure 9).  Fifty-three of these incidents have resulted 
in mortalities to the animal.  There have been 7 incidents of shooting (all mortalities), 34 trapped (17 
mortalities and 17 released alive), and 13 that have been hit by a vehicle or a train (all mortalities).  
There were also 16 incidents of take that resulted in the mortality of an animal but the cause is 
unknown.  These include cases of likely predation, recovery of decomposed animals or remains, or the 
recovery of a radio collar that was no longer attached to a study animal.  
 

 
Figure 9. Reported Canada lynx take in Minnesota 2001-2017 by type and outcomes (n = 70) 
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Incidental Take - Superior National Forest Plan Implementation 
Under the terms of ESA, taking that is incidental to and not intended as part of an agency action is not 
considered to be prohibited taking under the Act provided that such taking is in compliance with the 
terms and conditions of  an Incidental Take Statement  issued by USFWS.  The risk of incidental take 
of Canada lynx is not completely eliminated by provisions in the Superior National Forest Land and 
Resource Management Plan (Forest Plan).  On-going implementation of Forest Plan is expected to 
result in the incidental take of Canada lynx over the life of the Forest Plan.  According to the 2011 
Biological Opinion Incidental Take Statement– “The Service expects no more than one lynx would be 
taken annually on the Superior National Forest and no more than 10 would be taken over the 
[generally] 10-year life of the Forest Plan due to vehicle collision on all roads on all ownerships within 
the Superior National Forest proclamation boundary.” (USFWS 2011)   
 
In accordance with the 2011 Biological Opinion Reasonable and Prudent Measures the Superior 
National Forest is required to “Document and report to the Service annually any know lynx mortality 
within the National Forest Proclamation boundaries in Minnesota due to vehicle collision, accidental 
trapping, or poaching”.  All mortality reports are sent directly and immediately to USFWS when they are 
received by Forest Service personnel.  USFWS maintains a state-wide mortality database which 
houses these and all other lynx take reports.  Mortalities that have occurred due to vehicle collisions on 
all roads on all ownerships within the proclamation boundary of the Forest is considered incidental to 
the implementation of the Forest Plan since 2005, There have been 3 reported incidents of lynx take 
due to vehicle collisions within the Superior NF’s proclamation boundaries in the USFWS database; 
one each in years 2005, 2014 and 2017. 
 
No take incidents have been reported within the proclamation boundaries of the Chippewa NF. 
 
Canada Lynx – Bobcat Hybridization 
 
A Canada lynx-bobcat hybrid was first detected in Minnesota from a tissue sample obtained from an 
animal killed by a train in December 2001.  This sample along with 2 other Minnesota samples obtained 
in November and December 2002 represent the first verified hybridization between Canada lynx and 
bobcat in the wild (Schwartz et al. 2004).  The earliest recorded hybrid in Minnesota comes from a 
specimen that was reportedly harvested in 1997.  Hybrids have been detected in Cook, Itasca, Lake 
and Pine Counties in Minnesota, and in Polk County, Wisconsin. 
 
Although not annually, Canada lynx-bobcat hybrid animals have been detected on a regular basis 
during surveys for lynx.  To date the database contains 43 hybrid samples.  Forty-two of these have 
been genotyped representing 13 individuals, 5 female and 8 male.  During the 2016/2017 survey 
season, 1 Canada lynx-bobcat hybrid, a male, was detected; a recapture who was first detected in 
February 2011 and has persisted for over 6 years.  All hybrids are F1 and thus far there have been no 
known offspring from either male or female hybrids.  All are a result of female lynx and male bobcat 
mating.   
 



 10 Superior National Forest  

 
Figure 10. Total Canada lynx-bobcat hybrid individuals detected (n = 13) 
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Introduction 
Snow tracking and other methods used to obtain genetic samples have confirmed presence of Canada 
lynx (Lynx canadensis) across northeastern Minnesota since December 2000.  In 2008, the Superior 
National Forest (Superior NF) created, and continues to maintain, a database of genetically confirmed 
Canada lynx (hereafter lynx) to document their occurrence, persistence and reproduction in Minnesota.  
Genetic samples (typically scat but also hair and tissue) have been collected primarily as part of the 
Superior NF’s survey and monitoring program.  Also included in this database are samples collected 
during an independent genetic research project, a radio telemetry project, mining project surveys, and 
from specimens that were surrendered to resource agencies, e.g., from animals that had been trapped, 
shot or killed in vehicle collisions.  These samples were submitted to the USDA Forest Service Rocky 
Mountain Research Station’s National Genomics Laboratory for Wildlife and Fish Conservation for 
testing.  Samples that were identified as lynx using mitochondrial DNA analysis were further evaluated 
using nuclear DNA analysis methods to determine sex (Pilgrim et al. 2005) and individual identification.  
Further testing was used to determine Canada lynx-bobcat (Lynx rufus) hybridization (Schwartz et al. 
2004).  Field observations combined with DNA analysis have been used to document lynx reproduction 
within the State since 2002.  
 
Summary 
The current database contains 1,624 samples that have been submitted for DNA testing.  Mitochondrial 
DNA analysis has identified 1,325 of them (81.6%) as lynx.  Nuclear DNA analysis has determined 333 
unique lynx genotypes, 162 female (48.4%), 169 male (51.3%) and 2 of indeterminable sex.  Since 
2010, 30 family groups have been identified producing 65 kittens that survived to the winter following 
their birth, 36 female (55.4%) and 29 male (44.6%).  Of the 302 individuals that were not originally 
detected as a result of a mortality, 67 (22.2%) are known to have persisted into a second year.  Five 
individuals (1.7%: 3 female and 2 male), have persisted for over 6 years.   
 
During the 2016-2017 survey season 144 samples were collected and submitted for testing.  One-
hundred thirty (90.3%) were identified as lynx and 42 unique genotypes were determined, 24 female 
(57.1%) and 17 male (40.5%) and 1 of indeterminable sex.  Twenty-three individuals (54.8%: 14 female 
and 9 male) were previously recorded in this database (recaptures), and 19 individuals (45.2%: 10 
female, 8 male and 1 indeterminable sex) are new to the database this year.  Field observations 
suggest that there were at least 8 family groups with as many as 17 kittens found in the survey area.  
DNA analysis confirm 6 family groups with 11 individuals (8 female, 3 male) genetically consistent with 
being offspring.  Of the 31 individuals identified that were not kittens, 24 (77.4%) have persisted in to 
their second year, 11 (35.5%) have persisted into their third year or more.  Three individuals (9.7%:1 
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male and 2 female) have persisted on the Forest for over 6 years. There are 6 individuals new to the 
database this year whose age could not be determined. 
 
To date there have been 70 reported incidents of lynx “take” in the database maintained by USFWS.  
Fifty-three of these incidents have resulted in mortalities to the animal.  There have been 7 incidents of 
shooting (all mortalities), 34 trapped (17 mortalities and 17 released alive), and 13 that have been hit by 
a vehicle or a train (all mortalities).  There were also 16 incidents of take that resulted in the mortality of 
an animal but the cause is unknown.   
 
The database also contains 43 samples that have been identified as F1 Canada lynx-bobcat hybrids.  
There are 13 unique lynx-bobcat hybrid genotypes, 5 (38.5%) female and 8 male (61.5%).  One 
Canada lynx-bobcat hybrid, a male, was detected during this year’s surveys; a recapture who was first 
detected in February 2011 and has persisted for over 6 years.   
 
This database contains all known samples submitted by the Superior NF to the Wildlife Genetics 
Laboratory since the year 2000.  Other contributors to this database are Steve Loch, Natural Resources 
Research Institute (NRRI) of the University of Minnesota-Duluth, Franconia Minerals Corporation, 
PolyMet Mining Corporation, Minnesota Department of Natural Resources, Voyageur’s National Park, 
US Fish and Wildlife Service, Chippewa National Forest, US Geological Survey, Wolf Ridge ELC and 
Leech Lake Band of Ojibwe.   
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Canada lynx DNA Database 2000-2017 
 
Survey Effort 
For the purposes of this report, the primary survey area is generally considered to be the proclamation 
boundaries of the Superior National Forest (see attached map).  Survey techniques over the years 
have been predominantly on an ad hoc basis.  Survey effort has varied dependent upon funding, 
personnel availability and suitable snow conditions; biologists usually survey areas on their Districts as 
time and snow conditions allowed.  Prior to 2014 records and GPS tracks were not stringently 
maintained, nor was there consistency between surveyors.  However, as part of a recent research effort 
by North Carolina State University (NCSU) to develop an occupancy model (see Current Research 
below), we summarized our survey effort in to miles of occupancy surveys and trailing miles (miles in 
which surveyors were actually following lynx tracks) during survey seasons 2014/2015, 2015/2016, and 
2016/2017.  During surveys season 2012/2013 and 2013/2014 only the trailing miles were recorded 
and not included in the NCSU work but are included in Table 1 below.  These 2 parameters give an 
index of survey effort by Superior NF personnel in collecting genetic samples for this database. 
 

Year 
Occupancy 

miles Trailing miles 
Samples 
collected 

Number lynx 
samples 

Individuals 
identified 

2013 NA 41.6 149 122 35 
2014 NA 45.6 198 162 68 
2015 1,970 43.1 135 114 49 
2016 2,044 52.8 127 113 38 
2017 2,279  70.2 144 130 42 

Table 1. Survey effort for DNA collection. 
 
Species Identification 
To date there are 1,624 samples contained in the database, of which 1,546 (95.2%) have been 
identified to species (Figure 1).  Of the samples for which species results were obtained, 1,325 (85.7%) 
were identified as lynx.  One-thousand one-hundred of those samples (83.0%) were able to be 
genotyped (meaning an individual identification was made), while 225 (17.0%) did not amplify 
(identified to species only).  Seventy-eight (4.8%) did not contain enough quality DNA to make a 
species determination.   

 

 
Figure 1.  Species identification results 2000-2017 (n = 1,546) 
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Of the 1,325 lynx samples: 

• 333 individual lynx genotypes were identified, of which there are 
• 169 females (50.8%), 162 males (48.6%) and 2 (0.6%) undetermined sex (Figure 2) 

 

 
Figure 2.  Total Canada lynx individuals detected 2000-2017 (n = 333) 

 
 
Reproduction 
Field observations and DNA analysis have been used to document reproduction of lynx in Minnesota 
since 2002.  Areas that contain tracks of family groups (adults and kittens (animals presumed to be <1 
year old)) are continually monitored during the survey season in an effort to collect DNA from all 
individuals.  However, genetic samples from each member of the family group may not always be 
obtained, nor is every family group likely detected each year, so numbers presented here likely under-
represent the total numbers of family groups and kittens.  These figures represent only those family 
groups and kittens for which DNA analysis has shown a parent-offspring relationship.   
 
Field observations of family groups combined with DNA analysis since 2010 have identified a minimum 
of 31 family groups producing a total of 65 presumed kittens, 36 (55.4%) female and 29 (44.6%) male 
(Figure 3).  Overall, 103 kittens have been identified from 27 different mothers.  Seventy-two of the 103 
have an identified father within the database, from 17 different fathers.   
 
Of note in these data are: Mother S390 (detected 4 winters 2012-2015) has had at least 13 kittens from 
4 litters; mother L31 (detected 5 winters 2005-2009) has had at least 11 kittens from 3 litters.  Father 
L28 (detected as an adult 5 winters 2007-2011) has sired at least 15 kittens over 5 years with 5 
different mothers; father L10 (detected 3 winters 2003-2005) has sired at least 10 kittens from 3 litters.   

 

 
Figure 3.  Family groups and known annual reproduction 2010-2016 
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Persistence 
Snow tracking and other methods used to obtain genetic samples have confirmed persistence of lynx 
on the Superior NF and elsewhere across northeastern Minnesota since January 2002 (Figure 4).  Of 
the 302 individuals that were not originally detected as a result of a mortality, 67 (22.2%) are known to 
have persisted into a second year.  There are 5 individuals (1.7%) that have been detected over 6 
years, 1 that has been detected over 5 years, 6 that have been detected over 4 years, 8 that have been 
detected over 3 years, and 13 that have been detected over 2 years.  The number of detections of an 
individual ranges from just once to 41 times.   

 

 
Figure 4.  Persistence of individuals 2000-2017 (n = 302) 

 
Survivorship/Recruitment 
Although not an accurate representation of true kitten survivorship, the persistence of kittens in the 
database in to their second year and longer can be an index of survivorship and recruitment in to the 
overall population (Figure 5).  Of the 91 individuals that have been identified as kittens in the database 
prior to 2016/2017, 26 of them (28.6%: 13 female and 13 male) have been recaptured into their second 
year or beyond and are assumed to have been recruited into the northeastern Minnesota (NE MN) sub-
population.  It is also presumed that not all surviving kittens are detected within the survey area, and 
other surviving kittens emigrate to other sub-populations.  Figure 5 shows only those detected as 
kittens prior to the 2016/2017 survey season. 
 

 
Figure 5. Persistence/recruitment of kittens 2001-2017 (n=91) 
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Field observations in combination with genotypes of individuals yield some interesting relationships in 
the NE MN sub-population’s lineage and recruitment from the 2016/2017 samples.  For example, 
Loch132, identified as a kitten in 2010, has produced 6 kittens from 4 litters since that time.  She had 
known litters in 2012, 2013, 2014 but did not have a known litter in 2015.  In that year her normal 
territory was occupied by one of her kittens (S551) who had a kitten of her own in 2015.  Loch132 was 
back in her territory with a kitten again in 2016.  Male Loch270, identified in 2011, has fathered 4 
families of lynx (3 with Loch132) producing 6 kittens, including with Loch132 again in 2016/2017. 
 
Two breeding females from 2015/2016 (S551 and S571) were not found to have kittens this year in the 
territories they occupied last year.  Both territories had different breeding females with kittens.  They 
were, however, found within the Forest and may have had families in different locations that were not 
surveyed.  
 
Distribution and Dispersal 
Lynx detections are distributed over 12 counties in Minnesota.  The majority occur in St. Louis, Lake 
and Cook counties in northeastern Minnesota where essentially all field data collection efforts have 
been focused (Table 2).  There are 19 lynx samples in the database that do not have an accurate 
enough confirmed location to be represented in this table.  The attached map represents locations of 
samples genetically confirmed as lynx within the State of Minnesota since they were listed as a 
threatened species under the Endangered Species Act (March 24, 2000).   
 

County 
No. of lynx 

samples 
% of lynx 
samples 

Cook 200 15.3% 
Lake 889 68.1% 

St. Louis 198 15.2% 
All other 19 1.5% 

Table 2. Distribution of lynx samples in Minnesota by county 
 
Dispersal and movement of individuals both within and out of the core survey and monitoring area has 
been documented.  Maximum movement distance is 196 miles for males and 46 miles for females. 
 
2016-2017 Monitoring Results 
 
Species Identification 
One-hundred forty-four samples were collected and submitted for analysis during the period of June 
2016 through April 2017.  One-hundred thirty samples (90.3%) were identified as lynx, and genotypes 
were obtained from 113 of these identifying 42 unique individuals, 24 female (57.1%) 17 male (40.5%) 
and 1 (2.4%) of indeterminable sex (Figure 6).  Twenty-three individuals (54.8%: 14 female and 9 male) 
were previously recorded in this database (recaptures), and 19 individuals (45.2%: 10 female, 8 male, 
and 1 of indeterminable sex) were new to the database this year including 11 kittens.  
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Figure 6.  Canada lynx individuals detected 2017 (n = 42) 

 
 
Reproduction 
Field observations during the winter 2016-2017 survey season suggest that there were at least 8 family 
groups with as many as 17 kittens found in the survey area.  DNA analysis confirm 6 family groups in 
the survey area with a total of 11 individuals, 8 female (72.7%) and 3 male (27.3%), genetically 
consistent with being offspring (Figure 7).  Two additional family groups were reported but could not be 
verified either through site visits or DNA collection.  Of the 6 family groups we collected genetic 
samples from, one family group consisted of a candidate mother and at least 3 presumed kittens (2 
female, 1 male) consistent with being her offspring.  Three family groups consisted of a candidate 
mother with at least 2 kittens, two with 1 female and 1 male, the other with 2 females.  There were also 
2 family groups with at least 1 kitten each, both female, consistent with being the offspring of the 
candidate mother each was associated with.   

 

 
Figure 7.  Family groups and known reproduction 2017 

 
Five of the 6 mothers are previously known in the database.  Three of them have had known litters in 
previous years and have produced a total of 12 kittens.   
 
Persistence 
Persistence distribution of the current year’s individuals may be representative of the overall age 
structure of the NE MN sub-population.  Of the 30 individuals detected during the 2016/2017 survey 
season that were not kittens, 15 (50.0%: 8 female and 7 male) have persisted at least into their second 
year (Figure 8).  Three individuals have been detected over a 6 year period, 1 over a 5 year period, 3 
over a 4 year period, 4 over a 2 year period and 7 over a 9 year period.  There are 8 individuals that are 
new to the database this year that are not assumed to be kittens and therefore are not considered in 
persistence analysis.  By using field observations and genetic analysis 1 of these 8 was determined to 
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be an adult female with kittens, and 1 an adult male that fathered a current year’s litter. Six are of 
unknown age; either they were travelling alone or tied to a family group but were unrelated. 
 

 
Figure 8. Persistence of individuals 2017 (n = 42) 
* Individuals new to the database of an unknown age 

 
Take 
 
Section 9 of the Endangered Species Act (ESA) prohibits the take of endangered and threatened 
species without special exemption.  The USDI Fish and Wildlife Service (USFWS) maintains a 
database of reported incidents of “take” of Canada lynx that have occurred in Minnesota since the year 
2001.  Take is defined in Section 3 (19) of the Endangered Species Act as “to harass, harm, pursue, 
hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in any such conduct” of a 
federally listed species (16 U.S.C. Chapter 35 Section 1532).  There have been 70 incidents of reported 
take of Canada lynx since 2001 (USFWS 2017) (Figure 9).  Fifty-three of these incidents have resulted 
in mortalities to the animal.  There have been 7 incidents of shooting (all mortalities), 34 trapped (17 
mortalities and 17 released alive), and 13 that have been hit by a vehicle or a train (all mortalities).  
There were also 16 incidents of take that resulted in the mortality of an animal but the cause is 
unknown.  These include cases of likely predation, recovery of decomposed animals or remains, or the 
recovery of a radio collar that was no longer attached to a study animal.  
 

 
Figure 9. Reported Canada lynx take in Minnesota 2001-2017 by type and outcomes (n = 70) 
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Incidental Take - Superior National Forest Plan Implementation 
Under the terms of ESA, taking that is incidental to and not intended as part of an agency action is not 
considered to be prohibited taking under the Act provided that such taking is in compliance with the 
terms and conditions of  an Incidental Take Statement  issued by USFWS.  The risk of incidental take 
of Canada lynx is not completely eliminated by provisions in the Superior National Forest Land and 
Resource Management Plan (Forest Plan).  On-going implementation of Forest Plan is expected to 
result in the incidental take of Canada lynx over the life of the Forest Plan.  According to the 2011 
Biological Opinion Incidental Take Statement– “The Service expects no more than one lynx would be 
taken annually on the Superior National Forest and no more than 10 would be taken over the 
[generally] 10-year life of the Forest Plan due to vehicle collision on all roads on all ownerships within 
the Superior National Forest proclamation boundary.” (USFWS 2011)   
 
In accordance with the 2011 Biological Opinion Reasonable and Prudent Measures the Superior 
National Forest is required to “Document and report to the Service annually any know lynx mortality 
within the National Forest Proclamation boundaries in Minnesota due to vehicle collision, accidental 
trapping, or poaching”.  All mortality reports are sent directly and immediately to USFWS when they are 
received by Forest Service personnel.  USFWS maintains a state-wide mortality database which 
houses these and all other lynx take reports.  Mortalities that have occurred due to vehicle collisions on 
all roads on all ownerships within the proclamation boundary of the Forest is considered incidental to 
the implementation of the Forest Plan since 2005, There have been 3 reported incidents of lynx take 
due to vehicle collisions within the Superior NF’s proclamation boundaries in the USFWS database; 
one each in years 2005, 2014 and 2017. 
 
No take incidents have been reported within the proclamation boundaries of the Chippewa NF. 
 
Canada Lynx – Bobcat Hybridization 
 
A Canada lynx-bobcat hybrid was first detected in Minnesota from a tissue sample obtained from an 
animal killed by a train in December 2001.  This sample along with 2 other Minnesota samples obtained 
in November and December 2002 represent the first verified hybridization between Canada lynx and 
bobcat in the wild (Schwartz et al. 2004).  The earliest recorded hybrid in Minnesota comes from a 
specimen that was reportedly harvested in 1997.  Hybrids have been detected in Cook, Itasca, Lake 
and Pine Counties in Minnesota, and in Polk County, Wisconsin. 
 
Although not annually, Canada lynx-bobcat hybrid animals have been detected on a regular basis 
during surveys for lynx.  To date the database contains 43 hybrid samples.  Forty-two of these have 
been genotyped representing 13 individuals, 5 female and 8 male.  During the 2016/2017 survey 
season, 1 Canada lynx-bobcat hybrid, a male, was detected; a recapture who was first detected in 
February 2011 and has persisted for over 6 years.  All hybrids are F1 and thus far there have been no 
known offspring from either male or female hybrids.  All are a result of female lynx and male bobcat 
mating.   
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Figure 10. Total Canada lynx-bobcat hybrid individuals detected (n = 13) 
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Hi all

 

Attached is our 2017 summary report from our Canada lynx DNA database.  Feel free to share with
others you know who may be interested.  As always, let us know if you have any questions or comments. 
And please let us know if you get any reports of lynx, we are always looking to add to our knowledge!

 

Tim
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Summary of the Superior National Forest’s 2017 Canada lynx (Lynx 
canadensis) DNA database   October 12, 2017 

 
TIM CATTON – USDA Forest Service, Superior National Forest, 8901 Grand Ave. Pl., 

Duluth, MN 55808 
DAN RYAN – USDA Forest Service, Superior National Forest, Laurentian Ranger 

District, 318 Forestry Road, Aurora, MN  55705 
DAVE GROSSHUESCH – USDA Forest Service, Superior National Forest, Tofte 

Ranger District, 7355 W. Hwy. 61, Tofte, MN  55615 
 
Introduction 
Snow tracking and other methods used to obtain genetic samples have confirmed presence of Canada 
lynx (Lynx canadensis) across northeastern Minnesota since December 2000.  In 2008, the Superior 
National Forest (Superior NF) created, and continues to maintain, a database of genetically confirmed 
Canada lynx (hereafter lynx) to document their occurrence, persistence and reproduction in Minnesota.  
Genetic samples (typically scat but also hair and tissue) have been collected primarily as part of the 
Superior NF’s survey and monitoring program.  Also included in this database are samples collected 
during an independent genetic research project, a radio telemetry project, mining project surveys, and 
from specimens that were surrendered to resource agencies, e.g., from animals that had been trapped, 
shot or killed in vehicle collisions.  These samples were submitted to the USDA Forest Service Rocky 
Mountain Research Station’s National Genomics Laboratory for Wildlife and Fish Conservation for 
testing.  Samples that were identified as lynx using mitochondrial DNA analysis were further evaluated 
using nuclear DNA analysis methods to determine sex (Pilgrim et al. 2005) and individual identification.  
Further testing was used to determine Canada lynx-bobcat (Lynx rufus) hybridization (Schwartz et al. 
2004).  Field observations combined with DNA analysis have been used to document lynx reproduction 
within the State since 2002.  
 
Summary 
The current database contains 1,624 samples that have been submitted for DNA testing.  Mitochondrial 
DNA analysis has identified 1,325 of them (81.6%) as lynx.  Nuclear DNA analysis has determined 333 
unique lynx genotypes, 162 female (48.4%), 169 male (51.3%) and 2 of indeterminable sex.  Since 
2010, 30 family groups have been identified producing 65 kittens that survived to the winter following 
their birth, 36 female (55.4%) and 29 male (44.6%).  Of the 302 individuals that were not originally 
detected as a result of a mortality, 67 (22.2%) are known to have persisted into a second year.  Five 
individuals (1.7%: 3 female and 2 male), have persisted for over 6 years.   
 
During the 2016-2017 survey season 144 samples were collected and submitted for testing.  One-
hundred thirty (90.3%) were identified as lynx and 42 unique genotypes were determined, 24 female 
(57.1%) and 17 male (40.5%) and 1 of indeterminable sex.  Twenty-three individuals (54.8%: 14 female 
and 9 male) were previously recorded in this database (recaptures), and 19 individuals (45.2%: 10 
female, 8 male and 1 indeterminable sex) are new to the database this year.  Field observations 
suggest that there were at least 8 family groups with as many as 17 kittens found in the survey area.  
DNA analysis confirm 6 family groups with 11 individuals (8 female, 3 male) genetically consistent with 
being offspring.  Of the 31 individuals identified that were not kittens, 24 (77.4%) have persisted in to 
their second year, 11 (35.5%) have persisted into their third year or more.  Three individuals (9.7%:1 
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male and 2 female) have persisted on the Forest for over 6 years. There are 6 individuals new to the 
database this year whose age could not be determined. 
 
To date there have been 70 reported incidents of lynx “take” in the database maintained by USFWS.  
Fifty-three of these incidents have resulted in mortalities to the animal.  There have been 7 incidents of 
shooting (all mortalities), 34 trapped (17 mortalities and 17 released alive), and 13 that have been hit by 
a vehicle or a train (all mortalities).  There were also 16 incidents of take that resulted in the mortality of 
an animal but the cause is unknown.   
 
The database also contains 43 samples that have been identified as F1 Canada lynx-bobcat hybrids.  
There are 13 unique lynx-bobcat hybrid genotypes, 5 (38.5%) female and 8 male (61.5%).  One 
Canada lynx-bobcat hybrid, a male, was detected during this year’s surveys; a recapture who was first 
detected in February 2011 and has persisted for over 6 years.   
 
This database contains all known samples submitted by the Superior NF to the Wildlife Genetics 
Laboratory since the year 2000.  Other contributors to this database are Steve Loch, Natural Resources 
Research Institute (NRRI) of the University of Minnesota-Duluth, Franconia Minerals Corporation, 
PolyMet Mining Corporation, Minnesota Department of Natural Resources, Voyageur’s National Park, 
US Fish and Wildlife Service, Chippewa National Forest, US Geological Survey, Wolf Ridge ELC and 
Leech Lake Band of Ojibwe.   
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Canada lynx DNA Database 2000-2017 
 
Survey Effort 
For the purposes of this report, the primary survey area is generally considered to be the proclamation 
boundaries of the Superior National Forest (see attached map).  Survey techniques over the years 
have been predominantly on an ad hoc basis.  Survey effort has varied dependent upon funding, 
personnel availability and suitable snow conditions; biologists usually survey areas on their Districts as 
time and snow conditions allowed.  Prior to 2014 records and GPS tracks were not stringently 
maintained, nor was there consistency between surveyors.  However, as part of a recent research effort 
by North Carolina State University (NCSU) to develop an occupancy model (see Current Research 
below), we summarized our survey effort in to miles of occupancy surveys and trailing miles (miles in 
which surveyors were actually following lynx tracks) during survey seasons 2014/2015, 2015/2016, and 
2016/2017.  During surveys season 2012/2013 and 2013/2014 only the trailing miles were recorded 
and not included in the NCSU work but are included in Table 1 below.  These 2 parameters give an 
index of survey effort by Superior NF personnel in collecting genetic samples for this database. 
 

Year 
Occupancy 

miles Trailing miles 
Samples 
collected 

Number lynx 
samples 

Individuals 
identified 

2013 NA 41.6 149 122 35 
2014 NA 45.6 198 162 68 
2015 1,970 43.1 135 114 49 
2016 2,044 52.8 127 113 38 
2017 2,279  70.2 144 130 42 

Table 1. Survey effort for DNA collection. 
 
Species Identification 
To date there are 1,624 samples contained in the database, of which 1,546 (95.2%) have been 
identified to species (Figure 1).  Of the samples for which species results were obtained, 1,325 (85.7%) 
were identified as lynx.  One-thousand one-hundred of those samples (83.0%) were able to be 
genotyped (meaning an individual identification was made), while 225 (17.0%) did not amplify 
(identified to species only).  Seventy-eight (4.8%) did not contain enough quality DNA to make a 
species determination.   

 

 
Figure 1.  Species identification results 2000-2017 (n = 1,546) 
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Of the 1,325 lynx samples: 

• 333 individual lynx genotypes were identified, of which there are 
• 169 females (50.8%), 162 males (48.6%) and 2 (0.6%) undetermined sex (Figure 2) 

 

 
Figure 2.  Total Canada lynx individuals detected 2000-2017 (n = 333) 

 
 
Reproduction 
Field observations and DNA analysis have been used to document reproduction of lynx in Minnesota 
since 2002.  Areas that contain tracks of family groups (adults and kittens (animals presumed to be <1 
year old)) are continually monitored during the survey season in an effort to collect DNA from all 
individuals.  However, genetic samples from each member of the family group may not always be 
obtained, nor is every family group likely detected each year, so numbers presented here likely under-
represent the total numbers of family groups and kittens.  These figures represent only those family 
groups and kittens for which DNA analysis has shown a parent-offspring relationship.   
 
Field observations of family groups combined with DNA analysis since 2010 have identified a minimum 
of 31 family groups producing a total of 65 presumed kittens, 36 (55.4%) female and 29 (44.6%) male 
(Figure 3).  Overall, 103 kittens have been identified from 27 different mothers.  Seventy-two of the 103 
have an identified father within the database, from 17 different fathers.   
 
Of note in these data are: Mother S390 (detected 4 winters 2012-2015) has had at least 13 kittens from 
4 litters; mother L31 (detected 5 winters 2005-2009) has had at least 11 kittens from 3 litters.  Father 
L28 (detected as an adult 5 winters 2007-2011) has sired at least 15 kittens over 5 years with 5 
different mothers; father L10 (detected 3 winters 2003-2005) has sired at least 10 kittens from 3 litters.   

 

 
Figure 3.  Family groups and known annual reproduction 2010-2016 
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Persistence 
Snow tracking and other methods used to obtain genetic samples have confirmed persistence of lynx 
on the Superior NF and elsewhere across northeastern Minnesota since January 2002 (Figure 4).  Of 
the 302 individuals that were not originally detected as a result of a mortality, 67 (22.2%) are known to 
have persisted into a second year.  There are 5 individuals (1.7%) that have been detected over 6 
years, 1 that has been detected over 5 years, 6 that have been detected over 4 years, 8 that have been 
detected over 3 years, and 13 that have been detected over 2 years.  The number of detections of an 
individual ranges from just once to 41 times.   

 

 
Figure 4.  Persistence of individuals 2000-2017 (n = 302) 

 
Survivorship/Recruitment 
Although not an accurate representation of true kitten survivorship, the persistence of kittens in the 
database in to their second year and longer can be an index of survivorship and recruitment in to the 
overall population (Figure 5).  Of the 91 individuals that have been identified as kittens in the database 
prior to 2016/2017, 26 of them (28.6%: 13 female and 13 male) have been recaptured into their second 
year or beyond and are assumed to have been recruited into the northeastern Minnesota (NE MN) sub-
population.  It is also presumed that not all surviving kittens are detected within the survey area, and 
other surviving kittens emigrate to other sub-populations.  Figure 5 shows only those detected as 
kittens prior to the 2016/2017 survey season. 
 

 
Figure 5. Persistence/recruitment of kittens 2001-2017 (n=91) 

 

235

34

13

8

6

1

5

0 50 100 150 200 250

< 1 year

1-2 years

2-3 years

3-4 years

4-5 years

5-6 years

>6 years

65

11

7

3

1

0

4

0 10 20 30 40 50 60 70

< 1 year

1-2 years

2-3 years

3-4 years

4-5 years

5-6 years

>6 years



 6 Superior National Forest  

Field observations in combination with genotypes of individuals yield some interesting relationships in 
the NE MN sub-population’s lineage and recruitment from the 2016/2017 samples.  For example, 
Loch132, identified as a kitten in 2010, has produced 6 kittens from 4 litters since that time.  She had 
known litters in 2012, 2013, 2014 but did not have a known litter in 2015.  In that year her normal 
territory was occupied by one of her kittens (S551) who had a kitten of her own in 2015.  Loch132 was 
back in her territory with a kitten again in 2016.  Male Loch270, identified in 2011, has fathered 4 
families of lynx (3 with Loch132) producing 6 kittens, including with Loch132 again in 2016/2017. 
 
Two breeding females from 2015/2016 (S551 and S571) were not found to have kittens this year in the 
territories they occupied last year.  Both territories had different breeding females with kittens.  They 
were, however, found within the Forest and may have had families in different locations that were not 
surveyed.  
 
Distribution and Dispersal 
Lynx detections are distributed over 12 counties in Minnesota.  The majority occur in St. Louis, Lake 
and Cook counties in northeastern Minnesota where essentially all field data collection efforts have 
been focused (Table 2).  There are 19 lynx samples in the database that do not have an accurate 
enough confirmed location to be represented in this table.  The attached map represents locations of 
samples genetically confirmed as lynx within the State of Minnesota since they were listed as a 
threatened species under the Endangered Species Act (March 24, 2000).   
 

County 
No. of lynx 

samples 
% of lynx 
samples 

Cook 200 15.3% 
Lake 889 68.1% 

St. Louis 198 15.2% 
All other 19 1.5% 

Table 2. Distribution of lynx samples in Minnesota by county 
 
Dispersal and movement of individuals both within and out of the core survey and monitoring area has 
been documented.  Maximum movement distance is 196 miles for males and 46 miles for females. 
 
2016-2017 Monitoring Results 
 
Species Identification 
One-hundred forty-four samples were collected and submitted for analysis during the period of June 
2016 through April 2017.  One-hundred thirty samples (90.3%) were identified as lynx, and genotypes 
were obtained from 113 of these identifying 42 unique individuals, 24 female (57.1%) 17 male (40.5%) 
and 1 (2.4%) of indeterminable sex (Figure 6).  Twenty-three individuals (54.8%: 14 female and 9 male) 
were previously recorded in this database (recaptures), and 19 individuals (45.2%: 10 female, 8 male, 
and 1 of indeterminable sex) were new to the database this year including 11 kittens.  
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Figure 6.  Canada lynx individuals detected 2017 (n = 42) 

 
 
Reproduction 
Field observations during the winter 2016-2017 survey season suggest that there were at least 8 family 
groups with as many as 17 kittens found in the survey area.  DNA analysis confirm 6 family groups in 
the survey area with a total of 11 individuals, 8 female (72.7%) and 3 male (27.3%), genetically 
consistent with being offspring (Figure 7).  Two additional family groups were reported but could not be 
verified either through site visits or DNA collection.  Of the 6 family groups we collected genetic 
samples from, one family group consisted of a candidate mother and at least 3 presumed kittens (2 
female, 1 male) consistent with being her offspring.  Three family groups consisted of a candidate 
mother with at least 2 kittens, two with 1 female and 1 male, the other with 2 females.  There were also 
2 family groups with at least 1 kitten each, both female, consistent with being the offspring of the 
candidate mother each was associated with.   

 

 
Figure 7.  Family groups and known reproduction 2017 

 
Five of the 6 mothers are previously known in the database.  Three of them have had known litters in 
previous years and have produced a total of 12 kittens.   
 
Persistence 
Persistence distribution of the current year’s individuals may be representative of the overall age 
structure of the NE MN sub-population.  Of the 30 individuals detected during the 2016/2017 survey 
season that were not kittens, 15 (50.0%: 8 female and 7 male) have persisted at least into their second 
year (Figure 8).  Three individuals have been detected over a 6 year period, 1 over a 5 year period, 3 
over a 4 year period, 4 over a 2 year period and 7 over a 9 year period.  There are 8 individuals that are 
new to the database this year that are not assumed to be kittens and therefore are not considered in 
persistence analysis.  By using field observations and genetic analysis 1 of these 8 was determined to 
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be an adult female with kittens, and 1 an adult male that fathered a current year’s litter. Six are of 
unknown age; either they were travelling alone or tied to a family group but were unrelated. 
 

 
Figure 8. Persistence of individuals 2017 (n = 42) 
* Individuals new to the database of an unknown age 

 
Take 
 
Section 9 of the Endangered Species Act (ESA) prohibits the take of endangered and threatened 
species without special exemption.  The USDI Fish and Wildlife Service (USFWS) maintains a 
database of reported incidents of “take” of Canada lynx that have occurred in Minnesota since the year 
2001.  Take is defined in Section 3 (19) of the Endangered Species Act as “to harass, harm, pursue, 
hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in any such conduct” of a 
federally listed species (16 U.S.C. Chapter 35 Section 1532).  There have been 70 incidents of reported 
take of Canada lynx since 2001 (USFWS 2017) (Figure 9).  Fifty-three of these incidents have resulted 
in mortalities to the animal.  There have been 7 incidents of shooting (all mortalities), 34 trapped (17 
mortalities and 17 released alive), and 13 that have been hit by a vehicle or a train (all mortalities).  
There were also 16 incidents of take that resulted in the mortality of an animal but the cause is 
unknown.  These include cases of likely predation, recovery of decomposed animals or remains, or the 
recovery of a radio collar that was no longer attached to a study animal.  
 

 
Figure 9. Reported Canada lynx take in Minnesota 2001-2017 by type and outcomes (n = 70) 
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Incidental Take - Superior National Forest Plan Implementation 
Under the terms of ESA, taking that is incidental to and not intended as part of an agency action is not 
considered to be prohibited taking under the Act provided that such taking is in compliance with the 
terms and conditions of  an Incidental Take Statement  issued by USFWS.  The risk of incidental take 
of Canada lynx is not completely eliminated by provisions in the Superior National Forest Land and 
Resource Management Plan (Forest Plan).  On-going implementation of Forest Plan is expected to 
result in the incidental take of Canada lynx over the life of the Forest Plan.  According to the 2011 
Biological Opinion Incidental Take Statement– “The Service expects no more than one lynx would be 
taken annually on the Superior National Forest and no more than 10 would be taken over the 
[generally] 10-year life of the Forest Plan due to vehicle collision on all roads on all ownerships within 
the Superior National Forest proclamation boundary.” (USFWS 2011)   
 
In accordance with the 2011 Biological Opinion Reasonable and Prudent Measures the Superior 
National Forest is required to “Document and report to the Service annually any know lynx mortality 
within the National Forest Proclamation boundaries in Minnesota due to vehicle collision, accidental 
trapping, or poaching”.  All mortality reports are sent directly and immediately to USFWS when they are 
received by Forest Service personnel.  USFWS maintains a state-wide mortality database which 
houses these and all other lynx take reports.  Mortalities that have occurred due to vehicle collisions on 
all roads on all ownerships within the proclamation boundary of the Forest is considered incidental to 
the implementation of the Forest Plan since 2005, There have been 3 reported incidents of lynx take 
due to vehicle collisions within the Superior NF’s proclamation boundaries in the USFWS database; 
one each in years 2005, 2014 and 2017. 
 
No take incidents have been reported within the proclamation boundaries of the Chippewa NF. 
 
Canada Lynx – Bobcat Hybridization 
 
A Canada lynx-bobcat hybrid was first detected in Minnesota from a tissue sample obtained from an 
animal killed by a train in December 2001.  This sample along with 2 other Minnesota samples obtained 
in November and December 2002 represent the first verified hybridization between Canada lynx and 
bobcat in the wild (Schwartz et al. 2004).  The earliest recorded hybrid in Minnesota comes from a 
specimen that was reportedly harvested in 1997.  Hybrids have been detected in Cook, Itasca, Lake 
and Pine Counties in Minnesota, and in Polk County, Wisconsin. 
 
Although not annually, Canada lynx-bobcat hybrid animals have been detected on a regular basis 
during surveys for lynx.  To date the database contains 43 hybrid samples.  Forty-two of these have 
been genotyped representing 13 individuals, 5 female and 8 male.  During the 2016/2017 survey 
season, 1 Canada lynx-bobcat hybrid, a male, was detected; a recapture who was first detected in 
February 2011 and has persisted for over 6 years.  All hybrids are F1 and thus far there have been no 
known offspring from either male or female hybrids.  All are a result of female lynx and male bobcat 
mating.   
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Figure 10. Total Canada lynx-bobcat hybrid individuals detected (n = 13) 
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Thanks, Tim!

On Mon, Oct 30, 2017 at 11:54 AM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Hi all

 

Attached is our 2017 summary report from our Canada lynx DNA database.  Feel free to share with
others you know who may be interested.  As always, let us know if you have any questions or
comments.  And please let us know if you get any reports of lynx, we are always looking to add to our
knowledge!

 

Tim

 

Timothy J. Catton 
Wildlife/Reforestation
Forest Service

Superior National Forest
p: 218-626-4376 
f: 218-626-4398 
tcatton@fs.fed.us
8901 Grand Ave Pl
Duluth, MN 55808
www.fs.fed.us 

Caring for the land and serving people
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Hi all

 

Attached is our 2017 summary report from our Canada lynx DNA database.  Feel free to share with
others you know who may be interested.  As always, let us know if you have any questions or comments. 
And please let us know if you get any reports of lynx, we are always looking to add to our knowledge!

 

Tim

 

Timothy J. Catton 
Wildlife/Reforestation
Forest Service

Superior National Forest
p: 218-626-4376 
f: 218-626-4398 
tcatton@fs.fed.us
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Summary of the Superior National Forest’s 2017 Canada lynx (Lynx 
canadensis) DNA database   October 12, 2017 

 
TIM CATTON – USDA Forest Service, Superior National Forest, 8901 Grand Ave. Pl., 

Duluth, MN 55808 
DAN RYAN – USDA Forest Service, Superior National Forest, Laurentian Ranger 

District, 318 Forestry Road, Aurora, MN  55705 
DAVE GROSSHUESCH – USDA Forest Service, Superior National Forest, Tofte 

Ranger District, 7355 W. Hwy. 61, Tofte, MN  55615 
 
Introduction 
Snow tracking and other methods used to obtain genetic samples have confirmed presence of Canada 
lynx (Lynx canadensis) across northeastern Minnesota since December 2000.  In 2008, the Superior 
National Forest (Superior NF) created, and continues to maintain, a database of genetically confirmed 
Canada lynx (hereafter lynx) to document their occurrence, persistence and reproduction in Minnesota.  
Genetic samples (typically scat but also hair and tissue) have been collected primarily as part of the 
Superior NF’s survey and monitoring program.  Also included in this database are samples collected 
during an independent genetic research project, a radio telemetry project, mining project surveys, and 
from specimens that were surrendered to resource agencies, e.g., from animals that had been trapped, 
shot or killed in vehicle collisions.  These samples were submitted to the USDA Forest Service Rocky 
Mountain Research Station’s National Genomics Laboratory for Wildlife and Fish Conservation for 
testing.  Samples that were identified as lynx using mitochondrial DNA analysis were further evaluated 
using nuclear DNA analysis methods to determine sex (Pilgrim et al. 2005) and individual identification.  
Further testing was used to determine Canada lynx-bobcat (Lynx rufus) hybridization (Schwartz et al. 
2004).  Field observations combined with DNA analysis have been used to document lynx reproduction 
within the State since 2002.  
 
Summary 
The current database contains 1,624 samples that have been submitted for DNA testing.  Mitochondrial 
DNA analysis has identified 1,325 of them (81.6%) as lynx.  Nuclear DNA analysis has determined 333 
unique lynx genotypes, 162 female (48.4%), 169 male (51.3%) and 2 of indeterminable sex.  Since 
2010, 30 family groups have been identified producing 65 kittens that survived to the winter following 
their birth, 36 female (55.4%) and 29 male (44.6%).  Of the 302 individuals that were not originally 
detected as a result of a mortality, 67 (22.2%) are known to have persisted into a second year.  Five 
individuals (1.7%: 3 female and 2 male), have persisted for over 6 years.   
 
During the 2016-2017 survey season 144 samples were collected and submitted for testing.  One-
hundred thirty (90.3%) were identified as lynx and 42 unique genotypes were determined, 24 female 
(57.1%) and 17 male (40.5%) and 1 of indeterminable sex.  Twenty-three individuals (54.8%: 14 female 
and 9 male) were previously recorded in this database (recaptures), and 19 individuals (45.2%: 10 
female, 8 male and 1 indeterminable sex) are new to the database this year.  Field observations 
suggest that there were at least 8 family groups with as many as 17 kittens found in the survey area.  
DNA analysis confirm 6 family groups with 11 individuals (8 female, 3 male) genetically consistent with 
being offspring.  Of the 31 individuals identified that were not kittens, 24 (77.4%) have persisted in to 
their second year, 11 (35.5%) have persisted into their third year or more.  Three individuals (9.7%:1 
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male and 2 female) have persisted on the Forest for over 6 years. There are 6 individuals new to the 
database this year whose age could not be determined. 
 
To date there have been 70 reported incidents of lynx “take” in the database maintained by USFWS.  
Fifty-three of these incidents have resulted in mortalities to the animal.  There have been 7 incidents of 
shooting (all mortalities), 34 trapped (17 mortalities and 17 released alive), and 13 that have been hit by 
a vehicle or a train (all mortalities).  There were also 16 incidents of take that resulted in the mortality of 
an animal but the cause is unknown.   
 
The database also contains 43 samples that have been identified as F1 Canada lynx-bobcat hybrids.  
There are 13 unique lynx-bobcat hybrid genotypes, 5 (38.5%) female and 8 male (61.5%).  One 
Canada lynx-bobcat hybrid, a male, was detected during this year’s surveys; a recapture who was first 
detected in February 2011 and has persisted for over 6 years.   
 
This database contains all known samples submitted by the Superior NF to the Wildlife Genetics 
Laboratory since the year 2000.  Other contributors to this database are Steve Loch, Natural Resources 
Research Institute (NRRI) of the University of Minnesota-Duluth, Franconia Minerals Corporation, 
PolyMet Mining Corporation, Minnesota Department of Natural Resources, Voyageur’s National Park, 
US Fish and Wildlife Service, Chippewa National Forest, US Geological Survey, Wolf Ridge ELC and 
Leech Lake Band of Ojibwe.   
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Canada lynx DNA Database 2000-2017 
 
Survey Effort 
For the purposes of this report, the primary survey area is generally considered to be the proclamation 
boundaries of the Superior National Forest (see attached map).  Survey techniques over the years 
have been predominantly on an ad hoc basis.  Survey effort has varied dependent upon funding, 
personnel availability and suitable snow conditions; biologists usually survey areas on their Districts as 
time and snow conditions allowed.  Prior to 2014 records and GPS tracks were not stringently 
maintained, nor was there consistency between surveyors.  However, as part of a recent research effort 
by North Carolina State University (NCSU) to develop an occupancy model (see Current Research 
below), we summarized our survey effort in to miles of occupancy surveys and trailing miles (miles in 
which surveyors were actually following lynx tracks) during survey seasons 2014/2015, 2015/2016, and 
2016/2017.  During surveys season 2012/2013 and 2013/2014 only the trailing miles were recorded 
and not included in the NCSU work but are included in Table 1 below.  These 2 parameters give an 
index of survey effort by Superior NF personnel in collecting genetic samples for this database. 
 

Year 
Occupancy 

miles Trailing miles 
Samples 
collected 

Number lynx 
samples 

Individuals 
identified 

2013 NA 41.6 149 122 35 
2014 NA 45.6 198 162 68 
2015 1,970 43.1 135 114 49 
2016 2,044 52.8 127 113 38 
2017 2,279  70.2 144 130 42 

Table 1. Survey effort for DNA collection. 
 
Species Identification 
To date there are 1,624 samples contained in the database, of which 1,546 (95.2%) have been 
identified to species (Figure 1).  Of the samples for which species results were obtained, 1,325 (85.7%) 
were identified as lynx.  One-thousand one-hundred of those samples (83.0%) were able to be 
genotyped (meaning an individual identification was made), while 225 (17.0%) did not amplify 
(identified to species only).  Seventy-eight (4.8%) did not contain enough quality DNA to make a 
species determination.   

 

 
Figure 1.  Species identification results 2000-2017 (n = 1,546) 
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Of the 1,325 lynx samples: 

• 333 individual lynx genotypes were identified, of which there are 
• 169 females (50.8%), 162 males (48.6%) and 2 (0.6%) undetermined sex (Figure 2) 

 

 
Figure 2.  Total Canada lynx individuals detected 2000-2017 (n = 333) 

 
 
Reproduction 
Field observations and DNA analysis have been used to document reproduction of lynx in Minnesota 
since 2002.  Areas that contain tracks of family groups (adults and kittens (animals presumed to be <1 
year old)) are continually monitored during the survey season in an effort to collect DNA from all 
individuals.  However, genetic samples from each member of the family group may not always be 
obtained, nor is every family group likely detected each year, so numbers presented here likely under-
represent the total numbers of family groups and kittens.  These figures represent only those family 
groups and kittens for which DNA analysis has shown a parent-offspring relationship.   
 
Field observations of family groups combined with DNA analysis since 2010 have identified a minimum 
of 31 family groups producing a total of 65 presumed kittens, 36 (55.4%) female and 29 (44.6%) male 
(Figure 3).  Overall, 103 kittens have been identified from 27 different mothers.  Seventy-two of the 103 
have an identified father within the database, from 17 different fathers.   
 
Of note in these data are: Mother S390 (detected 4 winters 2012-2015) has had at least 13 kittens from 
4 litters; mother L31 (detected 5 winters 2005-2009) has had at least 11 kittens from 3 litters.  Father 
L28 (detected as an adult 5 winters 2007-2011) has sired at least 15 kittens over 5 years with 5 
different mothers; father L10 (detected 3 winters 2003-2005) has sired at least 10 kittens from 3 litters.   

 

 
Figure 3.  Family groups and known annual reproduction 2010-2016 
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Persistence 
Snow tracking and other methods used to obtain genetic samples have confirmed persistence of lynx 
on the Superior NF and elsewhere across northeastern Minnesota since January 2002 (Figure 4).  Of 
the 302 individuals that were not originally detected as a result of a mortality, 67 (22.2%) are known to 
have persisted into a second year.  There are 5 individuals (1.7%) that have been detected over 6 
years, 1 that has been detected over 5 years, 6 that have been detected over 4 years, 8 that have been 
detected over 3 years, and 13 that have been detected over 2 years.  The number of detections of an 
individual ranges from just once to 41 times.   

 

 
Figure 4.  Persistence of individuals 2000-2017 (n = 302) 

 
Survivorship/Recruitment 
Although not an accurate representation of true kitten survivorship, the persistence of kittens in the 
database in to their second year and longer can be an index of survivorship and recruitment in to the 
overall population (Figure 5).  Of the 91 individuals that have been identified as kittens in the database 
prior to 2016/2017, 26 of them (28.6%: 13 female and 13 male) have been recaptured into their second 
year or beyond and are assumed to have been recruited into the northeastern Minnesota (NE MN) sub-
population.  It is also presumed that not all surviving kittens are detected within the survey area, and 
other surviving kittens emigrate to other sub-populations.  Figure 5 shows only those detected as 
kittens prior to the 2016/2017 survey season. 
 

 
Figure 5. Persistence/recruitment of kittens 2001-2017 (n=91) 
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Field observations in combination with genotypes of individuals yield some interesting relationships in 
the NE MN sub-population’s lineage and recruitment from the 2016/2017 samples.  For example, 
Loch132, identified as a kitten in 2010, has produced 6 kittens from 4 litters since that time.  She had 
known litters in 2012, 2013, 2014 but did not have a known litter in 2015.  In that year her normal 
territory was occupied by one of her kittens (S551) who had a kitten of her own in 2015.  Loch132 was 
back in her territory with a kitten again in 2016.  Male Loch270, identified in 2011, has fathered 4 
families of lynx (3 with Loch132) producing 6 kittens, including with Loch132 again in 2016/2017. 
 
Two breeding females from 2015/2016 (S551 and S571) were not found to have kittens this year in the 
territories they occupied last year.  Both territories had different breeding females with kittens.  They 
were, however, found within the Forest and may have had families in different locations that were not 
surveyed.  
 
Distribution and Dispersal 
Lynx detections are distributed over 12 counties in Minnesota.  The majority occur in St. Louis, Lake 
and Cook counties in northeastern Minnesota where essentially all field data collection efforts have 
been focused (Table 2).  There are 19 lynx samples in the database that do not have an accurate 
enough confirmed location to be represented in this table.  The attached map represents locations of 
samples genetically confirmed as lynx within the State of Minnesota since they were listed as a 
threatened species under the Endangered Species Act (March 24, 2000).   
 

County 
No. of lynx 

samples 
% of lynx 
samples 

Cook 200 15.3% 
Lake 889 68.1% 

St. Louis 198 15.2% 
All other 19 1.5% 

Table 2. Distribution of lynx samples in Minnesota by county 
 
Dispersal and movement of individuals both within and out of the core survey and monitoring area has 
been documented.  Maximum movement distance is 196 miles for males and 46 miles for females. 
 
2016-2017 Monitoring Results 
 
Species Identification 
One-hundred forty-four samples were collected and submitted for analysis during the period of June 
2016 through April 2017.  One-hundred thirty samples (90.3%) were identified as lynx, and genotypes 
were obtained from 113 of these identifying 42 unique individuals, 24 female (57.1%) 17 male (40.5%) 
and 1 (2.4%) of indeterminable sex (Figure 6).  Twenty-three individuals (54.8%: 14 female and 9 male) 
were previously recorded in this database (recaptures), and 19 individuals (45.2%: 10 female, 8 male, 
and 1 of indeterminable sex) were new to the database this year including 11 kittens.  
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Figure 6.  Canada lynx individuals detected 2017 (n = 42) 

 
 
Reproduction 
Field observations during the winter 2016-2017 survey season suggest that there were at least 8 family 
groups with as many as 17 kittens found in the survey area.  DNA analysis confirm 6 family groups in 
the survey area with a total of 11 individuals, 8 female (72.7%) and 3 male (27.3%), genetically 
consistent with being offspring (Figure 7).  Two additional family groups were reported but could not be 
verified either through site visits or DNA collection.  Of the 6 family groups we collected genetic 
samples from, one family group consisted of a candidate mother and at least 3 presumed kittens (2 
female, 1 male) consistent with being her offspring.  Three family groups consisted of a candidate 
mother with at least 2 kittens, two with 1 female and 1 male, the other with 2 females.  There were also 
2 family groups with at least 1 kitten each, both female, consistent with being the offspring of the 
candidate mother each was associated with.   

 

 
Figure 7.  Family groups and known reproduction 2017 

 
Five of the 6 mothers are previously known in the database.  Three of them have had known litters in 
previous years and have produced a total of 12 kittens.   
 
Persistence 
Persistence distribution of the current year’s individuals may be representative of the overall age 
structure of the NE MN sub-population.  Of the 30 individuals detected during the 2016/2017 survey 
season that were not kittens, 15 (50.0%: 8 female and 7 male) have persisted at least into their second 
year (Figure 8).  Three individuals have been detected over a 6 year period, 1 over a 5 year period, 3 
over a 4 year period, 4 over a 2 year period and 7 over a 9 year period.  There are 8 individuals that are 
new to the database this year that are not assumed to be kittens and therefore are not considered in 
persistence analysis.  By using field observations and genetic analysis 1 of these 8 was determined to 
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be an adult female with kittens, and 1 an adult male that fathered a current year’s litter. Six are of 
unknown age; either they were travelling alone or tied to a family group but were unrelated. 
 

 
Figure 8. Persistence of individuals 2017 (n = 42) 
* Individuals new to the database of an unknown age 

 
Take 
 
Section 9 of the Endangered Species Act (ESA) prohibits the take of endangered and threatened 
species without special exemption.  The USDI Fish and Wildlife Service (USFWS) maintains a 
database of reported incidents of “take” of Canada lynx that have occurred in Minnesota since the year 
2001.  Take is defined in Section 3 (19) of the Endangered Species Act as “to harass, harm, pursue, 
hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in any such conduct” of a 
federally listed species (16 U.S.C. Chapter 35 Section 1532).  There have been 70 incidents of reported 
take of Canada lynx since 2001 (USFWS 2017) (Figure 9).  Fifty-three of these incidents have resulted 
in mortalities to the animal.  There have been 7 incidents of shooting (all mortalities), 34 trapped (17 
mortalities and 17 released alive), and 13 that have been hit by a vehicle or a train (all mortalities).  
There were also 16 incidents of take that resulted in the mortality of an animal but the cause is 
unknown.  These include cases of likely predation, recovery of decomposed animals or remains, or the 
recovery of a radio collar that was no longer attached to a study animal.  
 

 
Figure 9. Reported Canada lynx take in Minnesota 2001-2017 by type and outcomes (n = 70) 
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Incidental Take - Superior National Forest Plan Implementation 
Under the terms of ESA, taking that is incidental to and not intended as part of an agency action is not 
considered to be prohibited taking under the Act provided that such taking is in compliance with the 
terms and conditions of  an Incidental Take Statement  issued by USFWS.  The risk of incidental take 
of Canada lynx is not completely eliminated by provisions in the Superior National Forest Land and 
Resource Management Plan (Forest Plan).  On-going implementation of Forest Plan is expected to 
result in the incidental take of Canada lynx over the life of the Forest Plan.  According to the 2011 
Biological Opinion Incidental Take Statement– “The Service expects no more than one lynx would be 
taken annually on the Superior National Forest and no more than 10 would be taken over the 
[generally] 10-year life of the Forest Plan due to vehicle collision on all roads on all ownerships within 
the Superior National Forest proclamation boundary.” (USFWS 2011)   
 
In accordance with the 2011 Biological Opinion Reasonable and Prudent Measures the Superior 
National Forest is required to “Document and report to the Service annually any know lynx mortality 
within the National Forest Proclamation boundaries in Minnesota due to vehicle collision, accidental 
trapping, or poaching”.  All mortality reports are sent directly and immediately to USFWS when they are 
received by Forest Service personnel.  USFWS maintains a state-wide mortality database which 
houses these and all other lynx take reports.  Mortalities that have occurred due to vehicle collisions on 
all roads on all ownerships within the proclamation boundary of the Forest is considered incidental to 
the implementation of the Forest Plan since 2005, There have been 3 reported incidents of lynx take 
due to vehicle collisions within the Superior NF’s proclamation boundaries in the USFWS database; 
one each in years 2005, 2014 and 2017. 
 
No take incidents have been reported within the proclamation boundaries of the Chippewa NF. 
 
Canada Lynx – Bobcat Hybridization 
 
A Canada lynx-bobcat hybrid was first detected in Minnesota from a tissue sample obtained from an 
animal killed by a train in December 2001.  This sample along with 2 other Minnesota samples obtained 
in November and December 2002 represent the first verified hybridization between Canada lynx and 
bobcat in the wild (Schwartz et al. 2004).  The earliest recorded hybrid in Minnesota comes from a 
specimen that was reportedly harvested in 1997.  Hybrids have been detected in Cook, Itasca, Lake 
and Pine Counties in Minnesota, and in Polk County, Wisconsin. 
 
Although not annually, Canada lynx-bobcat hybrid animals have been detected on a regular basis 
during surveys for lynx.  To date the database contains 43 hybrid samples.  Forty-two of these have 
been genotyped representing 13 individuals, 5 female and 8 male.  During the 2016/2017 survey 
season, 1 Canada lynx-bobcat hybrid, a male, was detected; a recapture who was first detected in 
February 2011 and has persisted for over 6 years.  All hybrids are F1 and thus far there have been no 
known offspring from either male or female hybrids.  All are a result of female lynx and male bobcat 
mating.   
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Figure 10. Total Canada lynx-bobcat hybrid individuals detected (n = 13) 
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Federal Land Management...
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U.S. Fish and Wildlife Service, Region 6
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Email: justin_shoemaker@fws.gov
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology Used to Complete the Review: 

 
In accordance with section 4(c)(2) of the Endangered Species Act (ESA), the purpose of a 5-year 
review is to assess each threatened and endangered species to determine whether its status has 
changed since the time of its listing, or its last status review and whether it should be classified 
differently or removed from the list of threatened and endangered species.  The U.S. Fish and 
Wildlife Service (Service) evaluated the biology and status of the contiguous United States 
(U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species Status 
Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The SSA 
Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA Team), 
which consists of a Core Team of Service biologists who work on lynx issues across the DPS 
range and an SSA Framework Implementation Team of Service and U.S. Geological Survey staff 
who have developed and advanced the SSA framework.  The SSA Report represents the 
Service’s evaluation of the best available scientific information, including the formally-elicited 
professional judgments and opinions of recognized lynx experts.  The SSA Report underwent 
independent peer and partner review before being used as the scientific basis to support a 
decision making process involving Service Regions 1, 3, 5, and 6 regarding the recommendation 
presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing History 

 
The Service listed the lynx DPS as a threatened species under the ESA in 2000 because of the 
potential for impacts to lynx habitat conditions and the availability of snowshoe hare and other 
prey populations within the lynx DPS and existing regulatory mechanisms on Federal lands, at 
that time, did not provide sufficient guidance for the conservation of lynx habitats and 
populations or snowshoe hare habitat in light of potential threats (65 FR 16052-16086).  On May 
8, 2014, the United States District Court for the District of Montana ordered the Service to 
complete recovery planning for the lynx DPS (U.S. District Court MT 2014a, p. 8).  On June 25, 
2014, the same court ordered the Service to complete a recovery plan by January 15, 2018 
“…unless the Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., 
the DPS is recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 
2).  We published the initiation of the 5-year review in the Federal Register on April 18, 2007 
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(72 FR 19549), and additionally published a news release announcing initiation of a 5-yr review 
on January 13, 2015.   
 
We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  The SSA provides the scientific basis for 
this 5-year review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) Policy in the 2000 Listing  

 
The Service listed lynx in the contiguous United States as a DPS because of differences in the 
management of lynx and lynx habitats across the international boundary with Canada (meeting 
discreteness criteria in the DPS policy) and because of the climatic, vegetative, and ecological 
differences in lynx habitat compared to the northern parts of the species’ range in Canada and 
Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in four of the six geographic units evaluated in the SSA (Unit 1 (Northern Maine), Unit 
2 (Northeastern Minnesota), Unit 3 (Northwestern Montana/Northeastern Idaho), and Unit 4 
(North-central Washington)) (SSA Report, p. 235).  Based on verified records, it is uncertain if 
the Greater Yellowstone Area (Unit 5) historically supported a persistent resident lynx 
population and it currently appears not to support resident lynx (SSA Report, p. 235).  Available 
information also suggests that Colorado (Unit 6) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 release of 218 Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. 
235).   
 
Considering the available information, we found no reliable information that the current 
distribution and abundance of resident lynx in the contiguous United States are substantially 
reduced from historical conditions (SSA Report, p. 235).  In fact, because of the introduction of 
lynx in Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than occurred historically (SSA Report, p. 228, 229).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. 106, 235).  
Because we lack information that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. 106, 235).  As a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. 235).  Similarly, resident lynx remain broadly distributed across the range of habitats 
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that have supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. 235).   
 
Additionally, observed high rates of dispersal and gene flow and therefore generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors to, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, p. 107, 230). 
 
We conclude that resident lynx populations are very likely to persist in all five units that 
currently support them (Units 1 to 4 and 6) in the near term (2025) and likely to persist in those 
five units at mid-century (2050) (SSA Report, p. 236).  We have low confidence in assessing the 
risk to DPS populations beyond 2050 (SSA Report, p. 236).  Therefore, we consider 2050 as the 
foreseeable future for this 5-year review.  Nonetheless, we expect lynx populations in each 
geographic unit to become smaller and more patchily distributed in the future (2050 and beyond) 
due largely to projected climate-driven losses in habitat quality and quantity and related factors 
(SSA Report, p. 236).  However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations all are highly uncertain (SSA 
Report, p. 236).  That said, smaller, more isolated populations would be less resilient and more 
vulnerable to demographic and environmental stochasticity and genetic drift and therefore at 
higher risk of extirpation (SSA Report, p. 236).  Despite some reduced resiliency, we conclude 
that resident lynx populations are likely to persist through mid-century in the geographic units 
that supported them historically (Units 1 to 4); with the corresponding maintenance of 
redundancy and representation in the DPS over that time span (SSA Report, p. 236).  Although 
the SSA report also discusses the future out to 2100, predictions that far into the future are highly 
uncertain (SSA Report, p. 236), and beyond what we consider to be reasonably foreseeable.   
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In using the SSA framework to analyze the scientific information, as documented in the SSA 
Report, we fully assess not only individual effects on the Canada lynx, but also their potential 
cumulative impacts.  Specifically, we incorporate cumulative effects into our analysis when we 
characterize the current and future conditions for each population, which we do both individually 
and cumulatively.  Our analysis described the ways in which anthropogenic and natural factors 
singly and collectively affect the habitat and/or demographics needed by individuals and 
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populations.  Because the SSA framework considers not just the presence of the factors but also 
the degree to which they collectively influence the species’ viability, our assessment integrates 
the cumulative impacts of stressors. 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or snowshoe hare habitat (SSA Report, p. 4). 
   
Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the ESA, an endangered species is any species that is “in danger of extinction 
throughout all or a significant portion of its range.”  In the SSA Report, we evaluated the best 
available scientific information regarding the current and predicted future condition of the lynx 
DPS to describe its viability and how it may change over time (2025, 2050, and 2100).  We 
assess the viability of the lynx DPS by evaluating its ability to maintain a sufficient number and 
distribution of viable populations to withstand environmental stochasticity (resiliency), 
catastrophes (redundancy), and changes in its environment (representation) into the future.  
Ultimately, we compare our evaluation of the DPS’ risk of extinction against the definitions of 
an endangered or threatened species as defined by the ESA.   
 
As stated above. the Service listed the lynx DPS as threatened in 2000 because of the potential 
for impacts to lynx habitat conditions and the availability of prey populations within the lynx 
DPS and existing regulatory mechanisms on Federal lands, at that time, did not provide 
sufficient guidance for the conservation of lynx habitats and populations or prey habitat in light 
of potential threats (65 FR 16052-16086).  Federal lands management plans, at that time, 
allowed for forest management practices that could potentially reduce lynx habitat on a 
population level scale, thereby creating a future risk to the species existence in the DPS.  Nearly 
all Federal land management plans throughout the DPS have since been revised to include 
measures and management practices consistent with lynx conservation, thereby greatly reducing 
the risk of future population scale habitat deterioration on Federal lands.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least four of the six geographic units (Units 1 to 4), the current persistence of lynx in one of the 
units (Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. 107, 230).  The large sizes and broad distributions of the geographic units occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to reduce the possibility of extirpation from catastrophic events (SSA Report, p. 230, 
235).  There are no indications of current threats to the genetic health or adaptive capacity of 
lynx populations in the DPS, and the current level of representation does not suggest a decrease 
from historical conditions (SSA Report, p.230).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
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of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the ESA, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. 
chapter 5).  It became apparent through discussions with lynx experts, in peer and partner 
reviews of the draft SSA Report, and among Service biologists and management that any future 
projections of lynx status beyond mid-century were complicated by a very high degree of 
uncertainty concerning the timing and extent of various stressors that may affect lynx and hare 
habitat and snow regimes, especially those related to projected future climate change (SSA 
Report, p. chapter 5.1).  Therefore, in this evaluation, we identified mid-century (2050) as the 
foreseeable future because this time horizon gives us a higher degree of certainty in reasonably 
projecting the future condition of the lynx DPS. 
  
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. 173, 
236).  However, all five geographic units that currently support resident lynx populations (all 
units except the GYA) are expected to continue to do so through mid-century (2050) (SSA 
Report, p. 236).  Our analyses, as informed by expert input, suggest that resiliency will likely be 
sufficient to foster persistence (i.e., preclude extirpation) of resident lynx through mid-century in 
all or most of the five geographic units that currently support them (SSA Report, p. 236).  At 
mid-century, we expect lynx to retain a wide geographical distribution of populations, 
maintaining redundancy within the DPS (SSA Report, p. 236).  Should lynx populations in each 
geographic unit become smaller and more patchily distributed, reduced genetic health and/or 
adaptive capacity would be expected; however, we have no information to suggest reduced 
representation would be a DPS-level concern at mid-century (SSA Report, p. chapter 6).  
Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is sufficiently 
low that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and therefore does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS, and therefore 
recovery criteria have not been developed.  The Service completed a Recovery Outline on 
September 14, 2005, which provided preliminary recovery objectives and actions based on our 
understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Lynx conservation measures and habitat 
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management guidance adopted by the USFS and the BLM have substantially addressed the 
potential threats considered at the time of listing (and the time of the recovery outline) to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. 4).  Additionally, our understanding of lynx biology, ecology, 
effects of stressors into the foreseeable future, and historic and current occupancy in the 
contiguous United States has improved in the 12 years since the Recovery Outline was drafted, 
rendering the preliminary recovery objectives and actions in the 2005 Recovery Outline obsolete.  
Finally, described above, the lynx DPS no longer meets the definition of a threatened species; 
therefore, recovery criteria are not necessary.   
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range or likely to become 
so in the foreseeable future; that is, it is not an endangered species throughout all of its range or a 
threatened species throughout all of its range.  We recommend removing the Canada lynx DPS, 
currently listed as threatened, from the list of threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
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and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
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INFORMATION/BRIEFING MEMORANDUM FOR THE REGIONAL DIRECTOR 
 
DATE:   November 1, 2017 
 
FROM: Michael Thabault, ES-ARD, Mountain-Prairie Region 
 
SUBJECT: 5 Year Status Review for the Canada Lynx 
 
The Mountain-Prairie Region intends to announce the 5-year review recommendation for the 
contiguous United States Distinct Population Segment (DPS) of Canada lynx (Lynx canadensis).  
The Canada lynx DPS is currently federally listed as threatened and critical habitat has been 
designated under the Endangered Species Act of 1973, as amended.  
 
BACKGROUND 
 
On May 8, 2014, the United States District Court for the District of Montana ordered the U.S. 
Fish and Wildlife Service (Service) to complete recovery planning for the Canada lynx DPS.  On 
June 25, 2014, the same court ordered the Service to complete a recovery plan by January 15, 
2018 “…unless the Service finds that such a plan will not promote the conservation of the 
[lynx]” (i.e., the DPS is recovered or no longer warrants Endangered Species Act protections).  
We completed a Species Status Assessment (SSA) report to inform the 5-year review.   
 
DISCUSSION 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service and the Bureau of Land Management, via formally amended or revised management 
plans or conservation agreements with the Service, have substantially addressed the conservation 
of lynx habitats and populations or snowshoe hare habitat in light of potential threats considered 
at the time of listing.  Going forward, the effect of climate change on lynx and their habitat is the 
main stressor with the potential for DPS level impacts.  After considering the effects of climate 
change, the SSA report concludes that resident lynx populations are very likely to persist in all 5 
units that currently support them (Northern Maine, Northeastern Minnesota, Northwestern 
Montana/Northeastern Idaho, North-central Washington, and Colorado) in the near-term (2025) 
and likely to persist in those 5 units at mid-century (2050).  Therefore, we conclude that the risk 
of extinction (extirpation of the DPS) by 2050 is low, such that the lynx DPS is not likely to 
become endangered throughout all of its range within the foreseeable future and, therefore, does 
not meet the definition of a threatened species. 
 
NEXT STEPS 
Announce the 5-year review recommendation and make it publically available along with the 
supporting Canada Lynx SSA Report, following the communications plan and materials drafted 
by External Affairs.  Proceed with a proposed delisting rule.  
 



From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Lynx 5YR - need your surname
Date: Wednesday, November 01, 2017 9:35:41 AM
Attachments: Surname Pkg Front Yellow Page.pdf

Tab 2. Canada Lynx draft 5-yrReview_10312017.doc

Please take a quick look. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Nov 1, 2017 at 9:27 AM
Subject: Lynx 5YR - need your surname
To: Jodi Bush <jodi_bush@fws.gov>

Jodi,

Attached is the latest version of the lynx 5YR.  I've addressed you comment about Nearly all
Federal Land Management...

If your good w/ it, please sign and send back the surname sheet for the package.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology Used to Complete the Review: 

 
In accordance with section 4(c)(2) of the Endangered Species Act (ESA), the purpose of a 5-year 
review is to assess each threatened and endangered species to determine whether its status has 
changed since the time of its listing, or its last status review and whether it should be classified 
differently or removed from the list of threatened and endangered species.  The U.S. Fish and 
Wildlife Service (Service) evaluated the biology and status of the contiguous United States 
(U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species Status 
Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The SSA 
Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA Team), 
which consists of a Core Team of Service biologists who work on lynx issues across the DPS 
range and an SSA Framework Implementation Team of Service and U.S. Geological Survey staff 
who have developed and advanced the SSA framework.  The SSA Report represents the 
Service’s evaluation of the best available scientific information, including the formally-elicited 
professional judgments and opinions of recognized lynx experts.  The SSA Report underwent 
independent peer and partner review before being used as the scientific basis to support a 
decision making process involving Service Regions 1, 3, 5, and 6 regarding the recommendation 
presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing History 

 
The Service listed the lynx DPS as a threatened species under the ESA in 2000 because of the 
potential for impacts to lynx habitat conditions and the availability of snowshoe hare and other 
prey populations within the lynx DPS and existing regulatory mechanisms on Federal lands, at 
that time, did not provide sufficient guidance for the conservation of lynx habitats and 
populations or snowshoe hare habitat in light of potential threats (65 FR 16052-16086).  On May 
8, 2014, the United States District Court for the District of Montana ordered the Service to 
complete recovery planning for the lynx DPS (U.S. District Court MT 2014a, p. 8).  On June 25, 
2014, the same court ordered the Service to complete a recovery plan by January 15, 2018 
“…unless the Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., 
the DPS is recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 
2).  We published the initiation of the 5-year review in the Federal Register on April 18, 2007 
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(72 FR 19549), and additionally published a news release announcing initiation of a 5-yr review 
on January 13, 2015.   
 
We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  The SSA provides the scientific basis for 
this 5-year review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) Policy in the 2000 Listing  

 
The Service listed lynx in the contiguous United States as a DPS because of differences in the 
management of lynx and lynx habitats across the international boundary with Canada (meeting 
discreteness criteria in the DPS policy) and because of the climatic, vegetative, and ecological 
differences in lynx habitat compared to the northern parts of the species’ range in Canada and 
Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in four of the six geographic units evaluated in the SSA (Unit 1 (Northern Maine), Unit 
2 (Northeastern Minnesota), Unit 3 (Northwestern Montana/Northeastern Idaho), and Unit 4 
(North-central Washington)) (SSA Report, p. 235).  Based on verified records, it is uncertain if 
the Greater Yellowstone Area (Unit 5) historically supported a persistent resident lynx 
population and it currently appears not to support resident lynx (SSA Report, p. 235).  Available 
information also suggests that Colorado (Unit 6) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 release of 218 Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. 
235).   
 
Considering the available information, we found no reliable information that the current 
distribution and abundance of resident lynx in the contiguous United States are substantially 
reduced from historical conditions (SSA Report, p. 235).  In fact, because of the introduction of 
lynx in Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than occurred historically (SSA Report, p. 228, 229).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. 106, 235).  
Because we lack information that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. 106, 235).  As a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. 235).  Similarly, resident lynx remain broadly distributed across the range of habitats 
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that have supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. 235).   
 
Additionally, observed high rates of dispersal and gene flow and therefore generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors to, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, p. 107, 230). 
 
We conclude that resident lynx populations are very likely to persist in all five units that 
currently support them (Units 1 to 4 and 6) in the near term (2025) and likely to persist in those 
five units at mid-century (2050) (SSA Report, p. 236).  We have low confidence in assessing the 
risk to DPS populations beyond 2050 (SSA Report, p. 236).  Therefore, we consider 2050 as the 
foreseeable future for this 5-year review.  Nonetheless, we expect lynx populations in each 
geographic unit to become smaller and more patchily distributed in the future (2050 and beyond) 
due largely to projected climate-driven losses in habitat quality and quantity and related factors 
(SSA Report, p. 236).  However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations all are highly uncertain (SSA 
Report, p. 236).  That said, smaller, more isolated populations would be less resilient and more 
vulnerable to demographic and environmental stochasticity and genetic drift and therefore at 
higher risk of extirpation (SSA Report, p. 236).  Despite some reduced resiliency, we conclude 
that resident lynx populations are likely to persist through mid-century in the geographic units 
that supported them historically (Units 1 to 4); with the corresponding maintenance of 
redundancy and representation in the DPS over that time span (SSA Report, p. 236).  Although 
the SSA report also discusses the future out to 2100, predictions that far into the future are highly 
uncertain (SSA Report, p. 236), and beyond what we consider to be reasonably foreseeable.   
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In using the SSA framework to analyze the scientific information, as documented in the SSA 
Report, we fully assess not only individual effects on the Canada lynx, but also their potential 
cumulative impacts.  Specifically, we incorporate cumulative effects into our analysis when we 
characterize the current and future conditions for each population, which we do both individually 
and cumulatively.  Our analysis described the ways in which anthropogenic and natural factors 
singly and collectively affect the habitat and/or demographics needed by individuals and 
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populations.  Because the SSA framework considers not just the presence of the factors but also 
the degree to which they collectively influence the species’ viability, our assessment integrates 
the cumulative impacts of stressors. 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or snowshoe hare habitat (SSA Report, p. 4). 
   
Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the ESA, an endangered species is any species that is “in danger of extinction 
throughout all or a significant portion of its range.”  In the SSA Report, we evaluated the best 
available scientific information regarding the current and predicted future condition of the lynx 
DPS to describe its viability and how it may change over time (2025, 2050, and 2100).  We 
assess the viability of the lynx DPS by evaluating its ability to maintain a sufficient number and 
distribution of viable populations to withstand environmental stochasticity (resiliency), 
catastrophes (redundancy), and changes in its environment (representation) into the future.  
Ultimately, we compare our evaluation of the DPS’ risk of extinction against the definitions of 
an endangered or threatened species as defined by the ESA.   
 
As stated above. the Service listed the lynx DPS as threatened in 2000 because of the potential 
for impacts to lynx habitat conditions and the availability of prey populations within the lynx 
DPS and existing regulatory mechanisms on Federal lands, at that time, did not provide 
sufficient guidance for the conservation of lynx habitats and populations or prey habitat in light 
of potential threats (65 FR 16052-16086).  Federal lands management plans, at that time, 
allowed for forest management practices that could potentially reduce lynx habitat on a 
population level scale, thereby creating a future risk to the species existence in the DPS.  Nearly 
all Federal land management plans throughout the DPS have since been revised to include 
measures and management practices consistent with lynx conservation, thereby greatly reducing 
the risk of future population scale habitat deterioration on Federal lands.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least four of the six geographic units (Units 1 to 4), the current persistence of lynx in one of the 
units (Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. 107, 230).  The large sizes and broad distributions of the geographic units occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to reduce the possibility of extirpation from catastrophic events (SSA Report, p. 230, 
235).  There are no indications of current threats to the genetic health or adaptive capacity of 
lynx populations in the DPS, and the current level of representation does not suggest a decrease 
from historical conditions (SSA Report, p.230).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
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of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the ESA, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. 
chapter 5).  It became apparent through discussions with lynx experts, in peer and partner 
reviews of the draft SSA Report, and among Service biologists and management that any future 
projections of lynx status beyond mid-century were complicated by a very high degree of 
uncertainty concerning the timing and extent of various stressors that may affect lynx and hare 
habitat and snow regimes, especially those related to projected future climate change (SSA 
Report, p. chapter 5.1).  Therefore, in this evaluation, we identified mid-century (2050) as the 
foreseeable future because this time horizon gives us a higher degree of certainty in reasonably 
projecting the future condition of the lynx DPS. 
  
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. 173, 
236).  However, all five geographic units that currently support resident lynx populations (all 
units except the GYA) are expected to continue to do so through mid-century (2050) (SSA 
Report, p. 236).  Our analyses, as informed by expert input, suggest that resiliency will likely be 
sufficient to foster persistence (i.e., preclude extirpation) of resident lynx through mid-century in 
all or most of the five geographic units that currently support them (SSA Report, p. 236).  At 
mid-century, we expect lynx to retain a wide geographical distribution of populations, 
maintaining redundancy within the DPS (SSA Report, p. 236).  Should lynx populations in each 
geographic unit become smaller and more patchily distributed, reduced genetic health and/or 
adaptive capacity would be expected; however, we have no information to suggest reduced 
representation would be a DPS-level concern at mid-century (SSA Report, p. chapter 6).  
Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is sufficiently 
low that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and therefore does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS, and therefore 
recovery criteria have not been developed.  The Service completed a Recovery Outline on 
September 14, 2005, which provided preliminary recovery objectives and actions based on our 
understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Lynx conservation measures and habitat 
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management guidance adopted by the USFS and the BLM have substantially addressed the 
potential threats considered at the time of listing (and the time of the recovery outline) to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. 4).  Additionally, our understanding of lynx biology, ecology, 
effects of stressors into the foreseeable future, and historic and current occupancy in the 
contiguous United States has improved in the 12 years since the Recovery Outline was drafted, 
rendering the preliminary recovery objectives and actions in the 2005 Recovery Outline obsolete.  
Finally, described above, the lynx DPS no longer meets the definition of a threatened species; 
therefore, recovery criteria are not necessary.   
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range or likely to become 
so in the foreseeable future; that is, it is not an endangered species throughout all of its range or a 
threatened species throughout all of its range.  We recommend removing the Canada lynx DPS, 
currently listed as threatened, from the list of threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
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and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
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INFORMATION/BRIEFING MEMORANDUM FOR THE REGIONAL DIRECTOR 
 
DATE:   November 1, 2017 
 
FROM: Michael Thabault, ES-ARD, Mountain-Prairie Region 
 
SUBJECT: 5 Year Status Review for the Canada Lynx 
 
The Mountain-Prairie Region intends to announce the 5-year review recommendation for the 
contiguous United States Distinct Population Segment (DPS) of Canada lynx (Lynx canadensis).  
The Canada lynx DPS is currently federally listed as threatened and critical habitat has been 
designated under the Endangered Species Act of 1973, as amended.  
 
BACKGROUND 
 
On May 8, 2014, the United States District Court for the District of Montana ordered the U.S. 
Fish and Wildlife Service (Service) to complete recovery planning for the Canada lynx DPS.  On 
June 25, 2014, the same court ordered the Service to complete a recovery plan by January 15, 
2018 “…unless the Service finds that such a plan will not promote the conservation of the 
[lynx]” (i.e., the DPS is recovered or no longer warrants Endangered Species Act protections).  
We completed a Species Status Assessment (SSA) report to inform the 5-year review.   
 
DISCUSSION 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service and the Bureau of Land Management, via formally amended or revised management 
plans or conservation agreements with the Service, have substantially addressed the conservation 
of lynx habitats and populations or snowshoe hare habitat in light of potential threats considered 
at the time of listing.  Going forward, the effect of climate change on lynx and their habitat is the 
main stressor with the potential for DPS level impacts.  After considering the effects of climate 
change, the SSA report concludes that resident lynx populations are very likely to persist in all 5 
units that currently support them (Northern Maine, Northeastern Minnesota, Northwestern 
Montana/Northeastern Idaho, North-central Washington, and Colorado) in the near-term (2025) 
and likely to persist in those 5 units at mid-century (2050).  Therefore, we conclude that the risk 
of extinction (extirpation of the DPS) by 2050 is low, such that the lynx DPS is not likely to 
become endangered throughout all of its range within the foreseeable future and, therefore, does 
not meet the definition of a threatened species. 
 
NEXT STEPS 
Announce the 5-year review recommendation and make it publically available along with the 
supporting Canada Lynx SSA Report, following the communications plan and materials drafted 
by External Affairs.  Proceed with a proposed delisting rule.  
 



From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Lynx 5YR - need your surname
Date: Wednesday, November 01, 2017 9:56:51 AM
Attachments: Tab 2. Canada Lynx draft 5-yrReview_10312017_jz comments.doc

I caught a few typos and had a couple comments. Attached in TRACK.

On Wed, Nov 1, 2017 at 9:35 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Please take a quick look. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Nov 1, 2017 at 9:27 AM
Subject: Lynx 5YR - need your surname
To: Jodi Bush <jodi_bush@fws.gov>

Jodi,

Attached is the latest version of the lynx 5YR.  I've addressed you comment about Nearly all
Federal Land Management...

If your good w/ it, please sign and send back the surname sheet for the package.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology Used to Complete the Review: 

 
In accordance with section 4(c)(2) of the Endangered Species Act (ESA), the purpose of a 5-year 
review is to assess each threatened and endangered species to determine whether its status has 
changed since the time of its listing, or its last status review and whether it should be classified 
differently or removed from the list of threatened and endangered species.  The U.S. Fish and 
Wildlife Service (Service) evaluated the biology and status of the contiguous United States 
(U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species Status 
Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The SSA 
Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA Team), 
which consists of a Core Team of Service biologists who work on lynx issues across the DPS 
range and an SSA Framework Implementation Team of Service and U.S. Geological Survey staff 
who have developed and advanced the SSA framework.  The SSA Report represents the 
Service’s evaluation of the best available scientific information, including the formally-elicited 
professional judgments and opinions of recognized lynx experts.  The SSA Report underwent 
independent peer and partner review before being used as the scientific basis to support a 
decision making process involving Service Regions 1, 3, 5, and 6 regarding the recommendation 
presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing History 

 
The Service listed the lynx DPS as a threatened species under the ESA in 2000 because of the 
potential for impacts to lynx habitat conditions and the availability of snowshoe hare and other 
prey populations within the lynx DPS and existing regulatory mechanisms on Federal lands, at 
that time, did not provide sufficient guidance for the conservation of lynx habitats and 
populations or snowshoe hare habitat in light of potential threats (65 FR 16052-16086).  On May 
8, 2014, the United States District Court for the District of Montana ordered the Service to 
complete recovery planning for the lynx DPS (U.S. District Court MT 2014a, p. 8).  On June 25, 
2014, the same court ordered the Service to complete a recovery plan by January 15, 2018 
“…unless the Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., 
the DPS is recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 
2).  We published the initiation of the 5-year review in the Federal Register on April 18, 2007 

Comment [ZJ1]: This should be the Northern 
Idaho Field Office – that’s where Bryon is, and he 
was lead for R1 on this effort. 
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(72 FR 19549), and additionally published a news release announcing initiation of a 5-yr review 
on January 13, 2015.   
 
We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  The SSA provides the scientific basis for 
this 5-year review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) Policy in the 2000 Listing  

 
The Service listed lynx in the contiguous United States as a DPS because of differences in the 
management of lynx and lynx habitats across the international boundary with Canada (meeting 
discreteness criteria in the DPS policy) and because of the climatic, vegetative, and ecological 
differences in lynx habitat compared to the northern parts of the species’ range in Canada and 
Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in four of the six geographic units evaluated in the SSA (Unit 1 (Northern Maine), Unit 
2 (Northeastern Minnesota), Unit 3 (Northwestern Montana/Northeastern Idaho), and Unit 4 
(North-central Washington)) (SSA Report, p. 235).  Based on verified records, it is uncertain if 
the Greater Yellowstone Area (Unit 5) historically supported a persistent resident lynx 
population and it currently appears not to support resident lynx (SSA Report, p. 235).  Available 
information also suggests that Colorado (Unit 6) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 release of 218 Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. 
235).   
 
Considering the available information, we found no reliable information that the current 
distribution and abundance of resident lynx in the contiguous United States are substantially 
reduced from historical conditions (SSA Report, p. 235).  In fact, because of the introduction of 
lynx in Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than occurred historically (SSA Report, pp. 228, 229).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, pp. 106, 
235).  Because we lack information that formerly persistent lynx populations have been lost from 
any large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels (SSA Report, pp. 106, 235).  As a result of the current population in 
Colorado, redundancy in the DPS is likely greater, at least temporarily, now than it was 
historically (SSA Report, p. 235).  Similarly, resident lynx remain broadly distributed across the 
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range of habitats that have supported them historically, suggesting maintenance of the breadth 
and diversity of ecological settings occupied within the DPS range (representation) (SSA Report, 
p. 235).   
 
Additionally, observed high rates of dispersal and gene flow and therefore generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors to, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, pp. 107, 230). 
 
We conclude that resident lynx populations are very likely to persist in all five units that 
currently support them (Units 1 to 4 and 6) in the near term (2025) and likely to persist in those 
five units at mid-century (2050) (SSA Report, p. 236).  We have low confidence in assessing the 
risk to DPS populations beyond 2050 (SSA Report, p. 236).  Therefore, we consider 2050 as the 
foreseeable future for this 5-year review.  Nonetheless, we expect lynx populations in each 
geographic unit to become smaller and more patchily distributed in the future (2050 and beyond) 
due largely to projected climate-driven losses in habitat quality and quantity and related factors 
(SSA Report, p. 236).  However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations all are highly uncertain (SSA 
Report, p. 236).  That said, smaller, more isolated populations would be less resilient and more 
vulnerable to demographic and environmental stochasticity and genetic drift and therefore at 
higher risk of extirpation (SSA Report, p. 236).  Despite some reduced resiliency, we conclude 
that resident lynx populations are likely to persist through mid-century in the geographic units 
that supported them historically (Units 1 to 4); with the corresponding maintenance of 
redundancy and representation in the DPS over that time span (SSA Report, p. 236).  Although 
the SSA report also discusses the future out to 2100, predictions that far into the future are highly 
uncertain (SSA Report, p. 236), and beyond what we consider to be reasonably foreseeable.   
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In using the SSA framework to analyze the scientific information, as documented in the SSA 
Report, we fully assess not only individual effects on the Canada lynx, but also their potential 
cumulative impacts.  Specifically, we incorporate cumulative effects into our analysis when we 
characterize the current and future conditions for each population, which we do both individually 
and cumulatively.  Our analysis described the ways in which anthropogenic and natural factors 
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singly and collectively affect the habitat and/or demographics needed by individuals and 
populations.  Because the SSA framework considers not just the presence of the factors but also 
the degree to which they collectively influence the species’ viability, our assessment integrates 
the cumulative impacts of stressors. 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or and snowshoe hare habitat (SSA Report, p. 4). 
   
Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the ESA, an endangered species is any species that is “in danger of extinction 
throughout all or a significant portion of its range.”  In the SSA Report, we evaluated the best 
available scientific information regarding the current and predicted future condition of the lynx 
DPS to describe its viability and how it may change over time (2025, 2050, and 2100).  We 
assess the viability of the lynx DPS by evaluating its ability to maintain a sufficient number and 
distribution of viable populations to withstand environmental stochasticity (resiliency), 
catastrophes (redundancy), and changes in its environment (representation) into the future.  
Ultimately, we compare our evaluation of the DPS’ risk of extinction against the definitions of 
an endangered or threatened species as defined by the ESA.   
 
As stated above. the Service listed the lynx DPS as threatened in 2000 because of the potential 
for impacts to lynx habitat conditions and the availability of prey populations within the lynx 
DPS and existing regulatory mechanisms on Federal lands, at that time, did not provide 
sufficient guidance for the conservation of lynx habitats and populations or prey habitat in light 
of potential threats (65 FR 16052-16086).  Federal lands management plans, at that time, 
allowed for forest management practices that could potentially reduce lynx habitat on a 
population level scale, thereby creating a future risk to the species existence in the DPS.  Nearly 
all Federal land management plans throughout the DPS have since been revised to include 
science- and research-based measures and management practices consistent with lynx 
conservation, thereby greatly reducing the risk of future population scale habitat deterioration on 
Federal lands.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least four of the six geographic units (Units 1 to 4), the current persistence of lynx in one of the 
units (Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, pp. 107, 230).  The large sizes and broad distributions of the geographic units occupied 
by resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to reduce the possibility of extirpation from catastrophic events (SSA Report, pp. 230, 
235).  There are no indications of current threats to the genetic health or adaptive capacity of 
lynx populations in the DPS, and the current level of representation does not suggest a decrease 
from historical conditions (SSA Report, p. 230).  Due to the current resiliency, redundancy, and 



 

 6 

representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the ESA, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. 
chapter 5).  It became apparent through discussions with lynx experts, in peer and partner 
reviews of the draft SSA Report, and among Service biologists and management that any future 
projections of lynx status beyond mid-century were complicated by a very high degree of 
uncertainty concerning the timing and extent of various stressors that may affect lynx and hare 
habitat and snow regimes, especially those related to projected future climate change (SSA 
Report, p. chapter 5.1).  Therefore, in this evaluation, we identified mid-century (2050) as the 
foreseeable future because this time horizon gives us a higher degree of certainty in reasonably 
projecting the future condition of the lynx DPS. 
  
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, pp. 173, 
236).  However, all five geographic units that currently support resident lynx populations (all 
units except the GYA) are expected to continue to do so through mid-century (2050) (SSA 
Report, p. 236).  Our analyses, as informed by expert input, suggest that resiliency will likely be 
sufficient to foster persistence (i.e., preclude extirpation) of resident lynx through mid-century in 
all or most of the five geographic units that currently support them (SSA Report, p. 236).  At 
mid-century, we expect lynx to retain a wide geographical distribution of populations, 
maintaining redundancy within the DPS (SSA Report, p. 236).  Should lynx populations in each 
geographic unit become smaller and more patchily distributed, reduced genetic health and/or 
adaptive capacity would be expected; however, we have no information to suggest reduced 
representation would be a DPS-level concern at mid-century (SSA Report, p. chapter 6).  
Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is sufficiently 
low that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and therefore does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS, and therefore 
recovery criteria have not been developed.  The Service completed a Recovery Outline on 
September 14, 2005, which provided preliminary recovery objectives and actions based on our 

Comment [ZJ2]: Should this also say “…or a 
significant portion…” 
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understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Lynx conservation measures and habitat 
management guidance adopted by the USFS and the BLM have substantially addressed the 
potential threats considered at the time of listing (and the time of the recovery outline) to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. 4).  Additionally, our understanding of lynx biology, ecology, 
effects of stressors into the foreseeable future, and historic and current occupancy in the 
contiguous United States has improved in the 12 years since the Recovery Outline was drafted, 
rendering some of the preliminary recovery objectives and actions in the 2005 Recovery Outline 
obsolete.  Finally, as described above, the lynx DPS no longer meets the definition of a 
threatened species; therefore, recovery criteria are not necessary.   
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range or likely to become 
so in the foreseeable future; that is, it is not an endangered species throughout all of its range or a 
threatened species throughout all of its range.  We recommend removing the Canada lynx DPS, 
currently listed as threatened, from the list of threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  

Comment [ZJ3]: This also does not include the 
“or a significant portion” language. Not sure if that is 
correct or not, but seems odd to me. 
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REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 

Comment [ZJ4]: None responded, though the 
opportunity to review was offered. Not sure if this is 
accurate, though the following sentence clarifies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
 



From: Mejia, Kandi
To: Zelenak, Jim
Subject: Re: lynx discussion with Eric Rickerson, Jeff Krupka and Tom McDowell
Date: Wednesday, November 01, 2017 12:10:17 PM

Perfect!!!   I will send an invite to Bryon Holt to see if he is available. 

~~~~~~~~~~~~~~~
Kandi Mejia
Secretary 
Washington Fish and Wildlife Office
Lacey, WA
(360) 753-4065

On Wed, Nov 1, 2017 at 11:08 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I'm happy to talk to you all but also think Bryon Holt should be on the call as he is the lead for R1 on the SSA and
took a first stab at identifying and addressing substantive comments from WA State Agency.  That said, I did
most of the editing/rewriting to address comments in the final SSA, and I'd be happy to discuss that.  9 AM
tomorrow your time works for me, at least tentatively depending on how much snow we get out of the current
storm.

Jim

On Mon, Oct 30, 2017 at 3:31 PM, Mejia, Kandi <kandi_mejia@fws.gov> wrote:
Good afternoon Jim.  Eric has asked me to schedule a call with you and the others
mentioned above.  I believe this is to discuss the WA comments on the Lynx SSA. 
Would you be available thursday morning (2 November) at 9 a.m. our time (10 a.m.
your time).  Please let me know if this works for you and I will get you the call in
information.  Thank you!
~~~~~~~~~~~~~~~
Kandi Mejia
Secretary 
Washington Fish and Wildlife Office
Lacey, WA
(360) 753-4065

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:kandi_mejia@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:kandi_mejia@fws.gov
mailto:jim_zelenak@fws.gov


From: Mejia, Kandi
To: Zelenak, Jim
Subject: Re: lynx discussion with Eric Rickerson, Jeff Krupka and Tom McDowell
Date: Wednesday, November 01, 2017 12:11:13 PM

Also, I will have a call in number and conference line now that we may be adding
someone.  That way you can call in toll free if you are snowed in.  May need something
to keep you from going stir crazy! 

~~~~~~~~~~~~~~~
Kandi Mejia
Secretary 
Washington Fish and Wildlife Office
Lacey, WA
(360) 753-4065

On Wed, Nov 1, 2017 at 11:08 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I'm happy to talk to you all but also think Bryon Holt should be on the call as he is the lead for R1 on the SSA and
took a first stab at identifying and addressing substantive comments from WA State Agency.  That said, I did
most of the editing/rewriting to address comments in the final SSA, and I'd be happy to discuss that.  9 AM
tomorrow your time works for me, at least tentatively depending on how much snow we get out of the current
storm.

Jim

On Mon, Oct 30, 2017 at 3:31 PM, Mejia, Kandi <kandi_mejia@fws.gov> wrote:
Good afternoon Jim.  Eric has asked me to schedule a call with you and the others
mentioned above.  I believe this is to discuss the WA comments on the Lynx SSA. 
Would you be available thursday morning (2 November) at 9 a.m. our time (10 a.m.
your time).  Please let me know if this works for you and I will get you the call in
information.  Thank you!
~~~~~~~~~~~~~~~
Kandi Mejia
Secretary 
Washington Fish and Wildlife Office
Lacey, WA
(360) 753-4065

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220

mailto:kandi_mejia@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:kandi_mejia@fws.gov


jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: lynx discussion with Eric Rickerson, Jeff Krupka and Tom McDowell
Date: Wednesday, November 01, 2017 12:13:48 PM

I can make that work.  Please get Bryon on the call as well. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Nov 1, 2017 at 12:03 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
As we discussed.

---------- Forwarded message ----------
From: Mejia, Kandi <kandi_mejia@fws.gov>
Date: Mon, Oct 30, 2017 at 3:31 PM
Subject: lynx discussion with Eric Rickerson, Jeff Krupka and Tom McDowell
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Good afternoon Jim.  Eric has asked me to schedule a call with you and the others
mentioned above.  I believe this is to discuss the WA comments on the Lynx SSA. 
Would you be available thursday morning (2 November) at 9 a.m. our time (10 a.m.
your time).  Please let me know if this works for you and I will get you the call in
information.  Thank you!
~~~~~~~~~~~~~~~
Kandi Mejia
Secretary 
Washington Fish and Wildlife Office
Lacey, WA
(360) 753-4065

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:kandi_mejia@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Eric Rickerson; Tom McDowell; Bryon Holt; Jodi Bush
Subject: Materials for our call
Date: Thursday, November 02, 2017 9:18:15 AM
Attachments: WDFW Comment Letter_Lynx SSA_10Feb2017.pdf

WDFW Comment Table_Lynx SSA_10Feb2017.pdf
Washington State Comments on the Draft SSA.docx

I've attached the comments we received from WADFW on the Draft SSA Report and copied the substantive
comments we entered into our comment-response spreadsheet, along with our (Bryon's) draft responses.

Also wondering belatedly if Gregg Kurz ought to be on this call as he participated in the recent conf. call with
WADFW and others regarding the State's lynx conservation strategy.

Let me know if you have questions. 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:eric_rickerson@fws.gov
mailto:tom_mcdowell@fws.gov
mailto:bryon_holt@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


Draft responses to WA State Comments on the Draft Lynx SSA Report 

We are unaware of any reports or information that documents the 
effectiveness of lynx management plans in occupied areas of 
Washington. We believe that these management plans are in need of 
revision to incorporate new concepts and information S_WA BH 

A-
6 

   

From S-WA. 
Cover ltr. 2nd 
paragraph 

We agree that new science pertaining to lynx management should be 
incorporated into management plans as it is developed. This would be especially 
important if such new science represents paradigm shifts in our understanding of 
lynx habitat management. Currently, the new science on lynx habitat 
management that has been derived is from limited studies, not been fully 
developed, and is more of a refinement complementing the existing knowledge 
of lynx habitat requirements to support successful reproduction. However, once 
fully developed and vetted, the new information should be incorporated into 
existing lynx habitat management direction. 

Would be valuable to establish what the document can and will be used 
for. Doesn’t say that the SSA is a foundational document for many FWS 
purposes – Recovery plans, Biological Opinions, and even listing rules. S_WA BH 

A-
1 

   

From S-WA. 
Comment 
Table. 
Comment 1 

Page 4 (Executive Summary) of the SSA states: " The SSA will provide the 
scientific basis for the statutorily required 5-year status review for this listed 
species and other decisions the U.S. Fish and Wildlife Service (Service) is required 
to make in accordance with the ESA." However, we could add another sentence 
advising the SSA is also intended to provide the foundational biological 
information that will inform listing decisions, section 7 consultations, recovery 
planning, etc. 

The difference between DPS range and the identified geographic units in 
Figure 1 is not clear. Isthe range in US considered to be only the sum of 
the area within the designated geographic units?  S_WA BH 

A-
1 

   

From S-WA. 
Comment 
Table. 
Comment 2 

The title of Figure 1 could more clearly state that these are general depictions of 
areas supporting known, long-term persistent breeding populations, and is not 
intended to depict the current range of lynx in the contiguous U.S. DPS that is 
broader than the depicted geographic areas (e.g., the Selkirk Mountains in 
northeastern WA/northwestern Idaho, which is not included within the depiction 
for northwestern Montana/northeastern Idaho but where we have a fairly 
consistent (albeit infrequent) record of lynx presence since at least listing). 

The USFWS focuses on 6 geographic units within the conterminous 
United States that represents 2% of the lynx range in North America. 
Some might consider this lynx (lower 48 states) subpopulation as 
“insignificant.” In between the geographic units identified within the 
conterminous U. S., there are in fact lynx populations that are likely 
breeding (especially where they border Canada) and that connect the 
geographic units that are within Washington, Idaho, and Montana. What 
conservation measures will be taken for these “in-between” populations 
when the special focus in this Special Status Assessment (SSA) is only on 
the 6 distinct units? S_WA BH 

A-
2 

   

From S-WA. 
Comment 
Table. 
Comment 3 

We acknowledge that lynx likely have existed (reproduced) in the past, currently 
reside, and will likely do so in the future in areas outside of the six geographic 
areas in the contiguous U.S., at least ephemerally. In our opinion, we can best 
serve lynx conservation by focusing efforts on maintaining lynx populations in 
those places that seem to provide the ecological conditions supporting lynx life 
history needs and that have continually supported persistent lynx breeding 
populations through time (i.e., the six geographic areas). However, lynx analysis 
units (LAUs) have been delineated on all USFS and BLM lands containing lynx 
habitat both within and outside of the identified six geographic areas, at least in 
the west and mid-west. These delineated LAUs are managed, and will continue 
to be managed in accordance with either USFS Land and Resource Management 
Plans, BLM Land Use Plans, or the LCAS as appropriate and applicable. 
Additionally, within Washington, the WADNR, pursuant to their 2006 Lynx 
Management Plan, has delineated LAUs within lynx habitat on their ownership, 
and manages these LAUS in accordance with their 2006 Lynx Management Plan. 
Thus, areas outside of the six geographic areas will be managed to support lynx 
reproduction to the extent they are capable of doing so. 

Would be valuable to describe how these areas and numbers of acres 
were derived. S_WA BH 

A-
1 

   

From S-WA. 
Comment 
Table. 
Comment 4 

This refers to Table 1. I am not clear on how the numbers were derived. I think 
they may be derived from a couple of different sources. For the geographic areas 
where critical habitat has been designated (i.e., WA, MT/ID, MN, ME) the critical 
habitat acres probably account for the numbers. For CO and WY I am not sure 



how the numbers were derived. Thus, we should explicitly state how the 
numbers were derived for Table 1. 

The use of the year 2100 in the predications and persistence probabilities 
(last paragraph in the assumptions) seems too far into the future to be 
relevant to this analysis. A more useful window would evaluate some 
combination of 5, 10, 20, and 40 or 50 years into the future, given the 
abrupt landscape changes and weather patterns we have seen and the 
ones we can reasonably anticipate. S_WA BH 

A-
2 

   

From S-WA. 
Comment 
Table. 
Comment 5 

We received numerous peer and state review comments along the line of 
reasoning that climate modeling and scientific uncertainties are too great to 
allow any degree of confidence beyond 50 year projections. Consequently, we 
agree and determined the reasonably foreseeable future, in this case, is 50 
years, which will be reflected in the final SSA. 

The document presents a WA population with a greater resilience than is 
warranted by the available (and lack of) information about this 
population. Our concern is based on the limited information on the 
demographic characteristics of the Washington population, the 
significant threats facing this population (see Lewis 2016), and the large 
uncertainties about population processes that will influence its 
probability of persistence (e.g., immigration from BC, emigration, fires, 
snowpack, disease, current demographics of the population, impacts of 
trapping in southern BC, status of population in BC, habitat corridor 
stability between BC and WA). Many of these topics were either not 
mentioned or discussed in sufficient detail in the SSA, but these are 
factors that have had and will continue to have a substantial effect on 
our Washington lynx population and its probability of persistence over 
the next 10-20 years. S_WA BH 

A-
2 

C-
4 

I-
10 

 

From S-WA. 
Comment 
Table. 
Comment 6 

The SSA acknowledges the lack of specific demographic data, and lack of a 
complete understanding on the role of lynx immigration/emigration at 
maintaining lynx populations for all geographic areas. However, specific to WA 
the SSA concludes that the probability of lynx persistence in Washington may 
dramatically decline by as much as 20 to 30 percent within the next 10-20 years 
primarily due to recent impacts to almost 50 percent of lynx habitat resulting 
from large-scale wildfires, and acknowledges that this population could become 
extirpated should additional high intensity large-scale wildfires occur within lynx 
habitat in the near future. 

The terms “Resiliency, Redundancy, and Representation” are described 
on Page 5, should also be defined in the SSA as they are used throughout 
the narrative. A glossary of terms and acronyms would be beneficial. 
Page 16 describes the three R’s again, but gives the same definition for 
resiliency and redundancy.  S_WA BH 

A-
1 

   

From S-WA. 
Comment 
Table. 
Comment 7 

These terms are defined in the SSA, but it would be helpful to add a glossary to 
final SSA. 

Consider adding a home range size and density for Eurasian lynx so there 
is something to compare to what we would expect for Canada Lynx.  S_WA BH 

C-
2 

   

From S-WA. 
Comment 
Table. 
Comment 9 

The SSA contains sufficient information on the variation in the size of lynx home 
ranges in north America, which is most applicable and informative relative to 
lynx conservation in the DPS. Comparisons to the Eurasian lynx are not useful or 
informative relative to north American lynx, which is a different subspecies 
whose ecology may differ from the Eurasian lynx. 

The SSA states in the second paragraph: “… although the Kettle 
Mountains in the northeastern part of the state are thought to have 
historically supported a small breeding population …” WDFW has 
sufficient harvest data over enough years (as specifically stated on page 
101 in the SSA) to indicate that a resident lynx population one occurred 
in the Kettle Mountain Range in Washington. S_WA BH 

A-
2 

I-
4 

  

From S-WA. 
Comment 
Table. 
Comment 10 WDFW is making a distinction without a difference here. No response needed. 

Habitat management actions should be evaluated within the context of 
the whole lynx population unit and large scale landscape disturbance to 
plan timber management. If large areas are already affected by harvest, 
wildfire, or disease then future timber harvest should be curtailed until 
habitat grows back. Too often management only focuses on LAU's (the 
size of a female home range) and does not take into context the other 
impacts of the surrounding area. S_WA BH 

F-
1 

   

From S-WA. 
Comment 
Table. 
Comment 11 

This is a comment directed at lynx habitat management recommendations, and 
does not pertain to current or future lynx status or threats, and thus, does not 
require a response. 

Page 101 mentions that lynx habitats in WA are being managed largely 
with adequate management plans that were developed and guided by S_WA BH 

F-
1 

F-
2 

  

From S-WA. 
Comment 

We agree that new science pertaining to lynx management should be 
incorporated into management plans as it is developed. This would be especially 



LCAS. While these plans are important, some are largely out of date and 
in need of revision to incorporate new information and new concepts, 
ensure management effects are monitored in a meaningful way for Lynx, 
and that reports are generated and shared. The WDNR Loomis State 
Forest and two additional private timber landowners have out of date 
management plans in WA 

Table. 
Comment 13 

important if such new science represents paradigm shifts in our understanding of 
lynx habitat management. Currently, the new science on lynx habitat 
management that has been derived is from limited studies, not been fully 
developed, and is more of a refinement complementing the existing knowledge 
of lynx habitat requirements to support successful reproduction. However, once 
fully developed and vetted, the new information should be incorporated into 
existing lynx habitat management direction. 

There is very little or no mention of the uncertainty of the level of 
immigration from BC to Washington population. Conversely, the 
presence of population continuity between BC and Washington is cited in 
the SSA as a source of resilience for the Washington population, but 
there are no data presented to indicate past, present, or anticipated 
levels of immigration to support that conclusion. Assumptions that there 
is a meaningful level of immigration are based on little or no data. WDFW 
has collected information about lynx harvests in southern BC since 1985 
and these data indicate that few lynx are captured in southern BC in any 
given year. The majority of BC lynx capture occurs just north of our 
Washington lynx population. These data indicate to us that the density of 
lynx in southern BC may be very low and that trapping could further 
minimize potential immigration of BC lynx to Washington.  S_WA BH 

C-
5 

H-
1 

I-
10 

J-
1 

From S-WA. 
Comment 
Table. 
Comment 15 

We do not disagree with the WDFW’s concern regarding lynx trapping in BC and 
the potential implications for reduced opportunities of lynx immigration to 
Washington. However, the WDFW does not define “meaningful”, nor did we 
state that there currently or likely will be future meaningful level of lynx 
movement between BC and Washington. We also appreciate WDFW’s concern 
and acknowledge the lack of data to support immigration/emigration of lynx 
from/to BC and Washington. Nonetheless, as lynx are very capable dispersers 
and there does not appear to be any barriers preventing lynx movement 
between Washington and Canada as concluded by Singleton et al. (2002, entire), 
we have no reason to conclude that lynx movement between Washington and 
Canada has significantly changed from historical conditions (aside from the 
historic, unprecedented lynx irruptions in the 1960s and 1970s). To wit, as stated 
in the SSA, a male lynx collared in Washington in 2008 was trapped in BC in 2009. 
Very few lynx have been collared in Washington. Thus, it is not unreasonable to 
presume that other lynx movements between Washington and BC (both 
immigration and emigration) have occurred and will most likely continue to 
occur, at least in the foreseeable future. Further, while we conclude that lynx 
immigration from Canada to the U.S. has occurred historically and that 
maintaining this connectivity may be important, we are unsure regarding the 
role that this connectivity may play in supporting the genetic and/or 
demographic stability of lynx populations in the U.S. We only indicate that 
should several additional wildfires result in extirpation of lynx in Washington, the 
lynx population in BC could be a source for recolonization of Washington by lynx 
once vegetative conditions conducive to supporting lynx reproduction are 
restored through successional regeneration. 

Specifically, we lack basic information on the demographic characteristics 
of the lynx population in WA, which is likely a peninsular extension of the 
BC population at the margin of the species range. Given the marginal 
nature of our population, we are concerned that it may differ 
significantly from a resident population (e.g., biased sex-ratio, age-
structure inconsistent with a reproductive resident population, the 
potential for Allee effects, etc.) and this could significantly influence its 
probability of persistence for the next 10-20 years. It should not be 
assumed that Washington has a population with standard demographic 
characteristics and as such, attribute a greater level of resilience to the 
Washington population than is warranted from available information.  S_WA BH 

A-
2 

C-
4 I-4 

 

From S-WA. 
Comment 
Table. 
Comment 16 

Concern noted, but we have no compelling reason to believe that lynx 
demographic characteristics in WA differ significantly from other 
peripheral/peninsular lynx populations in north America, or that the lynx 
population in WA is any more or less susceptible to stochastic or catastrophic 
population (i.e., more or less resilient) level effects related to climate change 
than would any other similarly situated lynx population. 

A new study just completed (Lyons et al. 2017; attached) models changes 
in carrying capacity of the Okanogan and Kettle LMZs between time 
periods and demonstrates significant reduction in habitat availability and 
the inferred reliance of the WA population on immigration. Please S_WA BH 

A-
6 

I-
4 

  

From S-WA. 
Comment 
Table. 
Comment 17 Information from Lyons et el. 2017 will be incorporated into the final SSA 



incorporate this new information into the SSA, as appropriate.  

The document states “Thus, in Washington, and the north Cascades 
specifically, it appear that the single threat for which lynx were listed 
under the ESA (i.e., inadequacy of regulatory mechanisms) has largely 
been addressed through the development of the LCAS, and CA between 
the Forest Service and Service which commits the Forest Service, 
specifically for Washington the OWNF and CNF, to use the LCAS in the 
management of lynx habitat on their ownerships and when designing 
and implementation projects within LAUs.” As stated in our recent 
Periodic Status Review of the species (Lewis 2016) “While the 
conservation strategy (referencing LCAS) has been considered sound, the 
monitoring efforts associated with strategy implementation have been 
inadequate to determine if the strategy is successful in the Okanogan 
LMZ.” A plan is only good if implemented effectively, and to understand 
implementation effectiveness, adequate monitoring must occur and the 
information gathered must be shared and reviewed. We encourage 
USFWS to directly link their decisions regarding the adequacy of 
regulatory mechanisms to data generated from their implementation 
effectiveness.  S_WA BH 

A-
7 

F-
1 I-4 

 

From S-WA. 
Comment 
Table. 
Comment 18 

We agree that conservation/managment plan effectiveness montoring should 
occur. However, we believe that the LCAS, to which the WDFW makes specific 
reference, is based upon the best available science pertaining to the 
management of lynx habitat, lynx prey base populations, and thus lynx 
reproduction and population management.  

The document states “The WADNR has been managing lynx for almost 
two decades, and the Service has concluded that the management 
strategies implemented are effective.” To our knowledge there are no 
reports or data generated or shared by WDNR that support this 
conclusion. What information is the Service basing their determination 
on? S_WA BH 

A-
7 

F-
2 I-4 

 

From S-WA. 
Comment 
Table. 
Comment 19 

See response to S-WA Comment 18 above. Similar to management of federal 
lands, the WADNR manages lynx habitat on its ownership in accordance with 
their Lynx Management Plan, which is derived in large part from the LCAS.  

Early in the document, clearly define "southern" vs. "northern" lynx hare 
populations. You might consult Ivan and Shenk (2016) for a possible 
definition. In many places it isn't clear which populations fall into each 
group. For instance, sometimes the Canadian border appears to be the 
line, yet the Apps (2000) chapter is cited often and that author considers 
his provincial study area to be "southern lynx habitat". S-CO JZ ? 

   

CPW letter, p. 
2 

Noted. We define it on pg. 29 of the draft: "In southern lynx populations 
(southern Canada and the contiguous U.S.),...". But we will make this clearer in 
the final SSA - that the southern periphery of lynx range occurs in both the 
contiguous US and in parts of southern Canada, but that all of the DPS units are 
considered part of the southern periphery of the species' range. 

The final SSA should provide some clear reference to the renewed IUCN 
(2015)assessment of Canada lynx as “least concern.”  

S-ID 
(IDFG) BH 

A-
2 

   

From S-ID 
(IDFG) letter. 
Page 2, 
paragraph 2 

We should consider adding information from the IUCN 2015 assessment into the 
SSA. 

The final SSA should clarify the level of uncertainty in evaluating 
probabilities of persistence and likely future conditions. For example, the 
draft SSA’s summary of the expert elicitation panel’s discussion in this 
regard failed to acknowledge the panel’s statements as to the high 
degree of uncertainty in their speculations as to long-term persistence.  

S-ID 
(IDFG) BH 

A-
2 

   

From S-ID 
(IDFG) letter. 
Page 2, 
paragraph 4 

Although the SSA references the report borne out of the expert elicitation 
workshop and provides graphs depicting the range of expert predictions for each 
of the geographic areas, the SSA could more thoroughly discuss the process and 
the experts' uncertainties and limitations (e.g., lack of knowledge of specific 
geographic area for which they were asked to provide predictions) surrounding 
their predictions. As currently written, the SSA does not clearly highlight the 
fairly speculative nature of the expert predictions, and, thus a reader could 
assume more scientific confidence surrounding the expert predictions than is 
warranted.  

The final SSA should reflect that, although there have been multiple 
detections of lynx in the Selkirk Mountains in Idaho during 2015-2016 

S-ID 
(IDFG) BH 

I-
4 

   

From S-ID 
(IDFG) letter. 

We disagree. Prior to 1996, several lynx were usually trapped each year in Idaho, 
and most of these came from northern counties (McKelvey et al. 2000, p. 226). 



and one detection of a lynx in the Selkirks in 2010, there is not evidence 
of a long-term, persistent resident lynx population.  

Page 2, last 
paragraph 

Trapping for lynx in Idaho was closed in 1996. Additionally, although, until 2017, 
no concerted and sustained effort has been undertaken in northern Idaho to 
establish lynx presence, or if present, the nature of it (e.g., reproducing 
population or transient) we have periodically obtained opportunistic and verified 
records of lynx since listing in 2000, especially in the Selkirk Mountains of 
northeastern Washington/northwestern Idaho. For example: 2004 video of a 
lynx on LPO NWR; 2008 photo of a lynx near LPO NWR; 2008 video of lynx 
swimming Pend Oreille River; 2010 game camera picture of lynx from Selkirks on 
IPNF; and 2013 captured female lynx in Cabinets just east of Bonners Ferry 
(whose radio locations appear to suggest she is a resident animal). Further, in 
2017 an effort was initiated to document lynx and fisher presence in the Selkirk 
Mountains; several different sets of lynx tracks have been documented. Two 
different sets of these lynx tracks consisted of multiple lynx traveling together 
well south of the Canadian border, and the observers noted the set of tracks 
traveling together seemed to be different sizes. The two groups of tracks were 
well separated from each other on different sides of a major mountain ridge, and 
thus, likely represent two separate groups of lynx. It is possible that all these 
mostly opportunistically obtained verified records documented over almost two 
decades could represent transient lynx given the connectivity of the habitat in 
Idaho to lynx habitat and lynx populations in Canada and northwestern 
Montana. It is just as plausible that they could represent a small , but persistent 
breeding population. We suggest the the latter is the more parsimonious 
explanation given the relative regularity of sightings (albeit sporadic), the fact 
that no real effort has been made until recently to establish lynx presence, and 
when that effort was undertaken two different groups of lynx tracks of multiple 
individuals traveling together well south of the Canadian (border potentially 
representing family groups) were observed. 
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Washington Department of Fish and Wildlife Comments: 

Species Status Assessment for the CANADA LYNX (Lynx canadensis)                                                                            

Contiguous United States Distinct Population Segment  

Version 1.0 – Draft - December 2016 
 

# Chapter Section 
Page
# 

Comment 

1 
Exec 
Sum 

SSA Frame 
work 

6 
Would be valuable to establish what the document can and will be used for.  Doesn’t say that the 
SSA is a foundational document for many FWS purposes – Recovery plans, Biological Opinions, 
and even listing rules.   

2 
Exec 
Sum 

Figure 1 4 
The difference between DPS range and the identified geographic units in Figure 1 is not clear.  Is 
the range in US considered to be only the sum of the area within the designated geographic units? 
(and see comment 3). 

3 
Exec 
Sum 

 4-5 

The USFWS focuses on 6 geographic units within the conterminous United States (lower 48 states) 
that represents 2% of the lynx range in North America.  Some might consider this lynx 
subpopulation as “insignificant.”  In between the geographic units identified within the 
conterminous U. S., there are in fact lynx populations that are likely breeding (especially where 
they border Canada) and that connect the geographic units that are within Washington, Idaho, and 
Montana.  What conservation measures will be taken for these “in-between” populations when the 
special focus in this Special Status Assessment (SSA) is only on the 6 distinct units? 

4 
Exec 
Sum 

Table 1 5 Would be valuable to describe how these areas and numbers of acres were derived. 

5 
Exec 
Sum 

Uncertainties 
and 
Assumptions 

7 

As written, the 3rd and 4th assumptions appear to compete with each other.   
 
The 7th assumption uses both terms ‘climate change’ and ‘warming’, with no distinction (suggest 
defining these, and other terms used in narrative, in a glossary).   
 
The use of the year 2100 in the predications and persistence probabilities (last paragraph in the 
assumptions) seems too far into the future to be relevant to this analysis.  A more useful window 
would evaluate some combination of 5, 10, 20, and 40 or 50 years into the future, given the abrupt 
landscape changes and weather patterns we have seen and the ones we can reasonably anticipate.  
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6 
Exec 
Sum 

Resiliency 9 

The document presents a WA population with a greater resilience than is warranted by the 
available (and lack of) information about this population.  Our concern is based on the limited 
information on the demographic characteristics of the Washington population, the significant 
threats facing this population (see Lewis 2016), and the large uncertainties about population 
processes that will influence its probability of persistence (e.g., immigration from BC, emigration, 
fires, snowpack, disease, current demographics of the population, impacts of trapping in southern 
BC, status of population in BC, habitat corridor stability between BC and WA).  Many of these 
topics were either not mentioned or discussed in sufficient detail in the SSA, but these are factors 
that have had and will continue to have a substantial effect on our Washington lynx population 
and its probability of persistence over the next 10-20 years.    

7 
Exec 
Sum 

 
5, 11, 
16 

The terms “Resiliency, Redundancy, and Representation” are described on Page 5, should also be 
defined in the SSA as they are used throughout the narrative.  A glossary of terms and acronyms 
would be beneficial. Page 16 describes the three R’s again, but gives the same definition for 
resiliency and redundancy.  

8 2 Table 3 30 Please include a sample size from which the home range estimates were derived.   

9 2 
Last 
paragraph 

33 
Consider adding a home range size and density for Eurasian lynx so there is something to compare 
to what we would expect for Canada Lynx.   

10 2, 4 

2.3.2.2 
Lynx 
Distribution 
4.1.1  

45, 
101 

The SSA states in the second paragraph: “… although the Kettle Mountains in the northeastern 
part of the state are thought to have historically supported a small breeding population …”   
WDFW has sufficient harvest data over enough years (as specifically stated on page 101 in the 
SSA) to indicate that a resident lynx population one occurred in the Kettle Mountain Range in 
Washington. 

11 3 
3rd sentence, 
2nd paragraph 

78 

Habitat management actions should be evaluated within the context of the whole lynx population 
unit and large scale landscape disturbance to plan timber management.  If large areas are already 
affected by harvest, wildfire, or disease then future timber harvest should be curtailed until 
habitat grows back.   Too often management only focuses on LAU's (the size of a female home 
range) and does not take into context the other impacts of the surrounding area (and see 
comment 20). 

12 3 
3rd 
paragraph, 
3rd sentence 

89 
Consider expanding this statement.  Were survival rates higher? kitten survival? individual 
weights?  How was this assessed?    
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13 4 
4.1.1 
Current 
Conditions 

101 

Page 101 mentions that lynx habitats in WA are being managed largely with adequate 
management plans that were developed and guided by LCAS.  While these plans are important, 
some are largely out of date and in need of revision to incorporate new information and new 
concepts, ensure management effects are monitored in a meaningful way for Lynx, and that 
reports are generated and shared.  The WDNR Loomis State Forest and two additional private 
timber landowners have out of date management plans in WA  

14 4 
4.2.4  
Kettle Range 

137 

While it may be difficult to re-establish a robust population in the Kettle Range, given that over-
trapping and not just habitat loss contributed to the reduction of lynx in the Kettle Mountains, 
there is interest in exploring the possibility that a reintroduction could be successful now that 
trapping no longer has an impact (via a reintroduction feasibility assessment). 

15 4 

4.2.4 Current 
conditions- 
detailed 
descriptions, 
Unit 4 – NC 
Washington 

Last 
para 
136, 
1st 
para 
137 

There is very little or no mention of the uncertainty of the level of immigration from BC to 
Washington population.  Conversely, the presence of population continuity between BC and 
Washington is cited in the SSA as a source of resilience for the Washington population, but there 
are no data presented to indicate past, present, or anticipated levels of immigration to support 
that conclusion.  Assumptions that there is a meaningful level of immigration are based on little or 
no data.  WDFW has collected information about lynx harvests in southern BC since 1985 and 
these data indicate that few lynx are captured in southern BC in any given year.  The majority of 
BC lynx capture occurs just north of our Washington lynx population.  These data indicate to us 
that the density of lynx in southern BC may be very low and that trapping could further minimize 
potential immigration of BC lynx to Washington.   

16 4 

4.2.4 Current 
conditions- 
detailed 
descriptions, 
Unit 4 – NC 
Washington 

Lynx 
Status 
pg 
139 

Specifically, we lack basic information on the demographic characteristics of the lynx population 
in WA, which is likely a peninsular extension of the BC population at the margin of the species 
range.  Given the marginal nature of our population, we are concerned that it may differ 
significantly from a resident population (e.g., biased sex-ratio, age-structure inconsistent with a 
reproductive resident population, the potential for Allee effects, etc.) and this could significantly 
influence its probability of persistence for the next 10-20 years.  It should not be assumed that 
Washington has a population with standard demographic characteristics and as such, attribute a 
greater level of resilience to the Washington population than is warranted from available 
information. 

17 4 

4.2.4 
Current 
conditions- 
detailed 
descriptions, 
Unit 4 – NC 
Washington 

Lynx 
Status 
pgs 
140-
141 

A new study just completed (Lyons et al. 2017; attached) models changes in carrying capacity of 
the Okanogan and Kettle LMZs between time periods and demonstrates significant reduction in 
habitat availability and the inferred reliance of the WA population on immigration.  Please 
incorporate this new information into the SSA, as appropriate.  
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References: 
Lewis, J. C. 2016. Periodic Status Review for the Lynx in Washington. Washington Department of Fish and Wildlife, Olympia, Washington.  

 17 + iii pp. 

 

Lyons, A.L., W.L. Gaines, J. Begley, P.H. Singleton, J.C. Lewis, B.T. Maletezke. 2016. Canada Lynx Carrying Capacity in Washington. Final  

 Report submitted to Washington Department of Fish and Wildlife. Olympia, Washington.   

18 4 

4.2.4 Factors 
Affecting,  
Last 
paragraph 

142-3 

The document states “Thus, in Washington, and the north Cascades specifically, it appear that the 
single threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) 
has largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF and 
CNF, to use the LCAS in the management of lynx habitat on their ownerships and when designing 
and implementation projects within LAUs.”  As stated in our recent Periodic Status Review of the 
species (Lewis 2016) “While the conservation strategy (referencing LCAS) has been considered 
sound, the monitoring efforts associated with strategy implementation have been inadequate to 
determine if the strategy is successful in the Okanogan LMZ.” A plan is only good if implemented 
effectively, and to understand implementation effectiveness, adequate monitoring must occur and 
the information gathered must be shared and reviewed.  We encourage USFWS to directly link 
their decisions regarding the adequacy of regulatory mechanisms to data generated from their 
implementation effectiveness. 

19 4 

4.2.4 Factors 
Affecting, 
middle of 2nd 
to last 
paragraph 

143 

The document states “The WADNR has been managing lynx for almost two decades, and the 
Service has concluded that the management strategies implemented are effective.”  To our 
knowledge there are no reports or data generated or shared by WDNR that support this 
conclusion. What information is the Service basing their determination on?    

20 5 

1st 
Paragraph, 
2nd to last 
sentence 

202 

Even if we assume there are adequate regulatory mechanisms currently in place in Washington 
(but see comments 18 & 19), management actions are not currently being planned, or their effect 
assessed, at a landscape scale across ownerships.  For example, it would be beneficial for lynx if 
managers used information regarding the impact of large catastrophic disturbances (wildfire) in 
one ownership/area of lynx habitat to assess how much habitat can be altered in an adjacent 
ownership.   

21 
 

6 
Synthesis 

 
DPS Viability 

 
221 

Last paragraph on page 221: “The functional extirpation of lynx within any one geographic unit 
would possibly reduce the species representation within the DPS for the contiguous U.S. 
population”.  We recommend deleting the word “possibly” in this sentence as it would definitely 
reduce representation.  





From: Bush, Jodi
To: Eric Rickerson; Paul Henson; Larry Crist; Abbott, Tyler; Gregory Hughes; Anna Harris; Peter Fasbender;

rollie_white@fws.gov; Lori Nordstrom; Paul Phifer; DeBerry, Drue; Susan Millsap
Cc: Bryon Holt; Jim Zelenak; Tom McDowell; Kathleen Hendricks; Jeffrey Dillon; Mark McCollough; Tamara Smith;

Thabault, Michael; Kurt Broderdorp; Gregg Kurz; Nathan Darnall; Marjorie Nelson; Justin Shoemaker
Subject: Re: talking points for discussion with State
Date: Thursday, November 2, 2017 3:54:25 PM

Folks.  You may have heard that we were trying to have the Lynx 5 year review signed by
tomorrow (Nov. 3). Unfortunately that is not going to happen. This has been delayed due to
some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will let you know,
supply a new release and communication plan and will allow planning for as much time as we
can for contact to your State, Tribal and Federal partners.  

In the meantime if you are having discussions with these same folks - you can use some of the
following for your talking points.  I would tell our partners that the document is on the RD
desk and could be signed at any time.  Feel free to give me or Jim a call if you have any
questions.  JB

·         the 5-year review will be signed by the Regional director for
the mt prairie region with concurrence from all affected regions. 
this concurrence has already been received. 

·         The SSA and 5 year Review are in response to a court
settlement agreement and decision on May 8, 2014.  At that time,
the United States District Court for the District of Montana ordered
the Service to complete recovery planning for the Canada lynx DPS
by January 15, 2018 “…unless the Service finds that such a plan
will not promote the conservation of the [lynx].  The 5-year review
and SSA report responds to this order. 

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to
state, tribal and federal partners will precede the notification.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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From: Michael Garrity
To: Zelenak, Jim
Subject: Re: Best Available Science
Date: Friday, November 03, 2017 10:05:12 AM
Attachments: squires blm field trip june 17 summary.doc

Hi Jim,

Please see Dr. Johnson's notes from a meeting we had with Dr. John Squires about lynx with
the BLM and the FWS in the Garnet Mountains.  Were you on this field trip with us in the
Garnets?

Mike

On Fri, Nov 3, 2017 at 9:34 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Mike,

I'm hoping you can provide me copies of the scientific information to which you recently referred.

In a recent guest column in the Idaho State Journal (https://idahostatejournal.com/opinion/columns/congressman-
simpson-s-alternative-facts-on-lynx/article_bae798e7-2857-51e0-876c-e0da47e11a8a.html), you said:

"The harsh reality, undeniably proven by all the best available science, is that more
logging means less lynx. If we’re going to actually recover lynx as required by the
Endangered Species Act, it’s obviously time to say no more bulldozing roads and
clearcutting fortests in lynx critical habitat."

As the U.S. Fish and Wildlife Service's species lead for Canada lynx, I have been working on a Species Status
Assessment for the threatened Contiguous United States distinct population segment (DPS) of the lynx, and I
would be very interested to receive copies of the scientific information that supports your statement above.  I'm
especially interested in any peer-reviewed or other best available information that proves (as you suggest) that
logging (including clearcutting) has caused declines in resident lynx populations or demonstrably converted any
areas in the Lower 48 States previously capable of supporting a resident lynx population into areas no longer
capable of doing so. This information would be very helpful as I and others continue to try to compile the best
available scientific information regarding the statuses of and potential threats to the viability of resident lynx
populations across the DPS range.

Thanks in advance for your response. Please call or email if you would like to discuss this.

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:wildrockies@gmail.com
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
https://idahostatejournal.com/opinion/columns/congressman-simpson-s-alternative-facts-on-lynx/article_bae798e7-2857-51e0-876c-e0da47e11a8a.html
https://idahostatejournal.com/opinion/columns/congressman-simpson-s-alternative-facts-on-lynx/article_bae798e7-2857-51e0-876c-e0da47e11a8a.html
tel:(406)%20449-5225
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      June 17, 2015 
 
 
 
Dr. John Squires 
USDA, Forest Service 
Forestry Science Lab 
Missoula, MT 59807 
 
RE: Summary of June 9, 2015 BLM Field Trip to Garnet 
Mountains 
 
Dear John, 
 
It was a pleasure to attend the recent field trip to the Garnet Mountains with 
you and various other individuals from the BLM, the U.S. Fish and Wildlife 
Service, the Montana Fish, Wildlife and Parks, and the Alliance for the Wild 
Rockies. There was a lot of information exchanged throughout the field trip, 
and I wanted to send you a summary of my notes to make certain they are 
reasonably accurate! If there is something(s) that I have misinterpreted, etc., 
please let me know. 
 

1. Timeline for Lynx Research 
 

-you started lynx research in Montana in 2002. 
 
2. Population Status: 

 
Garnet Mountains: 

 
-lynx in the Garnet Mountains have been a persistent population over 
time, since they have evolved a unique genetic makeup somewhat 
different from other lynx in Montana. 
-the oldest lynx monitored in the Garnets was 16 years old. 



 2 

-the BLM lands in the Garnets are hugely important to lynx because 
of the vast amounts of past logging. 
-lynx in the Garnets were in decline in 2010, with females being 
unable to successfully raise young. 
-the Chamberlain area is key to lynx persistence in the Garnets. 
-the recent logging of high quality lynx habitat around the Garnet 
ghost town and the Union Peaks area appears to have triggered the 
disappearance of lynx from the Garnets. 
-there has been very little movement of lynx from other areas into the 
Garnets; reintroduction is likely required to reestablish lynx in this 
historic habitat. 
-this population was maintained in the past by local reproduction. 

 
Greater Yellowstone Area: 
 

-the Greater Yellowstone Area has had highly persistent lynx 
populations over time. 
-at present these population segments appear to have contracted, and 
maybe some have disappeared. 
-some places in the GYA (e.g., Wyoming) have very high hare 
densities. 
-this area, such as in Yellowstone National Park, has “hot spots” of 
good lynx habitat, while adjacent may have poor lynx habitat. 
-these population segments have been maintained by local 
reproduction. 
-home ranges of lynx in the GYA are similar in size to those in the 
Seeley Lake area, but about twice the size of lynx home ranges in the 
Yaak, which has better habitat. 

 
Seeley Lake Area: 
 

-this population is maintained by local reproduction. 
-the latest monitoring indicated this population is in decline. 
-the population is no longer being monitored due to a lack of research 
funding. 
-home ranges of lynx in the Seeley Lake area are similar in size to 
those in the Greater Yellowstone Area, but about twice as large as 
those in the Yaak. 
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3. Pulses of Lynx from Canada 

 
-these pulses of lynx from Canada have not documented since the 
1970s. 
-pulses of lynx from Canada resulted in heavy trapping mortality, with 
lynx subsequently being removed. 
-the importance of lynx pulses of dispersal from Canada is unclear in 
regards to local population persistence, but as indicated by the Seeley 
Lake population, lynx can still persist without dispersal of lynx from 
Canada. 

 
4. Management of Lynx Habitat 

 
-after logging, it will take 50 years for lynx habitat to develop. 
-the Northern Rockies Lynx Management Direction that allows 30% 
of the landscape to be in the very young forest age class was not based 
on any peer-reviewed science. 
-extensive monitoring of lynx habitat use appears to be indicating that 
30% young forest habitat is too high; preliminary, ongoing analysis 
appears to be indicating that 15-18% young forest for lynx habitat 
management would be more appropriate. 
-preliminary ongoing analysis also appears to indicate the habitat 
connectivity for lynx is important in their habitat mosaic. 
-preliminary ongoing analysis appears also to indicate that the mature 
forest component, habitat that provides connectivity as well as current 
and/or developing lynx winter habitat, should comprise 50% of lynx 
habitat. 
-winter habitat  for lynx includes a mature component. 
-research analysis for lynx habitat use is expected to be available in 
the upcoming year, in a peer-reviewed science publication. 

 
5. Other Information 

 
-lynx have been radio-tagged in the Snow Tallon 36,000 acre fire area 
on the Lincoln Ranger District of the Helena National Forest to study 
how they respond to fire. 
-they are also studying lynx in Colorado where the spruce beetle has 
killed large expanses of spruce (but not other tree species). 
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-preliminary results include a finding that female lynx have 
successfully raised young in these areas, indicating this habitat 
remains suitable for lynx persistence in spite of beetle killed trees. 
-this research in ongoing. 
-snow track surveys are better at identifying the presence/absence of 
lynx than hare snares. 

 
 
Thanks, John, if you have time to review my thoughts, and suggest any 
necessary changes.  As you know, I am involved in lynx management on 
public lands in Montana and Idaho, so it is important that I have my facts 
right! If an e-mail response would be easier for you, that would be fine as 
well. My e-mail is sjjohnsonkoa@yahoo.com. 
 
      Regards, 
 
 
 
      Sara Jane Johnson 
       
 



From: Zelenak, Jim
To: Michael Garrity
Bcc: Shawn Sartorius; Anne Vandehey; Jay Kolbe; Lori Nordstrom; Katrina Dixon; Olenicki, Thomas;

megan_kosterman@fws.gov
Subject: Re: Best Available Science
Date: Friday, November 03, 2017 10:48:23 AM
Attachments: Vashon et al 2012.pdf

Holbrook et al 2017 Understanding and predicting habitat for wildlife conservation_ the case of Canada lynx at
the range periphery.pdf

Thanks Mike,

I'm very familiar with Megan's thesis, which is excellent scientific work but I do not believe it "proves" or even
suggests that "more logging means less lynx."  In fact, a quick search of her thesis reveals that the words "logging"
and "clearcut/clearcutting" do not even appear in it (although "timber harvest" appears once on page 21). However,
her thesis, which reveals the influence of the amount and distribution/contiguity of mature multi-storied spruce-fir
stands on some lynx reproductive parameters, also acknowledges the importance of dense, young regenerating
stands which, as elsewhere throughout the DPS range and in Canada and Alaska, support high snowshoe hare
densities.

Timber harvest, smartly planned and implemented, is one of several sources of forest disturbance (others include
wildfire and forest insect outbreaks) that can create these optimal hare foraging habitats, thereby benefiting lynx
populations. Certainly, timber harvest could conceivably occur at a level that could fragment lynx habitat to the
point of population-level impacts ("less lynx"), but to my knowledge that has never happened or been demonstrated.

In contrast, I would point you and your colleagues toward scientific evidence from Maine (summarized best in
Vashon et al. 2012 [attached]), which indicates that extensive, landscape-level clearcutting in the 1970s and 1980s
has resulted in a lynx population there that is generally agreed to be substantially (perhaps 2 - 7 times, based on
proportional habitat availability) larger than likely occurred historically under the natural disturbance regime there
because of the large amount and broad distribution of high-quality lynx foraging habitat in the regenerating
clearcuts.  I would also suggest Holbrook et al's. (including Dr. Squires as co-author) recent (2017, also attached)
paper showing strongest lynx selection for dense ("advanced") regenerating spruce-fir stands by both sexes in both
summer and winter and at all proportional availabilities of these stands on the landscape - even, it seems to me,
exceeding lynx selection for mature multi-storied stands, which were selected largely in winter where such stands
were relatively limited on the landscape, but avoided by both sexes in summer. See especially figure 6.

I'll look forward to the other scientific information that you and/or Dr. Johnson provide.

Thanks again,

Jim

On Fri, Nov 3, 2017 at 9:59 AM, Michael Garrity <wildrockies@gmail.com> wrote:
Hi Jim,

Please find a paper by Kosterman attached.  She works for the FWS.

I will also talk to my colleague, Dr. Sara Johnson.  Sara has a Ph.D. in wildlife biology and
knows a lot more about lynx than I do.  Sara told me to write the sentence that you are
referring to.

All the best,
Mike

mailto:jim_zelenak@fws.gov
mailto:wildrockies@gmail.com
mailto:shawn_sartorius@fws.gov
mailto:cooks@3riversdbs.net
mailto:jaykolbe@hotmail.com
mailto:lnordstrom107@gmail.com
mailto:katrina_dixon@fws.gov
mailto:thomas_olenicki@fws.gov
mailto:megan_kosterman@fws.gov
mailto:wildrockies@gmail.com


On Fri, Nov 3, 2017 at 9:34 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Mike,

I'm hoping you can provide me copies of the scientific information to which you recently referred.

In a recent guest column in the Idaho State Journal (https://idahostatejournal.com
/opinion/columns/congressman-simpson-s-alternative-facts-on-lynx/article_bae798e7-2857-51e0-876c-
e0da47e11a8a.html), you said:

"The harsh reality, undeniably proven by all the best available science, is that
more logging means less lynx. If we’re going to actually recover lynx as required
by the Endangered Species Act, it’s obviously time to say no more bulldozing
roads and clearcutting fortests in lynx critical habitat."

As the U.S. Fish and Wildlife Service's species lead for Canada lynx, I have been working on a Species Status
Assessment for the threatened Contiguous United States distinct population segment (DPS) of the lynx, and I
would be very interested to receive copies of the scientific information that supports your statement above.  I'm
especially interested in any peer-reviewed or other best available information that proves (as you suggest) that
logging (including clearcutting) has caused declines in resident lynx populations or demonstrably converted
any areas in the Lower 48 States previously capable of supporting a resident lynx population into areas no
longer capable of doing so. This information would be very helpful as I and others continue to try to compile
the best available scientific information regarding the statuses of and potential threats to the viability of resident
lynx populations across the DPS range.

Thanks in advance for your response. Please call or email if you would like to discuss this.

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
https://idahostatejournal.com/opinion/columns/congressman-simpson-s-alternative-facts-on-lynx/article_bae798e7-2857-51e0-876c-e0da47e11a8a.html
https://idahostatejournal.com/opinion/columns/congressman-simpson-s-alternative-facts-on-lynx/article_bae798e7-2857-51e0-876c-e0da47e11a8a.html
https://idahostatejournal.com/opinion/columns/congressman-simpson-s-alternative-facts-on-lynx/article_bae798e7-2857-51e0-876c-e0da47e11a8a.html
tel:(406)%20449-5225
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
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INTRODUCTION 
 
Species Assessments are written by biologists in the Research and Assessment 
Section of the Maine Department of Inland Fisheries and Wildlife (MDIFW).  These 
Assessments reflect the current state of knowledge about a particular species, or group 
of species, and are one of the core elements in MDIFW's species planning process.  
Assessments are used by public working groups and biologists to draft species’ 
management goals for the next 15 years.  They also serve as a reference for biologists 
and the general public interested in reviewing the ecology, management, or public use 
of a particular species.  Assessments are based on the best available scientific 
information and the field experiences and judgments of professional wildlife biologists. 
 
Species assessments cover subjects pertinent to a species' management in 5 sections.  
The Natural History section discusses biological characteristics of the species and 
important interactions with other species.  The Management section contains historical 
and present-day records of regulations, management goals, and objectives.  The 
Habitat and Population sections, in addition to reporting habitat relationships and 
historical and present-day information on numbers and trends, provide future 
projections for the species and its habitat.  The assessment also includes a section that 
discusses public interest and use of a species from an historical and contemporary 
perspective, and speculates on future public use of a species.  Finally, the Summary 
and Conclusions summarize the major points of the assessment. 
 
The majority of information in this assessment is based on recent studies of lynx and 
snowshoe hares in Maine when there was an abundance of optimal habitat.  Although 
the number of lynx in Maine has fluctuated, recent information is informative in 
assessing the upper bounds of lynx numbers.  Our knowledge of the ability of lynx to 
persist when ideal habitat conditions are less abundant is limited to inference from 
historical data and studies outside Maine. 
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NATURAL HISTORY 
 
Description 
The Canada lynx (Lynx canadensis) is a medium-sized cat that averages 33.5 inches 
(85 cm) in length and 25 pounds (11 kg) for males and 32 inches (81 cm) in length and 
19 pounds (8.6 kg) for females (MDIFW unpublished data).  Their winter coat is light 
gray and faintly spotted, and their summer coat is much shorter with a reddish-brown 
cast.  Physical attributes that characterize lynx include: long ear tufts, distinct facial 
ruffs, long legs, large paws, and a black-tipped tail.   
 
Although lynx often are confused with their close relative the bobcat (Lynx rufus), there 
are several identifying characteristics to differentiate between the two.  Lynx are 
morphologically well adapted for living in colder climates with a lot of snowfall.  They 
have large, well-furred feet, relative to their body mass that gives them low foot-loading 
(mass/in2) to make traveling through snow easier.  The bobcat has smaller feet with less 
fur that makes traveling in the snow more difficult.  Lynx tend to weigh less than bobcats 
but can appear larger due to their noticeably longer legs, larger paws, and dense fur.  
Both lynx and bobcats have tufts of hair extending from the tips of their ears and facial 
hair extending down from their cheeks, but both the ear tufts (1-2 inches for lynx, absent 
to 1 inch for bobcat) and facial ruff are noticeably more prominent on lynx.  The fur of a 
bobcat is generally more spotted than that of lynx.  In addition, the fur on the lower 
portion of the rear hind leg on bobcats is generally dark charcoal gray to black, while on 
a lynx it is a light tan or beige.  Finally, the tip of a lynx tail is completely black, while the 
tip of a bobcat’s tail is black on top and white underneath.  The dorsal side of a bobcat’s 
tail often has several black bars running perpendicular to the tail length that are absent 
in lynx (Figure 1.1).   
 

        

Figure 1.1.  Canada lynx (left) are distinguished from bobcats (right) by longer ear 
tufts and facial ruff, shorter and completely black-tipped tail, large feet, and more 
uniform coat color (less spotted, buff colored hind legs, grey underbelly). 

 
 
Lynx and bobcats can interbreed.  Hybridization between these two species has been 
documented in Maine, Minnesota, and New Brunswick (Schwartz et al. 2004).  The 
physical characteristics of the hybridized individuals in Maine appear to be intermediate 
between the two species.  Using molecular genetic data, seven hybrids were 
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determined to have lynx mothers.  One female lynx/bobcat hybrid in Maine was 
observed with kittens (Homyack et al. 2008).  It is still not known to what extent 
hybridization occurs between the two species, but it has probably occurred at low levels, 
especially at the southern edge of lynx range and northern edge of bobcat range where 
lynx and bobcat come into contact.   
 
Distribution 
Lynx are common in the boreal forests of Alaska and Canada, and their distribution 

coincides with their primary prey - the snowshoe 
hare (Lepus americanus).  Lynx in the conterminous 
United States are at the southern edge of their 
range and were once found in 14 northern states in 
the Cascade and Northern Rocky Mountains, 
Western Great Lakes, and New England (USFWS 
2000).  New York marks the southern edge of lynx 
eastern historic range that includes Maine, New 
Hampshire, and Vermont.  Although lynx were 
observed as far south as Pennsylvania (Hoving 
2001), these observations were deemed to be 
dispersing individuals (USFWS 2000).  Until 
recently, only five states (Maine, Washington, 

Montana, Minnesota, and Colorado) in the conterminous United States supported a 
resident breeding populations of lynx (Figure 1.2).  Recent observations of lynx in 
Vermont and kittens in New Hampshire suggest that lynx are returning to former 
portions of their range in New England.  Lynx there are part of a larger population that 
includes southern Quebec, most notably the Gaspe Peninsula, and western New 
Brunswick (Caroll 2005, Hoving et al. 2005).  Herein we refer to lynx and hares as 
northern if they occur in the boreal forests of Canada and Alaska and as southern if they 
occupy forests in southern Canada and the conterminous United States.   

Figure 1.2.  Geographic range 
(green) of Canada lynx from 
Chermundy IUCN Red List. 

 
In Maine, written accounts from respected naturalists during the 1800s suggest that lynx 
were once found statewide but were more common in northern and western Maine (see 
Hoving 2001).  By the late 1970s, lynx were found primarily north of Moosehead Lake, 
west of the West Branch of the Penobscot River, and West of the Upper Headwaters of 
the St. John and Allagash rivers (Hunt 1974).  Recently, Hoving (2001) identified the 
past (1832-1998) distribution of Canada lynx in Maine from museum records, published 
articles, bounty records, interviews, and MDIFW winter snow track surveys (Figure 
1.3a).  The majority of these observations were in northern and western Maine.  John 
Hunt (MDIFW furbearer biologist, personal communication) suggested that the southern 
observations may reflect the towns where a bounty payment was paid rather than where 
the lynx was harvested.  It is also possible that these observations represented 
dispersing lynx.   
 
More recently, we identified the current distribution of lynx in Maine based on reports of 
incidental takings of lynx (e.g., road mortalities and accidental trapping), illegal harvest, 
observations of lynx or lynx tracks by biologists or game wardens, radiotelemetry data 
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(not included in Figure 1.3 see Figure 4.2), and snow track surveys collected from 1999-
2010 (Figure 1.3b).  Although there has been an increase in observations, there has 
been little change in lynx distribution with the majority of past and current observations 
occurring within 5 northern biophysical regions (Figure 1.3). 
 
Food Habits 
Unlike other carnivores, a lynx diet is narrow, comprised almost entirely of snowshoe 
hare.  Thus lynx are considered a prey specialist and the status of lynx and snowshoe 
hare populations are closely tied (Elton and Nicholson 1942, Keith 1963, O’Donoghue et 
al. 1997, Slough and Mowat 1996).  Snowshoe hares constitute between 43-100% of 
the biomass of the Canada lynx diet (Nellis et al. 1972, Brand et al. 1976, O'Donoghue 
et al. 1998).  When snowshoe hares are abundant, lynx feed almost exclusively on 
hares (Aubry et al. 2000).  
 
Although lynx will opportunistically feed on other prey sources, the variety of prey in the 
lynx diet increases during the summer months (Saunders 1963, Parker et al. 1983, 
Mowat et al. 2000).  Alternate sources of prey include red squirrels (Tamiasciurus 
hudsonicus), northern flying squirrels (Glaucomys sabrinus), grouse species (Bonasa 
spp.), small mammals, small birds, and carrion (Brand et al. 1976, Parker et al. 1983, 
O'Donoghue et al. 1998, Aubry et al. 1999, Mowat et al. 1999).  On rare occasions, lynx 
can kill both adult and juvenile white-tailed deer (Odocoileius virginianus), mule deer 
(Odocoileius hemionus), Dall sheep (Ovis dalli), red fox (Vulpes vulpes), and caribou 
(Rangifer caribou) (Stephenson et al. 1991, Fuller 2004, Poszig 2004).  Of these food 
items, only red squirrels are a substantial alternate prey source when snowshoe hares 
are not abundant (Koehler 1990, Staples 1995, O’Donoghue et al. 1998, Aubry et al. 
1999, Apps et al. 1999).  At the southern extent of their range, lynx may exhibit a more 
generalist diet and use of habitat compared to more northerly-distributed lynx 
populations (Murray et al. 2008, Berg et al. 2012). 
 
In Maine when hares were abundant, red squirrels appear to represent a relatively small 
proportion of a lynx winter diet.  While backtracking lynx in a Maine study area, 89% of 
kills were snowshoe hare (n=25), 4% were red squirrels (n=1), and 7% were grouse 
species (n=2; MDIFW, unpublished data 1999-06). 
 
Lynx hunt by actively walking, flushing, and chasing prey and by using resting/hunting 
beds to wait for prey to come close and then give chase (Saunders 1963).  Lynx kill 
between 0.3-1.2 hares per day (Brand et al. 1976, O’Donoghue et al. 1998).  Lynx will 
cache (hide and store their prey) snowshoe hare when hare populations and hunting 
success is high, but not when prey availability is low (Nellis and Keith 1968).  During a 
12-year study (1999-2010) of lynx in northern Maine, we documented lynx caching 
hares each winter (MDIFW, unpublished data). 
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Figure 1.3.  Observations of lynx from historical records (1830-1998) compiled by Hoving (a), and observations documented by 
MDIFW staff (not including lynx telemetry observations) between 1999-2010 (b) that identified 5 northern biophysical regions 
(inset) best represents both past (a) and current (b) lynx primary range in Maine.  
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During captive and field studies, individual lynx consumed between 170 and 200 
snowshoe hares and a few small birds and mammals per year in Newfoundland 
(Saunders 1963).  Despite the large number of hares killed by an individual lynx, only 9-
26% of chases on snowshoe hare were successful (Nellis and Keith 1968, Brand et al. 
1976, Parker et al. 1983).  Parker et al. (1983) documented that hunting success was 
greater for lynx family groups primarily made up of a female with kittens but occasionally 
containing two adult animals. 
 
Population Cycles 
In the northern boreal forests of Alaska and Canada, around the start of each decade 
snowshoe hare populations reach high densities and then decline dramatically 8 to 11 
years later (Elton and Nicholson 1942, Keith 
1963, O’Donoghue et al. 1997, Slough and 
Mowat 1996).  Several hypotheses to explain 
the snowshoe hare cycle include both hare-
plant and hare-predator interactions.  The 
hare-plant hypothesis proposes that the cycle 
is driven by changes in the nutritional quality 
and quantity of vegetation in response to hare 
browsing (Pease et al. 1979, Bryant 1981, Fox 
and Bryant 1984).  However, several snowshoe hare populations have declined when 
food sources appeared to be sufficient (Keith et al. 1984, Krebs et al. 1986).  The hare-
predator hypothesis proposes that predators by themselves may be enough to drive the 
cycle (Krebs et al. 1992, O’Donoghue et al. 1997).  Keith (1974, 1990) combined these 
two hypotheses and proposed that food shortages during a population peak in winter 
increases starvation rates and reduces reproductive output initiating the downturn in the 
hare cycle, while predation is then responsible for the continued decline and depression 
in hare numbers.  Other studies have shown through experimental manipulation of food 
or predators that manipulation of just one of these factors fails to alter the numeric cycle 
in the hare population.  Manipulation of both of these factors combined, however, does 
alter the cycle suggesting that a complex interaction among hares, plants, and 
predators may drive the population cycle (Krebs et al. 1995, Hodges et al. 1999). 
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As a result of this hare population cycle, northern lynx populations also exhibit dramatic 
population fluctuations that are in delayed synchrony (1 to 2 years) with the snowshoe 
hare cycle (Elton and Nicholson 1942, Keith 1963, O’Donoghue et al. 1997).  Over the 
course of a snowshoe hare cycle, lynx numbers may fluctuate 4-fold in central Canada 
(Keith et al. 1977) and up to 17-fold in northern Canada (Slough and Mowat 1996 and 
Poole 1994).  
 
The decline or low in the lynx population is characterized by a decrease in productivity 
and kitten survival (Nellis et al. 1972, Brand and Keith 1979, Parker et al. 1983, Mowat 
et al. 1996) and an increase in mortality, emigration, and home-range size (Slough and 
Mowat 1996, Ward and Krebs 1985, Poole 1997).  In northern populations where 
harvest of lynx is permitted, mortality from trapping can be additive to natural mortality 
when lynx populations are low.  As a result when hare populations rebound, lynx 
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populations can take more time to recover to former high densities (Brand and Keith 
1979, Bailey et al. 1986, Poole 1994).  Thus, harvest regulations for lynx are modified 
when hare populations are low (Bailey et al. 1986). 
 
To date, in Maine and throughout the southern edge of their range, hare populations 
exist at lower densities than in the boreal forest and fluctuate at irregular intervals (Keith 
1990, Hodges 2000, Scott 2009).  Although these fluctuations do not follow a cyclic 
pattern, hare populations can fluctuation in synchrony across large geographic areas 
(Hodges 2000, Scott 2009).  In northern Maine, the synchrony between two hare 
populations studied 34 miles apart (Scott 2009) was likely influenced by widespread 
habitat disturbance following an insect outbreak that created a more homogenous 
landscape of high quality habitat.  In these stands, hare populations fluctuated from an 
average of 2.1 hares/2.5 acres to 1.0 hares/2.5 acres (2.5 acres = 1 ha; Table 1.1).  In 
Canada and Alaska, hare densities ranged from 3 to 9 hares/2.5 acre during population 
peaks and <1.0 hare/2.5 acres during populations lows (Wolff 1980, Poole 1994, Slough 
and Mowat 1996, Krebs et al. 2002, Hodges et al. 2002). 
 

Table 1.1. Winter snowshoe hare densities (hares/2.5 acres) in Maine based on fecal pellet plots 
(Scott 2009).

Mean SE
Average 

stand age Mean SE
Average 

stand age
Regenerating conifer clear cuts 2.11 0.32 26 1.00 0.11 29
Regenerating shelterwood/overstory removal 0.92 0.05 10 0.76 0.1 13
Regenerating mixedwood selective partial cut 0.68 0.17 11 0.47 0.1 14
Mature mixed forest (>40 years old)  0.23 0.01 39+
Mature conifer forest (>40 years old) 0.21 0.05 39+

2001-2006 2007-2009

 

Population Densities 
Several authors suggested that southern lynx populations would exist at densities 
similar to northern lynx populations when hare populations were low due to the patchy, 
transitional boreal forest found in southern lynx range (as summarized by Buskirk et al. 
2000).  In Maine, lynx abundances has fluctuated (Aldous and Mendall 1941, Hoving 
2001), and until recently lynx densities likely existed at levels similar to northern 
populations during the cyclic low.  Current lynx densities in Maine appear to be above 
historic levels and exceed densities reported for northern boreal populations at their 
cyclic low (Vashon et al. 2008a).  Within the southern range, eastern lynx population 
densities (Parker et al. 1983, Vashon et al. 2008a) at least recently were also higher 
than those in the west (Koehler 1990, Apps et al. 1999).  The more extensive and 
connected patches of spruce/fir forest often found on moist low elevation sites (e.g. 
spruce/fir flats) in the eastern U.S. likely provided higher quality habitat than spruce/fir 
forest of the western U.S.  The recent abundance of young dense stands of softwood 
following an extensive disturbance event (i.e., spruce budworm outbreak) and salvage 
cutting in Maine mimicked large disturbance patterns observed in northern boreal 
forests that provide extensive areas of high quality habitat for snowshoe hares.    
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In northwestern Maine, when hare populations exceeded 2 hares/2.5 acres in budworm 
impacted spruce/fir stands, we estimated a minimum density of 4.5 adult lynx/39mi2 
(39mi2=100 km2) on our study site in 2003 (Vashon et al. 2008b).  Based on 
unpublished demographic data from this study, we estimated a density of 5-9 kittens/39 
mi2, resulting in a total density of 9.2-13.0 lynx/39 mi2.  These densities were minimum 
estimates because it is likely that not all resident lynx were radiocollared and not all 
kittens were detected while backtracking (Vashon et al. 2008b).  A model based on 
detections of lynx predicted similar lynx densities (3.0-6.0 lynx/39 mi2) for areas with 
high probability of lynx occurrence, and in areas with lower probability of lynx 
occurrence, it predicted densities ranging between 0.4 and 2.0 lynx/39mi2 (Simons 
2009).  We are currently estimating lynx densities when hares were less abundant in 
older regenerating conifer stands (1.0 hare/2.5 acre).  Preliminary analyses suggest 
lynx densities have not changed significantly (David Mallett, University of Maine, 
personal communication). 
 
Habitat Use 
The most important factor determining habitat quality for Canada lynx is the abundance 
of snowshoe hare (as summarized by Aubry et al. 2000).  Therefore, habitat that is ideal 
for snowshoe hare is also very important to Canada lynx.  Throughout their range, 
snowshoe hares are highly associated with dense forest understories (Adams 1959, 
Brocke 1975, Wolff 1980, Wolfe et al. 1982, Litvaitis et al. 1985, Homyack et al. 2007) 
and appear to select dense understory habitats first for cover and second for food 
(Hodges 2000).  Hares seek this dense understory for protection from predators, 
precipitation, and temperature extremes.  Winter is the period of greatest stress for 
hares, thus dense cover takes on a greater importance during this time of year 
(Whittaker and Thomas 1983, Hodges 2000).  In Maine, the forest stands that provide 
dense cover and are preferred by both snowshoe hare and lynx are regenerating 
sapling (15-35 years old) spruce-fir forest (Fuller et al. 2007, Vashon et al. 2008b).  
During a period (1999-2006) when hares exceeded 2 hares/2.5 acres in regenerating 
conifer sapling clearcuts, we studied lynx on a 400km2 (156 mi2) area in northern Maine 
where 25% of the forest was regenerating conifer sapling clearcuts and 42% of the 
forest supported >1 hare/2.5 acres (See Figure 2 in Vashon et al. 2008b).  
 
At all spatial scales examined, both male and female lynx showed a strong preference 
for conifer and mixed conifer sapling forest (Fuller et al. 2007, Vashon et al. 2008b) that 
contained the highest winter snowshoe hare densities on our study area (Vashon et al 
2008b).  Although hare densities were greatest in 
areas with greater than 2,800 conifer stems (<3” 
DBH) per acre (7,000 conifer stems/ha; Fuller et 
al. 2004, Homyack et al. 2004, Robinson 2006), 
lynx avoided the densest stands (>5,600 conifer 
stems/acre or 14,000 conifer stems/ha; Fuller et 
al. 2007) that would be considered optimum for 
snowshoe hare (Litvaitis et al. 1985).  Lynx 
encountered a similar number of hares in both 
moderately (2,800-4,450 stems/acre or 7,000-

Regenerating conifer clearcuts provide ideal 
foraging habitat for Canada lynx in Maine. 
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11,000 stems/ha) and densely stocked stands (>5,600 stems/acre) when hare numbers 
were relatively high, but were more successful hunting hares in less dense stands of 
young conifer (<5,000 stems/acre; Fuller et al. 2007).  Habitat observations during 
telemetry flights of radiocollared lynx also showed a preference for moderately to 
densely stocked (>50% canopy closure) regenerating conifer or mixed conifer stands (5-
25 ft tall or 1.5m to 7.5m; Vashon et al. 2005).  Although most (94%) lynx locations 
occurred within a single habitat type, most of these (84%) were within 300 ft (90 m) of a 
different habitat type or feature, suggesting that edge habitats may be important to lynx 
(Vashon et al. 2005). 
 
Adult female lynx need adequate habitat to give birth and raise their kittens.  In Maine, 
forested stands with dense understories of conifer or deciduous trees or an abundance 
of fallen trees were used for denning (Organ et al. 2008).  Den sites were often located 
on the edge of two stands of different ages or in dense regenerating conifer stands.  
These stands provide both optimal cover for kittens and access to prey.  Older stands 
were more vulnerable to wind damage and provided down trees or root systems as 
cover.  The increased number of fallen trees also opened the canopy to allow for 
woody-stem growth and resulted in dense cover to provide additional protection to 
kittens.  Younger stands had high stem densities that are favored by snowshoe hare, 
and consequently, provide food for denning females.  The close proximity of the two 
stand types enables the female to locate her den near a prey source, thus minimizing 
the time the female spends away from her kittens.  In Maine, denning habitats do not 
appear to be a limiting resource (Organ et al. 2008).  
 

         
 
 
 

 

Lynx used dense thickets (left) and depressions under downed logs or root 
systems (right) as “den sites” for giving birth to and raising their kittens.  

Home Range 
In an area where >40% of the forested habitat supported >1.0 hare/2.5 acres, lynx 
home ranges were small averaging 21 mi2 (54 km2) for males and 10 mi2 (26 km2) for 
females.  Winter home ranges of males were only slightly smaller than summer ranges 
(17 mi2 vs. 23 mi2; 44 km2 vs. 60 km2).  Conversely, female winter ranges were nearly 3 
times larger than their summer ranges (15 mi2 vs. 5 mi2; 39 km2 vs. 13 km2).  Although 
females were with kittens during both periods, the kittens were smaller and less mobile 
during the summer, which likely explains the smaller home-range size during this period 
(Vashon et al. 2008a).   
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Lynx, like many solitary carnivores, are less territorial when food is abundant.  In Maine, 
each male shared a small portion (average 11%) of their range with at least 1 other 
male lynx.  Female lynx had a lower tolerance for other female lynx, with only a few 
females (20%) sharing a portion of their range, and the amount of overlap was small 
(17%).  However, every male shared a portion of his range with at one to three females, 
and every female shared most of her range with a male (Figure 2 in Vashon et al. 
2008a). 
 
In the northern boreal forest, lynx home-range size increases when hares decline below 
1 hare/ha (Brand et al. 1976, Ward and Krebs 1985, Slough and Mowat 1996, Mowat et 
al. 2000), suggesting that hare densities above this level are needed to support lynx.  In 
Maine when hares were abundant, male and female lynx home ranges were 2.5 and 2 
times smaller, respectively, than the mean home-range size (58 mi2 and 28 mi2) 
reported for other southern lynx populations and were comparable to northern lynx 
populations (24 mi2 and 12 mi2) at the height of their population cycle (as summarized 
by Aubry et al. 2000).  In the western United States, dense regenerating coniferous 
habitats that support high hare densities are more patchily distributed than in the east 
based on differences in topography, climatic conditions, soils, disturbance regimes, and 
forest successional pathways (Buskirk et al. 2000).  Northern Maine’s forests and 
perhaps other southeastern Canadian forests (Parker et al. 1983) likely provide more 
contiguous snowshoe hare habitat than the western U.S., and as a result lynx spatial 
use is more similar to northern lynx populations when hares are abundant (>1 hare/ha 
or 0.4 hare/acre).   
 
Reproduction and Reproductive Behavior 
Canada lynx breed in March, and kittens are born 60-70 days later in mid- to late-May.  
Female lynx can reproduce as yearlings, but usually only a small percentage of 
yearlings give birth to kittens, even when snowshoe hares are abundant (Mowat et al. 
2000).  Lynx select den sites in areas that have a large amount of horizontal structure 
and high visual obscurity (see Habitat Requirements).  Without the presence of kittens, 
the actual den site is often not distinguishable from its natural surroundings.  There is no 
excavation or alteration of the den site or the immediate surroundings.  Lynx kittens may 
be located under a downed log, tip-up root system, or simple ground depression 
surrounded by dense vegetation or downed woody debris (MDIFW, unpublished data).  
The den is kept extremely clean with no feces or prey remains present at the site.  At 8-
10 weeks of age the kittens and the adult female begin to make larger movements away 
from the den site.  Kittens remain with the adult female through the following winter 
before setting out on their own sometime in April/May prior to the adult female giving 
birth to a new litter. 
 
Although kittens are typically born in May, during MDIFW’s study in northwestern Maine, 
one female gave birth to a kitten in August.  Radio-tracking in May and early June 
indicated that she had localized her activity to give birth.  By mid-June before we could 
confirm the presence of kittens, she abandoned this area.  We suspect the loss of her 
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litter shortly after parturition induced ovulation and her receptivity to breeding again.  To 
our knowledge, this is the first evidence of lynx producing two litters in one year. 
 
In the boreal forest, litters generally average 4 kittens during cyclic highs for hares and 
decline to 1.0 to no kittens during hare lows (Poole 1994, Slough and Mowat 1996).  In 
the Yukon, litters as large as 8 kittens were observed (Mowat and Slough 1998).  In 
northwestern Maine when hares densities exceeded 2 hares/2.5 acres in regenerating 
clearcuts 18-35 years post-harvest (Scott 2009), most adult female lynx produced litters, 
and although litters averaged 3 kittens, litters of 4 or 5 kittens were also common 
(Vashon et al. 2005).  Despite estimated hare densities of approximately 2 hares/2.5 
acres, lynx productivity declined to 14% in 2006 (Table 1.2).  From 2007-2009, hare 
densities declined to about 1 hare/2.5 acres within regenerating conifer clearcuts and 
remained at relatively low densities of <1 hare/2.5 acres from 2009-2011 (Harrison et al. 
in press). Correspondingly, only 2 of 15 female lynx (13%) were observed with kittens 
from 2007-2009. Despite that estimated hare densities remained below hares/2.5 acres 
in regenerating clearcuts during the winter of 2010 (Harrison et al. in press), all five 
adult female lynx that we were monitoring produced a litter of 2 to 3 healthy kittens 
(Table 1.2; MDIFW, unpublished data).   

Table 1.2. Lynx mortality (>1 years old) and productivity (litters/adult female) in a 
northern Maine study area and associated hare densities in regenerating conifer 
sapling clearcuts(CC), and shelterwood/overstory removals (SHW/OR). 

Yeara Totalb Dead Mortalityc
Adult 

Females
Females 

with kittens

CCd 

Hares/  
2.5 acres

SHW/ORd 

Hares/   
2.5 acres

1999-00e 6 3 50% 1 100%
2000-01 16 5 31% 3 100%
2001-02 19 2 11% 4 100% 2.22
2002-03 19 4 21% 9 100% 1.80
2003-04 24 5 21% 7 86% 1.85
2004-05 23 5 22% 9 78% 1.79
2005-06 33 4 12% 5 80% 2.29 0.87
2006-07 31 13 42% 7 14% 1.92 0.97
2007-08 18 1 6% 7 29% 1.19 0.65
2008-09 26 8 31% 4 0% 0.99 0.66
2009-10 25 9 36% 4 0% 0.80 0.64
2010-11e 7 2 29% 5 100% 0.75 0.96
2011-12e 1 n/a 1 100% 0.91 1.31
a Year is defined by birth pulse(i.e., May 1, 1999 to May 1, 2000).
b Total = number of lynx monitored (start of the year + new captures).
c Mortality of radiocollared lynx >1 year old  is the inverse of Kaplain-Meier survival rates.
d Hare density (Scott 2009) and preliminary data (S. Olson, University of Maine). 
e Sample size low (start or end of study (i.e., removing collars))  
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Throughout the southern edge of lynx range, lynx reproductive rates approached those 
of boreal lynx populations when hares were abundant.  Similarly when hares 
populations were low, fewer lynx produced litters (Table 1.3).  Studies in Montana and 
Colorado also observed fewer litters during the same period as Maine (John Squires, 
Rocky Mountain Research Station, personal communication; Shenk et al. 2008), 
suggesting some population synchrony across the southern range.  
 

are similar to northern lynx populations.
Table 1.3. Lynx reproductive rates at the southern edge of their range when hares are abundant are 

Average
litter size

Maine 1999-05 34 2.74 38 89% Vashon et al. 2005
Minnesota 2004-07 10 3.3 10 100% Moen et al.  2008
Montanna 1999-06 57 2.3 & 3.2 Squires et al. 2008
Washington 1986-87 2 2.25 2 100% Koehler 1990
Nova Scotia 1977-80 25 3.6 37 68% Parker et al. 1983
Canada >4.0 Vashon et al. 2005

Maine 2006-10 8 2.25 27 30% MDIFW unpub. data
Washington 1980-83 0 n/a 12 0% Brittell et al. 1989
Colorado a 2003-08 38 3.05 187 20% Shenk et al. 2008

Hares Abundant

Hares less abundant

a Lynx were reintroduced in 1999 and litters were not produced until 2003

Location Period # Litters Potential Litters Productivity Citation

 
 
Mortality 
Lynx have been documented to live as long as 15 years (Nava 1970); in Maine, to date 
one female and one male lynx lived 10 and 13 years, respectively (MDIFW, unpublished 
data).  In Canada, when hares were abundant, lynx mortality rates were similar among 
1 trapped (O’Donoghue et al. 2001) and 2 untrapped (i.e., trapping season closed for 
lynx, but furbearer trapping seasons remained open) lynx populations (Poole 1994, 
Slough and Mowat 1996).  However when hares were scarce, a trapped lynx population 
in southwest Yukon experienced higher mortality rates (O’Donoghue et al. 2001).  
Where trapping seasons for lynx were closed, lynx had annual mortality rates of 8-11% 
and 0-22% during hare population peaks and 63%-75% and 0-60% during hare lows 
(Poole 1994, Slough and Mowat 1996).  Adult mortality rates for southern untrapped 
lynx populations were similar to mortality rates for northern lynx populations at high hare 
densities (i.e., 0-22% mortality).  In Maine, when hares were abundant (>2/2.5 acres), 
on average 20% of radiocollared lynx (>1 year old) died each year.  Between 2007 and 
2010 when hares were scarcer (~1/2.5 acres), annual mortality rates averaged 29% and 
ranged from 6 to 42% (Table 1.2).  Moen et al. (2008) and Squires and Laurion (2000) 
reported similar lynx mortality rates in Minnesota (13-25%) and Montana (33%). 
 
Like elsewhere (Koehler 1990, Poole 1994, Slough and Mowat 1996, Squires and 
Laurion 2000, O’Donoghue et al. 2001), the primary sources of mortality for lynx in 
Maine were starvation and predation, accounting for nearly 68% of lynx deaths (MDIFW 
unpublished data; Table 1.4).  Some starvation losses were likely associated with 
infestations of lungworm that may compromise respiration and the ability of lynx to 
chase and catch their prey (Dr. Jim Weber, University of Maine-pathologist, personal 
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communication; see Disease section).  Although Maine’s carnivore community is 
diverse, it lacks the large carnivores of the west (wolves [Canis lupus], cougar [Felis 
concolor], and wolverine [Gulo gulo]) that have been observed to prey on lynx (Koehler 
1990, Poole 1994, Slough and Mowat 1996, Squires and Laurion 2000, O’Donoghue et 
al. 2001).  In Maine, 14 of 18 lynx that died from predation were killed by fisher (Martes 
pennanti) based on presence and location of pre-mortem puncture wounds found during 
necropsy and observations of fisher tracks, scat, caching behavior at the kill site.  We 
weren’t able to identify the predator for the other 4 predation losses, but we suspect one 
may have been killed by a coyote.  We also suspect 9 other lynx were killed by fisher 
based on observations of fisher tracks and/or scat, caching behavior, and/or obvious kill 
site when we investigated the mortality, but were unable to confirm premortem puncture 
wounds because the carcass had been partially or completely consumed (McLellan et 
al. in prep).  Despite the abundance of coyotes (Canis latrans) in northern Maine, 
coyotes do not appear to be an important source of mortality for lynx.  Similarly, we 
have not documented lynx killing other lynx. 
 

Table 1.4. Summary of lynx mortalities between 
1999 and 2010 on a northern Maine study area.
Cause of deatha No. of lynx
Predation 18
Suspected Predation 9
Starvation 17
Unknown 8
Legal Harvest in Canada 7
Illegal Harvest in Maine 3
Vehicles 2
Disease 1
a Determined by investigating the deaths of tagged lynx.

 
 
Unlike other southern lynx populations (Moen et al. 2008, Shenk 2008), although 7 lynx 
were incidentally harvested in legal snares set for coyotes in Canada, human related 
causes of mortality in Maine were low (8%; MDIFW, unpublished data).  Lynx have 
been fully protected from harvest in Maine since 1967, and the use of neck snares for 
coyote animal damage efforts in Maine has been illegal since 2003.  However, hunting 
and trapping seasons remain open for bobcats and other furbearers (coyote, fox, 
marten, and fisher), and lynx are occasional caught in traps or shot by hunters.  
Because significant bobcat populations are in areas with few lynx (central, eastern and 
western Maine), the possibility of accidental shooting by bobcat hunters is lower.  
However, coyote, fox, marten, and fisher are common in northern Maine and trapping 
seasons are open for these species.   Since 2000, 5 of 58 lynx caught in traps died as a 
direct result of accidental capture.  These deaths occurred in “killer type” traps and not 
foot-hold traps.  During the same period, 5 lynx were shot illegally, including one lynx 
shot by a hunter while in a trap (MDIFW, unpublished data; Table 2.3 in Management 
Section). 
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Although 27 lynx are known to have died when struck by vehicles (2 lynx/yr) in Maine 
between 2000 and 2011, only 1 radiocollared lynx was killed by a vehicle.  A similar 
number of lynx were killed on unimproved logging roads with low traffic volumes and on 
paved roadways with higher traffic volumes and speeds (e.g., I-95, Routes 1, 2, 11, and 
161).  Although we have not yet determined the ages of all lynx struck and killed by 
vehicles, to date 5 were yearlings and 3 were 2 year-olds (MDIFW, unpublished data).  
 
Kitten Survival 
Lynx kittens remain with their mother for nearly a year (May to March).  At the onset of 
the breeding season in March, the number of kittens observed traveling with their 
mother decreases indicating at least the temporary break-up of family groups (Saunders 
1963, Brand et al. 1976, Parker et al. 1983, Poole 1995, Mowat et al. 1996). 
 
Kitten survival rates observed in Maine were within the range reported for northern lynx 
populations, where most kittens survive their first year (Vashon et al. 2005).  In the 
Northwest Territories and Yukon, between 50-90% and 66-83% of kittens survived their 
first year (Poole 1994, Mowat et al. 1996).  Regardless of hare abundance on our 
northern Maine study area, nearly 80% of the kittens observed at the den were still 
traveling with their mother the following January and February (MDIFW, unpublished 
data; Table 1.5). 
 

 
 
Dispersal and Long Distance Movements 
Both juvenile and adult lynx can travel great distances, especially when prey 
populations are low (Ward and Krebs 1985, Slough and Mowat 1996, Poole 1997).  In 
Montana, Brainerd et al. (1985) recorded a 616-km (383 mi) movement by an adult 
male.  In the Yukon Territory, 17 lynx traveled distances of more than 100 km (62 mi), 
11 traveled over 500 km (311 mi), and 2 traveled over 1,000 km (621 mi) (Slough and 

Table 1.5.  Proportion of adult females traveling with at least one kitten in January and February and number 
of kittens that survived until at least February in northern Maine between 1999 and 2009.

Year # litters # kittens No. a No. with kits Percent with kits Availableb Observed c Survival
100% 1999-00 1 2 1 1 100% 2 2 

2000-01 3 7 2 1 50% 5 2 40% 
2001-02 4 6 3 3 100% 5 5 100% 
2002-03 9 24 6 6 100% 17 14 82% 
2003-04 6 26 6 6 100% 26 18 69% 
2004-05 7 21 5 5 100% 13 11 85% 
2005-06 4 8 4 4 100% 8 7 88% 
2006-07 1 2 1 1 100% 2 2 100% 
2007-08 2 4 2 2 100% 4 3 75% 
2008-09 0 0 -- -- -- -- -- -- -- 
2009-10 0 0 -- -- -- -- -- -- -- 
2010-11 5 12 5 5 100% 12 11 92% 
1 99-2011 9 29 97% 82 64 78% 
a  Number of adult females alive in January and February
b Number of kittens observed and marked at den site minus kittens whose mother died
c Number of kittens observed traveling with their mother during telemetry flights and/or backtracking surveys 

  Kittens 
January and February

42 112 30 

Adult Females
June
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Mowat 1996).  In Northwest Territories, 37 of 60 radiocollared lynx dispersed.  Yearlings 
and kittens made up the largest number of dispersing individuals, and both male and 
female lynx dispersed.  During two winters following the decline in snowshoe hare 
numbers, adult dispersal was observed (Poole 1997).  
 
In Maine between 1999 and 2010, at least 10 lynx (8M, 2F) dispersed into Canada, and 
3 lynx made long distance movements within Maine that include a trip to Monroe and 
Palmyra (Figure 1.4).  Most of these animals (80%) were adults that had established 
home ranges in Maine including an adult female that gave birth to 2 litters in Maine 
before moving to Canada.  We lost radio contact with one lynx in Canada, and a lynx 
marked with ear tags as a kitten was struck by a vehicle in Quebec as a subadult.  In 
addition, 8 lynx equipped with eartags or radiocollars in Maine were later incidentally 
captured and killed in neck snares set for coyotes in New Brunswick and Quebec.  
Straight-line distances from the study area and furthest relocation for these lynx ranged 
from 30 mi (49 km) to 249 mi (400 km; Figure 1.4). 
 

 
Figure 1.4.  Movements of radiocollared lynx from the Maine study area.  The 
longest straight-line movement was 249 miles (400 km; MDIFW, unpublished data). 

 
Social Interactions 
Male lynx are generally solitary animals except during the breeding season in early 
spring when a male will pair up with a female.  Groups of lynx usually consist of a 
female and her kittens, although pairs of adults have been observed (MDIFW, 
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unpublished data).  Kittens remain with their mother for 10-11 months before 
separating.  Hunting success increases with group size (Parker et al. 1983), and 
observations have suggested that family groups will hunt for prey cooperatively (Barash 
1970; Parker et al. 1983; Jack McPhee, MDIFW telemetry pilot, personal 
communication).  Male lynx appear to be tolerant of kittens during the breeding season.  
In Maine and southwest Yukon, an adult male has been observed with a female and her 
kittens in late spring (Jack McPhee, MDIFW telemetry pilot, personal communication; 
Mowat and Slough 1996).  Although infanticide, where males kill unrelated or 
presumably unrelated juveniles, has been documented in some felids most notably 
African lions (Panthera leo), it is rare for lynx and bobcat (Anderson and Lovallo 2003). 
 
Mowat and Slough (1996) suggest that female offspring will often remain in or near their 
mother’s home range and interact occasionally with their mother up to several years 
after their initial separation.  Although Poole (1995) did not know the genetic relationship 
of lynx in his study, he suggested females that shared their ranges were likely related.  
In Maine, we have not yet investigated the genetic relationship of lynx that shared their 
home ranges, but our observations also suggest greater tolerance among related 
individuals.  During an aerial telemetry flight, we observed an adult female and her 
kittens in close proximity to 2 subadult lynx that we suspected were her kittens from the 
previous year (Jack McPhee, MDIFW telemetry pilot, personal communication). 
Interestingly, one of the subadults was a male.   
 
Poole (1995) speculated that lynx maintain separate home ranges by passive scent-
marking and not by direct, aggressive interactions.  Lynx also communicate aggression 
with a low warning growl.  In the Yukon, few fighting injuries were observed on a large 
sample of lynx captured (Mowat and Slough 1996), and in Maine, home range fidelity, 
lack of fighting injuries on study animals, and observations of scent-marking while 
backtracking lynx (MDIFW, unpublished data) provide further support of this hypothesis 
of passive territoriality.  In addition to aggressive warning growls, vocalizations between 
male and female lynx during the mating period include a long wailing call, and family 
groups locate each other with a series of short barks.  In Maine, we have heard all three 
calls with the only notable difference being that we have also heard adult males use the 
short bark during the mating period (MDIFW, unpublished data). 
 
Disease 
Disease in wild populations of Canada lynx has not been extensively studied.  There are 
no known incidences of rabies virus in Canada lynx; however, a small number of bobcat 
cases have been documented.  From 1960 to 2000, bobcats accounted for only 488 of 
185,014 (<1%) documented rabies cases (Krebs et al. 2003).  Although there is 
potential for lynx to be infected with the rabies virus, it is probably extremely rare.  
Another study collected 215 lynx samples from six areas in western North America 
(Montana-Alaska) and tested whether lynx were exposed to pathogens that included 
feline parvovirus (FPV), feline caronavirus, canine distemper virus, feline calicivirus, and 
feline herpesvirus (Biek et al. 2002).  Exposure to FPV was detected in all areas 
sampled.  Evidence for exposure to each of the other pathogens was found in at least 
one area, but no pathogen, including FPV, exceeded 8% of the total samples tested.  A 
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subset of samples was also tested for feline immunodeficiency virus, but all samples 
tested negative.  The authors concluded that viral exposure to free-ranging wild lynx 
populations is relatively rare.  Conversely, parasites in lynx may be more common.  In 
Maine, we have documented lungworms (Troglostongylus wilsoni) in emaciated 
radiocollared lynx that died of presumed starvation (Jim Webber, personal 
communication, University of Maine; MDIFW unpublished data). 
 
Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956, Van Zyll de Jong 1966, Kumar 1974, and Reichard 2004).  Snails and 
slugs pick up the eggs of T. wilsoni from infected feces.  The eggs lie dormant in the 
muscle of small mammals and birds that come in contact with infected snails and slugs.  
Lynx become infected when they consume infected prey.  The eggs develop into larvae 
in the intestine of lynx and then enter the bloodstream and travel to the lungs.  In the 
lung, the larvae mature into adult worms and reproduce.  When infestations are high, 
the lynx will cough and swallow the eggs, the eggs are excreted, and the cycle is 
completed (McGuire 2009).  In heavily infected animals, the worms infect the airway 
causing edema of the lung (Kumar 1974).  Lynx with heavy infestations have difficulty 
breathing, which likely reduces their ability to capture prey, and thus succumb to 
starvation (Jim Webber, University of Maine, personal communication).  Although lynx in 
Maine have died from lungworm infestations, we do not know how prevalent infestations 
are or what the dynamics of this disease event are (MDIFW, unpublished data). 
 
Studies have also tested lynx exposure to parasites that include Trichinella nativa and 
Toxoplasma gondii. T. nativa is a common parasite (species of roundworm [Nematoda]) 
that infects carnivores and omnivores, including humans, and causes Trichinosis.  
These parasites are spread through the consumption of infected meat.  Twenty-one 
percent of 1,065 lynx samples collected in Alaska from 1989-1993 contained T. nativa, 
and prevalence increased with the age of the lynx from 4% for kittens to 59% for adult 
lynx >5 yr in age (Zarnke et al. 1995).  Overall prevalence of T. nativa did not differ 
among male and female lynx.  T. nativa is rare in snowshoe hares, and the authors 
hypothesize that prevalence of this parasite would be higher during hare lows when lynx 
are more dependent on alternate prey sources.   
 
Toxoplasma gondii is a protozoan parasite for which felids are the only known primary 
host species.  A multitude of species, including humans, are known to act as secondary 
host.  It can spread to lynx by ingestion of food or water contaminated with feces or by 
direct ingestion of infected tissues.  Overall antibody prevalence of T. gondii in 255 lynx 
carcasses collected in interior Alaska was only 14% (Zarnke et al. 2001).  In contrast, 
antibody prevalence in 131 samples of bobcats in Pennsylvania collected from 2000-
2002 was 83% (Mucker et al. 2006).  Zarnke et al. (2001) hypothesized that the 
relatively low incidence of this parasite in lynx can be explained by the low exposure 
potential of lynx populations to domesticated felids. 
 
Limiting Factors 
For wildlife populations to sustain themselves, new animals are needed to replace 
animals that die.  Alternatively, populations can increase when the number of new 
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animals entering the population exceeds mortality.  Thus, conditions need to be 
adequate for juvenile animals to survive to adulthood (i.e., recruitment) and to support 
new animals moving in (i.e., immigration).  We considered the following factors that may 
limit lynx populations in Maine: hunting and trapping, vehicle collisions, predation, 
disease (i.e., lungworm), prey abundance, competition for available prey, climate, and 
habitat.   
 
Although hunting and trapping can limit wild populations, the USFWS concluded that the 
comparatively low numbers of lynx in the contiguous United States was not a result of 
overtrapping or hunting in the past, but occurred because lynx and their prey are 
naturally limited by marginal habitat, topography, and climate (USFWS 2000).  More 
recently, lynx have been protected from hunting and trapping across their range.  
Despite the closure of trapping and hunting of lynx in Maine, some argue that accidental 
catches or shooting of lynx by trappers and hunters limits Maine’s lynx, especially when 
their numbers are low.  In 2009, a Federal Judge concluded that the incidental take of 
lynx by trappers in Maine is not limiting Maine’s lynx population as evident by the ability 
of lynx to persist and even increase in the continued presence of trapping seasons for 
other common furbearers (Animal Welfare Institute v Martin 2009).  A population model 
based on lynx population demographic data collected in Maine supports the Federal 
Court’s ruling and shows a positive population growth rate even if 5 lynx accidentally 
caught in traps died each fall (Appendix VI), which currently exceeds our reported 
mortality level from trapping (see Table 2.3).  
 
Although starvation, caused by lungworm infestations, and predation were the leading 
causes of mortality in a study of lynx in Maine’s core lynx range (MDIFW, unpublished 
data), these losses did not appear to be limiting the population enough to prevent 
population growth.  Even during the few years when lynx were not producing young in 
our study area, our ability to capture and monitor new animals suggested that 
recruitment/immigration may have offset these losses.  Initial population models 
(Vortex) based on vital rates (recruitment exceeded mortality) from northern Maine 
show a stable to increasing population (Appendix VI).  However, competition from fisher 
and other predators may limit lynx colonization of areas at the periphery of their range, 
where fisher densities are higher.  
 
Most of Maine’s lynx range is bisected by numerous unimproved and improved dirt 
roads for extracting wood.  Between 2000 and 2011, at least fifteen lynx were struck on 
these roads (1 to 2 lynx/year) including a radiocollared lynx.  At least another 11 lynx 
were stuck by vehicles on high-speed paved roads at the eastern and southern extent 
of lynx range in Maine, and an eartagged lynx from Maine was struck by a vehicle in 
Canada.  Although roads do not appear to limit the core lynx population in Maine, high 
speed/traffic roads may limit lynx ability to colonize new areas.  Future construction or 
improvements to existing roads that increase traffic volumes and speed (i.e., paved and 
maintained roads) in lynx range could result in increased vehicle collisions with lynx.   
 
It has been hypothesized that roads and snowmobile trails may allow other predators 
(e.g., bobcats, coyotes, fisher) to increase in abundance or colonize areas where deep 
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snows would otherwise inhibit their movement.  Increased predator populations could 
increase lynx mortality rates by reducing prey numbers or by displacing or killing lynx 
(Buskirk et al. 2000).  However, Kolbe et al. (2010) found that compacted snowmobile 
trails in Montana did not facilitate coyote movements, and snowshoe hares did not 
provide a large proportion of the coyotes’ winter diet.  In Maine’s lynx range, most roads 
are not plowed in the winter, and snowmobile trails are more common near and 
between human settlements at the edge of lynx range.  Thus, logging roads and 
snowmobile trails have likely not substantially increased the risk of mortality of lynx.  
However, the recent abundance of snowshoe hare in northern Maine has likely 
contributed to an abundance of marten, fisher, coyotes, hawks, and owls that compete 
with lynx for snowshoe hare.  In addition, fishers appear to be an important source of 
mortality of adult lynx (Vashon et al. 2005, McLellan et al. in prep) based on telemetry 
studies in the core of lynx range (Tables 1.2, 1.4).  We do not know the influence of 
increased predator populations on prey (Scott 2009) or lynx abundance in Maine.  
 
Although the southern distribution of lynx in Maine is likely limited by snow depth and 
competition with more abundant carnivores (Hoving 2001 and Robinson 2006), the 
availability of snowshoe hare may be the factor that most likely limits lynx population 
growth.  Both the ability of female lynx to successfully breed, produce, and raise their 
young, and dispersing lynx to find adequate areas to settle is determined by prey 
abundance.  Recent studies of snowshoe hare in Maine’s regenerating clearcuts (1.0 to 
2.0 hares/ha) suggest snowshoe hares are at or above the implied densities (i.e., 0.5-
1.0 hares/ha) needed to support lynx (Steury and Murray 2004).  Since the landscape 
includes stands that support a variety of hare densities, landscape hare densities 
needed to support lynx would be lower than observed within the best stands (i.e. 
regenerating clear cuts).  A recent habitat model for Maine suggest landscape hare 
densities (i.e. all forest stands) of 0.7 hares/ha is sufficient for lynx in Maine (Simons 
2009).  Predation, weather, and disease also influence landscape and stand level hare 
densities in Maine.  Thus, a better understanding of the relationship between snowshoe 
hare abundance, forest stand age, forest composition, alternate prey (red squirrel, 
grouse, and small mammals), and extrinsic factors is needed to adequately assess 
future numbers of lynx in northern Maine forests (Murray et al. 2008).  
 
Since snowshoe hare habitat is ephemeral, hare densities are expected to decline as 
regenerating spruce/fir sapling clearcuts mature.  Over the last decade, we have been 
monitoring snowshoe hares in the same stands in Maine to determine when habitat 
conditions in budworm impacted stands no longer support adequate hare densities for 
lynx (Scott 2009).  Starting in 2006, hare densities began declining but remained around 
1.0 hare/ha.  Forestry models suggested that these stands had not reached the self-
thinning stage.  Thus, the recent decline in hares was not influenced by age of 
regenerating stands (Scott 2009).  Preliminary data from snowshoe hare monitoring in 
2011 suggest hare densities have stabilized in older (23-38 year old) regenerating 
conifer clearcuts (Harrison et al. 2012). 
 
Lynx at the southern edge of their range are part of a larger lynx population centered in 
Canada.  Immigration of lynx from these areas may be needed to maintain lynx in 
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southern areas where habitat and climatic conditions are less favorable.  Although lynx 
are able to travel great distances, they are more susceptible to mortality when moving 
through less suitable areas.  Thus, maintaining connected forested patches between 
source lynx populations may be needed to maintain lynx in Maine (Buskirk et al. 2000, 
Carroll 2005, Hoving et al. 2005).  Travel corridors for lynx between Maine and Vermont 
appear to be sufficient, and human development does not currently pose a threat to lynx 
movements in the northeastern United States (Farrell 2012).  However, the effect of a 
warmer climate on maintaining sufficient travel between populations of lynx is not clear. 
 
Maine’s lynx population is likely most limited by availability of prey and adequate snow 
depth.  Climate change, forest disease, and forest management activities (influenced by 
forest ownership and wood markets) will likely have the greatest influence on lynx 
persistence in Maine.  Maine’s spruce and fir stands can regenerate easily and quickly 
following disease outbreaks and forest harvest, but often additional forest management 
activities to improve merchantable softwood volumes are desired.  The principle 
methods employed in Maine are early herbicide application to reduce competition from 
fast growing hardwoods and shrubs and precommercial thinning to reduce crowding of 
regenerating softwoods stems (Olsen et al. 2012).  If these activities maintain adequate 
conifer stem densities to provide adequate cover and browse for snowshoe hares, 
forest management can be beneficial to lynx by creating connected patches of mid-
successional (saplings) spruce and fir.  Conversely, forest management activities in 
spruce/fir stands that promote hardwood dominated mixed stands, shorten the cutting 
rotation period of spruce and fir (and hence the length of time the stand will be suitable 
for snowshoe hare), removes sapling spruce/fir trees, or fragments lynx habitat could be 
detrimental to lynx.  Maintaining sufficient forage, travel, and denning habitat for lynx in 
northern and western Maine’s spruce/fir forests and connectivity to source populations 
in Canada is essential to the persistence of lynx in Maine, especially if climate warms. 
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MANAGEMENT 
 
Bounties 
European settlers viewed lynx as vermin, and like many predators, lynx were subject to 
year-round open hunting and trapping that included a bounty to protect game species, 
principally deer, hares, and upland game birds from predation.  Although early writings 
distinguished lynx from bobcats (Hoving 2001), bounty records did not distinguish the 
two (Hunt 1974).  In Maine, the first bounty on wildcats was paid in 1832, and 210 
wildcats were presented for bounty (Table 2.1).  To claim a lynx or bobcat for bounty, 
the claimant was responsible for presenting the ears, nose, and tail of the wildcat to the 
warden in the district where the animal was killed.  The claimant’s and warden’s 
signature, date, time, and location of kill were required on the certificate (Figure 2.1) that 
the warden mailed along with the tail to the Commissioner of Inland Fisheries and 
Game. 
 

Figure 2.1.  Facsimile of a Maine bounty form to receive payment for the harvest 
of a wildcat.  A claimant was required to complete a bounty certificate.  However, 
the number of lynx bountied between 1832 and 1967 can not be determined from 
other wildcats.  

To the Commissioner of Inland Fisheries and Game: 
 
I hereby certify that on the____day of_________ A. D., 19_____at_______________ in the state of 
Maine.  I killed the bobcat, loupcervier, or Canada lynx, the skin of which I now exhibit to you, and I 
claim the bounty allowed by law for killing the same. 
    
Dated at  __________ this__________ day of______________ A.D.,19 _____ 
 

   ___________________________Claimant. 
 
 It is believed that the cat was killed at the time and place stated  herein.  
        This ___________day of_____________ A.D.,19 _____  
 
 _______________________________________ Game Warden 

 
During the 1960s, attitudes towards many predators began to shift, and bounties on 
several species were lifted.  Because lynx were uncommon in Maine, not only was the 
bounty removed, but trapping and hunting seasons were also closed (Department of 
Inland Fisheries and Game, 1967-68 Revision; Table 2.2).   
 
State Management and Monitoring Efforts 
In 1936 and again in 1939, the newly formed Maine Cooperative Wildlife Research Unit 
surveyed Maine Game Wardens to determine the status of Maine’s big game and 
furbearing animals.  Wardens reported lynx as rare in most districts and absent along 
the coast (Figure 2.2; Aldous and Mendall 1941).  In 1977, while preparing a 
management plan for lynx, the Department surveyed game wardens again to document 
where and how common lynx were between 1950-1960 and 1960-1970.  However, 
many Game Wardens had retired, and the survey was incomplete (MDIFW 1977).  This 
management plan was initiated at the same time that the construction of  
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Table 2.1.  Records of the wildcat bounty in Maine did not separate lynx from bobcat.  Between 
1832 and 1967, the number of wildcats (lynx and bobcats) presented for bounty ranged from 61 
to 1,857 with bounty payments ranging from 1.00 to 20.00 dollars. 

Year 
No. Wildcat (lynx and 

bobcats)   Bounty/cat Annual Bounty Payment 
1832 210 $1.00 $210.00 
1833 280 $1.00 $280.00 
1834 101 $1.00 $101.00 

1835-1908 not available1 $2.00 not available 
1909 61 $2.00 $122.00 
1910 478 $2.00 $956.00 
1911 529 $2.00 $1,058.00 
1912 404 $2.00 $808.00 

1913 405 $3.00 $1,072.00 
1914 501 $3.00 $2,000.00 
1915 497 $4.00 $1,988.00 
1916 753 $4.00 $3,012.00 
1917 567 $4.00 $2,268.00 
1918 364 $4.00 $1,456.00 
1919 860 $10.00 $8,000.00 
1920 576 $10.00 $5,760.00 
1921 303 $10.00 $3,030.00 
1922 931 $10.00 $9,310.00 
1923 991 $10.00 $9,910.00 
1924 800 $10.00 $8,000.00 
1925 829 $10.00 $8,290.00 
1926 787 $10.00 $7,870.00 
1927 661 $10.00 $6,610.00 
1928 472 $10.00 $4,720.00 
1929 683 $10.00 $6,830.00 
1930 568 $10.00 $5,680.00 
1931 635 $10.00 $6,350.00 
1932 1,857 $20.00 $36,970.00 
1933 1,139 $10.00 $12,050.00 
1934 532 $10.00 $5,320.00 
1935 900 $10.00 $9,000.00 
1936 807 $15.00 $12,085.00 
1937 695 $15.00 $10,425.00 
1938 684 $15.00 $10,260.00 
1939 617 $15.00 $9,255.00 
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Table 2.1 (cont.)  Records of the wildcat bounty in Maine did not separate lynx from bobcat.  
Between 1832 and 1967, the number of wildcats (lynx and bobcats) presented for bounty 
ranged from 61 to 1,857 with bounty payments ranging from 1.00 to 20.00 dollars. 

Year 
No. Wildcats (lynx 

and bobcat)   Bounty/cat Annual Bounty Payment 
1940 505 $15.00 $7,575.00 
1941 331 $15.00 $4,965.00 
1942 367 $15.00 $5,505.00 
1943 211 $15.00 $3,165.00 
1944 302 $15.00 $4,530.00 
1945 294 $15.00 $4,410.00 
1946 377 $15.00 $5,655.00 
1947 480 $15.00 $7,200.00 
1948 514 $15.00 $7,710.00 
1949 527 $15.00 $7,905.00 
1950 549 $15.00 $8,235.00 
1951 407 $15.00 $6,105.00 
1952 438 $15.00 $6,570.00 
1953 504 $15.00 $7,560.00 
1954 762 $15.00 $11,430.00 
1955 588 $15.00 $8,820.00 
1956 810 $15.00 $12,150.00 
1957 700 $15.00 $10,500.00 
1958 633 $15.00 $9,495.00 
1959 741 $15.00 $11,115.00 
1960 844 $15.00 $12,660.00 
1961 790 $15.00 $11,850.00 
1962 831 $15.00 $12,465.00 
1963 768 $15.00 $11,520.00 
1964 1,119 $15.00 $16,785.00 
1965 764 $15.00 $11,460.00 
1966 642 $15.00 $9,630.00 
1967 784 $15.00 $11,760.00 

1Between 1835 and 1908, wildcat bounties were not separated from bear bounty 
payments. 
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Table 2.2.  Summary of state and federal management actions for lynx in Maine 1832 to 
present. 
Year Management Action 
1832 Bounty on lynx and year round open season 
1939 Survey of Game Wardens on abundance of game and furbearers 
1967 Bounty on lynx repealed and season closed 

1977 Survey of Game Wardens on distribution and abundance of lynx 
between1950-60 and 1960-1970 

1977 USFWS considered listing lynx as endangered species in Maine 
1977 MDIFW drafted a management plan for lynx 

1987 Proposed as State Threatened; not listed because status was 
deemed indeterminate (i.e., could not verify a breeding population) 

1991 MDIFW annual trapper mailing provides information on distinguishing 
a lynx from a bobcat 

1991  USFWS receives a petition to list the lynx as Endangered in 
Washington 

1992 USFWS initiates a range-wide status review of lynx 
1994 USFWS concludes listing of lynx is not warranted 
1995 USFWS is sued over their decision that listing is not warranted 
1995-99 MDIFW initiated winter snow-track surveys along Maine border 

1996 MDIFW annual trapper mailing asks trappers for their assistance in 
reporting lynx sign and catches 

1997 MDIFW designated lynx as Special Concern 
1997 MDIFW annual trapper mailing includes lynx track descriptions  
1998 MDIFW restricts use of neck snares for coyotes to protect lynx  
1998 USFWS issues a proposed rule to list the lynx as Threatened 
1999 MDIFW and USFWS initiates telemetry study in northern Maine 

1999 MDIFW establishes a 24hr, 7 day a week phone number for trappers 
to report incidental captures of lynx and obtain assistance 

1999 MDIFW establishes protocol for handling incidentally caught lynx 

2000 USFWS lists Lynx as Threatened in Maine and 13 other northern 
states  

2003 MDIFW eliminates neck snares as a legal harvest and ADC method 
for coyotes 

2002 MDIFW develops databases to track past and current incidental takes 
of lynx and credible sightings of lynx, their track, or sign 

2003-08 MDIFW initiated more extensive winter snow track surveys in 
northern and western Maine 

2003 USFWS distributes a brochure to Avoid Incidental Take of Lynx by 
bobcat trappers and hunters in the United States   

2005 USFWS drafted an interim Recovery Plan for lynx   

2005 MDIFW adapts USFWS brochure for Maine and mails a copy to 
every licensed Maine trapper  

2006 MDIFW considered lynx for state listing; remained Special Concern 
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Table 2.2 (continued).  Summary of state and federal management actions  of lynx in Maine 
1832 to present. 

Year Management Action 

2006 
MDIFW’s first submission of an Incidental Take Plan (ITP) to obtain a 
permit that allows a minimal level of accidental catches of lynx by 
licensed fur trappers that follow state trapping regulations.  

2007 USFWS designated Critical Habitat (CH) on National Park Service 
lands in 5 states  

2007 MDIFW restricts the use of conibears in WMD 1-11 to reduce 
incidental capture of lynx (www.maine.gov/ifw) 

2007 MDIFW restricts the use of visible bait while trapping furbearers 

2007 

MDIFW settles a lawsuit with the Animal Protection Institute by 
committing to current conibear restrictions, implementing new size 
restrictions of foothold traps in northern Maine, develops a protocol 
for assessing and treating lynx caught in traps, and applies for a 
permit that allows a low level of incidental take of lynx  

2008 USFWS proposed revising CH designation for lynx in ME, MN, MT, 
ID, WA, WY 

2008 MDIFW requires trappers to immediately report the capture of lynx in 
traps 

2008 
MDIFW’s second submission of an ITP to obtain a permit that allows 
a minimal level of accidental catches of lynx by licensed fur trappers 
that follow state trapping regulations.     

2008 MDIFW increases outreach efforts on avoiding and reporting 
incidental capture of lynx by trappers 

2008 MDIFW implements an emergency rule that clarifies trapping 
regulation for setting conibears in WMD 1-11 

2009  USFWS designated CH in Maine (100,000 mi2) 

2009 US Federal court denies AWI et al. request to close Maine’s trapping 
season to protect lynx  

2010 US Court of Appeals denies AWI et al. appeal & awards costs to the 
Defendants  

2011 
Federal register 90-day public comment period for MDIFW’s ITP 
application and USFWS’ environmental assessment of that 
application. 
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Figure 2.2.  Lynx distribution in Maine based on surveys of game wardens 
(Aldous & Mendall 1941). 
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the Dickey-Lincoln Dam was being considered, and the State Supervisor for the 
USFWS in Maine expressed concern about the impacts of the dam on lynx.  In a 
memorandum, the USFWS supervisor requested that Maine’s lynx population be 
considered for protection as Endangered Species under the recently passed US 
Endangered Species Act (ESA).  In his recommendation, he acknowledged that lynx 
were never numerous, were already protected from harvest, and efforts to increase lynx 
numbers were beyond the State’s capabilities, but he expressed concern that the 
proposed project threatened local extirpation of lynx.  Although lynx were not listed and 
a management plan for lynx was not finalized, the dam project was not approved. 
 
In 1986, the Department recommended that lynx be protected as State Threatened 
during the state’s first comprehensive review of Maine’s rare mammals and birds.  The 
Department’s recommendation was successfully challenged on the basis that the 
Department could not confirm that a breeding population of lynx existed in the state.  As 
a result, lynx were designated as a species of indeterminate status and not listed 
(MDIFW 1987).  In 1997, the Department again considered protecting lynx under 
Maine’s Endangered Species Act and designated lynx as a Species of Special Concern 
(MDIFW 1997).  Although the status of Special Concern provides no additional 
protection, it identifies species that may be at risk of becoming threatened or 
endangered and directs monitoring and research efforts to address knowledge gaps. 
 
Between 1995 and 1999, the Department initiated winter track surveys to document the 
status of lynx and other rare carnivores along the border of Maine and Quebec.  
Although most towns were only surveyed once during a single winter, lynx tracks were 
observed in several locations (Figure 2.3-left).  In the late 1990s, the USFWS and a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3.  Townships where lynx snow-track surveys were conducted in Maine (1995-
99 left and 2003-08 right).  
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graduate student at the University of Maine compiled credible historical observations of 
lynx in Maine (Joseph 1999, Hoving 2001).  Since 2002, the Department maintains a 
database for verified lynx observations in Maine to identify areas where lynx are present 
and to aid federal review of development projects that may impact lynx.  In 2003, the 
Department initiated more extensive snow-track surveys to document lynx distribution 
statewide as part of a Maine Natural Areas Program/MDIFW survey effort to document 
rare species and communities in Maine (i.e., ecoregional surveys; Vashon et al. 2003, 
2007, and 2010).  Although surveys were conducted only once each winter, lynx were 
found in many more northern locations (Figure 2.3-right). 
 
In addition to these efforts, the Department, USFWS, and the University of Maine 
initiated several cooperative research efforts to document the status of lynx (Vashon et 
al. 2008 a, b; Organ et al. 2008; Fuller et al. 2007) and hare populations in Maine (i.e., 
Fuller 1999, Mullen 2003, Homyack 2000, Robinson 2006, Scott 2009) and develop 
models to predict past, current, and future habitat availability (Hoving 2001, Simons 
2009).  In 1999, the Department and USFWS initiated a telemetry study of lynx in 
northern Maine.  The goal of this study was to determine if lynx observations in Maine 
represented a resident breeding population of lynx or dispersing individuals from 
neighboring Canadian populations and to identify factors that may limit lynx presence 
that included identifying lynx habitat use, mortality rates, cause of mortality, and 
influence of competition with other forest carnivores (fisher, coyotes, and bobcats).  
Although this study originated (January 1999) in Maine along the border of St. 
Pamphile, Quebec, the prevalence of lynx sign in 4 townships (T11 R12 Wels, T11 R11 
Wels, T12 R12 Wels, and T12 R11 Wels) approximately 40 miles west of Ashland, ME, 
resulted in the study area being moved to this location in March of 1999.  The results of 
this study have been summarized in the natural history section of this document and 
various scientific journals (Fuller et al. 2007, Organ et al. 2008, Vashon et al. 2008a, b).  
 
In 2006, the Department reviewed whether lynx warranted protection under Maine’s 
Endangered Species Act.  Maine’s lynx population did not meet state listing criteria for 
threatened or endangered because the population had increased over the previous 10 
years, exceeded 500 individuals, and was not discrete or fragmented from other lynx 
populations (i.e., movement between the lynx population in Maine and eastern Canada; 
MDIFW 2006).  Instead, lynx maintained their status as a Species of Special Concern 
(SSC), which is an internal, non-regulatory, classification used by MDIFW.  To qualify as 
a SSC the species must meet criteria similar to that for endangered or threatened 
species, but the SSC classification has a lower threshold for qualification (MDIFW 2006 
Listing Handbook). 
 
Federal Status 
In 1991, the USFWS received a petition from the National Audubon Society and 11 
other organizations to list the Canada lynx in Washington State as endangered under 
the federal Endangered Species Act (ESA) and to designate critical habitat1 for the 

                                                 
1 Critical habitat is a specific geographic area(s) that is essential for the conservation of a threatened or 
endangered species that may require special management and protection; it may include an area that is 
not currently occupied by the species but needed for its recovery. 
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species.  Although there was insufficient information to support the petition, the Service 
announced the need and their intent to commence in-depth range-wide status review for 
the lynx.  In 1994, the USFWS determined that Canada lynx, in the contiguous United 
States, was not warranted for listing.  Subsequently, Defenders of Wildlife and other 
environmental organizations sued the USFWS over this decision (Defenders of Wildlife 
v. U.S. Fish and Wildlife 1996).  After several court decisions and settlements, in 1998 
the USFWS proposed listing the contiguous US population of the Canada lynx as 
threatened (Appendix II). 
 
On March 23, 2000, the USFWS listed lynx as threatened in 14 States (Figure 2.4) due 
to the lack of protection of lynx and lynx habitat on Federal land.  Although the USFWS 
concluded that lynx populations in the Northeast, Great Lakes, Northern 
Rockies/Cascades, and Southern Rockies were isolated from each other by expanses 
of unsuitable habitats that limited or precluded lynx movements between regions, lynx 
were listed as a single distinct population segment (DPS) because none of the regions 
allegedly had significantly unique or unusual ecological settings.  Although the USFWS 
has the authority to set a DPS' boundaries across international boundaries, Canada was 
not included in the DPS.  
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.4.  The 14 states where lynx are 
protected as Threatened Species by the federal 
Endangered Species Act. 

 
Despite the USFWS conclusion that none of the areas in the DPS represented a unique 
ecological setting for lynx, the Northern Rockies/Cascades Region was deemed 
essential to the continued long-term existence of lynx in the contiguous United States.  
At the time of listing, this region supported the largest amount of lynx habitat and had 
the strongest evidence of a persistent resident lynx population (USDI 2000).  In 2005, 
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following a court order, a second status review, and public comment period to consider 
upgrading lynx to Endangered, the USFWS concluded that Endangered status was not 
warranted (USDI 2003). 
  
The USFWS is charged with designating Critical Habitat and developing a recovery plan 
for species protected by the federal ESA.  In 2005, the USFWS drafted a recovery 
outline for lynx.  This lynx recovery outline serves as an interim strategy to guide 
recovery efforts and inform the Critical Habitat designation process for the contiguous 
United States until a recovery plan is completed.  The goal of recovery is to address 
threats to lynx so that protection of this species is no longer necessary and delisting is 
warranted.  In the draft guide, lynx may be considered recovered when conditions allow 
lynx populations to persist within each of the identified core areas (Figure 2.5; USFWS 
2005).  To date, a recovery plan for lynx has not been finalized. 
 
 
 
 
 
 
 
 
 

Figure 2.5.  The USFWS has identified preliminary recovery areas including core 
areas essential for lynx recovery in Maine, Minnesota, Montana, Wyoming, 
Colorado, and Washington (USFWS 2005). 

 
On November 9, 2005, the USFWS proposed 26,935 mi2 of Critical Habitat for lynx in 4 
states, including 10,633 mi2 in portions of Aroostook, Franklin, Penobscot, Piscataquis 
and Somerset Counties in Maine.  After receiving and reviewing public comments and 
management plans from landowners, the USFWS did not designate critical habitat for 
lynx in Maine because the benefits of not designating critical habitat for lynx (e.g., 
development of habitat management plans and support for research and conservation 
efforts by landowners) outweighed the benefits of including critical habitat (USFWS 
2006).  
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In 2008, the USFWS proposed revising their Critical Habitat designation for Canada 
lynx after reviewing the conduct of the former Deputy Assistant Secretary of the 
Department of the Interior.  On February 15th, 2009, the USFWS designated Critical 
Habitat on 39,000 mi2 (101,010 km2) in portions of Maine (9,500 mi2; 24,598 km2; Figure 
2.6b), Minnesota, Montana, Idaho, Washington, and Wyoming (Figure 2.6a).  
 
Approximately 10% of the proposed Critical Habitat for lynx in Maine was excluded from 
designation because the benefits of excluding outweighed the benefit of including these 
habitats.  Landowners on this area had enrolled in the Natural Resources Conservation 
Service's Healthy Forest Reserve Program and had committed to developing and 
implementing forest management plans for lynx.  Other private lands were included in 
the designation because their draft management plan did not provide a binding 
commitment to conserving lynx.  Critical Habitat designation has limited impact on land 
management activities in Maine because most management actions on private lands do 
not require a federal permit or use federal funds.  However, designation should increase 
awareness of habitat protection for lynx (USDI 2009). 
 
Incidental Catch 
Although hunting and trapping seasons for lynx are closed, lynx are sometimes caught 
in traps legally set for other furbearers or accidentally shot.  Prior to 2000 when lynx 
were listed as federally threatened, Maine Wardens responded to around a dozen 
cases where hunters, trappers, or animal damage control (ADC) agents had caught or 
shot a lynx while trapping or hunting other furbearers or while setting neck snares to 
limit coyote predation in deer wintering areas (Table 2.3).  During this period, Maine’s 
trapping laws required trappers and snarers to immediately release incidentally caught 
animals, and if the animal was found dead, they were required to report the incident to a 
Game Warden as soon as possible and surrender the animal.  In 1998, MDIFW 
restricted coyote snaring activities around areas where lynx had been observed and 
closed the Round Pond deer yard to snaring due to the close proximity to a known 
concentration of lynx (i.e., MDIFW's lynx telemetry study area).  In 2003, the 
Commissioner of MDIFW suspended the coyote snaring program in Maine under the 
advisement of the Attorney General following notification of intent to sue the Department 
over its snaring program.  The plaintiffs alleged that the snaring program violated the 
federal ESA because lynx or bald eagles (Haliaeetus leucocephalus) had been caught 
and killed in snares set for coyotes.  Following this notification, the Department began 
working with the USFWS on an Incidental Take Plan (ITP) for its coyote control program 
that would minimize and mitigate for the incidental take of lynx and bald eagles.  This 
plan has not been finalized. 
 
Under the federal ESA a “Take” is defined as harassing, harming, pursuing, hunting, 
shooting, wounding, killing, trapping, capturing or collecting any listed wildlife species.  
Since 2000, MDIFW and the USFWS have received and responded to 90 lynx takings in 
Maine that included the live release of 53 of 59 lynx captured in traps, the death of 6 
lynx in traps, 4 deemed intentional and/or violated state or federal wildlife laws,  
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(a) (b) 

Figure 2.6.  In 2009, the USFWS determined that 24% of Critical Habitat for lynx in the United States (a) occurs in northern 
Maine (b). 
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4 illegal shootings, and 27 lynx killed by vehicles (Table 2.3).  To reduce the accidental 
catches of lynx by trappers, the Department increased its information and education 
efforts and placed additional restrictions on traps and trap setting requirements (Table 
2.3).  
 

Table 2.3 Summary of illegal and incidental take of lynx in Maine.

Take Alive Dead Alive Dead
Incidental Trapping 6 3 51 2b

Illegal Trappinga 2 3
Illegal shot in trap 1
Total Trapping 6 3 53 6

Illegal Shooting 2 4
Incidental Hunting 3
Incidental Snares 1
Vehicles  27
aTraps that were set in violation of Maine trapping laws (i.e. exposed  
 bait, illegally placed).
b In 2008, regulations were changed to avoid future mortalities of lynx 
in traps.  Since 2008, no lynx have died in legally set traps.

1975-1999 2000-11

 
 
Each year prior to the opening of Maine’s furbearer trapping season, the Department 
mails trappers (also available online) a booklet that relays new regulations and other 
important trapping considerations.  Starting in 1991, this booklet included information to 
help trappers distinguish a lynx from a bobcat.  In the mid 1990s, the Department 
requested trappers’ assistance in reporting lynx sign and catches and provided 
information on how to distinguish lynx tracks.  In 1999, the Department established a 
24-hour, 7-day-a-week, phone line for trappers to report and request assistance with the 
release of incidentally trapped lynx (Figure 2.7).  Since 1999, additional regulatory 
changes and education efforts to minimize take of lynx have occurred (Table 2.2 and 
Management-Lawsuits). 
 
The accidental catch of lynx by trappers is considered a Take under the federal ESA 
unless the take is covered under a 4-D rule or by an Incidental Take Permit.  Both the 
rule and permit allow a legal activity to occur that results in the incidental taking of a 
species listed under the federal ESA when a plan is designed and implemented that 
minimizes and mitigates any harm to the protected species.  Shortly after lynx were 
listed, the USFWS began working with the effected states (Colorado, Maine, Minnesota, 
Montana, Washington, and Wyoming) to identify measures to minimize take of lynx in 
traps through a 4-D rule.  However, a 4-D rule was not finalized because trapping 
regulations differed considerably among the 5 states, and an agreement on the 
measures needed to reduce accidental take of lynx in traps was not met (Lori 
Nordstrom, USFWS, personal communication). 
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Figure 2.7.  Notification to trappers of the establishment of a lynx hotline and ongoing lynx 
research in the Department’s 1999 Trapper Information Booklet. 
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Thus in 2006, the Department submitted to the USFWS a draft Incidental Take Permit 
(ITP) application for Maine’s trapping program.  After review of the draft by the USFWS 
and rewrites by the Department, a revised draft ITP was submitted to the USFWS in 
August of 2008.  This plan requested an IT permit for Maine's trapping program that 
would protect trappers, the Department, its agents, and licensees from liability under the 
ESA in the event a Canada lynx was incidentally trapped, as the result of otherwise 
lawful activities during Maine's trapping season.  The USFWS reviewed MDIFW’s 
application and has prepared an Environmental Assessment (EA) of the Department’s 
application as required by law.  A 90-day public comment period on the Department’s 
ITP application and USFWS’ EA closed on February 7, 2012.  As of July 2012, the 
USFWS is responding to approximately 350 unique comment from the more than 6,000 
comments received and preparing their findings before making a determination on our 
permit. 
 
Lawsuits 
Concurrent to MDIFW’s preparation of an ITP, animal rights advocates sued the 
Department to prevent incidental take of lynx in Maine and to seek an injunction in 
Federal court to suspend the trapping seasons in northern Maine for other furbearing 
species.  On April 18, 2006, the Department received a letter from the Animal Protection 
Institute (API) stating their intent to sue the Department for violating the US Endangered 
Species Act by allowing an activity that results in the incidental take of a listed species 
without an incidental take permit.  Following hearings in the US District Court in Bangor, 
MDIFW and API reached an agreement on October 4, 2007, and a Consent Decree 
was signed by the court stipulating that the Department must restrict the type, size, and 
placement of traps; aid trappers with releasing incidentally captured lynx; assess 
incidentally captured lynx for injuries; and obtain an IT permit from the USFWS.  The 
terms stated in the Consent Decree would remain in place until an IT permit was issued 
(Animal Protection Institute v. Martin 2007).   
 
On August 11, 2008, the Animal Welfare Institute and the Wildlife Alliance of Maine 
(herein referred to as AWI) filed a lawsuit seeking a permanent injunction to prevent 
further incidental take of lynx in traps.  Before this case was heard, a lynx was caught in 
a conibear trap and killed.  The Court ordered MDIFW to “immediately take all action 
necessary to avoid the trapping of Canada lynx in conibear traps, including the 
promulgation of an emergency rule”.  MDIFW identified a gap in conibear trapping 
regulations, and on December 4, 2008, the Department adopted an emergency rule that 
clarified that conibear traps set in trees could not be set within 4 feet of any object that a 
lynx could climb to avoid future takes of lynx.  On November 10, 2009, the U.S. District 
Court denied AWI’s request for permanent injunctive relief because the plaintiffs had 
failed to prove that Maine’s lynx population would suffer irreparable harm if the 
injunction was not granted (Animal Welfare Institute v Martin 2009).  AWI appealed the 
District Court’s decision to the First Circuit Court, in Boston.  On October 20, 2010, the 
First Circuit Court affirmed the District Court’s decision and required the AWI to cover all 
legal fees (Animal Welfare Institute v Martin 2010). 
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HABITAT 
 
Overview 
Lynx are associated with boreal spruce and fir forest.  Maine’s forest is often referred to 
as the Acadian Forest that represents the transition between the northern boreal spruce 
and fir and southern temperate deciduous forests (Seymour and Hunter 1992).  Maine 
has the highest proportion of forestland (>90%) and contains the greatest acreage of 
spruce/fir forest in the Lower-48 States.  Of Maine’s 17.7 million acres (7.2 million ha) of 
forestland, nearly 5.8 million acres (2.3 million ha, 33%) are classified as spruce/fir with 
3.4 million acres (1.4 million ha, 59%) in the northern Maine counties of Aroostook, 
Penobscot, Piscataquis, and Somerset (Figure 3.1; McWilliams et al. 2005). 
 

 
Figure 3.1.  Distribution of spruce/fir forest type (a) and spruce/fir sapling 
forest (b) (>50% probability of occurrence) in Maine extrapolated from 
forest inventory data collected by the Maine Forest Service from 1999-
2003 (McWilliams et al. 2005).  

 
Several sources of data were available to quantify lynx habitat statewide: 1) Forest 
Inventory and Analysis (FIA), 2) landowner stand maps, 3) aerial photos, and 4) satellite 
imagery.  FIA provides detailed (e.g., species, age class, stocking level) information on 
forest conditions from ground measurements at designated sample plots across the 
state that is then extrapolated and expanded to estimate statewide amounts and 
locations (i.e., probability of occurrence maps; e.g. Figure 3.1).  Landowner stand maps 
provide spatially explicit detailed information of current and past forest conditions; 
however, classification systems are not standardized across landowners, and data are 
not always accessible.  Satellite imagery provides information on both the location and 
amount of forest, but only general cover types (i.e., deciduous, coniferous, or mixed) for 
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mature forest and broad classes for young forest (i.e., regeneration or scrub/shrub) 
have been identified statewide (i.e., 1993 and 2002 Maine Landsat imagery).  Optimal 
foraging habitat for lynx (young conifer forest) was recently classified from satellite 
imagery for a portion of northern and western Maine that encompassed approximately 
half of Maine’s current distribution of lynx (Figure 3.2; Simons 2009).  Thus far, FIA is 
the only source of information that is available across the state over time.  We used FIA 
to estimate past and current amounts of lynx habitat in northern Maine (entire lynx 
range) and compared our estimate with an independent estimate for a portion of 
northern Maine (~half of lynx range; Simons 2009). 
 

 
Figure 3.2.  Lynx habitat from (left) satellite imagery (Simons 2009) and (right) 
FIA (>50% probability s/f sapling; McWilliams et al. 2005) produced similar 
patterns and estimates.   

 
We estimated the amount of lynx habitat in Maine for the 5 northern biophysical regions 
(International Boundary Plateau, St. John Uplands, Aroostook Hills, Central Mountains, 
and Connecticut Lakes; McMahon 1990; Figure 3.1) that best define the past and 
current distribution of lynx in Maine where the average annual snow depth in northern 
(90 -103 inches) and western Maine (107-121 inches) exceeded other areas of the state 
(66 inches in central Maine and 58 inches in eastern Maine; NOAA climatology data).  
We used FIA data collected from 1972-2006 to estimate past and current amounts of 
lynx habitat.  We identified potential lynx habitat as all conifer forest, because a matrix 
of different-aged conifer forest will provide current and future lynx habitat.  We identified 
existing lynx habitat as the regenerating portion of the spruce/fir forest type dominated 
by sapling trees (Fuller et al. 2007; Vashon et al. 2008b).  Not all of the spruce/fir 
sapling forest provides adequate snowshoe hare densities (i.e., sparsely stocked stands 
may not provide the cover for snowshoe hare) or lynx access to prey (i.e., very densely 
stocked stands may decrease lynx hunting success), therefore, we estimated optimal 
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foraging habitat (OFH) to be a subset of the spruce/fir seedling/sapling stand size 
class, using only those stands classified as moderately to well stocked (Table 3.1, 
Appendix III). 
 

Table 3.1 Hierarchy of lynx habitat conditions in northern Maine.
Lynx Habitat Habitat Conditions

Potential Conifer forest (FIA softwood forest types of all stand size and
live stocking classes).

Existing  Spruce/f ir forest type group (FIA MFTYP=120) and seedling/sapling
stand size class (1.0-4.9 inches DBH).

Optimal Foraging Spruce/f ir forest type group, seedling/sapling stand size class 1.0-4.9  
inches DBH,and a moderately (35-59%) to well (60-100%) all live stocking class.

 
 
Quantifying the availability of OFH (i.e. 2,833-4,452 conifer saplings/acre) from FIA data 
was problematic because Fuller et al. (2007) and FIA used different criteria to identify 
seedling and sapling trees.  Fuller et al. (2007) counted trees that were > 5 ft (1.5 
meters) tall and < 3 inches DBH to estimate the amount of saplings at vegetation plots, 
where FIA counted saplings between 1.0 and 4.9 inches DBH and seedlings <1.0 inch 
DBH.  If we estimated OFH as a subset of FIA’s saplings (1.0-3.0 inches DBH) with 
stem densities between 2,833 and 4,452 stems/acre (ca. 7,000 and 11,000/ha), we 
would underestimate the amount of OFH because it would not include trees < 1.0 inch 
DBH.  Conversely, if we included the FIA seedling class (<1.0 inch DBH) and a subset 
of FIA’s saplings (1.0-3.0 inches DBH), we would overestimate the amount of OFH, 
because short seedlings (<5 feet tall) would be included in the estimate.  Thus, we 
estimated the minimum amount of OFH from FIA data based on the spruce/fir forest 
type group classed as seedling/sapling stand size (1-4.9 inches) with an all live stocking 
level classed as moderate (35-59%) or well (60-100%) to correspond and represent 
stands with a stem density between 2,833 to 4,452/acre (Appendix III). 
 
Past Habitat 
Presettlement 
Before European settlement, northern Maine’s forest was predominately old-growth 
(>100 years old and multilayered) mixed forest of spruce, fir, and northern hardwood 
trees (Lorimer 1977).  Although pure stands of conifer and deciduous trees were less 
common, stand tables from the early 1900s (see Graves [1899] and Chittenden [1905]) 
described virgin hardwood lands and spruce flats (i.e., moist low elevation sites).  Only 
8% of Maine’s presettlement forest was young (Lorimer 1977) with a greater proportion 
of young forest occurring in the spruce swamps and flats (14% seedling-sapling and 
small pole [1-30 years]) where natural disturbance was more frequent and severe than 
in mixed upland sites (5% seedling-sapling and small pole; Lorimer and White 2003). 
 
Human disturbance did not play a large role in the structure of northern Maine’s 
presettlement forest.  The use of fire to improve croplands and hunting grounds by 
Native Americans was focused along river valleys and the coast (as cited by Lorimer 
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and White 2003).  Although large scale natural disturbance was relatively uncommon 
(Lorimer and White 2003), several large fires and blow downs (10,000-80,000 ha) were 
recorded in the presettlement forest of northern Maine (Lorimer 1977), creating some 
large isolated patches of early successional forest.  More commonly, natural 
disturbances in Maine (forest fires, wind storms, and insect outbreaks) killed tree 
crowns rather than the entire stand (Lorimer 1977, Seymour et al. 2001, Trani et al. 
2001; Lorimer and White 2003).  This resulted in a forest dominated by an older multi-
layered forest (Seymour et al. 2001).  
 
European Settlement 
By the 1600s, European settlers were clearing large areas of forestland for pasture and 
cropland across most of New England (DeGraaf and Miller 1996 as cited by Trani et al. 
2001).  In Maine, this activity was focused in southern and central portions of the state 
(Harper 1918).  Northern Maine was settled later (1799-1825; Loring 1880) and had 
fewer human settlements and farms (Irland, unpublished report).  
 
Insect outbreaks and commercial logging had the greatest influence on the structure 
and composition of northern Maine’s post-settlement forest.  Harvest of pine for 
shipbuilding (ca 1650) and spruce for the production of paper (late 1800s) provided a 
market for Maine’s abundant large diameter white pine and spruce (Wilson 2005).  By 
1850, all forest types had been cut extensively (Wood 1935, Lorimer 1977), although 
most were classified as partial cuts that retained thin tree canopies and fostered growth 
of understory trees (Irland, unpublished report).  The preferential harvest of valuable 
spruce through the late 1800s released a suppressed understory of balsam fir (as cited 
by Lorimer and White 2003).  By the early 1900s, there was an abundance of mature 
balsam fir stands in northern Maine.  Because balsam fir is highly susceptible to the 
spruce budworm (Seymour 1992), the abundance of mature balsam fir is believed to 
have triggered a major spruce budworm outbreak in Maine (as cited by Lorimer and 
White 2003) that killed 75% of the fir and 40% of the spruce between 1913 and 1919 
(Coolidge 1963).  As a result, northern Maine’s spruce/fir forest was likely dominated by 
younger stands of spruce and fir through the mid-1900s. 
 
The late 1920s market crash, WWI, and WWII led to decades of low demand for wood 
products allowing Maine’s spruce and fir stands to grow back.  By 1970, Maine’s spruce 
and fir inventory (i.e., mature trees) reached a record high (Maine Forest Products 
Council 1995, McWilliams et al. 2005).  Between 1975 and 1985, the abundance of over 
mature fir contributed to the largest recorded budworm outbreak in Maine (Irland et al. 
1988).  This insect outbreak coincided with an increased demand for wood, a shift to 
mechanized harvest equipment, and the expansion of pulp and saw mills (Irland 2005).  
As a result, large areas of spruce and fir were clearcut.  This salvage harvesting 
removed >30% of the mature conifer forest between 1975 and 1988 (Simons 2009) and 
led to record levels of early successional spruce and fir forest by the mid-1990s (Trani 
et al. 2001).  
 
In 1989, the Maine Legislature passed the Forest Practices Act (FPA) that restricts the 
size of clear cuts (<250 acres) and provides disincentives for clearcutting (e.g. 
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notification of harvest, separation zones between clearcuts, and harvest plans for larger 
clearcuts [21-250 acres]).  However, the FPA allows a forest landowner to petition the 
Maine Forest Service to clearcut areas >250 acres when the harvest meets the intent of 
the FPA, puts undue hardship on the landowner, or otherwise provides a public benefit 
(Maine Forest Service 1999; Appendix II).  However, landowners may be reluctant to 
cut Category 2 or 3 clearcuts or file for petitions to clearcut areas >250 acres because 
the process is laborious and petitions are open to public input.   
 
Although the FPA may limit clearcutting and future amount of optimal snowshoe hare 
and lynx habitat in Maine, overstory removals may emulate clearcut conditions in conifer 
dominated stands and do not have size limitations under the FPA.  Thus, overstory 
removals have the potential of creating high quality snowshoe hare and lynx habitat.  An 
overstory removal is a forest harvest that removes the overstory component of the 
stand, leaving advanced regeneration of softwood or hardwood trees that are 
respectively greater than 3 or 5 feet tall and a minimum stocking of 450 trees/acre.  
Overstory removals often occur after natural or human disturbance (e.g. shelterwood 
harvest) that have partially removed the overstory, allowing young trees to regenerate in 
forest openings (Maine Forest Service 1999).  Although the regeneration standards (> 
450 stems/acre) before an overstory is removed are below the stem density needed to 
support snowshoe hares (~3,000 stems/acre), removal of a conifer overstory can foster 
growth of young trees that may reach stem densities capable of supporting hares and 
lynx.  
 
Forest Inventories (1959-2003) 
The United States Forest Service Northeastern Research Station (NERS) and Maine 
Forest Service (MFS) have been monitoring forest conditions periodically in Maine since 
1959 as part of a national forest inventory that is compiled by periodically measuring 
forest conditions at survey plots across Maine.  Between 1959 and 1995, the amount of 
timberland (i.e., forested and productive habitat capable of producing forest products) 
remained stable in New England (81%) and Maine (90%).  During this period, most 
eastern states experienced a decline in early successional habitats and associated 
wildlife species (Litvaitis et al. 2001, Lormier et al 2001, Trani et al. 2001).  In Maine, 
however, sapling inventories increased, and Maine had the greatest proportion of 
timberland in the seedling-sapling class (<5 in DBH) of any New England state (Trani et 
al. 2001). 
 
In Maine, forest inventory data were collected in 1959, 1971, 1982, 1995, and 2003-06.  
Although we can not make direct comparisons of many forest conditions between 
inventories because NERS used different algorithms to classify the data at each 
inventory, we can make some broad comparisons on the availability of lynx habitat from 
FIA by comparing the change in volume (cubic feet) of growing stock trees (>5 in DBH), 
and thereby infer that the lower abundance of spruce/fir sapling forest (<5 in DBH) 
occurred when spruce/fir growing stock volumes (trees >5” DBH) were greatest (Ken 
Laustsen, Maine Forest Service, personal communication).  These data suggest that 
lynx habitat reached its lowest level in 1971 and peaked in 2003 (Figure 3.3).  
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NERS and MFS reanalyzed 1982 and 1995 inventories using the same algorithm used 
in 2003 to allow direct comparisons between 3 of 5 inventory periods (McWilliams et al. 
2005).  Following the 1975-85 budworm outbreak, most of northern Maine’s conifer 
forest was cut.  As a result, spruce and fir growing stock volumes did not change 
substantially between 1995 and 2003 (Figure 3.3).  Conversely as the forest began to 
grow back, the amount of spruce/fir sapling trees (i.e. existing lynx habitat) increased 
during that same period from 0.5 to 1.3 million acres and estimates of OFH nearly 
doubled (Table 3.2).  The greatest increase occurred in the 3 northern biophysical 
regions (i.e., International Boundary, St John Uplands, and Aroostook Hills; Table 3.2) 
that represent the core of the lynx range (Figure 3.4).  In 2003, these regions contained 
the majority of existing habitat (76%) and OFH (77%).  Although the Connecticut Lakes 
region did not contribute a significant amount of lynx habitat, it provided a greater 
proportion of lynx habitat in 1982 (Appendix III Table III.1). 
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Figure 3.3.  Comparison of spruce and fir 
growing stock volumes (>5” DBH) from Maine 
Forest Inventories 1959-2003.   
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Figure 3.4.  Change in acres of existing lynx habitat (spruce/fir sapling) and optimal 
foraging habitat between 1982 and 2003 Forest Inventories.  Core range includes 3 
northern biophysical regions and peripheral range includes 2 southern biophysical regions 
(see Figure 3.1). 
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Table 3.2.  Estimates of past lynx habitat (acres) by biophysical region and lynx range in Maine from 1982, 1995, and 2003. 

Lynx  Lynx   Lynx   
Biophysical Region  Habitata OFHc  Habitata SE OFHc SE  Habitata SE OFHc SE
International Boundary 24,063 24,063 188,767 34,525 65,311 20,024 323,355 41,648 174,111 30,626
St. John Uplands  143,140 143,140 383,178 48,395 167,493 33,030 481,837 50,448 237,481 35,955
Aroostook Hills  102,681 82,145 212,379 35,871 96,853 24,920 235,319 35,063 123,458 38,186
Central Mountains  171,318 24,474 167,303 32,791 95,329 24,986 201,997 32,885 103,518 23,954
Connecticut Lakes  66,165 66,165 120,888 27,744 66,426 20,565 100,416 23,337 62,572 18,934
Lynx Range 507,367 339,987 1,072,515 81,645 491,412 56,215 1,342,924 84,469 701,140 67,979
a Lynx Habitat is defined as spruce/fir major forest type group and the seedling/sapling size class (1.0-4.9" dbh).
b Proportion of Habitat = the proportion of lynx habitat that the biophysical region contributes. 
cOFH=optimal foraging habitat includes just the subset of seedling/saplings that are classified as moderately to well stocked. 

1995 20031982
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Current Habitat 
Although there is currently less spruce/fir forest in northern Maine than before the 
budworm period, the amount of existing habitat and OFH exceed pre-budworm 
estimates.  Past FIA data, historical accounts, and an independent habitat model 
(Simons 2009) suggest that the amount of spruce/fir sapling forest in northern Maine 
reached record high levels in 2010.  In 2010, 48% of the spruce/fir forest type in 
northern Maine was classified as lynx habitat (1.5 million acres) compared to 12% in 
1982, and the amount of OFH more than doubled (Table 3.3).  
 

 inventory periods.

1982 1995 2003 2006 2010
Forestland 7,337,308 6,667,682 7,174,126 7,176,566 7,192,363
Softwood forest typesa 4,004,458 2,886,053 2,995,507 3,046,167 3,056,352
Spruce/fir seedling/saplingb

507,367 1,072,515 1,342,924 1,398,898 1,461,313
Moderately to well stocked s/f saplingc 339,987 491,412 701,140 706,784 736,363
a Potential lynx habitat
b  Existing lynx habitat
c Optimal foraging habitat

Table 3.3 Comparison of forest conditions (acres) in northern Maine during different forest

 
 
Although 2010 FIA data are available, a population estimate (see population section) 
and independent habitat model were based on habitat conditions in 2006 and 2007.  
Therefore, we summarized the distribution of lynx habitat in Maine based on 2006 FIA 
for ease of comparisons.  In 2006, more than 75% of existing habitat and OFH occurred 
in the 3 northern most biophysical regions (Figure 3.1 inset).  Within these biophysical 
regions, >40% of the forest is spruce/fir and nearly half of the spruce fir is classed as 
seedling/sapling forest (i.e., existing habitat).  Despite being the smallest ecoregion, the 
International Boundary Plateau biophysical region (IBP) contains nearly 25% of existing 
habitat for lynx in Maine because the majority of the spruce/fir in the IBP was classified 
as lynx habitat (62%) and OFH (54%).  Although the Connecticut Lakes biophysical 
region (CL) contributes to only 8% of Maine’s existing habitat, the majority was 
classified as OFH (Table 3.4).  The lack of suitable habitat in the CL has likely 
influenced the slow return of lynx to New Hampshire and Vermont. 
 
Our estimate of 1.4 million acres of existing habitat throughout Maine’s lynx range is 
proportionally similar to an estimate of between 635,000 and 1.1 million acres having a 
high probability (50-80%) of lynx occurrence in an area encompassing 4 million acres 
(55%) of Maine’s current lynx range (Figure 3.5; Simons 2009-Chapter 2).  An 
independent estimate of high quality hare habitat (HQHH; 467,000 acres), identified as 
conifer regenerating forest 16-35 years post harvest, was also proportionally similar to 
our estimate of OFH (Table 3.4; Simons 2009). 
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Figure 3.5.  A model to estimate lynx habitat was developed for an 
area that encompassed about 55% of Maine’s lynx range (Simons 
2009). 
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Table 3.4. Estimates of current lynx habitat (acres) in northern Maine from 2006 Maine Forest Inventory and Analysis by biophysical region.
Total 

Forest
Biophysical Region Acres SE Proportion   Contributionb Acres SE Proportion  Acres SE Proportion  Acres
International Boundary 330,906 42,488 62% 24% 179,071 31,373 54% 532,005 53,626 52% 1,013,493
St. John Uplands  459,970 48,619 48% 33% 199,909 33,065 49% 1,007,675 70,638 43% 2,313,951
Aroostook Hills 269,384 37,848 36% 19% 155,600 29,159 52% 705,008 60,631 46% 1,431,279
Central Mountains 231,712 35,637 43% 17% 102,573 23,828 51% 512,928 51,293 36% 1,307,975
Connecticut Lakes 106,926 23,716 36% 8% 69,631 19,831 62% 288,551 38,752 25% 1,109,868
Lynx Range 1,398,898 86,221 46% 100% 706,784 62,361 52% 3,046,167 125,197 41% 7,176,566
aLynx Habitat is defined as spruce/f ir major forest type and the seedling/sapling size class (1.0-4.9" dbh).
b Contribution of habitat = the proportion of lynx habitat that the biophysical region contributes to rangewide estimate.
cOptimal foraging habitat (OFH) includes the subset of seedling/saplings that are classified as moderately to well stocked.
dPotential Habitat is all softwood forest types of all stand size and all live stocking classes. 

Lynx Habitata Optimal Foraging Habitat (OFH)c Potential Habitatd
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Future Habitat 
Past timber harvest and insect outbreaks have played the greatest role in the 
composition and structure of northern Maine’s forests that provided ideal habitat 
conditions for lynx during the last decade.  Young forests are ephemeral, changing with 
forest succession and growth, and depend on repeated disturbance (i.e., fire, storm, 
disease, timber harvest; Trani et al. 2001).  Change in landownership, passage of the 
Maine’s Forest Practices Act (FPA) that provides disincentives for clearcutting, and the 
legacy of salvage harvesting following the budworm outbreak will influence future 
habitat conditions.  Forest harvest has shifted from softwood dominated to hardwood 
dominated forested stands (Jin and Sader 2006) and from clearcutting to partial 
harvesting techniques (i.e., residual basal area of trees >30 ft2/acre) resulting in an 
increase in the acres of forest harvested annually (McWilliams et al. 2005).  To date, 
these partial harvested stands have not provided the understory conditions to support 
high hare densities like the older (>15 yrs post harvest) and larger conifer dominated 
clearcut (Scott 2009).  
 
There is one model to estimate future amounts of HQHH based on timber harvesting 
patterns since the 1970s (Simons 2009).  It was assumed that areas that were 
previously conifer or mixed forest that were clearcut or received a heavy partial cut (i.e., 
residual basal area < 30 ft2/acre) would produce future HQHH 16 to 35 years post 
harvest (Simons 2009).  The model indicated that the amount of HQHH (0.5 million 
acres) in the study area peaked in 2009 and remained relatively stable through 2022 
(Simons 2009).  Although, the model predicted a decline in HQHH as budworm stands 
matured in the northern portion of the study area, this decline was offset by increases in 
HQHH in the southern half of the study area.  The model also predicts future HQHH will 
occur in smaller more isolated patches due to recent partial harvesting activity, but the 
total amount of HQHH in northern Maine is not expected to decline until after 2022.  
 
To help guide future (after 2007) forest management for lynx, a model was developed to 
predict how changes in future habitat supply could be influenced by different forest 
management regimes including: 1) no forest harvest, 2) maintain current harvest trends 
(FPA), 3) increase maximum allowable clearcuts size (from 250 to 500 acres), and 4) 
increase the area that is clearcut harvested (currently 4%; Simons 2009).  The model, 
on a portion (9%) of the prior study area, indicated that lynx habitat should remain 
stable through 2012, but should begin to decline steadily through 2032 regardless of 
forest management activities.  However, 2032 habitat amounts would remain at or 
above 1995 estimates (see Figure 4.3 Simons 2009).  The projected decline in lynx 
habitat after 2012 should occur as a large number of trees regenerated from the spruce 
budworm era of the 1980s reach the age where they no longer provide good habitat for 
snowshoe hare (i.e., >35 years post harvest).  The scenario that resulted in the least 
severe decline of lynx habitat (-12%) and an increase in the amount of habitat after 
2027 allowed the acreage harvested by clearcut or shelterwood to increase to a level 
that achieved maximum sustained yield (Simons 2009).  Interestingly, increasing the 
size of individual clearcuts from 250 to 500 acres did not increase the overall future 
amount of lynx habitat.  Another forestry model suggests conifer sapling forest will 
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continue to increase through 2010-2012 and then begin a steady decline through 2032-
2040 as spruce and fir grow into merchantable trees (Gadzik et al. 1998).   
 
Although lynx habitat trends may not be reversed immediately given past forest 
management, it was suggested that there may be some opportunities to create lynx 
habitat by clearcutting parcels that were previously partially harvested (Simons 2009).  
There is also an opportunity to guide forest management activities to create lynx habitat 
when Maine’s spruce/fir forest that was impacted by budworm approaches 
merchantable size.  Although the FPA permits large clearcuts that benefit wildlife 
(Appendix V), which may provide an opportunity to once again clearcut Maine’s 
spruce/fir flats, landowners may be reluctant to clearcut these areas because of past 
public opposition to large clearcuts (Simons 2009).  Partial harvests in Maine’s 
spruce/fir flats that foster well-stocked understories of conifers (e.g., shelterwood and 
overstory removals) may support hare densities sufficient to maintain lynx.  While it may 
be desirable to mimic past high levels of lynx habitat, the harvest of spruce and fir that 
created these conditions was not sustainable.  Future sustainable harvest of spruce and 
fir that promotes large patches of moderate to dense spruce/fir regeneration in clearcuts 
or understories of partially harvested stands can provide more stable habitat conditions 
for lynx and other wildlife. 
 
It is important to point out that most models (e.g. Simons 2009) do not incorporate 
extrinsic factors that may also influence future habitat conditions.  State regulations, 
timber markets, future budworm outbreaks, and forest ownership patterns will influence 
future levels of early successional conifer forest in northern Maine (McWilliams et al. 
2005).  Budworm outbreaks develop and gain momentum in the northeastern United 
States when there is a large proportion of mature and over-mature balsam fir in the 
forest.  Another spruce budworm outbreak is anticipated around 2020.  While the exact 
timing, length and magnitude of the next budworm event in Maine is uncertain, it is 
probable that the budworm will return in numbers large enough to significantly impact 
the spruce/fir resource (Sewall 2011).  Although landowners may be reluctant to 
clearcut and herbicide large areas, this disease event has the potential to create 
favorable habitat conditions for lynx and snowshoe hare sometime after 2035.  
 
On a longer time scale, global warming may result in a net loss of conifer forest in 
Maine, as conifers are replaced by more temperate southern deciduous forest.  Climate 
models for Maine during the 21st Century trend towards warmer and wetter conditions 
during all four seasons, with the greatest increase occurring in northern Maine.  Over 
the next 100 years, northern Maine could see an 8% increase in winter temperature and 
a 16% increase in winter precipitation, with more winter precipitation in the form of rain 
(Jacobson et al. 2009).  These changes will not only affect future snow levels, but will 
likely influence habitat suitability for individual trees species; balsam fir could become 
scarce, red spruce may decline especially in interior sections, and red maple could 
become more abundant (Jagels et al. 2009).  Because mature trees are more tolerant to 
environmental stress, change in forest composition can be slow in existing forest.  
Conversely, young trees (seedling and saplings) are more susceptible to stress and 
disturbance (Logan and Gottschalk 2007 as cited by Jacobson et al. 2009).  Forest 
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management can play a critical role in Maine’s response to global warming by slowing 
down or speeding up changes in forest composition by enhancing retention of critical 
species or facilitating the introduction of new species (Jagels et al. 2009).   
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POPULATION 
 
Overview 
Although MDIFW evaluated the status of Maine’s lynx population when lynx were 
considered for state listing in 1997 and again in 2006, this is the first formal assessment 
of Maine’s lynx population.  Earlier evaluations determined if lynx were below target 
population levels and warranted additional state protection.  This assessment and 
concurrent models developed by researchers at the University of Maine are the first 
formal assessment of the amount of available lynx habitat that coincides with lynx 
population demographic data to formally estimate past and current numbers of lynx in 
Maine.   
 
For this assessment, we estimated past (1995) and current lynx numbers (2003 and 
2006) based on the proportion of habitat (forest and spruce/fir sapling forest) occupied 
by lynx.  We estimated occupied habitat from winter snow track surveys at two different 
time periods (1995-98 and 2003-08) and estimated the number of lynx in occupied 
areas based on the size and amount of habitat in a lynx homerange.  The estimate 
based on the size of the homerange assumes all habitat in a lynx homerange is used, 
where the estimate derived from the acres of habitat in a lynx homerange assumes that 
lynx only use spruce/fir sapling forest.  The first method is likely a conservative estimate 
and the second a liberal estimate.  Therefore, we provide the midpoint between the two 
estimates here and provide more detailed information on the methods and assumptions 
used to estimate Maine’s lynx population in Appendix IV. 
 
Past Populations 
It is likely that lynx have been present in Maine for at least 2,000 years, and their 
numbers have fluctuated considerably over that period.  Early written accounts did not 
always distinguish bobcats from lynx (Hoving 2001); thus, the relative abundance of 
lynx in Maine can only be inferred by the availability of habitat.  Prior to European 
settlement, lynx likely existed at low densities in understory patches created by 
openings in the forest canopy and at locally higher densities in the relatively uncommon 
large patches of young forest created by fires, wind, and other natural disturbance.  
 
After European settlement, lynx populations likely increased when the harvest of spruce 
provided early successional habitat in the understory of partially harvested stands.  
However, lynx populations likely did not flourish until the late-1800s, mid-1900s, and 
early-2000s following budworm outbreaks (e.g., late 1870s, 1913-19, and 1975-85) that 
provided more extensive areas of regenerating spruce and fir 15-40 years later (e.g. 
1885-1910, 1934-59, and 2000-2025). 
 
Hoving (2001) compiled the most comprehensive historical account of lynx in Maine.  
Prior to 1939, these observations were based largely on written accounts of lynx from 
museum records, journals, and periodicals (e.g., Field and Stream magazine).  After 
1939, lynx observations were also documented from interviews of trappers, biologists, 
and game wardens (R.Joseph, USFWS, personal communication) and winter snow 
track surveys conducted by MDIFW (1994-1998).  Despite a bounty on wildcats (1832-
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1967), no figures on the number of lynx taken annually were available because lynx 
were not distinguished from bobcats (Aldous and Mendall 1941, MDIFW 1978). 
 
By the mid to late 1800s, written accounts suggested that lynx were common in Maine 
especially in the burnt lands (Audubon and Bachman 1852 and Thoreau 1893 as cited 
in Hoving 2001) and were likely most abundant between 1865 -1873 when fur buyers 
bought between 100 and 200 lynx each year (Hardy 1870 and Stephen 1873 as cited by 
Hoving 2001).  Although Hoving (2001) did not link historical observations to insect 
outbreaks or fires, his compilation of historical accounts suggest lynx were rare 
immediately following a minor and two major budworm outbreaks (late 1870s, 1913-
1919 and 1975-85, respectively) and were more common 30 years later (Figure 4.1).  
Following the 1919 budworm outbreak, Allen (1923 as cited by Hoving 2001) wrote that 
lynx were formerly common, but now much depleted.  Lynx remained rare throughout 
northern and central Maine into the early 1930s (Aldous and Mendall 1941).  By the 
1950s, lynx were reported as common in western Aroostook County.  In modern times, 
Maine’s lynx populations likely reached their lowest level in the 1970s when Maine’s 
spruce fir forest was predominately mature trees (>40 years old).  During that period, 
lynx were reported as common in only 1 warden district in Aroostook County and were 
thought to number less than 100 individuals statewide (MDIFW 1978).  During the 
1980s, sapling stands of spruce and fir were still uncommon.  Potential lynx densities 
and populations in the southern half of lynx range were estimated by the amount of high 
quality hare habitat from satellite imagery in simulated non-overlapping circular ranges 
centered on lynx track observations that estimated a density of between 0.6 and 1.1 
lynx/100km2 or 82-164 lynx on a study area in northern Maine in 1988 (about 55% of 
lynx range; Simons 2009).  As habitat conditions improved during the 1990s, track 
surveys suggested that 18-29% of survey areas were occupied by lynx.  In 1995, 
Maine’s lynx population likely numbered between 240 and 320 lynx.   
 

Figure 4.1  Historical Lynx Observations (n=281; Hoving 2001)
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A recent review of historic species’ accounts suggested that the lynx population in 
northern Maine is “recently re-established”.  These accounts suggest that: “In the early 
to mid-1800s, Canada lynx occurred across the Moosehead Plateau of northern and 
western Maine.  In the 1900s, the bobcat replaced the lynx in northern Maine, but since 
the late 1990s, bobcat populations have retreated to central and southern Maine 
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whereas lynx populations have rebounded across the northwestern part of the state” 
(Krohn and Hoving 2010: 33, 35). 
 
Current Populations 
Maine’s lynx population grew more rapidly after 1995 in response to record high 
amounts of optimal foraging habitat.  During 2003-08 winter track surveys, we observed 
lynx in 50% and 83% of the survey areas modeled as having a low and high probability 
of lynx occurrence, respectively (Appendix IV).  Although 2010 FIA data are available, 
lynx demographic data have not been completely analyzed for this period, and 
additional surveys are needed to update estimates of occupied habitat.  Thus, current 
population estimates were based on 2003 and 2006 FIA data, occupancy rates from 
2003-08 winter track surveys, and 2003 lynx home range estimates.  By 2006, we 
estimated between 750 and 1,000 adult lynx in northern and western Maine (Table 4.1). 
 

 

Table 4.1. Estimated adult lynx population size
and acres of regenerating spruce/fir forest in 5 
biophysical regions in northern Maine.

Minimum Maximum Average SE
1982   507,367
1995 244 319 1,072,515 81,645
2003 769 1,041 1,342,924 84,469
2006 781 1,057 1,398,898 86,221

S/F Sapling (acres)Population estimate

 
 
An independent estimate of between 2.6-4.0 lynx/100km2 or 242-365 lynx in the 
southern half of lynx range in 2004 was generated from simulated non-overlapping 
ranges centered on lynx track observations (Simons 2009).  Interestingly, that study 
found a similar proportion of lynx habitat in simulated ranges as we observed in real 
ranges used to generate our population estimates (Method 2 Appendix IV).  The 
difference between estimates is likely attributed to the use of simulated non-overlapping 
ranges (i.e. 1 lynx/range in Simons [2009]) and real range estimates where a male 
range overlapped a female’s range (i.e. 2 lynx/range; Appendix IV). 
 
MDIFW winter track surveys, demographic data from telemetry studies (Appendix VI), 
an independent population model (Simons 2009), and a variety of indices (accidental 
catches by trappers, vehicle strikes, and sightings) indicate that Maine’s population was 
growing rapidly.  Systematic snow-track surveys found lynx tracks in more than 80% of 
the towns with a high probability of lynx occurrence and 50% of the survey areas with a 
low probability of lynx occurrence, suggesting that by 2006 lynx were approaching 
carrying capacity.  We estimated the carrying capacity (i.e., all habitat occupied) of the 
habitat in northern and western could support between 1,100 and 1,800 adult lynx.   
 
Recent observations of lynx in eastern Maine and New Hampshire, lower hare densities 
in regenerating clearcuts (Scott 2009), and lower lynx reproductive rates on our 
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northern study area could indicate a declining population.  However the continued 
presence and abundance of lynx in northern Maine, including our study area, and 
observations of lynx with kittens outside our study area further suggest that this was not 
the case (Figure 4.2).  In 2010, lynx reproductive and recruitment rates recovered at our 
study site (see Table 1.1 and 1.5) possibly in response to increased hare densities in 
stands regenerating after shelterwood harvest/overstory removals (see Table 1.2).  
Overall, during the past decade the studied population of lynx in northern Maine was 
increasing and excess individuals were available to disperse into other areas (Appendix 
VI). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2.  Lynx observations 2000-2005 (left) and lynx observations 
2000-2011 (right). 

 
Future Populations 
We anticipate a decline in Maine’s lynx population when extensive areas of 
regenerating spruce/fir stands mature and no longer provide optimal cover for 
snowshoe hares.  Although forests continue to be harvested in Maine, there isn’t 
sufficient early succesional spruce and fir to replace midsuccessional spruce/fir sapling 
stands (40%) when they transition to late-successional forest (e.g., pole/small sawlogs).  
By 2032, a model suggests that lynx densities may decline to 1 lynx / 24,711 acres or 
approximately 130 lynx in half of Maine’s current lynx range due to the legacy of past 
forest harvest and disease events (Simons 2009).  Although this density is lower than 
current densities, it exceeds 1988 lynx densities, where 78% of that study area 
supported less than 1 lynx / 24,711 acres (Simons 2009).  Assuming landscape lynx 
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densities are similar in the core lynx range, Maine’s lynx population in 2032 could 
number 300 adults.  
 
However, most models do not include other extrinsic factors (e.g. budworm outbreak, 
climate change, timber markets) that will influence future lynx numbers.  Climate change 
is expected to have the greatest impact on wildlife species that occur at the southern 
edge of their range.  Lynx are associated with areas of deep snow (Hoving et al. 2005) 
and an abundance of young conifer (spruce/fir) where lynx have a competitive 
advantage over other common forest predators (i.e., bobcat, fisher, coyotes) and their 
prey, snowshoe hare, are abundant.  It is uncertain how climate change will impact 
future lynx populations, but if projections are accurate, we can expect lynx populations 
to recede northward and populations to decline substantially over the next 100 years.  A 
decline in Maine could still leave lynx reasonably widespread or common in Canada 
(Hunter et al. 2009).  Maintaining connected undeveloped land, such as Maine’s 
working forest that may continue to support moderate to dense young conifer and 
abundant hare populations, likely offers the best chance of retaining lynx in Maine. 
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USE AND DEMAND 
 
Past Use and Demand 
Stemming from general anti-predator attitudes, Canada lynx were traditionally viewed 
as a vermin, as early references to lynx as a catamount or “evil devil” demonstrate 
(Williamson 1832), but they were also a valuable furbearing animal.  Manly Hardy, a 
naturalist and fur buyer from Brewer, Maine during the 1800s, wrote that Canada lynx 
and many other fur-bearing animals were trapped and hunted as part of the fur and hide 
business (Hardy 1907a).  From the 1600s through the early 1900s, the “fall fur hunt” 
was a common activity throughout North America.  Although primarily targeting 
furbearing animals, fall fur hunts also took big game animals both for the meat and hide 
that could be used in camp and later sold at market (Krohn 2005).  Early commercial 
hunting or trapping referred to as “long-hunts” involved traveling great distances by 
horse to shoot and trap game and obtain furs, hides, and meat through trade with 
Native Americans for later sale at markets.  Long hunts were most common in eastern 
North America through the 1700s, and continued in the West well into the 1800s 
(Holden 2000).  Fall fur hunts avoided the hardships of trapping through the ice and 
traveling in deep snow (Worthy et al. 1987); although, some trapping expeditions 
continued through the winter when furbearer pelts became prime (Barker and Danforth 
1882).  Records of fall/winter fur-hunts in Maine and New Brunswick from the mid- to 
late-1800s show an animal community more characteristic of a boreal versus a 
temperate ecosystem, with lynx, moose, and caribou being fairly common and widely 
distributed in northern Maine and eastern Canada.  However, by the late 1800s, all 
three of these species were less abundant in Maine (Krohn and Hoving 2010) as well as 
neighboring New Brunswick (see Parker 2004).   
 
Because lynx were not distinguished from bobcat, the number of lynx taken annually is 
not available from bounty records (Aldous and Mendall 1939).  During the 60 years 
when there was a bounty on all wildcats in Maine, 39,205 wildcats were bountied, and 
bounty payments totaled over $468,000.  During this period, the annual number of 
wildcats killed for bounty greatly exceeded modern trapping and hunting harvest rates 
for bobcat (mean = 260 bobcats / yr from 1976 to 2010).  Prior to 1920, bounty 
payments ranged between 1 and 4 dollars per wildcat and increased to 10 to 20 dollars 
per cat between 1920 and 1967 (see Table 2.1).  Because lynx pelts were more 
valuable than bobcat pelts, demand for lynx was likely higher than bobcats.  In years 
when fur prices were low, bounty payments provided added incentives to harvest 
wildcats.  Not only were their economic incentives for hunting and trapping wildcats, it 
was also an enjoyable pursuit for outdoor enthusiasts.   
 
Although bounty records do not provide insight into the value and use of lynx in 
particular, Hardy (1897) reported buying up to 200 lynx annually when lynx were 
abundant (e.g. 1865 and several years later) with most of the fur coming from Maine.  
The higher pelt price for lynx indicated that lynx were a highly sought fur (Aldous and 
Mendall 1941).  Use and demand for lynx during the mid and late 1900s was likely low 
given the relative rarity of lynx and the closing of trapping and hunting seasons for lynx 
(MDIFW 1978). 
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Current Use and Demand 
Maine residents and visitors are very interested in lynx, not only because Maine is one 
of the few places in the United States where lynx occur, but also due to the impact that 
lynx conservation efforts have had on other recreational pursuits or land use practices.  
Despite conflicts between lynx conservation efforts and use of other natural resources, 
consumptive and non-consumptive users have demonstrated a shared interest in lynx 
conservation in Maine.  Landowners, forest products industry, conservation groups, and 
private citizens have provided financial support for lynx and snowshoe hare research 
efforts in Maine.  The Maine Trappers Association has cooperated with MDIFW to 
reduce the incidental take of lynx in traps, and many landowners are including lynx in 
their forest management plans.  
 
Nonconsumptive Use 
Nonconsumptive uses of lynx include opportunities to view lynx or their sign (e.g., tracks 
in winter).  At this time, there are no specific surveys indicating the percentage of people 
who enjoy seeing lynx in Maine.  Although personal sighting reports from outdoor 
photographers, loggers, fishermen, trappers, and hunters are fairly common, in general, 
people are not very successful viewing lynx because of the dense forested habitat in 
which lynx live.  To overcome the difficulty of seeing a live lynx, several conservation 
groups travel to northern Maine each winter in the hopes of observing lynx tracks and 
sign.   
 
Consumptive Use 
For more than 4 decades, lynx have been protected from harvest with the closing of 
hunting and trapping seasons for lynx and elimination of a bounty for all wildcats.  Thus, 
lynx have no direct consumptive values to the people of Maine.  Efforts to minimize 
“take” (i.e., trap, capture, harass, kill, shoot, harm) of lynx have influenced the 
consumptive use of other abundant fur-bearing animals by restricting legal methods of 
harvest.   
 
Nuisance Control 
In other parts of the United States, lynx have raided chicken coops and killed poultry 
and other small livestock (Ron Moen, Minnesota, personal communication and Kim 
Royar, Vermont Fish and Wildlife, personal communication).  In Maine, we have only 
recently received complaints of lynx killing or harassing poultry and have not received 
any complaint of lynx killing other livestock or pets.  The low level of complaints 
involving lynx is likely influenced by low human densities and abundance of natural prey 
in areas where lynx occur.  Since lynx rarely prey on large game, lynx have not directly 
influenced large game populations.  However, the presence of lynx in northern Maine 
has restricted coyote control efforts aimed at addressing localized predation of white-
tailed deer during winter.  Thus lynx have indirectly influenced Maine’s animal damage 
control (ADC) efforts. 
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Use and Demand Projections 
Because the majority of Maine’s lynx occur in remote areas with low human densities, 
only a small segment of the public seek opportunities to view lynx or their tracks.  Most 
lynx are likely observed by people pursuing other outdoor activities or working in the 
woods.  Although such encounters provide added enjoyment, it is unlikely to increase 
lynx viewings.  Opportunities to view lynx or their sign are likely to decline when the 
abundance of high quality mid-successional forest (i.e., sapling) transitions to pole or 
sawlogs.  
 
Lynx protection as a federally Threatened Species may continue to impact the 
harvesting of other animals through efforts to minimize the incidental take of lynx.  Such 
minimization measures may include modifications to Maine's trapping regulations and 
ADC protocols.  However not all impacts will necessarily be negative.  For example, 
lynx habitat conservations efforts may provide allowances for forest management 
activities that are currently restricted (e.g., larger clearcuts).  
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SUMMARY AND CONCLUSION 
 
Canada lynx are found at northern latitudes in areas where snow levels are deep and 
prey densities are high.  The boreal spruce/fir forest of northern Canada and Alaska 
supports the largest population of lynx in North America.  Lynx also occur in northern 
portions of the contiguous United States, but are less common.  Historically lynx 
occupied 14 northern tier states.  In the Northeast, this includes parts of Maine, New 
Hampshire, Vermont, and New York.  Currently, Maine has the only resident breeding 
population, although lynx may be colonizing northern New Hampshire and Vermont. 
 
Lynx subsist largely on one prey item, the snowshoe hare.  In the boreal forest of 
Canada and Alaska, hare numbers fluctuate or are cyclic.  A variety of factors, including 
habitat quality and predator abundance, may cause cyclic changes in snowshoe hare 
abundance.  In most areas, hares are common at the beginning of the decade and 
remain abundant for several years.  Often hare numbers will decline for 4 to 6 years 
before they reach their low and increase again.  The cycle is repeated every eight to ten 
years.  Changes in lynx densities tend to mimic changes in hare numbers; however, 
lynx densities tend to lag changes in hare numbers by a year or two.  
 
In the contiguous United States, snowshoe hares are less abundant and may exhibit 
irregular fluctuations in density.  There have been periods when hare and lynx were 
more common in northern Maine that often followed natural or human disturbances that 
altered the composition and structure of Maine’s spruce/fir forest.  The most recent 
disturbance event occurred in the 1970s and 1980s when most of northern Maine’s 
spruce and fir was defoliated by the spruce budworm.  Extensive areas were 
subsequently cut and cleared of trees.  Fifteen years later (ca 1995) these areas grew 
back into dense thickets of regenerating spruce and fir sapling trees that provided an 
abundance of ideal cover for snowshoe hare.  Lynx numbers increased, and by 2006, 
the number of lynx in northern and western Maine’s spruce/fir forest reached an historic 
high of between 750 and 1,000 adults.   
 
A current habitat model indicates that lynx populations have stabilized.  This model was 
based on occupancy data collected when the population was increasing and when lynx 
were likely colonizing the best habitat.  Recent observations of lynx, including evidence 
of kittens in eastern and western Maine and in New Hampshire, suggest that lynx 
populations may still be expanding.  Regardless, we anticipate a decline in the amount 
of habitat when the budworm stands mature.  The cutting of diseased spruce and fir in 
the 1980s was not sustainable; thus, there are not enough younger stands to replace 
current stands as they mature.  Although we anticipate less sapling spruce/fir forest and 
fewer lynx in the future, projected amounts still exceed pre-budworm estimates.  
Sustainable forest management that provides an even distribution of young, mid-aged, 
and older spruce/fir forest could provide a stable supply of habitat allowing lynx 
populations to persist, but lynx numbers would likely be lower than 2006 estimates. 
 
Current habitat models suggest the recent shift from clearcutting to partial harvesting 
may not benefit lynx, as these stands support relatively low snowshoe hare densities.  
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However, these harvests occurred in a variety of stands (softwood, hardwood, mixed 
stands) that tend to be smaller, more isolated, and younger than the regenerating 
softwood clearcuts that support high hare and lynx densities.  Recently, hare densities 
have increased (>1 hare/ha) in some partially harvested stands (SHW/OR).  Although 
the Maine Forest Practices Act of 1989 (FPA) favors partial harvesting and smaller 
clearcuts, the composition and configuration of current partially harvested stands is an 
artifact of the budworm outbreak.  When budworm impacted stands reach merchantable 
size, partial harvests could provide sufficient habitat for lynx if managed to produce well-
stocked understories of conifers.  Although forest managers may be reluctant to clearcut 
large areas, the FPA allows larger clearcuts to improve or create wildlife habitat when 
prescribed and justified by a certified wildlife professional (Appendix V).  
 
Low snow levels and habitat loss pose the greatest risks to Maine’s lynx population.  If 
the prediction of a warming climate with more winter precipitation in the form of rain 
occurs, lynx may be restricted to extreme northern sections of Maine, and spruce/fir 
may also decline and recede northward.  Management of Maine’s “spruce/fir flats” that 
maintains northern forest conditions and connectivity between neighboring lynx 
populations in Canada may allow lynx to persist in Maine.  Commercial harvest of 
Maine’s spruce and fir forest will likely continue, but new markets that favor shorter 
rotations and use sapling trees will likely reduce the quantity and quality of future lynx 
habitat, and changes in forest landownership could lead to more land development.  
Forest management activities that do not promote conditions to support lynx and hares 
may be offset by future tree-disease outbreaks.  Since 1999, conservation easements 
have protected 2 million acres (28%) of northern Maine’s working forest from 
development, and additional easements have been proposed as mitigation for 
development.  
 
Lynx were listed as federally Threatened in Maine in 2000.  It was not known at the time 
that lynx numbers were increasing in Maine.  The results of a recent 12-year field study 
in northwestern Maine demonstrated a productive source population of lynx (Appendix 
VI) that appears to be expanding into other areas of northern New England and Maine.  
Lynx can not be delisted without a federal recovery plan.  Because lynx were listed as a 
single distinct population segment by the US Fish and Wildlife Service, when recovery 
objectives are established, lynx must meet recovery objectives in all the states where 
they are currently protected.  Establishing recovery objectives for a species at the edge 
of their range, whose numbers naturally fluctuate and may be affected by warmer 
climates is especially challenging.  This assessment and the development of 
management goals and objectives for lynx in Maine may help inform Federal recovery 
planning efforts. 
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Appendix I.  Current Trapping Regulations to Minimize Incidental Capture of lynx 
in traps. 
 
Rule 09-137 DEPARTMENT OF INLAND FISHERIES AND WILDLIFE 
 
Chapter 4: HUNTING AND TRAPPING 
 
G. Open Seasons for the Hunting and Trapping of Furbearing Animals 

 
2. Statewide Regular Trapping Season: Bobcat, coyote, fisher, fox, marten, mink, muskrat*, 

opossum, otter, raccoon, red squirrel, skunk, weasel: The Sunday preceding the first day 
of the open firearm season on deer through December 31. 

 
Any lynx caught incidentally, whether dead or alive, during any trapping season must be 
reported to a game warden or biologist of the Department as soon as possible and prior to 
removing the animal from the trap, unless a Department official can not be reached in 
time to prevent injury to the lynx. Any lynx released under this provision before reporting 
to the Department must also be reported to the Department within 24 hours from the time 
it was discovered. 

 
 
J. Size of Traps 
 

Animals may be trapped with any common ordinary steel trap except that in Wildlife 
Management Districts 1, 2, 3, 4, 5, 6, 8, 9, 10, 11, 14, 18 and 19 no foothold trap (also 
known as a leghold trap) maybe used that has an inside jaw spread of more than 5 3/8 
inches, except that a foothold trap with an inside jaw spread of more than 5 3/8 inches 
may be used if it is set so as to be fully or partially covered by water at all times. Inside 
jaw spread is the distance, with the trap in the set position, from the inside center of one 
jaw (at the dog) to the inside center of the opposite jaw when measured directly across 
the center of the pan and perpendicular to the base plate. Every foothold trap used in 
Wildlife Management Districts 1, 2, 3, 4, 5, 6, 8, 9, 10, 11, 14, 18 and 19 that is not set so 
as to be fully or partially covered by water at all times must be equipped with at least one 
chain swivel. Killer-type traps with a jaw spread not to exceed 5 inches may be used, 
except as limited by paragraph K; or killer-type traps with a jaw spread not to exceed 8 
inches may be used if set completely under water or at least four feet above ground level 
or snow.  
 
It shall be lawful to trap furbearing animals with a common cage type live trap, except 
that in Wildlife Management Districts 1, 2, 3, 4, 5, 6, 8, 9, 10, 11, 14, 18 and 19, no cage 
trap which has an opening of more than 13 inches in width or more than 13 inches in 
height may be used unless the cage trap is being used (1) for wildlife research and survey 
activities; (2) for the removal of animals that are causing damage to property; or (3) to 
capture bear. Furbearing animals may also be trapped with so-called colony traps having 
outside dimensions no greater than 7 inches high by 7 inches wide by 40 inches long, 
only if set so as to remain completely under water at all times. 
 
 

Appendices 78 



MDIFW  Canada Lynx Assessment 

Appendices 79 

K. Location of and Preparation for Traps 
 

Steel foothold or killer-type traps must not be set within 50 yards of bait that is visible 
from above. Bait may be used for trapping if it is completely covered to prevent it from 
being seen from above, and it must be covered in such a way as to withstand wind action 
and other normal environmental conditions. Bait is defined as animal matter including 
meat, skin, bones, feathers, hair or any other solid substance that used to be part of an 
animal. This includes live or dead fish. For the purposes of this paragraph, bait does not 
include animal droppings (scat), urine or animals, dead or alive, held in a trap as the 
result of lawful trapping activity. 

 
 
No person may set, place, or tend any killer-type trap in Wildlife Management Districts 1 
– 11, 14, 18 and 19 unless set completely underwater or at least 4 feet above the ground 
or snow level except that killer-type traps with an inside jaw spread not to exceed 5 
inches may also be used under the following conditions: 
 
 (1) when set so as to be partially covered by water at all times, or 
 
 (2) when set under overhanging stream banks, or 
 
 (3) when used at blind sets as defined below. 
 
For purposes of this paragraph, a blind set is defined as any set designed to catch a wild 
animal, without the use of bait, lure or visible attractor, by intercepting the animal as it 
moves naturally through its habitat. Bait, lure and visible attractor do not include animal 
droppings (scat) or urine. 
 
All killer-type traps in Wildlife Management Districts 1 – 11, 14, 18 and 19 that rely on 
the rule requiring such traps to be set at least 4 feet above the ground or snow level must 
be at least 4 feet away from any bank and must be affixed to a pole or tree that is no 
greater than 4 inches in diameter at 4 feet above the ground or snow level.  If a pole is 
used, the pole must be a natural section of tree, with or without bark, the sides of which 
have not been sawed, planed or otherwise altered to create a flat surface.  The pole or tree 
to which the trap is affixed must be at an angle of 45° or greater to the ground the entire 
distance from the ground to the trap.  The area within 4 feet of the trap in all directions 
must be free of trees, poles or other objects greater than 4 inches in diameter and must be 
free of all trees or poles that are slanted at an angle of less than 45° to the ground at any 
point between the ground and the height of the trap.  The purpose of this rule is to ensure 
that killer-type traps are not placed in the vicinity of objects that make it easier for lynx to 
access the trap. 
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Appendix II.  The Chronology of Events that Led to Listing the Canada Lynx as a 
Federally Threatened Species in 14 States including Maine (Source: 
www.fws.gov/mountain-prairie/species/mammals/lynx). 
 

August 22, 1991: A petition to list the "North American" (Canada) lynx in the North 
Cascades ecosystem of Washington as an endangered species and to designate critical 
habitat was received by the Fish and Wildlife Service (Service) from the National 
Audubon Society and 11 other organizations. 

October 6, 1992: The Service published a notice of a 90-day finding (57 FR 46007) 
indicating that the petition to list the "North American" (Canada) lynx in the North 
Cascades did not provide substantial information. Region 1 (Portland Regional Office) 
had the lead on the petition because the petitioned area was confined to that Region. 
Region 6 (Denver Regional Office) had the national lead for the lynx. 

Late 1992 or 1993: The Greater Ecosystem Alliance and other organizations sued the 
Service over the negative 90-day finding announced on October 6, 1992. 

April 28, 1993: A settlement agreement was reached whereby the Service agreed to 
reevaluate the negative 90-day finding announced on October 6, 1992, in light of new 
information that was submitted by the petitioners. 

July 9, 1993: The Service published a notice (58 FR 36924) indicating that the negative 
90-day finding had been revisited by Region 1, but that there still was not substantial 
information to support the petitioned action. However, the Service announced in the 
notice that it believed that sufficient evidence existed to indicate that an in-depth 
rangewide status review for the lynx should be conducted and that the Service intended 
to commence this status review. 

November 30, 1993: A second settlement agreement was reached. The Service 
agreed to complete and publish the results of a status review throughout the lower 48 
States by November 14 1994. 

February 2, 1994: The Service published a notice (59 FR 4887) indicating that it was 
soliciting information for a rangewide status review. The Service indicated that it would 
complete and publish its finding no later than November 15 1994. Region 6 was given 
the lead. 

April 27, 1994: A petition to list the "North American" (Canada) lynx in the contiguous 
United States and to emergency list the southern Rocky Mountain population was 
received from the Biodiversity Legal Foundation and four individuals. 

August 26, 1994: The Service published a notice (59 FR 44123) indicating that the 
Service's administrative 90-day finding found that the petition received April 27, 1994, 
presented substantial information indicating the requested action for the contiguous 
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United States population may be warranted, but there was not substantial information to 
indicate that an emergency listing of a southern Rocky Mountain population was 
warranted. 

December 27, 1994: The Service published a notice (59 FR 66507) indicating that the 
Service's 12-month finding was that listing the Canada lynx in the contiguous United 
States was not warranted. The finding represented the Service's administrative finding 
as a result of the status review agreed to in the April 28, 1993, lawsuit settlement and 
the administrative 12-month finding for the petition received April 27, 1994.  

January 30, 1996: The Defenders Of Wildlife and 14 other organizations and 
individuals sued the Service in the U.S. District Court, District of Columbia, over the not 
warranted petition finding that was announced in the Federal Register on December 27, 
1994.  

March 27, 1997: The court issued an opinion and order setting aside the not warranted 
finding and remanded it back to the Service for further consideration. The Service was 
ordered to publish a 12-month on the status of the lynx within 60 days. 

May 27, 1997: The Service published a 12-month petition finding (62 FR 28653) that 
the Canada lynx population in the contiguous United States was warranted for listing 
under the Endangered Species Act but precluded by actions on other species of higher 
taxonomic status. This warranted but precluded finding automatically elevated the 
Canada lynx to candidate species status. 

September 15, 1997 Defenders of Wildlife et al. filed suit against the Service in the U.S. 
District Court, District of Columbia, arguing that the Service violated the Endangered 
Species Act in finding that listing the Canada lynx population in the contiguous United 
States was warranted but precluded (published in the Federal Register May 27, 1997). 

December 22, 1997: The court denied the plaintiffs' Motion to Enforce Judgement 
against the Service's May 1997 finding that listing the Canada lynx population in the 
contiguous United States was warranted but precluded. At the same time, the court set 
an expedited schedule and hearing date (March 18, 1998) for the lawsuit filed in 
September 1997. 

February 11, 1998: The Service and the Plaintiffs reached a settlement that calls for 
the Service to publish a proposed rule to list the Canada lynx in the contiguous United 
States by June 30, 1998. The settlement has been submitted to the U.S. District Court, 
District of Columbia for approval. 

June 30, 1998: The Service issues a proposed rule to list the contiguous United States 
population of the Canada lynx as threatened. Critical habitat was not proposed. 

July 8, 1998: Proposed rule is published in the Federal Register 
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July 8, 1999: Notice of 6-month extension of final listing decision published in Federal 
Register. 

March 24, 2000: Final rule listing the contiguous United States population of the 
Canada lynx as threatened published in the Federal Register. 
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Appendix III.  Methods to summarize potential lynx, existing lynx, and optimal 
foraging habitat (OFH) using Forest Inventory & Analysis (FIA) data  
 
By Kenneth M. Laustsen, Biometrician,  
Maine Forest Service, Department of Conservation 
22 State House Station, Augusta, ME  
 
Background 
We developed and tested an analytical approach in an attempt to correlate periodic FIA 
data to other data and research efforts conducted by MDIFW and the University of 
Maine. Statewide FIA data has been collected under a variety of sampling designs, 
intensities, and variables starting with the first periodic inventory in 1958; followed by 
inventories in 1972, 1982, and 1995.  In 1999, the periodic inventory was converted to 
an annualized inventory.  In-house Maine Forest Service data files for 1982 and SAS 
(Version 9.1) were used for data processing and statistical analysis of this single 
inventory period.  The online USDA Forest Service FIA website named EVALIDator 
(http://apps.fs.fed.us/Evalidator/tmattribute.jsp) was used to generate all other desired 
habitat estimates for 1995, 2003, 2006, and 2010 and their associated standard errors. 
 
Analysis focused on five biophysical regions (Aroostook Hills, Connecticut Lakes, 
International Boundary Plateau, Maine Central Mountains, and St. John Uplands).  This 
delineation was preferred by MDIFW because  

 Biophysical regions have a better spatial scale than either Wildlife 
Management Districts (WMD’s) or individual counties;  

 Known lynx occurrences and observations matched well to biophysical region 
boundaries; and  

 Some ancillary IF&W data had already been summarized by biophysical 
regions.   

 
NERS and FIA Spatial Data Services provided a plot listing, using plot level GPS 
coordinates, to link each FIA plot and measurement to a unique biophysical region for 
the 1995 periodic. The 1995 biophysical region assignment was then used to backcast 
just those plots to their previous and earlier measurement in 1982. 
 
Potential lynx habitat was assumed to include a matrix of  

 Any softwood forest type,  
 Any stand size class, and  
 Any all live stocking class. 

 
Existing lynx habitat is further characterized by research efforts as 

 Spruce-Fir stands 
 Regenerating sapling size class 

 
Optimal foraging habitat (OFH) is then further characterized by research efforts as  

 Conifer with 7,000 to 11,000 stems per hectare (2,833 to 4,452 stems per 
acre) that are a minimum 1 ½ meters (≥ 5 feet) in height and ≤ 3.0” DBH. 
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Process 
Melding FIA attributes to the characterizations of current and preferred lynx habitat 
(OFH) consisted of the following -  
 

 Spruce-fir stands - FIA assigns a forest type to each plot/condition. Using a 
computer algorithm, tallied trees are assigned a stocking value based on species, 
DBH, and crown position. Stocking values are then processed through another 
computer algorithm that uses individual or groupings of stocking values to assign a 
forest type. This mathematical method works purely on the basis of the forest 
composition at the time of each plot’s measurement. If the composition undergoes a 
change due to natural succession, natural disturbance (fire, wind, insect, or 
disease), or harvesting; then at the next measurement it is possible that the same 
plot area will be assigned a different forest type. These transitions in forest type can 
have unintended consequences when viewed temporally. But for this analysis the 
process of a point-in-time forest type assignment based on a purely composition 
served our purpose. The major forest type group (MFTYP) labeled spruce/fir 
(MFTYP = 120) was chosen as the best match. 

 
 Regenerating saplings– in FIA terminology this matches up with a stand size class 

category of Seedling/sapling. This FIA classification process is based on stocking of 
all live trees (1.0”+ DBH).  A computer algorithm calculates the stocking value of 
each tallied tree, then totals up the stocking value within defined DBH ranges and 
assigns a stand size class.  For the seedling/sapling stand size class, the plurality of 
tree stocking values are tallied and measured for trees that are 1.0 – 4.9” DBH.   

 
o Existing lynx habitat now could be characterized by the following attributes within 

FIA  
 FIA Major Forest Type Group (MFTYP) = 120 (Spruce-Fir) 
 Stand size class = Seedling/sapling (1.0 – 4.9 “ DBH) 

 
 Between 7,000 and 11,000 s/f sapling stems/ha – in FIA the term “stocking” 

describes the degree of occupancy of the land by trees relative to the growth 
potential utilized by the site. It is expressed as a percent of the “normal” value 
referenced in various yield tables and stocking guides.  In FIA, when the all live 
stocking of trees >1” DBH is classed as moderately stocked, the stocking range 
(occupancy) is 35 to 59%.  Whereas a FIA well-stocked class has stocking values in 
the range of 60 – 100%.  Both the FIA classes of moderately and well stocked could 
be used to further qualify optimal foraging habitat for lynx in Maine.   

 
 The final criteria defining a qualified conifer stem (≥ 5 feet in height and ≤ 3” DBH) 

created two problems within the FIA database.  
 

o FIA counts a subsample of seedlings on plots to estimate the number of 
seedlings/acre, and these sampling methods varied by inventory period.  
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o Under the seedling sampling methodd, the qualified FIA seedling stem counts 
provide no indication of which stems were actually meeting the desired 1 ½ 
meter (5 feet) minimum height requirement. 

o The inclusion of all tallied seedlings would either include those that did not meet 
the minimum height requirement, or then in later stand development stages 
exclude plots that had many seedlings meeting the minimum height requirement.   

 
A suitable method or metric within the FIA data, which could be linked to this final 
criterion, remains undeveloped despite several analytical processing attempts. 
 
As a surrogate, the following FIA attributes that provided the best correspondence 
and match to the research criteria for Optimal foraging habitat for lynx (OFH) could 
now be characterized, using  
o FIA Major Forest Type Group (MFTYP) = 120 (Spruce-Fir) 
o Stand size class = Seedling/sapling (1.0-4.9 inches) 
o All live stocking being in the Moderately (35 – 59%) and the Well (60 – 100%) 

stocked classes. 
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Table III.1. Summary analysis of lynx habitat based on three habitat criteria for Forest Inventory Analysis (FIA) 1982, 1995, 2003, 2006, and 2010 by biophysical region.
Potential Lynx 

Habitat
Existing Lynx

Habitat
Optimal Foraging 

Habitat (OFH)

Biophysical Region Year
Total 

Timberland

All FIA 
Softwood Major 
Forest Types 

(MFTYP)

Just 
Spruce/Fir 

MFTYP

Seedling/Sapling 
stand size class 
(STDSZCL) in 

Spruce/Fir MFTYP 

Moderate & Fully 
stocked classes 

within S/F MFTYP & 
Seedling/Sapling 

STDSZCL 

Spruce/fir   
MFTYP    
(%) of      
Total 

Timberland

Seedling/sapling 
STDSZCL (%) of  
Total Spruce/Fir 

MFTYP

Moderately & 
W ell stocked     

(%) of 
seedling/sapling 

STDSZCL 
Proportion 
of habitat

International Boundary 1982 673,768 409,074 409,074 24,063 24,063 61% 6% 100% 5%
St John 1982 2,805,538 1,746,303 1,746,303 143,140 143,140 62% 8% 100% 28%

Aroostook Hills 1982 1,355,396 698,235 698,235 102,681 82,145 52% 15% 80% 20%
Central Mtn 1982 1,443,966 709,746 660,798 171,318 24,474 46% 26% 14% 34%
CT Lakes 1982 1,058,640 441,100 441,100 66,165 66,165 42% 15% 100% 13%

Total 1982 7,337,308 4,004,458 3,955,510 507,367 339,987 54% 13% 67% 100%

International Boundary 1995 796,897 445,786 445,786 188,767 65,311 56% 42% 35% 18%
St John 1995 2,185,876 956,598 950,280 383,178 167,493 43% 40% 44% 36%

Aroostook Hills 1995 1,372,131 598,664 585,496 212,379 96,853 43% 36% 46% 20%
Central Mtn 1995 1,330,044 515,664 495,046 167,303 95,329 37% 34% 57% 16%
CT Lakes 1995 982,734 369,341 362,837 120,888 66,426 37% 33% 55% 11%

Total 1995 6,667,682 2,886,053 2,839,445 1,072,515 491,412 43% 38% 46% 100%

International Boundary 2003 1,003,937 525,253 525,253 323,355 174,111 52% 62% 54% 24%
St John 2003 2,339,908 1,022,591 1,003,937 481,837 237,481 43% 48% 49% 36%

Aroostook Hills 2003 1,414,824 680,628 656,798 235,319 123,458 46% 36% 52% 18%
Central Mtn 2003 1,303,512 485,528 465,088 201,997 103,518 36% 43% 51% 15%
CT Lakes 2003 1,111,945 281,507 278,845 100,416 62,572 25% 36% 62% 7%

Total 2003 7,174,126 2,995,507 2,929,921 1,342,924 701,140 41% 46% 52% 100%

International Boundary 2006 1,013,493 532,005 532,005 330,906 179,071 52% 62% 54% 24%
St John 2006 2,313,951 1,007,675 987,951 459,970 199,909 43% 47% 43% 33%

Aroostook Hills 2006 1,431,279 705,008 692,148 269,384 155,600 48% 39% 58% 19%
Central Mtn 2006 1,307,975 512,928 493,170 231,712 102,573 38% 47% 44% 17%
CT Lakes 2006 1,109,868 288,551 284,780 106,926 69,631 26% 38% 65% 8%

Total 2006 7,176,566 3,046,167 2,990,054 1,398,898 706,784 42% 47% 51% 100%

International Boundary 2010 1,013,943 572,222 572,222 313,210 170,820 56% 55% 55% 21%
St John 2010 2,294,251 956,925 951,134 509,986 221,080 41% 54% 43% 35%

Aroostook Hills 2010 1,419,009 675,622 664,040 283,404 158,028 47% 43% 56% 19%
Central Mtn 2010 1,347,565 536,415 516,244 231,459 112,743 38% 45% 49% 16%
CT Lakes 2010 1,117,595 315,168 311,287 123,254 73,692 28% 40% 60% 8%

Total 2010 7,192,363 3,056,352 3,014,927 1,461,313 736,363 42% 48% 50% 100%
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Appendix IV.  Descriptions of methods used to estimate lynx population numbers 
in 5 biophysical regions of northern and western Maine. 
 
Overview: 
We used telemetry and track survey data collected in Maine to estimate how many lynx 
occupied northern Maine’s forest in 1995, 2003 and 2006. We used two methods to 
derive our population estimate. One method was based on the acres of forested habitat 
and the other was based on the amount of lynx habitat (spruce/fir sapling forest) in a 
lynx homerange. The first method, derived from the amount of habitat in lynx 
homerange provides a liberal estimate, because it assumes all forest is of value to a 
lynx. However, a lynx homerange is based on where a lynx spends most of its time. 
Radiotelemetry locations obtained over a year are used to identify concentrations of 
activity (85% fixed kernel homerange; Vashon et al. 2008a), thus the homerange 
provides a good estimate of area used by lynx. The second method, derived from acres 
of habitat in a lynx homerange provides a conservative estimate because it assumes 
only spruce/fir sapling forest is of value to a lynx. Approximately, 30% of a lynx 
homerange contains spruce/fir sapling forest, thus the second method assumes the 
remaining 70% of their homerange is of no value to lynx. The best approximate estimate 
is likely between these two methods. We describe both approaches below and the 
assumptions that influence these estimates. 
 
For both methods, the first step was to estimate the amount of occupied habitat in lynx 
range in Maine (northern and western Maine). For the first method, we estimated the 
amount of occupied habitat on approximately 7 million acres of forested habitat in 
Maine’s lynx range and the second method, we estimated the amount of occupied 
habitat on approximately 1.5 million acres of spruce/fir sapling forest in Maine’s lynx 
range. 
 
We estimated the proportion of habitat occupied by lynx based on the proportion of 
survey areas (~100km2) where lynx tracks were detected. Track surveys conducted 
between 1995 and 1998 were stratified based on the acres of young forest (i.e., >2,000 
acres 29% with lynx and <2,000 acres 18% with lynx). We stratified surveys conducted 
between 2003 and 2008 by the probability of lynx occurrence (low vs. moderate/high) 
from an early habitat model (Hoving 2001). We observed lynx tracks in 50% of the 
survey areas that were modeled to have a low probability of lynx occurrence and 
observed lynx tracks in 83% of the survey areas projected to have a moderate to high 
probability of occurrence (Figures IV). Unfortunately, we were unable to estimate the 
proportion of lynx range with a high and low probability of lynx occurrence, because the 
layer to generate those proportions was no longer available (Erin Simons, University of 
Maine, personal communication).  
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Assumptions: Occupied Habitat: 
 
1. Our minimum estimate of occupied habitat assumes all 5 northern biophysical 

regions had a low probability of lynx occurrence. Thus our minimum estimate of 
occupied habitat is conservative.  

2. Our maximum estimate of occupied habitat assumes all 5 northern biophysical 
regions had moderate or high probability of lynx occurrence. Thus our maximum 
estimate of occupied habitat is liberal.  

3. Each survey area was surveyed once. We assume that survey areas where a lynx 
track was not observed during the survey were not occupied. 

4. We assume that each lynx track observed was correctly identified. To reduce 
misidentification, we conducted most track surveys when snow-tracking conditions 
were ideal and we ranked track quality. We only included high quality tracks in our 
estimate of occupied survey areas.  

 
To estimate the amount of habitat a lynx uses, we mapped the home range (Vashon et 
al. 2008a) and measured the amount of conifer sapling forest in the home range of a 
male and female lynx (Tables IV 1 and 2). We then estimated the number of lynx that 
share the same area from telemetry data. Although male lynx did not share the same 
area, each radiocollared male lynx shared a portion of its range (avg. 65%) with 1 to 3 
female lynx (Vashon et al. 2008a) and each female lynx shared her entire range with 
one male. Thus, our estimate was based on an adult female sharing the same area with 
an adult male lynx.  
 
Assumptions: Homerange estimator:  
 
1. The 85% fixed kernel home range estimate is the best approximation of the area of 

concentrated use by radiocollared lynx in Maine. 
2. The number of telemetry relocations (50-100 relocations/animal/year) was sufficient 

to estimate lynx use of an area. 
3. The sample of radiocollared lynx (11M:13F) is representative of the population of 

lynx in Maine. 
 
Assumptions: Amount of habitat in homerange: 
 
1. The habitat configuration on MDIFW’s lynx study area is representative of habitat 

configuration in lynx range (i.e across all 5 biophysical regions). 
2. Method 1: assumes all forest is of value to a lynx. 
3. Method 2: assumes only spruce/fir sapling forest is of value to lynx. 
 
Although we did not estimate the number of kittens in Maine’s population, each adult 
female has the potential to give birth to a litter of 1 to 5 kittens each year. From a 12-
year telemetry study in Maine, between 30 and 89% of female lynx had 2 to 3 kittens 
and 78% of the kittens survived their first year.   
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To assess the validity of our population estimates, we compared these to population 
estimates derived from lynx density estimates from a habitat model that encompassed 
the southern half of lynx current geographic range (Simons 2009).  Simon’s approach 
was similar to our second method, where between 575 and 825 adult lynx were 
estimated. 
 
Calculations: Method 1: All forested habitat in home range   
 

   

Table IV.1. Parameters used to estimate lynx numbers in 2006 using method 1.
Variable Min Max Avg SE N
Surveys areas with lynx 50%a 83%b

Acres forested habitat (FIA) lynx rangec 6,998,124 7,355,008 7,176,566 178,442
Male home range (acres)c,d 10,443 13,557 12,000 1,557 11
Female home range (acres)c,d 5,369 7,321 6,345 976 13
a Percent of survey areas (low lynx probability) with lynx tracks.
b Percent of survey areas (high/moderate lynx probability) with lynx tracks.
c Minimum and maximum were calculated form estimates of standard errors (SE).
d Homerange size estimated as the 85% fixed kernel (Vashon et al. 2008a).

     
 
Step 1: Estimate Occupied habitat  
 

Acres of forested habitat in lynx range X % survey areas with lynx 
 
Minimum occupied habitat = 6,998,124 acres X 50%  = 3,499,062 acres  
Maximum occupied habitat = 7,355,008 acres X 83% = 6,129,174 acres 
 
Step 2: Estimate the number of lynx in occupied area 
 
Minimum # males = min. occupied habitat/ minimum male home range 
Minimum # males = 3,499,062 acres/10,443 acres = 335 male home ranges 
 
Minimum # females = min. occupied habitat/ minimum female home range 
Minimum # females = 3,499,062 acres/5,369 acres = 652 female home ranges 
 
Minimum # lynx = 335 + 652 = 987 adult lynx 
 
Maximum # males = max. occupied habitat/ maximum male homerange 
Maximum # males = 6,129,174 acres /13,557 acres = 452 male homeranges 
 
Maximum # females = max. occupied habitat/ maximum female homerange 
Maximum # females = 6, 129,174 acres /7,321 acres = 837 female homeranges 
 
Maximum # lynx = 452 + 837 =1,289 adult lynx 
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Calculations Method 2: Acres of lynx habitat (s/f sapling) in homerange. 
 

Table IV.2. Parameters used to estimate lynx numbers in 2006 using method 2.
Variable Min Max Avg SE N
Surveys areas with lynx 50%a 83%b

Acres spruce/f ir (FIA) lynx rangec 1,312,677 1,485,119 1,398,898 86,221
Acres of spruce/fir sapling in male homerange (acres)c,d 3,031 4,189 3,610 579 11
Acres of spruce/fir sapling in female homerange (acres)c,d 1,829 2,339 2,084 255 13
a Percent of survey areas (low lynx probability) with lynx tracks.
b Percent of survey areas (high/moderate lynx probability) with lynx tracks.
c Minimum and maximum were calculated form estimates of standard errors (SE).
d Homerange size estimated as the 85% fixed kernel (Vashon et al. 2008a).

 
 
Step 1: Estimate Occupied habitat  
 

Acres of existing lynx habitat within lynx range X % survey areas with lynx 
 
Minimum occupied habitat = 1,312,667 acres X 50%  = 656,339 acres  
Maximum occupied habitat = 1,485,119 acres X 83% = 1,237,599 acres 
 
Step 2: Estimate the number of lynx in occupied area 
 
                   Occupied habitat/Minimum acres habitat in lynx homerange  
 
Minimum number of male lynx = 656,339 acres/ 2,938 acres = 217 males 
Minimum number of male lynx = 656,339 acres/1,736 acres = 359 females 
Minimum number of lynx = 217 male + 359 females = 575 adult lynx 
 
Maximum number of male lynx = 1,237,599 acres/ 4,282 acres = 295 males 
Maximum number of female lynx = 1,237,599 acres/2,432 acres = 529 females 
Maximum # lynx = 295 males + 529 female ranges = 825 adult lynx 
 
Population estimates reported in assessment: 
For both methods used to estimate Maine’s lynx population, we assumed Maine’s lynx 
range had either a high or low probability of lynx occurrence because the proportion of 
low or high probability of lynx occurrence was not available. Thus, the minimum 
population estimate for each method was biased low and conversely the maximum 
estimate was biased high. Method 1 assumes all forested habitat is of value to lynx, 
conversely method assumes only spruce/fir sapling forests are used by lynx. Since 
method 1 likely overestimates and method 2 likely overestimates the number of lynx in 
northern and western Maine, we reported the minimum and maximum number of lynx in 
Maine based on the averaged of the minimum estimates and maximum estimates 
respectively.  
 
For example:  
Minimum: (987 + 575) /2 = 781 adult lynx    Maximum: (1289+825)/2=1,057 lynx 
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Figure IV.  Areas where MDIFW conducted winter snow track surveys to detect lynx presence 
in northern and western Maine (1995 to 1998 (left) and 2003 to 2008 (right) used to estimate 
lynx occupancy of past and current lynx habitat in Maine.    
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Appendix V. Maine Forest Practice Act - clearcutting standards (Maine Forest 
Service 1999). 
 
A clear cut is defined as a timber harvest on a forested site greater than 5 acres in size 
with a residual basal area of acceptable growing stock trees over 4.5 inches dbh of less 
than 30 square feet per acre. Unless after harvesting the site has a well distributed 
stand of softwood trees > 3 feet in height or hardwood trees > 5 feet in height. 
 
The maximum size of clear cut is 250 acres. However a forest landowner can petition 
for permission to clear cut areas greater than 250 acres if it provides undue hardship on 
the landowner, meets the intent of the FPA, or the public interest is otherwise served.    
 
All clear cuts must have a separation zone; the size and amount of trees in the 
separation zone are defined by the size of the clearcut. Smaller clear cuts have smaller 
separation zones and have lower forested area requirements.  
 
Category 1 clear cuts are between 5 and 20 acres and have at least 250 foot 
separation zone between clear cuts. Separation zones must have a basal area greater 
than 30 ft2/acre of acceptable growing stock trees that are well distributed in the zone or 
contain at least 450 trees/acre of softwood or hardwood trees that are greater 3 or 5 
feet tall, respectively. 
 
Category 2 clear cuts are between 21 and 75 acres. 
Category 3 clear cuts are between 76 and 250 acres.   
 
Category 2 and 3 clear cuts must have a harvest plan that provides the justification 
for larger clear cuts. Separation zones must be equal or larger than the clear cut, 
contain at least 60 square feet basal area per acre of trees 1 inch DBH or larger that are 
well distributed in the zone. A minimum of 40 square feet basal area per acre must be 
comprised of acceptable growing stock trees and a minimum of 40 square feet basal 
area per acre must be comprised of trees 4.5” DBH or larger; or the separation zone 
contains at least 300 trees/acre of at least 10 foot tall softwood or 20 foot tall hardwood 
trees that are well distributed in the separation zone. 
 
For all clear cuts, a separation zone must be maintained until the regenerating clear cut 
contains at least 300 trees/acre of at least 10 or 20 feet tall softwood or hardwood trees 
respectively or at least 10 years have elapsed since the date the harvest was 
completed. 
 
The Maine FPA allows the creation of category 2 and 3 clear cuts (i.e. 21-250 acres) for 
among other things the improvement or creation of wildlife habitat as prescribed and 
justified by a certified wildlife professional. Trees that are salvaged harvested after they 
are damaged by wind are not considered a clear cut as long as only the damaged trees 
are harvested.   
 
See Maine Forest Service (1999) for definition of terms, list of exemptions, minimum elements 
of harvest plan, and regeneration standards. 
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Appendix VI. Summary of inputs used to assess lynx population growth rates and 
the influence of minor annual trapping related mortality on lynx. 

 
We used VORTEX 9.99 software to calculate the growth rate of Maine’s lynx population 
and to simulate lynx population dynamics from lynx demographic data collected in 
Maine between 1999 and 2010. The purpose of the simulation was to 1) update the 
inputs used in the population model presented in Maine's 2008 Incidental Take Plan 
(Plan), and 2) to determine if Maine’s lynx population would continue to increase despite 
minor losses that might result from the incidental capture of lynx in traps set for other 
furbearing animals.  We considered the effects of incidental trapping over the 15-year 
time frame of the Incidental Take Permit (ITP).  
 
We collected data on lynx vital rates during a period when snowshoe hare populations 
fluctuated from >2 hares/ha to >1.0 hare/ha in northern Maine’s regenerating conifer 
clearcuts (Scott 2010).  Data collected from this period suggests that Maine’s lynx 
population reached a historic high due to the abundance of young conifer forests that 
supported high prey densities. When hares declined, lynx reproductive rates also 
declined. 
 
Vortex allows users to consider the influence of small isolated populations on population 
growth rates.  For our simulations, we selected no inbreeding depression because DNA 
analysis indicated that Maine’s lynx are not isolated from lynx populations in 
northeastern Canada.  We also have direct observations of 12 lynx monitored in Maine 
moving between Maine and Quebec or New Brunswick.   
 
Since environmental variability can influence various vital rates, Vortex allows for 
concordance between female reproductive rates and adult survival (e.g., a stressful 
winter can reduce survival and production of kittens). In Maine, a major source of 
mortality is predation of lynx. Predation can be independent of environmental variability; 
thus, we did not select concordance between female reproductive rates and adult 
survival for our model and simulations.  However, Vortex did simulate concordance in 
survival rates among age-sex classes. 
 
Although female lynx can breed (March) as 1 year olds and produce their first litter 
(May) at age 2 (Parker 1980), we set the first age of reproduction at age 3 since most 
lynx produce their first litter at 3.  Setting the first age of reproduction at 3 should 
produce a conservative estimate of population growth.  Male lynx can breed at 2 years 
of age.  To date, the oldest female lynx that produced a litter in Maine was 13 and the 
sex ratio of kittens from all litters was 50% male and 50% female (n=35 litters).   
 
Lynx are considered polygynous breeders (i.e., male lynx will mate with several female 
lynx).  Although most female lynx produce 1 litter a year, we observed the birth of a late 
litter shortly after the loss of an earlier litter one summer.   
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Between 1999 and 2010, when hares populations fluctuated between 1 and 2 hares/ha, 
65% of the adult female lynx produced litters (range = 0-100%, σ = 42; n=66) of 1-5 
kittens each year ( 64.2=X ; σ = 1.21; n =111), where σ = standard deviation. The high 
variability associate with this vital rate was influenced by years with very good 
productivity and years with very poor productivity. Thus, we also ran simulations where 
the σ =10, which may better reflect true variability. For our simulations, we provided 
mortality rates for 3 age classes; kittens (<1 year old), juveniles (1 and 2 year olds), and 
adults (3 years and older).  We had good estimates of adult (21%, σ = 17) and kitten 
mortality rates (18%; σ = 23) in Maine from a 12-year telemetry study.  However, our 
sample size of juvenile lynx was small. Therefore, we used our knowledge of carnivore 
and felid ecology to estimate juvenile lynx mortality rates. We assumed that male and 
female juvenile mortality rates were twice and 1 ½ times our observed adult lynx 
mortality rates (21%), respectively, since male juveniles experience higher mortality 
rates because they often disperse greater distances than female juveniles 
(Breitenmoser et al. 1993).  Among felids, female offspring often do not disperse and 
remain near their mother’s range (Breitenmoser et al. 1993).  
 
Maine’s lynx assessment estimated between 600 and 1,200 lynx in WMD 1-10 and 14 
and a carrying capacity between 1,100 and 1,800 lynx. For our simulations, we set our 
initial population at 600 lynx and Maine’s carrying capacity at 1,350 lynx. We ran our 
simulations for 15 years, since our permit request spans a 15 year period. 
 
Based on population vital rates observed in Maine when hare populations fluctuated, 
Vortex calculated a slightly increasing population growth rate (r = 0.0505) without the 
loss of any animals from harvest (Figure VI. 1; Output I).   
 
To test the assumption that Maine's lynx population size would continue to increase 
even if lynx mortalities resulted from incidental trapping (or other causes), the USFWS 
requested that we run our simulations using a level of lethal take that was higher than 
maximum lethal take requested in our Plan.  Maine's Plan requested that trappers in 
Maine's trapping program be allowed to incidentally kill up to 5 lynx (adults and 
juveniles) over the 15-year time frame of the ITP. We used a rate of lethal incidental 
take that was 15 times greater than the maximum rate of lethal take requested in our 
Plan.  Specifically, we ran our simulations to determine the influence of the loss of 5 
lynx (2 adult females, 1 adult male, and 1 yearling male and female) each fall during the 
15-year permit period.  Use of this high level of lethal take, does not imply that either 
agency believes that this level of lethal take has or will occur.  Even at 15x the rate of 
lethal incidental take requested in our Plan, our simulations indicated that Maine’s lynx 
population could maintain a positive growth rate (r = 0.0323) (Figure IV.1; Output II).      
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 Table VI.1. Lynx reproductive rates observed for radiocollared lynx in Maine 

between 1999 and 2010 used in Vortex to estimate population growth rates 
and affect of the lethal take of 5 lynx incidentally captured by trappers in 
Maine.  

 

  Female Male  
 Age of first reproduction 3 2  
 Maximum breeding age 13   
 Sex ratio at birth  50 50  
 Percent of adults that breed 65 100  
 Percentage of breeding females that produce 1 litter 100   
  Average SD  
  Litter size 2.64 1.21  

 
 

    
 Table VI.2. Lynx mortality rates observed for radiocollared lynx in 

Maine between 1999 and 2010 used in Vortex to estimate population 
growth rates and affect of the lethal take of 5 lynx incidentally 
captured by trappers in Maine.    

  Females  Males 
  Average SD  Average SD 
 Litter size 2.64 1.21    
 Mortality 0-1 18% 23  18% 23 
 Mortality 1-2 32% 20  42% 20 
 Mortality 2+ 21% 17  21% 17 

 
 
Figure VI.1.  Depiction of the intrinsic rate of increase of Maine's lynx population 
when (1) no lethal take occurs and (2) at 15 times the level of lethal take 
requested in Maine's Incidental Take Plan.  Values were obtained from a VORTEX 
population model and the most recent demographic data on lynx in Maine. 
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Output 1: Results of Base run with no take of lynx in 15 year permit period 
 
 
VORTEX 9.99 -- simulation of population dynamics 
 
Base Run - 0 take 
Thu Dec 22 13:58:29 2011 
 
 
  1 population(s) simulated for 15 years, 100 iterations 
  Each simulation year is 365 days duration. 
 
  Extinction is defined as no animals of one or both sexes. 
 
  No inbreeding depression 
 
  EV in mortality will be concordant among age-sex classes 
     but independent from EV in reproduction. 
 
  First age of reproduction for females: 3   for males: 2 
  Maximum breeding age (senescence): 13 
  Sex ratio at birth (percent males): 50 
 
 
Population 1: Population 1 
 
  Polygynous mating; 
    % of adult males in the breeding pool = 100 
 
  % adult females breeding = 65 
   EV in % adult females breeding: SD = 42 
 
  Distribution of number of separately sired broods produced by a female in a year ... 
      0.00 percent of females produce 0 broods (litters, clutches) in an average year 
    100.00 percent of females produce 1 broods (litters, clutches) in an average year 
 
   Of those females producing progeny, ... 
   Mean number of progeny per breeding female per year = 2.64 
   SD in number of progeny = 1.21 
 
   % mortality of females between ages 0 and 1 = 18 
    EV in % mortality: SD = 23 
   % mortality of females between ages 1 and 2 = 32 
    EV in % mortality: SD = 20 
   % mortality of females between ages 2 and 3 = 21 
    EV in % mortality: SD = 17 
   % mortality of adult females (3<=age<=13) = 21 
    EV in % mortality: SD = 17 
   % mortality of males between ages 0 and 1 = 18 
    EV in % mortality: SD = 23 
   % mortality of males between ages 1 and 2 = 42 
    EV in % mortality: SD = 20 
   % mortality of adult males (2<=age<=13) = 21 
    EV in % mortality: SD = 17 
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    EVs may be adjusted to closest values possible for binomial distribution. 
 
  Initial size of Population 1:      600 
    (set to reflect stable age distribution) 
 Age 1     2     3     4     5     6     7     8     9    10    11    12    13    Total 
    99    53    38    27    20    14    10     8     5     4     3     2     1     284  Males 
    99    62    45    32    23    16    12     9     6     5     3     2     2     316  Females 
 
  Carrying capacity = 1350 
    EV in Carrying capacity = 10 
 
Deterministic projections assume no stochastic fluctuations, no inbreeding depression, no limitation of mates, no 
harvest, and no supplementation. 
 
Scenario: Base Run - 0 take 
 
Population 1: Population 1 
 
Deterministic population growth rate: 
 
     r =  0.092 
     lambda = 1.096 
     R0 =     1.665 
   Generation time for: 
    females = 5.56 
    males = 4.66 
 
Stable age distribution: 
  Age class    females    males 
      0        0.153      0.153 
      1        0.115      0.115 
      2        0.071      0.061 
      3        0.051      0.044 
      4        0.037      0.032 
      5        0.027      0.023 
      6        0.019      0.016 
      7        0.014      0.012 
      8        0.010      0.009 
      9        0.007      0.006 
     10        0.005      0.004 
     11        0.004      0.003 
     12        0.003      0.002 
     13        0.002      0.002 
 
Ratio of adult (>= 2) males to adult (>= 3) females: 1.193 
 
Initial population size, N = 600 
Initial carrying capacity, K = 1350 
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Results from VORTEX 9.99 simulations completed Thu Dec 22 13:58:29 2011 
 
Project: LynxITP-expandedRuns 
Scenario: Base Run - 0 take 
 
Population 1: Population 1 
Year 1 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  670.62 (  22.84 SE;  228.44 SD) 
  Means across extant populations only: 
     Population size =           670.62 (  22.84 SE;  228.44 SD) 
     Expected heterozygosity =    0.999 (  0.000 SE;   0.000 SD) 
     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 
     Number of extant alleles =  917.81 (  19.32 SE;  193.19 SD) 
 
Year 2 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  696.83 (  32.18 SE;  321.84 SD) 
  Means across extant populations only: 
     Population size =           696.83 (  32.18 SE;  321.84 SD) 
     Expected heterozygosity =    0.998 (  0.000 SE;   0.001 SD) 
     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 
     Number of extant alleles =  774.43 (  21.05 SE;  210.53 SD) 
 
Year 3 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  738.24 (  35.91 SE;  359.15 SD) 
  Means across extant populations only: 
     Population size =           738.24 (  35.91 SE;  359.15 SD) 
     Expected heterozygosity =    0.998 (  0.000 SE;   0.001 SD) 
     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 
     Number of extant alleles =  675.36 (  20.88 SE;  208.82 SD) 
 
Year 4 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  764.67 (  39.52 SE;  395.17 SD) 
  Means across extant populations only: 
     Population size =           764.67 (  39.52 SE;  395.17 SD) 
     Expected heterozygosity =    0.997 (  0.000 SE;   0.001 SD) 
     Observed heterozygosity =    1.000 (  0.000 SE;   0.001 SD) 
     Number of extant alleles =  601.22 (  20.10 SE;  201.04 SD) 
 
Year 5 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  772.06 (  39.64 SE;  396.35 SD) 
  Means across extant populations only: 
     Population size =           772.06 (  39.64 SE;  396.35 SD) 
     Expected heterozygosity =    0.997 (  0.000 SE;   0.002 SD) 
     Observed heterozygosity =    1.000 (  0.000 SE;   0.001 SD) 
     Number of extant alleles =  544.57 (  18.84 SE;  188.39 SD) 
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Year 6 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  783.24 (  42.58 SE;  425.83 SD) 
  Means across extant populations only: 
     Population size =           783.24 (  42.58 SE;  425.83 SD) 
     Expected heterozygosity =    0.996 (  0.000 SE;   0.002 SD) 
     Observed heterozygosity =    0.999 (  0.000 SE;   0.002 SD) 
     Number of extant alleles =  493.11 (  18.51 SE;  185.07 SD) 
 
Year 7 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  752.85 (  41.96 SE;  419.56 SD) 
  Means across extant populations only: 
     Population size =           752.85 (  41.96 SE;  419.56 SD) 
     Expected heterozygosity =    0.996 (  0.000 SE;   0.002 SD) 
     Observed heterozygosity =    0.999 (  0.000 SE;   0.002 SD) 
     Number of extant alleles =  450.87 (  17.38 SE;  173.84 SD) 
 
Year 8 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  799.98 (  43.56 SE;  435.59 SD) 
  Means across extant populations only: 
     Population size =           799.98 (  43.56 SE;  435.59 SD) 
     Expected heterozygosity =    0.996 (  0.000 SE;   0.002 SD) 
     Observed heterozygosity =    0.999 (  0.000 SE;   0.002 SD) 
     Number of extant alleles =  421.61 (  16.77 SE;  167.65 SD) 
 
Year 9 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  815.76 (  43.09 SE;  430.92 SD) 
  Means across extant populations only: 
     Population size =           815.76 (  43.09 SE;  430.92 SD) 
     Expected heterozygosity =    0.995 (  0.000 SE;   0.003 SD) 
     Observed heterozygosity =    0.998 (  0.000 SE;   0.003 SD) 
     Number of extant alleles =  394.72 (  15.90 SE;  159.01 SD) 
 
Year 10 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  832.17 (  43.04 SE;  430.43 SD) 
  Means across extant populations only: 
     Population size =           832.17 (  43.04 SE;  430.43 SD) 
     Expected heterozygosity =    0.995 (  0.000 SE;   0.004 SD) 
     Observed heterozygosity =    0.998 (  0.000 SE;   0.002 SD) 
     Number of extant alleles =  370.05 (  15.29 SE;  152.87 SD) 
 
Year 11 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  863.60 (  44.11 SE;  441.12 SD) 
  Means across extant populations only: 
     Population size =           863.60 (  44.11 SE;  441.12 SD) 

Appendices 99 



MDIFW  Canada Lynx Assessment 

     Expected heterozygosity =    0.994 (  0.000 SE;   0.004 SD) 
     Observed heterozygosity =    0.997 (  0.000 SE;   0.003 SD) 
     Number of extant alleles =  350.81 (  14.55 SE;  145.47 SD) 
 
Year 12 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  832.85 (  40.17 SE;  401.69 SD) 
  Means across extant populations only: 
     Population size =           832.85 (  40.17 SE;  401.69 SD) 
     Expected heterozygosity =    0.994 (  0.000 SE;   0.005 SD) 
     Observed heterozygosity =    0.997 (  0.000 SE;   0.003 SD) 
     Number of extant alleles =  331.59 (  13.51 SE;  135.12 SD) 
 
Year 13 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  864.53 (  43.49 SE;  434.85 SD) 
  Means across extant populations only: 
     Population size =           864.53 (  43.49 SE;  434.85 SD) 
     Expected heterozygosity =    0.993 (  0.001 SE;   0.005 SD) 
     Observed heterozygosity =    0.997 (  0.000 SE;   0.003 SD) 
     Number of extant alleles =  315.43 (  12.81 SE;  128.09 SD) 
 
Year 14 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  849.68 (  43.40 SE;  433.99 SD) 
  Means across extant populations only: 
     Population size =           849.68 (  43.40 SE;  433.99 SD) 
     Expected heterozygosity =    0.993 (  0.001 SE;   0.006 SD) 
     Observed heterozygosity =    0.996 (  0.000 SE;   0.003 SD) 
     Number of extant alleles =  298.51 (  12.02 SE;  120.21 SD) 
 
Year 15 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  845.08 (  42.75 SE;  427.50 SD) 
  Means across extant populations only: 
     Population size =           845.08 (  42.75 SE;  427.50 SD) 
     Expected heterozygosity =    0.992 (  0.001 SE;   0.006 SD) 
     Observed heterozygosity =    0.996 (  0.000 SE;   0.004 SD) 
     Number of extant alleles =  284.14 (  11.51 SE;  115.14 SD) 
 
In 100 simulations of Population 1 for 15 years:   0 went extinct and 100 survived. 
 
This gives a probability of extinction of 0.0000 (0.0000 SE),   or a probability of success of          1.0000 (0.0000 
SE). 
 
Means across all populations (extant and extinct) ... 
Mean final population was 845.08 (42.75 SE; 427.50 SD) 
 
   Age 1       2   Adults    Total 
  132.08          269.92    402.00  Males 
  131.31   82.64  229.13    443.08  Females 
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Across all years, prior to carrying capacity truncation, 
  mean growth rate (r) was 0.0505 (0.0110 SE; 0.4273 SD) 
 
Final expected heterozygosity was      0.9922 ( 0.0006 SE;  0.0062 SD) 
Final observed heterozygosity was      0.9956 ( 0.0004 SE;  0.0040 SD) 
Final number of alleles was            284.14 (  11.51 SE;  115.14 SD) 
*************************************************************************   
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Output 2: Simulate the affect of lethal take of 5 lynx each year for the 15 year permit 
period. 
*************************************************************************   

VORTEX 9.99 -- simulation of population dynamics 
 
MaxTakeUnderITP_10SDonK 
Thu Dec 22 14:07:49 2011 
 
  1 population(s) simulated for 15 years, 100 iterations 
  Each simulation year is 365 days duration. 
 
  Extinction is defined as no animals of one or both sexes. 
 
  No inbreeding depression 
 
  EV in mortality will be concordant among age-sex classes 
     but independent from EV in reproduction. 
 
  First age of reproduction for females: 3   for males: 2 
  Maximum breeding age (senescence): 13 
  Sex ratio at birth (percent males): 50 
 
Population 1: Population 1 
 
  Polygynous mating; 
    % of adult males in the breeding pool = 100 
 
  % adult females breeding = 65 
   EV in % adult females breeding: SD = 42 
 
  Distribution of number of separately sired broods produced by a female in a year ... 
      0.00 percent of females produce 0 broods (litters, clutches) in an average year 
    100.00 percent of females produce 1 broods (litters, clutches) in an average year 
 
   Of those females producing progeny, ... 
   Mean number of progeny per breeding female per year = 2.64 
   SD in number of progeny = 1.21 
 
   % mortality of females between ages 0 and 1 = 18 
    EV in % mortality: SD = 23 
   % mortality of females between ages 1 and 2 = 32 
    EV in % mortality: SD = 20 
   % mortality of females between ages 2 and 3 = 21 
    EV in % mortality: SD = 17 
   % mortality of adult females (3<=age<=13) = 21 
    EV in % mortality: SD = 17 
   % mortality of males between ages 0 and 1 = 18 
    EV in % mortality: SD = 23 
   % mortality of males between ages 1 and 2 = 42 
    EV in % mortality: SD = 20 
   % mortality of adult males (2<=age<=13) = 21 
    EV in % mortality: SD = 17 
 
    EVs may be adjusted to closest values possible for binomial distribution. 
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  Initial size of Population 1:      600 
    (set to reflect stable age distribution) 
 Age 1     2     3     4     5     6     7     8     9    10    11    12    13    Total 
    99    53    38    27    20    14    10     8     5     4     3     2     1     284  Males 
    99    62    45    32    23    16    12     9     6     5     3     2     2     316  Females 
 
  Carrying capacity = 1350 
    EV in Carrying capacity = 10 
 
  Animals harvested from Population 1, year 1 to year 15 at 1 year intervals: 
    females 1 years old: 1 
    female adults (3 <= age <= 13): 2 
    males 1 years old: 1 
    male adults (2 <= age <= 13): 1 
 
Deterministic projections assume no stochastic fluctuations, no inbreeding depression, no limitation 
of mates, no harvest, and no supplementation. 
 
Scenario: MaxTakeUnderITP_10SDonK 
 
Population 1: Population 1 
 
Deterministic population growth rate: 
 
     r =  0.092 
     lambda = 1.096 
     R0 =     1.665 
   Generation time for: 
    females = 5.56 
    males = 4.66 
 
Stable age distribution: 
  Age class    females    males 
      0        0.153      0.153 
      1        0.115      0.115 
      2        0.071      0.061 
      3        0.051      0.044 
      4        0.037      0.032 
      5        0.027      0.023 
      6        0.019      0.016 
      7        0.014      0.012 
      8        0.010      0.009 
      9        0.007      0.006 
     10        0.005      0.004 
     11        0.004      0.003 
     12        0.003      0.002 
     13        0.002      0.002 
 
Ratio of adult (>= 2) males to adult (>= 3) females: 1.193 
 
Initial population size, N = 600 
Initial carrying capacity, K = 1350 
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Results from VORTEX 9.99 simulations completed Thu Dec 22 14:07:49 2011 
 
Project: LynxITP-expandedRuns 
Scenario: MaxTakeUnderITP_10SDonK 
 
Population 1: Population 1 
 
Year 1 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  670.27 (  22.46 SE;  224.59 SD) 
  Means across extant populations only: 
     Population size =           670.27 (  22.46 SE;  224.59 SD) 
     Expected heterozygosity =    0.999 (  0.000 SE;   0.000 SD) 
     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 
     Number of extant alleles =  953.35 (  16.40 SE;  163.99 SD) 
 
Year 2 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  752.59 (  33.56 SE;  335.62 SD) 
  Means across extant populations only: 
     Population size =           752.59 (  33.56 SE;  335.62 SD) 
     Expected heterozygosity =    0.998 (  0.000 SE;   0.001 SD) 
     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 
     Number of extant alleles =  823.23 (  20.56 SE;  205.64 SD) 
 
Year 3 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  774.95 (  38.50 SE;  384.98 SD) 
  Means across extant populations only: 
     Population size =           774.95 (  38.50 SE;  384.98 SD) 
     Expected heterozygosity =    0.998 (  0.000 SE;   0.001 SD) 
     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 
     Number of extant alleles =  713.35 (  21.70 SE;  217.04 SD) 
 
Year 4 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  787.10 (  41.93 SE;  419.34 SD) 
  Means across extant populations only: 
     Population size =           787.10 (  41.93 SE;  419.34 SD) 
     Expected heterozygosity =    0.997 (  0.000 SE;   0.001 SD) 
     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 
     Number of extant alleles =  634.72 (  21.21 SE;  212.07 SD) 
 
Year 5 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  772.63 (  40.82 SE;  408.25 SD) 
  Means across extant populations only: 
     Population size =           772.63 (  40.82 SE;  408.25 SD) 
     Expected heterozygosity =    0.997 (  0.000 SE;   0.002 SD) 
     Observed heterozygosity =    1.000 (  0.000 SE;   0.001 SD) 
     Number of extant alleles =  568.94 (  20.02 SE;  200.16 SD) 
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Year 6 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  787.69 (  39.75 SE;  397.49 SD) 
  Means across extant populations only: 
     Population size =           787.69 (  39.75 SE;  397.49 SD) 
     Expected heterozygosity =    0.997 (  0.000 SE;   0.002 SD) 
     Observed heterozygosity =    0.999 (  0.000 SE;   0.001 SD) 
     Number of extant alleles =  515.62 (  18.53 SE;  185.28 SD) 
 
Year 7 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  778.43 (  40.80 SE;  408.00 SD) 
  Means across extant populations only: 
     Population size =           778.43 (  40.80 SE;  408.00 SD) 
     Expected heterozygosity =    0.996 (  0.000 SE;   0.003 SD) 
     Observed heterozygosity =    0.999 (  0.000 SE;   0.002 SD) 
     Number of extant alleles =  466.79 (  17.50 SE;  175.00 SD) 
 
Year 8 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  759.70 (  43.07 SE;  430.73 SD) 
  Means across extant populations only: 
     Population size =           759.70 (  43.07 SE;  430.73 SD) 
     Expected heterozygosity =    0.995 (  0.000 SE;   0.003 SD) 
     Observed heterozygosity =    0.999 (  0.000 SE;   0.003 SD) 
     Number of extant alleles =  429.80 (  16.81 SE;  168.06 SD) 
 
Year 9 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  739.95 (  42.78 SE;  427.76 SD) 
  Means across extant populations only: 
     Population size =           739.95 (  42.78 SE;  427.76 SD) 
     Expected heterozygosity =    0.995 (  0.000 SE;   0.004 SD) 
     Observed heterozygosity =    0.998 (  0.000 SE;   0.004 SD) 
     Number of extant alleles =  396.67 (  15.96 SE;  159.59 SD) 
 
Year 10 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  782.91 (  45.06 SE;  450.61 SD) 
  Means across extant populations only: 
     Population size =           782.91 (  45.06 SE;  450.61 SD) 
     Expected heterozygosity =    0.994 (  0.000 SE;   0.004 SD) 
     Observed heterozygosity =    0.997 (  0.000 SE;   0.005 SD) 
     Number of extant alleles =  370.38 (  15.26 SE;  152.55 SD) 
 
Year 11 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  798.36 (  43.80 SE;  438.03 SD) 
  Means across extant populations only: 
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     Population size =           798.36 (  43.80 SE;  438.03 SD) 
     Expected heterozygosity =    0.994 (  0.001 SE;   0.006 SD) 
     Observed heterozygosity =    0.996 (  0.001 SE;   0.009 SD) 
     Number of extant alleles =  349.79 (  14.75 SE;  147.50 SD) 
 
Year 12 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  751.65 (  42.47 SE;  424.67 SD) 
  Means across extant populations only: 
     Population size =           751.65 (  42.47 SE;  424.67 SD) 
     Expected heterozygosity =    0.993 (  0.001 SE;   0.007 SD) 
     Observed heterozygosity =    0.996 (  0.001 SE;   0.011 SD) 
     Number of extant alleles =  327.54 (  14.12 SE;  141.19 SD) 
 
Year 13 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  755.43 (  46.45 SE;  464.52 SD) 
  Means across extant populations only: 
     Population size =           755.43 (  46.45 SE;  464.52 SD) 
     Expected heterozygosity =    0.992 (  0.001 SE;   0.009 SD) 
     Observed heterozygosity =    0.995 (  0.001 SE;   0.015 SD) 
     Number of extant alleles =  304.78 (  13.50 SE;  135.02 SD) 
 
Year 14 
     N[Extinct] =       0, P[E] =  0.000 
     N[Surviving] =   100, P[S] =  1.000 
     Mean size (all populations) =  771.46 (  45.52 SE;  455.21 SD) 
  Means across extant populations only: 
     Population size =           771.46 (  45.52 SE;  455.21 SD) 
     Expected heterozygosity =    0.991 (  0.001 SE;   0.010 SD) 
     Observed heterozygosity =    0.995 (  0.001 SE;   0.010 SD) 
     Number of extant alleles =  286.60 (  12.90 SE;  129.04 SD) 
 
Year 15 
     N[Extinct] =       1, P[E] =  0.010 
     N[Surviving] =    99, P[S] =  0.990 
     Mean size (all populations) =  710.29 (  45.54 SE;  455.41 SD) 
  Means across extant populations only: 
     Population size =           717.46 (  45.43 SE;  452.02 SD) 
     Expected heterozygosity =    0.991 (  0.001 SE;   0.011 SD) 
     Observed heterozygosity =    0.995 (  0.001 SE;   0.006 SD) 
     Number of extant alleles =  266.84 (  12.54 SE;  124.81 SD) 
 
In 100 simulations of Population 1 for 15 years: 
  1 went extinct and 99 survived. 
 
This gives a probability of extinction of 0.0100 (0.0099 SE), 
  or a probability of success of          0.9900 (0.0099 SE). 
 
1 simulations went extinct at least once. 
Of those going extinct, 
    mean time to first extinction was 15.00 years (0.00 SE, 0.00 SD). 
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Means across all populations (extant and extinct) ... 
Mean final population was 710.29 (45.54 SE; 455.41 SD) 
 
   Age 1       2   Adults    Total 
  115.41          223.06    338.47  Males 
  113.19   77.64  180.99    371.82  Females 
 
Means across extant populations only ... 
Mean final population for successful cases was 717.46 (45.43 SE, 452.02 SD) 
 
   Age 1       2   Adults    Total 
  116.58          225.31    341.89  Males 
  114.33   78.42  182.82    375.58  Females 
 
During years of harvest and/or supplementation 
  mean growth rate (r) was 0.0323 (0.0111 SE, 0.4314 SD, mean n = 15.0 years) 
 
Across all years, prior to carrying capacity truncation, 
  mean growth rate (r) was 0.0323 (0.0111 SE; 0.4314 SD) 
 
529 of 4500 harvests of females could not be completed because of insufficient animals. 
528 of 3000 harvests of males could not be completed because of insufficient animals. 
 
Final expected heterozygosity was      0.9906 ( 0.0011 SE;  0.0114 SD) 
Final observed heterozygosity was      0.9954 ( 0.0006 SE;  0.0062 SD) 
Final number of alleles was            266.84 (  12.54 SE;  124.81 SD) 

*************************************************************************   
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Abstract. Ecologists and managers are motivated to predict the distribution of animals across landscapes
as well as understand the mechanisms giving rise to that distribution. Satisfying this motivation requires
an integrated framework that characterizes multi-scale habitat use and selection, as well as builds predic-
tive models such as resource selection functions. However, the assumption of constant habitat use or selec-
tion is often made in such analyses, which ignores the possibility that individuals experiencing different
conditions might respond differently. Assessing functional responses in habitat use evaluates how animal
behavior changes with differing environmental conditions, which has basic and applied utility. Here, we
combined these ideas into an integrated process that characterizes habitat relationships, predicts habitat,
and assesses behavioral differences with changing environmental conditions. Our species of interest was
Canada lynx (Lynx canadensis) in the Northern Rocky Mountains, which is a rare and federally threatened
forest carnivore. Through our process, we developed multi-scale predictions of lynx distribution and
learned that across scales and seasons, lynx use more mature, spruce-fir forests than any other structure
stage or species. Intermediate snow depths and the distribution of snowshoe hares (Lepus americanus) were
the strongest predictors of where lynx selected their home ranges. Within their home ranges, female and
male lynx increasingly used advanced regeneration forest structures as they became more available (up to
a maximum availability of 40%). These patterns supported the bottom-up mechanisms regulating Canada
lynx in that advanced regeneration generally provides the most abundant snowshoe hares, while mature
forest is where lynx appear to hunt efficiently. However, lynx exhibited decreasing use of stand initiation
structures (up to a maximum availability of 25%). Land managers have an opportunity to promote lynx
habitat in the form of advanced regeneration, but are required to go through the stand initiation phase.
Thus, managers can apply the relative proportions of forest structure classes along with our response
curves to inform landscape actions (e.g., timber harvest) targeted at facilitating the forest mosaic used and
selected by Canada lynx. Collectively, the insights gleaned from our approach advance habitat conserva-
tion efforts and consequently are of broad utility to applied ecologists and managers.
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integrated selection function.
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INTRODUCTION

Ecologists and managers alike are motivated
to understand habitat relationships of animals
and spatially predict their probability of use
(Elith and Leathwick 2009). This is particularly
true for species of conservation concern in that
the designation of “critical habitat” is required
by statutes such as the U.S. Endangered Species
Act (ESA) and Canada Species at Risk Act
(SARA). Consequently, previous researchers
have invested substantial effort to develop spa-
tial maps of habitat (i.e., probability of use) for
many species of conservation concern, including
caribou (Rangifer spp.; Johnson et al. 2004,
DeCesare et al. 2012), Amur tigers (Panthera tigris
altaica; Hebblewhite et al. 2014), brown bears
(Ursus arctos; Peters et al. 2015), fishers (Pekania
pennanti; Olson et al. 2014), and golden eagles
(Aquila chrysaetos; Tack and Fedy 2015). There are
many approaches to predict and understand
habitat relationships (Elith and Leathwick 2009),
but resource selection functions (RSFs; Boyce and
McDonald 1999, Manly et al. 2002) are one of the
most common methods employed.

Resource selection functions commonly imple-
ment a used-available design, whereby the RSF is
used to assess differences in habitat covariates at
areas used by an animal (as measured by radio-
transmitters or global positioning system [GPS]
units) and those areas that are likely available for
selection (Boyce 2006, Johnson et al. 2006).
Generally, this is accomplished by using logistic
regression software as a means to maximize the
use-availability likelihood (McDonald 2013). A
substantial strength of RSFs is that one can use
the coefficients derived from a model to generate
predictive maps of relative probability of use
(Boyce et al. 2002, Johnson et al. 2006), which are
commonly presented as habitat maps (Johnson
et al. 2004, DeCesare et al. 2012, Hebblewhite
et al. 2014). Further, resource selection models are
readily implemented and allow ecologists to eval-
uate habitat selection by animals across spatial
and temporal scales by changing measures of
availability (Johnson 1980, Boyce 2006, Meyer and
Thuiller 2006, DeCesare et al. 2012). Resource
selection analyses do, however, exhibit notable
limitations for species’ conservation planning.

Here, we address two inherent limitations of
resource selection analyses that present

challenges for practitioners wishing to translate
results to on-the-ground conservation. First, co-
efficients characterizing the strength of selection
or avoidance for a particular covariate are sensi-
tive to, and indeed conditioned on, how availabil-
ity is defined (Beyer et al. 2010, Matthiopoulos
et al. 2011, Aarts et al. 2013, Northrup et al.
2013). For example, previous simulations have
demonstrated that for a situation of constant use,
habitat selection can vary widely and even change
sign simply based on the definition of availability
(Beyer et al. 2010). This is concerning because
aligning availability with the perception of an
animal or population can be difficult, particularly
at the first and second orders of selection (Beyer
et al. 2010). The implications of this issue are as
follows: (1) selection may not solely reflect the
behavior of an animal and (2) inferring the impor-
tance of a resource based on the strength of selec-
tion or avoidance is tenuous (Beyer et al. 2010,
Kertson and Marzluff 2010, Northrup et al. 2013).
This is particularly true when examining a subset
of Johnson’s (1980) orders of selection (e.g., only
assessing third-order selection, which is common)
because higher order selection processes may cre-
ate an abundance of an important resource that
appears to be unimportant at lower levels of
selection (Anderson et al. 2012). Therefore, we
contend that simultaneously assessing multi-scale
habitat use and availability, along with habitat
selection, would provide a more contextual
understanding for practitioners concerning habi-
tat relationships of a particular species. Moreover,
habitat use is the direct link between environ-
mental conditions and individual performance
(e.g., reproduction, survival) further emphasizing
its importance (Gaillard et al. 2010).
The second limitation of resource selection

analyses is that RSFs inherently assume that
habitat use is a constant function of availability
(Mysterud and Ims 1998). Many studies, how-
ever, have demonstrated biologically relevant
shifts in habitat use and selection with changing
availability (Mysterud and Ims 1998, Hebble-
white and Merrill 2008, Moreau et al. 2012,
Tardy et al. 2014, van Beest et al. 2016), which
was formally characterized as functional res-
ponses in habitat use by Mysterud and Ims
(1998). Evaluating functional responses provides
basic insight into animal behavior as well as facil-
itates predictions concerning how animals might
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alter their behavior when experiencing spatio-
temporal changes in environmental conditions
(McLoughlin et al. 2010). These insights have
strong applied implications as well because ecol-
ogists can inform the direction of landscape-
altering actions, which ultimately change the
availability of resources. Advancing the under-
standing of animal behavior and providing
tangible recommendations to land managers is
essential for animal conservation and the recov-
ery of endangered species (McLoughlin et al.
2010, Moreau et al. 2012). Functional responses
in habitat use can assist both pursuits.

There are many analytical approaches for mod-
eling functional responses. Mysterud and Ims
(1998) initially proposed assessing functional
responses by characterizing how relative habitat
use changed across relative availability, but more
recently studies generally evaluate relationships
between habitat selection and availability (Moreau
et al. 2012, Tardy et al. 2014, van Beest et al.
2016). Inferring behavioral mechanisms, however,
could be difficult when using selection because
habitat selection can decrease with increasing
availability despite an animal’s habitat use remain-
ing constant (see Figs. 1 and 2 in Beyer et al. 2010
and Aarts et al. 2013, respectively). Thus, consis-
tent with the foundational study (Mysterud and
Ims 1998), we focused on habitat use to advance
the application of functional responses as valuable
tools for conservation planning.

In this paper, we characterize an analytical
process to assist applied ecologists in translating
the results from studies of habitat relationships
to on-the-ground conservation. We applied our
approach to Canada lynx (Lynx canadensis) in the
Northern Rocky Mountains (hereafter Northern
Rockies), USA. The Canada lynx is a rare, elu-
sive, and federally threatened forest carnivore in
the contiguous United States (USFWS 2000). The
first step in our process was to characterize habi-
tat use and selection at two spatial scales (second
and third orders) and across seasons (i.e., winter
and summer) by summarizing habitat use and
availability (i.e., outside a RSF framework). This
allowed us to assess spatio-temporal differences
in habitat use, availability, and selection sepa-
rately rather than relying only on selection coeffi-
cients derived from a RSF, which are conditioned
on the definition of availability. Next, under the
motivation of parsimony and prediction, we built

RSFs at the second and third orders to (1) evalu-
ate multivariate resource selection and (2) pro-
vide single-scale and scale-integrated (DeCesare
et al. 2012) predictions of Canada lynx habitat.
These spatial predictions represent the habitat
maps that are useful for land managers when
making decisions. Lastly, we formally challenged
the assumption of constant habitat use by imple-
menting a novel approach for assessing func-
tional responses (see Methods: Functional response
analysis). Our technique for evaluating and visu-
ally displaying functional responses facilitated
resource-specific insight concerning how Canada
lynx altered their behavior with changing avail-
ability, which consequently generated concrete
suggestions for land managers. More broadly,
our collective analytical process illustrated a
multi-step approach to achieve a common
motivation in applied ecology, which is to (1)
advance the understanding of animal–habitat
relationships and (2) develop spatial predictions
of habitat.

METHODS

Study area
This study took place in the Northern Rockies

of northwestern Montana, USA, within the
known distribution of Canada lynx (e.g., Squires
et al. 2013; Fig. 1). This area covers approxi-
mately 3.6 million ha, follows natural topo-
graphic and vegetative boundaries, and is mostly
composed of public lands (i.e., ~80%) with tribal
and private lands making up the remaining.
Across this gradient in ownership, there are
differing levels of human use and resource
extraction permitted; for instance, multiple
wilderness areas and Glacier National Park occur
within our study area. In addition, this area is
ecologically unique within the contiguous United
States in that the carnivore community remains
intact (e.g., grizzly and black bears [Ursus arctos
and Ursus americanus, respectively], cougars
[Puma concolor], gray wolves [Canis lupus],
wolverines [Gulo gulo], coyotes [Canis latrans],
bobcats [Lynx rufus], and Canada lynx are all pre-
sent). Moreover, our study area exhibits a diver-
sity of forest structure types and species
compositions (i.e., mostly mixed-conifer stands
across structure stages; Appendix S1) and ranges
from 220 to nearly 3400 m in elevation capturing
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a gradient in snow depths (elevation-snow depth
r = 0.72). The mixed-conifer forests within our
study area were mostly composed of ponderosa
pine (Pinus ponderosa) and Douglas-fir (Pseudot-
suga menziesii) in lower elevations, and lodgepole
pine (Pinus contorta), western larch (Larix occiden-
talis), subalpine fir (Abies lasiocarpa), and Engel-
mann spruce (Picea engelmannii) at higher
elevations. Forest structure types range from
stand initiation stages to mature stands.

Canada lynx spatial data and sampling
framework

Between 1998 and 2015, we captured Canada
lynx during winter using a combination of box
(Kolbe et al. 2003) and foothold traps as well as
foot snares, all of which were approved by the
Institutional Animal Care and Use Committee
(University of Montana IACUC permits 4–2008
and TE053737–1). Animals were fitted with very
high frequency (VHF) radio-collars (Advanced
Telemetry Systems, Isanti, Minnesota, USA), some
of which also included Argos platform transmitter
terminals (Sirtrack, Havelock North, New Zeal-
and) or store-on-board GPS units (Lotek Wireless,
Newmarket, Ontario, Canada). We located indi-
viduals with VHF collars every 1–2 weeks using

aerial telemetry, and we programmed GPS collars
to collect a location every 30 min for 24 h every
other day for 6–8 months. For animals with Argos
collars, we attempted to acquire a location twice a
day for the lifetime of the collar. We only used
Argos locations of classes 1, 2, and 3 (i.e., 20% of
total), which have reported precisions of 500–
1500 m, 250–500 m, and <250 m, respectively
(CLS America 2011). Spatial accuracy of VHF and
GPS locations averaged 27–45 m (VHF) and 30 m
(GPS) as reported by Squires et al. (2010, 2013),
respectively, and GPS collars successfully col-
lected locations in 86% of attempts.
We ensured all lynx exhibited space use consis-

tent with an established home range (e.g., a cen-
tral location of use) and removed animals with
<20 locations. We performed further screening
within our GPS data because we only used GPS
locations for our fine-scale models of resource
selection (i.e., third order of selection; Johnson
1980). We removed animals with <3 weeks of
GPS data, as well as implemented the methods
of Bjørneraas et al. (2010) to remove 187 error-
induced spikes (~0.1% of the data). After these
filtering procedures, our total dataset consisted
of 166,064 locations (median = 1887 locations/in-
dividual, range = 20–7714 locations/individual)
for 86 unique individuals (38 females, 48 males).
These data were unevenly distributed across
Argos (four individuals, 547 locations), VHF (16
individuals, 905 locations), and GPS (66 individ-
uals, 164,612 locations) as well as across time
periods (i.e., 2209 locations during 1998–2004,
88,030 locations during 2005–2010, and 75,825
locations during 2011–2015).
We developed RSFs for Canada lynx at the

landscape and home range scale, which corre-
spond to Johnson’s (1980) second and third
orders of selection, respectively. At the second
order, we used our entire dataset to build annual
or multi-annual home ranges (i.e., 95% minimum
convex polygon; MCP) for every individual
(Fig. 1). We used 95% MCPs because our intent
was not to precisely estimate home range sizes,
but rather to capture an approximate home range
at the second order while liberally sampling
availability at the third order (Hebblewhite and
Merrill 2008, Moreau et al. 2012). These 86 home
ranges characterized lynx resource use. We sam-
pled available resources by randomly allocating
1000 circular home ranges across our study area

0 60 120
km

MontanaIdaho

112° W116° W

48° N

46° N

Canada lynx home range
Glacier national park

3363 m

220 m

Fig. 1. Our Canada lynx (Lynx canadensis) study area
in western Montana, USA. The background gradient
indicates elevation (m).
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that were equal in area to the median lynx home
range (55 km2).

At the third order of selection, we used only
our GPS data that we separated into two seasons,
winter (November–March) and summer (April–
October). For each season, we constructed indi-
vidual home ranges (i.e., 95% MCP), which
resulted in 64 and 60 individuals sampled in
winter and summer, respectively. We used indi-
vidual locations within 95% MCPs (winter =
60,036 locations, summer = 96,291 locations) to
sample resource use by Canada lynx (winter:
median = 722 locations/individual, range = 113–
2972; summer: median = 1433 locations/individ-
ual, range = 61–4474). We sampled availability
for each individual by randomly allocating

locations (ratio = 1:1 for used and available loca-
tions) in both winter and summer home ranges.
To build our home ranges for Canada lynx, we
used the adehabitatHR package (Calenge 2006)
in program R (R Core Team 2016) and we used
standard tools in ArcGIS (ESRI 2011) to build our
samples of availability.

Resource variables
We characterized our study area using a tar-

geted suite of biotic and abiotic covariates that
we expected to influence resource use and selec-
tion by Canada lynx (Table 1). We characterized
abiotic characteristics using topographic metrics
including (1) topographic roughness (Jenness
2004), (2) heat load index (McCune and Keon

Table 1. Resource variables used in analyses of habitat use, habitat selection, and functional responses for
Canada lynx (Lynx canadensis) in western Montana, USA.

Variable Units
Base

resolution (m2) Order
Resolution

(m2) Reference

Cover
PICO canopy cover % 30 Both 100, 500 Savage et al. (2015)
PIEN-ABLA canopy cover % 30 Both 250, 250 Savage et al. (2015)
LAOC canopy cover % 30 Both 250, 250 Savage et al. (2015)
PSME canopy cover % 30 Both 100, 100 Savage et al. (2015)
Horizontal cover % 30 Both 250, 250 Holbrook et al. (2017)

Forest structure
Proportion of sparse forest Proportion 30 Both 250, 250 Savage and Lawrence

(2017)
Proportion of stand initiation forest Proportion 30 Both 250, 500 Savage and Lawrence

(2017)
Proportion of advanced regenerating
forest

Proportion 30 Both 500, 250 Savage and Lawrence
(2017)

Proportion of mature forest Proportion 30 Both 100, 100 Savage and Lawrence
(2017)

Climate
Mean snow depth on 1 April
2005–2013†

m 1000 2 — NOHRSC (2004)

Topography
Roughness Index 30 Both 500, 500 Jenness (2004)
Heat load index Index 30 3 250, 250 McCune and Keon

(2002)
Topographic position index Index 30 3 500, 250 Guisan et al. (1999)

Prey
Snowshoe hare occupancy‡ Probability Multi-scale Both NA, NA Holbrook et al. (2017)
Snowshoe hare intensity of use‡ Pellets/Krebs plot Multi-scale Both NA, NA Holbrook et al. (2017)

Notes: AICc, Akaike’s information criterion, corrected for sample sizes; RSF, resource selection function. Covariate codes
PICO, PIEN-ABLA, LAOC, and PSME indicate lodgepole pine (Pinus contorta), Engelmann spruce (Picea engelmannii)–subalpine
fir (Abies lasiocarpa), western larch (Larix occidentalis), and Douglas-fir (Pseudotsuga menziesii), respectively. “Order” indicates
whether the covariate was used for RSFs at the second order (2), third order (3), or both (both). “Resolution” indicates the scale
for a particular covariate that was selected based on lowest AICc during winter (W) and summer (S), respectively, which was
subsequently used in RSFs at the third order.

† Mean snow depth was not included in our third-order RSF models because the resolution (1000 m2) was too coarse.
‡ Snowshoe hare occupancy or intensity of use across multiple scales was not assessed because they were multi-scale com-

posites (Holbrook et al. 2017).
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2002), and (3) topographic position index (Gui-
san et al. 1999). Our heat load index and topo-
graphic position index represented hot-dry to
cool-moist areas and relative concavity or con-
vexity, respectively. We expected Canada lynx to
be associated with cool-moist areas in the context
of concave topographic locations (e.g., basins vs.
ridges; Squires et al. 2008). In addition, we incor-
porated spatially explicit data on snow depth
because Canada lynx are evolutionarily adapted
for success in snowy conditions (Murray and
Boutin 1991), and snow depth and extent are sen-
sitive to changes in temperature (Barnett et al.
2005). We gathered snow depth data from the
Snow Data Assimilation System (SNODAS)
within the National Operational Hydrologic
Remote Sensing Center (NOHRSC 2004). Previ-
ous analyses indicated a strong association
between SNODAS-derived estimates of snow
depth and field measurements in the forested
ecosystems of the Northern Rockies (Clow et al.
2012). We downloaded 1 April snow depth for
2005–2013 and averaged across years to produce
a relatively stable mean estimate for our study
area. At the second order of selection, we
expected a parabolic relationship between snow
depth and Canada lynx resource use because
lynx occupy subalpine environments (vs. high
elevation alpine areas with deeper snow, and
low elevation areas with little snow) in our study
area. All abiotic metrics were calculated within
ArcGIS (ESRI 2011) using standard tools, DEM
Surface Tools for ArcGIS (Jenness 2013), or Geo-
morphometric and Gradient Metrics Toolbox
(Evans et al. 2014).

To characterize forest composition and struc-
ture, we used a set of covariates developed
specifically for the distribution of lynx in the
Northern Rockies. Savage et al. (2015) developed
and independently validated predictions of
canopy cover for five conifer species during 2013:
lodgepole pine, Engelmann spruce, subalpine fir,
western larch, and Douglas-fir. Previous work in
the Northern and Southern Rockies indicated a
positive relationship between Canada lynx and
their primary prey (i.e., snowshoe hare; Lepus
americanus), and spruce-fir habitats (Squires et al.
2010, Berg et al. 2012, Ivan et al. 2014, Holbrook
et al. 2017); thus, we combined our maps of sub-
alpine fir and Engelmann spruce into a spruce-fir
canopy cover map. In addition, Holbrook et al.

(2017) developed and evaluated a map character-
izing horizontal cover during 2013, which is
strongly associated with habitat use and kill site
locations of Canada lynx (Squires et al. 2008,
2010) as well as high densities of snowshoe hares
(Holbrook et al. 2017). We expected a positive
relationship between horizontal cover and habi-
tat use by Canada lynx.
Additionally, we used recently developed

maps characterizing forest structural classes
(Savage and Lawrence 2017). Forest structure
mapping used manual interpretation of National
Agriculture Imaging Program aerial imagery for
reference data to classify 2013 Landsat 8 OLI/
TIRS imagery. Classification was accomplished
by separating structure classes hierarchically by
class similarity and sequentially testing a range
of machine-learning algorithms to determine the
best predicting models. Classification results
were further refined using a time series of forest
structure and applying a series of rules to
improve the accuracy of the final classification.
Overall classification accuracy for the forest
structure map was 80%, with most error occur-
ring between open stands and other sparse
stands. Thus, structural classes used for our anal-
ysis included (1) sparse forests, (2) stand initia-
tion, (3) advanced regeneration, and (4) mature
forests (see Table 2 and Appendix S1).
To further validate and define these predicted

classes of forest structure, we performed an inde-
pendent assessment with field-derived data. We
used subplot (~170 m2) data for 574 locations col-
lected by the United States Forest Service’s Forest
Inventory and Analysis (FIA) program during
2005–2012. We spatially overlapped these field
data with predicted structural classes and calcu-
lated median values of structural metrics includ-
ing basal area-weighted diameter at breast height
(dbh), canopy cover, tree density, and tree height
(Table 2; Appendix S1). This validation provided
two functions: (1) a biological assessment of our
structural classes at our study area extent
(Appendix S1: Fig. S1) and (2) an important cross-
walk to land managers tasked with managing
forests and lynx habitat (Table 2; Appendix S1:
Fig. S2). Results from this assessment confirmed
that structure classes represented distinct forest
conditions and that they captured gradients we
expected to be important to Canada lynx (e.g.,
tree size, canopy cover, stem density). Based on
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previous analyses of habitat selection and fitness–
habitat relationships (Squires et al. 2008, 2010,
McCann and Moen 2011, Simons-Legaard et al.
2013, Kosterman 2014), we expected a positive
association between Canada lynx and structural
classes exhibiting dense trees and closed canopies
(e.g., mature and advanced regeneration). In con-
trast, we expected a negative effect of the open
classes (e.g., sparse and stand initiation) on lynx
habitat use and selection. Given the strong associ-
ation between lynx and forest structure, we
expected to observe behavioral shifts in habitat
use by lynx with changing availabilities of forest
structure (i.e., functional responses).

Finally, we developed maps of predicted snow-
shoe hare occupancy (classification error = 25%)

and intensity of use (root-mean-square error =
4.22) across the distribution of lynx in the North-
ern Rockies (Holbrook et al. 2017). These maps
characterized a composite for dense forests with
high horizontal cover that occurred in intermedi-
ate snow depths (see Holbrook et al. 2017 for
additional details). We used these data within our
analytical process to characterize potential prey
resources for Canada lynx. We expected a positive
effect of these metrics on lynx habitat use and pre-
dicted that snowshoe hare occupancy would
likely be a parsimonious predictor for mapping
habitat of Canada lynx. In addition, we expected
to observe a functional response in habitat use for
both snowshoe hare occupancy and intensity of
use (i.e., more disproportionate use at low values

Table 2. Descriptions of forest structure classes using metrics from the USDA Forest Service Forest Inventory
and Analysis program within modeled structure classes in Canada lynx (Lynx canadensis) habitat as defined by
our RSF (i.e., score of 6–10 from our winter scale-integrated model) in western Montana, USA.

Structural class General description

Sparse Mixed-conifer stands (Appendix S1) that are sparsely stocked (naturally) or mechanically thinned, which
tend to be younger (i.e., ~10–20 yr old) but can occur at any age. Sparse stands exhibited a median basal
area-weighted dbh of 6 inches or 16 cm (IQR = 0–11 inches or 0–27 cm), 28% canopy cover (IQR = 8–49%),
and a median estimated tree height of 34 ft or 10 m (IQR = 1–52 ft or 0.31–16 m). Median basal area of
sparse stands was 40 ft2/acre or 9 m2/ha (IQR = 1–101 ft2/acre or 0.23–23 m2/ha), while tree density for
trees larger than 5 inches (12.7 cm) was 48 trees/acre or 119 trees/ha (IQR = 0–144 trees/acre or
0–357 trees/ha). Tree density for trees <5 inches (12.7 cm) was 900 trees/acre or 2223 trees/ha
(IQR = 0–3000 trees/acre or 0–7410 trees/ha)

Stand
initiation

Stands that have few trees and an open canopy, and are a result of recent (e.g., ≤5 yr) disturbance (forest
harvest or severe fire). Stand initiation exhibited a median basal area-weighted dbh of 0 inches and cm
(IQR = 0–8 inches or 0–20 cm), 8% canopy cover (IQR = 0–36%), and a median estimated tree height of
1 foot or 0.31 m (IQR = 0–50 ft or 0–16 m). Median basal area of stand initiation was 0 ft2/acre or
0 m2/ha (IQR = 0–55 ft2/acre or 0–13 m2/ha), while tree density for trees larger than 5 inches (12.7 cm) was
0 trees/acre and trees/ha (IQR = 0–75 trees/acre or 0–186 trees/ha). Tree density for trees <5 inches
(12.7 cm) was 0 trees/acre and trees/ha (IQR = 0–2249 trees/acre or 0–5557 trees/ha)

Advanced
regeneration

Early–mid-seral stands of age ~25–40 yr with a mixed species composition, but spruce-fir tends to occur the
most frequently (Appendix S1). Advanced regeneration exhibited a median basal area-weighted dbh of
8 inches or 20 cm (IQR = 5–10 inches or 14–27 cm); however, of the 51 plots examined 70% of them were
classified at size classes between 5 and 15 inches (12.7–38 cm). Advanced regeneration exhibited median
canopy cover of 45% (IQR = 30–70%), median tree height of 51 ft or 16 m (IQR = 34–64 ft or 10–20 m), and
median basal area of 89 ft2/acre or 20 m2/ha (IQR = 39–124 ft2/acre or 9–28 m2/ha). Tree density for trees
larger than 5 inches (12.7 cm) was 167 trees/acre or 416 trees/ha (IQR = 72–289 trees/acre or
178–714 trees/ha). Tree density for trees <5 inches (12.7 cm) was 900 trees/acre or 2223 trees/ha
(IQR = 150–2549 trees/acre or 370–6298 trees/ha)

Mature Mid-seral stands of age ≥40 yr arranged in a multi-storied structure with a mixed species composition, but
spruce-fir tends to occur twice as much as any other species (Appendix S1). Mature exhibited a median
basal area-weighted dbh of 10 inches or 25 cm (IQR = 7–14 inches or 18–35 cm). However, of the 194 plots
examined 45% were classified at size classes between 5 and 10 inches (12.7–25.4 cm), 25% at size classes
between 10 and 15 inches (25.4–38 cm), and 21% of them were classified at size classes between 15 and
25 inches (38–64 cm). Mature exhibited median canopy cover of 56% (IQR = 40–70%), median tree height
of 65 ft or 20 m (IQR = 53–88 ft or 16–27 m), and median basal area of 140 ft2/acre or 32 m2/ha
(IQR = 91–209 ft2/acre or 21–48 m2/ha). Tree density for trees larger than 5 inches (12.7 cm) was
217 trees/acre or 535 trees/ha (IQR = 144–331 trees/acre or 357–818 trees/ha). Tree density for trees
<5 inches (12.7 cm) was 1500 trees/acre or 3705 trees/ha (IQR = 300–4200 trees/acre or 741–10,374 trees/ha)

Notes: RSF, resource selection function. Forest inventory data were collected during 2005–2012, and the total sample size
was 366 subplots (subplots = ~170 m2), which included 194, 51, 34, and 87 classified as mature, advanced regeneration, stand
initiation, and sparse, respectively. English and metric units are presented. Abbreviations IQR and dbh indicate the interquartile
range and diameter at breast height, respectively. The calculation for basal area-weighted dbh was as follows: Ʃ(tree basal
area 9 dbh)/total basal area.
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of availability vs. high values) because of the
strong predator–prey relationship between
Canada lynx and snowshoe hares.

Summarizing habitat use, availability, and
selection

We sampled and analyzed our resource vari-
ables differently at the second and third orders
for our initial assessment of habitat use and
selection. We calculated the mean value of
covariates (see Table 1 for covariates used)
within used (n = 86) and available (n = 1000)
home ranges at the second order using the
Geospatial Modelling Environment (Beyer 2012).
At the third order, we attributed covariate values
(Table 1) for used and available locations at the
100 m2 resolution using standard tools in ArcGIS
(ESRI 2011). We then calculated the mean of
covariates at used and available locations for
every lynx and subsequently averaged across
animals (n = 64 for winter and 60 for summer) to
estimate mean (�95% confidence intervals [CIs])
use and availability. To calculate means and 95%
CIs, we used the package Rmisc (Hope 2013) in
program R (R Core Team 2016).

Development of RSF models
We then built RSFs at the second and third

orders using fixed- and mixed-effects logistic
regression (e.g., logit link) software, respectively,
to understand multivariate resource selection by
Canada lynx as well as develop spatial predictions
of lynx habitat. We used a fixed-effects model at
the second order because our design was not at
the individual level; that is, we assessed differ-
ences in use and availability across home ranges of
lynx. We weighted available : used observations
in our second-order RSF at 0.086:1 to balance sam-
ple sizes between used and available home ranges
that was reflective of our 86 lynx. Our second-
order model took the structure:

wðxÞ ¼ expðb1x1 þ b2x2 þ � � � þ bixiÞ (1)

where bi is the RSF coefficient for covariate i, xi is
the vector of covariate i, and w(x) is the predicted
relative probability of use (Boyce et al. 2002).

We built third-order RSFs (i.e., random inter-
cept for lynx) at the seasonal home range level
during winter and summer. We used a mixed-
effects model at the third order because our

design was at the individual level, whereby the
random effect accounted for (1) unbalanced
sampling among lynx and (2) repeated measures
(i.e., locations) within lynx (Gillies et al. 2006).
Our general third-order RSF structure was as
follows:

wðxÞ ¼ expðb1x1j þ b2x2j þ � � � þ bixij þ c0jÞ (2)

where bi is the population-level (i.e., marginal)
RSF coefficient for covariate i, xij is the vector of
covariate i for individual j, c0j is the random
intercept associated with the jth animal, and w(x)
is the same as in Eq. 1. For both our second- and
third-order RSF, we standardized covariates (i.e.,
ðxi � �xÞ=SD) and assessed support for quadratic
terms to allow for curvilinear relationships. We
observed quadratic effects for only mean snow
depth and proportion of advanced regeneration
forest in our second-order and our summer
third-order RSFs, respectively. In addition, we
implemented preliminary analyses to identify
the most predictive scale (i.e., 100, 250, and
500 m2; see Table 1) for each covariate included
in our third-order RSFs. We then assessed
collinearity among all covariates among the suite
being considered at both scales (Table 1) and
removed those that were contributing to high
correlations (|r| > 0.60; Appendix S2). When two
covariates were correlated, we selected the
covariate that was predicted to be more closely
associated with Canada lynx ecology based on
previous work.
With our set of reduced covariates and curvilin-

ear relationships, as well as our motivation to
develop parsimonious and predictive RSFs for
habitat mapping, we implemented a model selec-
tion procedure to exhaustively search for the most
predictive RSF using Akaike’s information crite-
rion, corrected for sample sizes (AICc; Hebble-
white et al. 2014). We developed a global model
for both our second- and third-order RSFs and
evaluated all potential subsets. However, because
of issues with computational time for our mixed-
effects RSFs, we initially searched all potential
subsets using only fixed effects at the third order.
We then selected the top 100 models, introduced
the random intercept for individual lynx (i.e.,
Eq. 2), and selected the top model based on AICc.
For all RSF modeling, when several nested mod-
els received similar support (ΔAICc < 2), we
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applied the principle of parsimony and selected
the model containing the fewest parameters
(Burnham and Anderson 2002). To assess the rela-
tive importance of each covariate (i.e., could be a
linear or quadratic relationship) in our top mod-
els, we iteratively removed each covariate and
documented the ΔAICc.

We evaluated the robustness of our second-
and third-order RSFs using k-fold cross-
validation (Boyce et al. 2002). We used two-fold
and 10-fold cross-validation for our second- and
third-order RSFs, respectively, by randomly divid-
ing the number of lynx home ranges or locations
into k-subsets of equal size and re-estimating the
b coefficients of our best model. We then gener-
ated predicted values for the available sample at
the appropriate order of selection from each sub-
set, merged them into 10 equal-area bins charac-
terizing low to high relative probability of use,
and used Spearman rank correlations (rS) to assess
the association between the bins and the mean
(i.e., across folds) frequency of home ranges or
locations within each bin. A strong Spearman
rank correlation coefficient indicates a robust
model (Boyce et al. 2002). For all RSF modeling,
we used the lme4 (Bates et al. 2015), MuMIn (Bar-
ton 2015), and AICcmodavg (Mazerolle 2016)
package in program R (R Core Team 2016).

Habitat mapping and validation across
the study area

By sampling home ranges and locations at the
second and third orders, respectively, we pre-
served the conditional nature of habitat selection
(sensu Johnson 1980), which allowed us to com-
bine our predictions into scale-integrated habitat
maps (DeCesare et al. 2012). We generated popu-
lation-level RSFs at the second and third orders
and across two seasons (winter and summer).
We used the population-level b coefficients
from Eqs. 1 and 2 to map the relative probability
of use (w(x)) for Canada lynx across our study
area (i.e., second order) at a 30 m2 resolution,
which generated five habitat maps. Because we
summarized our resource variables to used and
available home ranges for our second-order anal-
ysis, we averaged our second-order predictions
using a neighborhood equal to the median
home range size for our lynx (55 km2). To gener-
ate our scale-integrated habitat maps, we multi-
plied our second-order derived map by our two

third-order derived maps, which characterized
the scale-integrated relative probability of use for
Canada lynx during winter and summer. The
scale-integrated maps integrate habitat relation-
ships from the second and third orders into a
single map, which has been demonstrated to be
more predictive of habitat use than a single-order
map (DeCesare et al. 2012). For all five maps, we
sampled the predicted values using 100,000 ran-
dom locations to characterize the distribution of
predictions and reclassified the predicted values
into 10 ordinal categories of equal area (i.e., using
quantiles), which characterized low (i.e., 1) to
high (i.e., 10) relative probability of use for
Canada lynx.
To evaluate the ability of our probability maps

(i.e., habitat maps) to predict frequency of use by
lynx and inform conservation planning, we used
1919 lynx validation locations that were withheld
from our primary analyses. Of the 1919 locations,
920 were collected during the winter (from 20
individuals) and 999 were collected during the
summer (from 22 individuals). These locations
were generally collected during years (i.e.,
75% ≤ 2005) and via platforms (i.e., 75% via
Argos and VHF) that were independent of our
training data, which were primarily collected via
the GPS platform (99%) and after 2005 (82%). We
assessed how the relative frequency of use mea-
sured by Canada lynx locations correlated (i.e.,
using Spearman rank correlation coefficients;
Boyce et al. 2002) with our predicted categories
of relative probability of use. This assessment
was different than the k-fold cross-validation
aforementioned in that it (1) used independent
lynx locations (vs. subsets of the training data),
(2) was applied only at the study area level
(k-fold was at both the second- and third-order
domains of availability) and (3) provided a
model assessment that we believed was most
relevant to conservation planning.
Finally, we developed an approach to empiri-

cally identify a binary cut-point for our continu-
ous habitat maps indicating low and high
probability of use by Canada lynx as a tool for
conservation planning. We applied the concept
of Boyce et al. (2002), but rather than assessing
the relationship between our equal-area bins and
the frequency of use, we assessed how the cumu-
lative percentage of use was distributed across
our bins. In other words, we assessed how many
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equal-area bins (i.e., 1–10) were needed to cap-
ture a given percentage (e.g., 90%) of Canada
lynx use. Not only did this provide a cut-point
for deciding low and high probability of use that
is central to conservation planning, but it also
provided a simple means of assessing the relative
mapping efficiency of each study area habitat
map. In our case, the map that captures 90% of
lynx use with the fewest number of bins indicates
the most efficient map, that is, capturing the
most use for the smallest amount of area. We
used standard tools in ArcGIS (ESRI 2011) and
program R (R Core Team 2016) for habitat map-
ping and assessment.

Functional response analysis
Our approach to modeling functional responses

was a composite from previous studies in that we
first characterized habitat use and availability for
each individual by calculating a mean value (simi-
lar to Hansen et al. 2009, Matthiopoulos et al.
2011, Laforge et al. 2016) for all biotic covariates.
We focused on biotic covariates because land
managers could presumably change their avail-
abilities (vs. abiotic covariates such as slope, ele-
vation, or aspect). We then built linear, second-
degree polynomial, and third-degree polynomial
models (e.g., Pellerin et al. 2010) to test for func-
tional responses in absolute habitat use for male
and female lynx:

y1ij ¼ b0j þ b1jða1ijÞ (3)

y1ij ¼ b0j þ b1jða1ijÞ þ b2jða1ij2Þ (4)

y1ij ¼ b0j þ b1jða1ijÞ þ b2jða1ij2Þ þ b3jða1ij3Þ (5)

where y1ij = predicted value of covariate 1 at used
areas for lynx i during season j, b0j = y-intercept
for lynx during season j, b1–3 = regression coeffi-
cients for lynx during season j, and a1ij = mean
values of covariate 1 at available locations for lynx
i during season j. We assessed the relative fit of
each model to our data using a likelihood-ratio
test (a ≤ 0.05), wherein we retained lower order
polynomials when testing for higher order poly-
nomials. We used standard diagnostics (e.g.,
residual plots) to evaluate the appropriateness of
our most supported model. Support for a curvilin-
ear model (i.e., Eqs. 4 or 5) indicated a functional
response in habitat use, which we could then

assess by plotting the relationships and associated
90% CIs. As mentioned in Mysterud and Ims
(1998), disproportionate habitat use can occur in
some parts of the range of availability and not in
others. If a linear model was supported (i.e.,
Eq. 3), statistical deviations from proportional
habitat use (proportional use: b0 = 0, b1 = 1) indi-
cated additive use and consistent selection
(b0 > 0, b1 = 1), additive use and consistent
avoidance (b0 < 0, b1 = 1), or a functional
response (b1 6¼ 1). Other combinations of b0 and
b1 provide additional insights as well; for
instance, increasing or decreasing habitat use (i.e.,
b0 ≥ 0, b1 > 1 and b0 ≤ 0, b1 < 1, respectively)
relative to random expectation.
We applied our approach to assess how habitat

use by Canada lynx might change in the face of
changing environments (i.e., changing availabili-
ties). This analysis occurred at the third order of
selection, and we separated the data by season
(winter and summer) and sex (females and
males). Preliminary plotting of the data indicated
a substantial outlier and influential observation,
which we elected to remove for subsequent analy-
sis (i.e., female 174). We focused our analysis on
the following covariates: species-specific estimates
of canopy cover, estimated horizontal cover, pro-
portion of forest structural classes, and predicted
snowshoe hare occupancy and intensity of use
(see Table 1 for variable descriptions). We
conducted all analyses of functional responses in
program R (R Core Team 2016).

RESULTS

Habitat use, availability, and selection
Canada lynx demonstrated use of mixed-

conifer forests and a mosaic of forest structural
stages (Fig. 2), suggesting use of predominately
mid-late seral conditions. Within this context,
lynx selected (i.e., use greater than availability
in Fig. 2) canopies composed of spruce-fir and
lodgepole pine, but spruce-fir was used more than
any other species (Fig. 2). In terms of forest struc-
ture, lynx selected mature and advanced regener-
ating forest, but mature forest was used twice as
much as any other forest structure class (Fig. 2).
The mature class was composed of early to mid-
seral forests that included a diversity of tree sizes
(e.g., 45% were 12.7–25.4 cm in diameter, 25%
were 25.4–38 cm, and 21% were 38–64 cm; see
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Table 2 for all forest metrics). Sparse forest and
stand initiation were generally avoided (Fig. 2).

Furthermore, lynx exhibited spatial and sea-
sonal variation in resource selection for specific
variables related to forest composition and struc-
ture. Lynx used about the same amount of lodge-
pole pine and Douglas-fir canopy cover, but
lodgepole pine was strongly selected at the sec-
ond order (Fig. 2; Appendix S3: Table S1).

Canopy cover of western larch, however, was
used the least by lynx and was generally used in
proportion to availability across scales and sea-
sons (Fig. 2). Moreover, sparse forest was used
less than mature forest but more than advanced
regenerating forest at the second order (Fig. 2;
Appendix S3: Table S1). However, sparse forest
was avoided by lynx at the second order as well
as at the third order during winter (Fig. 2;

C D

A B

Fig. 2. Mean (�95% confidence intervals) canopy cover by species and proportion of forest structural classes at
the second order (A, B) and third order (C, D) of selection for Canada lynx (Lynx canadensis) in western Montana,
USA. Covariate codes PICO, PIEN, ABLA, LAOC, and PSME indicate lodgepole pine (Pinus contorta), Engel-
mann spruce (Picea engelmannii), subalpine fir (Abies lasiocarpa), western larch (Larix occidentalis), and Douglas-fir
(Pseudotsuga menziesii), respectively. In addition, Adv Regen and Stand Init indicate advanced regenerating and
stand initiation forest structures, respectively.

 ❖ www.esajournals.org 11 September 2017 ❖ Volume 8(9) ❖ Article e01939

HOLBROOK ET AL.



Appendix S3). Advanced regenerating forest and
sparse forest were used similarly by lynx at the
third order, but advanced regenerating forest was
strongly selected by lynx across scales and sea-
sons (Fig. 2; Appendix S3). Stand initiation was
used the least by lynx across seasons and scales
and was avoided at the second order and the
third order during winter (Fig. 2; Appendix S3).

Canada lynx exhibited additional patterns of
selection that were generally consistent with our
expectations. Lynx selected higher values of hori-
zontal cover at the second order, and higher
snowshoe hare occupancy and intensity of use at
both the second and third orders (Appendix S3).
At the second order, lynx selected deeper snow,
but avoided areas of high topographic rough-
ness (Appendix S3: Table S1). Finally, lynx
selected basins at the third order during winter
(Appendix S3: Table S2).

RSF models
Resource variables within our most predictive

and parsimonious RSF models varied based on
scale and season. At the second order, our top
model contained only three covariates, which
included a quadratic relationship with snow
depth and a positive effect of snowshoe hare
occupancy and canopy cover of lodgepole pine
(Table 3). The next four models included one
additional parameter and exhibited a DAICc value
of 1.94–2.12 (i.e., they were penalized the maxi-
mum AIC can allow for the addition of one
parameter), indicating no model uncertainty asso-
ciated with our second-order RSF. Spearman rank
correlations from our two-fold cross-validation
indicated a robust model (rS = 0.91, P < 0.001).

At the third order during winter, our most
parsimonious model included 11 covariates
indicating relative probability of use was posi-
tively related to canopy cover (across species:
lodgepole pine, spruce-fir, western larch, and
Douglas-fir), advanced regeneration and mature
forests, valley bottoms or basins, and snowshoe
hare occupancy (Table 4). We observed negative
effects of stand initiation and rough topographies
exposed to high heat loads (Table 4). The next
closest model (i.e., DAICc = 1.96) included all the
same variables along with intensity of use by
snowshoe hares; thus, we selected the reduced
model (i.e., model without intensity of use by
snowshoe hares) as our top RSF for winter. The
remaining models within our candidate set were
≥15 DAICc values from our top model, indicating
substantial support for our selected model.
Spearman rank correlations from the 10-fold
cross-validation indicated our model was robust
(rS = 1, P < 0.001).
Finally, our most parsimonious model at the

third order during summer also included 11
covariates, but the patterns were different than in
our winter model. The relative probability of use
was positively related to canopy cover of lodge-
pole pine, spruce-fir, and Douglas-fir, as well as
occupancy and intensity of use by snowshoe
hares (Table 4). However, we documented a neg-
ative effect associated with canopy cover of west-
ern larch, proportion of mature forest and stand
initiation, and rough topographies exposed to
high heat loads. We also observed a quadratic
relationship (i.e., probability of use was highest
at mid-ranges) with advanced regenerating for-
est. The next closest model (DAICc = 1.80)
included an additional parameter (i.e., pretend-
ing variable; Anderson 2008), and the remaining
models exhibited a DAICc ≥ 20, collectively indi-
cating substantial support for the selection of our
top model. Spearman rank correlations from the
10-fold cross-validation indicated a robust model
(rS = 1, P < 0.001).

Habitat mapping and validation
We used the RSF coefficients from our predic-

tive and parsimonious models (Tables 3, 4), and
the appropriately scaled covariates (Table 1), to
develop three habitat maps across our study area
(Fig. 3). We then integrated these study area-level
predictions from our second- and third-order

Table 3. Standardized regression coefficients, standard
errors (SE), and P values for our most parsimonious
resource selection function for Canada lynx (Lynx
canadensis) in western Montana, USA, at the second
order of selection.

Covariate b SE DAICc P

PICO canopy cover 0.63 0.20 4.74 0.002
Snowshoe hare occupancy 1.05 0.26 7.56 <0.001
Snow depth 2.22 0.52 24.23 <0.001
Snow depth2 �2.18 0.53 <0.001

Notes: AICc, Akaike’s information criterion, corrected for
sample sizes. The DAICc indicates relative weight of each
covariate. Covariate code PICO indicates lodgepole pine
(Pinus contorta).
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RSFs to provide two additional scale-integrated
habitat maps (one each for winter and summer;
Fig. 3). Our validation indicated that our models
strongly predicted the frequency of lynx use as
measured by independent lynx locations: second-
order derived map rS = 0.94, P < 0.001, third-
order (winter) derived map rS = 0.85, P = 0.003,
third-order (summer) derived map rS = 0.87,
P = 0.003, winter scale-integrated rS = 0.94, P <
0.001, and summer scale-integrated rS = 0.99, P <
0.001. However, as expected, our second-order
and scale-integrated predictions were the most
efficient at characterizing lynx use across our
study area (Fig. 4). That is, only 4 and 5 equal-area
bins were required to capture 90% of our withheld
lynx locations during winter and summer using
our scale-integrated and second-order maps,
respectively, as compared to 6–7 bins using maps
derived from third-order coefficients (Fig. 4).

Functional responses
Our assessment of functional responses in habi-

tat use provided novel insights concerning lynx
habitat ecology and thus was an essential compo-
nent of our analytical process. For instance, we
demonstrated that female lynx during the winter
not only avoided stand initiation and sparse for-
est, but that use decreased (relative to random) as
stand initiation (gradient = ~0.2–22%) and sparse

forest (gradient = ~10–52%) became more avail-
able (Fig. 5, Table 5). In contrast, females exhib-
ited additive use and consistent selection of
advanced regenerating forest across the range of
availability (~10–40%; Fig. 5, Table 5). Mature
forest was used in proportion to its availability
(~16–75%; Fig. 5, Table 5), although 66% of female
home ranges contained ≥50% mature forest.
Together, these results demonstrated that female
lynx occupy home ranges of mostly mature forest
during the winter, and within that context they
reduce their use of open structure classes, but
additively use advanced regeneration as these
structures become more available.
We discovered additional functional responses

in habitat use concerning forest structural stages,
which in some cases differed by sex. Male lynx
exhibited a positive functional response for advan-
ced regenerating forest in that habitat use incre-
ased (relative to random) as availability increased
during winter and summer (Fig. 6, Table 6). Male
and female lynx exhibited decreasing habitat use
(relative to random) with increasing stand initia-
tion, and the response appeared to be stronger for
females (Fig. 6, Tables 5, 6). This response also
indicated that habitat use of stand initiation pla-
teaued at low availabilities and remained similar
as the availability increased. Lastly, males during
winter demonstrated decreasing habitat use

Table 4. Standardized marginal coefficients, standard errors (SE), and P values from our most parsimonious
mixed-effects resource selection function for Canada lynx (Lynx canadensis) during winter (November–March)
and summer (April–October) in western Montana, USA, at the third order of selection.

Covariate

Winter (n = 64 lynx) Summer (n = 60 lynx)

b SE DAICc P b SE DAICc P

PICO canopy cover 0.04 0.01 20.70 <0.001 0.03 0.01 20.20 0.001
PIEN-ABLA canopy cover 0.18 0.01 285.90 <0.001 0.07 0.01 63.00 <0.001
LAOC canopy cover 0.03 0.01 15.30 <0.001 �0.07 0.01 106.70 <0.001
PSME canopy cover 0.27 0.01 988.8 <0.001 0.16 0.01 519.30 <0.001
Proportion stand initiation �0.07 0.01 81.00 <0.001 �0.06 0.01 118.80 <0.001
Proportion advanced regeneration 0.41 0.01 1953.80 <0.001 0.48 0.01 2396.30 <0.001
Proportion advanced regeneration2 – – – – �0.15 0.01 <0.001
Proportion mature 0.07 0.01 57.40 <0.001 �0.05 0.01 42.40 <0.001
Topographic roughness �0.18 0.01 417.60 <0.001 �0.14 0.01 397.70 <0.001
Heat load index �0.05 0.01 51.40 <0.001 �0.07 0.01 168.40 <0.001
Topographic position index �0.13 0.01 421.50 <0.001 – – – –
Probability of snowshoe hare occupancy 0.21 0.01 702.10 <0.001 0.11 0.01 231.60 <0.001
Intensity of use by snowshoe hares – – – – 0.07 0.01 109.50 <0.001

Notes: AICc, Akaike’s information criterion, corrected for sample sizes. The DAICc indicates relative weight of each covariate.
Covariate codes PICO, PIEN, ABLA, LAOC, and PSME indicate lodgepole pine (Pinus contorta), Engelmann spruce (Picea engel-
mannii), subalpine fir (Abies lasiocarpa), western larch (Larix occidentalis), and Douglas-fir (Pseudotsuga menziesii), respectively.

 ❖ www.esajournals.org 13 September 2017 ❖ Volume 8(9) ❖ Article e01939

HOLBROOK ET AL.



A

Summer

Summer

B

C

Winter

Winter

km
0 50 100

Fig. 3. Predicted probability of use for Canada lynx (Lynx canadensis) in western Montana, USA. These maps
were generated from our top resource selection functions at the second order (A) and third order (B) of selection.
Lynx home ranges are highlighted on our second-order map (hashed polygons in A). We then integrated these
maps to develop scale-integrated predictions of use by Canada lynx (C).

 ❖ www.esajournals.org 14 September 2017 ❖ Volume 8(9) ❖ Article e01939

HOLBROOK ET AL.



(relative to random) of sparse and mature forest,
respectively (Fig. 6, Table 6).

Finally, lynx exhibited functional responses in
habitat use for predicted snowshoe hare habitat
as well as vegetation cover. We observed a strong
functional response for snowshoe hare occu-
pancy and intensity of use for both sexes and
across seasons (Fig. 7, Tables 5, 6). This indicated
that habitat selection by lynx was strongest at
low snowshoe hare availability and that selection
decreased in strength as snowshoe hare availabil-
ity increased (Fig. 7). In addition, females during
winter demonstrated avoidance of Douglas-fir
canopy cover at low availabilities but propor-
tional use at higher availabilities (Table 5;
Appendix S4). Males exhibited increasing habitat
use with increasing availability of canopy cover
of Douglas-fir during both seasons (Table 6;
Appendix S4), as well as with increasing canopy
cover of spruce-fir (although a slight decrease
toward the maximum value) during winter and

lodgepole pine during summer (Table 6;
Appendix S4). Males also demonstrated additive
use (and consistent selection) for spruce-fir
canopy cover and horizontal cover during the
summer, as well as canopy cover of western larch
during the winter (Table 6). All other relation-
ships indicated proportional habitat use across
sexes and seasons.

DISCUSSION

Translating the advancement of animal–habitat
relationships to on-the-ground conservation is
difficult and requires an integrated analytical
framework. Here, we provided a process that
merged the research motivation of understand-
ing and prediction, as well as embraced the intri-
cacies of exploring animal–habitat relationships.
By examining habitat use, availability, selection,
and functional responses, we were able to
improve the current understanding of Canada

A B

Fig. 4. Cumulative percent of withheld Canada lynx (Lynx canadensis) locations across our predicted probabili-
ties of lynx use in western Montana, USA, using our second- and third-order, as well as scale-integrated, resource
selection function (RSF) during winter (A; November–March) and summer (B; April–October). The x-axis repre-
sents 10 equal-area RSF scores ranging from high to low. The intersection of the “second,” “third,” and “scale-
integrated” curves and the horizontal line indicate the RSF score that was required to capture 90% of lynx use.
Because the RSF scores are of equal area (Boyce et al. 2002), these figures also illustrated that the scale-integrated
RSF mapped more efficiently during winter (A) because it captured the same percent of lynx use over a reduced
area (i.e., lower number of equal-area bins). The intersection of the vertical and horizontal lines illustrates an
example of where managers could determine habitat vs. non-habitat using an empirically derived threshold from
the mapped predictions.
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lynx–habitat relationships while also providing
maps predictive of lynx use. If we had not imple-
mented all parts of our approach, we might have
developed incomplete understandings of lynx–
habitat relationships, which would result in
incomplete conservation recommendations at
best and misleading recommendations at worst.
We illustrate this by presenting the following
two examples.

We demonstrated that considering multi-scale
habitat use and selection is essential when assess-
ing animal–habitat relationships and developing
conservation recommendations. Canada lynx in
the Northern Rockies use a gradient of forest
structures and compositions (Figs. 2, 3), but they
use more mature, spruce-fir forest than any other
structural stage or species. Contrasting these
results with selection coefficients derived from

A B

C D

Fig. 5. Predicted relationships characterizing functional responses in habitat use by female Canada lynx (Lynx
canadensis) during winter in western Montana, USA, across four forest structural stages. The diagonal line indi-
cates random (i.e., proportional) habitat use. Data points indicate 27 female lynx used to develop predicted rela-
tionships and confidence bounds are 90% confidence intervals. Panels (A) and (B) indicate decreasing use, while
panels (C) and (D) indicate additive use (and consistent selection) and proportional use, respectively. See Table 1
and Appendix S1 for details concerning forest structure classes.
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our most predictive RSFs (i.e., selected based on
parsimony) highlighted the potential issues of
solely relying on top RSFs for understanding
habitat relationships. For instance, neither mature
forest nor spruce-fir canopy cover were included
in our most parsimonious RSF at the second
order, despite the evidence that lynx exhibited
selection for both of these resources (i.e., use
greater than availability in Fig. 2). Moreover, our
RSF models at the third order indicated compara-
tively weak selection for mature forest and
spruce-fir canopy cover (Table 4). In fact, and con-
sistent with previous work (Squires et al. 2010),
lynx exhibited avoidance of mature forest in the
summer (Table 4). Taken alone, our RSFs might
lead one to suggest that Canada lynx are indiffer-
ent to the mature forest structure class (as sug-
gested by others; Mowat and Slough 2003) and
spruce-fir canopies. However, as previously men-
tioned, we demonstrated that mature, spruce-fir
forests were used more by lynx than any other
structure or species (Fig. 2). Because we summa-
rized use and availability separately and across
scales, we were able to highlight that (1) mature
forests and spruce-fir canopies were highly avail-
able across our study area, potentially indicative
of first-order selection processes and (2) it was
indeed selection for mature, spruce-fir forests at

the second order (i.e., Fig. 2) that generated a con-
text of broad availability at the third order. And
by definition, it is difficult to strongly select habi-
tat attributes that are abundant (Beyer et al. 2010,
Kertson and Marzluff 2010). This example illus-
trates that characterizing use and availability
prior to identifying predictive and parsimonious
RSFs is essential for inferring covariate impor-
tance and that scale and availability are central to
interpreting selection (as mentioned in Beyer et al.
2010, Matthiopoulos et al. 2011, Aarts et al. 2013,
Northrup et al. 2013).
In addition, characterizing functional responses

in habitat use allowed us to gain a deeper under-
standing of lynx–habitat relationships and pro-
vide land managers with expected responses
under changing environmental conditions. For
instance, during the winter (i.e., the most con-
straining season for lynx; Squires et al. 2010)
female and male Canada lynx exhibited increas-
ing and additive use, respectively, for advanced
regenerating forest as it became more available
(Fig. 6). In contrast, both sexes demonstrated
decreasing use of stand initiation and sparse for-
est (Fig. 6). Placing these responses within their
respective availability ranges (i.e., x-axis in Fig. 6)
illustrated the magnitude of their effects, as well
as indicated they are occurring within a broader

Table 5. Results from functional response analysis for female Canada lynx (Lynx canadensis) during winter
(November–March) and summer (April–October) in western Montana, USA.

Covariate

Winter (n = 27 lynx) Summer (n = 24 lynx)

b0 (90% CI) b1 (90% CI) R2 b0 (90% CI) b1 (90% CI) R2

PICO canopy cover 0.61 (�0.53 to 1.76) 0.99 (0.89–1.08) 0.92 0.62 (�0.32 to 1.56) 0.95 (0.87–1.03) 0.95
PIEN-ABLA canopy cover 0.66 (�1.44 to 2.75) 1.07 (0.97–1.18) 0.92 0.00 (�3.42 to 3.42) 1.01 (0.88–1.27) 0.80
LAOC canopy cover 1.29 (�0.57 to 3.14) 1.01 (0.74–1.28) 0.62 0.76 (�0.67 to 2.20) 0.99 (0.79–1.19) 0.77
PSME canopy cover Second (P = 0.001) 0.96† �0.46 (�2.80 to 1.89) 1.11 (0.88–1.33) 0.77
Horizontal cover �0.27 (�6.12 to 5.58) 1.03 (0.92–1.13) 0.92 �1.14 (�11.27 to 9.00) 1.05 (0.86–1.23) 0.81
Sparse �0.03 (�0.06 to 0.01) 0.87 (0.73–1.01) 0.82‡ �0.01 (�0.07 to 0.05) 0.95 (0.75–1.15) 0.76
Stand initiation Second (P = 0.010) 0.61† Second (P = 0.026) 0.60†
Advanced regeneration 0.05 (0.01–0.09) 1.12 (0.94–1.30) 0.82§ 0.08 (0.02–0.15) 0.96 (0.60–1.32) 0.49§
Mature 0.04 (�0.04 to 0.12) 0.94 (0.79–1.09) 0.82 0.05 (�0.06 to 0.16) 0.81 (0.61–1.02) 0.68
Hare occupancy Second (P = 0.002) 0.62† 0.35 (0.23–0.46) 0.53 (0.35–0.70) 0.55†
Hare intensity 1.30 (0.42–2.17) 0.69 (0.38–0.99) 0.37† 1.60 (0.81–2.39) 0.56 (0.26–0.86) 0.32†

Notes: CI, confidence interval. If a polynomial model was supported, we indicate the complexity of the model (i.e., second
or third degree) and provide the P value of the likelihood-ratio test (v2 distribution). If a linear model was supported, we pro-
vide the estimated intercept (b0) and slope (b1) along with the 90% CI. For all models, we provide the coefficient of determina-
tion (R2). Covariate codes PICO, PIEN, ABLA, LAOC, and PSME indicate lodgepole pine (Pinus contorta), Engelmann spruce
(Picea engelmannii), subalpine fir (Abies lasiocarpa), western larch (Larix occidentalis), and Douglas-fir (Pseudotsuga menziesii),
respectively.

† Functional response.
‡ Perhaps biologically significant functional response, although not statistically significant (a ≤ 0.10).
§ Additive use (and consistent selection).
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context of mature forest (Fig. 6). Interpreting
functional responses within the appropriate con-
text of availability is essential to avoid extrapolat-
ing third-order behavioral responses beyond the
bounds set by second-order selection.

Moreover, these patterns capture some of the
spatio-temporal issues land managers might
consider when implementing landscape-altering
actions to enhance lynx habitat. For example,
managers might want to implement tools (e.g.,
timber harvest or fire) that create advanced
regeneration in the long term, but recognize they
will have to create stand initiation structures in

the short term. To dampen the negative response
by lynx in the short term, managers might focus
their conservation efforts in areas with relatively
low availabilities of existing stand initiation or
sparse forest. This example illustrates the applied
insights and recommendations one can derive
from examining functional responses. Landscape
management can benefit greatly from the
development of habitat maps (Johnson et al.
2004, Fattebert et al. 2015), but maps capture a
spatio-temporal snapshot with no context as to
how habitat use or selection might change with
changing conditions (Hirzel and Le Lay 2008,

A B

C D

Summer

SummerWinter

Winter

Fig. 6. Predicted relationships characterizing functional responses in habitat use by female (A: winter, and B:
summer) and male (C: winter, and D: summer) Canada lynx (Lynx canadensis) in western Montana, USA, across
four forest structural stages. The diagonal line indicates random (i.e., proportional) habitat use, and confidence
bounds are 90% confidence intervals. Data points used to develop predicted relationships are not shown. See
Table 1 and Appendix S1 for details concerning forest structure classes.
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Matthiopoulos et al. 2011, Paton and Matthio-
poulos 2016). Functional responses provide a
means to assess animal responses to changing
environments and as such are essential additions
to characterizing habitat relationships (Moreau
et al. 2012).

On advancing habitat relationships and
conservation of Canada lynx

In this study, we expanded the current under-
standing of lynx–habitat relationships through
our integrated analytical process. This combined
analysis provided a refined lens of lynx resource
use in the context of landscape pattern and con-
servation planning. For instance, we confirmed
that Canada lynx in the Northern Rockies use a
mixture of conifer species and structural stages,
but highlighted that selection and use of mature,
spruce-fir forests appears to be largely a first- or
second-order process (Fig. 2). Additionally, lynx
exhibited the strongest selection for intermediate
snow depths, predicted snowshoe hare habitat,
and lodgepole pine canopy cover at the second
order of selection. These results emphasize the
sensitivity of lynx to consistent and abundant
snow as well as snowshoe hare availability.
Previous work in the Northern Rockies has
demonstrated that advanced regenerating or

multi-storied forests with a substantial compo-
nent of lodgepole pine can provide high-quality
habitat for snowshoe hares (Holbrook et al.
2017). Additionally, the reliance of snowshoe
hares (Zimova et al. 2016) and lynx on snow
conditions highlights foreseeable conservation
challenges because snow extent and depth are
projected to decrease within the Northern Rock-
ies (Klos et al. 2014).
To our knowledge, all previous work on lynx–

habitat relationships has implicitly assumed
habitat use or selection will remain constant with
changing availabilities (Poole et al. 1996, Squires
et al. 2010, Simons-Legaard et al. 2013, Mont-
gomery et al. 2014). Our work is the first to chal-
lenge that assumption. First, female lynx selected
a narrower gradient of forest structures com-
pared to males, and among-female use was most
consistent during the most limiting season (i.e.,
winter R2 > summer R2; Table 5), whereas males
did not display a similar pattern (Table 6). Thus,
conservation planning should be focused on the
needs of females when developing management
plans. Second, both males and females demon-
strated selection of predicted snowshoe hare
occupancy and use, but selection increased as
occupancy and use became less available (Fig. 7).
This pattern was expected and consistent with

Table 6. Results from functional response analysis for male Canada lynx (Lynx canadensis) during winter
(November–March) and summer (April–October) in western Montana, USA.

Covariate

Winter (n = 36 lynx) Summer (n = 35 lynx)

b0 (90% CI) b1 (90% CI) R2 b0 (90% CI) b1 (90% CI) R2

PICO canopy cover 0.07 (�1.49 to 1.62) 1.05 (0.93–1.17) 0.86 �0.44 (�1.22 to 0.34) 1.07 (1.00–1.13) 0.96†
PIEN-ABLA canopy cover Second (P = 0.002) 0.92† 2.35 (0.73 to 3.97) 0.95 (0.87–1.04) 0.91‡
LAOC canopy cover 1.28 (0.07 to 2.48) 1.03 (0.87–1.19) 0.78‡ 0.83 (�0.07 to 1.74) 1.00 (0.87–1.13) 0.83
PSME canopy cover �1.32 (�2.87 to 0.23) 1.20 (1.07–1.33) 0.88† �1.02 (�2.26 to 0.22) 1.11 (1.00–1.21) 0.90†
Horizontal cover 3.19 (�2.25 to 8.63) 0.98 (0.88–1.08) 0.89 4.89 (0.71 to 9.06) 0.95 (0.88–1.03) 0.93‡
Sparse Second (P = 0.015) 0.84† �0.1 (�0.05 to 0.02) 0.97 (0.84–1.11) 0.82
Stand initiation Third (P = 0.018) 0.52† Third (P < 0.001) 0.82†
Advanced regeneration 0.03 (�0.01 to 0.06) 1.28 (1.09–1.46) 0.81† 0.02 (�0.01 to 0.05) 1.42 (1.26–1.59) 0.86†
Mature 0.09 (0.02 to 0.17) 0.86 (0.72–1.00) 0.76† �0.04 (�0.12 to 0.05) 0.96 (0.81–1.12) 0.77
Hare occupancy 0.32 (0.23 to 0.41) 0.61 (0.48–0.74) 0.64† Second (P = 0.015) 0.78†
Hare intensity Second (P = 0.024) 0.80† Second (P = 0.045) 0.85†

Notes: CI, confidence interval. If a polynomial model was supported, we indicate the complexity of the model (i.e., second
or third degree) and provide the P value of the likelihood-ratio test (v2 distribution). If a linear model was supported, we pro-
vide the estimated intercept (b0) and slope (b1) along with the 90% CI. For all models, we provide the coefficient of determina-
tion (R2). Covariate codes PICO, PIEN, ABLA, LAOC, and PSME indicate lodgepole pine (Pinus contorta), Engelmann spruce
(Picea engelmannii), subalpine fir (Abies lasiocarpa), western larch (Larix occidentalis), and Douglas-fir (Pseudotsuga menziesii),
respectively.

† Functional response.
‡ Additive use (and consistent selection).
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Canada lynx specializing on snowshoe hares
(Elton and Nicholson 1942, Krebs et al. 2001,
Ivan and Shenk 2016). Finally, male lynx demon-
strated a positive functional response (increasing
use with increasing availability) for advanced
regeneration while females demonstrated addi-
tive use (Fig. 6). The affinity of lynx to advanced
regenerating forest within a home range, coupled
with the high use of mature forest (Fig. 3), sug-
gests that Canada lynx spend a significant
amount of time at the interface between mature
and advanced regenerating forest. This is consis-
tent with the mechanism that advanced

regeneration likely produces the highest snow-
shoe hare densities (Cheng et al. 2015), but the
mature structure class is where hares are most
accessible for lynx (Fuller et al. 2007, Ivan and
Shenk 2016). This mechanism received demo-
graphic support by Kosterman (2014), who
demonstrated that female lynx with core areas of
highly connected mature forest and intermediate
levels of regenerating forests had the highest
probability of producing a litter. The integration
of resource selection and functional response
analyses begins to define the gestalt of landscape
mosaics and behaviors that give rise to the

A B

C D

SummerWinter

SummerWinter

Fig. 7. Predicted relationships characterizing functional responses in habitat use by male and female Canada
lynx (Lynx canadensis) in western Montana, USA, for snowshoe hare (Lepus americanus) occupancy (A: winter,
and B: summer) and intensity of use (C: winter, and D: summer). The diagonal line indicates random (i.e.,
proportional) habitat use, and confidence bounds are 90% confidence intervals. Data points used to develop
predicted relationships are not shown. See Table 1 for addition details on snowshoe hare covariates.
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distribution of Canada lynx, which facilitates
and informs habitat conservation efforts.

The second motivation for this work was to
provide efficient habitat maps for Canada lynx
with the goal of assisting land managers in their
decision-making processes. Mangers of public
lands are tasked with making multi-scale deci-
sions in the context of social, biological, and legal
complexities and thus require objective and
science-based designations of habitat for species
listed under the ESA, SARA, or similar statutes.
We provided five landscape-level maps character-
izing the probability of use by Canada lynx in the
Northern Rockies (Fig. 3), all of which were
deemed predictive of lynx use (Fig. 4). Although,
consistent with DeCesare et al. (2012), our scale-
integrated habitat maps appeared to perform best
based on validation and mapping efficiency
(Fig. 4). We believed this was the case because the
second-order map had a much wider range in rel-
ative probabilities of use (i.e., more discrimina-
tory) than the third-order map, such that a high
prediction from the third order would seldom
override the second order except on the low end
of the second-order range. Therefore, by integrat-
ing the second order with the third order, the
scale-integrated map appears to capture the hier-
archical nature of habitat selection and generate
efficient maps. Finally, by extending the concept
of Boyce et al. (2002) we provided a simple, objec-
tive, and defensible approach to determine the
threshold value of a habitat map (Fig. 4). This will
be helpful for land managers if they are required
to make decisions in a binary fashion, where a
habitat and non-habitat designation is needed.

The application of our habitat maps, or the
data characterizing lynx habitat, will depend on
the extent and resolution of the management
objective. For instance, our second-order and
scale-integrated habitat map would be best
applied at broad extents (e.g., landscape level).
At the project level (e.g., 40 acres or 16 ha), how-
ever, the third-order derived maps would likely
be the most informative for land managers, but
this is conditioned on the project area occurring
within lynx habitat as modeled at the broad
extent. At fine resolutions (3–10 acres or 1–4 ha),
managers will likely need to couple our maps with
site visits (and field data described elsewhere;
Squires et al. 2010) to develop the most informed
decisions concerning Canada lynx habitat.

Similarly, the absolute values of forest structure
and composition characterizing lynx habitat
(e.g., as in Fig. 2, Table 2; Appendices S1 and S3)
should be applied in a relative and general sense.
All of our metrics are derived from models with
error and characterize resolutions ≥100 m2

(Table 1). Indeed, maps of forest characteristics
and animal habitat are useful tools for conserva-
tion planning and prioritization (Johnson et al.
2004, DeCesare et al. 2012), but will likely need
refinement based on site-specific understandings
derived from direct observation.

CONCLUSIONS

Understanding and predicting habitat is essen-
tial in animal ecology and management (Elith
and Leathwick 2009), particularly for species that
are threatened or endangered. Here, we demon-
strated an integrated process to understand,
prioritize, and predict habitat, which we applied
in the case of the federally threatened Canada
lynx. Our approach was novel because we char-
acterized habitat use, availability, selection, and
functional response across scales, which
embraced the multi-scale behavioral process of
habitat selection (Johnson 1980, Boyce 2006,
Meyer and Thuiller 2006). Although previous
work has demonstrated the conditional nature of
habitat selection, and the potential issues deriv-
ing importance from selection (Beyer et al. 2010,
Anderson et al. 2012, Northrup et al. 2013), our
work is among the first to highlight the conserva-
tion costs of such issues. This is particularly a
concern when examining a subset of Johnson’s
(1980) orders of selection, which is commonly the
case. Further, we developed a synthetic approach
to characterize functional responses in habitat
use, which provided critically important insights
into the behavior of Canada lynx. Indeed, assess-
ing functional responses in habitat use can
inform both ecologists and managers on the
expected responses of animals to changing envi-
ronmental conditions and thus should become
basic tools in applied ecology (Moreau et al.
2012). Successful conservation efforts for most
endangered and threatened species require spa-
tial characterizations of habitat and precise
understandings of the mechanisms giving rise to
those spatial depictions. Our multi-scale and
integrated process offers a means to that end.
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From: Broderdorp, Kurt
To: Scott Jackson
Bcc: Ann Timberman
Subject: Lynx Science Review
Date: Friday, November 03, 2017 11:00:32 AM

Scott, Sorry we could not connect.  I am trying to coordinate for an SSA workshop next week
and it is eating up my time in huge chunks.  Unfortunately, I will not be able to participate in
the meeting/call on either day next week.  Please keep me apprised of things.  Thank you.

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186
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From: Zelenak, Jim
To: Michael Garrity
Bcc: Shawn Sartorius; Anne Vandehey; Jay Kolbe; Lori Nordstrom; Katrina Dixon; Olenicki, Thomas
Subject: Re: Best available science
Date: Friday, November 03, 2017 2:34:31 PM

Thanks Mike,

I find no reference in Kosterman to clearcutting, as I mentioned in my last, although "regeneration harvest" is
mentioned twice. I think Megan's work suggests a potential optimal amount/distribution of mature forest juxtaposed
with young, dense regenerating forest, and that the optimal amount of stand initiation-stage forest (note: this
includes young stands in the early regeneration stage after ANY disturbance, not just timber harvest) for some (but
not all) female lynx productivity parameters may be lower than the 30% threshold currently applied by the Forest
Service in accordance with the LCAS and the best available science at that time. Megan's work, to my knowledge,
did not demonstrate that lynx cannot survive and reproduce unless they have optimal conditions in their home
ranges and, despite the recommendation to maintain 50% mature forest within home ranges, did not suggest that this
is a threshold below which lynx are unable to survive and reproduce.

It is my understanding that USFS is currently evaluating Megan's work and other new science to decide whether and
if so how new information may influence their lynx habitat management.  

Squires' work showed that lynx avoid recently clearcut areas in winter, just like they avoid natural forest openings in
winter, because neither has any hares in them.

Squires estimated a mean lambda of 0.925 (slightly declining population) for the Seeley Lake Area and 1.16
(increasing pop.) for the Purcells.  However, both estimates assumed zero immigration of dispersing lynx, which is
likely not a valid assumption given what is known about lynx ability to get across the landscape. Mike Schwartz
(also with Rocky Mountain Research Station) noted that very low immigration rates (less than 1 female/year on
average for a theoretical population of 100 lynx) could provide population stability or even growth, suggesting that
the Seeley Lake population and perhaps other DPS populations are probably being bolstered by low levels of
immigration, which may go undetected.

It's true that neither the Service nor anyone else has been able to conduct censuses of lynx populations in the DPS.
Doing so may be impossible and would likely be marginally informative given the high likelihood that populations
naturally fluctuate substantially over time in response to changes in hare abundance.  Nonetheless, I wish we had as
good of information for lynx as we do for grizzles and wolves. However, in the absence of empirical demographic
data, we rely on our evaluation of the best available (and reliable) information, which does not suggest substantial
range contraction or population declines among Lower 48 lynx populations (again with the likely exception of
north-central Washington).

We do support and rely on (and appreciate) the surveys and monitoring done by our State, Federal, Tribal and
academic partners. Unfortunately those have not resulted in statistically robust or reliable estimates of population
sizes or trends for DPS populations. However, based on the available information and expert opinion/judgement, it's
clear there are many more lynx in Maine and Colorado than likely occurred historically, and many more in those
places and in Minnesota than we thought when we listed the DPS in 2000.

Finally, I have no staff but I do my best to keep up on the best available lynx science. Based on the quote that started
this conversation, I thought you might be privy to some new science of which I was not aware. Guess I'm relieved to
learn that I haven't overlooked something.

Thanks very much for your time and thoughtful responses.

Sincerely,

Jim

mailto:jim_zelenak@fws.gov
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On Fri, Nov 3, 2017 at 12:40 PM, Michael Garrity <wildrockies@gmail.com> wrote:
Jim,

Kosterman Thesis says that clearcutting more than 10-15% of a lynx home range results in
declines in reproduction.  Many National Forests allows more clearcutting than this.  The
Lynx Amendment allows up to 30% clearcutting in a home range, which means that habitat
has declined and is declining from the levels necessary for reproduction and therefore
survival and recovery.

Kosterman Thesis recommends conserving mature/old growth forest and maintaining 50%
mature/old growth in each lynx home range.  No National Forest is complying with that due
to past and current logging, which means that habitat has declined and is declining from the
levels necessary for reproduction and therefore survival and recovery.

Squires says that lynx avoid clearcuts.

Squires said that lynx population around Seeley Lake was declining.

FWS has no idea what the population of lynx is because they don’t do lynx population
monitoring.  In light of the government’s failure to monitor lynx population trends, it would
be disingenuous for FWS to argue that “there is no evidence of population decline”  because
the reason that "there is no evidence" is because the government refuses to conduct
monitoring.  In light of the government’s failure to monitor and document populations and
population trends, FWS  must apply the precautionary principle and assume that the effects
of allowing logging that does not comply with Kosterman and Squires findings is resulting
in population declines.

You and your staff are perfectly capable of keeping up on the best available lynx science.  

Sincerely yours,
Mike Garrity

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Michael Garrity
To: Zelenak, Jim
Subject: Re: Best Available Science
Date: Friday, November 03, 2017 5:26:26 PM
Attachments: MFWP.Lynx.Occurrence.Open.Record.Response.June.21.2000..pdf

Jim,

You wrote:
"Finally, to have "rebounded," it would first be necessary to have demonstrated a decline from which to rebound.  I
find little to no compelling information to suggest a substantial decline in resident lynx numbers in persistent
populations in Montana (or elsewhere in the DPS with the exception of north-central Washington, where numbers
have likely declined [perhaps temporarily] due to recent large and intense wildfires in lynx habitat).  I would be
interested in any reliable (i.e., based on verified data) scientific evidence to the contrary of which yo may be aware."

Please find attached information from MT FWP about the prior abundance on lynx in MT. 
Sincerely yours,
Mike

On Fri, Nov 3, 2017 at 12:45 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mike,

Some (but certainly not all) of Dr. Squires' work (especially his 2010 paper) showed winter selection by lynx for
mature multi-storied spruce-fir (not climax lodgepole) stands - these are not necessarily "old-growth" stands (see
Holbrook et al. 2017 that I sent previously defining [table 2] these stands as being as young as 40 years), and their
age is not what makes them important to lynx, but rather the multiple stories (i.e., canopy ages) that include
pockets of young, dense saplings that provide the dense horizontal cover at ground and snow level that provides
hare food and cover and, therefore, lynx foraging habitat.  Nothing in that paper or John's other papers indicate, to
me anyway, that lynx "need old-growth forests to survive the winter" - I think that is a questionable interpretation
of John's work. My takeaway is that some mature stands have the dense horizontal structure that provides winter
hare and lynx habitat, and that lynx are good at finding and using those areas, and that they select (use more than
in proportion to their availability on the landscape) such stands in some circumstances, particularly in winter (but
again, see Holbrook et al. 2017, fig. 6, which clearly shows stronger selection by both sexes and throughout the
year for dense advanced regenerating forest compared to mature stands).

Also, lynx use lodgepole stands, but these are typically seral lodgepole - stands that initially have dense lodgepole
regeneration but that will become spruce-fir as their climax condition. I am unaware of any science that shows
importance to lynx of climax lodgepole stands or of old-growth lodgepole, and these stands typically occur in
areas that are too warm and dry (see Squires et al. 2010, pp. 1649-1650) to support a climax spruce-fir forest.
Because of where they occur (drier areas) and their structure (very little horizontal cover at ground/snow level),
mature lodgepole forests do not typically constitute lynx habitat. John may know better or different, but I have
never seen this claim in the literature or heard it from John or other lynx researchers. Again, this sounds like
questionable interpretation of Dr. Squires' work.

I would be interested in any maps you may have showing the hundreds of thousands of acres of lynx habitat
(habitat known to have supported resident lynx) that have been lost as a result of clearcutting/timber harvest. 
Certainly past clear-cutting may have affected some lynx habitats, but disturbance (timber harvest, fire, insect
outbreaks) in these habitats typically results in only a temporary (5-40 years, maybe) reduction in habitat quality,
and they subsequently regenerate (if not thinned) into excellent dense, regenerating stands capable of supporting
high hare densities. 

Finally, to have "rebounded," it would first be necessary to have demonstrated a decline from which to rebound.  I
find little to no compelling information to suggest a substantial decline in resident lynx numbers in persistent
populations in Montana (or elsewhere in the DPS with the exception of north-central Washington, where numbers
have likely declined [perhaps temporarily] due to recent large and intense wildfires in lynx habitat).  I would be
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interested in any reliable (i.e., based on verified data) scientific evidence to the contrary of which yo may be
aware.

Thanks,

Jim

On Fri, Nov 3, 2017 at 10:34 AM, Michael Garrity <wildrockies@gmail.com> wrote:
Jim,

I talked to Sara.  She said to tell you that all of the published and peer reviewed lynx
papers by Squires and the Rocky Mountain Research Station in Missoula have found that
lynx need old growth forests to survive the winter.  Lodgepole pine doesn't reach old
growth until 140 years (Green et. al. which are the region one definitions of old growth.) 
The Forest Service logs lodgepole pine by almost only clearcutting.  Most of these
clearcuts are at best 60 to 80 years old so they still aren't lynx winter habitat so they are
still adversely affecting lynx. They have lost 100,000s of thousands of lynx habitat.

Sara also said it is obviously habitat related since lynx trapping ended in 2000 and lynx
have not rebounded.

Sincerely yours,
Mike

On Fri, Nov 3, 2017 at 9:34 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Mike,

I'm hoping you can provide me copies of the scientific information to which you recently referred.

In a recent guest column in the Idaho State Journal (https://idahostatejournal.com
/opinion/columns/congressman-simpson-s-alternative-facts-on-lynx/article_bae798e7-2857-51e0-876c-
e0da47e11a8a.html), you said:

"The harsh reality, undeniably proven by all the best available science, is that
more logging means less lynx. If we’re going to actually recover lynx as required
by the Endangered Species Act, it’s obviously time to say no more bulldozing
roads and clearcutting fortests in lynx critical habitat."

As the U.S. Fish and Wildlife Service's species lead for Canada lynx, I have been working on a Species
Status Assessment for the threatened Contiguous United States distinct population segment (DPS) of the
lynx, and I would be very interested to receive copies of the scientific information that supports your
statement above.  I'm especially interested in any peer-reviewed or other best available information that
proves (as you suggest) that logging (including clearcutting) has caused declines in resident lynx populations
or demonstrably converted any areas in the Lower 48 States previously capable of supporting a resident lynx
population into areas no longer capable of doing so. This information would be very helpful as I and others
continue to try to compile the best available scientific information regarding the statuses of and potential
threats to the viability of resident lynx populations across the DPS range.

mailto:wildrockies@gmail.com
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Thanks in advance for your response. Please call or email if you would like to discuss this.

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Michael Garrity
To: Jim Zelenak
Subject: Lynx in MT
Date: Friday, November 03, 2017 5:34:40 PM
Attachments: MFWP.Lynx.Reports.Open.Record.Response.June.5.2003..pdf

Science.Report.Chapter.8.McKelvey.2000..pdf

Hi Jim,

Please find attached the 2nd part of MT FWP's records documenting the prior abundance of
lynx in MT and a paper about the historic distribution of lynx in the United States.  In answer
to your question, all of these attachments demonstrate a prior abundance of lynx in the
northern Rockies that no longer exists.

Have a good weekend.

Mike
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Chapter 8

History and Distribution
of Lynx in the Contiguous
United States
Kevin S. McKelvey, USDA Forest Service, Rocky Mountain Research Station,

800 E. Beckwith, Missoula, MT 59807

Keith B. Aubry, USDA Forest Service, Pacific Northwest Research Station,
3625 93rd Ave. SW, Olympia, WA 98512

Yvette K. Ortega, USDA Forest Service, Rocky Mountain Research Station,
800 E. Beckwith, Missoula, MT 59807

Abstract—Using written accounts, trapping records, and spatially referenced
occurrence data, the authors reconstructed the history and distribution of lynx in
the contiguous United States from the 1800s to the present. Records show lynx
occurrence in 24 states. Data over broad scales of space and time show lynx
distribution relative to topography and vegetation. For all three study regions
(Northeastern states, Great Lakes and North-Central states, and Western
Mountain states), high frequencies of occurrence were in cool, coniferous forests,
with occurrences at primarily higher elevations in the West.

Introduction
Understanding the geographic distribution of an organism can provide

important insights into its ecology. In this chapter we compile and analyze
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occurrence data for lynx in the contiguous United States. We’ve organized
our analyses into three sections. In the first, we evaluate available informa-
tion on the history of lynx occurrence. Because data were generally collected
independently by each state, this analysis is presented state-by-state. In
the second, we evaluate the extent to which population dynamics of lynx in
the states adjacent to Canada are associated with Canadian population
dynamics and investigate the nature of observed relationships. In the third
section, we identify the broadly defined vegetation cover types and eleva-
tion zones that encompass the majority of lynx occurrence records and
examine the spatial relationships of records occurring outside these core
areas.

The Nature of the Data
The analyses and discussion presented in this chapter are based on a

variety of data from many sources. We believe they represent most of what
is known concerning where and when lynx have occurred within the con-
tiguous United States. We divide these data into three types. The first type
is written accounts describing the occurrence patterns of lynx. For many of
these accounts, and particularly the older ones, data are not presented to
support the written statements. Because of the paucity of other information,
our understandings of the historical distribution of lynx prior to the 20th
century rely heavily on these accounts.

The second type of data are state- and province-level trapping records.
These data are recorded in Novak et al. (1987) for all states and Canadian
provinces that maintained records. The strength of trapping data is that it
has been collected annually for many years using similar methods. These
data have been used to analyze time trends (Elton and Nicholson 1942;
Ranta et al. 1997), but there are several problems associated with using
these data in this manner. A general problem with trapping data is that they
do not represent constant effort: More lynx trapped could be due to more
trapper effort rather than more lynx. A particular problem associated with
lynx is confusion with bobcats, especially large, pale bobcats that were often
referred to as “lynx-cats” (Novak et al. 1987). For these reasons, we limit our
analysis of trapping data to those states for which we could confirm that lynx
and bobcat harvest records were tabulated separately.

Lastly we have spatially referenced occurrence data. These data come from
many sources: the primary literature, unpublished reports, museum speci-
mens, state survey efforts, and casual observations (See Appendix 8.1).
These data, because of their sources and types, have varying reliability.
Although these data carry a reliability index, the index is not constant
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across data sets. Even if it were, reliability at the level of the individual
observation does not necessarily infer overall reliability for a data set.
Reliability of the data set depends not only on the intrinsic reliability of
each datum, but also on the rarity of the organism. That is, as an organism
becomes more rare, the proportion of false positives increases. For example,
we know that bobcats are sometimes misidentified as lynx. If lynx were
correctly identified 100% of the time and bobcats correctly identified 99%
of the time, we have very reliable identification at the level of the individual
observation. However, if 1,000 bobcats are seen for every lynx, then for
every 1,000 wildcat identifications 10 will be classified as lynx, but on
average only one will actually be a lynx. Even if lynx were extirpated from
the area in question, these data would still include 10 “lynx.” While we note
the number of “reliable” points by type for each state (Table 8.1), we do no
formal analyses based on these designations. Rather, for analyses where
high reliability for each occurrence is essential, we used a subset of these
data we call “verified records.” We considered a record to be verified only
if it was represented by a museum specimen or a written account in which
a lynx was either in someone’s possession or observed closely, i.e., where a
lynx was killed, photographed, trapped and released, or treed by dogs.
Information obtained from snow-tracking surveys conducted by trained
individuals are discussed where appropriate, but neither tracks nor sighting
reports were considered to represent a verified record.

Data quantity and quality vary greatly from state to state (Table 8.1).
Because none of these data, with the possible exception of trapping records,
represent anything like a census, using numbers of occurrences to infer
numbers of lynx in an area during a specific time period or to make
comparisons between states is not appropriate. Assessing changes in occur-
rence at the state level can be attempted from the verified records, but we
caution that inferences derived from those data are potentially unreliable.
We know, for instance, that a lynx was killed in New Hampshire in 1992. This
does not, however, lead to any conclusions concerning the current status of
lynx populations in New Hampshire. Similarly, simply because we have
no verified records for lynx in Michigan after 1985 does not mean that lynx
are currently absent from Michigan.

In most states, the majority of the data consist of physical remains or track
data collected by state agencies. In the West, however, Colorado and Oregon
have a high proportion of visual data (Table 8.1), and the patterns in these
states should be considered to be less reliable. In the Great Lakes states,
Wisconsin has a high proportion of visual sightings, but the areas in which
they occur also contain physical specimens and particularly tracks.
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History of Lynx Occurrence in the Contiguous
United States

In previously published distribution maps for lynx in North America, the
lynx’s range in the United States is depicted as marginal or peninsular
extensions of the northern taiga into the western mountains, Great Lakes
region, and Northeast (Burt 1946; Seton 1929; Hall 1981; McCord and
Cardoza 1982). As explained in Chapter 3, these regions represent southern
extensions of boreal forest in the United States, each of which has unique
tree species composition, natural disturbance regimes, and histories of
human-mediated changes in the composition, extent, and juxtaposition of
available habitats. In the next section, we review the history of lynx
occurrence and abundance in each of these three regions on a state-by-state
basis. Although state boundaries generally do not correspond to ecological
ones, lynx populations are managed by individual state wildlife or game
agencies, and published literature is often limited to reporting or sum-
marizing information from a particular state.

To evaluate the history of lynx occurrence in the contiguous United States,
we compiled verified records from each state by obtaining data on museum
specimens and reviewing published literature and unpublished state agency
reports and harvest records. If there was a discrepancy between published
tabulations of harvest data (Novak et al. 1987) and records obtained directly
from state or provincial agencies, we assumed the latter to be more reliable
and used those data in our analyses. To obtain museum specimen records of
lynx in the contiguous United States, we contacted 88 museums or private
collections in North America, including all mammal collections with >10,000
specimens, any museum from which lynx specimens had been reported, and
at least one major museum from each state in which lynx have been
reported to occur. We located 343 museum records of lynx in the contigu-
ous United States from 41 museums or private collections, dating from
1842 to 1993.

Northeastern States
Maine—We located 35 museum specimens from Maine: 15 have no date

associated with them and 12 were collected between 1862 and 1897. Only
eight were obtained during this century: one in 1903, four in 1948, two in
1954, and one in 1993. Among these specimens, seven are kittens that either
have no date of collection or were collected in the 1860s, verifying that a
breeding population of lynx occurred in Maine during historical times.
Reproduction of lynx in Maine during recent times was verified in 1964,
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when three kittens were presented to the state for bounty; additional
verified records are known from 1966, 1973 (2 lynx), 1987, 1989, 1990, 1993,
and 1998 (Hunt 1974; Jakubus 1997; Maine Dept. of Inland Fisheries and
Wildlife, unpublished). Anecdotal evidence suggests that lynx were also
breeding in the state during the 1970s; Chief Warden Alanson Noble re-
ported seeing an adult lynx and kitten on the Southwest Branch of the St.
John River in March 1976 (Jakubus 1997). Snow-tracking surveys have
been conducted by the Maine Dept. of Inland Fisheries and Wildlife in
areas with historical lynx records each winter since 1994-1995. Lynx tracks
were found in all years to date except 1995-1996 and 1996-1997 (Jakubus
1997; C. McLaughlin, personal communication). Radiotelemetry research
on lynx was initiated by the state in 1999; to date (September 1999), one
female and one male lynx have been trapped and radio-collared. In June
1999, radiotelemetry monitoring of the female led researchers to a den with
2 kittens, verifying reproduction of lynx in Maine for the first time since
1964 (C. McLaughlin, personal communication).

Written records of Manly Hardy, a trapper and fur buyer in northern and
eastern Maine during the late 1800s, indicate that during this time lynx
occurred only in the northern portion of the state, and were not abundant;
Manly also noted that lynx numbers varied greatly in different years,
suggesting that population fluctuations may have occurred historically
(Jakubus 1997, unpublished). According to Palmer (1937, unpublished),
lynx had not been found in extreme southwestern Maine since the time of
European colonization; by the 1930s, lynx only occurred in the northern
half of the state. By the mid-1960s, lynx were reportedly absent from all
but the north and northwestern portion of the state, where they were
considered scarce (Hunt 1964). In 1967, the Maine legislature repealed the
lynx bounty payment and gave the species complete protection from hunt-
ing or trapping.

New Hampshire—New Hampshire is the only state in the Northeast
with a long and detailed history of commercial lynx harvest: From 1928 to
1964, 139 lynx were harvested in New Hampshire (Orff 1985, unpublished).
In the 10-year period from 1928 to 1939, 114 lynx were harvested (mean = 10.4
per year, range 1-20), but the population appears to have declined signifi-
cantly in the late 1930s; only 25 lynx were taken from 1940 to 1964 (mean =
1.0 per year, range 0-3), when trapping of lynx in the White Mountain
National Forest was prohibited (Fig. 8.1). According to data compiled by
Clark Stevens of the University of New Hampshire, 97% of lynx bountied
from 1931 to 1954 were killed in the White Mountains of northern New
Hampshire in Coos, Grafton, and Carroll Counties (Silver 1974). In 1965, the
bounty was repealed by the State legislature but was reinstituted outside the
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White Mountains in 1967 (Siegler 1971). In 1971, the lynx was protected
from all harvest in New Hampshire; in 1980 it was listed as a state endan-
gered species (Orff 1985, unpublished).

Except for harvest data, there are few verified records of lynx from New
Hampshire; only four museum specimens are known: one undated and one
each from 1860, 1947, and 1948. Only two recent verified records are known
from New Hampshire; both were adult males that were road-killed in 1966
and 1992 (Litvaitis 1994; E. Orff, personal communication). From January
to March 1986, Litvaitis et al. (1991) surveyed approximately 100 km2 of
the White Mountain National Forest on snowshoes (20 transects 2.5-10.0 km
long) 24-96 hours after snowfall but found no lynx tracks. They con-
cluded that their failure to find tracks and the scarcity of recent verified
detections indicated that a viable population of lynx did not occur in
New Hampshire at that time. We found no direct evidence of lynx breeding
in New Hampshire in either historic or recent times.
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Figure 8.1—Lynx harvest data from New Hampshire, 1928-1964.
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The history of lynx in New Hampshire has been summarized in detail by
several authors (Litvaitis et al. 1991; Siegler 1971; Silver 1974). Information
on lynx occurrence and population status prior to the early 1900s is frag-
mentary and difficult to interpret because lynx and bobcat were typically
considered together as “wildcat” in early records and reports (Silver 1974).
From the late 1920s through the 1930s, lynx harvests in New Hampshire
were relatively high (from 1934 to 1937, ≥15 lynx were trapped/year) and
fluctuated strongly in number, reaching a peak in the mid-1930s that was
coincident with a population peak recorded in Quebec (Figs. 8.1 and 8.2;
Litvaitis et al. 1991). After 1940, lynx harvests remained low (0-3 trapped/
year) until the trapping season was closed in 1965 (Fig. 8.1). Based on these
records, Litvaitis et al. (1991) argued that historic populations of lynx in
New Hampshire (and, probably, Maine) and Quebec were continuous at one
time, and that immigrating lynx entered New Hampshire on a regular
basis. They further speculated that large-scale timber harvesting for agricul-
tural and residential development north of the Saint Lawrence Seaway in
southern Quebec resulted in the isolation of lynx populations in New
England, which were unable to remain viable without occasional immigra-
tions of lynx from the north.
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Figure 8.2—Lynx harvest data for Quebec, 1919-1997; peak years are
indicated, as well as a measure of amplitude calculated by dividing the peak
harvest value by the previous low harvest value.
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Vermont—Published distribution maps for lynx in New England include
Vermont within the range of lynx (Hamilton 1943; Godin 1977), but only four
records verifying their occurrence at any time in the state could be found.
Only one museum specimen is known from Vermont, a lynx collected in
1965 from Royalton in northern Windsor County. A lynx was reportedly
killed in 1928 in Windam, Windam County (Osgood 1938); another was
taken in Ripton, Addison County in 1937 (Hamilton and Whittaker 1979),
and a third was trapped in the town of St. Albans, Franklin County in 1968
(Anonymous 1987, unpublished). In 1987, the Vermont Agency of Natural
Resources classified the lynx as a state endangered species.

Massachusetts and Connecticut—No museum specimens of lynx could
be found from Massachusetts or Connecticut, and verified records of lynx
occurrence in these states are extremely rare. Parker (1939) describes a
mounted specimen in the Worcester Museum of Natural History taken in
Princeton in the winter of 1884-1885, but we were unable to locate this
specimen. A lynx was reportedly killed in Concord, Middlesex County
about 1855 (F.C.B. 1878), one was trapped about 1865 in Goshen, Hampshire
County (Barrus 1881), one was killed in 1905 in Lanesborough, Berkshire
County (Central 1905), and another was captured in 1918 near Mt. Greylock,
also in Berkshire County (Eaton 1919). Crane (1931) considered the lynx to
be “very rare” in western Massachusetts and quoted a report from 1840 that
stated, “[The lynx] was once common in the State, but appears now only in
the depth of winter, and as a straggler.” The lynx is now considered
extirpated from Massachusetts (Cardoza, in press). Only one verified record
of lynx in Connecticut was found: one was shot at Southington, Hartford
County in 1839 (Goodwin 1935). Goodwin (1935) concluded that the “lynx
is now a very rare animal in Connecticut, and it probably never was very
common.”

New York—The history of lynx in New York was described in detail by
Bergstrom (1977, unpublished) and Brocke (1982, unpublished), and much
of the following account comes from these sources. Historical records
suggest that the lynx was once relatively common in New York, but that its
range retreated northeastward as early as the mid- to late-1800s. Rafinesque
(1817) observed lynx in the Catskill, Allegheny, and Adirondack Mountains,
and a lynx was killed near Rhineback on the Hudson River in the eastern
foothills of the Catskill Mountains in southeastern New York during the
winter of 1877-1878 (Mearns 1899). A report on the zoology of New York in
1842, however, failed to note the lynx’s presence in the southern portion of
the state, describing its range as “not uncommon in the northern districts of
the state [presumably the Adirondack Mountains]” (DeKay 1842). Anec-
dotal reports gathered by Harper (1929) indicated that the lynx was fairly
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common in the Adirondacks in the 1880s and 1890s, but a report on the
mammals of the Adirondack region in 1884 described the lynx as rare and
occurring mostly in the eastern portions of the region (Merriam 1884). By the
turn of the century, Miller (1899) speculated that, although the lynx still
occurred in the Adirondacks and may still occur in the Catskills, the species
was rapidly approaching extinction in New York.

Verified evidence of the occurrence of lynx in New York after 1900 consists
of 23 records scattered in time from 1907 to 1973 (Table 8.2). All but four
of these records are from the Adirondack Mountains, an area of boreal
forest adjacent to the Green Mountains of Vermont and the White Moun-
tains of New Hampshire. These high-elevation boreal zones may have
served as a corridor of suitable habitat, providing connectivity among areas
occupied by lynx in the northeastern United States with those in southeast-
ern Canada (see map in Bailey 1998). Until 1970, the lynx was an unprotected
species in New York and bounty payments were made for their pelts. The
bounty was removed in 1970, but the lynx remained unprotected until 1976,
when it was declared a game animal with closed hunting and trapping
seasons. The New York Department of Environmental Conservation con-
siders the lynx to be extirpated as a breeding species in the State, and has
recommended that it be listed as a state endangered species (Bergstrom 1977,
unpublished).

In response to a lack of evidence for the continued presence of lynx in the
State, a program to reintroduce lynx to the Adirondack Mountains was
initiated in the late 1970s (Brocke et al. 1990). A feasibility study (Brocke 1982,

Table 8.2—Verified records of lynx in New York.

Date Record Reference

Unknown 1 specimen from Jefferson County (western Adirondacks) Academy of Natural Sciences of
Philadelphia

1877-88 1 killed near Rhinebeck on the Hudson River (southeastern New York) Mearns 1899
1907 2 killed in Willseyville, Tioga County (south-central New York) Seagers 1948
1908 1 killed in Nine Mile Swamp, near North Brookfield (Adirondacks) Whish 1919
1908 3 killed in the Quaker Bridge region (Adirondacks) Whish 1919
1909 5 killed near Lowville, Lewis County (western Adirondacks) Whish 1919
1916 1 killed in Oneida County (southwestern Adirondacks) Anonymous 1952
1918 1 trapped near Upper Jay, Essex County (northeastern Adirondacks) Anonymous 1918
1928 1 killed on Hogback Mountain, Essex County (northeastern Adirondacks) Anonymous 1952
1930 1 taken alive near Elizabethtown, Essex County (northeastern Adirondacks) Seagers 1948
Late 1930s 1 killed near Azure Mountain, Waverly, Franklin County (northern Adirondacks) Bergstrom 1977, unpublished
1951 1 shot on Battle Hill, Washington County (eastern New York) Seagers 1951
1961 1 shot near Sherman Lake, Crown Point, Essex County (northeastern Adirondacks) Bergstrom 1977, unpublished
1962 1 trapped on Black Cat Mountain in Arietta, Hamilton County (central Adirondacks) Anonymous 1963
1964 1 killed near Croghan, Lewis County (western Adirondacks) Fountain 1976
Winter 1965-66 1 trapped on Pine Mountain, near Wells, Hamilton County (central Adirondacks) Anonymous 1966
1968 1 specimen from Catskill, Delaware County (southeastern New York) American Museum of Natural

History
1973 1 trapped in Altona, Clinton County (northeastern Adirondacks) Bergstrom 1977, unpublished
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unpublished) indicated that a suitable colonization area for lynx existed in
the Adirondacks above 800 m where bobcats (a potential competitor) were
rare and where snowshoe hare populations were dense enough to support
lynx. Between 1989 and 1991, after about 10 years of planning and public
input, 83 lynx ranging in age from <1 to 10.5 years were translocated from
the Whitehorse area of the Yukon Territory in Canada, radio-collared, and
released in the High Peaks area of the Adirondack Mountains (Brocke et al.
1991; K. Gustafson, personal communication). These animals were moni-
tored for two years until the transmitter batteries failed; recorded mortality
was high: 37 of 83 were known to have died, 16 of which were road-killed.
Available evidence indicates that the reintroduction was unsuccessful; since
the last radiotracking season in the winter of 1992-1993, there have been no
verified records of lynx in the Adirondacks and no indication that any
reintroduced lynx bred after they were released (K. Gustafson, personal
communication).

Pennsylvania—A comprehensive review of paleontological, historical,
and specimen records of lynx in Pennsylvania was conducted by Williams
et al. (1985). Surprisingly, they report 26 records of lynx being killed in
Pennsylvania from 1790 to 1900. Bobcats and lynx were often confused in
reports from the 18th and 19th centuries, however, so we view these records
with caution. Recent records are extremely scarce: Only one museum
specimen exists, a lynx collected near Antrium, Tioga County in 1923. A lynx
was reportedly killed in 1903 in Clinton County and two others in 1926 in
Monroe County (Shoemaker 1929; Grimm and Whitebread 1952, unpub-
lished). The majority of records reported by Williams et al. (1985) are from
the northern counties where unbroken, mature boreal forest existed prior to
extensive logging of Pennsylvania forests in the latter half of the 19th
century. This area also represents the southwestern-most extension of mixed
deciduous-coniferous forest in the northeastern United States (Bailey 1998).

Great Lakes and North-Central States
Michigan—Historical accounts of varying reliability, summarized by

Burt (1946) and Baker (1983), suggest that in the 1800s lynx may have been
widely distributed in both the Lower and Upper Peninsulas of Michigan.
However, six of seven verified records from the 1800s are from the Upper
Peninsula near the Wisconsin border; a lynx killed in Washtenaw County in
1842 and five lynx trapped along the Au Sable River in Oscoda County in
1917 represent the only verified records of lynx from the Lower Peninsula
(Table 8.3). Verified records of lynx occurrence in Michigan in the early 1900s
are extremely scarce: five specimens were collected on Isle Royale in 1904
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and 1905, and mortality records from the Upper Peninsula are known only
from 1910, 1912, 1923, and 1928 (Table 8.3). By 1928, the Michigan Depart-
ment of Conservation reported the lynx to be extirpated from the Lower
Peninsula and nearly so from the Upper Peninsula; by 1938, the lynx was
declared on the verge of extinction throughout Michigan and, in later
reports, was not even mentioned (Harger 1965).

Table 8.3—Verified records of lynx in Michigan.

Date Record Reference

Unknown 1 specimen from Michigan. Zoology Museum, University of Michigan
(1842)a 1 taken near Petersburg, Monroe County (LP)b Wood and Dice 1924
1842 1 killed in Washtenaw County (LP) Wood 1922
(1844)a 1 killed along the Au Sable River, Oscoda County (LP) Wood and Dice 1924
Prior to 1874 3 specimens from Marquette, Marquette County (UP)c Peabody Museum, Yale University
1874 1 specimen from Gogebic County (UP) Milwaukee Public Museum
(1875)a Several caught at headwaters of Manistique River,

Schoolcraft County (UP) Wood and Dice 1924
1889 1 specimen from Ishpening, Marquette County (UP) Milwaukee Public Museum
1890-91 1 taken near Gogebic Lake, Gogebic County (UP) Dice and Sherman 1922
(1894)a 1 taken 18 miles east of Cadillac, Wexford County (LP) Wood and Dice 1924
(1894-95)a 34 killed in Mackinac County (UP) Wood and Dice 1924
(1903)a 1 trapped at Big Creek, Oscoda County (LP) Wood and Dice 1924
1904-05 5 collected on Isle Royale, Keneenaw County (UP) Zoology Museum, University of Michigan
1910 1 taken at Rudyar, Chippewa County (UP) Wood and Dice 1924
1912 1 taken near Sault Ste. Marie, Chippewa County (UP) Wood and Dice 1924
1917 5 trapped along the Au Sable River near Luzerne,

Oscoda County (LP) Harger 1965
1923 1 specimen from Mackinac County (UP) National Museum of Natural History
1928 1 trapped in Ontonagon County (UP) Baker 1983
1940 1 trapped on Bois Blanc Island, Mackinac County (UP) Harger 1965
1949 1 trapped at Engadine, Mackinac County (UP) Harger 1965
1953 1 specimen from Dunbar, Marquette County (UP) Erickson 1955; Zoology Museum, University of  Michigan
1955 1 specimen from Marquette County (UP) Grand Rapids Public Museum
1958 1 specimen from Rockview, Chippewa County (UP) Michigan State University Museum
1960 1 shot near Rockview, Chippewa County (UP) Harger 1965
1960 1 specimen from Trout Lake, Chippewa County (UP) Michigan State University Museum
1961 1 specimen from Pickford, Chippewa County (UP) Zoology Museum, University of Michigan
1961 1 shot near Dafter, Chippewa County (UP) Harger 1965
1962 1 shot near Pickford, Chippewa County (UP) Harger 1965
1962 1 shot near Nun’s Creek, Mackinac County (UP) Harger 1965
1962 1 trapped near Channing, Dickinson County (UP) Harger 1965
1962 1 shot 7 mi. N of Iron Mountain, Dickinson County (UP) Harger 1965
1962 1 specimen from Dunbar, Chippewa County (UP) Michigan State University Museum
1962 1 shot in Ontonagon County (UP) Harger 1965
1962 1 shot near Sagola, Dickinson County (UP) Harger 1965
1962 1 shot near Trout Lake, Chippewa County (UP) Harger 1965
1962 1 shot near Manistique, Schoolcraft County (UP) Harger 1965
1962 1 shot between Topaz and Matchwood, Ontonagon County (UP) Harger 1965
1962 1 specimen from Sault Ste. Marie, Chippewa County (UP) Michigan State University Museum
1962 1 shot near Dafter, Chippewa County (UP) Harger 1965
1966 1 specimen from Schoolcraft County (UP) Michigan State University Museum
1983 1 killed in Mackinac County (UP) Michigan Dept. of Natural Resources

aWood and Dice (1924) caution that there is a strong possibility that some of these records may be of bobcats; we therefore consider these records to be probable,
but not verified, records of lynx in Michigan.

bLP = Lower Peninsula.
cUP = Upper Peninsula.
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By the mid-1940s, Burt (1946) considered the lynx to be “probably
gone from the fauna of Michigan,” but there are verified records from
1940, 1949, 1953, 1955, and 1958 (Table 8.3). From 1960 to 1962, 16 lynx were
killed on the Upper Peninsula, including 12 in 1962, following an unusually
large irruption of lynx in south-central Canada during the early 1960s
(Adams 1963; Gunderson 1978). Harvest records from Ontario, Manitoba,
and Saskatchewan clearly depict the irruption of lynx during this time and
its unusually high amplitude (Fig. 8.3), which was several times greater
than during previous peaks recorded this century. Since the early 1960s,
however, only two verified records of lynx in Michigan could be found: one
in 1966 and another in 1983 (Table 8.3). The lynx has been fully protected in
Michigan since 1983, when it was classified as a threatened species; it was
reclassified as a state endangered species in 1987.

Wisconsin—The history of lynx in Wisconsin was reviewed in detail by
Thiel (1987), including a comprehensive compilation of specimen and
mortality records. Only 11 verified records of lynx in Wisconsin prior to

0

5,000

10,000

15,000

20,000

25,000

30,000

N
um

be
r o

f p
el

ts

1919\20
1925\26

1931\32
1937\38

1943\44
1949\50

1955\56
1961\62

1967\68
1973\74

1979\80
1985\86

1991\92
1997\98

Mean = 5,280
SD = 5,214
CV = 0.9

5.4
1923

3.1
1934

1.1
1943

4.8
1952

11.2
1959

5.3
1969

3.0
1979

2.5
1991
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1962 are known, including eight records dating from 1870 to 1926 and three
specimens collected in 1946, 1954, and 1955 (Table 8.4). The lynx is reported
to have always occurred most frequently in the northern portion of Wiscon-
sin (Jackson 1961), and the distribution of verified records supports this
assertion. Only three records are known from the southernmost counties
near the Illinois border; the last of these was in 1946. The last known
occurrence of the lynx in central Wisconsin was in 1972, and all but a few
records since 1965 are from counties located near the borders of northern
Minnesota and the Upper Peninsula of Michigan (Table 8.4). An unusual
increase in lynx mortalities occurred in Wisconsin during the 1960s and early
1970s (Table 8.4; Thiel 1987). The number of verified records of lynx being
killed (16) in Wisconsin during this time period exceeded those from the
previous 100 years (Table 8.4). Similar increases in lynx mortalities during
these same time periods have been reported for Minnesota, North Dakota,
and Montana (Adams 1963; Gunderson 1978; Mech 1973, 1980).

Table 8.4—Verified records of lynx in Wisconsin.

Date Record Reference

1870 1 specimen from Jefferson County Zoological Museum, University of Wisconsin, Madison
1899 2 specimens from Iron County Zoological Museum, University of Wisconsin, Madison
1901 1 specimen from Gordon, Douglas County Zoological Museum, University of Wisconsin, Madison
1907 1 killed in Middleton, Dane County Schorger 1947
1908 1 specimen from Edson, Chippewa County Museum of Natural History, Wisconsin State

University, Stevens Point
1917 1 trapped in La Crosse, La Crosse County Milwaukee Public Museum
1926 1 shot in Shell Lake, Washburn County Stouffer 1961 (cited in Thiel 1987)
1946 1 specimen from Spring Green, Sauk County Zoological Museum, University of Wisconsin, Madison
1954 1 specimen from Hurley, Iron County Zoological Museum, University of Wisconsin, Madison
1955 1 specimen from Richland, Rusk County Zoological Museum, University of Wisconsin, Madison
1962 1 shot in Rusk County Thiel 1987
1963 1 shot in Douglas County Thiel 1987
1964 1 killed in Jackson County Thiel 1987
1965 or 1968 1 killed in Pierce County Thiel 1987
1965 1 killed in Green Lake County Thiel 1987
1965 1 killed by a train near Viroqua, Pierce County Thiel 1987
1965 1 specimen shot while swimming at the mouth of the

St. Louis River, Douglas County University of Wisconsin, Superior
1971 1 shot in Trempealeau County Thiel 1987
1972 1 shot in Trempealeau County Thiel 1987
1972 1 specimen from Woodruff, Vilas County Zoological Museum, University of Wisconsin, Madison
1972 1 killed by car in Oneida County Thiel 1987
1972 1 trapped in Price County Thiel 1987
1972 1 specimen from Lake Noquebay, Marinette County Technical Center, University of Wisconsin, Marinette
1972 1 shot in Tomahawk, Lincoln County Thiel 1987
1973 1 trapped in Iron County Thiel 1987
Winter 1972-1973 1 specimen from Oneida or Vilas County Zoological Museum, University of Wisconsin, Madison
1992 1 specimen from Burnette County Museum of Natural History, Wisconsin State

University, Stevens Point
1992 1 specimen from St. Croix County Museum of Natural History, Wisconsin State

University, Stevens Point
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Since that time, only two records of lynx being killed in Wisconsin are
known; both were in 1992. Lynx tracks were detected by the Wisconsin
Department of Natural Resources during wolf surveys from 1993 to 1997,
but all were within six to seven miles of each other, suggesting that they may
represent the same individual (Wydeven 1998, unpublished). Lynx have
been completely protected in Wisconsin since 1957, when harvest seasons
and bounty payments were eliminated; in 1972, the lynx was placed on the
state endangered species list.

Indiana, Illinois, Ohio, and Iowa—Lyon (1936) reviewed published
reports of lynx from Indiana in the 1800s and concluded that none could be
considered verified records, given the confusion over terms used for cougar,
bobcat, and lynx in these sources. Mumford (1969) believed that some of
these records might be authentic, however, and cited a report of a lynx being
killed at Bicknell, Knox County in southwestern Indiana in 1832. Records
from Illinois are similarly scanty; Kennicott (1855) included the lynx in his
list of mammals occurring in Cook County (now metropolitan Chicago),
and specimen records of the Academy of Natural Sciences of Philadelphia
include a lynx collected in Illinois that was obtained by the museum in
June 1842 (this specimen is now missing from the collection). No verified
records of lynx from Ohio could be found, but Smith et al. (1973) included the
species in a list of mammals that once bred in Ohio but which have now been
extirpated. Historical records of lynx in Iowa are more prevalent; Spurrell
(1917) reported that three lynx were trapped in Sac County in northwestern
Iowa in 1869 and one in 1875; another lynx was apparently killed in Iowa in
1906 (Gunderson 1978). In July 1963, a lynx was shot in Shelby County in
west-central Iowa (Rasmussen 1969); none has been reported since that time.

Minnesota—Published historical information on lynx in Minnesota is
virtually nonexistent. In an early monograph on the mammals of
Minnesota, Herrick (1892) was uncertain if the lynx was even a member of
the state’s fauna at that time. Hunters consistently told him that two species
of wildcats occupied the state but all specimens he examined, including
those presented to him as “lynx,” proved to be bobcats. Although lynx were
apparently not common at that time, their presence in Minnesota during the
late 1800s is confirmed by the existence of eight museum specimens dating
from 1892 to 1900. Two of these specimens are from Sherbourne County in
south-central Minnesota and the remainder are from Itaska County in the
north-central portion of the state. Verified records prior to the south-central
Canadian population peak of 1959 are scarce: a lynx was collected in
Sherbourne County in 1927, one in Morrison County in 1928, one in St. Louis
County in 1951, one in Aitkin County in 1953, and one in Lake of the Woods
County in 1955.
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The only other documented information on lynx in Minnesota prior to
1960 are harvest records published by the state Department of Natural
Resources (Fig. 8.4; Henderson 1978). However, these records should be
considered with caution; data from 1930 to 1976 do not represent reports of
catch or carcass records obtained during the year of harvest but, rather, are
estimates of harvest obtained in later years by mail survey. These records
indicate, however, that lynx have been harvested in relatively high numbers
in Minnesota in most years since 1930 (mean = 103 per year, range = 0-400).
Peaks in the harvest record that occurred in 1962 and 1973 are also reflected
in museum specimen records. All other specimens from Minnesota are from
the early 1960s and early 1970s: one from 1960, one from 1961, four from
1962, 14 from 1963, one from 1964, 25 from 1972, and one from 1973. During
this time, Mech (1980) trapped 14 lynx in northeastern Minnesota: five in
1972, three in 1973, four in 1974, and two in 1975.
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Figure 8.4—Lynx harvest data from Minnesota, 1930-1983; years of peak harvest values are
indicated.
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The continued occurrence of lynx in Minnesota in the late 1970s and early
1980s is verified by state records dating from 1977 to 1983, which represent
reports of catch from hunters and trappers at the close of each trapping
season. Altogether, 161 lynx were harvested in Minnesota during this
period (mean = 23, range = 9-42). When expected increases in lynx numbers
failed to occur in the early 1980s, the state closed the harvest season for lynx;
it has not been reopened. Since the closure of lynx harvests, only three
verified lynx records are known: one trapped in Cook County in 1992, and
one illegal possession in Anoka County and one road-kill in St. Louis County
in 1993 (DonCarlos 1994, unpublished). The only documented records of
lynx breeding in Minnesota are two females that gave birth to kittens in the
spring of 1972 (Mech 1973).

North Dakota—The northern Great Plains are generally not included in
the range of lynx (Burt 1946; McCord and Cardoza 1982; Quinn and Parker
1987; Seton 1929), yet there are a surprising number of historical specimen
records from this region. Bailey (1926) reports numerous anecdotal accounts
of lynx being trapped in North Dakota in the 1800s and lists three specimen
records: one collected at Fort Union (now Buford, North Dakota, on the
Montana border) in 1850, one at Arrowhead Lake in east-central North
Dakota in 1907, and one at Cannonball near the south-central border in 1915.
Other reports include several lynx that were killed in the northeastern
portion of the state, including one at Lakota in 1915 and two near Grafton in
1909 and 1911. Bailey (1926) makes several references to periodic increases
in lynx numbers in this region, noting that “in some years, the lynx is
common over the northern portion of North Dakota,” and that many lynx
were captured in north-central North Dakota and brought into taxidermists’
shops in 1908 and 1909, when they were apparently “wandering in search of
new hunting fields.” Two lynx were bountied during the winter of 1954-1955
in the northeastern corner of North Dakota (Adams 1963; Gunderson 1978).
In addition, many lynx apparently were killed in North Dakota during the
lynx irruptions of the 1960s and 1970s (Adams 1963). According to records
of the North Dakota Game and Fish Department, 53 lynx were harvested
from 1962 to 1965 and another 24 from 1972 to 1973. With the exception of
eight museum specimens collected in 1962 and 1963, no other verified lynx
records from North Dakota could be found.

South Dakota and Nebraska—The earliest records of lynx in South
Dakota are both from the southeastern corner of the state, near the borders
of Minnesota and Iowa: One lynx was taken above Sioux City in 1875 and a
museum specimen was collected at Bullhead, Corson County in 1925. Other
reports include one killed in Meade County and two in Pennington County
in 1944; one near Briton, Chamberlain County in 1962; one near Marindahl,
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Yankton County in 1962; one near Chamberlain, Brule County in 1963
(Gunderson 1978; Turner 1974); a museum specimen collected in north-
eastern South Dakota in 1965; and, according to federal Animal Damage
Control records, one killed in 1973 on the Cheyenne River in Pennington
County. Records from Nebraska are of a similar nature: a museum speci-
men was collected in 1890 near Norfolk in Madison County, and Jones
(1964) reports that a lynx was killed in 1915 near Bassett in north-central
Nebraska, another along the North Platte River near Keystone in 1917, and
a third near Ewing in 1958. All other verified records are associated with
mid-continent lynx irruptions in the early 1960s, 1970s, and 1980s: five from
1963 to 1964; three from 1972 to 1974; and a specimen collected near Herman,
Washington County in 1983 (Nebraska Game and Parks records).

Western Mountain States
Montana—Available information on the history of lynx in Montana in the

late 1800s and early 1900s consists of 12 museum specimens collected
between 1887 and 1921; published information on the recent or historical
status of Montana mammals is limited (Hoffmann et al. 1969). Four speci-
mens were collected in Rosebud and Musselshell Counties in southeastern
Montana in 1887, one in 1895 at upper St. Mary Lake in Glacier National Park,
three in the Bitterroot Mountains in 1910 (two at Bass Creek and one at Elk
Lake), two in 1916 (one without a specific collecting locality and another at
Deer Lodge, Powell County in west-central Montana), one in 1918 at Kintla
Lake in Glacier National Park, and one in 1921 in northwestern Montana
near Plains, Sanders County. The status of lynx in the Glacier Park area of
northwestern Montana during the early 1900s was reviewed by Bailey
(1918), who considered the lynx “more or less common throughout the
Glacier Park region.” He noted, however, that “during years when rabbits
are abundant, [lynx] too, become abundant, and when there are few rabbits,
they are correspondingly scarce.” Five specimens were collected in north-
western Montana in the 1940s and 1950s: one in Lincoln County in 1941, two
in Flathead County in 1954 and 1956, one in Missoula County in 1958, and
one from an unknown locality in the late 1950s.

As in the Great Lakes and north-central States, most later specimen
records are associated with lynx irruptions in the early 1960s and 1970s.
The remaining 19 specimens include 14 obtained from 1962 to 1966 and
five from 1971 to 1976. Data on lynx harvests in the state have been kept
since 1950, however, and show continuous presence of lynx in the state
(Fig. 8.5); since 1977, over 475 lynx were harvested in Montana. Smith (1984,
unpublished) and Brainerd (1985, unpublished) captured 10 lynx during
radiotelemetry studies in western Montana in the 1980s, and an ongoing
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study begun in 1998 in the area around Seeley Lake (Chapter 11) has
captured 18 lynx to date (June 1999). Although reliable data on lynx repro-
duction in Montana are scarce, Brainerd (1985, unpublished) examined 20
trapper-killed lynx carcasses, including several kittens, and found a preg-
nancy rate for all ages of 70.6%. As was noted for New Hampshire, lynx
harvest data from Montana is cyclic in nature, with peaks corresponding
closely in time and magnitude with those occurring in western Canada,
especially for 1963 and 1971 (Figs. 8.5 and 8.6).

Idaho—Specimen records of lynx in Idaho during the early 1900s are
relatively common; there are 22 museum specimens dating from 1874 to
1917, all of which were collected in the northern and central montane regions
of Idaho north of the Snake River Plain. Specimens were later collected in
central Idaho in 1939 on the Payette National Forest in Valley County and in
1940 in Idaho County. The only other museum records are both from the
northern panhandle region: one from Bonner County in 1954 and one from
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Figure 8.5—Lynx harvest data from Montana, 1950-1997; years of peak harvest
values are indicated.
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Shoshone County in 1955. Other verified records prior to 1960 include one
from Shoshone County in 1901, one from Boundary County in 1919, one
from Idaho County in 1936, one from northwest Idaho in 1939, one from
Clearwater County in 1942, five from Caribou County in 1947, two from
Bonneville County in 1955, and one from Idaho County in 1947 (Anonymous
1999, unpublished; Dalquest 1948). With the exception of Caribou and
Bonneville Counties, which are located along the Wyoming border, all of
these records are from the north-central and northern regions of the state.

In an early account of the mammals of Idaho, Davis (1939) described lynx
occurring “in the mountainous regions north and east of the Snake River
Plain.” Rust’s (1946) assessment of the status of lynx in northern Idaho is
similar: “While nowhere abundant in northern Idaho, the Canadian lynx is
fairly well distributed throughout the wooded areas of eight of the 10
northern counties, largely in the Canadian and Hudsonian zones.” He noted
that 25-30 lynx are usually taken by local trappers in addition to those killed
by predator control agents.

0

5,000

10,000

15,000

20,000

25,000

30,000
N

um
be

r o
f p

el
ts

1919\20
1925\26

1931\32
1937\38

1943\44
1949\50

1955\56
1961\62

1967\68
1973\74

1979\80
1985\86

1991\92
1997\98

Mean = 6,207
SD = 6,417
CV = 0.96

8.3
1924

2.3
1934 2.2

1944

7.0
1954

11.9
1962

8.0
1971

4.4
1981

2.5
1991

Figure 8.6—Lynx harvest data for British Columbia and Alberta combined, 1919-
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dividing the peak harvest value by the previous low harvest value.
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There are 35 verified records from 1960 to 1991: four from 1962 to 1969,
18 from 1970 to 1979, 10 from 1982 to 1989, and three from 1990 to 1991;
there are no verified records of lynx in Idaho since 1991 (Anonymous 1999,
unpublished). Although most of these records are from the northern and
central regions of Idaho where lynx occurred historically, six are from
counties in the Snake River Plain, in areas where forest types occupied by
lynx are absent or very fragmentary in extent (see “Lynx Associations with
Broad Cover Types”). These include records from Blaine, Butte, Jerome, and
Twin Falls Counties in 1972; one from Blaine County in 1984; and one from
Power County in 1990. As in other western and midwestern states, there are
a number of anecdotal accounts of lynx being killed or captured in anoma-
lous, low-elevation habitats during lynx irruptions in the 1960s and 1970s
(Lewis and Wenger 1998). These accounts are derived from interviews
initiated in 1997, however, and the lack of similar reports from the 1980s or
1990s suggests that these records represent transient lynx.

Lynx harvest records for Idaho from 1934 to 1981 are available (Novak
et al. 1987), but state biologists consider these data to be unreliable prior
to the late 1980s due to the inclusion of large, pale bobcats in these totals. This
concern appears to be valid; after 1981, when a mandatory pelt-tagging
program was instituted, no lynx was harvested for the next seven trapping
seasons (Anonymous 1999, unpublished). The lynx was unprotected in
Idaho before 1977, when it was classified as a furbearer and harvest was
restricted to a one-month trapping season and a three-month pursuit season.
In 1990, a state-wide quota of three lynx per year was imposed; the season
was closed in 1996.

Washington—Verified records of lynx in Washington are numerous and
well-distributed since the late 1800s. There are 78 museum specimens of
lynx from Washington—more than any other state in the contiguous United
States. The earliest records are represented by 10 specimens collected in
1896 and 1897 on Mt. Adams in the southern Cascade Range near the
border of Oregon. All but a few subsequent specimen records, however, are
from the north-central and northeastern portions of the state near the
Canadian border, including 32 from 1916 to 1920, three from 1928 to 1930,
four from 1939 to 1940, eight from 1951 to 1959, one in 1965, and 17 from
1976 to 1983. In addition, there are three specimens from southeastern
Washington: one from the Blue Mountains in 1931 and two from arid
grassland habitats in 1962 and 1963. A lynx was reportedly trapped near
the southern boundary of Mt. Rainier National Park “some years” prior to
1927 (Taylor and Shaw 1927) and nine lynx were trapped west of Oroville
in Okanogan County in 1938 (photo in Dalquest 1948). According to
Dalquest (1948), each of several trappers regularly took a dozen or more
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lynx from remote areas of northeastern Washington each year. No verified
records of lynx are known from coastal areas west of the Cascade Range.
Lynx populations in Washington have been studied in the field more than
anywhere else in the contiguous United States, and most of what is known
of lynx ecology in southern boreal forests comes from these studies (Chapter
13; Koehler and Aubry 1994). Thirty lynx were studied with radiotelemetry
in north-central Washington from 1981 to 1988 (Brittell et al. 1989, unpub-
lished; Koehler 1990), including two radio-collared females that each gave
birth to kittens in 1986 and 1987; snow-tracking indicated that a third,
uncollared female also had a litter of kittens in 1986 (Koehler 1990). From
1995 to 1999, 16 remote-camera photographs of lynx were taken at bait
stations in north-central Washington (J. Rohrer and M. Skatrud, personal
communication).

Management of lynx in Washington began in 1933, when the Washington
Department of Game was established and the lynx was classified as a fur-
bearer that could only be harvested by trapping; the first lynx trapping
season was in the winter of 1934-1935. Monitoring of the lynx harvest did
not begin until 1961, however, at which time trappers were required to
submit reports of catch to the Department of Game. In 1978, the state initiated
mandatory tagging of lynx pelts within 10 days of the close of each trapping
season (Brittell et al. 1989, unpublished). Washington harvest data from
1961 to 1984 (Fig. 8.7) suggests that Washington lynx populations may also
exhibit cyclic patterns of abundance. During the peak harvest of 1969, 26 of
the 31 lynx taken were from the Kettle Range in Ferry County. Only a few
were harvested in this area from 1970 to 1974, but 14 of 19 lynx taken in
Washington in 1975 and 17 of 39 taken in 1976 came from this area. Of the
25 lynx harvested since that time, only two were from Ferry County.
Although trapper effort and pelt prices undoubtedly influence these data,
the lynx population in the Kettle Range appears to have undergone several
dramatic increases and decreases in number from 1961 to 1977. Snow-
tracking surveys conducted from 1992 to 1996 in the Kettle Range resulted
in only two sets of tracks: one in 1991-1992 and one in 1995-1996 (Washington
Dept. of Fish and Wildlife, unpublished data). Trapping seasons lasted
2-2.5 months from 1961 to 1977 but were shortened to about one month
beginning in 1978; in 1987, a restricted permit system was implemented.
Thus, harvest data after 1977 are not directly comparable to previous data.
A statewide closure of the lynx trapping season was implemented in 1990,
and the lynx was classified as a threatened species in Washington in 1993.

Oregon—The presence of lynx in Oregon in the late 1800s and early 1900s
is documented by nine museum specimens collected from 1897 to 1927.
Verified records after that time, however, are extremely rare. Only three
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recent specimens are known, and all were collected in anomalous habitats
within several years of lynx population peaks in western Canada (see “Lynx
Associations With Broad Cover Types”): one in bunchgrass-rimrock habitat in
Wallowa County in 1964, one in a suburban residential area in Benton County
in 1974 (Verts and Carraway 1998), and a third in Harney County in
southeastern Oregon in 1993, where there are only small fragments of
forest types associated with lynx occurrence (see “Lynx Associations With
Broad Cover Types”). Although Bailey (1936) describes early anecdotal
reports of lynx in western Oregon, the 1974 specimen is the only verified
record of lynx west of the Cascade Crest in Oregon.

Wyoming—Reeve et al. (1986, unpublished) conducted a thorough and
comprehensive review of existing information on lynx in Wyoming, in-
cluding verified records and information obtained through a mail and
telephone survey of knowledgeable individuals in the state. The only verified
record not located by these authors was a museum specimen obtained at
Fort Frederick Steele in Carbon County in southeastern Wyoming
sometime prior to 1872. There are three specimen records from the 1800s,

Figure 8.7—Lynx harvest data from Washington, 1960-1989; years of peak
harvest values are indicated.
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including another from southeastern Wyoming in 1856 and one collected
near the headwaters of the Wind River in northwestern Wyoming in 1893.
All other early specimens were from the northwestern portion of the state:
one from the Big Horn Mountains in 1919, two from the Wind River Range
in 1908 and 1919, and seven collected from 1904 to 1920 in the area in and
around Yellowstone National Park in what is now referred to as the “Greater
Yellowstone Ecosystem” (GYE). In an early monograph on the animal life of
Yellowstone Park, Bailey (1930) wrote that lynx “were said to be common
and generally distributed throughout the timbered region.” There are no
recent verified records from the GYE.

Verified records of lynx in Wyoming after 1920 are rare; there are nine
verified records from 1940 to 1957, and all were lynx killed near the west-
central border of the state. A lynx was collected in 1940 at Hoback Rim in
northwestern Sublette County and another in 1949 near Afton, Lincoln
County. The remaining seven records are described by Halloran and
Blanchard (1959) and include five lynx trapped by state predator control
agents in northern Lincoln County from 1952 to 1955, a specimen collected
in northwestern Sublette County in 1954, and a kitten collected in southwest-
ern Teton County in 1957. The only other verified records are a lynx taken in
Albany County in the Laramie Range of southeastern Wyoming in 1963
(Long 1965), and one from an anomalous locality near Douglas, Converse
County in east-central Wyoming in 1983 (Reeve et al. 1986). A radiotelemetry
study was initiated in western Wyoming in 1996, resulting in the capture of
two lynx: a male in December 1996 and a female in March 1997; the female
produced a litter of four kittens in May 1998 (Chapter 11). Prior to 1973, when
the lynx was given full protection in Wyoming, it was considered a predator
that could be harvested legally anytime of year without a license; conse-
quently, no reliable harvest records are available from Wyoming.

Colorado—A thorough review of the history of documented lynx records
in Colorado was conducted by Halfpenny et al. (1989, unpublished) and, except
for the discovery of several more historical specimen records, little new
information has become available since their analysis. Unlike other western
montane regions considered thus far, boreal forest habitat in Colorado is
insular in nature and isolated from similar habitat in Utah and Wyoming by
more than 150 km of lower elevation habitats in the Green River Valley and
Wyoming Basin (Findley and Anderson 1956). All but a few specimen
records are from the center of this island of boreal forest habitat in west-
central Colorado. There are four specimens from the late 1800s: one without
a specific collecting locality, one from Cumbres County near the New
Mexico border, one from Breckenridge, Summit County, and one from
Colorado Springs, El Paso County. Halfpenny et al. (1989, unpublished)
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reported that Edwin Carter’s taxidermy notes in the Denver Museum of
Natural History included a lynx trapped in Soda Gulch, Clear Creek County
in 1878. Museum specimens were also found from Grand Lake, Grand
County in 1904-1905; Jefferson, Park County in 1912; and southwestern
Gunnison County in 1925. Terrell (1971) reported one lynx trapped at Red
Cliff, Eagle County in 1929 and one at Marble, Gunnison County in 1931.
Through interviews with trappers, Halfpenny et al. concluded that reports
of three lynx being trapped in Eagle County in 1930 and 1936 were reliable.

After 1936, no lynx specimens or reports of kills are known until 1969,
when a specimen was trapped near Leadville, Lake County, and others were
reportedly shot on the Frying Pan River, Pitkin County (Terrell 1971) and on
the south side of Vail Mountain, Eagle County (Halfpenny et al. 1989,
unpublished). In 1972, a lynx specimen was trapped on Guanella Pass, Clear
Creek County and, in 1974, two were trapped (one is preserved as a
specimen) on the north side of Vail Mountain, Eagle County. Since that time,
only tracks have been found, including three sets on the Frying Pan River,
Eagle and Pitkin Counties and five sets near Mt. Evans, Clear Creek County
(Halfpenny et al. 1989, unpublished). There are no verified records of lynx
in Colorado since 1974, despite large-scale snow-tracking efforts (Carney
1993, unpublished). The management history of lynx in Colorado is similar
to that reported for Wyoming: The lynx was designated an unprotected
predator until 1970, when all harvest of lynx was prohibited; in 1973, it was
classified as a state endangered species.

Utah—Our understanding of the distribution and status of lynx in Utah
comes entirely from scattered mortality records. Barnes (1927) reported that
103 lynx were trapped in a number of counties in Utah in 1915 and 1916, but
Durrant (1952) questioned the validity of these records and believed that
most were actually large bobcats. The relative scarcity of early specimen
records supports this conclusion. Only three specimens of lynx from Utah
in the early 1900s were found in museums, including one collected in 1916
from Wasatch County, one in 1931 from Sanpete County, and one in 1937
from Daggett County. Later records are all from the northwestern portion of
Utah near the southern borders of Wyoming and Idaho. Those records
include one museum specimen collected in 1957 from Daggett County,
mortality reports from Uintah County in 1958 and Summit County in 1958
and 1962 (McKay 1991, unpublished), one specimen from Summit County in
1963, a mortality report from the north slope of the Uinta Mountains in 1972
(McKay 1991, unpublished) and a lynx trapped in Cache County in 1991
(R. McKay, personal communication). No verified records are known after
this time. The lynx is listed as a sensitive species in Utah and has been
protected from all intentional harvest since 1974.
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Nevada—There are two museum specimens from Nevada; both were
collected in 1916 in Elko County in north-central Nevada near the Oregon
border (Schantz 1947). These specimens represent the southernmost records
of lynx occurrence west of the Rocky Mountains and are the only verified
records of lynx from Nevada. Three of the 12 specimens from Oregon were
also collected in 1916, suggesting that this may have been a year during
which lynx were dispersing south of their primary range; peaks in lynx
pelt returns from British Columbia and southern Alberta were recorded in
1915 and 1916, respectively (Elton and Nicholson 1942; p. 229).

Synchrony Between United States and Canadian
Trapping Data

Lynx populations in the contiguous United States occur at the southern
margin of a large, interconnected distribution whose geographic center lies
in the northern taiga (McCord and Cardoza 1982; Quinn and Parker 1987).
It has been suggested that the persistence of some lynx populations in the
contiguous United States may be dependent upon the periodic immigration
of lynx into the United States during the crash of northern lynx populations
(Thiel 1987). In the following section, we analyze harvest data, occurrence
data, and verified records from the United States in relation to lynx cycles in
Canada to address the following questions: (1) Are lynx records in the
contiguous United States associated with cyclic population highs in Canada?
and (2) If so, do similar patterns occur repeatedly across time and space?

In southern boreal forests, lynx are believed to occur at relatively low
population densities (Koehler and Aubry 1994), and throughout the 20th
century, harvest records for lynx in Canada have been two to three orders of
magnitude larger than those for the contiguous United States (Novak et al.
1987). In the taiga, long-range emigrations from core populations are associ-
ated with the crash of snowshoe hare populations; when prey becomes
scarce, home ranges dissolve and lynx become nomadic (Chapter 9). Thus,
it is possible that periodic immigrations of lynx into the United States
from southern Canadian provinces may occur during such events.

Thiel (1987) argues that periodic immigrations of lynx into the United
States from Canada will produce large increases in lynx records in the United
States occurring several years after cyclic highs in Canada, the lag being the
immigration time. Additionally, we would expect many of these records to
occur in cover types generally not used by lynx and in geographic areas in
which lynx records are generally scarce. However, lagged dynamics and
unusual occurrence patterns, while suggestive, do not necessarily mean
that such occurrences are directly attributable to transients. Complex
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asynchronous dynamics are predicted by predator/prey diffusion reaction
models (see Hastings and Harrison 1994 for a review) and occur due to the
interactions between local population dynamics and changes due to dis-
persal. Mowat et al. (Chapter 9), for instance, suggest that lynx dynamics in
the taiga exhibit lagged synchrony and that the lynx cycle in Canada
“emanates” from central Canada with the patterns in Yukon, Alaska, and
Quebec lagged several years behind those of Saskatchewan and Manitoba.
Correlation analyses of Canadian trapping data (Ranta et al. 1997) also
indicate that, on a continental scale, patterns are least synchronous at
intermediate distances and most synchronous when comparing locations
that are either very close or very far.

Methods
We evaluated Mowat et al.’s (Chapter 9) hypothesis by comparing data

from the central provinces of Alberta and Saskatchewan with data from
areas to the northwest (Alberta + Saskatchewan ➔ Yukon ➔ Alaska) and the
east (Alberta + Saskatchewan ➔ Manitoba ➔ Ontario ➔  Quebec). We
computed correlation coefficients between trapping data for the provinces
of Alberta and Saskatchewan and the other provinces and Alaska in-
crementally shifted back in time 0-5 years, noted the time lag associated with
the highest correlation, and tested whether lagging the data caused signifi-
cant changes in correlation coefficients (Zar 1996, pp. 384-386).

For states with reliable and long-term lynx harvest data (New Hampshire,
Minnesota, Montana, and Washington), we repeated the correlation analy-
ses (above) to determine the extent to which these data were correlated with
harvest data from Canadian provinces and whether these data were lagged.
For these analyses we correlated state trapping data with those Canadian
provinces which, due to their proximity, were most likely to contribute to the
local populations. For each state, we visually examined the data using the
most correlated lag time to determine if the patterns appeared synchronous.

Because our primary data are trapping records, which may show pat-
terns and synchrony that result solely from social and economic factors,
we looked to other data to provide a check on the trapping records as well
as to provide information for times and places where trapping data were
absent. Occurrence data and the verified records are not directly associated
with trapping activity and are available for states such as Michigan and
Wisconsin where we have no state-level trapping data. For comparisons of
Canadian trapping data with verified records and general occurrence data,
we used the most correlated lag times for the Canadian data from the
analyses of trapping data described above. Because occurrence data are
often sparse and erratic, we used visual methods to identify potential
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associations between these data sets. For Michigan and Wisconsin, where we
lacked trapping data, we compared patterns in the occurrence of verified
lynx records to peaks in harvest data from the Canadian provinces using
the lag time that was most correlated with the Minnesota trapping data. For
the Great Lakes region we estimated the degree to which general occurrence
patterns in data other than harvest records were correlated with Canadian
harvest data lagged as indicated by correlation with Minnesota trapping
records.

Another line of inquiry concerns the degree to which patterns in the lynx
data are correlated with local patterns of hare abundance. For the Great
Lakes region, hare data were available and were highly correlated within the
region (Chapter 7). For Minnesota, we were able to check these data against
independently collected hare occurrence data and the relationship was
strong (r = 0.89, Fig. 8.8). Local lynx populations should respond to changes
in local hare abundances, and the resultant patterns, therefore, may allow
separation of local and dispersal dynamics. We compared lynx trapping and
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Figure 8.8—A comparison between snowshoe hare trapping data and
numbers of hares observed on grouse drumming routes in Minnesota.
Unpublished data provided by the Minnesota Department of Natural Resources.
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occurrence data in the Great Lakes region with local patterns of hare
abundance for the period in which hare-trapping was recorded. We used
hare-trapping data from Minnesota because it is complete, is highly corre-
lated with data from Wisconsin and Michigan, and has been indepen-
dently verified for the last 22 years. Additionally we could compare it
directly to lynx harvest records in Minnesota. Specifically, we were looking
for local increases in hare harvest associated with the peak lynx harvests in
the 1960s and 1970s and a response in lynx occurrence data to a large increase
in hare abundance between 1975 and 1983 (Fig. 8.8). This increase was
thought to be unusually large, perhaps representing the highest densities of
hares in that region during the 20th century (Fig. 8.8; B. Berg, personal
communication); thus, if resident lynx populations were present, they
should have responded numerically to this large irruption in primary prey
populations.

Results
Trapping data—Lagging provincial and Alaskan trapping data 0-2 years

produced the highest correlations when compared with the central prov-
inces of Alberta and Saskatchewan (Table 8.5). With the exception of Yukon,

Table 8.5—Pearson correlation coefficients (r) between trapping data from central Canada and states in the United States
and provinces to the northwest and east. Correlations are to central Canadian data shifted 0-5 years. The best fit
for each state or province is indicated in bold type. In the contiguous United States, correlation coefficients are only
significantly different (Zar 1996, pp. 384-386) for Montana.

Time Shifted
Comparison period 0 years 1 year 2 years 3 years 4 years 5 years Significance

Contiguous U.S.
New Hampshire with 1928-1964 0.23 0.20 0.02 –0.13 –0.20 –0.18 0.273

Quebec
Minnesota with Ontario + 1930-1983 –0.10 0.12 0.22 0.32 0.24 0.00 0.240

Manitoba + Saskatchewan
Montana with Alberta + 1950-1989 0.35 0.69 0.74 0.62 0.35 0.05 <0.001

British Columbia
Washington with Alberta + 1961-1977 –0.24 –0.29 –0.05 0.17 0.25 0.21 0.538

British Columbia

Northwest
Yukon with Alberta + 1934-1996 0.08 0.28 0.36 0.26 0.06 –0.12 0.070

Saskatchewan
Alaska with Alberta + 1934-1996 0.30 0.63 0.79 0.77 0.60 0.31 <0.001

Saskatchewan

East
Manitoba with Alberta + 1924-1997 0.92 0.68 0.38 0.11 –0.04 –0.01 <0.001

Saskatchewan
Ontario with Alberta + 1924-1997 0.74 0.77 0.64 0.39 0.12 –0.06 <0.001

Saskatchewan
Quebec with Alberta + 1924-1997 0.38 0.60 0.71 0.68 0.53 0.33 <0.001

Saskatchewan
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lagging the data caused significant (p < 0.05) changes in the correlation
coefficients. The correlation patterns to the east were consistent with Mowat
et al.’s “emanation” hypothesis. Manitoba was synchronous with Alberta
and Saskatchewan, Ontario lagged one year, and Quebec lagged two years
(Table 8.5). Patterns to the northwest were not as clear. Both Yukon and
Alaska had the highest correlations when lagged two years, and Alaska was
much more highly correlated than was Yukon (Table 8.5).

For those states and years for which reliable annual trapping data were
recorded, correlations between harvest totals from the United States and
adjacent Canadian provinces were generally modest (Table 8.5), Montana
being the exception. New Hampshire was the only state for which non-
lagged data provided the strongest correlation. Correlations between United
States and Canadian harvest data for the other three states were all improved
by shifting the Canadian data back in time: two years gave the best fit for
Montana, three years for Minnesota, and four years for Washington. Visual
inspection of these data suggests that increases in correlation coefficients
were due to improved alignment of the oscillations in numbers of lynx
trapped (Figs. 8.9-8.12).
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Figure 8.9—Lynx trapping data from New Hampshire (Fig. 8.1) overlaid
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Central provinces shifted 3 years
Minnesota
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Figure 8.10—Lynx trapping data from Minnesota (Fig. 8.4) overlaid
on lynx trapping data from Ontario, Manitoba, and Saskatchewan
combined (Fig. 8.3). The strongest correlation between these data
sets was with a three-year lag between Minnesota and south-central
Canada.

Figure 8.11—Lynx trapping data from Montana (Fig. 8.5) overlaid on lynx
trapping data from Alberta and British Columbia combined (Fig. 8.6). The
strongest correlation between these data sets was with a two-year lag
between Montana and southwestern Canada.
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One reason that the correlations were not stronger between states and
adjacent provinces was that the patterns were not constant over time. For
example, in New Hampshire, raw data for the first 12 years (1928-1939) are
highly correlated with populations in Quebec (r = 0.76), when an average
of 10 lynx were harvested each year; after this period, however, harvest
records declined to only 0-3 lynx per year and the data become erratic and
difficult to interpret (Fig. 8.9). In Minnesota, a three-year lag with data
from the south-central Canadian provinces resulted in a strong correlation
for the most recent period (r = 0.73, 1960-1983) but the pattern is out of
phase in the previous 26 years (Fig. 8.10).

Occurrence data—Trapping data were removed from the general lynx
occurrence database (Table 8.1) to produce as independent a data set as
possible. Visual inspection of occurrence data from the Great Lakes region
suggest that these fluctuations were aligned with trapping data from the
south-central Canadian provinces with a three-year lag (Fig. 8.13). The
verified lynx occurrences for Michigan and Wisconsin (Tables 8.3 and 8.4),
for the period 1934-1997, are a subset of the occurrence data presented
above and, in some years, make up the bulk of these data. These data are also
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Figure 8.12—Lynx trapping data from Washington (Fig. 8.7) overlaid on lynx
trapping data from Alberta and British Columbia combined (Fig. 8.6). The
strongest correlation between these data sets was with a four-year lag between
Washington and southwestern Canada.
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concordant with the general occurrence data and are aligned with trapping
data from the south-central provinces with a three-year time lag (Fig. 8.14).

Hare densities—To look for responses to the regional increase in hare
populations in the Great Lakes states during the late 1970s and early 1980s
(Fig. 8.8), we compared hare harvest data from Minnesota with general
occurrence data from the Great Lakes region. Based on these data, there
appears to be no relationship between this recent increase in hare density
and numbers of lynx observed (Fig. 8.15). We also compared hare and lynx
harvest data for the state of Minnesota (Fig. 8.16). The large peaks in lynx
harvest in the 1960s and 1970s, which occurred three years after similar
irruptive dynamics in central Canada, do not appear to be associated with
increases in local hare harvest.

Discussion
The idea that lynx population dynamics emanate from the center of the

taiga outward toward the periphery is supported by these analyses.
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Figure 8.15—Lynx occurrence data for the Great Lakes
region (Fig. 8.13) overlaid on snowshoe hare harvest data for
Minnesota.
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Patterns in the contiguous United States, while weaker, are consistent
with the patterns observed within Canada and between Canada and
Alaska. With the exception of the northeastern United States, both cor-
relation metrics (for those data where we applied them) and visual inspec-
tion suggested that lagging the Canadian data forward by two to four
years improved the correlation with United States data. While there are
several nonbiological factors that could lead to these patterns, the consis-
tency of lagged correlations between the trapping data and the occurrence
data and across various states and regions suggests that these patterns are
biologically based.

For the Canadian provinces and Alaska, correlation patterns were gener-
ally very strong and were consistent across the entire time series (>60 years
in all cases). In the United States, correlations were generally weak and, with
the exception of New Hampshire, were primarily associated with the large
irruptive peaks in the 1960s and 1970s.

If we assume that observed patterns indicate general changes in numbers
of lynx, then there are several hypotheses that could explain these patterns.
One is the immigration hypothesis presented above, another is that local
populations are responding to the same factors that are controlling northern
populations and, hence, are in synchrony, and a third is that the dynamics
are some combination of the two.
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In the Canadian provinces, Alaska, Montana, and Washington, we know
that there are local reproductive populations, knowledge that invalidates a
pure immigration hypothesis. For these areas, we can only state that they
appear to be a part of a population in which lagged synchronous dynamics
occur. Because we do not know why these dynamics occur, we cannot say to
what extent they are affected by changes in local dynamics and the role
that immigration might play.

For the most recent decades, dynamics in the Great Lakes region may be
strongly driven by immigration. Though the data are weak, the lack of a
response in the occurrence data to an extremely large regional increase in
hares that peaked in 1980 coupled with low hare densities during the lynx
peaks in the 1960s and 1970s suggest these irruptive dynamics may not be
local in origin. This does not tell us whether or not there are local populations
present, however; it merely indicates that the large “spikes” that dominate
recent temporal patterns of lynx occurrence in the Lake States are at least
partially Canadian in origin.

Given this, we find puzzling the lack of lynx occurrence records associated
with a large population peak occurring in the central provinces during the
early 1980s. This population peak was higher than any recorded in the 20th
century prior to 1959, but there was no evidence from museum specimens,
verified mortality records, or anecdotal observations that unusual numbers
of lynx occurred in any portion of its range in the contiguous United States.
In 1984, after the expected increase in lynx numbers in Minnesota failed to
occur, the state closed the lynx harvest (DonCarlos 1994, unpublished).

The “explosions” of lynx in the early 1960s and 1970s were unprecedented
events in the 20th century (Fig. 8.3). Many lynx observed during these
“explosions” were found in anomalous habitats and geographic regions,
exhibited abnormal behavior, and suffered high mortality (Gunderson 1978;
Thiel 1987). Mech (1980) reported that lynx numbers declined dramatically
in Minnesota after the 1972 influx; trapping records also indicate that post-
irruptive populations were low: 215 were trapped in 1972, 691 in 1973, 88 in
1974, and 0 in 1975 and 1976. Lynx occurrence records in Michigan and
Wisconsin similarly declined to very low levels within a few years after the
peak irruptive periods (Thiel 1987; Fig. 8.14). It may be that the correlations
which we observed between lynx occurrences in the northern United States
and Canada following these irruptions are historically unusual as well.

Lynx Associations With Broad Cover Types
By considering lynx occurrence data over broad scales of space and time,

we can describe patterns in the distribution of occurrences relative to
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topography and vegetation to elucidate the nature of their range in the
contiguous United States (Fig. 8.17). Because of the irregularities in the data,
we do not use the data themselves to define the bounding polygons as one
would for home range data (White and Garrott 1990). Instead, we simply
ask: Which cover types and elevation zones contain most of the occurrences?

To examine the distribution of lynx occurrences by elevation, we used data
from a Digital Elevation Model (1,040 m/pixel) re-coded into 250-m eleva-
tion classes. For the Northeast and Great Lakes states, we used provinces
from Bailey’s (1998) ecoregion classification to describe vegetation at the
broader scale, and subsection-level “potential dominant vegetation-1” (Keys
et al. 1995) at the finer scale. For western states, Bailey’s ecoregions were overly
broad, and we lacked a subsection-level map. We therefore characterized
western vegetation using Küchler (1964), with the form classification repre-
senting a large-scale cover class, and “vegetation type” representing a finer-
scale class of potential vegetation.

All occurrences with at least county-level resolution within the three
regions (Table 8.1) were included in these habitat analyses. In the Northeast
and Great Lakes states, where most of the data were at county-level resolu-
tion, counties were assigned to vegetation and elevation classes using a
majority-area rule, and occurrences with county-level resolution were then
assigned to these county-level classes. To describe the distribution of
occurrences by habitat type, we emphasized the classes of vegetation and
elevation which encompassed at least 75% of the occurrences in a region and
referred to them as “primary” types. The distribution of occurrences was
also compared to the areal distribution of the types within each region.
Because elevational relationships are likely to vary among states along
ecological gradients, we also considered elevation distributions on a state-
by-state basis.

Habitat Patterns Associated With Lynx Occurrences
West—Elevations in the West are variable, ranging from 0 to 4,180 m. Lynx

occurrences generally occurred at higher elevations than is reflected by the
areal distribution of elevation zones: 70% of occurrences fell within the
1,500-2,000-m class, which comprised only 42% of the area. This pattern is
highly influenced by variation among states in the number of occurrences:
95% of the occurrences in the 1,250-2,000-m range are from Montana and
Washington. However, frequency distributions for the individual states
continue to demonstrate peak numbers of occurrences at mid-elevations
that deviate from the areal distribution of elevation classes (Fig. 8.18).
Additional patterns emerge from the state-by-state distributions. Examin-
ing elevation patterns across the region, both point and area distributions
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shift to increasingly higher elevations as one moves southward from
Idaho and Montana to Wyoming, Utah, and Colorado (Fig. 8.18).

Vegetation types are also effective in characterizing the distribution of
occurrences. At the larger vegetation scale, Rocky Mountain Conifer Forest
contains 83% of the occurrences but represents only 27% of the area in the
region (Fig. 8.19). The other conifer-dominated class in the region, PNW
Conifer Forest, had the second highest point frequency (7%), which was
generally equivalent to its areal frequency, but occurrences were located
only in areas adjacent to Rocky Mountain Conifer Forest. Less than 3% of the
occurrences were located in each of the remaining classes, with decreasing
frequencies of occurrences with greater distance from areas of Rocky Moun-
tain Conifer Forest (Fig. 8.19). On the finer scale of vegetation classification,
the distribution of occurrences also differed significantly from the areal
distribution of types. The primary types, Douglas-fir and western spruce/
fir forests of the Rocky Mountain Conifer class, and fir/hemlock of the
PNW Conifer class, encompass 79% of the occurrences but only 15% of
the area. Occurrences are rare within the remaining vegetation types, which
include both non-forest and drier forest types.

Areas that encompass primary classes of both elevation and vegetation
contain 67% of the occurrences, including a majority of the occurrences
within most states (Fig. 8.20). The area within this combined habitat type
generally increases from south to north. From Montana southeast to Utah
and Colorado, clusters of this combined habitat type become increasingly
isolated. From Washington to Oregon, the width of the strip representing
primary habitat narrows as one moves southward.

Great Lakes region—Elevations in this region are low and of low
variability, ranging from 170 to 660 m. The distribution of occurrences
parallels the areal distribution of elevations in the region, with 80% of
occurrences falling in the mid-elevation zone of 250-500 m, which repre-
sents 78% of the total area. This relationship also holds within the individual
states; thus, elevation was not important in characterizing the distribution of
occurrences in this region.

The locations of lynx records in these states were associated with vegeta-
tion type, however. At the coarser vegetation scale, 88% of occurrences are
within Mixed Deciduous-Coniferous Forest, which accounts for <50% of
the area (Fig. 8.21). The remaining 12% of occurrences were located in
Broadleaved Continental Forests and Forest-Steppes and Prairies. At the
finer vegetation scale, the seven vegetation types containing occurrences
encompassed 73% of occurrences but only 32% of the area; of the seven
types, sugar maple-basswood, jack pine, and white pine-red pine forest
types had the highest frequencies of occurrences (each >15%). All of these
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Nonforest

Other Forest

PNW Conifer

Rocky Mountain Conifer

100 KM

Nonforest

Other Forest

PNW Conifer

Area Per State
(square km)

OR  6,400
WA 15,100
ID 26,300
MT 63,500
WY 37,800
CO 23,700
UT 11,400

100 KM

Figure 8.19—Lynx occurrence data overlaid on Küchler (1964) vegetation classes in the western
United States. The Rocky Mountain Conifer cover-type enclosed 83% of lynx occurrences.

Figure 8.20—Areas of primary lynx occurrence are those areas that (1) consist of a cover type
associated with at least 75% of lynx occurrences and (2) lie within an elevation zone enclosing
at least 75% of lynx occurrences in each state; 67% of lynx records fell within this area.
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Forest-Steppes and Praires

Broadleaved Continental Forest

Mixed Deciduous Forest

100 KM

Figure 8.21—Lynx occurrence data overlaid on Bailey (1998) vegetation classes in the Great
Lakes region. The Mixed Deciduous-Coniferous Forest type enclosed 88% of lynx records.

primary types are classified as Mixed Deciduous-Coniferous Forest, except
for the sugar maple-basswood type which falls into Broadleaved Continen-
tal Forest. The distribution of these primary vegetation types occurs pri-
marily in northern Wisconsin and Minnesota, with <15% within Michigan
(Fig. 8.22). Conversely, areas lacking occurrences are found in southern
areas and represent mostly non-conifer or unforested types.

Northeast—Elevations in the Northeast range from 0 to 1,745 m. The dis-
tribution of occurrences by elevation is shifted toward higher elevations
compared to the areal distribution of elevations in the region: 77% of
occurrences were at mid-elevations ranging from 250 to 750 m, which
comprises 59% of the total area. The 0-250-m class has the greatest difference
between occurrences and area with only 20% of occurrences compared to
39% of the area. These patterns also hold within Maine, New Hampshire,
and New York, but Vermont, Massachusetts, and Pennsylvania had too
few occurrences to allow comparison (Table 8.1).

Vegetation also serves to describe the distribution of lynx occurrences in
the region (Fig. 8.23). At the broader scale, the most northerly and mountain-
ous class in the region, Mixed Forest-Coniferous Forest-Tundra, encom-
passes 88% of the occurrences compared to only 29% of the area, and the
remaining occurrences fell into five other provinces. At the finer scale,
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100 KM

Area Per State
(square km)

MN  48,000
WI 72,000
MI 17,600

Figure 8.22—Areas of primary lynx occurrence in the Great Lakes region are those
areas that enclose 73% of lynx records based on potential dominant vegetation
types (Keys et al. 1995). Elevation was not used to define areas of primary
occurrence in this region.

100 KM

Area Per State
(square km)

ME 28,500
NH 9,800
VT 8,000

NY 27,400
MA 1,000
PA 8,000

Figure 8.23—Areas of primary lynx occurrence in the northeastern states based on
potential dominant vegetation types (Keys et al. 1995) and elevations >250 m; 70% of
lynx records fell within these areas.
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occurrences are located within 10 vegetation types, with the highest fre-
quency in red spruce-balsam fir/sugar maple-birch-beech forest (53%).
The primary types also include sugar maple-birch-beech forest and red
spruce-balsam fir forest; the three types together comprise 84% of occur-
rences compared to 29% of the area and are found within Mixed Forest-
Coniferous Forest-Tundra. The types that include spruce-fir are absent
south of Vermont and the northern Adirondack Mountains. In general, lynx
occurrences were rare within areas typed as dry forest or non-forest.

Intersecting the primary vegetation classes with the primary elevation
classes left an area that is primarily contained within Mixed Forest-
Coniferous Forest-Tundra, includes 70% of the occurrences, and encom-
passes a majority of the occurrences within each state (Fig. 8.23). More than
60% of this area occurs in Maine and New York, followed by Vermont,
New Hampshire and Pennsylvania, with trace amounts in Massachusetts.
From Maine south to Pennsylvania, areas of primary occurrence become
increasingly disjunct.

Implications of Habitat Relationships
Because our analyses of habitat associations were conducted with data that

varied greatly among states (Table 8.1), observed patterns within a region
are heavily weighted by those states with the most occurrences. However,
even in states with relatively few occurrences, the locations generally fell
within the predicted habitat classes. In the Northeast, most of the occur-
rences were in the White Mountains of New Hampshire; but predicted
vegetation associations that were based largely on these data include most
of the locations in New York and Maine (Fig. 8.23). Thus, broad-scale
patterns in vegetation and elevation effectively capture regional patterns in
the distribution of lynx occurrences. The consistency across states within a
region adds support to the idea that these patterns reflect general habitat
use patterns of lynx.

For all three regions, high frequencies of occurrence records correspond to
cool, coniferous forests in northern areas. For the western and northeastern
regions, these forests occur at mid-elevations in montane areas; frequencies
of occurrences decrease from these areas toward the more maritime zones.
In all three regions, areas of primary occurrence become increasingly rare
and fragmented as one moves away from these northerly concentrations
of coniferous forests and, in the West, primary forest types also occur at
higher elevations along this gradient. The range of the snowshoe hare, the
primary prey of lynx, is also coincident with montane areas in the West and
Northeast and northern areas in the Great Lakes region (Chapter 7).
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Ephemeral locations and dispersal potential—Although the primary
vegetation classes encompassed the majority of occurrences, many occur-
rences fell into other vegetation classes. Occurrences could be associated
with these types because of location or vegetation classification errors or
dispersal movements, or they could be indicative of small resident popula-
tions. While we cannot differentiate between these causes in an absolute
sense, we can use the spatial distributions of these locations to explore the
most likely explanations.

For those 349 occurrences in the focal states of the West that were located
outside of the Rocky Mountain or PNW Conifer classes (Fig. 8.19), we
calculated the nearest straight-line distance to a conifer-type polygon. We
compared these distances to those of random locations placed within the
non-conifer types using a X2 homogeneity test. Data from the northeastern
and Great Lakes regions were not analyzed because of their limited spatial
resolution (generally only at county level).

Both error and dispersal occurrences should be close to source types,
whereas occurrences from resident populations may be distributed ran-
domly with respect to source areas. Occurrences representing errors are
generally concentrated in a narrow “epsilon band” around the source type
(Blakemore 1984; Dunn et al. 1990) due to granularity along the boundary.
Such an error distribution should decline very quickly with distance from
the source. In contrast, a simple dispersal model of constant probability of
detection with distance (usually through mortality) should show exponen-
tial decline with distance.

Points located in non-conifer types are significantly closer to conifer
forest types than expectation (p < 0.001), indicating that they are associated
with conifer forests. Most of the occurrences are extremely close to a conifer
type (Fig. 8.24), and 79% (274 of 349) are within 10 km of conifer forest.
Undoubtedly, many of these occurrences actually occurred within conifer
forests and lie outside of these types due to errors in location and vegeta-
tion mapping, while others may be associated with normal within-home
range or short-range exploratory movements. Assuming that many of the
non-conifer locations within 10 km of conifer types may be due to
mapping error, we are left with 75 locations >10 km from conifer forest
whose distance distribution generally declines exponentially with distance
from conifer forests (Fig. 8.25).

These remaining occurrences are reasonably distant from the nearest area
typed as conifer forest, at an average distance of 39 km and maximum
distance of 259 km, and are probably in non-conifer, and generally non-
forested types. In addition, because most of the non-conifer types in the
region are non-forest (Fig. 8.19), these distances represent conservative
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Figure 8.24—Distances to the nearest conifer forest for those lynx
occurrences in non-conifer cover types in the West. Lynx
occurrences were significantly closer to conifer types than would
be expected based on random placement within non-conifer types.
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Figure 8.25—Lynx occurrences in areas that are >10 km
from a conifer type decline exponentially with distance. An
exponential distribution is transformed to a linear relationship
by taking the log of the dependent variable.
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estimates of the amount of non-forested landscape crossed by lynx prior to
detection. We also have 20 records of lynx locations in Nevada and the
Plains states (Table 8.1) that probably represent much longer dispersals
across open lands. However, our data suggest that long-distance dispersals
are relatively rare, as only four of 3,803 occurrences in the Western region
were >100 km from conifer forest.

Conclusions
There are records of lynx occurrence in 24 states. Generally, verified

records extend to the mid 1800s, and, due to confusion with bobcats, earlier
accounts are often suspect. For four of these states—Minnesota, Montana,
New Hampshire, and Washington—we have reliable trapping data, and
for Minnesota and Montana, fairly large numbers of lynx were trapped in
the 20th century (5,585 and 3,012, respectively). For most states, data are
too fragmentary to infer much concerning lynx beyond simple occurrence.
In the states where we have trapping data, dynamics appear to be associ-
ated with patterns of lagged synchrony that occur across Canada and
Alaska, but the mechanisms that underlie these dynamics are unknown.
Given our current lack of understanding of these dynamics, their presence
increases our uncertainty concerning the meaning of an occurrence, or even
many occurrences. In Minnesota, for instance, the 5,585 lynx trapped in the
20th century could have been produced by a local population, or as some
researchers have hypothesized, be mostly immigrants or any combination of
local lynx and dispersers.

Lynx occurrences in the 20th century are closely associated with conifer
forest types associated with the southern extensions of the boreal forest, a
pattern that conforms to our biological understandings of lynx habitat
(Chapter 13). There is little evidence of occurrence in other types such as pure
deciduous forests in the East or shrub-steppe types in the West. Where
occurrences are in unusual types, most of the locations are immediately
adjacent to the conifer cover types containing most of the occurrences.
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Appendix 8.1

Sources for Lynx Occurrence Data in the United States
Colorado: The Colorado Natural Heritage Program maintains a state

database that is a compilation of museum records, Colorado Division of
Wildlife harvest records, sightings reported to the Division, and published
reports. The White River National Forest reported five visual observations
and Rocky Mountain National Park reported one. Museum specimen
records were obtained from the  Denver Museum of Natural History,
Academy of Natural Sciences of Philadelphia, Milwaukee Public Museum,
and the National Museum of Natural History. Records from the database
compiled by O.S. Garton and Mary Maj and previously published in Ruggiero
et al. (1994) are also included.

Idaho: The state database for Idaho is maintained by the Idaho Fish
Conservation Data Center (IDFG CDC) and is a compilation of museum
records, IDFG harvest records, sightings of animals and tracks reported to
the CDC and interviews of knowledgeable hound hunters and trappers.
Visual observations and/or tracks were reported by the following National
Forests: Beaverhead-Deerlodge, Bitterroot, Idaho Panhandle, Nez Perce,
and Sawtooth. Museum specimen records were obtained from Harvard
Museum of Comparative Zoology, National Museum of Natural History,
University of Colorado Museum, and the Slater Museum of Natural History
at the University of Puget Sound. Records from the database compiled by
O.S. Garton and Mary Maj and previously published in Ruggiero et al.
(1994) are also included.

Illinois: We have only one record for the state of Illinois and that is of a
mounted skin from the Academy of Natural Sciences of Philadelphia.

Iowa: The one Iowa record we have is from a mounted skin belonging to
the private collection of Jerry L. Rasmussen of Rock Island, Illinois.

Maine: Museum specimen records were obtained from the Harvard
Museum of Comparative Zoology, the Museum of Zoology at the University
of Michigan, and the National Museum of Natural History. Also included
are harvest records as published in Ontario’s Ministry of Natural Resources
“Furbearer harvests in North America 1600-1984” by Milan Novak et al.
Winter track counts were conducted from 1994 to 1997 by the State of
Maine Department of Inland Fisheries and Wildlife, and track observations
during the winter of 1994-1995 are reflected here. This same agency com-
piled records of incidental takings and historical observations.
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Massachusetts: The only records for Massachusetts are from state har-
vest reports and bounty records kept by the Massachusetts Division of
Fisheries and Wildlife.

Michigan: Museum specimen records were obtained from the following:
Michigan State University Museum, Peabody Museum at Yale, Grand
Rapids Public Museum, Milwaukee Public Museum, Museum of Zoology
at the University of Michigan, and the National Museum of Natural History.
Various sightings compiled by both the Michigan Department of Natural
Resources and the Michigan Natural Heritage Natural Features Inven-
tory are reported here as well as historical data from two articles,
Elsworth M. Harger’s 1965 “The Status of the Canada Lynx in Michigan”
and “Michigan Mammals” by Rollin H. Baker, published in 1983. Dean
Beyer (University of Northern Michigan) compiled a database of approxi-
mately 45 lynx records that includes sightings, tracks, and museum
specimen records from various sources. One visual observation was re-
ported by the Ottawa National Forest.

Minnesota: Data points for Minnesota include harvest records and
records of confiscated carcasses and accidental lynx mortalities obtained
from the Minnesota Department of Natural Resources (MNDNR). The
MNDNR also provided us with records they had compiled of personal
reports of sightings and tracks, reports from newspaper articles, and
shootings. Two surveys were done by the MNDNR that yielded data points,
a winter track survey conducted 1991 through 1997 (one observation of
tracks), and a predator and furbearer scent post census 1975 through 1997
(four detections). L. David Mech trapped and radio-collared a number of
lynx from 1972 through 1978 and published the results in “Age, Sex,
Reproduction, and Spatial Organization of Lynxes Colonizing Northeastern
Minnesota” in 1980. The capture points of those lynx are reflected here.
Additionally, Mech kept autopsy records for lynx trapped, shot, or other-
wise killed from 1972 to 1974, and those data points are included in our
database. Museum specimen records were reported by the following: Bell
Museum of Natural History; National Museum of Natural History; the Bird
and Mammals Collection at University of California, Los Angeles; the
Illinois State Museum, the University of Wisconsin Zoological Museum; and
the Los Angeles County Museum.

Montana: The Montana state database is maintained by the Montana
Department of Fish, Wildlife and Parks (MDFWP). Occurrence records for
this database were obtained from MDFWP harvest records, logbooks, occur-
rence reports by individuals, and winter track surveys. A number of Na-
tional Forests reported visual observations, tracks, and physical remains.
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These forests include Flathead, Beaverhead-Deerlodge, Gallatin, Kootenai,
Lewis and Clark, and Lolo National Forests. Glacier National Park also
reported visual observations and tracks. Museum specimen records were
obtained from the following: American Museum of Natural History, The
Glacier Collection at Glacier National Park, University of Nebraska State
Museum, University of North Dakota, Illinois State Museum, National
Museum of Natural History, and the Philip Wright Zoological Museum.
Records from the database compiled by O.S. Garton and Mary Maj and
previously published in Ruggiero et al. (1994) are also included.

Nebraska: The U.S. Fish and Game, South Dakota Field Office provided
seven confirmed lynx records. Museum specimen records were obtained
from the University of Nebraska State Museum.

Nevada: Nevada has only two records; both were obtained from the
National Museum of Natural History.

New Hampshire: The New Hampshire Fish and Game provided harvest/
bounty reports as well as a compilation of records from various sources
such as personal accounts of observations and newspaper articles. From
the White Mountain National Forest we obtained a compilation of records
from personal reports and responses to questionnaires. The Audubon
Society of New Hampshire provided points from their Endangered Species
Program database. Museum specimen records were obtained from the
Museum of Comparative Zoology at Harvard, Cornell University Verte-
brate Collections, and the University of Maine.

New York: The majority of the data points for New York came from the
U.S. Fish and Wildlife Service report, “The Status of the Lynx in New York
(Lynx canadensis)” by A.S. Bergstrom (1977, unpublished). The New York
State Department of Environmental Conservation reported two rather re-
cent lynx occurrences, one shot and one sighted. Museum specimen records
were obtained from the American Museum of Natural History and the
Academy of Natural Sciences of Philadelphia.

North Dakota: Most of the North Dakota points are from museum
specimen records from the Los Angeles County Museum, University of
North Dakota, the Museum of Southwestern Biology at the University of
New Mexico, and the National Museum of Natural History. The North
Dakota Game and Fish Department reported the total number of lynx taken
for two time periods, 1962-65 and 1972-73, on a statewide basis.

Oregon: The Oregon Department of Fish and Wildlife (ODFW) maintains
a state database made up of ODFW harvest records, published reports, and
sightings reported to the ODFW. Three National Forests reported visual
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observations: Malheur, Umatilla, and Willamette. Museum specimen
records in the database are from the following museums: National Museum
of Natural History, Oregon State University, the private collection of Wendell
Weaver, the University of Kansas Museum of Natural History, and the
Slater Museum of Natural History at University of Puget Sound. Records
from the database compiled by O.S. Garton and Mary Maj and previously
published in Ruggiero et al. (1994) are also included.

Pennsylvania: The Nature Conservancy’s Pennsylvania Science Office
reported the “last known record” of naturally occurring lynx. One museum
specimen record was obtained from the Reading Public Museum and Art
Gallery.

South Dakota: Six records of lynx observations were obtained from the
South Dakota Department of Game, Fish and Parks, which manages the
South Dakota Natural Heritage Data Base. Museum specimen records were
obtained from South Dakota State University and the National Museum of
Natural History.

Utah: Records were obtained from the Utah Division of Wildlife Resources
(UDWR) Rare Mammal Sighting Program, UDWR harvest records, other
UDWR records, published reports, and interviews with various organiza-
tions and private individuals. These records make up the state database that
is maintained by the UDWR Utah Natural Heritage Program. Museum
specimen records were obtained from the Carnegie Museum of Natural
History, Utah Museum of Natural History, and the National Museum of
Natural History. Ashley National Forest reported five visual observations.
Records from the database compiled by O.S. Garton and Mary Maj and
previously published in Ruggiero et al. (1994) are also included.

Vermont: The points for Vermont come from two sources: the Vermont
Department of Fish and Wildlife (historical records of lynx taken) and the
Dartmouth College Museum.

Washington: Details of the Washington state database are lacking and as
such, many of the sources are listed as “unknown.” Sources that are listed
include the U.S. Forest Service, U.S. Bureau of Land Management, the
Washington Department of Natural Resources, and data from local counties.
We received point data directly from the Okanogan National Forest. These
observations were from winter track surveys and camera/bait stations
during 1981-1988. Other survey data included here are from a telemetry
study done by the Washington Department of Fish and Game, 1981-1988.
The Idaho Panhandle and Mount Baker-Snoqualmie National Forests and
North Cascades National Park reported a variety of visual observations,
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tracks, and physical remains. A number of museums contained speci-
mens, including the Conner Museum at Washington State University,
National Museum of Natural History, University of Washington Burke
Museum, the Museum of Vertebrate Zoology at Berkeley, the University of
Massachusetts, and the Slater Museum of Natural History at the University
of Puget Sound. Records from the database compiled by O.S. Garton and
Mary Maj and previously published in Ruggiero et al. (1994) are included.

Wisconsin: The Wisconsin Department of Natural Resources (WIDNR)
provided data points from harvest records, trapper questionnaires, and
confirmed personal accounts. Richard Thiel (Bureau of Endangered Re-
sources, WIDNR) compiled quite an extensive collection of lynx/lynx
sign observations from sources such as newspaper articles, hunter-
trapper questionnaires, museum records, and personal accounts. This
“raw data” is summarized in Thiel’s 1987 publication “The Status of
Canada Lynx in Wisconsin, 1865-1980.” Another report by the WIDNR
from which data points were taken is Adrian Wydeven’s 1998 report,
“Lynx Status in Wisconsin.” The Nicolet National Forest ran winter track
surveys 1993 through 1998, and track observations from that study are
included here. Lastly, museum specimen records were obtained from the
following: University of Wisconsin at Madison Zoological Museum,
Museum of Natural History at the University of Wisconsin at Stevens
Point, the Milwaukee Public Museum, the University of Wisconsin at
Superior, and the University of Wisconsin Tech Center at Marinette.

Wyoming: The Wyoming state database is maintained by the Wyoming
Department of Game and Fish (WDGF) and is a compilation of data from the
following sources: WDGF records, publications, federal agency records,
interviews with trappers, and a lynx research project in the Wyoming
Range of southwestern Wyoming. A number of records were compiled by
Reeve et al. (1986, unpublished) and some of the more recent records were
compiled by Tom Laurion (WDGF). Three visual observations were re-
ported by Yellowstone National Park. Museum specimen records were
obtained from Harvard Museum of Comparative Zoology, University of
Kansas Museum of Natural History, National Museum of Natural History,
University of Wyoming Museum of Zoology, and the Carnegie Museum of
Natural History. Records from the database compiled by O.S. Garton and
Mary Maj and previously published in Ruggiero et al. (1994) are included.
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From: Zelenak, Jim
To: Kathleen Ports
Cc: Jodi Bush; Ben Conard; Katrina Dixon; Dan Brewer
Subject: Re: MT Field Office - Climate Change
Date: Monday, November 06, 2017 8:02:19 AM

Hi Kathleen,

I don't do consultations/BOs, but I have been trying to get a handle on the recent climate science regarding potential
impacts to lynx as part of the Species Status Assessment (SSA) I've been working on for the lynx DPS. That
document should be out soon (this week or next) in final form, and it includes our assessment of the several risks to
the DPS of continued, projected climate warming. Of course we lean broadly on the most recent IPCC report, the
most recent National Climate Assessment, the recently released Montana Climate Assessment, and the relevant
regional sub-chapters of those documents, as well as some recent snow/temperature/forest/ and fire modeling. 

All the general documents should be available on line, but let me know if you would like me to point you toward
any of them or if you have specific questions I may be able to help with.

Jim

On Fri, Nov 3, 2017 at 6:17 AM, Kathleen Ports <davidkat.ports@gmail.com> wrote:

---------- Forwarded message ----------
From: Kathleen Ports <davidkat.ports@gmail.com>
Date: Fri, Nov 3, 2017 at 8:16 AM
Subject: MT Field Office - Climate Change
To: Dan Brewer <dan_brewer@fws.gov>, katrina_dixon@fws.gov, jim_zelanak@fws.gov,
"Conard, Ben" <Ben_Conard@fws.gov>

Hi All.

We are responding to comments on the DNRC HCP amendment as well as preparing the
BO.  Want to make sure we are using the latest info you have and being consistent with how
the field office addresses climate change in its consultations and BO's.  so, I'd like to know
the following:

1.  What is the latest science you are using (publications, models, etc).
2. Where are you addressing climate in your BOs
3.  Do you have recent analyses or examples you can share.

Thanks all.  Kathleen Ports 916-206-3125 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
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Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McKelvey, Kevin -FS
To: jim_zelenak@fws.gov
Cc: Schwartz, Michael K -FS
Subject: lynx locations
Date: Thursday, November 09, 2017 7:54:20 AM
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Jim do you have a list of recent lynx locations in the northern Rockies?  Thanks.  K.
 
 
 

Kevin S. McKelvey, PhD 
Research Ecologist
Forest Service
Rocky Mountain Research Station, Wildlife and Terrestrial Ecosystems
p: 406-542-4163 
f: 406-543-2663 
kmckelvey@fs.fed.us
800 East Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

Personal web page               Google profile
Bull trout eDNA                    NGC
 
 
 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.
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From: McKelvey, Kevin -FS
To: Zelenak, Jim
Subject: RE: lynx locations
Date: Thursday, November 09, 2017 12:17:33 PM
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Thanks. K.
 

Kevin S. McKelvey, PhD 
Research Ecologist
Forest Service
Rocky Mountain Research Station, Wildlife and Terrestrial Ecosystems
p: 406-542-4163 
f: 406-543-2663 
kmckelvey@fs.fed.us
800 East Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

Personal web page               Google profile
Bull trout eDNA                    NGC
 
 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, November 09, 2017 12:09 PM
To: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Subject: Re: lynx locations
 
Hi Kevin,
 
I don't have a list per se, but I have, in the SSA report (final report available soon), tried to
summarize the recent location data and survey effort. I've excised those from the document
and attached them here.  I will separately send along the selected lit. (a few at a time) that
provides recent lynx location information. Hope this helps. Call or email if you have questions
or need something else.
 
Jim
 
On Thu, Nov 9, 2017 at 7:54 AM, McKelvey, Kevin -FS <kmckelvey@fs.fed.us> wrote:

Jim do you have a list of recent lynx locations in the northern Rockies?  Thanks.  K.
 
 
 

Kevin S. McKelvey, PhD 
Research Ecologist
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Forest Service
Rocky Mountain Research Station, Wildlife and Terrestrial Ecosystems
p: 406-542-4163 
f: 406-543-2663 
kmckelvey@fs.fed.us
800 East Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

Personal web page               Google profile
Bull trout eDNA                    NGC
 
 
 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McKelvey, Kevin -FS
To: Zelenak, Jim
Cc: Schwartz, Michael K -FS
Subject: RE: That"s it
Date: Thursday, November 09, 2017 1:31:39 PM
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Thanks so much!  K.
 

Kevin S. McKelvey, PhD 
Research Ecologist
Forest Service
Rocky Mountain Research Station, Wildlife and Terrestrial Ecosystems
p: 406-542-4163 
f: 406-543-2663 
kmckelvey@fs.fed.us
800 East Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

Personal web page               Google profile
Bull trout eDNA                    NGC
 
 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, November 09, 2017 1:14 PM
To: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Subject: That's it
 
Looks like all the lit emails went thru.  Let me know if there's anything else you need.
 
Soon, I'd like to get your thoughts on my agency's recommendation on lynx DPS status (as
soon as it is made public) based on the final SSA report.  I will send both (final SSA report
and the 5-year review/recommendation) to you and the other expert panelists and presenters as
soon as I am able.
 
Cheers!
 
Jim
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
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This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.
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From: Shoemaker, Justin
To: Jodi Bush; Zelenak, Jim
Cc: Munoz, Anna; Robert Segin; Marjorie Nelson
Subject: Lynx 5 Year Review signed
Date: Monday, November 13, 2017 10:32:25 AM
Attachments: Canada Lynx 5YR_with RD signature.pdf

Info memo_with RD signature.pdf

The RD has signed the lynx 5YR.  

We're coordinating w/ RSOL to see what needs to be done on that front before we can
announce this. Along those lines, I may be drafting a memo to indicate to the court that we've
determined a recovery plan is not necessary. 

Anna and Steve, are we all set w/ outreach? 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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From: Bush, Jodi
To: Munoz, Anna
Cc: Zelenak, Jim; Shoemaker, Justin; Robert Segin; Marjorie Nelson; Thabault, Michael
Subject: Re: Lynx 5 Year Review signed
Date: Monday, November 13, 2017 3:49:55 PM

Thanks Anna.  Appreciate the information.  We are concerned we won't have much notice to
go live on this so just want to be ready to go.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Nov 13, 2017 at 3:36 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
We have drafted a tribal leader letter and each of the liaisons from the various regions will
send out at the appropriate time.  There is also mention of state and federal partner
notification timing in the comms plan, which we will share once it's finalized.

Anna

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

On Mon, Nov 13, 2017 at 11:36 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Justin,

After RSOL briefs the courts (and DOJ?), are we still going to try to provide early notice to State and Federal
partner agencies and to tribes? Have tribal liaisons been brought into the loop and provided with outreach
materials to share with affected tribes?

Let me know if I can be of assistance with a memo or a partner/tribal transmittal letter (or anything else).

On Mon, Nov 13, 2017 at 10:31 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

The RD has signed the lynx 5YR.  

We're coordinating w/ RSOL to see what needs to be done on that front before we can
announce this. Along those lines, I may be drafting a memo to indicate to the court that
we've determined a recovery plan is not necessary. 

Anna and Steve, are we all set w/ outreach? 

Justin Shoemaker
Classification and Recovery Biologist
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U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Justin Shoemaker
Subject: Recovery Plan Lawsuit Documents
Date: Tuesday, November 14, 2017 11:27:55 AM
Attachments: 27_-

_ORDER_finding_as_moot__26__Motion_for_Leave_to_File__granting__18__Motion_for_Summary_Judgment__denying__.pdf
30_-
_ORDER__The_Service_must_complete_a_recovery_plan_for_the_Canada_lynx_by_1_15_18_and_semiannual_reports_in.pdf

As we discussed - attached are the two court orders: the first with the substance of the court's finding, and the 2nd with
the agreed timeline.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Justin Shoemaker
Subject: Recovery Plan Lawsuit Documents
Date: Tuesday, November 14, 2017 11:27:55 AM
Attachments: 27_-

_ORDER_finding_as_moot__26__Motion_for_Leave_to_File__granting__18__Motion_for_Summary_Judgment__denying__.pdf
30_-
_ORDER__The_Service_must_complete_a_recovery_plan_for_the_Canada_lynx_by_1_15_18_and_semiannual_reports_in.pdf

As we discussed - attached are the two court orders: the first with the substance of the court's finding, and the 2nd with
the agreed timeline.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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FILED 
IN THE UNITED STATES DISTRICT COURT JUN i 5 2014 

FOR THE DISTRICT OF MONTANA Clerk, u.s. District Court 
District Of Monl.'li1aMISSOULA DIVISION Missoula 

FRIENDS OF THE WILD SWAN; CV 13-57-M-DWM 
ROCKY MOUNTAIN WILD; 

BIODIVERSITY CONSERVATION 

ALLIANCE; and SAN JUAN CITIZENS 
 ORDER 
ALLIANCE, 

Plaintiffs, 

vs. 

DANIEL ASHE, in his official capacity as 

Director of the U.S. Fish and Wildlife 

Service; THE U.S. FISH AND 

WILDLIFE SERVICE; S.M.R. JEWELL, 

in her official capacity as Secretary of the 

Interior; and the lJNITED STATES 

DEPARTMENT OF THE INTERIOR, 


Defendants. 

Pursuant to this Court's order of May 8, 2014, Defendants have submitted a 

proposed schedule for the United States Fish and Wildlife Service's ("Service") 

recovery planning for the Canada lynx. Defendants request they be given until 

January 15,2018 to either complete a recovery plan or make a determination that a 

plan will not promote the conservation of the species. (Doc. 28.) Plaintiffs object 

to the proposed schedule on the grounds that the requested 43 months is 

unreasonable. (Doc. 29.) 
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The Court is mindful that although courts may compel an agency to "act 

within a reasonable time," Houseton v. Nimmo, 670 F.2d 1375, 1377 (9th Cir. 

1982), courts are "ill-suited to review the order in which an agency conducts its 

business" and "hesitant to upset an agency's priorities by ordering it to expedite 

one specific action." Sierra Club v. Thomas, 828 F.2d 783, 797 (D.C. Cir. 1987). 

The Court finds that the January 15,2018 deadline is reasonable because it will 

not disrupt the Service's other recovery work, but will also set a date certain by 

which the Service will be required to take action. 

Accordingly, IT IS ORDERED that the Service must complete a recovery 

plan for the Canada lynx by January 15,2018, unless the Service "finds that such a 

plan will not promote the conservation of the [lynx]." 16 U.S.C. § 1533(f)(1). 

IT IS F1JRTHER ORDERED that the Service is required to submit 

semiannual reports informing this Court and all parties of its progress toward 

completing recovery planning. These reports are to be dated no later than January 

1 and July 1 of each year. 
~ 

Dated this.1v.. day of June, 2014. 

Donald W. MOllOY~Judge 
United States istrict Court 
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IN THE UNITED STATES DISTRICT COURT 
Clerk. u.s District CourtFOR THE DISTRICT OF MONTANA District Of Montana 

MissoulaMISSOULA DIVISION 

FRIENDS OF THE WILD SWAN; CV 13-57-M-DWM 
ROCKY MOUNTAIN WILD; 
BIODIVERSITY CONSERVATION 
ALLIANCE; and SAN JUAN CITIZENS ORDER 
ALLIANCE, 

Plaintiffs, 

vs. 

DANIEL ASHE, in his official capacity as 
Director of the U.S. Fish and Wildlife 
Service; THE U.S. FISH AND 
WILDLIFE SERVICE; S.M.R. JEWELL, 
in her official capacity as Secretary of the 
Interior; and the UNITED STATES 
DEPARTMENT OF THE INTERIOR, 

Defendants. 

The United States Fish and Wildlife Service ("Service") listed the Canada 

lynx as a threatened species under the Endangered Species Act ("ESA") in March 

2000.1 65 Fed. Reg. 16052 (Mar. 24, 2000). Once a species is listed as 

threatened, the Service must designate the critical habitat of that species and 

A "threatened species" is "any species which is likely to become an endangered 
species within the foreseeable future throughout all or a significant portion of its range." 16 
U.S.C. § 1532(20). 
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develop and implement a recovery plan. 16 U.S.C. § 1533(a), (t). At the time of 

listing, the Service did not designate critical habitat for the lynx. Alliancefor the 

Wild Rockies v. Lyder, 728 F. Supp. 2d 1126, 1129 (D. Mont. 2010). And since 

that time, the designation of lynx critical habitat has been repeatedly litigated. 

(See Doc. 21 at 5-7 (discussing the history of that litigation).) To date, no 

recovery plan has been completed. 

This is an action for declaratory and injunctive relief pursuant to the ESA 

and the Administrative Procedures Act ("AP A"), 5 U.S.C. § 706. Plaintiffs are 

various environmental organizations that request an order declaring that the 

Service's delay in preparing a recovery plan for the lynx is unreasonable and 

compelling the Service to abide by a set deadline. (Doc. 18.) Defendants concede 

that the development and implementation of a recovery plan is a mandatory duty 

and that a recovery plan for the lynx has not been developed or implemented, 

(Doc. 21 at 9,29); however, Defendants have filed a cross-motion for summary 

judgment (Doc. 21) on the grounds that the delay is not unreasonable. For reasons 

discussed below, Plaintiffs' motion for summary judgment is granted. 

LEGAL STANDARD 

A party is entitled to summary judgment if it can demonstrate that "there is 

no genuine dispute as to any material fact and the movant is entitled to judgment 
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as a matter of law." Fed. R. Civ. P. 56(a). Summary judgment is warranted where 

the documentary evidence produced by the parties permits only one conclusion. 

Anderson v. Liberty Lobby, Inc., 477 U.S. 242, 251 (1986). Only disputes over 

facts that might affect the outcome of the lawsuit will preclude entry of summary 

jUdgment; factual disputes that are irrelevant or unnecessary to the outcome are 

not considered. Id. at 248. 

ANALYSIS 

I. Plaintiffs have standing to pursue their claim. 

Standing encompasses three elements: (1) injury in fact; (2) causation; and 

(3) redressability. Lujan v. Defenders ofWildlife, 504 U.S. 555,560-61 (1992). An 

organizational plaintiff has standing to sue if its members would have standing to 

sue in their own right, the "interests at stake are germane to the organization's 

purpose," and the members' participation is not necessary to the claim or the relief 

requested. Friends ofthe Earth, Inc. v. Laidlaw Envtl. Servs. (TOC), Inc., 528 U.S. 

167, 181 (2000). Plaintiffs have shown all three factors of standing. See Lujan, 

504 U.S. at 562-563 ("[T]he desire to use or observe an animal species, even for 

purely esthetic purposes, is undeniably a cognizable interest for purpose of 

standing."); Salmon Spawning & Recovery Alliance v. Gutierrez, 545 F.3d 1220, 

1226 (9th Cir. 2008) ("Plaintiffs alleging procedural injury must show only that 
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they have a procedural right that, if exercised, could protect their concrete 

interests." (emphasis in original) (internal quotations omitted)}. 

II. 	 The Service's delay in developing and implementing a recovery plan for 
the lynx is unreasonable. 

"[T]he ESA does not itself specify a standard ofreview of its 

implementation, [so courts should] apply the general standard of review of agency 

action established by the [APA]." Or. Nat. Resources Council v. Allen, 476 F.3d 

1031, 1036 (9th Cir. 2007). The APA authorizes a reviewing court to "compel 

agency action ... [that is] unreasonably delayed." 5 U.S.C. § 706(1}. To 

determine whether an agency's inaction amounts to an "unreasonable delay," courts 

balance six factors ("TRAC factors"): 

(1) the time agencies take to make decisions must be governed by a "rule 
of reason"[;] (2) where Congress has provided a timetable or other 
indication of the speed with which it expects the agency to proceed in 
the enabling statute, that statutory scheme may supply content for this 
rule of reason [;] (3) delays that might be reasonable in the sphere of 
economic regulation are less tolerable when human health and welfare 
are at stake [;] (4) the court should consider the effect of expediting 
delayed action on agency activities ofa higher or competing priority[;] 
(5) the court should also take into account the nature and extent of the 
interests prejudiced by the delay[;] and (6) the court need not find any 
impropriety lurking behind agency lassitude in order to hold that agency 
action is unreasonably delayed. 

Bower v. Evans, 257 F.3d 1058, 1068 (9th Cir. 2001) (citing Telecomm. Research 

& Action v. FCC (TRAC), 750 F.2d 70,80 (D.C. Cir. 1984)}. Applying these 
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factors here, the Service must submit a firm deadline to complete lynx recovery 

planning, unless the Service "finds that such a plan will not promote the 

conservation of the [lynx]." 16 U.S.C. § 1533(f)(1). 

The ESA directs the Service to prepare a recovery plan for listed species 

but does not include a timetable or indication of the speed with which the recovery 

plan should be developed. Id. As a result, the reasonableness of the time it takes 

the Service to develop a recovery plan is governed by a "rule ofreason" and not 

by statute. Bower, 257 F.3d at 1068. "Absent a precise statutory timetable or 

other factors counseling expeditious action, an agency's control over the timetable 

of a rulemaking proceeding is entitled to considerable deference." Sierra Club v. 

Gorsuch, 715 F.2d 653, 658 (D.C. Cir. 1983). "Although there is no per se rule as 

to how long is too long, inordinate agency delay ... frustrate [ s] congressional 

intent by forcing a breakdown of regulatory processes .... [T]he reasonableness of 

the delay must be judged in the context of the statute which authorizes the 

agency's action." In re Inti. Chemical Workers Union ("Inti. Chern. "), 958 F.2d 

1144, 1149 (D.C. Cir. 1992) (internal quotations omitted). 

In this case the Service has developed and published its own timeline for 

completing a recovery plan. SAR 196.2 The Service's guidelines suggest that a 

2 The parties have stipulated that the Administrative Record ("AR") and the 
Supplemental Administrative Record ("SAR") on file with this Court contain the undisputed 
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recovery outline for the listed species be submitted to the Regional Office within 

60 days of listing; that the recovery outline be approved within 90 days of listing; 

that a draft recovery plan be prepared for public comment and peer review within 

18 months of listing; and that a final recovery plan be issued within 30 months of 

listing. AR 392. This internal timeframe is not binding on the Service. W. Radio 

Servs. Co. v. Espy, 79 F.3d 896, 902 (9th Cir. 1996). However, the interpretations 

and opinions of an agency "constitute a body of experience and informed 

judgment to which courts and litigants may properly resort for guidance." 

Skidmore v. Swift & Co., 323 U.S. 134, 140 (1944). Under this timeline, a 

recovery plan should have been in place in September of 2002, or twelve years 

ago. 

The Service maintains that development of a recovery plan is contingent on 

publication of the final rule for lynx critical habitat, AR 998, and the Service's 

work on lynx critical habitat has been dogged by litigation at every tum, (see Doc. 

21 at 5-7). It insists the lynx is a low priority species because there is a high 

potential for recovery and a low degree of threat, AR 198, 1190 and that the 

Service must balance the needs of the lynx against the needs of twenty other 

species that also lack recovery plans but have higher priority numbers, AR 348, 

material facts. (Docs. 20 and 22.) 
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1178. However, the stutter-step approach taken by the Service raises the 

concem--even the certainty-that if a deadline is not in place, a new impediment 

will continually prevent the development of a recovery plan for the lynx in 

contravention of the ESA. The Service cannot delay its statutory obligation 

indefinitely. See In re Cal. Exch. Corp., 245 F.3d 1110, 1125 (9th Cir. 2001) 

(citing cases involving unreasonable delays of four, eight, and ten years); Nader v. 

F.c.c., 520 F.2d 182,206 (D.C. Cir. 1975) (nine years should be enough time for 

any agency to decide almost any issue). At some point the agency needs to meet 

the obligations imposed by Congress when it enacted the law. 

However, whether an agency's delay is unreasonable "cannot be decided in 

the abstract, by reference to some number ofmonths or years beyond which 

agency inaction is presumed to be unlawful, but will depend in large part ... upon 

the complexity ofthe task at hand, the significance (and permanence) of the 

outcome, and the resources available to the agency." Mashpee Wampanoag Tribal 

Council, Inc. v. Norton, 336 F.3d 1094, 1102 (D.C. Cir. 2003). As a result, it is 

necessary to "consider the effect of expediting delayed action on agency activities 

ofa higher or competing priority." Bower, 257 F.3d at 1068. 

The Service claims that it will begin recovery planning after publication ofa 

final critical habitat rule, arguing it does not have the human or financial resources 
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to complete both tasks at once. AR 998, 346. Even in the face of competing 

priorities, however, the Service's justifications for the delay "become less 

persuasive the longer the delay continues." IntI. Chern., 958 F.2d at 1150. Here, 

the Service has repeatedly stated that it will initiate recovery planning for the lynx. 

See AR 998 (will initiate in 2007); AR 507 (will initiate in 2011); AR 204,345 

(will initiate by close of2014). Based on the Service's most recent self-declared 

deadline, requiring completion of recovery planning on its represented timeframe 

will not bias its ability to balance competing interests. See Public Citizens Health 

Research Group v. Brock, 823 F.2d 626,629 (D.C. Cir. 1987) (ordering agency to 

adhere to own schedule); Ctr. for Biological Diversity v. Bureau ofLand Mgt., 

2014 WL 1347467, *12 (adopting the deadline identified by the Service). 

CONCLUSION 

The history of this case causes a certain skepticism about the agency's self

declared deadlines for initiating recovery planning. Consequently, the Service 

will be bound by a deadline for recovery planning unless it finds and documents 

that such a plan will not promote the conservation of the lynx. Any additional 

delay will be considered in violation ofthis Order. 

Accordingly, IT IS ORDERED that Plaintiffs' motion for summary 

judgment (Doc. 18) is GRANTED. Defendants must file a proposed schedule for 
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- -----------------------

completion of recovery planning within thirty (30) days. Once filed, Plaintiffs 

have fifteen (15) days to file objections to the proposed schedule. Following 

review of these submissions, the Court will set a firm schedule by which the 

Service must comply. 

IT IS FURTHER ORDERED that Defendants' cross-motion for summary 

judgment (Doc. 21) is DENIED. 

IT IS FURTHER ORDERED that Plaintiffs' motion for leave to file 

supplemental briefing (Doc. 26) is DENIED as MOOT. 

Dated this e~day ofMay, 2014. 
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The United States Fish and Wildlife Service ("Service") listed the Canada 

lynx as a threatened species under the Endangered Species Act ("ESA") in March 

2000.1 65 Fed. Reg. 16052 (Mar. 24, 2000). Once a species is listed as 

threatened, the Service must designate the critical habitat of that species and 

A "threatened species" is "any species which is likely to become an endangered 
species within the foreseeable future throughout all or a significant portion of its range." 16 
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1 


Case 9:13-cv-00057-DWM   Document 27   Filed 05/08/14   Page 1 of 9

cdunmore
Typewritten Text
90-8-6-07510



develop and implement a recovery plan. 16 U.S.C. § 1533(a), (t). At the time of 

listing, the Service did not designate critical habitat for the lynx. Alliancefor the 

Wild Rockies v. Lyder, 728 F. Supp. 2d 1126, 1129 (D. Mont. 2010). And since 

that time, the designation of lynx critical habitat has been repeatedly litigated. 

(See Doc. 21 at 5-7 (discussing the history of that litigation).) To date, no 

recovery plan has been completed. 

This is an action for declaratory and injunctive relief pursuant to the ESA 

and the Administrative Procedures Act ("AP A"), 5 U.S.C. § 706. Plaintiffs are 

various environmental organizations that request an order declaring that the 

Service's delay in preparing a recovery plan for the lynx is unreasonable and 

compelling the Service to abide by a set deadline. (Doc. 18.) Defendants concede 

that the development and implementation of a recovery plan is a mandatory duty 

and that a recovery plan for the lynx has not been developed or implemented, 

(Doc. 21 at 9,29); however, Defendants have filed a cross-motion for summary 

judgment (Doc. 21) on the grounds that the delay is not unreasonable. For reasons 

discussed below, Plaintiffs' motion for summary judgment is granted. 

LEGAL STANDARD 

A party is entitled to summary judgment if it can demonstrate that "there is 

no genuine dispute as to any material fact and the movant is entitled to judgment 
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as a matter of law." Fed. R. Civ. P. 56(a). Summary judgment is warranted where 

the documentary evidence produced by the parties permits only one conclusion. 

Anderson v. Liberty Lobby, Inc., 477 U.S. 242, 251 (1986). Only disputes over 

facts that might affect the outcome of the lawsuit will preclude entry of summary 

jUdgment; factual disputes that are irrelevant or unnecessary to the outcome are 

not considered. Id. at 248. 

ANALYSIS 

I. Plaintiffs have standing to pursue their claim. 

Standing encompasses three elements: (1) injury in fact; (2) causation; and 

(3) redressability. Lujan v. Defenders ofWildlife, 504 U.S. 555,560-61 (1992). An 

organizational plaintiff has standing to sue if its members would have standing to 

sue in their own right, the "interests at stake are germane to the organization's 

purpose," and the members' participation is not necessary to the claim or the relief 

requested. Friends ofthe Earth, Inc. v. Laidlaw Envtl. Servs. (TOC), Inc., 528 U.S. 

167, 181 (2000). Plaintiffs have shown all three factors of standing. See Lujan, 

504 U.S. at 562-563 ("[T]he desire to use or observe an animal species, even for 

purely esthetic purposes, is undeniably a cognizable interest for purpose of 

standing."); Salmon Spawning & Recovery Alliance v. Gutierrez, 545 F.3d 1220, 

1226 (9th Cir. 2008) ("Plaintiffs alleging procedural injury must show only that 
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they have a procedural right that, if exercised, could protect their concrete 

interests." (emphasis in original) (internal quotations omitted)}. 

II. 	 The Service's delay in developing and implementing a recovery plan for 
the lynx is unreasonable. 

"[T]he ESA does not itself specify a standard ofreview of its 

implementation, [so courts should] apply the general standard of review of agency 

action established by the [APA]." Or. Nat. Resources Council v. Allen, 476 F.3d 

1031, 1036 (9th Cir. 2007). The APA authorizes a reviewing court to "compel 

agency action ... [that is] unreasonably delayed." 5 U.S.C. § 706(1}. To 

determine whether an agency's inaction amounts to an "unreasonable delay," courts 

balance six factors ("TRAC factors"): 

(1) the time agencies take to make decisions must be governed by a "rule 
of reason"[;] (2) where Congress has provided a timetable or other 
indication of the speed with which it expects the agency to proceed in 
the enabling statute, that statutory scheme may supply content for this 
rule of reason [;] (3) delays that might be reasonable in the sphere of 
economic regulation are less tolerable when human health and welfare 
are at stake [;] (4) the court should consider the effect of expediting 
delayed action on agency activities ofa higher or competing priority[;] 
(5) the court should also take into account the nature and extent of the 
interests prejudiced by the delay[;] and (6) the court need not find any 
impropriety lurking behind agency lassitude in order to hold that agency 
action is unreasonably delayed. 

Bower v. Evans, 257 F.3d 1058, 1068 (9th Cir. 2001) (citing Telecomm. Research 

& Action v. FCC (TRAC), 750 F.2d 70,80 (D.C. Cir. 1984)}. Applying these 
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factors here, the Service must submit a firm deadline to complete lynx recovery 

planning, unless the Service "finds that such a plan will not promote the 

conservation of the [lynx]." 16 U.S.C. § 1533(f)(1). 

The ESA directs the Service to prepare a recovery plan for listed species 

but does not include a timetable or indication of the speed with which the recovery 

plan should be developed. Id. As a result, the reasonableness of the time it takes 

the Service to develop a recovery plan is governed by a "rule ofreason" and not 

by statute. Bower, 257 F.3d at 1068. "Absent a precise statutory timetable or 

other factors counseling expeditious action, an agency's control over the timetable 

of a rulemaking proceeding is entitled to considerable deference." Sierra Club v. 

Gorsuch, 715 F.2d 653, 658 (D.C. Cir. 1983). "Although there is no per se rule as 

to how long is too long, inordinate agency delay ... frustrate [ s] congressional 

intent by forcing a breakdown of regulatory processes .... [T]he reasonableness of 

the delay must be judged in the context of the statute which authorizes the 

agency's action." In re Inti. Chemical Workers Union ("Inti. Chern. "), 958 F.2d 

1144, 1149 (D.C. Cir. 1992) (internal quotations omitted). 

In this case the Service has developed and published its own timeline for 

completing a recovery plan. SAR 196.2 The Service's guidelines suggest that a 

2 The parties have stipulated that the Administrative Record ("AR") and the 
Supplemental Administrative Record ("SAR") on file with this Court contain the undisputed 

5 


Case 9:13-cv-00057-DWM   Document 27   Filed 05/08/14   Page 5 of 9



recovery outline for the listed species be submitted to the Regional Office within 

60 days of listing; that the recovery outline be approved within 90 days of listing; 

that a draft recovery plan be prepared for public comment and peer review within 

18 months of listing; and that a final recovery plan be issued within 30 months of 

listing. AR 392. This internal timeframe is not binding on the Service. W. Radio 

Servs. Co. v. Espy, 79 F.3d 896, 902 (9th Cir. 1996). However, the interpretations 

and opinions of an agency "constitute a body of experience and informed 

judgment to which courts and litigants may properly resort for guidance." 

Skidmore v. Swift & Co., 323 U.S. 134, 140 (1944). Under this timeline, a 

recovery plan should have been in place in September of 2002, or twelve years 

ago. 

The Service maintains that development of a recovery plan is contingent on 

publication of the final rule for lynx critical habitat, AR 998, and the Service's 

work on lynx critical habitat has been dogged by litigation at every tum, (see Doc. 

21 at 5-7). It insists the lynx is a low priority species because there is a high 

potential for recovery and a low degree of threat, AR 198, 1190 and that the 

Service must balance the needs of the lynx against the needs of twenty other 

species that also lack recovery plans but have higher priority numbers, AR 348, 

material facts. (Docs. 20 and 22.) 
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1178. However, the stutter-step approach taken by the Service raises the 

concem--even the certainty-that if a deadline is not in place, a new impediment 

will continually prevent the development of a recovery plan for the lynx in 

contravention of the ESA. The Service cannot delay its statutory obligation 

indefinitely. See In re Cal. Exch. Corp., 245 F.3d 1110, 1125 (9th Cir. 2001) 

(citing cases involving unreasonable delays of four, eight, and ten years); Nader v. 

F.c.c., 520 F.2d 182,206 (D.C. Cir. 1975) (nine years should be enough time for 

any agency to decide almost any issue). At some point the agency needs to meet 

the obligations imposed by Congress when it enacted the law. 

However, whether an agency's delay is unreasonable "cannot be decided in 

the abstract, by reference to some number ofmonths or years beyond which 

agency inaction is presumed to be unlawful, but will depend in large part ... upon 

the complexity ofthe task at hand, the significance (and permanence) of the 

outcome, and the resources available to the agency." Mashpee Wampanoag Tribal 

Council, Inc. v. Norton, 336 F.3d 1094, 1102 (D.C. Cir. 2003). As a result, it is 

necessary to "consider the effect of expediting delayed action on agency activities 

ofa higher or competing priority." Bower, 257 F.3d at 1068. 

The Service claims that it will begin recovery planning after publication ofa 

final critical habitat rule, arguing it does not have the human or financial resources 
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to complete both tasks at once. AR 998, 346. Even in the face of competing 

priorities, however, the Service's justifications for the delay "become less 

persuasive the longer the delay continues." IntI. Chern., 958 F.2d at 1150. Here, 

the Service has repeatedly stated that it will initiate recovery planning for the lynx. 

See AR 998 (will initiate in 2007); AR 507 (will initiate in 2011); AR 204,345 

(will initiate by close of2014). Based on the Service's most recent self-declared 

deadline, requiring completion of recovery planning on its represented timeframe 

will not bias its ability to balance competing interests. See Public Citizens Health 

Research Group v. Brock, 823 F.2d 626,629 (D.C. Cir. 1987) (ordering agency to 

adhere to own schedule); Ctr. for Biological Diversity v. Bureau ofLand Mgt., 

2014 WL 1347467, *12 (adopting the deadline identified by the Service). 

CONCLUSION 

The history of this case causes a certain skepticism about the agency's self

declared deadlines for initiating recovery planning. Consequently, the Service 

will be bound by a deadline for recovery planning unless it finds and documents 

that such a plan will not promote the conservation of the lynx. Any additional 

delay will be considered in violation ofthis Order. 

Accordingly, IT IS ORDERED that Plaintiffs' motion for summary 

judgment (Doc. 18) is GRANTED. Defendants must file a proposed schedule for 
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- -----------------------

completion of recovery planning within thirty (30) days. Once filed, Plaintiffs 

have fifteen (15) days to file objections to the proposed schedule. Following 

review of these submissions, the Court will set a firm schedule by which the 

Service must comply. 

IT IS FURTHER ORDERED that Defendants' cross-motion for summary 

judgment (Doc. 21) is DENIED. 

IT IS FURTHER ORDERED that Plaintiffs' motion for leave to file 

supplemental briefing (Doc. 26) is DENIED as MOOT. 

Dated this e~day ofMay, 2014. 

9 


Case 9:13-cv-00057-DWM   Document 27   Filed 05/08/14   Page 9 of 9



From: Matthew Bishop
To: "Zelenak, Jim"
Cc: bishop@westernlaw.org
Subject: Lynx: final SSA
Date: Wednesday, November 15, 2017 12:16:07 PM
Importance: High

Hi Jim – any chance you can send me a PDF version of this document, or do I need to send a
FOIA request for it? Thanks, Matt
 
Matthew Bishop
Western Environmental Law Center
103 Reeder’s Alley
Helena, Montana 59601
(406) 324-8011 (tel.)
bishop@westernlaw.org
www.westernlaw.org
 

mailto:bishop@westernlaw.org
mailto:jim_zelenak@fws.gov
mailto:bishop@westernlaw.org
mailto:bishop@westernlaw.org
http://www.westernlaw.org/


From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Canada lynx 4(f)(1) determination
Date: Wednesday, November 15, 2017 8:28:12 PM

thanks Jim. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Nov 15, 2017 at 1:44 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Caught a couple typos and had a couple thoughts/comments - attached, in TRACK CHANGES.

Thanks.

On Wed, Nov 15, 2017 at 12:59 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
take a look.  I havent reviewed yet.  

You did fine responding directly to Matt.  but please dont make promises :)   JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Nov 15, 2017 at 9:21 AM
Subject: Canada lynx 4(f)(1) determination
To: Marjorie Nelson <marjorie_nelson@fws.gov>, Jodi Bush <jodi_bush@fws.gov>

After talking w/ Maricela at HQ, it appears we need to do a 4(f)(1) determination (see
attached draft) to be square w/ our Recovery Planning guidance and the Act.  The Service
has done very few of these over the years, and to our knowledge, never in a situation like
we have for lynx.  The attached determination memo has in the past been signed at the
Director level, and I have it drafted as such. 

I know we're waiting to hear from Dana and DOJ on the necessity for some kind of memo
to the court regarding the 2014 Order, but if we have to do this determination memo
anyway, maybe this can serve that purpose as well?  

Please take a look.  And let me know if I should share w/ RSOL now.

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:jodi_bush@fws.gov


And if a call to discuss is desired, I can try and set that up, but availability for everyone is
tight this week. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov


From: sryan@usbr.gov
To: Theresa Rabot
Cc: Elicker, Roy; rollie_white@fws.gov; Paul_Henson@fws.gov; eric_rickerson@fws.gov; dennis_mackey@fws.gov;

jodi_bush@fws.gov
Subject: Transmittal of Consultation Edits and Clarifications to the Action Agencies’ Biological Assessment for the

Operations and Maintenance of the 14 Federal Multiple Use Projects in the Columbia River System
Date: Friday, November 17, 2017 4:04:18 PM
Attachments: Transmittal of Consultation Edits and Clarifications to the Action Agencies’ Biological Assessment for the

Operations and Maintenance of the 14 Federal Multiple Use Projects in the Columbia River System.pdf
FINAL 2017 FCRPS FWS Final Clarification Information and Appendices.pdf
2017.11.16_FULL_FCRPS FWS Consultation_AA ClarificationsAndCommentResponses.pdf

Theresa,

Please see the attached.

-- 
David Mabe
Desk Phone 208-378-5006
Cell Phone   208-810-0748

mailto:theresa_rabot@fws.gov
mailto:Roy_Elicker@fws.gov
mailto:rollie_white@fws.gov
mailto:Paul_Henson@fws.gov
mailto:eric_rickerson@fws.gov
mailto:dennis_mackey@fws.gov
mailto:jodi_bush@fws.gov


Chapter 1. Introduction 

Page 1-14 Line Comment FWS Office AA Response 

1 11 Operations and maintenance of the FCRPS.  Consider whether your proposed 
action is inclusive of how the projects' structures are maintained and operated. 

Pacific Regional 
Office 

AAs provided a description of maintenance activities that are 
associated with how water moves through the system in Chapter 2 
and Appendix A. Let's discuss.  

1 21 Duration of consultation is indefinite.  It is an ongoing action.  However, our 
analysis will limited to what is reasonably predictable into the future. 

Pacific Regional 
Office 

AAs agree to this strategy.  

1 21 The timeframe for the project says that it is ongoing and indefinite.  We expect 
to use 20 years as the term of the consultation which would mimic current 
climate change scenarios and for which enough information is available to 
analyze the project with such scenarios. Anything beyond that will compromise 
our abilities to assess effects of the project accurately.  

Washington FW 
Office 

AAs believe the proposed action does not require a definitive 
consultation sunset, as 50 C.F.R. 402.16 identifies circumstances 
that would necessitate reinitiation of consultation. 

3 8 Specifically plug in the timelines, information, etc., from NMFS BiOps and 
Terms and Conditions. Many changes have occurred from our original 
consultation to current operations based on new NMFS BiOps and 
coordination’s in Partner Forums.  It would help us to know when these 
changes happened, how long they occurred for, and if they are continuing. A 
table might assist in showing changes. This may be better in the Background 
Section. In addition, the NOAA biological opinion is mentioned frequently as a 
minimization measure.  However, FRM management through the NOAA 
consultation was developed for mitigation of salmon impacts.  In many areas, 
these operational practices may actually harm bull trout due to different life 
history strategies. 

Washington FW 
Office 

Please clarify this request. Unclear why these details are necessary 
in a separate section. These details are reflected in the 
environmental baseline and the proposed action. 

3 11 Coordination with the development of the next iteration for the Columbia River 
water treaty between Canada and the US should be an element of 
coordination listed here specifically as outcomes of that negotiation will occur 
during the duration of this consultation. Develop this as a future Federal 
Action.  

Washington FW 
Office 

This comment does not change our proposed action. If the new 
CRT results in changes to our proposed action then it will be 
addressed at that time. 

3 35 It is not clear what is meant by transmission systems that are needed for 
planned and emergency transmission outages and operation power reserves. 
Transmission lines that are operated and maintained by BPA are interrelated 
and interdependent actions (i.e., maintenance of the towers and lines adjacent 
to Bull Trout spawning streams). Currently we consult on transmission lines 
with the PUDs in association with FERC relicensing, and where there is US 
Forest Service Special User permits one or the other takes the lead on the 
consultation. It would be efficient to  batch them all together at once and get 
consultation done all at the same time as well as providing for a complete 
effects analysis and accurate assessment of the effect of the FCRPS as a 
whole. See page 4-25 and 4-15 of our Consultation Handbook.  Please 
develop the Action Area appropriately.  

Washington FW 
Office 

The AAs have discussed with FWS staff the independent utility of 
BPA's transmission system. It is not an I/I action, and is not 
included in the proposed action, except as currently described. No 
edits to the BA text required.  



Page 1-14 Line Comment FWS Office AA Response 

4 7 Some of the mainstem Columbia River irrigation projects have not been 
previously consulted on and this language is not accurate. For example, the 
USFWS and NMFS are currently working on development of the BiOp with the 
BOR for the Yakima Irrigation Project and are not finished. If you are looking to 
organize your action based on these consultations that seem like a good thing 
to do, however, there is overlap in the effects and actions areas of these 
projects. The effects analysis need to display what that overlap is, and 
describe any additive effects (i.e. flow manipulations in the Yakima cause 
effects out some distance into the mainstem Columbia River while operation of 
the Grand Coulee Dam in association with PUD dams cause some effects in 
the mainstem Columbia River near the Yakima delta and other tributary 
mouths). Please describe these effects in several scenarios of flow 
manipulations. Please see page 4-25 and 4-15 of our Consultation Handbook 
to develop the Action Area and interrelated and interdependent actions 
appropriately.  

Washington FW 
Office 

The AAs are currently developing a table and language that 
clarifies which projects are being consulted on separately and not 
included in this document. These materials will be delivered at the 
final information exchange. 

5 5-Mar Since the proposed action is not addressing activities outside of water 
management, it should be very clear throughout the document that terrestrial 
recreation activities are not part of the action (hiking, camping, etc.). 

Washington FW 
Office 

The AAs are currently developing a table and language that 
clarifies which projects are being consulted on separately and not 
included in this document. These materials will be delivered at the 
final information exchange. 

5 10 The Fish and Wildlife project element should include any management for 
salmon or other species as direct responses to Terms and Conditions or RPAs 
that you are currently implementing that may affect bull trout or their critical 
habitat. This should include programs that you fund, authorize, or carry out for 
all other project element specifically for the NFMS BiOps.  These may range 
from flow augmentation for salmon, to habitat improvement, to hatcheries and 
fish monitoring. Please use the information to assist in development of the 
action area.  In the upper Columbia actions that occur in association with the 
PUD - FERC projects impact almost every local population. Please refer to the 
Priest Rapids, Rocky Reach, and Wells Dam relicensing BiOps, Mitigation 
hatchery and fish program BiOps or Section 10 permits.  

Washington FW 
Office 

The Proposed Action and action area are defined in the text. The 
AAs will continue to cooperate with FWS to provide any PA 
clarifications, including the attached table.  

7 Figure 1-1 The figure lacks a scale bar and north arrow. Columbia R Fisheries 
Program Office 

Comment noted.  

8 20 We have mentioned prior that some projects move/pump water into adjacent 
tributaries.  Presumably this would expand the action area to include any 
areas where water is moved. Please clarify. 

Pacific Regional 
Office 

The AAs are currently developing a table and language that 
clarifies which projects are being consulted on separately and not 
included in this document. These materials will be delivered at the 
final information exchange. 

8 29 The AAs aim to take an informed, landscape-scale, adaptive approach toward 
addressing potential climate change impacts.  What does this mean?  Are 
there assumptions being tested with alternative management scenarios?  

Pacific Regional 
Office 

RMJOC II will not be available until mid-2017, at the earliest, and 
will be delivered to USFWS for consideration and inclusion in the 
BiOp at that time.  

8   Since water management affects flows and the natural hydrograph for all 
areas downstream of projects, and then the action area should not have gaps 
between Hungry Horse and Albeni Falls, or between Libby and Grand Coulee.  
Kootenai to Lake Roosevelt  

Washington FW 
Office 

The Proposed Action area includes the effects of the operations at 
the Federal projects to the next reservoir downstream. Since these 
are managed by other entities, the Action Agencies no longer 
control the water at downstream, non-Federal reservoirs. 



Page 1-14 Line Comment FWS Office AA Response 

8 14-Dec This bullet needs the Snake River separated out, and should indicate that the 
Snake River is included from the confluence of the Salmon River to the 
confluence with the Columbia River. 

Washington FW 
Office 

The Action Area includes the Snake River below its confluence with 
the Salmon River, to the Snake River’s confluence with the 
Columbia River;  

8 20 Please see previous comments about interrelated and interdependent (I&I) 
actions associated with irrigation withdrawals, other BOR irrigation projects, 
Transmission systems, and Fish and Wildlife Projects. These I&I actions may 
change the size of your action area. Some project elements impact the areas 
outside of the actual stream and include uplands, but have impacts downhill or 
downstream to the stream channels (i.e. recreation, transmission systems, 
hatcheries, fish and wildlife management, etc.). These areas should be 
included with the delineated action area for the project.  

Washington FW 
Office 

To assist in consultation, the AAs created a table to identify other 
regional actions and consultations. The table, along with 
information already provided in the BA and in these comment 
responses, should clarify. Also note, the independent utility of the 
transmission system is described in detail in the text of the BA and 
Appendix B. 

8 38 Thank you for providing the additional information about Climate change 
Modeling. The service would like to see at the least...additional scenarios of 
operations at the basic scales used to anticipate climate change impacts (i.e. 
out to 2040 and 2080). You might think about how to structure the project 
operations flow scenarios based these newer scenarios that are currently 
available. Additional information is available about climate change and 
strategic planning on the USFWS Pacific Region’s and Dept. of Interior 
national websites (https://www.fws.gov/pacific/Climatechange/ and 
https://www.doi.gov/csc). For aquatics there is also good science for current 
and predicted instream temperature changes at the USFS Rocky Mountain 
Station’s Climate Shield Project (http://www.fs.fed.us/rmrs/science-
spotlights/cold-water-climate-shield-prioritizing-high-value-aquatic-resources) 
that can assist in developing effects to stream temperatures.  

Washington FW 
Office 

RMJOC II will not be available until mid-2017, at the earliest, and 
will be delivered to USFWS for inclusion in the BiOp at that time.  

8 21 While the Action Agencies recognize that global climate change will affect 
temperatures and streamflow patterns, the draft BA does not address how 
much the FCRPS has already and will in the future change temperature 
profiles.  A thorough assessment of how reservoirs in particular change 
temperatures is needed.  This was abundantly clear in 2014 starting as early 
as June when Sockeye started to return and bull trout were likely present in 
the FCRPS action area as well. 

Columbia R Fisheries 
Program Office 

This comment is a baseline observation. Question for FWS: Are 
data currently available that address this comment? Add UI citation 
for additional temp information. PCE 5 addresses this topic in 
Section 4.3. A thorough investigation is not currently available 
(verify this with FWS).   Look at CFR that says PCE 5 not present in 
the mainstem Columbia and Snake. AAs may consider adding 
water temps above projects and how reservoirs are used to 
moderate temps to improve aquatic habitat conditions. 

8 39 Again, while Action Agencies have continued to fund climate and water quality 
models, studies addressing the degree to which the FCRPS has already 
changed temperatures are lacking. This should be discussed in more detail. 
We have a clear understanding how the FCRPS projects may have changed 
seasonal flow patterns compared to natural streamflows (historical) but not for 
seasonal temperature regimes. 

Columbia R Fisheries 
Program Office 

See above response. The baseline includes the FCRPS projects.  

9 31 Use of climate model results in summer of 2017 will not be available for 
consideration in the subject BA.  Last we spoke, we had intended to complete 
this consultation in 2018.  Please explain why the data will not be available 
considering our time frame.  To be clear, new information can be considered 
up and until the proposed BiOp is completed. 

Pacific Regional 
Office 

Action Agencies did not imply the new information would not be 
considered during the consultation process, only that it would not 
be available in time for inclusion in this BA.   



Page 1-14 Line Comment FWS Office AA Response 

9 31 This is the first mention of the NOAA biological opinion.  Recommend 
somewhere in the introductory information that the action agencies summarize 
the history of the NOAA consultation, as relevant to the existing Service 
biological opinion and how the two interrelate. 

Washington FW 
Office 

We have provided a history of FWS consultations, and will add a 
brief summary of the NOAA consultations. Added the following text 
to page 22, line 5-21: "This USFWS consultation is being 
conducted during the same time as anadromous fish speces are 
being consulted on with NOAA Fishies. The first anadromous fish 
species to be listed by NOAA Fisheries in the Columbia River Basin 
was the Snake River sockeye salmon, listed on Nov. 20, 1991. 
Since then, the federal actions considered, and the number of listed 
anadromous fish species affected, have significantly increased, 
requiring the need for more complex and comprehensive analysis. 
Consequently, the Action Agencies have initiated numerous ESA 
Section 7 consultations to address the effects of the operation and 
maintenance of the FCRPS projects (2000, 20004, 2008, 2010, and 
2014). In May 2016, the U.S. District Court for the District of Oregon 
invalidated NOAA Fisheries’ latest FCRPS biological opinion, which 
was supported by the 2008 Columbia Basin Fish Accords. NOAA 
Fisheries will issue a new BiOp by Dec. 31, 2018, and the Action 
Agencies will continue to implement the current BiOp until then. The 
court also ordered new analysis under the National Environmental 
Policy Act. The Corps, Reclamation, and BPA have initiated the 
Columbia River System Operations EIS, with a final EIS due March 
2021. In addition, the court issued a March 27 ruling which 
responds to a motion filed by plaintiffs – environmental 
organizations, the state of Oregon and the Nez Perce Tribe – 
seeking more spill during spring at eight federal dams on the lower 
Snake and Columbia rivers. The Action Agencies are working to 
determine their best proposal for addressing the court's ruling, 
taking into account the effects on migrating fish and other 
resources, and the safety and reliability of grid operations.  

9 34 In the consultation history, include a brief mention of the numerous 
consultations that have been completed to address changed project 
description with completion of the NOAA biological opinions.  This will help 
provide a full picture of why and what is being consulted on.  As commented 
earlier, consider providing a matrix summarizing the previous consultations. 

Washington FW 
Office 

See above response. 

10 1 For the record, we also designated bull trout critical habitat in 2005. May not 
be necessary to include here though. 

Pacific Regional 
Office 

It was not considered necessary information. 

10 1 This Consultation history table might be a great place to capture the 
consultation history of other irrigation or power generation projects that have 
overlap with FCRPS. This would also be an efficient place to reference the 
history of communications. Also, this could link to the Table suggested in the 
comment at Page 3 Line 8.  

Washington FW 
Office 

See additional table of external consultations. 

10 Table 1-2 Suggest changing all mentions of “sturgeon” to “Kootenai sturgeon” to avoid 
confusion over different sturgeon populations in the Columbia River system. 

Idaho FW Office Corrected 

10 Table 1-2 Change last item to reflect that it was only the Incidental Take Statement that 
was extended through 2018. 

Idaho FW Office Corrected 



Page 1-14 Line Comment FWS Office AA Response 

11   What is the action agencies rationale for No Effect on Ute' Ladies Tresses? Washington FW 
Office 

Info the AAs have seen says they are located at an elevation of 720 
feet.  High water line for Entiat Lake behind Rocky Reach Dam is 
710 feet.  In the Rocky Reach licensing, FWS accepted a MA-NLAA 
call, but that included lands owned by the PUD and terrestrial 
activities.  Action Agencies have no such lands or activities there.   

12 Table 1-3 Oregon spotted frog is not an invertebrate Western WA FWCO Fixed 
13 4 As this is a draft BA, we will not be formally responding to the request to 

initiate formal consultation on the LLA species and critical habitat at this time.  
Pacific Regional 
Office 

Outdated comment. The Final BA was submitted on 12/6/2016, and 
formal consultation has been initiated.  

13 6 We have new information and new listings under ESA that are not 
incorporated into Table 1-3 and suggest you work with us to include all listed 
species in the consultation and in Table 1-3 (i.e. White Bluffs Bladder Pod). 
You may also want to cover some “species of concern” or species that are 
“warranted” for listing. Water withdrawal Project overlap also adds to 
confusion.  In areas of overlap or additive effects, please include those 
species that may be affected into your request for consultation. We do not 
agree that this is a no effect for "other" listed species in the Action Area. 
Because we did not list the sage grouse due to ongoing conservation and 
expect partners and Federal Agencies to work towards goals to keep the sage 
grouse off the Endangered Species List, please consider describing 
conservation within your Fish and Wildlife actions. Insure introductory 
sections, like section 1.1, links well with this section. For example, upfront in 
the Purpose (section 1.1.1), add or link Table 1-2 and your request section to 
your list of species you are consulting on (i.e. sturgeon, wildlife, and plants). 
The appropriate development of the Action Area will make this more efficient. 
See previous comments about Action Area. 

Washington FW 
Office 

FWS review of earlier drafts did not identify these additional 
species. Please provide an updated table to clarify any listed 
species that should be considered in the BiOp, if needed.  

  



Chapter 2. Proposed Action 

Page 15-89 Line Comment FWS Office AA Response 

15 8 Probably a good idea to define "project operations" early on in this 
document to create the bright line that clearly identifies the scope of the 
action as actions and activities affecting how the water column is managed.  

Pacific Regional Office Comment noted. As used in the BA, the term "Project Operations" 
generally includes any of the coordinated water management functions 
of the projects, including storage, release, and withdrawal to meet the 
authorized purposes.  See 1.1.4 Summary of Proposed Action for 
discussion or more information.  

15 8 You don't mention that the Project is operated to benefit salmon or 
steelhead similar to how you mention white sturgeon…..you should include 
this as a purpose since operations include flow management is also 
directed by biological opinions for those species.  See page 31, Line 8 
where you mention you operate for target flows set in the 2014 NOAA 
Fisheries BiOp and page 35 where you talk about Fish and Wildlife 
Conservation as an authorized purpose. 

Washington FW Office Follow up with FWS on comment. Additional discussion between 
USFWS and AAs may be required.  

15 15 - 17 This sentence should be reworded.  The construction of dams did not occur 
to provide benefits to fish and wildlife and water quality.  The dams are now 
authorized to minimize effects of operation on these elements, but were not 
constructed to provide benefits to them. 

Washington FW Office Agreed.  Please note that the dams were constructed to provide for 
multiple purposes, including fish and wildlife conservation. 

16 11 The sentence here seems to imply limitations in discretionary authority to 
protect listed resource.  May require clarification. 

Pacific Regional Office Comment acknowledged - need guidance from FWS. Discuss 

16 postscript Postscript 7 - clarify "not connected"; Postscript 8 - cites the "consultation" 
referenced here and indicates scope and whether it is part or not a part of 
the subject consultation. 

Pacific Regional Office The intent of postscript 7 was to distinguish the BOR water irrigation 
projects from the Dam Projects that share the same name. Postscript 8 
refers to irrigation projects with consultation completed or in-progress, 
that are not a part of subject consultation. Discuss if additional 
clarification is needed, after review of comment responses and clarifying 
table. 

16 postscript Postscript 9 - Thanks for including this assessment regarding transmission 
lines.  Now we need to same type of language to delineate what parts of 
COE and BOR project O&M and uses are or are not covered. 

Pacific Regional Office The AAs are currently developing a table and language that clarifies 
which projects are being consulted on separately and not included in 
this document. These materials will be delivered at the final information 
exchange.  

16 6 Not all irrigation projects have separate or completed consultation. There is 
also significant overlap of action areas. Please clearly outline parts of 
irrigation projects that are or are not covered in this Action, and clarify 
overlapping areas/project elements within Actions Areas of each BiOp.  

Washington FW Office Agreed. See response to comment line 6 above.  

16 14-25 This entire section lays out a case as to covering interrelated and 
interdependent actions from transmission lines, yet the action says these 
are not part of the discussion.  This is a contradiction. There needs to be 
additional clarity on what is and is not included in this consultation, 
including what actions or activities have already completed consultation.  

Washington FW Office Appendix B clarifies for Transmission.  Others will be addressed 
similiarly per Comment #7 response above. The AAs are currently 
developing a table and language that clarifies which projects are being 
consulted on separately and not included in this document. These 
materials will be delivered at the final information exchange. 



Page 15-89 Line Comment FWS Office AA Response 

16 25 BPA's operation of the transmission lines are considered to be interrelated 
and interdependent actions, similar to the approach on other dams we have 
consulted on. You describe you are covering some transmission lines and 
not others, or operation and maintenance.  Effects occur to listed species 
from the existence and operations/maintenance of these transmission lines. 
Please describe which transmission lines are included in this action, which 
are not, and whether they are or are not covered in other ESA 
consultations.  

Washington FW Office Per conversation with FWS regional staff, the I/I description of BPA's 
transmission system is clear, as-is.  No changes needed.  

17 27 Important to tie this discussion to the baseline which will include a 
discussion of contemporaneous conditions not directly or indirectly caused 
by the proposed action.  The scope of the action is affected by adaptive 
management - need to slash sideboards so we can capture the manner in 
which the range of likely adaptive management actions will impact the listed 
resources.  Range of variation and timing (seasonal) in flow management. 

Pacific Regional Office We understand the desire to have sideboards to analyze. The system is 
in continual adaptive mgmt responding to predicted river conditions - not 
just for climate change.  The sideboards are the reservoir diagrams and 
flow targets we describe as high/average/low flow years.   So as we 
adjust these for Climate change, they would need to be evaluated a for 
need to re-initiate. Also see Section 2.5 Regional Coordination and 
Adaptive Management.  

19 (PAGE 21) 4 Good a place as any to explain why FERC is not a party to this proposed 
action.  You need to explain how the dependency on FERC licensing and 
the issuance of a FERC license is not a covered Federal action here. 

Pacific Regional Office The congressionally authorized federal dams, not being subject to 
Federal Energy Regulatory Commission (FERC) licensing requirements, 
operate to their Water Control Manuals (WCM).  The AAs are only 
consulting on the 14 FEDERAL projects described in this BA. For 
comparison, non-Federal projects in the United States are addressed 
through the Federal Energy Regulatory Commission (FERC) licenses 
issued to these project operators.  For non-federal projects, FERC must 
also consult with the Corps to ensure the projects with flood storage are 
operated in accordance with Corps regulations, including adhering to 
navigation and FRM operating criteria. 

19   The Columbia River Treaty and operations of flows from Canada and to 
Canada are mentioned throughout the document.  Since these are in 
cooperation the federal action agencies, it should be clear whether or not 
Canadian flow management is considered as part of the action.  

Washington FW Office Treaty flows are described in the environmental baseline, and the flow 
augmentation is incorporated into the proposed action as one of many 
factors involved in operating the projects as a coordinated system. 

19   Why is Grand Coulee Dam's FRM fall operations not included in the 
discussion? 

Washington FW Office There is no fall FRM operation requirement at Grand Coulee 

19 21-22 A definition and citation for fixed rule curves is warranted.  Columbia R. Fisheries 
Program Office 

A fixed rule curve means that the FRM requirement is the same for each 
year.   

20   There is no clear overall picture of how operations for FRM work together 
(to a layman).  Do lower reservoirs fill first then upper, or upper and then 
lower.  Could this be depicted in a gant chart or other display to make this 
clear?  Timing is relavent to impacts to bull trout movement in the reservoirs 
and through the entire system. 

Washington FW Office Additional guidance in adjusting the controlled flow during the period of 
flood regulation can be obtained by referring to Chart 3 [Figure 2-2].”   
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28 17 While FCRPS operations defined in the NOAA biological opinion may 
benefit salmon, the operation of Albeni Falls Dam including the flow 
management may negatively impact bull trout.  Please explain the flow 
management very clearly.  For example, Figure 2-10 shows that flows 
during typical bull trout migration periods are significantly modified from 
normal.  This likely has a significant effect on when bull trout move and how 
and whether they are able to get to spawnig or refugee areas at appropriate 
times.  

Washington FW Office Follow up with FWS to clarify comment.  Not sure what more we need to 
describe here on FRM ops, it looks complete.  We discuss effects in 
Chapter 4.    

31 9 Describe what you mean by "…operations for other purposes typically draw 
down Lake Roosevelt…" 

Washington FW Office "Other purposes" refers primarily to power and fish flow objectives 

31 12 Describe what is involved in operating at the "standard flood control FRM 
requirements". Describe how often the standard is met (i.e. x% of the time), 
what it changes to when it’s not met (i.e., X% changes in more or less water 
released), and what you have coordinated at downstream dams.  

Washington FW Office Standard flood control is a label similar to VarQ at Libby and Hungry 
Horse.  Standard refers to SRDs that vacate storage space in 
anticipation of runoff,  not a quantitiave value(s) that can be denoted by 
percentages.    

32 12 Please include an overview of the other dams not included in this section, 
including Chief Joseph Dam operations. 

Washington FW Office Chief Jo and other run-of-river dams are not included in this section 
because they are run of river projects and are not operated for flood risk 
mgmt. 

36 Figure 2-17 As far as I am aware of, there are no operational or flow management 
scenarios that are done at Albeni Falls Dam to benefit bull trout.  This figure 
gives the impression that downstream flow management is considered to 
benefit bull trout.  

Washington FW Office We do have operations for bull trout at AFD - management of elevation 
of Lake Pend Oreille for kokanee spawning.  See the discussion 
beginning on p. 41. Note the Blue lines above the green - "Draft to 
MCE" and "No lower than MCE"   

36 12-Nov This section is about the operations for the conservation of fish and wildlife. 
Be clear that flood risk management and power operations is cited as 
contributing to fish conservation, as it is not their primary purpose. 

Columbia R. Fisheries 
Program Office 

Clarification: Figure 2-17 provides a high level summary of operational 
constraints and actions supporting conservation of fish at FCRPS 
storage projects. Agreed, the BA sentence could be misinterpreted.  

36 13 This is a general comment on the use of terms such as "improved" and 
"augmented" in this document. What period is the flow "improvement" cited 
here relative to? Historic flows? The most recent BiOp? This gets to the 
question of the species 'current baseline. The draft BA is addressing effects 
of the ongoing operations of the projects on bull trout and sturgeon critical 
habitat. So saying something is "improved" or "augmented" is confusing 
without providing context for these statements. 

Columbia R. Fisheries 
Program Office 

AAs will cooperate with FWS to determine if additional clarification or 
analytics are necessary.   

37 10 Please specify the objectives that the FRM procedure is trying to meet that 
will benefit ESA listed fish 

Columbia R. Fisheries 
Program Office 

Page 37, line 10 reads "The Corps implements the VARQ FRM 
procedure to meet various objectives to benefit ESA-listed fish."  In the 
paragraphs subsequent to line 10 we describe objectives and actions in 
substantial detail.  
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37 16 Another possibility is that these flows help increase the survival of embryos 
and early life-stages of sturgeon. The exact mechanism for the correlation 
between high flows and high recruitment in sturgeon is unclear 

Columbia R. Fisheries 
Program Office 

Clarification: Libby Dam is equipped with selective withdrawal gates that 
are operated to provide water temperature management for downstream 
fish.  Libby Dam is operated to provide normatively shaped flow and 
temperature hydrographs and thermographs that are more conducive to 
successful sturgeon migration, spawning, egg survival, and larval 
development in river reaches upstream of Bonners Ferry. More details 
on Libby Dam flow and temperature management operations for 
Kootenai River white sturgeon can be found in Section 2.3.1.   

38 13 Unclear what “the 2007 FCRPS BA” refers to. Idaho FW Office USACE———. 2007. FCRPS Biological Assessment – Appendix A: 
Overhaul of the System.  AAs to confirm.  

42 7 This is the first time Banks Lake is brought up in the BA. Please describe 
how Banks Lake fits into the FCRPS and overlaps with the Columbia 
Irrigation System. Please be clear about its use in the system as a reservoir 
to generate power and for its use in irrigation. 

Washington FW Office Discuss. Clarification table may resolve this question. 

43 24-27 Statement needs to be added that bull trout may migrate at all times of the 
year and when many of juvenile passage facilities are no longer operating 
and when counting for adults ends. 

Columbia R. Fisheries 
Program Office 

Clarification, this comment is correct. Added: "with a window for 
maintenance that varies at each project but generally occurring between 
January and March. Many dams have adult fish ladders on both 
shorelines to pass adult fish upstream.  Only one ladder at a time is 
taken down for maintenance during this period."  

43 34 Please change the wording here and all places this wording is used. They 
are not rear-round. Most of the passage facilities have a lengthy outage 
during the winter months. There is some possibility that bull trout would use 
them in the winter months if they were available.  

Columbia R. Fisheries 
Program Office 

The text cited here is accurate: adult facilities operate year round at all 
dams but LGO and LGR.  Winter maintenance outages and # of ladders 
at each dam are covered in 2.4.7 in more detail, and in the FPP which is 
incorporated by reference. 

44 20-Jan Is transport of juveniles and operation of the fish passage facilities included 
in the proposed action?  If so, facility shut downs, incidental transport of bull 
trout, handling in the ladders, etc. are all effects of the actions and need to 
be explained in the effects section.  If they are not part of the action, then 
you should clearly describe why they are not included. A very large portion 
of our existing consultation workload is related to the operation and 
maintenance of these facilities.  If not included in this consultation, they will 
continue to be a source of workload for both action agencies and the 
Service. 

Washington FW Office As described in the BA, the AAs will implement juvenile fish transport at 
SR dams "After considering the best available information, and taking 
into account input from regional sovereigns, the Corps will initiate 
juvenile fish transportation operations each year at the Snake River 
collector projects (Lower Granite, Little Goose, and Lower Monumental).  
The goal is to transport approximately 50 percent of juvenile steelhead.  
Transport operations are carried out at each collector project in 
accordance with all relevant FPP operating criteria."  Fish facility shut 
down, handling in ladders (not related to juv fish transport) are 
addressed under 'maintenance' in the PA, and are analyzed in Chapter 
4 as part of the continuing baseline condition. 

44 18-19 Need to include information on the counting window and when and how 
reported to FWS 

Columbia R. Fisheries 
Program Office 

Clarification added: Ladders at the Corps Columbia River Dams are 
equipped with windows that enable counting fish as they volitionally 
ascend the ladders.  Adult salmon and steelhead, American shad, 
Pacific lamprey, and bull trout are  counted at all Corps Columbia River 
dams. Counting occurs year-round. Count data are posted daily at 
http://www.nwp.usace.army.mil/Missions/Environment/Fish/Counts.aspx  

44 24-27 The wording here seems odd. The projects are certainly equipped with fish 
passage facilities and structures, but not with improvements. And again, 
"improved" relative to what? 

Columbia R. Fisheries 
Program Office 

Comment noted. Stylistic opinion that can be changed for the BiOp. 
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44 28-31 See previous comment Columbia R. Fisheries 
Program Office 

Comment noted. Stylistic opinion that can be changed for the BiOp. 

45 5 Typo. "the" after "2016" is out of place Columbia R. Fisheries 
Program Office 

Typo noted 

45 26-27 Same comment as p. 44, lines 18-19 Columbia R. Fisheries 
Program Office 

See Response to previous comment 

46 17 Describe how power generation from other structures including irrigation 
reservoirs or dams is related to the BPA power supplies and is part of 
generation as a whole for FCRPS.  

Washington FW Office The AAs have created a table to help clarify the proposed action, 
including what actions have independent utility and are not included in 
this consultation. USFWS and AAs to discuss if additional information 
needed for BiOp analysis.  

48 10 Transmission.  Be clear these actions do not cause effects to the 
environment of the transmission corridors, and as such do not expand the 
action area. Be careful here to clearly distinguish these activities in terms of 
the manner in which they may influence water management as discussed in 
the above section.  Be sure to clarify that the scope of the action does not 
include O&M for reasons stated earlier. 

Pacific Regional Office Transmission is clarified as having independent utility and okay as-is. 
No changes.  

48 16 - 21 Several additional facilities associated with the irrigation system are 
described.  Are these part of the action? If so include them in maps and 
explain their operation in more detail.  If not included due to other 
consultations, then those need to be described.  How are water returns 
from irrigation considered in this consultation? 

Washington FW Office The AAs have created a table to help clarify the proposed action, 
including what actions have independent utility and are not included in 
this consultation. USFWS and AAs to discuss if additional information 
needed for BiOp analysis.  

48 11 Describe how transmission lines are used as a tool to move power 
generated from the dams, how they are operated and maintained, and what 
parts are direct actions or interrelated and interdependent actions.  

Washington FW Office Transmission is clarified as having independent utility and okay as-is. 
No changes. -MAH 

49 12 This description is confusing regarding how actions and project elements 
will be covered. If the collective irrigation impacts are addressed in this 
consultation, insure that effects analysis incorporate effects from all 
irrigation projects. If covered in a separate consultation or not, impacts are 
additive, and should be described along with effects summaries described 
herein.  

Washington FW Office Chapter 2 describes our proposed action, the impacts covered by other 
consultations are summarized in Chapter 3 baseline conditions.  The 
AAs have created a table to help clarify the proposed action, including 
what actions have independent utility and are not included in this 
consultation. USFWS and AAs to discuss if additional information 
needed for BiOp analysis.  

50 19 Further describe what you mean by maintain navigation locks and the 
number of times the water is raised or lowered to provide operations. 
Describe which dams help with navigation operations.  Also, include 
duration, timing, and frequency of operations of locks.  This affects timing 
and movement of fish trapped in the locks during migration and foraging. 

Washington FW Office Maintenance activities described in 2.4.7. Section 2.2.5 covers the level 
of info requested here. Clarification: 
Navigation locks at the four lower Columbia (McNary, John Day, The 
Dalles, and Bonneville Dams) and four lower Snake River (Lower 
Granite, Little Goose, Lower Monumental, and Ice Harbor Dams) 
projects are available for locking commercial boat traffic past the dams 
almost continually, 24 hours per day, 7 days a week, approximately 50 
weeks of the year.  For the 2012-2016 period, daily average lockages 
for lower Columbia River Dams ranged from five to seven, and for the 
lower Snake River Dams, daily average lockages ranged from two to 
four.  

50 1 There is no discussion of the waterway, or lack of, for Navigation on the 
Columbia River upstream of Richland, Washington. 

Columbia R. Fisheries 
Program Office 

beyond maintaining the McNary pool as described in the PA, the Corps 
has no proposed actions for navigation above Richland WA.  
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53 15 To be clear, all activities in this and the prior section are part of the 
proposed action. Any elements to which this will not apply should be moved 
to the baseline.  Specifically, in the case of all the measures for sturgeon, it 
should be mentioned up front that the intention is to replace the Libby BiOp 
and RPAs with the proposed action here, and to distinguish between those 
Libby BiOp components and any additional conservation unrelated to Libby 
that you are proposing to carry out for sturgeon.  For other conservation 
measures, if it is part of the proposed action, it will influence the effects of 
the action analysis just like any other covered activity.  If any activities or 
programs remaining in these sections are covered by a completed 
consultation (e.g., HIP III), you need to either incorporate by reference, 
summarize, and update as necessary, or describe in full in the draft BA.   

Pacific Regional Office Comment noted. Future actions related to sturgeon will be consulted on 
separately. 

53 24 Determine whether there are additional listed species in the action area; we 
suggest you add them and determine if there are operations that affect 
them. As for bull trout you likely have some proposed actions that may 
affect bull trout at other dams you have not mentioned. For example, 
operations to maintain water quality conditions for salmon may have 
benefits for bull trout below Grand Coulee Dam and Chief Joseph Dams as 
well as other dams. This would be a good place to discuss these in a table.  

Washington FW Office FWS review of earlier drafts did not identify these additional species. 
Please provide an updated table to clarify any listed species that should 
be considered in the BiOp, if needed.  

56 32-33 “In-Season Management for Sturgeon” section:  Lines 32-33 states that the 
weekly conference calls are for “affected parties” and “other entities with an 
interest in sturgeon flow and temperature management”.  Once this BA is 
released to the public, the above language could create the impression that 
these calls are open to anyone, including landowners in Bonners Ferry and 
others who can legitimately claim to be an “affected party” and/or have “an 
interest in sturgeon flow management”.  Suggest shortening this to 
something like “weekly conference calls will be held between sturgeon 
managers and dam operators”. 

Idaho FW Office Note this distinction if a description of conference calls are included in 
the BiOp, but the BA is not a public document.  

58 Habitat 
Actions 
Section 

In comments on the first draft BA, the Service noted that we completed a 
programmatic consultation for the Kootenai Tribe’s habitat restoration 
program.  This latest draft BA still does not mention that consultation, nor 
that future habitat actions will be consulted on separately under that 
existing programmatic BiOp.   Suggest adding language similar to the end 
of the aquaculture program section, pg. 57, lines 41-43. 

Idaho FW Office Good information. Please add this information to the BiOp. 

61 footnote 35 Have we consulted on the Bonner's Ferry or Straight Reach Projects?  The 
wording is confusing. 

Pacific Regional Office Clarification: Pursuant to Section 7 of the ESA, BPA has consulted or 
will consult individually with USFWS for the Bonners Ferry Island 
Project,  and Straight Reach Project, and Potential Restoration Actions 
2017 through 2020.  All terms and conditions of completed consultations 
will be made part of subsequent consultations.  

62 10 Did the habitat work for the straight reach project get completed this year? Pacific Regional Office Yes. Note updating project status in BiOp, as needed.  

67 lines 1-7 No mention of fish passage.  This needs to be included. Pacific Regional Office Fish passage feasibility and progress at Albeni Falls is described later in 
Chapter 2, on page 75 in "Albeni Falls Actions" section.  
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67 1 This section (2.3.2) addresses components of the proposed action specific 
to bull trout but only includes actions at three dams: Libby, Hungry Horse, 
and Albeni Falls. Please include clarification that there are no other actions 
that occur at the remaining 11 FCRPS facilities (dams) specifically for bull 
trout. 

Oregon FWS Office Additional info: Lower Columbia and Lower Snake River Projects - The 
action agencies will include bull trout in the species to be counted and 
recorded in the adult fish ladders at Bonneville, The Dalles, John Day, 
McNary, Ice Harbor, Lower Monumental, Little Goose, and Lower 
Granite Dams.  The action agenies will also record and report to FWS 
the occurence of bull trout in the smolt monitoring facilities at lower 
Snake and Columbia river dams. 

67 2 Bull trout are affected by operations and maintenance.  The proposed 
action focuses on management that attempts to limit harm, not benefit bull 
trout. 

Columbia R. Fisheries 
Program Office 

Effects and impacts can be beneficial or adverse.  

67 6 Not minimize, limit or reduce impacts.  Retain spawning conditions Columbia R. Fisheries 
Program Office 

Note for BiOp. 

68 6 Typo. Looks like this should be 6,000, not 46,000. Columbia R. Fisheries 
Program Office 

Correction: 6,000 is correct, not 46,000. Editing typo.  

68 11 Limit Harm Columbia R. Fisheries 
Program Office 

Note for BiOp.  

69 Table 2-6 How are the minimum flows measured? As daily average?  Columbia R. Fisheries 
Program Office 

These are instantaneous requirements, meaning that the objective is to 
have flows at or above the minimums at all times. 

70 11 Explain the statement that: "Since selective withdrawal thermal issues have 
been minimal." 

Montana Field Office Clarification: Disregard this general statement. The in-depth explanation 
of effects are in chapter 4. 

70 23-24 We are not aware of any literature that identifies vegetation and LWD as 
necessary components of lacustrine habitat for rearing of juvenile bull trout.  
Rather, depth and substrate seem to provide those elements. 

Montana Field Office Repeated annual draft-and-fill regimes have depleted native woody 
vegetation in littoral shoreline habitats at Hungry Horse Reservoir, 
reducing hiding cover for juvenile bull trout entering the reservoir from 
spawning tributaries (Reclamation 2005- Evaluation of revegetation 
strategies and technologies for restoration of bull trout habitat and 
shoreline vegetation.  Hungry Horse Reservoir, Montana. Suggested 
general clarification - This lack of vegetation and woody debris limited 
the establishment of cover for rearing juvenile bull trout, though suitable 
rearing habitat was available in spawning tributaries that discharge to 
Hungry Horse Reservoir as well as depth and substrate in the reservoir 
itself. 

70 14 Typo. No comma needed after "Although" Columbia R. Fisheries 
Program Office 

Corrected. 

70 36-37 What reservoir elevations are necessary to allow access to spawning 
tributaries? 

Columbia R. Fisheries 
Program Office 

We are not aware of current (and proposed) reservoir operations limiting 
bull trout access to spawning tributaries.  If FWS has specific info on 
this, please notify one of the AA POCs to discuss any related info that 
may be needed for the BiOp analysis. 
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70 7 Is there a plan to evaluate the effects of these warm water releases on bull 
trout? 

Western WA FWCO The report by Vermeyen (2006) "Hungry Horse Selective Withdrawal 
System Evaluation 2000-2003" by Reclamation best summarizes how 
the selective withdrawal system came about.  The installation resulted 
from 15 years of study and collaboration between many agencies. 
 
Montana Fish Wildlife and Parks estimated that fish growth potential in 
the river would increase two to five times with the installation of selective 
withdrawal at hungry Horse Dam (Marotz B.L., C.L. Althen, and D. 
Gustafson.  1994.  Hungry Horse Mitigation: Aquatic Modeling of the 
Selective Withdrawal System- Hungry Horse Dam, Montana."  Montana 
Dept of Fish, Wildlife, and Parks, Report to U.S. Fish and Wildlife 
Service, Report to BPA.  36 pp.   
 
Vermeyen points out that preliminary results of the selective withdrawal 
impacts to bull trout revealed that other management changes such as 
new minimum flows and ramping rates, and new catch and release 
regulations for cutthroat trout made it very difficult to isolate the direct 
effects of selective withdrawal.  However, laboratory studies clearly 
show that water temperatures between 50 and 59 degrees F are optimal 
for trout growth. 
 
How the selective withdrawal system is operated from a temperature 
standpoint is very complicated and is best described in Vermeyen 2006. 
 
Has it worked?  MFWP's only has trend data.  Prior to selective 
withdrawal, they found mostly mountain whitefish and just a few trout, 
including nonnative lake trout and brook trout, and very few bull trout 
and westslope cutthroat trout.  After selective withdrawal, the trend was 
for increasingly higher numbers of trout, no more lake trout, very few 
brook trout, increasing numbers of bull trout and very high numbers of 
westslope cutthroat. 

70 36 Seems that in many systems bull trout do not overwinter in tribs, but rapidly 
move downstream once spawning has completed. Is there evidence that 
bull trout primarily over-winter in tribs in this system? 

Western WA FWCO Clarification: removed "and overwintering" from the sentence and 
change "habitats" to "habitat".  While most if not all of the adfluvial bull 
trout in Hungry Horse Reservoir return to the reservoir after spawning, 
there are likely fluvial populations of bull trout in the South Fork Flathead 
River that remain in the South Fork following spawning. 

71 14-20 This is inadequate and a continuation of the measures from the 2000 
BO.  We need a firm commitment to passage with a timeline for completion 
of passage at Albeni Falls.  

Pacific Regional Office Discuss if additional information is needed. The Corps has not 
completed the process needed to authorize funding for construction of a 
passage facility at Albeni Falls Dam.  Until that happens, we cannot 
commit to constructing a passage facility.   
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71 21-26 Is the temp trap continuing or not? Pacific Regional Office Clarification: It is continuing. The KTI plan is to operate the trap for the 
duration of the MOA with BPA/COE or until it is determined less 
effective than electrofishing. Since it has not been effective, they are 
looking at fish attractants and other possible modifications (orientation 
and ladder type). BPA provides funding for O & M of the project through 
the project 2007-246-00 "restoration of bull trout passage".  There has 
been no discussion on if/when funding may end with BPA or COE.  
There is also a permit with COE to use COE property for 10 years. 

71 12 Albeni:  It would be best if this action that you anticipate resolving prior to 
completion of the BiOp was well developed as part of the proposed action, 
and if so would require finally completing the planning document and 
providing specific detail here.  

Pacific Regional Office The AAs believe a decision will be made during the consultation period, 
and that information can be considered in the USFWS BiOp. 

71 Albeni Falls The proposal to develop a plan does not provide an action for consultation, 
and does not minimize effects to bull trout or its critical habitat. 

Washington FW Office This is carried forward from the 2000 BiOp and so far, this is all the AAs 
have agreed to. The Corps has not completed the process needed to 
authorize funding for construction of a passage facility at Albeni Falls 
Dam.  Until that happens, we cannot commit to constructing a passage 
facility.  Discuss if additional information is needed for BiOp analysis. 

71   The proposed action for upstream fish passage is the Corps “contemplating 
a planning document”.  The Service does not consult on actions that are in 
the contemplation stage.  (Editor's note:  our determinations cannot rely on 
actions are not reasonably certain to occur). 

Idaho FW Office The Corps has not completed the process needed to authorize funding 
for construction of a passage facility at Albeni Falls Dam.  Until that 
happens, we cannot commit to constructing a passage facility.   Prionr 
to the completion of this consultaton we expect to be able to address 
this more clearly. See related responses above.  

71 1-2 Overstatement that Reclamation completed revegetation of the varial zone.  
Experimental efforts were undergone, but not aware of any system wide 
successful treatment.  If we are wrong - provide supporting citation. 

Montana Field Office USFWS comment is accurate. Correction: the text should describe that 
this project was short-lived and encompassed only a very small portion 
of the reservoir. 

71 23 Please specify if "right end of the dam" means river right. Otherwise, use a 
compass direction. 

Columbia R. Fisheries 
Program Office 

Right bank is correct. 

77 21 Does the juvenile migration season refer to bull trout or to pacific salmon? 
My guess is pacific salmon, but the downstream migration period is likely 
somewhat different for bull trout. 

Western WA FWCO Clarification: Text is referring to the juvenile fish passage season for 
salmon and steelhead (April – August).    

77 35 Do the plans for fish handling during dewatering focus primarily on Pacific 
salmon, or were they developed with bull trout in mind as well. 

Western WA FWCO These address all species that we encounter. 

78 25 - 27 Was this extended lock closure for the dams consulted on previously? 
Clarify. 

Washington FW Office will check with NWP environmental resources and nav folks.  It certainily 
has been worked through the regioanl forum (FPOM, TMT) 
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78 6 Please provide specifics, including which dams have these fish friendly 
turbines. This will be necessary for evaluating the impacts that individual 
dams have on bull trout. 

Western WA FWCO Additional Information: These new units are installed at Bonneville 
Powerhouse 1 and include changes to the runner and discharge ring 
that reduce the probability of mechanical injury (i.e. fish pinching 
between the runner blades and discharge ring).  New turbine units have 
been designed for Ice Harbor dam which include simiar modifications to 
Bonneville’s new minimum gap runners, plus modifications that reduce 
the likelihood of pressure related fish injuries.  Ice Harbor Units 1 and 2 
are scheduled to be installed in 2017 through 2019.  The pressure 
related improvements may be particularly important to bull trout, which 
are believed to migrate at greater depths than salmonids.  Physostomas 
fishes such as salmonids, become more sensitive to rapid 
decompression the deeper they are acclimated (i.e. obtain neutral 
buoyancy) (Brown et al. 2012 ) . 

79 21 Explain how passage facilities shut down. It is unclear if facilities shut down 
for two months between December and February, where two weeks of work 
occurs during this time, or if facilities are shut down for two weeks of work 
sometime between December and February.  The nuances of this have 
significantly different effects.  If not already done, consider managing fish 
passage maintenance where one ladder is off, while the other continues to 
run; therefore keeping at least some form of passage open year-round.  

Washington FW Office Refer to previous clarification(s) on fish passage facility maintenance, 
and see the Annual FPP for additional information.  

79 Table 2-8 Under the column for juvenile fishes: these seem like time periods when 
bull trout would be active in the mainstem either post-spawning (when they 
may be more vulnerable to stressors) or during their fluvial rearing period.  

Western WA FWCO Comment noted. No change made. 

80 Table 2-9 Under the column for juvenile fishes: these seem like time periods when 
bull trout would be active in the mainstem either post-spawning (when they 
may be more vulnerable to stressors) or during their fluvial rearing period.  

Western WA FWCO Comment noted. No change made. 

82 4 Coordinated implementation plans and strategies.  There are a couple ways 
to handle this.  One would be to establish sideboards for things like timing 
and scope of various plans and decisions that guidance annual 
implementation.  Another would be to have a requirement for a consistency 
check within this framework of flexible decision making. 

Pacific Regional Office AAs and FWS have previously discussed potential need to participate in 
the regional groups that develop these plans, parallel to NMFS BiOp.  
Discuss.  

82   General comment for Oversight Groups:  How much are upper Columbia 
facilities considered or represented in these groups?  Since most of them 
include NOAA, that implies that watersheds where salmon are not present 
may not have equal representation or consideration in management 
objectives. Clarify. 

Washington FW Office Sovereigns are represented, not regions or facilities.  

85 7 BPA is listed twice, and IDFG is listed as “IFG”. Idaho FW Office Typo noted 
87   This section does not present the relevant seasonal baseline temperatures 

that occurred in the past with respect to the hydrosystem. This is important 
to distinguish between that and those caused by climate change. 

Columbia R. Fisheries 
Program Office 

Environmental Baseline is described in Chapter 3. 
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15 and 16 29 and 3 We discussed the need to clearly describe the scope of the action in terms 
of how the COE and BOR responsibilities are carried out.  In the context of 
water management, this is not inclusive of all O&M.  If the O&M of FCRPS 
projects includes activities that do not affect how the water column is 
managed, it should be stated here maybe as a post-script of what is not 
covered. We cannot establish a basis for all the NE determinations for 
upland species without a clear understanding of what actions either directly 
or indirectly affect listed resources. 

Pacific Regional Office The AAs have created a table to help clarify the proposed action, 
including what actions have independent utility and are not included in 
this consultation. USFWS and AAs to discuss if additional information 
needed for BiOp analysis.  

18 and 35 16 and 19 The operations and measures discussed in these sections are implemented 
in a manner that protect salmon (timing, flow), so we will be looking for an 
analysis later in this document that acknowledges and addresses how 
these operations will affect FWS jurisdictional species and critical habitat in 
the context of timing and flow regimes.  For instance, seasonal elements 
that protect salmon may not be protective of bull trout. 

Pacific Regional Office The analysis is considered in Chapter 4 

18-20   Thank you for providing information about operations by season of 
operation (i.e., fall operations, Storage operations, and refill operations).  It 
seems that Fall operations vary and with Climate Change, there is the 
potential to manage for more fall flooding. Information about minimum, 
average, maximum elevation levels and flow patterns in these three types 
of operations will be needed to understand effects at specific times of 
operations.  Also, please describe what happens in the month of August in 
terms of flow operations as it was not mentioned within these three types of 
operations.  Later on Summer operations are mentioned for some dams, 
you should explain how and whether summer operations are another type 
of operations. It would be useful to include a minimum, mean, and 
maximum graphic for operations at each of the dams. 

Washington FW Office This section is specific to Flood Risk Management, so August 
operations are excluded as there are no operations for FRM in August.    
Climate change is discussed in a different section - Section 2.1.1.  
Chapter 2 organizes by operational purposes, operations specific to 
FWS species, maintenance, and coordination (see table of contents). 
reference FRM reservoir diagrams and that section which show 
reservoir elevations and discharge by dam for low, med, and high flow 
years (starts with Fig 2.4).  These figures show all months of the year.  

21, 22 Figures 2-1 
and 2-2 

Are these referenced and explained in the text somewhere? Washington FW Office Correction: These figures are described in the third paragraph on page 
22, under the "Refill Operation: May-July". The paragraph should read: 
The FCOP (Section 5-5) states, “The ICF established by Chart 1 [Figure 
2-1] will be maintained by the regulation of upstream reservoirs until the 
end of the FRM period. Forecast season can be very dynamic, revised 
updated forecasts indicate the necessity for the controlled flow to be 
changed are used to modify the controlled flow.  Change in the 
controlled flow at The Dalles will be made based primarily upon day-to-
day forecasts of streamflow, updated seasonal water supply forecasts 
and reservoir regulation by computer simulations modeling, together 
with the latest volume forecasts of runoff. Additional guidance in 
adjusting the controlled flow during the period of flood regulation can be 
obtained by referring to Chart 3 [Figure 2-2].”  The forecasted basin 
inflow volume is continuously monitored and compared to available 
remaining reservoir storage space, and the regulated controlled flow is 
adjusted so that reservoir refill and flood risk are balanced, based on the 
latest forecasts and observed information until the refill operation is 
completed.       



Page 15-89 Line Comment FWS Office AA Response 

52, 53   Are boat races and other recreational events described included in this 
consultation or have they been consulted on separately?  Clarify. 

Washington FW Office Clarification: the boat races are not an AA action, although the reservoir 
may be held to a specified elevation that is within the operating range 
described for the duration of the race.  AAs will cooperate with FWS to 
provide any additional clarifications on the proposed action during 
consultation.  

71-72 System 
Maintenance 

For all elements of system maintenance, non-routine or routine, there 
needs to be worst case scenarios, basic details on activities included 
(dewatering, migration barriers, etc.), duration, and frequency information 
for each facility.  This type of information or performance standards were 
developed for the NE OR/SE WA Hatcheries consultation recently to allow 
for clear understanding of effects and provide take. 

Washington FW Office Refer to previous clarification(s) on fish passage facility maintenance, 
and see the Annual FPP for additional information. Also note that most 
non-routine is covered under other consultations (for example Hungry 
Horse Modernization is undergoing separate consultation and NEPA).  

  



Chapter 3. Baseline 
Page 90-183 Line Comment FWS Office AA Response 

94 10 Are there any disease issues associated with 
hatchery rearing? Irridovirus is common in other 
species of sturgeon reared in hatcheries. 

Western WA FWCO AAs are not aware of any disease issues pertinent to this BA.  

96 15 Increased bioenergetic demand may also result 
in decreased egg production, or reduced egg 
quality/viability during this time. 

Western WA FWCO Comment noted. No changes made. 

97 13-14 The lack of suitable spawning substrates in the 
meander reach is not due to accumulation of fine 
sediments.  Coring data shows that the meander 
reach has always been a depositional area with 
lacustrine clay substrates (Flory 2011). 

Idaho FW Office Please note for BiOp the clarification of meander reach conditions. A more comprehesnive description, 
for example: "Ideal spawning habitat is characterized by high velocity, high turbidity, and high 
turbulence.  The reduction of peak flows in the spring has resulted in degradation of physical spawning 
conditions in portions of the river.  However, suitable spawning substrate is generally believed to exist 
in the Braided and Canyon Reaches."    Also, note this lit citation, for BiOp development:  
Flory, J.E.  2011.  Status Review for Kootenai River White Sturgeon (Acipenser transmontanus).  U.S. 
Fish and Wildlife Service, Region 1, Spokane, WA.  26 pages.   

99 1 Change “updated recovery planning process” to 
“revised recovery planning process”. 

Idaho FW Office Typo noted 

101 38 Bull trout have lower water temperature 
requirements, not "more specific" ones. This also 
applies to page 108, line 3. 

Columbia R. Fisheries 
Program Office 

Comment noted.  In the BA:  "Compared to other salmonids, bull trout have more specific temperature 
requirements.  They occur in cold water streams, and are rarely found in waters where temperatures 
exceed 59 to 64." 
 
The language at 75 FR 63898 (cited in the instance on page 108) reads "Bull trout have more specific 
habitat requirements than most other salmonids (Rieman and McIntyre, 1993,..."   

102 17 Cite the Brenkman papers for references on bull 
trout anadromy (papers have been placed in the 
Google folder). 

Western WA FWCO AAs are making corrections to citations and references, as needed, that will be available for the BiOp 
development 

102 41 Cite the Downs et al. paper for variation on 
downstream migration. These authors also 
observed downstream migration at age 0. 

Western WA FWCO AAs are making corrections to citations and references, as needed, that will be available for the BiOp 
development 

103 25-27 These sentences repeat lines 21 to 23 almost 
exactly. 

Columbia R. Fisheries 
Program Office 

Typo / repetitive text noted 

104 1 Map corrections: There is a more current version 
of the map you have for bull trout recovery units. 
Please see our website for an accurate map of 
the Recovery Units. 

Washington FWS Office Note for BiOp development: use the latest recovery unit maps  

104 5 You should list all core areas impacted, including 
those impacted by the irrigation projects and 
other interrelated and interdependent actions 
(i.e., Yakima is a part of the Upper Mid-
Columbia). Map corrections: There is not an 
Eastern WA Core Area. There is a North Eastern 
Washington Research Needs Area. 

Washington FWS Office Follow up with Erin/ USFWS staff on comment. Additional discussion between USFWS and AAs may 
be required.  



Page 90-183 Line Comment FWS Office AA Response 
105 5 Timing of water retention and releases from 

behind storage impoundments and dams may 
also impact downstream water temperature and 
ultimately fish behavior.  Discuss all the threats 
compounded by the effects of climate change. 

Pacific Regional Office Follow up with Erin/ USFWS staff on comment. Additional discussion on climate change between 
USFWS and AAs may be required 

105 2 Threats: Lack suitable passage for both 
upstream and downstream migrating bull trout 
through the entire year is not discussed. 

Columbia R. Fisheries 
Program Office 

Specific operations of downstream passage facilities, including surface spillway routes, are primarily 
during the spring to summer period.  Adult facilities are operated year round except for Lower Granite 
and Little Goose dams where there is a winter outage for maintenance (about 2 months). 

105 Table 3-
1 

In the paragraph above you state that the 
FCRPS operates in the Snake River recovery 
unit, but that recovery unit is not listed in the 
table at all. I am not sure that the FCRPS does 
operate within this recovery unit. 

Western WA FWCO Comment noted. 
 
See footnote 40.  As currently defined, the action area does NOT extend into the Upper Snake 
Recovery Unit.   

105 12 DeHaan et al. (uploaded in folder) documented 
later generation hybrids indicating that not all 
hybrids are sterile. 

Western WA FWCO Agreed. Text currently says "creating a hybrid that is often sterile (Markle 1992)."  More accurate 
statement would be "that is often but not always sterile (Markle 1992; DeHaan 2010)."   
 
DeHaan, P.W., L.T. Schwabe, and W.R. Ardren.  2010.  Spatial patterns of hybridization between bull 
trout, Salvelinus confluentus, and brook trout Salvelinus fontinalis, in an Oregon stream network.  
Conservation Genetics 11: 935-949.  

105 21 Walleye represent another non-native species 
which have been introduced into the Columbia 
Basin and likely prey upon bull trout. 

Western WA FWCO Comment noted. Please address in BiOp.  

106 8 Looking for some discussion acknowledging 
whether all these measures for salmon and 
steelhead, primarily due to timing restrictions 
intended to avoid impacts, and that these 
restrictions may not benefit bull trout, again 
depending on their timing. 

Pacific Regional Office Comment noted.  AAs and USFWS to discuss in-water work windows for construction of tributary 
habitat projects, as needed.  

106 20 Hybridization in Lake and Keeler Creek referred 
to is in Bull Lake Core Area and not part of this 
action area. 

Montana Field Office Please note correction for BiOP. Disregard statement in Lake Creek and Keeler Creek, outside the 
action area.   From the text:  "and non-native fishes (e.g., brook trout [Salvelinus fontinalis] 
hybridization in Lake Creek and Keeler Creek, and competition with brown trout [Salmo trutta])" 

106 28 Typo. Need period and space after "Dam" Columbia R. Fisheries 
Program Office 

Typo noted 



Page 90-183 Line Comment FWS Office AA Response 
106 21 The DeHaan et al. reports on Kootenai bull trout 

document extensive entrainment of bull trout at 
Libby Dam 

Western WA FWCO Comment noted. 
 
Comment appears to be directed to the sentence " Bull trout have been entrained via turbines (Skaar 
et al 1996), as well as the spillway.  This sometimes results in injury or mortality."    Skaar is the only 
available reference using catch data, only 6 bull trout were captured during the entire 2.5 year study 
(Table 11), representing 1.8% of the net catch.  Dunnigan (et al 2009) cited in DeHaan notes that bull 
trout abundance in Libby Reservoir in the early 2000's is probably at least 5-6 fold higher than it was 
during the period Skaar et al. (1996) conducted the entrainment study.   Dunnigan also referenced  
population assessments for adult bull trout (Arden et al. 2007, Dehaan et al. 2008) collected below 
Libby (2004-2007) that estimated the proportion of bull trout residing below Libby Dam that were 
entrained ranged from 49.1% (2006) to 62.7% (2004)  (Table 9 in Dunnigan). 
Dunnigan, J., DeShazer, J., Garrow, L., Ostrowski, T., Benner, M., Leary, R., Tohtz, J., and Neeley, D. 
2009. Libby mitigation program, 2007 annual progress report: mitigation for the construction and 
operation of Libby Dam [online]. Bonneville Power Administration, Portland, Ore. Project No. 
199500400. Available from http://pisces.bpa.gov/release/documents/documentviewer. aspx?doc=P11. 

106 
 

Bycatch in commercial fishing gear is also a 
threat to bull trout populations, particularly in the 
Coastal recovery unit where various gill net 
fisheries exist for Pacific salmon 

Western WA FWCO Comment noted. Please note in BiOp.  

107 31 In general, since we need to make separate 
determinations for the bull trout and its critical 
habitat, we prefer to address critical habitat as a 
standalone analysis from status through 
cumulative effects. 

Pacific Regional Office Comment noted.   

107 3 Dam passage issues need to at least be 
considered as a potential threat. Are there any 
records of bull trout using the ladders? If no, why 
not? 

Columbia R. Fisheries 
Program Office 

The BA desrcribes records of bull trout using the ladders at Columbia and Snake river projects in a 
number of places. 

107 9 These results need some context. How does a 
3.6% avian mortality rate compare to other 
species? Is this a typical background rate or 
unusually high? 

Columbia R. Fisheries 
Program Office 

Differences in behavior and life history of the other species (salmon and steelhead), and study 
methods make comparisons very challenging. The Corps is not aware of any studies that identiy a 
"typical" background rate.   

108 1 Not all Critical Habitat Units are listed in the map. 
Please see our website to get the correct maps. 
The mainstem Columbia River is a critical habitat 
unit itself as well.  

Washington FWS Office  Comment noted. Please use the updated maps in the BiOp.  



Page 90-183 Line Comment FWS Office AA Response 
109 21 - 25 The critical habitat designation doesn't say that 

these features aren't necessary, it's that they are 
likely not present. 

Washington FWS Office The BA directly cited the CH designation 75 FR 63898, page 63934: "Three of the mainstem river units 
in the Columbia and Snake River basins contain most of the physical or biological features necessary 
to support the bull trout’s particular use of that habitat, other than those associated with PCEs 5 and 6, 
which relate to breeding habitat. Lakes and reservoirs within these units also contain most of the 
physical or biological features necessary to support bull trout, other than those associated with PCEs 
1, 4, and 6." Excerpt from the BA section 3.3.2: "For the mainstem Columbia and Snake Rivers, the 
USFWS did not consider PCE 5 and 6 as features necessary to support bull trout use of that habitat 
(75 FR 63898).  For lakes and reservoirs of the critical habitat units in the mainstem Columbia and 
Snake Rivers, the USFWS did not consider PCE 1, 4, and 6 to be necessary features.  Therefore, 
effects to those PCEs were not analyzed in this BA." Per the comments we sent to FWS on June 9, 
2016, we agree that the summary of available mainstem use data in Appendix A, and the subbasin 
reviews in Barrows et al will be useful and incorporated where appropriate, but do not agree with many 
of the report's interpretations, conclusions and recommendations.   

109 22 PCE5. With the new body of information 
available we now know that bull trout are present 
in the Snake and Columbia rivers all months of 
the year and PCE 5 needs to be in the relevant 
sections.  Need to clarify that the PCE discussion 
is for the analysis of impacts to each specific 
critical habitat designation and not the species. 

Columbia R. Fisheries 
Program Office 

The AAs believe the scope of the BA CH PCE analysis is consistent with critical habitat designation, 
as described in 75 FR 63898. Per the comments we sent to FWS on June 9, 2016, we agree that the 
summary of available mainstem use data in Appendix A, and the subbasin reviews in Barrows et al will 
be useful and incorporated where appropriate, but do not agree with many of the report's 
interpretations, conclusions and recommendations.   

109 25 Effects to PCEs are limited to the determination 
for critical habitat (same as above, clarify) 

Columbia R. Fisheries 
Program Office 

Comment noted. Please address in BiOp.  

110 4-14 It would be nice to include the storage volume 
and some idea of the water temperatures found 
in the reservoir. 

Columbia R. Fisheries 
Program Office 

 Storage capacity is 4,979,500 acre feet, with a minimum operation pool elevation of 2287 and a 
normal full pool elevation of 2,459 feet.   

111 35-37 Updated Bull Trout redd count trends or 
population level analysis should be provided, 
consistent e.g., with Hungry Horse analysis on 
page 122.  Statement needs more support. 

Montana Field Office Note any updated information for BiOp. AAs can help coordinate, as needed, but assume Service has 
most up to date data available 

111 15 The impacts of the flow regime alterations needs 
some discussion/analysis. The rest of this 
paragraph is only about selenium. 

Columbia R. Fisheries 
Program Office 

See paragraph starting on page 110, line 17.  This section is about Lake Koocanusa.  The effects that 
Libby Dam has on altering flow regime is discussed in the Kootenai River/Kootenay Lake core area 
section (starting on page 113, line 24). 

111 11 Entrainment through Libby Dam is also a threat 
to bull trout in Lake Koocanusa. Since upstream 
fish passage does not exist, entrainment 
represents the loss of spawners from populations 
above the dam.  

Western WA FWCO Agreed, entrainment is listed as a threat in the noted paragragh 

112 1 While Wigwam and Grave Creek do provide 
excellent Bull Trout habitat - the Tobacco River is 
thermally enriched and generally marginally 
suitable only as a migratory corridor. 

Montana Field Office Noted.  Reference to Tobacco River should be disregarded.   We would also note that the USFWS 
2010a describes the river as "Demonstrated to be an important migratory corridor connecting local 
populations in grave Creek".  It doesn't say it is excellent quality, just an important corridor. 

112 3 USFWS 2015b is not in the citations. Columbia R. Fisheries 
Program Office 

AAs are making corrections to citations and references, as needed, that will be available for the BiOp 
development 



Page 90-183 Line Comment FWS Office AA Response 
112 10 The projected loss of nearly 40% of currently 

occupied habitat under climate change may not 
be considered "stable", even if it is at the low end 
of the spectrum. 

Columbia R. Fisheries 
Program Office 

Comment noted.  The use of the term "stability" referred to habitat factors other than temperature.  
The stability in those other factors may make the system more resilient to the effects of climate 
change.  

112 20-21 This sentence suggests "most" are killed or 
injured but "many survive". It can't be both. 
Please clarify. 

Columbia R. Fisheries 
Program Office 

From Skaar et al. 1996, in the third paragraph of the Executive Summary:   
"About 81% of kokanee (>124 mm TL) captured in draft-tube nets were deemed to have suffered 
turbine-induced injuries. About 21% of these fish had lethal or soon-to-be lethal injuries:  decapitation, 
deep lacerations, two eyes missing or crushed, torn gill arch(es), and large body cavity rupture. 
Another 28% sustained injuries that were major--not immediately fatal, but were  prolonged and 
damaging injuries. Another 32% suffered injuries that were minor and not lethal.  The remaining 19% 
had injuries of an unknown origin; they may have been caused by the turbines, the draft-tube nets, or 
some combination of the two." 
 
So, about 81% ("most") of the fish suffered turbine-induced injuries, but for 60% of the fish ("many") 
those injuries were minor or not immediately lethal, i..e., they survived. 

112 24-27 If the majority of fish collected below the dam 
originated above it, is the habitat below the dam 
unsuitable for bull trout? How many fish are 
entrained through the dam but don't survive? 

Columbia R. Fisheries 
Program Office 

From Skaar et al. 1996, about 21% of turbine-entrained fish suffered lethal injuries.  The only literature 
available concerning entrainment catch at Libby Dam is the 1996  report that is referenced with 
additional information from population data sources for proportion of entrained fish below Libby Dam 
(Dunnigan et al. 2009).  In the 1996 only 6 bull trout were captured during the entire 2.5 year study 
(Table 11).   Also see comment in line 20 regarding entrainment.   The habitat below the dam is 
suitable for FMO as recaptured bull trout grow an average of 96.3 mm (0.21 mm per day), and gained 
an 
average of 1,649.9 g (3.07 g per day) (Dunnigan et al. 2009). 

112 40-41 What is "historical"? Prior to any dams or 
development, the lake had a natural floodplain on 
its south side that has since been diked. There 
was also extensive modification to the outlet and 
river channel downstream of the lake.  

Columbia R. Fisheries 
Program Office 

We are unsure of the intent of this comment.  The text reads "Historically, during spring freshets, water 
from Kootenay Lake backed up as far as Bonners Ferry and at times even further upstream (Barton 
2004).  However, since hydropower and FRM operations began at Corra Linn and Libby Dams, the 
extent of this backwater effect has been reduced (Barton 2004)."  "Historically" therefore refers to the 
period before operations began at Corra Linn and Libby dams.   

113 5 This section needs more discussion of the 
altered flow patterns mentioned here. How 
exactly have they changed? Has this impacted 
critical habitat? 

Columbia R. Fisheries 
Program Office 

Flow alterations are discussed at length in the 2006 USFWS BO  

113 6 There might also be alterations to large wood 
and gravel recruitment. 

Columbia R. Fisheries 
Program Office 

Comment noted. Please address in BiOp.  

113 25-26 Is it only adults that are foraging and migrating in 
the mainstem Kootenai River? Why is there no 
spawning or rearing of juveniles in the 
mainstem? 

Columbia R. Fisheries 
Program Office 

We expect FMO habitat on the mainstem Kootenai to be used by subadult fish also.  Bull trout there 
have a fluvial life history; we would not expect to see spawning or rearing in the mainstem Kootenai 
downstream of Libby.   

113 27-30 These numbers suggest that in some years the 
summer flows are higher than the spring flows. 
How does this compare to the natural 
hydrograph? 

Columbia R. Fisheries 
Program Office 

In some years summer flows could be higher than early spring flows.  The Kootenai system is 
dominated by snow melt, so that winter flows can be lower than those of more rainfall-driven areas like 
the Willamette or the lower Columbia. 
 
Flow alterations are discussed at length in the 2006 USFWS BO  



Page 90-183 Line Comment FWS Office AA Response 
114 14-20 Discussion should focus on the degree to which 

sturgeon flows and other measures reflect 
normative river temperature conditions.  While it's 
certainly true that colder temperatures are 
preferred by bull trout - the goal should be to 
emulate normative thermal regimes to the 
maximum extent practicable.  Extremely cold 
summer temperatures and higher than normal 
winter temperatures may both be adverse to 
optimal bull trout growth and survival. 

Montana Field Office Target discharge temperatures are shown in Figure 2-20.  From late winter through until late spring, 
Libby will be operated to discharge the coldest water available in the forebay, for the benefit of 
migrating and spawning burbot (see page 38).  However, Lake Koocanusa is isothermal late fall 
through early spring, so little temperature management is possible duiring that time.  During the late 
spring sturgeon pulse, the withdrawal gates will be operated to emulate a more normative temperature 
regime.  Year-to-year adjustments to sturgeon pulse discharge temperature are determinated in 
coordination with the FPIP to attempt to stimulate sturgeon spawning in areas of appropriate substrate 
(page 50).    We have no intent to discharge extremely cold water during summer or warmer water 
during winter.   

115 22-34 It seems there may be a need for an ongoing 
program to mitigate for this impact (sediment 
deposition blocking migration into tributaries). 
Has one been proposed? 

Columbia R. Fisheries 
Program Office 

The AA's are not proposing to mitigate for sediment deposition in tributaries entering the Kootenia 
River below Libby Dam.  

116 17  Brown trout are also established and appear to 
be increasing in the Kootenai River. 

Montana Field Office Comment noted. Please address in BiOp.  

116 3-13 Has the addition of fertilizer been evaluated to 
see if it has made an improvement? 

Columbia R. Fisheries 
Program Office 

Yes.  This is described in Chapter 2, Environmental Baseline, under headings for Nutrient Addition.  

119 15-18 As indicated on page 114 - there needs to be a 
better analysis of existing vs normative thermal 
conditions in the mainstem Kootenai River.  
Under PCE #5 it is stated that water 
temperatures are "appropriate" in the mainstem 
Kootenai yet under PCE 8 (lines 7-8 on page 
120) there are indications that the mainstem 
Kootenai is 303(d) listed, in part due to 
temperature. 

Montana Field Office The Kootenai River downstream of Libby Dam is thermally altered due to the presence of Lake 
Koocanusa and the associated thermal damping of normative thermography downstream of the dam; 
the river is unalterably warmer, on average, during winter than prior to the construction of Libby Dam.  
However, discharge temperatures during spring, summer, and fall are managed via a selective 
withdrawal system, and appropriate temperatures for adult and sub-adult bull trout (spawning does not 
occur within the mainstem) are provided concurrently with management of Libby Dam release 
temperatures for sturgeon life history needs, and are guided by an existing agreement with the State 
of Montana.   

121 10 Make clear that this discussion relates to air 
temperature, not water. 

Montana Field Office Agreed. Text is referring to  “Average summer air temperatures…” 

122 11-12 Make clear that "proper authorization through a 
catch card system is required to harvest bull 
trout." 

Montana Field Office This suggestion does not seem to match the narrative of the listed page and line number. Please 
address in BiOp.  

122 3-24 A lot of redundancy in paragraph 1 (line3-12) and 
paragraph 2 (line 13-24).  Could be rewritten and 
combined for clarity. 

Montana Field Office Agreed. AAs can provide clarification, if redundancy leads to confusion.  

122 25 Insert: Habitat within the "Hungry Horse core 
area………………. 

Montana Field Office Note for BiOp development  



Page 90-183 Line Comment FWS Office AA Response 
122 34-39 Tailrace was not included in critical habitat 

because it is only transitional habitat for fish that 
dip in and out of the Flathead River.  There's no 
evidence we are aware of that entrainment of bull 
trout has ever been an issue, even with past 
deep drawdowns.  The catch-and release fishery 
for Bull Trout referred to here is only upstream of 
HHR and should not be included in this 
discussion.  Fishing "for bull trout" is not legal 
downstream of the Dam. 

Montana Field Office Agreed. 

122 20-22 Is there a citation for the conclusion that the 
current population is similar to the historic one? 
What's that based on? 

Columbia R. Fisheries 
Program Office 

 The AAs were not able to find a direct citation for the following statement in the BA text: "The adult 
bull trout population presently occupying this core area (estimated at 2,500-3,000 fish) is considered 
similar in size to natural carrying capacity of the area when it was still attached to Flathead Lake." 

123 7 "Marotz" is misspelled as Martoz in this citation 
and throughout the document. 

Montana Field Office Citiation typo. Please note during review 

123 12  Stable "albeit at a reduced level from the 1980's" Montana Field Office Comment noted. Redd counts in the early 2000s resulted in estimated abundance of less than 1,000 
individuals (USFWS 2005), and redd counts in recent years indicate that the population is stable, 
albeit at a reduced level from the 1980’s 

123 14-16 Need to add a major citation regarding nonnative 
fish and suppression, as follows:  CSKT 2014 - 
Confederated Salish and Kootenai Tribes. 
2014. Executive Summary – Final 
environmental Impact Statement. Proposed 
strategies to benefit native species by 
reducing the abundance of lake trout – 
Flathead Lake, Montana. CSKT Division of 
Fish, Wildlife, Recreation, and Conservation. 
Pablo, Montana.  

Montana Field Office Note for BiOp development. 

123 21-23 The cited document (Bull Trout Redd Counts) 
does not support this statement and the 
purported population of lake trout (40,000-
60,000) and trend is not based upon any factual 
analysis we are aware of.  See CSKT EIS 2014, 
cited above for a much more supportable 
analysis. 

Montana Field Office Clarification: CSKT (2014) estimated total lake trout abundance from age 1 through age 30 at about 
1.5 million fish 

123 41 Stable is accurate, but no evidence we are aware 
of that the population is expanding. 

Montana Field Office Correction: Stable, not expanding 

123 43 Harvest is NOT allowed in the South Fork 
Flathead River. 

Montana Field Office Correction for BiOp: SF harvest is not allowed. 

123 1-4 If Flathead Lake has at least 18 local 
populations, how can the Flathead Lake core 
area contain only 17? 

Columbia R. Fisheries 
Program Office 

Disregard the sentence on line 4 “Flathead Lake contains at least 18 local populations of adfluvial bull 
trout”. 



Page 90-183 Line Comment FWS Office AA Response 
123 12 Some data on recent redd counts would 

strengthen this conclusion. Going from about 
2,500 adults to less than 1,000 in roughly 20 
years was a major decline.  

Columbia R. Fisheries 
Program Office 

Updated information should be noted for BiOp. AAs can help coordinate, as needed, but assume 
Service has most up to date data available 

123 23 Do you mean "abundance" instead of "range"?. 
The range of the core area hasn't been 
discussed here. 

Columbia R. Fisheries 
Program Office 

Yes. The abundance of this core area is stable 

123 16 Are northern pike or lake trout found in Hungry 
Horse reservoir? 

Western WA FWCO No, they are not.  See lines 31-32 stating “Hungry Horse Dam created a de facto refugia for native fish 
by blocking the invasion of non-native fish (competitors or predators) from downstream”. 

124 9-10 Thermal stratification only provides a refuge if the 
temperatures in the reservoir are cold enough. 
The mechanism is based on cold ambient 
temperatures and cold water inflow to the 
reservoir, then thermal stratification to isolate 
those cold waters. Please revise the wording 
here. 

Columbia R. Fisheries 
Program Office 

Clarification: In deep reservoirs such as Hungry Horse Reservoir, thermal stratification combined with 
cold ambient temperatures are typically the primary mechanisms providing thermal refugia.  Tributary 
inflows providing cool water may also play a role in providing connectivity between cold water refugia 
in the reservoir and tributary habitat 

124 10-11 Tributaries may have hyporheic flows associated 
with them, but they are not subsurface. Please 
revise the wording here. 

Columbia R. Fisheries 
Program Office 

Correction noted in previous comment and response. 

125 36 Insert: "westslope cutthroat trout, mountain 
whitefish, and all native cyprinids, 
catostomids and salmonids historically 
present. 

Montana Field Office Correction/Clarification “The large, cold, deep reservoir provides an abundant prey base for bull trout, 
including westslope cutthroat trout, mountain whitefish, and all native cyprinids, catostomids and 
salmonids historically present”. 

125 36 Usually, deep and cold lakes or reservoirs are 
very unproductive. Please clarify why this one 
provides an abundant prey base. 

Columbia R. Fisheries 
Program Office 

Clarification: Beginning in 2001, a variable flow flood control strategy (called VARQ) was implemented 
by the COE and Reclamation at Hungry Horse Dam.  VARQ reduces reservoir drawdown, improves 
reservoir refill probability and restores a more natural river flow pattern, within flood constraints.  
Marotz and Althen (2004) (Biological Responses to Alternative Flood Control Strategies at Hungry 
Horse and Libby Dams, Montana.  Prepared by Brian Marotz and Craig Althen, Natural Solutions.  PO 
Box 1236, Helena, MT.  September 27, 2004) summarized that model analyses comparing standard 
flood control (Base) to variable discharge (VARQ) flood control strategies revealed that VARQ 
alternatives generally improved biological conditions in reservoirs compared to Base alternatives.  
Benthic insect production increased when the annual reservoir drawdown was minimized and 
substrate containing benthic insect larvae remained continually inundated.  Phytoplankton and 
zooplankton production, and the deposition of terrestrial insects, was greatest when the surface 
remained at or near full pool during the biologically productive warm months.  Environmental 
conditions under VARQ were more conducive for fish growth (westslolpe cutthroat trout) than the Base 
in most water years.   

126 41 Proper term is "complex" core areas, not 
"collective". 

Montana Field Office Complex is correct, noted.  

126 21-24 How have the transportation and utility corridors 
led to the loss of pools? (Excess sedimentation?) 

Columbia R. Fisheries 
Program Office 

Clarification: Although complex habitat is present, it has been altered in the Flathead River as a result 
of anthropogenic disturbances (USFWS 2015a). The development of transportation and utility 
corridors resulted in roads being built adjacent to sections of the Flathead River.  Roads tend to 
“constrict” rivers and streams, not allowing them to flow beyond bankfull width, resulting, in some 
occasions, with rivers that tend to be long, shallow riffles. 



Page 90-183 Line Comment FWS Office AA Response 
126 all PCEs Saying that a PCE "is present" isn't very 

informative, as most of these PCEs are about 
how much is present and the quality of the 
habitat that is present, it's not really a binary 
presence-absence determination. 

Columbia R. Fisheries 
Program Office 

Comment noted. We would welcome any recommendations the USFWS has as far as how the PCEs 
are addressed. 

126 37 There seems to be contradictory information 
about bull trout life history in the system here. In 
one of the sections above the document states 
that bull trout overwinter in the tributaries, but 
here the document states that overwintering is in 
the reservoir. Can you provide some clarification 
please. 

Western WA FWCO While adfluvial bull trout are likely to overwinter in Hungry Horse Reservoir, fluvial and resident bull 
trout are likely to overwinter in the mainstem South Fork Flathead River, as well as tributaries to the 
South Fork Flathead River, upstream of Hungry Horse Reservoir. 

127 36 Is this correct - shouldn't it read even a "small 
reduction in flow" ??? 

Montana Field Office Yes, the statement is correct.  Please see Muhlfeld et al. (2011- Assessing The Impacts of River 
Regulation…), Abstract, page 1, that states “Late summer flow augmentation for anadromous fish 
recovery, however, produces higher discharges than predam conditions, which reduces the availability 
of usable habitat during this critical growing season”. 

127 1-8 Are there any studies on how temperatures 
below Hungry Horse will change with Climate 
Change? Will they still meet bull trout standards? 

Columbia R. Fisheries 
Program Office 

The AAs are only aware of The Climate Shield model by Isaak et al. (2015) that was described in the 
FWS 2015 Columbia Headwaters Recovery Unit Implementation Plan for Bull Trout.  FWS (2015) 
further stated “The value of deep cold water systems is further emphasized by the “reservoir” effect.  
Some dams have created large artificial lakes filled with cold water, where the adfluvial life history form 
of bull trout now thrives (e.g., Hungry Horse Reservoir on the South Fork Flathead River)”.  The 
Recovery Plan (2015) also indicated that collectively, Flathead Lake, Hungry Horse Reservoir, and the 
Blackfoot River core areas are projected to contain over 50 percent of the suitable cold water 
spawning and rearing habitat for bull trout by 2080 in the Columbia Headwaters Recovery Unit. 

127 17-18 Typo. The PCE is repeated here. Columbia R. Fisheries 
Program Office 

Typo. Disregard the first sentence (lines 17-18). 

127 21-29 There are contradictory statements here. Line 21 
says "flows are influenced by the operation of 
Hungry Horse Dam" and lines 23 to 24 say flows 
are "slightly reduced". Yet lines 27 to 28 say 
flows downstream have been "highly altered" and 
are "largely controlled by dam operations".  This 
needs clarification. 

Columbia R. Fisheries 
Program Office 

Clarifications: in the sentence “Peak flows beneficial for the creation (lines 23-24)… disregard the word 
“slightly” from this sentence. On line 27, disregard the word “highly” from the sentence.  Lines 21-29 
are basically stating that since construction of Hungry Horse Dam, flows in the South Fork Flathead 
River are altered as a result of dam operations.  Spring runoff is less and more water likely flows 
during the summer where historically, this was a low water period. 

127 30-43 The flow targets given here don't tell us how 
closely the current flow matches the historic 
flows. Adding a graph comparing the current and 
unimpaired hydrographs would strengthen the 
argument being made here. 

Columbia R. Fisheries 
Program Office 

Working with the hydrology folks to see if the AAs can produce this graph. 

127 
 

How does the reservoir affect flows in critical 
habitat above Hungry Horse Dam?  

Western WA FWCO If you are referring to PCE 6, this PCE is not present in Hungry Horse Reservoir. 
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128 20-23 Is 400mg/l of suspended solids an important 

threshold for bull trout? Please clarify. 
Columbia R. Fisheries 
Program Office 

Typo from version control. Disregard the sentences "Water quality measurements at Holt (at 
Sportsmans Bridge) show that peak total suspended solid values are under 400 mg/l most years 
between 1977 and 2008 (University of Montana 2012).  The overall amount of total suspended solids 
in the Flathead River is not a limiting factor for bull trout." 

129 3-4 The USFWS has never characterized the CSKT 
lake trout suppression program as "successful 
lake trout control."  We support the program and 
its' objectives, but the program is still only moving 
toward that goal.  

Montana Field Office Comment noted.  Text would more correctly state “The USFWS (2014) reports that lake trout control is 
ongoing at Flathead Lake.” 

129 5 Although non-native predators are not present in 
the reservoir, it would be good to point out that 
they may be established in the future via illegal 
introductions. 

Western WA FWCO Noted. We are consulting on the proposed action based on current conditions, not on events that may 
occur in the future. Such an action, although a risk, is not reasonably certain to occur.  

130 33 - 36 Is there documented proof that bull trout 
die/perish in the Pend Oreille River?  We are 
unaware of documentation of these deaths, only 
that it is speculated.  

Washington FWS Office See, e.g., Table 3.3. on page 43 of Geist et al. 2004.  Movement and Survival of Radio-Tagged Bull 
Trout Near Albeni Falls Dam.  PNWD-3356.  Prepared by Battelle for U.S. Army Corps of Engineers, 
Seattle District. 

130 21 It should be noted, however, that there is 
considerable variation among the sizes of local 
populations within Lake Pend Oreille.  

Western WA FWCO Agreed. Noted 

Change to 
read 130 

19-20 Is the population stability based on data in Meyer 
et al (2014)? Please clarify and provide a citation. 

Columbia R. Fisheries 
Program Office 

Data is from Meyer et al. 2014.  Monitoring trend data from 1993-2010 shown in Table 1.  Meyer, K.A.,  
E.O. Garton, D.J. Schill. 2014. Bull Trout Trends in Abundance and Probabilities of Persistence in 
Idaho, North American Journal of Fisheries 
Management, 34:1, 202-214, DOI: 10.1080/02755947.2013.869280 

132 
 

The baseline conditions for the Pend Oreille 
River should reference or match those described 
in previous biological opinions for projects in the 
action area.  Please refer to the Box Canyon 
Dam Trap and Haul Biological Opinion, the 
Boundary Dam Biological Opinion, or several 
others within the area for baseline information. 

Washington FWS Office Noted. AAs are making corrections to citations and references, as needed, that will be available for the 
BiOp development 

132 16-17 The BA states “A permanent upstream passage 
facility at Albeni Falls Dam is proposed but not 
funded”.  This is contradictory to the actual 
Proposed Action for AFD, which only states that 
the action agencies are “contemplating a 
planning document”.   

Idaho FW Office The text on page 71 of the BA states: "In response to the 2000 USFWS BiOp, the Corps...is currently 
completing [not just contemplating] a planning document regarding the construction, operation and 
maintenance of an upstream bull trout passage facility at the project." 
 
That planning document would then serve as the basis for the request for funding for construction of 
the fish passage facility. 

132 13 How many fish per year are captured and moved 
upstream? 

Western WA FWCO 0-6 per year,  



Page 90-183 Line Comment FWS Office AA Response 
136 14 - 21 When discussing the effects, please describe the 

distance, duration, timing, frequency, etc.  The 
effects of elevated TDG from Albeni Falls Dam 
extends well below Boundary Dam. 

Washington FWS Office Please provide any documentation you have which supports the comment.   
 
Our study (Schneider et al. 2007) showed that during the 2003 spill season the forebay TDG level was 
frequently in excess of 110%, and that operations at Albeni Falls increased TDG loading by an 
average of 1.1 percent of saturation.  That report suggested that going to a flat spill pattern with 1-foot 
gate openings would result in no measureable change in TDG saturation.  That operation was 
implemented soon thereafter.   
 
This can be compared with TDG levels in the tailrace of Cabinet Gorge Dam, where levels of more 
than 135% have been recorded. 

137 10 Bull trout and critical habitat downstream of Chief 
Joseph Dam are impacted by operation of Grand 
Coulee and Chief Joseph Dams; ensure you 
describe impacts accurately. Similar to our 
previous consultations with the PUDs (Wells, 
Rocky Reach, Priest Rapids, Wanapum Dams) 
on Columbia River mainstem dams, manipulated 
flows cause effects downstream and will need to 
be addressed for all those population and 
habitats impacted.   

Washington FWS Office Comment noted. Please address in BiOp.  

137 21 - 24 What about McNary Dam? Washington FWS Office Typo. Correction: McNary should be included.  
137 

 
Add PCE 5 back to this section. Columbia R. Fisheries 

Program Office 
The AAs believe the scope of the BA CH PCE analysis is consistent with critical habitat designation, 
as described in 75 FR 63898.  Per the comments we sent to FWS on June 9, 2016, we agree that the 
summary of available mainstem use data in Appendix A, and the subbasin reviews in Barrows et al will 
be useful and incorporated where appropriate, but do not agree with many of the report's 
interpretations, conclusions and recommendations.  

138 
 

Mid-Columbia Recovery Unit. This section needs 
to be rewritten with the inclusion of the Barrows 
et al 2016 assessment. 

Columbia R. Fisheries 
Program Office 

More information needed to find the Barrows report. It would be helpful for FWS to provide the 
recommended text.  This comment might apply to page 137, rather than 138.  Per the comments we 
sent to FWS on June 9, 2016, we agree that the summary of available mainstem use data in Appendix 
A, and the subbasin reviews in Barrows et al will be useful and incorporated where appropriate, but do 
not agree with many of the report's interpretations, conclusions and recommendations.  

139 29 - 33 Please refer to the Columbia Headwaters RUIP 
or recent Lake Roosevelt consultations 
completed for more details on the status of bull 
trout in Lake Roosevelt or its tributaries. 

Washington FWS Office Lines 29-33 were actually cited from the Columbia Headwaters RUIP (USFWS 2015).  On page C-3 of 
this RUIP, states “The area east of the Okanogan River (upstream from Chief Joseph Dam) is 
recognized as a research needs area (formerly Eastern Washington, but retitled Northeastern 
Washington Research Needs Area).  It is also considered a core area in a basic sense, but is 
unoccupied and more information is required to determine its potential for supporting bull trout. 
Revised as follows:  “Bull trout have been occasionally observed near the mouths of tributaries in Lake 
Roosevelt and in the upper mainstem Columbia River.  Since 2011, reports of bull trout observations 
in Lake Roosevelt have increased, often in association with high water years (USFWS 2015).  
According to USFWS (2015), in 2012, 19 bull trout were reported throughout Lake Roosevelt by Tribal 
and educational survey crews, local citizens, and fishing charters.  Most of these were assumed to be 
entrained bull trout from spawning areas in Canada and the Pend Oreille River (USFWS 2015).  
Although suitable spawning habitat is located in several tributaries to Lake Roosevelt, no known 
spawning occurs in tributaries to Lake Roosevelt (USFWS 2015).” 



Page 90-183 Line Comment FWS Office AA Response 
140 13-15  This section states, "Numerous ESA 

consultation have been conducted for non-
FCRPS dams operated in this reach of the 
Columbia River.  The environmental baseline for 
the mainstem has been described in previous 
consultations that are included herein by 
reference:” Please include the USFWS' Wells 
Hydroelectric Project Biological Opinion for 
relicensing in this list. As well, include a summary 
of conditions similarly by habitat and population 
pathways as described in those biological 
opinions.  

Washington FWS Office Comment noted. Please address in BiOp.  

143 1-23 We recommend referencing the USFWS’ 
Biological Opinions for the Priest Rapids, 
Wanapum, Rocky Reach, and Wells project to 
provide a more accurate assessment of PCE 2 in 
this section. As well, insure all PCEs are 
addressed as they apply. Fore efficiency, a cross 
walk/comparison matrix can be used in 
discussing bull trout and critical habitat baseline 
and effects.  

Washington FWS Office Comment noted. Please address in BiOp.  

143 16-18  The Priest Rapids and Wanapum dams are 
included in the following statement, "These dams 
have completed FERC relicensing subject to 
individual ESA Section 7 consultation and/or are 
operating under approved habitat conservation 
plans." Please include that Grant PUD is 
operating under their "Salmon and Steelhead 
Settlement Agreement" rather than an HCP. 

Washington FWS Office Comment noted. Please address in BiOp.  

148 36 & 37 Bull trout are noted being trapped at the base of 
Dworshak Dam at the hatchery trap and it is 
speculated in the BA that many of these fish 
originated from above Dworshak Dam. However, 
there is no information presented as to the 
disposition of these fish following capture. Are 
they trap and hauled above the dam for release? 
Released in the Clearwater River below the 
dam? Is there a disposition plan in place? Please 
include this information in the final BA, including 
the number of adult and sub adult bull trout that 
have been detected below the dam in recent 
years. 

Oregon FWS Office We have asked the hatchery staff about this, and their response was that they are not aware of any 
bull trout being captured in the trap.  The statement in the BA is dated, and we cannot locate the 
references . The USFWS 2002 cite is the draft recovery plan, which cites (Cochnauer et al. 2001) and 
(Roseberg, in litt. 2002).  



Page 90-183 Line Comment FWS Office AA Response 
148 36 If there are data on actual numbers of bull trout 

observed, please give us the actual numbers, not 
just "have been observed in numbers" 

Columbia R. Fisheries 
Program Office 

Statement is based on the following in the 2002 draft Recovery Plan:  "Bull trout subadults and adults 
have been observed every spring in a trap at the base of the dam, and during various years (1993, 
1996, 1997, 2000, and 2001), at Dworshak National Fish Complex near the base of the dam 
(Roseberg, in litt. 2002)." 
 
Actual numbers, if there are any, would in the communication from Roseberg.  Entry in the References 
from the draft recovery plan reads "Roseberg, R. 2002. Data on bull trout caught at Dworshak and 
Kooskia Hatcheries (1993-2001)." 

148 38 The other possibility is that there is actually some 
spawning that occurs below the dam 

Columbia R. Fisheries 
Program Office 

Noted.  However, it seems unlikely that the proper substrate and other non-thermal conditions for 
spawning would exist at that location.  Temps During August - October depend upon the discharge at 
Dworshak.  After the temperature operation ends (about 09/20 in most years) the temp at the tailwater 
gauge is somewhere around 50. 

148 36 This paragraph seems to contradict the ones 
above it. Here you're saying entrainment occurs 
fairly regularly, whereas above you say it’s pretty 
rare. 

Western WA FWCO We do not see them as contradictory.  "The regular presence of subadults [near the base of the dam 
and in the trap at the DNFH] suggests that some level of entrainment occurs annually."  However, the 
previous paragraphs make it clear that the total number entrained - particularly as a percentage of the 
population - appears to be pretty low.  The point is that entrainment of a small number of fish is a 
common occurence.   

150 4 Please explain why only the lower portions of 
tributaries to the reservoir are included. Other 
reservoirs didn't have this limited spatial scale. 

Columbia R. Fisheries 
Program Office 

It is because only the lowest portions of the tributaries are affected by reservoir operations.  It is the 
same for the other storage reservoirs, but the text for those other reservoirs did not have a bulleted list 
of the local components of the action area.  The easiest solution here is like to delete the paragraph 
beginning at line 42 on page 149, and delete the bulleted list at the top of page 150, particularly since 
the elements of that list do not precisely line up with the definition of the action area in chapter 1. 

151 14 Same comment about stratification in reservoirs. 
It only works when the reservoir water is cold 
enough to provide a refuge. Please be explicit. 

Columbia R. Fisheries 
Program Office 

Comment noted. Not clear what correction needs to be made for the current document. 

153 25 Allochthonous refers to stream-side or steam 
margin inputs, from terrestrial sources, has 
nothing to do with indigenous prey items 

Columbia R. Fisheries 
Program Office 

"However, armoring along the mainstem Clearwater River downstream of Dworshak Dam has reduced 
the presence of riparian vegetation and the associated input of allochthonous (i.e., not indigenous) 
prey items." 
 
Agree. Clarification: The misunderstanding may result from the unusual usage of the word indigenous, 
with it being used to indicate prey items not having their origin in the water, rather than the usual 
meaning of being native to the region.  Please disregard the paranthetical use of term indigenous.  

158 
 

Lower Snake River Dams and Reservoirs Reach: 
This entire sections needs updating with data 
from Barrows et al 2016. We consider it 
incomplete until it has been updated. 

Columbia R. Fisheries 
Program Office 

 Per the comments we sent to FWS on June 9, 2016, we agree that the summary of available 
mainstem use data in Appendix A, and the subbasin reviews in Barrows et al will be useful and 
incorporated where appropriate, but do not agree with many of the report's interpretations, conclusions 
and recommendations.   
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158 

 
Add PCE 5 back to this section. Columbia R. Fisheries 

Program Office 
The AAs believe the scope of the BA CH PCE analysis is consistent with critical habitat designation, 
as described in 75 FR 63898. Therefore, effects to those PCEs were not analyzed in this BA." Per the 
comments we sent to FWS on June 9, 2016, we agree that the summary of available mainstem use 
data in Appendix A, and the subbasin reviews in Barrows et al will be useful and incorporated where 
appropriate, but do not agree with many of the report's interpretations, conclusions and 
recommendations.   

159 1-2 Same comment as above regarding baseline. If 
the consultation is on the ongoing effects of the 
projects, the improvements made from 1995 to 
2012 aren't really the focus of the effects 
analysis. The focus should be the current and 
future impacts of the projects on critical habitat, 
as well as cumulative impacts (project and non-
project). 

Columbia R. Fisheries 
Program Office 

Comment is to the statement "The operation and configuration of all dams in this reach have been 
substantially modified during the period 1995-2012 to improve juvenile and adult fish survival through 
the lower Columbia River." 
 
AAs agree regarding the statement that the improvements are not the focus of the analysis.  The intent 
is to point out that the current baseline is substantially different than that at the time of the 2000 
consultation.  AAs can provide any clarifications, as needed 

160 3-4 It would be useful to have just a rough range in 
numbers for how many bull trout have been 
recorded at the dams, as the draft BA goes into 
this in later sections. 

Columbia R. Fisheries 
Program Office 

This comment doesn't seem to match the referred page and line number of the review copy. Please 
contact the POCs if further information is needed. 

160 7-9 Confusing sentence here. "… serves the same 
function for…" What is the function referred to in 
this sentence? 

Columbia R. Fisheries 
Program Office 

Clarification: "Since there is little evidence that local populations in Snake River tributaries upstream of 
Lower Granite Dam use habitat downstream of the dam, bull trout found in the action area likely to 
spawn and rear in Snake River tributaries (Bretz 2011; Hemmingsen, Bellerud, Gunckel et al. 2001; 
USFWS BiOp 2000)."    

160 11-21 This paragraph provides some good info on bull 
trout populations, but has very little info on critical 
habitat (e.g., flows, temperatures, substrate) 

Columbia R. Fisheries 
Program Office 

Noted. Comment is referring to CHU 15 and 23 CH status intro paragraph.  This is a high-level 
overview, and specific details on CH condition/details follow by PCE.  

161 10-13 I don't consider emergent wetlands, backwaters, 
side channels, or swampy areas to be part of 
PCE 1. Wetlands usually occur where surface 
waters are underlain by impermeable soils. They 
don't necessarily mean the presence of 
groundwater sources or hyporheic flows, and can 
often have very warm water temperatures. 
Please provide more information on the amount 
of groundwater input into the Tucannon River. 

Columbia R. Fisheries 
Program Office 

Clarifications: We agree that the discussion of off-channel habitat would be more appropriate for PCE 
4.  We do not agree with the second sentence of the comment, which implies that wetlands are usually 
hydrologically isolated from other waters.   

162 12 USFWS 2015b was previously initially cited as a 
Columbia Draft Recovery Plan. Is this the correct 
citation here? 

Columbia R. Fisheries 
Program Office 

AAs are making corrections to citations and references, as needed, that will be available for the BiOp 
development 
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162 19 A ladder count of 85 bull trout is cited but in fact 

161 were observed if the intent of this statement 
is to present maximums (Barrows et al 2016). As 
well, ladder counts should be considered 
minimums since many bull trout move at night 
when counts are not made. As well PIT 
detections of bull trout made during the day are 
not reflected in the ladder counts as they are 
missed for some reason and the PIT antenaes 
are located at the count window. 

Columbia R. Fisheries 
Program Office 

The Annual Fish Passage Report for 2011 shows 85.  Barrows et al. 2016 does show 161, and says 
the source is the Miscellaneous Fish Counts report at 
http://www.nwp.usace.army.mil/Missions/Environment/Fish/Counts.aspx 
 
That site has been revised, and the reports are no longer available.  However, the data should not be 
different from what is currently available online or in the Annual Fish Passage Report.  So..., without 
further info we cannot address the discrepancy.   
 
We realize the counts are minimums.  We have no information on adult ladder PIT detections that are 
not reflected in ladder counts.   

162 25 Bull trout from the Tucannon River have actually 
interacted with 5 different FCRPS dams including 
all 4 lower Snake Dams. Barrows et al 2016 

Columbia R. Fisheries 
Program Office 

The sentence in question cites the Faler et al. 2008 study, and ends with the statement "it was 
undetermined whether these same [Tucannon River] fish interacted attempt to pass the existing dams 
on a regular basis."  For the Faler study, that statement is correct.  However, since then ladder counts 
of bull trout at Lower Monumental and Little Goose have increased considerably.  The fact that 
Tucannon bull trout have been recorded at 5 FCRPS dams does not mean they "are attempting to 
pass the existing dams on a regular basis."  There does seem to be some question regarding the 
frequency of Tucannon bull trout passing Ice Harbor and Lower Granite. 

162 36 bass aren't native fish in the Columbia River Columbia R. Fisheries 
Program Office 

Correction noted. Disregard inaccurate statement.  

162 39 Is there any information on how abundant these 
fish species are in the lower Snake River? Being 
present isn't really enough to meet the PCE 

Columbia R. Fisheries 
Program Office 

Yes - info for juvenile salmon and steelhead smolts is available through FPCs smolt index. From April 
through July, salmonid species are abundant.  

163 22-24 Please provide more information about these 
areas. Backwaters and swampy areas can be 
shallow, stagnant, full of invasive plants and non-
native predators. 

Columbia R. Fisheries 
Program Office 

The information provided is straight out of Kuttle 2002, and is what we currently have available. Also 
note, the area described is technically outside of the proposed action areas.   

164 3 Please be explicit in your description of these 
pollutants. For example, the problem is high 
sediment levels, high levels of harmful bacteria, 
low dissolved oxygen, excess nutrients, etc., 

Columbia R. Fisheries 
Program Office 

Comment noted. Please address in BiOp.  

164 4-17 This entire paragraph focuses on TGD levels. 
Please provide a discussion of the other 
pollutants listed in line 3. 

Columbia R. Fisheries 
Program Office 

The paragraph focuses on TDG because that (and to a lesser degree, temperature) is the only over 
which the Action Agencies have any control. 

164 30-36 It may be useful to know if information is 
available on which of these predators are 
contributing the most to mortality of native 
salmonids. Is there any data on predation or 
consumption rates for the species listed here? 

Columbia R. Fisheries 
Program Office 

Not that we are aware of.  If USFWS has any additional information, please consider for BiOp 
development 
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166 15-23 This section needs to be updated with Schaller et 

al 2014 and Barrows et al 2016. Citation for 
Schaller et al is: Schaller, H.A., P. Budy, C. 
Newlon, S.L. Haeseker, J.E. Harris, M. Barrows, 
D. Gallion, R.C. Koch, T. Bowerman, M. Conner, 
R. Al-Chokhachy, J. Skalicky and D. Anglin. 
2014. Walla Walla River Bull Trout Ten Year 
Retrospective Analysis and Implications for 
Recovery Planning. U.S. Fish and Wildlife 
Service, Columbia River Fisheries Program 
Office, Vancouver, WA. 520 pp 

Columbia R. Fisheries 
Program Office 

Per the comments we sent to FWS on June 9, 2016, we agree that the summary of available 
mainstem use data in Appendix A, and the subbasin reviews in Barrows et al will be useful and 
incorporated where appropriate, but do not agree with many of the report's interpretations, conclusions 
and recommendations. If Schaller et al is a pertinent citation for this section, please consider 
referencing it during BiOp development.  

167 PCEs Please be consistent between sections on 
whether you are or are not addressing PCE #1 in 
mainstem Columbia River or Snake River 
reservoir systems.  In one section you say that 
you are not addressing because it is there, in 
another section the document discusses that 
PCE. 

Washington FWS Office Agree. Corrections have been made. 

167 16 Bull trout would be in the tribs in the summer, so 
summer temps are not really relevant 

Columbia R. Fisheries 
Program Office 

Noted 

168 
 

Add PCE 5 back to this section. Columbia R. Fisheries 
Program Office 

The AAs believe the scope of the BA CH PCE analysis is consistent with critical habitat designation, 
as described in 75 FR 63898. Per the comments we sent to FWS on June 9, 2016, we agree that the 
summary of available mainstem use data in Appendix A, and the subbasin reviews in Barrows et al will 
be useful and incorporated where appropriate, but do not agree with many of the report's 
interpretations, conclusions and recommendations.   

170 
 

3.5.1 Lower Columbia River Dams and Pools 
Reach. This section needs to be rewritten with 
the inclusion of the Barrows et al 2016 
assessment. 

Columbia R. Fisheries 
Program Office 

Per the comments we sent to FWS on June 9, 2016, we agree that the summary of available 
mainstem use data in Appendix A, and the subbasin reviews in Barrows et al will be useful and 
incorporated where appropriate, but do not agree with many of the report's interpretations, conclusions 
and recommendations.   

173 16 Please note if fish passage (operational ladders) 
is provided at lower Columbia dams year-round 
or whether they are shut down for periods of 
maintenance during the winter/early spring. 

Oregon FWS Office Ladders are shut down for varying lengths of time for maintenance, but in the Lower Columbia  and at 
Ice Harbor and Lower Monumental Dams, each dam has multiple ladders, and under normal 
circumstances at least one is operational at all times.   

173 13 Should be noted, however, that additional dams 
outside the FCRPS limit movement and 
connectivity within the mainstem tributaries 
though 

Western WA FWCO Comment noted. Please address in BiOp.  

175 34 The Lower Columbia below Bonneville is not 
free-flowing, is unimpounded, but flow is still 
regulated at Bonneville, along with transport of 
sediments and other habitat forming elements 

Columbia R. Fisheries 
Program Office 

Agree with the unimpounded, but the many millions of dollars spent each year maintainng the CR nav 
channel suggest its not sediment deprived.  In addition, regulation at Bonneville is minimal.  Further, 
the 2010 final critical habitat justification document, at page 291, reads "The Columbia River is free 
flowing downstream from Bonneville Dam and is tidally influenced."   

176 9 Same comment as p. 175, line 34. Columbia R. Fisheries 
Program Office 

See above 



Page 90-183 Line Comment FWS Office AA Response 
176 17 Bull trout are documented in the Bonneville fish 

ladders as well as the Sandy river, see Barrows 
et al., 2016 

Columbia R. Fisheries 
Program Office 

Comment noted.  However, AAs are unsure of the intent.  The page and line referred to speak to bull 
trout captures at the Merwin Dam reach.  Perhaps the commenter thought we were saying that was 
the only possible source of bull trout in the LCRE? 

181 14-15 Run of river projects may have more than a 
minimal effect on river flow and temperature. 
Load following causing unnaturally fluctuations in 
flow that change with the hour. It is likely that 
each reservoir has a cumulative temperature 
effect and this is most relevant to fish in the 
summer.  For example the temperature profiles in 
the Lower Snake are likely much warmer with 
reservoirs present compared to the 
preimpoundment condition. Again this needs to 
independently modeled. 

Columbia R. Fisheries 
Program Office 

Water quality, including temperature, will be modeled as part of the CRSO EIS, but are not available at 
this time. Detailed descriptions of operations for power generation, including meeting demand or "load 
following, can be found in Section 2.2.3, Appendices A and B, but in general, run-of-river dams must 
operate reservoirs and therefore flows within a narrow range, especially during fish passage season. 
Cumalitive effects need to be considered, but disagree with the speculation on Lower Snake River 
being "much warmer" due to the reservoirs. . See Peery and Bjornn, who sumarized pre-dam Snake 
temperature data and compared to post-dam (figures 5 and 6).   Peery, C.A. and T.C. Bjornn.  2002.  
Water Temperatures and passage of adult salmon and steelhead in the Lower Snake River.  Technical 
Report 02-1 by U.S. Geological Survey, Idaho Cooperative Fish and Wildlife Research Unit, University 
of Idaho, Moscow, ID 83844-1141.  Also, real time and historic water temperatures in the mainstem 
Snake and Columbia rivers can be found at http://www.nwd-
wc.usace.army.mil/tmt/documents/ops/temp/201706.lsnake.html .    

104, 105 Table 3-
1 

This table needs revisiting using the current 
recovery plan.  The Yakima Core Area is more 
associated with McNary Pool than Chief Joseph 
Dam, Asotin Creek Core Area is not associated 
with Dworshak Dam but is with the Snake River, 
there is no mention of Walla Walla, Umatilla, 
John Day, Lewis, or other core areas. 

Washington FWS Office Core areas and table should be reviewed during BiOp development. AAs to provide any additional 
information or clarifications, as needed.  

125-126 43-1 Bull trout are opportunistic piscivores.  Native 
WCT, MWF, and Pygmy Whitefish likely make up 
a much smaller portion of the diet historically, as 
lake whitefish, rainbow trout, and other nonnative 
species are now a fairly important component of 
the fish community. 

Montana Field Office Comment noted. Please address in BiOp.  

Environmental 
Conditions 

 
Please refer to the Recovery Unit Implementation 
Plans or recent consultations for the status of bull 
trout populations, threats, and actions needed for 
recovery.  The BA environmental baseline is 
using old or outdated information for population 
and threat status in many of the discussions of 
impacts. 

Washington FWS Office Comment noted. Please address in BiOp.  

 

  



Chapter 4. Effects 

Page Line Comment FWS Office AA Response 

191 6-7 There is data (tagged fish from Wigwam 
River) demonstrating entrainment at Libby.  
There should be some discussion of the 
ramifications of that.  Losses to Koocanusa 
core may not be all that consequential - but 
displaced fish are not able to return to natal 
spawning tribs and appear to complicate 
management of the Kootenai River core 
area by providing a false sense of 
abundance and potential genetic straying 
impacts. 

Montana Field 
Office  

Clarification: It is recognized that entrainment of bull trout through Libby Dam does occur, but 
based on the relative abundance in the Koocanusa core area, it does not appear that 
management agencies in Montana consider entrainment to be a limiting factor for bull trout 
upstream of the dam; entrainment studies performed by Montana FWP in the early 1990's only 
documented 6 entrained bull trout over 2 1/2 years of study.  Survival of entrained fish (sub-
adults and adults alike) may artificially increase abundance of bull trout the the Kootenai core 
area downstream of the dam, and evidence of this does exist; adult bull trout Floy-tagged in B.C. 
were/are periodically re-captured in spawning tributarites downstream of Libby Dam, and genetic 
and isotope information from the local population in the downstream reach below Libby Dam 
indicates that roughly half of the population originates from natal tributaries upstream of the dam. 

191 23-25 Statement that operations benefit bull trout 
both upstream and downstream of Libby 
Dam is not supportable.  While we concur 
that the existence of Lake Koocanusa has 
benefitted bull trout (and current operations 
seem compatible with status improvement 
creating a robust core area), there is much 
less certainty about benefits downstream.  
Bull Trout status in the Kootenai River core 
area is broadly declining, likely due in part 
to the inaccessibility of upstream spawning 
habitat for bull trout "trapped" in the 18 mile 
reach between the dam and  the Falls and 
also to potentially unsuitable habitat 
conditions during portions of the year and 
impediments to access of some spawning 
streams at certain times as a result of delta 
formation.  These issues still need to be 
addressed. 

Montana Field 
Office  

Clarification: The Action Agencies continue to make operational adjustments based on best 
available scientific information (Table 2-4). These actions likely benefit bull trout by 1) maintaining 
inundation of productive varial zones, and 2) by providing normative thermal conditions during 
spring through fall via implementation of minimum bull trout flows and management of discharge 
temperature. 

192 10-12 As with most of the operational strategies 
affecting the Kootenai River core area, the 
benefits to bull trout are mostly theoretical 
as opposed to actions proven to produce 
results.  As mentioned, the core area 
population is broadly in decline, so it's hard 
to understand why that would occur if all of 
these operations are beneficial.    

Montana Field 
Office  

Clarification. The text does not indicate that the population is NOT in decline, it merely indicates 
that conditions in the mainstem for bull trout are steady and improving.  What's limiting bull trout 
in the core area is not Libby Dam, it's the condition of the tributaries (i.e. embedded substrates 
from past land use practices, hybridization with brook trout, and stream temperature issues 
associated with canopy cover and sediment/bedload imbalances).  



Page Line Comment FWS Office AA Response 

193 26 It's not accurate to state that: "under 
current operations bull trout in Lake 
Koocanusa are experiencing a positive 
trend."  Redd counts, which as previously 
noted need to be described, are down over 
the recent decade, though still extremely 
robust. 

Montana Field 
Office  

Correction: we agree.  The limiting factors for bull trout in this core area have very little to do with 
how the reservoir is managed, and are tied directly to what's going on in B.C. (i.e. forestry 
practices and coal mining activities). Bull trout critical habitat upstream of Libby Dam is expected 
to remain steady, as compared to baseline conditions. 

193 6 RM&E activities are subject to State and 
Federal review and approval separate from 
this process, which is the primary process 
for their approval.  Be clear if the relevance 
of this discussion in the draft BA is solely 
information provided to consider together 
with the effects of the proposed action, 
operation and maintenance of the system. 

Columbia R. 
Fisheries 
Program Office 

The AAs have completed all necessary federal compliance and review and are not seeking any 
approval for these planned and ongoing activities. The relevance of this section in the BA is to 
inform the BiOp development by describing all actions at Libby Dam and Kootenai River. For 
context, the overview paragraph in this section states "As part of the Proposed Action, BPA will 
provide funding and/or technical assistance to support implementation of a variety of activities to 
benefit sturgeon, which are described below. The intended results of many of these mitigation 
actions, such as habitat improvements, riparian planting, and conservation aquaculture, may not 
be realized in the short term; however, monitoring and evaluation can be used to track the 
response of other aquatic species and update trend data." 

193 27 Please provide a reference for the indicated 
positive population trend. 

Columbia R. 
Fisheries 
Program Office 

AAs are making corrections to citations and references, as needed, that will be available for the 
BiOp development 

194 29-30 The proposed action (reservoir operations) 
do have an impact to this PCE in the varial 
zone in the upper end of the reservoir 
(largely in B.C.).  Miles of habitat transition 
annually from standing to flowing water and 
there needs to be some discussion of how 
that affects this PCE. 

Montana Field 
Office  

Please provide the reference material for this impact.  

195 2-5 As previously indicated, there are still 
departures from normative temperatures 
and they are not "necessarily beneficial" 
just because they are cold. 

Montana Field 
Office  

Noted. 



Page Line Comment FWS Office AA Response 

195 38-39 The combination of conversion from lentic 
to lotic habitat and attendant thermal 
regime changes as well as altered flow 
patterns has a huge impact on which 
species are favored.  Fortunately, to date 
there are not large populations of nonnative 
fish in these waters, except for kokanee 
(which are mostly beneficial to bull trout) 
and rainbow trout (which appear to be 
mostly benign for bull trout.  However, 
conditions would favor lake trout (if they are 
ever introduced) and may be supportive of 
a brown trout population that appears to be 
increasing in the Kootenai River core area.  
Hence, it is not proper to conclude "No 
Effect" from operations for PCE #9. 

Montana Field 
Office  

We are consulting on the current status of PCE 9. While future actions as described are a risk, 
current data do not support that they are reasonably certain to occur.  

196 9 Has entrainment of bull trout, specifically, 
been evaluated/monitored under the 
baseline monitoring regime?  If so, please 
provide references to reports, data, etc. 

Columbia R. 
Fisheries 
Program Office 

The best scientific information from Brian Marotz of MFWP (pers comm.) concludes that 
entrainment of bull trout at Hungry Horse Dam is not a concern. Sent email to Brian Marotz of 
MFWP’s on 1/19/17 requesting information on this comment. 

197 4-6 I'm not fully aware, but need to discuss 
whether there are any tributary access 
issues to the reservoir proper or South Fork 
Flathead River during deeper drawdowns. 

Montana Field 
Office  

According to Brian Marotz (pers. Comm.), there are no issues with access to the tributaries of 
Hungry Horse Reservoir (including the South Fork Flathead River). 

197 32-33 Benefits to the reach of the South Fork 
Flathead River from cold water are largely 
illusory as the dam precludes upstream 
access to spawning and rearing tributaries 
so the former role of this stream as a major 
migratory corridor has been eliminated.  
That is why it was not included as critical 
habitat. 

Montana Field 
Office  

Clarification: the South Fork Flathead River below Hungry Horse Dam contains water 
temperatures suitable for all ages of bull trout 



Page Line Comment FWS Office AA Response 

198 20-25 As described above for the Kootenai core 
areas - the combination of conversion from 
lentic to lotic habitat and attendant thermal 
regime changes as well as altered flow 
patterns has a huge impact on which 
species are favored in the downstream 
habitat in Flathead lake and the lower 
Flathead River. It is largely unknown what 
role the dam has played in the proliferation 
of lake trout, though previous cold thermal 
regimes have  certainly been implicated in 
upstream invasion of lake trout into the 
Flathead River, and possibly even lakes in 
Glacier National Park.  In addition, the 
controlled runoff pattern.  Hence, it is not 
proper to conclude "Insignificant Effects" 
from operations for PCE #9. 

Montana Field 
Office  

The AAs believe there are insignificant effects to PCE 9 above Hungry Horse Dam.  However, 
the BA did not indicate that there are insignificant effects to PCE 9 below Hungry Horse Dam. 
Clarification: The Proposed Action would have insignificant effects on PCE 9 upstream of Hungry 
Horse Dam.  Since critical habitat was not designated below Hungry Horse Dam, PCE 9 does not 
apply 

199 33-34 The BA states “Planning toward a 
permanent upstream facility has been in 
feasibility stage.”  Overall, the statements in 
the BA regarding AFD passage are very 
inconsistent (the action section said 
planning was being "contemplated").  
Suggest working with Service staff (prior to 
finalization of the BA) to develop a 
consultable, consistent action that will 
address the ongoing take at AFD.    

Idaho FW Office The text here is correct - the upstream passage facility is in the feasibility phase of planning.  We 
will check the other sections to be sure we are consistent with this. 

199 1-6 Entrainment is occurring as an added 
stressor on the population.  The health of 
the population, and lack of data on 
definitive entrainment rates, should not 
diminish this effect. 

Columbia R. 
Fisheries 
Program Office 

Clarification/additional info: As a continuation of the baseline condtion, some bull trout may be 
entrained downstream through Albeni Falls Dam.  This could  result in direct and indirect mortality 
and stress.  Direct mortality was evaluated by Normandeau and Associates, who used two 
different sizes of rainbow trout as surrogates for sub-adult and adult bull trout.  Normandeau's 
results showed relatively high survvial of sub-adult (99.4 percent) and adult trout (97.6 percent) 
passed through a spillway bay and high survival for sub-adults (99.5 percent) and adults (90.1 
percent) passed through a turbine.  In addition to the potential of mortality and injury, bull trout 
that pass downstream through AFD are unable to migrate back upstream past the dam as there 
are no upstream passage facilities 

202 41 Should cite Barrows et al., 2016, as a 
minimum for references here. 

Columbia R. 
Fisheries 
Program Office 

 Per the comments we sent to FWS on June 9, 2016, we agree that the summary of available 
mainstem use data in Appendix A, and the subbasin reviews in Barrows et al will be useful and 
incorporated where appropriate, but do not agree with many of the report's interpretations, 
conclusions and recommendations.   

203 5-7 This is a very sweeping statement to make 
with no verifying reference. Further the 
document states "no effect"  and then goes 
on to state there is an effect. 

Columbia R. 
Fisheries 
Program Office 

Clarification: The Proposed Action would be a continuation of the baseline condition, and have 
insignificant effects  on PCE 1 in the Chief Joseph Dam Reach.  Although PCE 1 may be present 
where tributaries and groundwater interact with the mainstem, little is known regarding the 
ecological significance of this exchange (Corps 2013). 



Page Line Comment FWS Office AA Response 

204 6 Operational releases to improve aquatic 
habitat conditions…the presence of the 
dams have drastically altered habitat 
conditions and the processes that produce 
and maintain aquatic habitat conditions, so 
once again you are limiting harm, not 
improving 

Columbia R. 
Fisheries 
Program Office 

Clarification: The AAs use operational releases from Dworshak Dam to reduce summer water 
temperatures in the mainstem Clearwater and Snake Rivers during summer months (July - 
September). Depending on river flow, the effect of Dworshak cool water augmentation can reach 
as far downstream as Ice Harbor Dam.   Due to the addition of cool water from Dworshak 
releases, lower Snake River temperatures are cooler compared to historical pre-dam river 
temperatures (summarized in Peery and Bjornn 2002)  however they still exceed optimal levels 
for bull trout below Little Goose Dam. (Peery, C.A. and T.C. Bjornn.  2002. Water Temperatures 
and passage of adult salmon and steelhead in the Lower Snake River.  Technical Report 02-1 by 
U.S. Geological Survey, Idaho Cooperative Fish and Wildlife Research Unit, University of Idaho, 
Moscow, ID 83844-1141) 

204 30-31 Hydrologic conditions are unlikely to 
provide adequate connectivity, and we are 
aware of no information to support this 
claim, nor is there adequate monitoring, 
even passive monitoring to support this 
claim, even to evaluate the effectiveness of 
available passage at the dams for impacts 
to bull trout migration. 

Columbia R. 
Fisheries 
Program Office 

Comment noted. 

205 33 The following is a quote from page 205: 
"Bull trout upstream of Dworshak Dam 
could potentially be affected by 
entrainment, although it is expected to be 
rare, suggesting that entrainment is not a 
biologically significant concern". This 
statement should be revised based on 
previous info in the BA that provides 
evidence of entrainment through Dworshak. 
The statement should state that bull trout 
ARE affected by entrainment. In addition, 
while it may be appropriate to state that the 
anticipated level of entrainment is not 
significant from a population persistence 
stand point, it is not as accurate to state 
that "entrainment is not a biologically 
significant concern." 

Oregon FWS 
Office 

Clarification: Bull trout upstream of Dworshak Dam are affected by entrainment, although it is 
expected to be rare (Hanson et al, n.d.). The current action generally maintains baseline 
operational conditions, indicating that the action is not likely to have any measurable effect on 
bull trout entrainment rates relative to the environmental baseline. 

205 35 In addition to entrainment, effects to bull 
trout connectivity to other core areas within 
the Clearwater River Basin should be noted 
(I.e., population isolation due to no passage 
or poor passage at Dworshak Dam. 

Oregon FWS 
Office 

Clarification: Dworshak Dam is a barrier to up- and downstream passage and therefore isolates 
bull trout residing above the dam from other populations in core areas within the basin.  



Page Line Comment FWS Office AA Response 

206 33 The loss of anadromous fish as a forage 
base and source of marine derived 
nutrients in the upper watershed above 
Dworshak Reservoir (and other FCRPS 
dams w/out fish passage) constitutes a 
negative effect to this PCE (forage base). 

Oregon FWS 
Office 

Concur - and this effect would be a continuation of the environmental baseline. 

206 22 What information is available to support this 
statement?  Often specialized or rare 
habitat conditions are disproportionally 
important to fish survival, especially where 
highly altered conditions are found, as in 
the mainstem river 

Columbia R. 
Fisheries 
Program Office 

Discuss, need clarification on this comment. Page 206, Line 22 says "PCE 2: Migration habitats 
with minimal physical, biological, or water quality impediments between…." 

207 23 see comment for p. 206, line 22, above Columbia R. 
Fisheries 
Program Office 

Discuss, need clarification. page 207, line 23 says "and adult bull trout occupy Dworshak 
Reservoir (CBBTTAT 1998b; CSS 2001; Schiff and Schriever 2004), but spawning does not 
occur there. "   

207 33 How are the tributaries indirectly influenced 
by the dam?  Are pool elevations sufficient 
to allow access? 

Columbia R. 
Fisheries 
Program Office 

Pool elevations are sufficient to allow access. We are not aware of pool elevations affecting 
access to tributaries above the dam.  If FWS has information on locations where this is occurring, 
please let one of the AA POCs know. 

208 17 The following is a quote from the BA: 
"Continued operation under the Proposed 
Action would not change water quality 
conditions compared to the environmental 
baseline." Yes, but what are the effects? 
Just because it was considered in the 
baseline does not mean there's no effect to 
this PCE? 

Oregon FWS 
Office 

The effects would be a continuation of the baseline condition, which is described in Chapter 3. 



Page Line Comment FWS Office AA Response 

208 7 The list of citations provided does not 
include Barrows et al. 2016, which is a 
much more thorough treatment of available 
information on bull trout use of the lower 
Snake mainstem. Barrows et al. suggest 
use of these habitats by bull trout is much 
more frequent then previously thought. 
Please incorporate this information into the 
final BA. 

Oregon FWS 
Office 

Noted. Per the comments we sent to FWS on June 9, 2016, we agree that the summary of 
available mainstem use data in Appendix A, and the subbasin reviews in Barrows et al will be 
useful and incorporated where appropriate, but do not agree with many of the report's 
interpretations, conclusions and recommendations.  Additional detail from Barrows et al2016 and 
USACE 2016: Since 2006, a total of 641 bull trout have been counted in Snake River Dam 
ladders (Table 4-2; Barrows et al. 2016).   The majority of these (95%) were observed at Lower 
Monumental and Little Goose dams.   In addition to observations of bull trout in fish ladders, bull 
trout have been observed passing downstream through Snake River dam juvenile bypass 
systems.   Since 1999, 3 bull trout have been captured in the smolt traps at Little Goose Dam, 9, 
at Lower Monumental Dam, and 2 at Lower Granite Dam.  Also, 2 bull trout were detected by 
passive integrated transponder systems in the juvenile bypass system PIT detector at Lower 
Monumental Dam (Barrows et al. 2016).  Observations of bull trout at Snake River dams have 
been most common during spring and early summer, with a small increase again in the fall 
(Barrows et al. 2016).   The Tucannon River is the most likely origin of many of the bull trout 
observed at Lower Monumental and Little Goose dams because of its relatively healthy migratory 
population and proximity (Barrows et al. 2016).  Snake River dams may delay bull trout migration 
or result in mortality of individuals attempting to pass through the dams.  Table 4-2.  Number of 
Bull Trout Counted in the Adult Fish Ladders at Lower Snake River Dams from 2006-2015 
(Barrows et al. 2016; USACE 2016)" 

208 28 Operation has been modified to aid 
passage of juvenile and adult salmon, not 
necessarily all fish. 

Columbia R. 
Fisheries 
Program Office 

Noted. Not sure what this comment is referencing 

208 
 

Lower Snake River Dams and Reservoirs 
Reach. This section needs to be rewritten 
with the inclusion of the Barrows et al 2016 
assessment. 

Columbia R. 
Fisheries 
Program Office 

see response for page 208 line 7 

209 1-8 This section could use some added 
analysis included in the Barrows et al. 2016 
report (Use of the Mainstem Columbia and 
Lower Snake Rivers by Migratory Bull 
Trout. Data Synthesis and Analyses. Final 
Report).  There are a number of 
populations using the Snake River reservoir 
habitat that are from populations not 
considered to be "relatively distant" (e.g., 
Imnaha River) 

Columbia R. 
Fisheries 
Program Office 

see response for page 208 line 7 

209 3-5 No, information on bull trout use of Snake 
River reservoir habitat was limited, 
determining the effects of operation were 
therefore limited as well 

Columbia R. 
Fisheries 
Program Office 

Clarification:  USFWS concluded that information on bull trout use of Snake River reservoir 
habitat was limited and therefore determining the effects of FCRPS operations on the species 
was also limited. 



Page Line Comment FWS Office AA Response 

209 23-33 The numbers of bull trout cited need to be 
updated with current data. 

Columbia R. 
Fisheries 
Program Office 

Note for BiOp development. AAs are making corrections to citations and references, as needed, 
that will be available for the BiOp development. Per the comments we sent to FWS on June 9, 
2016, we agree that the summary of available mainstem use data in Appendix A, and the 
subbasin reviews in Barrows et al will be useful and incorporated where appropriate, but do not 
agree with many of the report's interpretations, conclusions and recommendations.   

209 29-33 This information should be verified with 
Barrowes et al., 2016 

Columbia R. 
Fisheries 
Program Office 

Comment noted. Please address in BiOp.  

209 
 

"Likely" is used to describe bull trout use of 
the FMO habitat.  It is abundantly clear that 
bull trout from adjacent core areas use the 
Lower Snake River Dams and Reservoirs 
Reach. Likely, should be deleted. Barrows 
et al. (2014) estimated nearly 500 bull trout 
left the Walla Walla subbasin for the 
Columbia River over a 5-year period from 
2007 – 2012. 

Columbia R. 
Fisheries 
Program Office 

Agreed. Disregard/strike the term "likely" from BT FMO use of LSR 

210 3 This information should be verified with 
Barrowes et al., 2016 

Columbia R. 
Fisheries 
Program Office 

Comment noted. Please address in BiOp.  

210 37 Statement about spill seems arbitrary. Columbia R. 
Fisheries 
Program Office 

Unclear what statement this is referring to. AAs could not find any seemingly arbitrary 
descriptions of spill on pages 209-214 

210 23-25 No, we have no idea what adequate 
connectivity is due to lack of monitoring 
information 

Columbia R. 
Fisheries 
Program Office 

Disregard the last sentence that says: "Current hydrology conditions support the mainstem local 
population of bull trout and provide adequate connectivity between core areas in the upper and 
mid-Columbia River." Connectivity in relation to dam passage is a separate issue and is 
addressed in PCE 2. 

210 
 

Add PCE 5 back to this section. Columbia R. 
Fisheries 
Program Office 

The AAs believe the scope of the BA CH PCE analysis is consistent with critical habitat 
designation, as described in 75 FR 63898.  Per the comments we sent to FWS on June 9, 2016, 
we agree that the summary of available mainstem use data in Appendix A, and the subbasin 
reviews in Barrows et al will be useful and incorporated where appropriate, but do not agree with 
many of the report's interpretations, conclusions and recommendations.   

210 
 

PC8. Temperature should be discussed. Columbia R. 
Fisheries 
Program Office 

Temperature is discussed in chapter 3, and the PA would be a continuation of this, but see 
response to adding PCE 5 back into chapter 4 analysis. Per the comments we sent to FWS on 
June 9, 2016, we agree that the summary of available mainstem use data in Appendix A, and the 
subbasin reviews in Barrows et al will be useful and incorporated where appropriate, but do not 
agree with many of the report's interpretations, conclusions and recommendations.   

211 3 USFWS 2016 is supposed to be Barrows et 
al., 2016 

Columbia R. 
Fisheries 
Program Office 

Corrected 



Page Line Comment FWS Office AA Response 

211 3 After stating the low ladder counts it should 
also be noted that, Barrows et al. (2014) 
estimated nearly 500 bull trout left the 
Walla Walla subbasin for the Columbia 
River over a 5-year period from 2007 – 
2012, which is immediately upstream of 
McNary Dam. 

Columbia R. 
Fisheries 
Program Office 

Noted. Per the comments we sent to FWS on June 9, 2016, we agree that the summary of 
available mainstem use data in Appendix A, and the subbasin reviews in Barrows et al will be 
useful and incorporated where appropriate, but do not agree with many of the report's 
interpretations, conclusions and recommendations.   

211 14-16 What information is available to support this 
statement?  Often specialized or rare 
habitat conditions are disproportionally 
important to fish survival, especially where 
highly altered conditions are found, as in 
the mainstem river 

Columbia R. 
Fisheries 
Program Office 

Discuss. AAs to discuss with Erin and FWS SMEs. This statement seems valid, and further 
discussion is warranted. The comment is referring to this statement: "Although PCE 1 is present 
where tributaries and groundwater interact with the mainstem, the ecological significance of this 
exchange is minor and does not provide a significant contribution to FMO habitat in this reach"  
Agree that we need a source for both "PCE 1 is present..." and "does not provide significant 
contribution....:. 

211 23-24 Does the period of fish passage operation 
coincide with seasonal bull trout use in the 
reservoir? 

Columbia R. 
Fisheries 
Program Office 

Specific operations of downstream passage facilities, including surface spillway routes, are 
primarily during the spring to summer period.  Adult facilities are operated year round except for 
Lower Granite and Little Goose dams where there is a winter outage for maintenance (about 2 
months). 

211 26-27 Should cite information in Barrows et al., 
2016 for most current information 

Columbia R. 
Fisheries 
Program Office 

 Per the comments we sent to FWS on June 9, 2016, we agree that the summary of available 
mainstem use data in Appendix A, and the subbasin reviews in Barrows et al will be useful and 
incorporated where appropriate, but do not agree with many of the report's interpretations, 
conclusions and recommendations.   

211 
 

Add PCE 5 back to this section. Columbia R. 
Fisheries 
Program Office 

The AAs believe the scope of the BA CH PCE analysis is consistent with critical habitat 
designation, as described in 75 FR 63898. Per the comments we sent to FWS on June 9, 2016, 
we agree that the summary of available mainstem use data in Appendix A, and the subbasin 
reviews in Barrows et al will be useful and incorporated where appropriate, but do not agree with 
many of the report's interpretations, conclusions and recommendations.   
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PC8. Temperature should be discussed. Columbia R. 
Fisheries 
Program Office 

Temperature is discussed in chapter 3, and the PA would be a continuation of this, but see 
response to adding PCE 5 back into chapter 4 analysis. Per the comments we sent to FWS on 
June 9, 2016, we agree that the summary of available mainstem use data in Appendix A, and the 
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agree with many of the report's interpretations, conclusions and recommendations.   

213 13 Reference? - "...largely replaced the fluvial 
life history with the adfluvial form." 

Columbia R. 
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Program Office 

USFWS Coastal Recovery Unit Implementation Plan for Bull Trout.  September 2015.  Prepared 
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213 24 Barrows et al., 2016 contains the most 
current information on bull trout use of the 
lower Columbia river 

Columbia R. 
Fisheries 
Program Office 

 Per the comments we sent to FWS on June 9, 2016, we agree that the summary of available 
mainstem use data in Appendix A, and the subbasin reviews in Barrows et al will be useful and 
incorporated where appropriate, but do not agree with many of the report's interpretations, 
conclusions and recommendations.   
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statement?  Often specialized or rare 
habitat conditions are disproportionally 
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Program Office 
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lower Columbia river 

Columbia R. 
Fisheries 
Program Office 

 Per the comments we sent to FWS on June 9, 2016, we agree that the summary of available 
mainstem use data in Appendix A, and the subbasin reviews in Barrows et al will be useful and 
incorporated where approrirate, but do not agree with many of the report's interpretations, 
conclusions and reocmmendations.   

214 37-38 Hydroligic conditions do not likely provide 
adequate connectivity, there is no 
information to support this claim, nor is 
there adequate monitoring, even passive to 
support this claim, even to evaluate the 
effectiveness of available passage at the 
dams for impacts to bull trout migration. 

Columbia R. 
Fisheries 
Program Office 

Clarification: Disregard the last sentence that asserts: "Current hydrology conditions support the 
mainstem local population of bull trout and provide adequate connectivity between core areas in 
the upper and mid-Columbia River."  Connectivity in relation to dam passage is a separate issue 
and is addressed in PCE 2. 

215 35 USFWS 2016 is supposed to be Barrows et 
al., 2016 

Columbia R. 
Fisheries 
Program Office 

Noted. Per the comments we sent to FWS on June 9, 2016, we agree that the summary of 
available mainstem use data in Appendix A, and the subbasin reviews in Barrows et al will be 
useful and incorporated where appropriate, but do not agree with many of the report's 
interpretations, conclusions and recommendations.   
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Page Header is incorrect. Montana Field 
Office  

Typo noted. 

220 39 "Probably 25%" seems a poorly supported - 
is there a citation or is this a supportable 
guess? A qualification of this statement 
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Montana Field 
Office  
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221 18 Statement that it is "certain that climate 
change is a primary threat for bull trout" 
conflicts with the more empirically-based 
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Kootenai River Core Area is decidedly less 
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Montana Field 
Office  

FWS and AAs to discuss and clarify, as needed.  

221 11 "participation" should be "precipitation"? Columbia R. 
Fisheries 
Program Office 

Typo.  
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Columbia R. 
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Program Office 
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temperatures and departures from same. 

Montana Field 
Office  
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Chapter 1 
Introduction 

1.1 Introduction 

1.1.1 Purpose 

Under the Section 7 of the Endangered Species Act (ESA), the U.S. Army Corps of Engineers (Corps), 
Bureau of Reclamation (Reclamation), and Bonneville Power Administration (BPA) (collectively termed 
the Action Agencies) are responsible for ensuring that their actions are not likely to jeopardize the 
continued existence of endangered or threatened species or result in the destruction or adverse 
modification of designated critical habitat.  

The Action Agencies submit this Biological Assessment (BA) to the U.S. Fish and Wildlife Service 
(USFWS) to reinitiate formal consultation on the effects of the operation and maintenance of the 14 
Federal multiple-use projects in the Federal Columbia River Power System that are operated as a 
coordinated system (referred to herein as FCRPS or Columbia River System) on ESA-listed fish species 
under the USFWS jurisdiction.   

The USFWS issued the FCRPS Biological Opinion (BiOp) in 2000 and the Libby BiOp on Kootenai 
River white sturgeon in 2006. In 2010, the USFWS revised designated critical habitat for bull trout. See 
Section 1.2 for a more complete USFWS consultation history. 

Accordingly, the Action Agencies are submitting this BA to describe the proposed action, consider new 
information, and analyze the effects of the proposed action on ESA-listed species and designated critical 
habitat under the jurisdiction of the USFWS. The duration of the Proposed Action is ongoing and 
indefinite, and therefore would be reanalyzed if new information reveals effects of the Proposed Action 
that may affect listed species or critical habitat in a manner, or to an extent, not considered in this 
consultation and/or a new species is listed or critical habitat is designated that may be affected by the 
Proposed Action. 

1.1.2 Background 

The Columbia River begins in Columbia Lake on the west slope of the Rocky Mountain Range in 
Canada. It follows a circuitous path for more than 1,200 miles before emptying into the Pacific Ocean 
near Astoria, Oregon. The river drains about 219,000 square miles in the United States and 39,500 square 
miles in Canada. Its annual runoff is nearly 200 million acre-feet (MAF), as measured at the river’s 
mouth. The river and its tributaries form the dominant water system in the Pacific Northwest, and are a 
heavily used regional resource. Since the 1880s, numerous dams—both Federal and private—have been 
authorized and built in the basin for flood control1, hydropower, fish and wildlife, navigation, recreation, 
irrigation, and municipal and industrial (M&I) water supply, and water quality. As the region’s population 

                                                      
1 The Corps has adopted the terminology flood risk management rather than flood control to assist the public in 
understanding that flood events cannot always be controlled or prevented. 
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increased, the U.S. government developed storage projects to capture water from rain and snowmelt for 
flood risk management (FRM), as well as for power generation, irrigation, and other purposes. The U.S. 
government also developed run-of-river projects on the mainstem lower Columbia and Snake Rivers. 
These projects were designed to provide for navigation from the mouth of the Columbia to the Port of 
Lewiston in Idaho, as well as for hydropower generation and other purposes. These run-of-river projects 
have minimal storage capacity and are not considered flood storage projects.  

At the request of Congress, the Corps and Reclamation developed comprehensive plans for water 
resources of the Columbia River Basin.2 In addition, the U.S. and Canadian governments entered into the 
Columbia River Treaty (CRT) to address the international aspects of managing transboundary waters 
through coordinating operations for FRM and hydroelectric power for both countries’ beneficial uses.  

The 14 multiple-use projects within the FCRPS in the Columbia River System are operated as a 
coordinated water management system. The Corps operates 12 of the projects in this system, including 
Bonneville, The Dalles, John Day, McNary, Ice Harbor, Lower Monumental, Little Goose, Lower 
Granite, Dworshak, Chief Joseph, Albeni Falls, and Libby Dams. Reclamation operates Grand Coulee and 
Hungry Horse Dams, along with mainstem irrigation projects described later.  This interagency 
consultation analyzes the effects of coordinated water management functions of this system of 14 
projects.   

Managing water in the Columbia River system for its many purposes is particularly challenging given the 
relatively small portion of the annual runoff volume that can actually be stored in reservoirs. The system 
produces an annual average of about 200 MAF of runoff water, but only about 20 percent of it can be 
impounded in storage reservoirs. U.S. reservoirs in the FCRPS and CRT storage in Canadian reservoirs 
can only store approximately 32 MAF. The Columbia River system, with its large annual volume-to-
usable-storage ratio, has to evacuate on a yearly basis to accommodate water supply conditions in the 
Columbia River Basin. This means that operators cannot use stored water to transform a dry year’s water 
supply into an average flow year. Operators of the Columbia River system must deal with the variability 
in annual rain and snowpack, relying on professional judgment.  

The use of the CRT storage projects (Mica, Duncan, and Keenleyside in Canada and Libby Dam in the 
United States), in coordination with the FCRPS storage projects, for ecosystem benefits is contingent on 
the development of mutually beneficial agreements between the United States and Canada. In recent CRT 
agreements, Canada has agreed to provide flow augmentation water (1 MAF) for U.S. fish benefits in 
exchange for flow shaping to meet fish objectives in Canada. This 1 MAF is released within the May-
through-July period to benefit fish in the United States. Use of storage in Canadian reservoirs not 
included in the CRT, referred to as non-Treaty storage, requires negotiating separate agreements. 

The limited storage capacity and the variability and unpredictability of conditions in the Columbia River 
Basin are among many challenges the Action Agencies face as a matter of course for effectively 
managing the river and the affected resources.  These challenges and related decision-making benefit 
from the extensive coordination processes used throughout the region. 

                                                      
2 Flood Control Act of 1950, which adopted House Document 531, and Flood Control Act of 1962, which adopted 
House Document 403 
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1.1.3 Coordination 

Operation of the FCRPS is complex and requires extensive coordination to meet the multiple authorized 
purposes and statutory responsibilities.  Congress mandated the purposes the FCRPS projects must meet 
and has authorized the Corps and Reclamation to determine how best to serve the needs of competing 
interests.  The project uses are interdependent, and operating for one use can affect one or more of the 
other uses.  For example, releasing storage water from the reservoir above Hungry Horse Dam for flow 
augmentation to benefit downstream fish species could affect habitat availability in the reservoir for 
resident species.  

The Action Agencies coordinate operation of the FCRPS with Canada and non-Federal project operators 
such as the Mid-Columbia public utility districts and consult with sovereign3 states and tribes, consistent 
with existing agreements, relevant laws, and treaties. The Action Agencies also work collaboratively with 
sovereign parties to address implementation of FCRPS operations related to fish through various policy 
and technical teams of the Regional Forum. Through the Regional Forum process, the Action Agencies 
address FCRPS operations through a given water year, taking into account how best to manage conditions 
for ESA-listed anadromous and resident fish species.  Chapter 2 includes more detailed discussion of 
coordination efforts. 

1.1.4 Summary of Proposed Action  

The Action Agencies submit this Biological Assessment to initiate formal consultation on the effects of 
continuing to fund, operate, and maintain the 14 Federal water management projects within the FCRPS 
for the congressionally authorized project purposes.  The proposed action involves the coordinated water 
management functions of these projects, including storage, release, and withdrawal to meet the authorized 
purposes. The proposed action includes the following: 

• Storage and release of water at U.S. Army Corps of Engineers Storage Projects (Libby, 
Dworshak, and Albeni Falls Dams)  

• Storage and release of water at U.S. Bureau of Reclamation Storage Projects (Grand 
Coulee (part of the Columbia Basin Project) and Hungry Horse Dams) 

• Release of water through U.S. Army Corps of Engineers Mid-Columbia River Run-of-River 
Project (Chief Joseph Dam) 

• Release of water through U.S. Army Corps of Engineers Lower Snake River Projects (Ice Harbor, 
Lower Monumental, Little Goose, and Lower Granite Dams) 

• Release of water through U.S. Army Corps of Engineers Lower Columbia River Projects 
(Bonneville, The Dalles, John Day, and McNary Dams) 

• Libby Dam operational measures along with downstream habitat and hatchery actions to 
benefit Kootenai River white sturgeon 

• Coordinated water management at the projects to ensure electrical transmission system 
reliability, including water management responses to planned and emergency transmission 
outages and operating power  reserve obligations. 

• Mainstem water withdrawals from the Columbia River for Reclamation irrigation projects 
(Columbia Basin Project, Chief Joseph Dam Project; The Dalles Project; and the Phase I 

                                                      
3 Sovereign is used here to denote representatives from governments at the Federal, State, and Tribal level. 
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and Phase II Pumping for the Umatilla Project). These mainstem irrigation projects 
withdraw directly from the Columbia River, sothis Proposed Action addresses the water 
withrawl only. 

• Water depletions in the mainstem Columbia River from Reclamation irrigation projects 
that have been or are being consulted on in separate consultations (Okanogan, Yakima, 
Umatilla, Crooked River, Deschutes, Wapinitia, and Tualatin).  These tributary projects 
have previously been consulted on up to their confluence with the Columbia River; 
therefore, only the effects to the mainstem flows are addressed in this Proposed Action. 

Congress made clear its intent to operate this coordinated system of Columbia River Basin Federal 
projects as part of a comprehensive regional plan to provide for a number of uses, including navigation, 
flood control, irrigation, hydroelectric power, fish and wildlife conservation, recreation, municipal and 
industrial water supply, and water quality.  

The FCRPS is a highly dynamic system that requires a tremendous amount of coordination.  Over the 
years, the Action Agencies, along with other federal and state agencies, tribal sovereigns, and 
stakeholders, have developed a sophisticated and complex system of operations, some of which are 
managed at the system-wide level, and some are specific to the individual facilities. The proposed 
operations take into consideration the need to integrate project purposes and facility maintenance while 
improving conditions for ESA-listed species.  Specific project operations and system trade-offs are 
covered in Chapter 2 and Appendix A.  The overarching project purposes for which the system is 
operated are described below and summarized in Table 1-1.  The following list does not imply 
prioritization, which can vary seasonally and with other factors.   

 Flood Risk Management – The FCRPS storage projects (Libby, Dworshak, Albeni, Hungry 
Horse, and Grand Coulee) are operated to reduce system and local flood risk.  Storage projects 
allow water managers to operate in a manner that shapes the heavy spring and summer snowmelt 
runoffs to reduce flooding through the system.  The Corps is authorized to direct flood risk 
management operations for specific Federal and non-Federal storage projects, including Canadian 
projects subject to the Treaty, in the Columbia River Basin. 

 Irrigation – Some of the FCRPS projects are operated for the storage and delivery of irrigation 
water.   The operation and associated flow impacts to the Columbia River of Reclamation 
irrigation projects are included as the proposed action in this consultation.  These projects are the 
Columbia Basin Project, Chief Joseph Dam Project*, and The Dalles Project* (*not to be 
confused with the Corps project with a similar name) and Phase I and Phase II of the Umatilla 
Project.  The Corps and Reclamation have individual project authorizations for irrigation. 

 Hydroelectric Power Generation – The Corps and Reclamation are authorized to operate the 
FCRPS for generation of electricity at the hydropower facilities.  The Federal dams in the Pacific 
Northwest supply more than one-third of the region’s power.  These agencies coordinate 
management of system operation and maintenance with BPA, which markets and transmits power 
from the dams, as well as the power produced by certain other Federal and non-Federal 
generating plants.   

 Navigation – The Corps and Reclamation are authorized to operate the FCRPS projects to 
provide for navigation. The Corps is responsible for maintaining the Federal navigation channel 
through the lower Columbia and lower Snake Rivers.  Four lower Columbia River projects and 
the lower Snake River projects were constructed with navigation locks to allow passage for boats 
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and barges to transport products from the Pacific Ocean to inland ports as far upstream as 
Lewiston, Idaho.  

 Recreation – The reservoirs and project lands provide recreational opportunities for boaters, 
anglers, swimmers, hunters, hikers, and campers throughout the year.  Operation of the FCRPS 
takes into consideration recreational values when integrating system operations. 

 Fish and Wildlife – The Corps and Reclamation operate the FCRPS to support the protection and 
conservation of fish and wildlife species in the Columbia River Basin.  The Action Agencies 
coordinate system operations to reduce the adverse effects on ESA-listed species both in the 
reservoirs, as well as in the rivers downstream from the reservoirs and on the mainstem Columbia 
River.   

 Water Supply and Quality – The Corps and Reclamation operate the FCRPS to maintain water 
quality, to the extent feasible, by managing releases of water to avoid excessive total dissolved 
gas and to meet downstream flow and temperature objectives.  Municipal and industrial water 
supply is supported through operation of reservoir pools within authorized operating ranges.
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Table 1-1. General project characteristics, mainstem Columbia and Snake Rivers and major tributaries4 

Project Operator Location Year 
Complete Type Authorized Purposes 

Libby Corps Kootenai near Libby, 
Montana 1973 Storage FRM, Hydropower, Recreation, Fish and Wildlife 

Hungry 
Horse Reclamation 

South Fork for the 
Flathead, near Hungry 
Horse, Montana 

1953 Storage FRM, Hydropower, Irrigation, and Navigation 

Albeni Falls Corps Pend Oreille, near 
Newport, Washington 1955 Storage FRM, Hydropower, Navigation, Recreation, Fish and Wildlife 

Grand 
Coulee Reclamation Columbia, at Grand 

Coulee, Washington 1942 Storage FRM, Hydropower, Irrigation, and Navigation 

Dworshak Corps 
North Fork of the 
Clearwater, near 
Orofino, Idaho 

1973 Storage FRM, Hydropower, Navigation, Recreation, Fish and Wildlife 

Chief Joseph Corps Mid-Columbia, near 
Bridgeport, Washington 1961 Run-of-

river Hydropower, FRM, Navigation, Recreation, Fish and Wildlife 

Lower 
Granite Corps Lower Snake, near 

Almota, Washington 1975 Run-of-
river 

Hydropower, Navigation, Recreation, Fish and Wildlife, and 
Irrigation 

Little Goose Corps Lower Snake, near 
Starbuck, Washington 1970 Run-of-

river 
Hydropower, Navigation, Recreation, Fish and Wildlife, and 
Irrigation 

Lower 
Monumental Corps Lower Snake, near 

Kahlotus, Washington 1969 Run-of-
river 

Hydropower, Navigation, Recreation, Fish and Wildlife, and 
Irrigation 

Ice Harbor Corps Lower Snake, near 
Pasco, Washington 1961 Run-of-

river 
Hydropower, Navigation, Recreation, Fish and Wildlife, and 
Irrigation 

McNary Corps Lower Columbia, near 
Umatilla, Oregon 1954 Run-of-

river Hydropower, Navigation, Recreation, Fish and Wildlife, Irrigation 

John Day Corps Lower Columbia, near 
Rufus, Oregon 1968 Run-of-

river 1/ 
FRM, Hydropower, Navigation, Recreation, Fish and Wildlife, 
Irrigation 

The Dalles Corps Lower Columbia, at 
The Dalles, Oregon 1957 Run-of-

river Hydropower, Navigation, Recreation, Fish and Wildlife, Irrigation 

Bonneville Corps Lower Columbia, at 
Bonneville, Oregon 1938 Run-of-

river Hydropower, Navigation, Recreation, Fish and Wildlife, Irrigation 

1/ John Day has allocated FRM storage but is operated in a manner that is similar to other mainstem dams that are run-of-river projects 

                                                      
4 Note to USFWS: Corps may revise authorized purposes in the Final BA 
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Figure 1-1. Federal Columbia River Power System projects addressed in this consultation 

1.1.5 Action Area  

This BA focuses on the aquatic and riparian environments relevant to the ESA-listed species and 
designated critical habitat that the Proposed Action may affect.  The Action Area is defined as those areas 
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directly or indirectly affected by the proposed actions. Generally, the Action Area begins at the location 
of the farthest upstream effects of the Proposed Action (e.g., the uppermost extent of the storage 
reservoirs) and continues to the location of its farthest downstream effect (the Columbia River estuary).  
Therefore the proposed Action Area for this BA includes the U.S. portions of the following:   

 The mainstem Columbia River, from the uppermost extent of river affected by Lake Roosevelt, 
down to and including the Columbia River estuary and plume (i.e., near-shore ocean adjacent to 
the mouth); 

• Hungry Horse Reservoir and the South Fork Flathead River downstream of Hungry Horse Dam to 
the confluence with the mainstem Flathead River; Flathead Lake;  

• Lake Pend Oreille and the Pend Oreille River, including Albeni Falls Dam, to its confluence with 
the Columbia River; 

• Libby Reservoir (Lake Koocanusa) and the Kootenai River downstream of Libby Dam to its 
confluence with the Columbia River; the Snake River below the confluence with the Salmon 
River;  

• The Snake River below its confluence with the Salmon River, to the Snake River’s confluence 
with the Columbia River; 

• Dworshak Reservoir and the North Fork Clearwater River downstream of Dworshak 
Dam, flowing into the Clearwater River to its confluence with the lower Snake River;  

• All stream reaches and land areas permanently or seasonally inundated by Hungry Horse, Libby, 
Albeni Falls, Grand Coulie, Chief Joseph, Dworshak, Lower Granite, Little Goose, Lower 
Monumental, Ice Harbor, McNary, John Day, The Dalles, and Bonneville Dams within the high-
water mark.   

1.1.6 Climate Change 

The Action Agencies recognize that as global climate change takes hold in the region, temperatures and 
streamflow patterns are very likely to also change.  Warming temperatures and changing streamflow 
timing is likely to present challenges to the conservation of species, habitat, and ecosystem functions 
(Corps 2014a; Reclamation 2014; BPA 2008). Existing and expanding partnerships between the Action 
Agencies, USFWS, tribal nations, and other public, private, and non-governmental stakeholders are 
essential to avoid, minimize, or mitigate the potential direct, indirect, and cumulative effects of climate 
change on species abundance, distribution, and habitat fragmentation. The Action Agencies aim to take an 
informed, landscape-scale, adaptive approach toward addressing potential climate change impacts.  

Both existing and ongoing climate change studies indicate that as temperatures warm through mid-
century, winter precipitation, which historically fell as snow in mountainous areas the Columbia River 
Basin (particularly the U.S. parts of the basin), will increasingly fall as rain. This will result in higher 
winter flows in lower- and mid-elevation streams, an earlier snowmelt peak, and a slight decrease in 
summer flows (RMJOC 2011).  However, there are no statistically significant trends toward either a 
wetter or drier basin as a whole on an annual basis, and the large year-to-year precipitation and runoff 
variability experienced in the basin is likely to continue.  

The Action Agencies have incorporated these results into hydrologic, hydraulic and system regulation 
models when analyzing future effects of FCRPS operations on listed species.  Furthermore, the Action 
Agencies have continued to fund studies to improve our understanding of climate change impacts, and to 
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improve hydrologic and water quality models and methodologies.  One such study by the University of 
Washington, Oregon State University, and other research partners, which is co-funded by the Action 
Agencies, is underway and will be complete in 2017 (as described below). Other water quality modeling 
improvements, which take into account the great complexities in the snowmelt-dominated, forested 
headwater areas of the basin will continue. 

Action Agency Climate Change Modeling 
In 2011, the three federal agencies comprising the River Management Joint Operating Committee 
(RMJOC), the Corps, Reclamation, and BPA, completed a major climate change study (RMJOC-I). The 
resulting streamflow data sets, reflecting projected climate information from the Intergovernmental Panel 
on Climate Change (IPCC 2007), and subsequent basin-wide reservoir operations modeling, provided 
valuable information and a foundation for assessing climate change impacts to the Region’s hydropower, 
FRM, and ecosystem-focused objectives. Additionally, in this first round of modeling, RMJOC-I also 
provided a guide to future climate change modeling and analysis to improve on our current understanding 
of potential future impacts of climate change.  

Since RMJOC-I, the global climate change research community released a new set of climate change 
modeling results using the Coupled Model intercomparison project Phase 5 (CMIP-5) datasets 
documented in the Fifth Assessment Report (AR-5) from the IPCC5. The RMJOC believed it was 
necessary and desirable to include these results in updated Columbia Basin datasets that can be used by 
each agency to evaluate impacts in all aspects of planning for operation and maintenance and 
environmental compliance.  

BPA and several regional entities funded another major climate change research project (RMJOC-II) with 
the University of Washington and Oregon State University.  The datasets from this project are being 
developed with the latest IPCC/AR-5 climate change models and incorporate the latest state-of-the-
science in climate modeling, downscaling, and hydrologic model development.  Temperatures, 
streamflows, and other hydrologic outputs from this project will be available in late 2016, and will then 
be used by the RMJOC to update its climate change hydroregulation studies. This new effort will provide 
decision-makers with a better understanding of the range of potential climate change impacts on 
streamflow quantity and runoff patterns, and also help identify the sources of uncertainty, whether from 
climate change itself or from the hydroclimate modeling process.  This, in turn, will better inform the 
Action Agencies on the likely range of climate change impacts on hydropower generation, FRM, 
ecosystem needs, and other authorized project purposes. 

RMJOC-II is currently scheduled to be completed by summer 2017, meaning the final results will not be 
available for use in the USFWS BA (but may be usable in the NOAA interim BA). Therefore, we will be 
describing and using RMJOC-I, CMIP-5, IPCC AR-5, and interim products from RMJOC-II (CMIP-5 
data downscaled to the Columbia Basin) in the USFWS BA as the best available science. 

1.2 Consultation History 
To date, USFWS has issued several BiOps and conference opinions regarding the effects on both sturgeon 
and bull trout of operating the FCRPS. A chronology of the extensive FCRPS-related consultations is 
provided in This USFWS consultation is being conducted during the same timeframe as anadromous fish 

                                                      
5 The IPCC’s Fifth Assessment Report is available at https://www.ipcc.ch/report/ar5/.  

https://www.ipcc.ch/report/ar5/
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species are being consulted on with NOAA Fisheries. The Action Agencies have consulted with NOAA 
Fisheries since the first anadromous fish species (Snake River sockeye salmon) in the Columbia River 
Basin was listed under the Endangered Species Act by NOAA Fisheries in November 1991. Since then, a 
number of additional anadromous fish species affected by system operations have been listed as 
threatened or endangered under the ESA.. Following several consecutive court-ordered remands, the 
Action Agencies have engaged in interagency consultations with NOAA Fisheries under ESA Section 7 
to address the effects of the operation and maintenance of the FCRPS projects, including in 1995, 2000, 
2004, 2008, 2010, and 2014. In May 2016, the U.S. District Court for the District of Oregon invalidated 
NOAA Fisheries’ latest FCRPS biological opinion, which was supported by the 2008 Columbia Basin 
Fish Accords. NOAA Fisheries will issue a new BiOp by December 31, 2018, and the Action Agencies 
will continue to implement the current NOAA Fisheries BiOp until then, except as superseded by court 
order. The District Court also ordered new analysis under the National Environmental Policy Act. The 
Corps, Reclamation, and Bonneville have initiated the Columbia River System Operations Environmental 
Impact Statement (EIS), with a final EIS due March 2021. In addition, the court issued a ruling in April 
2017 which responds to motions filed by plaintiffenvironmental organizations, the State of Oregon and 
the Nez Perce Tribe seeking more spill during the 2018 spring fish passage season for anadromous 
species at eight federal dams on the lower Snake and Columbia rivers. Consistent with the District 
Court’s order, the Action Agencies are currently working collaboratively with regional sovereigns, 
including NOAA Fisheries, to develop a spill implementation plan and proposed order for increased spill 
during the spring 2018 fish passage season.  

Table 1-2 below.  

This USFWS consultation is being conducted during the same timeframe as anadromous fish species are 
being consulted on with NOAA Fisheries. The Action Agencies have consulted with NOAA Fisheries 
since the first anadromous fish species (Snake River sockeye salmon) in the Columbia River Basin was 
listed under the Endangered Species Act by NOAA Fisheries in November 1991. Since then, a number of 
additional anadromous fish species affected by system operations have been listed as threatened or 
endangered under the ESA.. Following several consecutive court-ordered remands, the Action Agencies 
have engaged in interagency consultations with NOAA Fisheries under ESA Section 7 to address the 
effects of the operation and maintenance of the FCRPS projects, including in 1995, 2000, 2004, 2008, 
2010, and 2014. In May 2016, the U.S. District Court for the District of Oregon invalidated NOAA 
Fisheries’ latest FCRPS biological opinion, which was supported by the 2008 Columbia Basin Fish 
Accords. NOAA Fisheries will issue a new BiOp by December 31, 2018, and the Action Agencies will 
continue to implement the current NOAA Fisheries BiOp until then, except as superseded by court order. 
The District Court also ordered new analysis under the National Environmental Policy Act. The Corps, 
Reclamation, and Bonneville have initiated the Columbia River System Operations Environmental Impact 
Statement (EIS), with a final EIS due March 2021. In addition, the court issued a ruling in April 2017 
which responds to motions filed by plaintiffenvironmental organizations, the State of Oregon and the Nez 
Perce Tribe seeking more spill during the 2018 spring fish passage season for anadromous species at eight 
federal dams on the lower Snake and Columbia rivers. Consistent with the District Court’s order, the 
Action Agencies are currently working collaboratively with regional sovereigns, including NOAA 
Fisheries, to develop a spill implementation plan and proposed order for increased spill during the spring 
2018 fish passage season.  

Table 1-2. Consultation History 
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Date Description 

December 2, 1993 Action Agencies provided a BA to USFWS regarding effects of proposed 1994–1998 
FCRPS operations on listed species. 

July 27, 1994 USFWS issued a non-jeopardy conference opinion to the Action Agencies regarding effects 
of the 1994–1998 FCRPS operations on Kootenai River white sturgeon. 

December 15, 1994 Action Agencies requested reinitiation of formal consultation on the effects of FCRPS 
operations on Kootenai River white sturgeon. 

March 1, 1995 USFWS issued a jeopardy BiOp to the Action Agencies regarding effects of the 1994–1998 
FCRPS operations on Kootenai River white sturgeon. 

June 17, 1999 Action Agencies submitted draft BA addressing effects of the FCRPS project operations on 
Kootenai River white sturgeon and bull trout. 

December 15, 1999 Action Agencies submitted a request for formal consultation and an updated draft BA 
regarding operations of the FCRPS and effect to Kootenai River white sturgeon and bull 
trout. 

December 20, 2000 USFWS issued a BiOp to the Action Agencies regarding the effects of FCRPS operations 
on bull trout (no-jeopardy conclusion) and Kootenai River white sturgeon (jeopardy 
conclusion, avoided through implementation of an RPA relative to the proposed operation of 
Libby Dam).  The BiOp was amended January 25, 2001, when USFWS issued a minor 
amendment to the December 2000 BiOp that corrected some editorial errors and minor 
omissions to that document.  

2004-2005 Due to the critical habitat designation and new information on Kootenai River white 
sturgeon, the Corps and BPA worked with USFWS to reinitiate consultation on the effects of 
the operation of Libby Dam on Kootenai River white sturgeon and its critical habitat. 

February 18, 2006 USFWS issued a BiOp regarding effects of the FCRPS operations on Kootenai River white  
sturgeon and their critical habitat (jeopardy with RPA relative to proposed operation of Libby 
Dam) and bull trout (non-jeopardy). 

October 1, 2008 The Corps and BPA requested reinitiation and clarification of the 2006 BiOp Reasonable 
and Prudent Alternative (RPA). 

December 29, 2008 USFWS issued the Clarification of the Reasonable and Prudent Alternative document and 
cover letter to the Corps and BPA that outlined the actions necessary to protect flows and 
habitat for Kootenai River white sturgeon spawning and reproduction and that would 
enhance bull trout habitat. 

October 18, 2010 USFWS issued a revised critical habitat rule for coterminous U.S. bull trout, effective 
November 17, 2010. Critical habitat was expanded in the Kootenai River drainage. 

April 26, 2016 The USFWS issues an amendment to the Libby 2006 BiOp to include an extension of the 
Incidental Take Statement through December 31, 2018. 
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1.3 Summary of Effects  
The action agencies considered effects to the following USFWS ESA-listed species and designated critical habitat that may be present in the action 
area (Table 1-3).   

Table 1-3. Species potentially present in the Action Area and Determinations1 

 

Species, Critical Habitat, and Status State Determination 

Species ESA 
Status 

Critical 
Habitat ID MT OR WA 

Draft 
Summary 
Effect for 
Species 

Draft 
Summary 
Effect for 
Critical 
Habitat 

Fish 

Bull trout  T Y X X X X MA-LAA MA-LAA 

Kootenai River white sturgeon E Y X X - - MA-LAA MA-LAA 

Mammals 

Canada lynx T Y X X X X NE NE 

Gray wolf E N - - - X NE NE 

Grizzly Bear T N X X - X NE NE 

North American wolverine PT 
 

X X X X NE NE 

Pygmy rabbit E N - - - X NE NE 

Woodland caribou - Selkirk Mountain E Y X - - X NE NE 

Birds 

Marbled murrelet T Y - - X X NE NE 

Northern spotted owl T Y - - X X NE NE 
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Species, Critical Habitat, and Status State Determination 

Species ESA 
Status 

Critical 
Habitat ID MT OR WA 

Draft 
Summary 
Effect for 
Species 

Draft 
Summary 
Effect for 
Critical 
Habitat 

Short-tailed albatross E N - - X X NE NE 

Streaked-horned lark T N - - X X NE NE 

Western snowy plover T Y - - X X NE NE 

Yellow-billed cuckoo T N X X X X NE NE 

Invertebrates 

Oregon spotted frog T Y - - X - NE NE 

Plants 

Spalding’s catchfly T N X X X X NE NE 

Ute ladies’ tresses T N X X - X NE NE 

Water howelia T N X - X X NE NE 
1Discussions of No Effect fish and wildlife species can be found in concurrence memorandums in the project file. These are available upon request. 

E: Endangered 
T: Threatened 
PE: Proposed Endangered 
PT: Proposed Threatened 
NE: No Effect  
MA-LAA:  May Affect, Likely To Adversely Affect  
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1.4 Request 
The Action Agencies have determined that the Proposed Action may affect and is likely to adversely 
affect bull trout, bull trout critical habitat, Kootenai River white sturgeon, and Kootenai River white 
sturgeon critical habitat. Accordingly, the Action Agencies request formal consultation with the USFWS 
on these species and their critical habitat.  The Action Agencies have also determined that the Proposed 
Action would have no effect on other USFWS ESA-listed species that may occur in the vicinity of the 
Proposed Action. 
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Chapter 2 
Proposed Action 

2.1 Overview of Proposed Action 
This chapter describes the Action Agencies’ Proposed Action for the ESA Section 7(a)(2) consultation on 
the effects of the operation and maintenance of the 14 Federal multiple-use projects in the FCRPS that are 
operated as a coordinated system.  The proposed action includes the coordinated water management 
functions of these projects, including how and when water is moved through the system, and related 
actions to benefit Kootenai River white sturgeon. This chapter also describes the effects on project 
operations from BPA’s actions to maintain the reliability of the transmission system in compliance with 
regulatory requirements, and Reclamation’s operation of three mainstem irrigation projects. This chapter 
is organized by authorized project purposes, beginning with the storage projects and working 
downstream. 

The Columbia River Basin system provides multiple benefits to the northwestern United States in 
particular and the nation as a whole. Beginning in the 1930s, both Federal and private entities have 
constructed numerous dams throughout the basin to serve multiple beneficial purposes, including flood 
risk management (FRM), irrigation, navigation, hydroelectric power generation, fish and wildlife, 
recreation, water supply, and water quality.  

As part of that effort,  Congress authorized the U.S. Army Corps of Engineers (Corps) and the U.S. 
Bureau of Reclamation (Reclamation), to construct, operate, and maintain the 14 Federal dams and 
reservoirs in the Columbia River Basin that are the subject of this consultation, for the aforementioned 
multiple public purposes. Bonneville Power Administration (BPA) is the Federal agency responsible for 
marketing and distributing the power generated at the Federal hydroelectric projects. These three Federal 
agencies (the Corps, Reclamation, and BPA, collectively termed the Action Agencies, or AAs) coordinate 
system water management functions to fulfill multiple authorized project purposes in compliance with all 
relevant laws, including the Endangered Species Act.  Today, the Action Agencies operate these Federal 
projects in coordination with certain Canadian reservoir projects pursuant to the Columbia River Treaty 
between the United States and Canada,6 as well as several public utility district projects on the mid-
Columbia River. 

The Corps operates and maintains 12 of the 14 FCRPS projects:  Bonneville, The Dalles, John Day, 
McNary, Ice Harbor, Lower Monumental, Little Goose, Lower Granite, Dworshak, Chief Joseph, Albeni 
Falls, and Libby Dams.   The Corps operates and maintains these projects for FRM, navigation, 

                                                      
6 Treaty between Canada and the United States of America Relating to Cooperative Development of Water 
Resources of the Columbia River Basin, U.S.-Canada, Sept. 16, 1964, 15 U.S.T. 1555.  The Canadian Entity (B.C. 
Hydro) and the U.S. Entity (the Administrator of the Bonneville Power Administration and the Northwestern 
Division Commander of the U.S. Army Corps of Engineers) are charged with the duty to formulate and carry out the 
operating arrangements necessary to implement the Columbia River Treaty. 
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hydropower generation, fish and wildlife, irrigation, recreation, water quality, and municipal and 
industrial water supply. 

Reclamation operates and maintains the remaining two of the 14 FCRPS projects: Grand Coulee and 
Hungry Horse Dams. This consultation also includes the operations of mainstem irrigation projects 
including the Columbia Basin, The Dalles, Chief Joseph Dam Projects7, and the Phase I and II of the 
Umatilla Project, and the Columbia River depletion effects of seven Reclamation tributary projects8.  
Reclamation operates these projects to support multiple legally mandated purposes that differ among the 
projects, including irrigation, hydropower generation, FRM, navigation, and municipal and industrial 
water supply.  

The Corps and Reclamation are responsible for operating the projects to support the purposes identified in 
the project authorizations.  Neither the Corps nor Reclamation may significantly diminish these project 
purposes unless otherwise authorized by law.  Brief descriptions of the purposes and authorities for the 
projects included in this consultation can be found in Appendix A. 

BPA is the Federal power-marketing administration within the Department of Energy that markets and 
distributes power generated at Federal dams on the Columbia River and its tributaries. Transmission 
facilities owned and operated by BPA interconnect and integrate electric power generated at the FCRPS 
projects to the regional transmission grid.  

Certain transmission system needs can impact power generation at the dams.  For example, BPA's 
management of its transmission system in response to a transmission line outage can influence the 
location and amount of power generation needed to maintain system reliability, which impacts when, 
where, and through which outlets the Action Agencies pass river flows at the dams.  These water 
management actions triggered by transmission system reliability and related needs are included in the 
proposed action and are therefore described further in Section 2.2.3, below, and in Appendix B.  BPA's 
operation and maintenance of its federal transmission system is not otherwise part of the proposed action 
under consultation here. 9  

2.1.1 Climate Change Consideration in the Proposed Action 

Recent guidance from the Council on Environmental Quality (CEQ 2016) and NOAA Fisheries (2016) 
emphasizes the importance of incorporating climate change resiliency into project design. Although both 
sets of guidance are clearly targeted toward construction or project-level types of actions, the Proposed 
Action for FCRPS operations and maintenance found herein are designed to be adaptable to a wide range 

                                                      
7 Reclamation’s Columbia Basin Project, The Dalles and Chief Joseph Dam Projects, are not connected to the Corps 
dams of the same name. 
8 There is separate consultation on the tributary effects of these seven Reclamation tributary projects. 
9 BPA's activities to operate and maintain the federal transmission system do not constitute an interrelated or 
interdependent activity within the meaning of Section 402.02, Title 50, of the Code of Federal Regulations and 
related guidance material. Specifically, under the “but for” test described in the Service’s Consultation Handbook, 
BPA would operate and maintain the federal transmission system “regardless of the proposed action under 
consultation” to comply with its statutory obligations and related contractual commitments to integrate and/or 
transmit electrical power from non-federal sources.  U.S. Fish & Wildlife Service and National Marine Fisheries 
Service, Consultation Handbook: Procedures for Conducting Consultation and Conference Activities Under Section 
7 of the Endangered Species Act, at 4-27 (March 1998). 
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of hydrologic conditions, which inherently provides resilience to environmental shifts associated with 
climate change. For example, the dynamic nature of FRM operations takes into consideration the 
anticipated water supply based on forecasts; this provides a balance between FRM protections while also 
considering the need to store water for other purposes, such as irrigation or power generation.  Another 
example is the operation of storage projects to adjust outflow volumes and temperatures in response to 
downstream water quality needs. The Action Agencies manage the system adaptively to accommodate 
seasonal and annual variability in precipitation patterns, air temperatures, and snow pack, and thus are 
well positioned to adapt to future climate change impacts to the Columbia Basin (see Section 1.1.6 of the 
Introduction, and Section 2.5 Regional Coordination and Adaptive Management).  

The variation in precipitation and temperature patterns from one year to the next, combined with the 
geographic complexity of the basin, result in highly variable Columbia River flows from year to year 
(Reclamation 2016). Reservoir systems in the Columbia River Basin were designed under the assumption 
that snowpack would act as an additional reservoir, holding water (in the form of snow) during the cool 
season and gradually releasing it in the summer months. Similarly, ecosystems have evolved to depend on 
specific hydrologic regimes to support important life-cycle events. Climate change impacts to water 
supplies and demands may stress these systems and may require more tradeoffs among reservoir 
management objectives (e.g., irrigation, municipal and industrial use, hydropower production, flood 
control, recreation, flow augmentation for ESA-listed fish, and preservation of habitat for aquatic species) 
(Reclamation 2016).  

Existing and expanding partnerships between the Action Agencies, USFWS, tribal nations, and other 
public, private, and non-governmental stakeholders are essential to avoid, minimize, or mitigate the 
potential direct, indirect, and cumulative effects of climate change on species abundance, distribution, and 
habitat fragmentation. The Action Agencies aim to take an informed, landscape-scale, adaptive approach 
toward addressing potential climate change impacts, resulting in actions that do not jeopardize the 
continued existence of listed species or result in the destruction or adverse modification of critical habitat. 

As climate change alters the hydrologic regime, reservoir operations (e.g., refill schedules, flood risk 
management rule curves, and flood operating criteria) may need to be adjusted in order to maintain 
reliable water deliveries, power generation, support for environmental needs, and flood risk management. 
In response, the Action Agencies have convened a team of regional reservoir operations experts, planners, 
climate scientists, and hydrologists to develop a process for evaluating the impacts to basin hydrology and 
system operations from climate change (RMJOC 2011). The Action Agencies have continued to fund 
studies to improve our understanding of climate change impacts, and to improve hydrologic and water 
quality models and methodologies.  One such study by the University of Washington, Oregon State 
University, and other research partners, which is co-funded by the Action Agencies, is underway and will 
be complete in 2017 (as described in Chapter 1).  

Appendix A more fully describes each project or group of projects, including authorizations, authorized 
purposes, and facility descriptions.  These discussions occur in the following groupings: 

• Appendix A.1 – U.S. Army Corps of Engineers Storage Projects (Libby, Dworshak, and 
Albeni Falls Dams)  

• Appendix A.2 – U.S. Bureau of Reclamation Storage Projects (Grand Coulee (part of the 
Columbia Basin Project) and Hungry Horse Dams) 

• Appendix A.3 – U.S. Army Corps of Engineers Mid-Columbia River Run-of-River Project (Chief 
Joseph Dam) 
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• Appendix A.4 – U.S. Army Corps of Engineers Lower Snake River Projects (Ice Harbor, Lower 
Monumental, Little Goose, and Lower Granite Dams) 

• Appendix A.5 – U.S. Army Corps of Engineers Lower Columbia River Projects (Bonneville, The 
Dalles, John Day, and McNary Dams) 

In addition, the following information can be found in Appendices B, C, and D: 

• Appendix B describes actions taken by Bonneville Power Administration (BPA) in 
managing the federal transmission system that can influence water management actions at 
the projects consulted on in this document.  

• Appendix C describes Reclamations mainstem irrigation projects and the mainstem effects 
of seven Reclamation tributary projects. 

• Appendix D describes the Kootenai River white sturgeon and burbot hatchery facilities 
program. 

2.2 System Operations for Authorized Project Purposes 

2.2.1 Operations for Flood Risk Management 

Columbia Basin storage projects operate as a coordinated system to meet regional FRM objectives.10  
This section provides a general description of the actions relative to system FRM operations for the 
Columbia River Basin. 

The Columbia River system FRM operations are designed to reduce flood damages and minimize the risk 
of flooding in the upper basin and for the lower river, including the Portland, Oregon, and Vancouver, 
Washington, areas (The Dalles, Oregon, is the reference gage).  The Federal projects with flood storage 
capacity also provide for local flood risk management in the upper basin (i.e., within areas in proximity of 
those dams).  Although no dam or system of dams and levees can eliminate all downstream flooding 
(such an endeavor would be cost-prohibitive), the overall goal of FRM in the Columbia River Basin is to 
protect life and property by minimize flood consequences or risk of damages regardless of the conditions 
presented in any given water year.   

System Flood Risk Management  
To meet Columbia River system FRM objectives, all storage projects in the system generally operate in a 
coordinated manner to minimize flood consequences in the lower Columbia River below Bonneville 
Dam, as well as within local areas.  Storage projects include congressionally authorized Federal projects, 
Canadian Treaty projects,11 and non-Federal projects in the United States.  The required FRM draft and 
refill operations at the Canadian Treaty dams are described in the Columbia River Treaty Flood Control 
Operating Plan (FCOP)12, Federal dams operate to their Water Control Manuals (WCM), and the non-

                                                      
10 The Flood Control Act of 1936 established the Federal government’s authority to improve navigable waters for 
the purpose of flood control, now referred to as flood risk management, or FRM. 
11 Mica, Duncan, and Hugh Keenleyside Dams in British Columbia 
12 The FCOP is available online at http://www.nwd-wc.usace.army.mil/cafe/forecast/FCOP/FCOP2003.pdf  

http://www.nwd-wc.usace.army.mil/cafe/forecast/FCOP/FCOP2003.pdf
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Federal projects in the United States are addressed through the Federal Energy Regulatory Commission 
(FERC) licenses issued to these project operators.  FERC must consult with the Corps to ensure the non-
Federal projects with flood storage are operated in accordance with Corps regulations, including the 
development and implementation of FRM operating criteria. The AAs are only consulting on the 14 
projects described in this BA.  

The Corps’ responsibility for FRM is to protect the general safety and welfare of the public by managing 
the risks and consequences associated with floods.  As stated in the FCOP, “The basic objective for flood 
regulation is to operate reservoirs to reduce to non-damaging levels the stages at all potential flood 
damage areas in Canada and the United States insofar as possible, and to regulate larger floods that cannot 
be controlled to non-damaging levels to the lowest possible level with the available storage space.”  
Through the previous Endangered Species Act (ESA) consultations with both the U.S. Fish and Wildlife 
Service (USFWS) and the NOAA National Marine Fisheries Service (NOAA Fisheries), FRM operational 
flexibility has been reduced to increase the amount of water available for ESA-listed fish species.  System 
FRM operations are briefly described below. 

Fall Operation: September – December 

Generally, there are minimal system FRM operations during the September-through-December period.  
Some storage projects have end-of-December target elevations requiring lowering, or drafting, the 
reservoir levels in order to achieve the specific flood risk management (FRM) objectives that are unique 
to each dam.   Dworshak and Hungry Horse end-of-December drafts are to their fixed rule curves for 
managing winter flood events.   Albeni Falls reaches its fixed rule curve for managing winter floods in 
mid-November per agreement with Idaho Department of Fish and Game to protect kokanee spawning and 
incubation.  At Libby, end-of-December drafts are set by current water supply forecasts and the ability to 
move water out of the system due to downstream concerns.   

Storage Evacuation Operation: January – April 

During the January-through-April period, the FCRPS and Canadian Treaty storage projects operate to the 
storage reservation diagram (SRD) unique to each dam.  An SRD determines for a specific reservoir, 
given a water supply forecast, the maximum reservoir elevation required for FRM.  Within the first 10 
days of each month, from January through April, an official water-supply volume forecast is prepared for 
each sub-basin and many locations throughout the Columbia River Basin, including The Dalles, Oregon.  
Using the SRDs, an end-of-month FRM upper-limit elevation is prepared for each storage project, based 
on the water-supply volume forecast.  In very wet winters when there is abundant snowpack, the objective 
is to have appropriate storage space to accommodate the expected run-off and provide for fish flows; in 
dry winters with less snowpack, the objective is to manage storage space to ensure the reservoirs refill 
while maintaining reservoir space for a spring rain event, similar to the flood event that occurred in 1948.  
Every year, the reservoirs are operated to maximize available water for fish during the migration season 
while also ensuring that FRM objectives are met. 

In general, the storage projects are operated to meet FRM draft requirements to prepare for high spring 
flows and reduce the potential for flooding.  The FRM operations end-date may vary depending on the 
hydrologic characteristics of sub-basin and operational constraints, and as the forecasts are updated each 
month, the storage reservoirs will be drafted to their final FRM elevation by the end of March, April, or 
early May.  Canadian Treaty projects in the northerly areas of the Columbia River Basin are drafted to the 
lowest elevation by the end of April. 
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Refill Operation: May – July 

During the May-through-July period, the FCRPS storage projects are operated to target refill, limited by 
system and local flood risk management guidance.  The projects on the Columbia River operate together 
to meet the initial controlled flow (ICF) at The Dalles, while refilling reservoirs during the refill period. 

The ICF is a calculated flow used in conjunction with the forecasts and available reservoir storage to 
determine when to start refill to ensure a high probability of achieving total refill while managing flood 
risks.  During the refill period, the outflow from the reservoir is kept lower than the inflow to the 
reservoir, allowing the water level in the reservoir to increase and refill, eventually reaching its targeted 
refill elevation when the risk of flooding has significantly decreased.  The procedure and tools for these 
periods of regulation are presented in the FCOP and Water Control Manuals for the individual reservoirs.   

The FCOP (Section 5-5) states, “The ICF established by Chart 1 [Figure 2-1] will be maintained by the 
regulation of upstream reservoirs until the end of the FRM period. Forecast season can be very dynamic, 
revised updated forecasts indicate the necessity for the controlled flow to be changed are used to modify 
the controlled flow.  Change in the controlled flow at The Dalles will be made based primarily upon day-
to-day forecasts of streamflow, updated seasonal water supply forecasts and reservoir regulation by 
computer simulations modeling, together with the latest volume forecasts of runoff. Additional guidance 
in adjusting the controlled flow during the period of flood regulation can be obtained by referring to Chart 
3 [Figure 2-2].”  The forecasted basin inflow volume is continuously monitored and compared to 
available remaining reservoir storage space, and the regulated controlled flow is adjusted so that reservoir 
refill and flood risk are balanced, based on the latest forecasts and observed information until the refill 
operation is completed. 

FCRPS reservoir operations generally target refill by June 30, but basin characteristics or other 
constraints may delay the peak elevation until sometime in July.  For example, Lake Koocanusa, the 
reservoir behind Libby Dam in Montana, typically fills after June 30 because much of the snowmelt that 
feeds the lake occurs later in the season, and often there are local rain events, requiring adequate storage.   
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Figure 2-1. Lower Columbia River flood regulation diagram for determining initial controlled flow 
at The Dalles, Oregon 

 

0 20 40 60 80 100 120 140 160 180
FORECAST OF RESIDUAL RUNOFF, COLUMBIA RIVER AT THE DALLES

FROM DATE THROUGH AUGUST, CORRECTED FOR UPSTREAM STORAGE IN MAF

0

200

400

600

800

1000

1200
IN

IT
IA

L 
CO

NT
RO

LL
ED

 F
LO

W
,  

I
CO

LU
M

BI
A 

RI
VE

R 
AT

 T
HE

 D
AL

LE
S,

 F
LO

W
 IN

 K
CF

S

31 MAY

30 
APRIL

31 
MARCH

CHART 1
LOWER COLUMBIA RIVER

FLOOD REGULATION DIAGRAM
FOR DETERMINING

INITIAL CONTROLLED FLOW
AT THE DALLES, OREGON

FLOOD CONTROL OPERATING PLAN
COLUMBIA RIVER TREATY

SEPTEMBER 1972 



System Operations for Authorized Project Purposes - Operations for Flood Risk Management 

24 Clarified BA Text, Based on Consultation  
October 30, 2017 

 
Figure 2-2. Lower Columbia River flood regulation diagram 
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Libby Flood Risk Management 
Libby Dam operations provide local and system FRM through regulation of spring flows in the Kootenai 
River valley as measured at Bonners Ferry, Idaho, and in the mainstem Columbia River, as measured at 
The Dalles, Oregon.  Currently, Libby Dam is operated consistent with variable discharge (or VARQ)13 
FRM procedures. Libby Dam operations for FRM are consistent with the requirements of the Columbia 
River Treaty (CRT) and the International Joint Commission (IJC) Order of 1938 on Kootenay Lake.  The 
Corps’ Libby WCM is the main reference source for dam operations to meet water management 
requirements. 

                                                      
13 The VARQ FRM procedure was developed to improve the multi-purpose operation of Libby and Hungry Horse 
while not reducing the level of flood protection in the Columbia River. VARQ FRM reduces the contribution of 
reservoir space at Libby and Hungry Horse for system flood control of spring runoff in the Columbia River in years 
when the potential for flooding is moderate. Correspondingly, the procedure was designed to provide higher 
outflows from the projects during the spring runoff than were made under the standard FRM operation. These 
outflows are more consistent with releases made to meet flow objectives for the ESA listed Kootenai River white 
sturgeon and Columbia and Snake River salmon and steelhead. 
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Fall Operations: October – November 

The October and November elevation targets are set to reach the December 31 FRM elevation by using 
the powerhouse capacity at Libby Dam.  The reservoir is required to be below elevation 2448 feet (0.5 
million acre-feet (MAF)) of space) by November 30.  The November end-of-month draft provides the 
project flexibility to meet the December 31 target elevation within powerhouse capacity. 

Storage Evacuation Operations: December – March 

Libby Dam operations follow a variable end-of-December FRM rule curve based on the water supply 
forecast; in most years the target elevation is 2411 feet, but this target may be increased to 2426 when the 
water supply forecast is below normal.  The project is operated during December through March (into 
April if the start of refill has not been declared) to the VARQ FRM SRD as shown in Figure 2-3.  The 
winter draft, or drawdown, is based on the April-August water supply forecast; higher water supply 
forecasts result in deeper reservoir drafts.  Dam discharge during this period is governed by end-of-month 
target elevations developed each month via inflow forecast and VARQ modeling.  Discharge is altered to 
correspond to these draft targets; the reservoir can be drafted to the minimum operating pool (MOP) of 
2287 feet when the water supply forecast is substantially higher than average (average inflow is ~ 6.5 
MAF; Figure 2-3), though the typical draft for average water years is 2380-2400 feet. 

 
Figure 2-3. Libby Dam VARQ storage reservation diagram (SRD), July 2012 
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Refill Operations: April – June   

During the refill period (generally from early or mid-April through June), Libby Dam will release flow in 
accordance with VARQ FRM operating procedures at Libby Dam.  Refill at Libby Dam will begin 10 
days prior to when either the forecasted unregulated flow at The Dalles is expected to exceed the ICF, or 
the forebay at Libby Dam is anticipated to exceed the Flood Control Refill Curve (FCRC14).  Once refill 
begins, Libby Dam outflow will be no lower than the computed VARQ flow (or inflow, if that is lower 
than the VARQ flow), unless otherwise allowed by the VARQ operating procedures.  For example, 
changes to reduce the VARQ flow can occur to protect human life and safety during the final stages of 
refill, or through a deviation request. 

During flood season, Corps reservoir regulators operate Libby Dam for system FRM and to minimize 
flood consequences by trying not to exceed, insofar as is possible, a river stage of 1764 feet at Bonners 
Ferry, Idaho.  Control of runoff during wet years relies on a utilization of storage space provided by 
Canadian and U.S. storage reservoirs under the CRT. 

Summer Operations: July – September 

After the refill period, Libby Dam releases are managed to meet the September 30 targets as specified in 
the 2014 NOAA Fisheries BiOp.  The releases allow the project to refill to its maximum elevation 
sometime in late July to early August. 

 
Figure 2-4. Modeled pool elevations at Libby Dam for representative dry, average, and wet years 
using a period of record of 1949-2014 

                                                      
14 Flood Control Refill Curves (FCRC) are curves to help guide the refill of reservoirs and ensure the flood control 
regulation does not adversely affect refill insofar as is possible. These curves define the lower limit of reservoir 
drawdown that can be filled with a 95 percent assurance. 
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Figure 2-5. Modeled outflow at Libby Dam for representative dry, average, and wet years using a 
period of record of 1949-2014 

 
Figure 2-6. Modeled river stages at Bonners Ferry under median, maximum, and minimum flow 
years using a period of record of 1949-2014 
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Hungry Horse Dam Flood Risk Management 
Hungry Horse Dam operations provide local and system FRM through regulation of spring flows in the 
mainstem Flathead River, as measured at Columbia Falls, Montana, and in the mainstem Columbia River.  
Hungry Horse Dam is operated consistent with its VARQ FRM procedures.  The Corps developed a 
WCM for Hungry Horse Dam that Reclamation uses as guidance for dam operations to meet FRM needs. 

Fall Operations: October – December 

In many years, Hungry Horse Reservoir drafts throughout the fall to meet minimum flows at Columbia 
Falls on the mainstem Flathead River; by the end of December, the reservoir can be an additional 15 to 20 
feet below the end-of-September elevation target (3540 feet in 20 percent driest years, 3550 feet in all 
other years).  The reservoir is required to be below elevation 3555.7 feet (0.10 MAF of space) from 
October 31 through November 30 and below elevation 3549.2 feet (0.25 MAF of space) by December 31.   

Storage Evacuation Period: January – April 

Reclamation generally drafts Hungry Horse Reservoir below the required FRM elevations to meet 
minimum flow requirements at Columbia Falls for resident listed fish.  In water years when minimum 
flows do not draft the reservoir below the required FRM elevations, Hungry Horse operates to the VARQ 
FRM rule curves SRD (see Figure 2-7).  Hungry Horse Dam is operated for both local and system FRM 
based on the May-September water supply forecast for Hungry Horse Dam. 

On April 30, Hungry Horse Reservoir is typically at its lowest seasonal elevation in order to capture the 
high flows during spring runoff and to reduce the risk of downstream flooding. 

 
Figure 2-7. Hungry Horse Dam VARQ flood control storage reservation diagram  
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Refill Operations: May – June 

Hungry Horse SRDs are designed for both local and system FRM.  For the system flood protection, 
Reclamation coordinates with the Corps on when to begin refill of Hungry Horse Reservoir in the spring.  
Hungry Horse Dam will release flow in accordance with VARQ FRM operating procedures.  The Corps 
computes the ICF at The Dalles and estimates the day that control flow is expected to be reached.  When 
unregulated flows at The Dalles are equal to the ICF, they can start refill of the reservoirs. Refill of 
Hungry Horse Reservoir can actually start 10 days prior to the date that the initial control flow is expected 
to be met, but not before May 1. 

As spring flows increase, Reclamation no longer needs to make releases to meet minimum flows at 
Columbia Falls but releases either the VARQ discharge flow or the minimum flow requirement below the 
project on the South Fork Flathead River.  As flows in the mainstem Flathead River increase, 
Reclamation must balance refill of Hungry Horse while attempting to control flows at Columbia Falls at 
or below the flood stage of 14 feet (51,000 cubic feet per second (cfs)), when the elevation of Flathead 
Lake is below the top foot (lower than 2892 feet), and at or below a stage of 13 feet (44,000 cfs) when the 
elevation of Flathead Lake is within 1 foot of full (between elevation 2892 and 2893 feet).   

Reclamation typically tries to refill Hungry Horse Reservoir by approximately June 30. However, the 
timing and shape of the spring runoff may result in reservoir refill a few days before or after the June 30 
target date.   

Summer Operations: July – September 

In wetter years, refill can be delayed until mid- July.  After the refill period, Hungry Horse Dam releases 
are set to meet the September 30 targets, as specified in the 2014 NOAA Fisheries BiOp. 

 
Figure 2-8. Modeled pool elevations at Hungry Horse Dam for representative dry, average, and wet 
years using a period of record of 1929-2013 
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Figure 2-9. Modeled Flow at Columbia Falls during representative dry, wet, and average years 
using a period of record of 1929-2008 

Albeni Falls Flood Risk Management 
Albeni Falls Dam is a storage project that is refilled during the spring primarily by snowmelt runoff and is 
drafted each fall for FRM in winter.  The lake’s usable storage (1.042 MAF) is generally filled and at 
least partially evacuated according to a seasonal operational plan.  To address downstream flood damages, 
the maximum hourly change in discharge at Albeni Falls Dam is 5,000 cfs.  The maximum change in 
average daily discharge at Albeni Falls Dam in any 24-hour period is 10,000 cfs.  Changes in discharge 
exceeding 10,000 cfs during the 24-hour period are permitted, provided subsequent discharge reductions 
reduce the average 24-hour change to the maximum specified rate, and the maximum hourly discharge 
limit and maximum tailwater criteria are observed. 

Maximum discharge and tailwater reduction rates are used during a flood recession to limit downstream 
bank sloughing and erosion.  The Pend Oreille River below Albeni Falls Dam can accommodate minor 
floods with incidental erosion and bank sloughing.  During major floods, channel banks saturated by 
weeks of high runoff are susceptible to significant erosion and sloughing if the recession is too abrupt.   

The 2014 NOAA Fisheries BiOp calls for Albeni Falls Dam to operate to standard FRM criteria.  Flood 
damage reduction benefits of the Albeni Falls project are realized for Lake Pend Oreille and the portion of 
the Pend Oreille River impounded by Albeni Falls Dam by lowering the maximum stage of Lake Pend 
Oreille for peak floods between 80,000 cfs and 220,000 cfs.  Figure 2-10 shows the annual operating 
limits for Lake Pend Oreille within the solid black lines. 
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Figure 2-10. Summary hydrograph for Lake Pend Oreille 

Fall Operations: October – November 

After September 30, Lake Pend Oreille is drafted down to the winter minimum control elevation (MCE) 
of 2051 feet by mid-November.  During the month of October and through the first week of November, 
the Corps drafts the project, targeting to be within a half-foot of 2,051 feet (or other minimum winter pool 
elevation established for a special operation), reaching the MCE no later than November 15. 

Winter Holding Period and Power Operations: December – March 

The Corps holds Lake Pend Oreille within a half-foot of the MCE after mid-November until either after 
spawning is declared over or December 31, whichever occurs first, except when hydrologic conditions 
preclude the Corps from doing so. The Corps coordinates with IDFG to determine the best time that water 
can be stored in Lake Pend Oreille for Flexible Winter Power Operations (FWPO) without affecting 
kokanee redds. 

FWPO may occur after IDFG has declared the end of kokanee spawning and remains in effect through the 
end of March.  During this period, the elevation of Lake Pend Oreille can fluctuate between 2051 and 
2056 feet at BPA’s request and the Corps approval, in consideration of downstream power generation 
needs. 

Refill Operations: April – June 

The Corps monitors snowpack status during the spring flood season from April to mid-July, as 
downstream and upstream residents are still susceptible to flooding from precipitation events that can be 
known, at best, only a few days ahead of time.  Throughout the month of June, the Corps monitors 
snowpack and weather forecasts to best determine timing to refill the reservoir to the summer operating 
range of 2062.0 to 2062.5 feet.   
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Raising the lake to full summer pool by Memorial Day increases the risk of surpassing 95,000 cfs on the 
Pend Oreille River below Albeni Falls Dam, the official flood flow set by the National Weather Service.  

Summer Operations: July – September 

During the summer, Albeni Falls Dam will be operated to maintain a pool elevation between 2062 and 
2062.5 feet.  Lake Pend Oreille will be held above elevation 2062 feet through the third Sunday in 
September, or September 18, whichever date is later.  The Corps will try to keep the pool above 2061 feet 
through the fourth Sunday in September, or September 25, whichever is later, but reservoir elevation may 
change in the event of a power emergency or fishery need.  The Corps will begin drafting the lake to 
MCE after September 30. 

 
Figure 2-11. Modeled pool elevations at Albeni Falls Dam for representative dry, average, and wet 
years 
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Figure 2-12. Modeled outflow at Albeni Falls Dam for representative dry, average, and wet years 

Grand Coulee Dam Flood Risk Management 
Grand Coulee Dam is operated to standard FRM criteria to provide FRM through regulation of flows for 
the Columbia River at The Dalles.   

Fall Operations: September – December 

Grand Coulee Dam operates to the September 30 target elevation, as specified in the 2014 NOAA 
Fisheries BiOp.  Grand Coulee Dam does not have an end-of-December FRM upper rule curve draft 
requirement; however, operations for other purposes typically draw down Lake Roosevelt below full by 
the end of December. 

Storage Evacuation: January – April 

Grand Coulee Dam is operated from January through April to the standard flood control FRM 
requirements, based on the April-August volume water supply forecast for The Dalles. The Corps has 
established the Grand Coulee Dam SRD (Figure 2-13), which includes space requirements at Lake 
Roosevelt that are determined from The Dalles’ runoff water supply forecast minus system storage space 
available upstream of The Dalles, other than at Lake Roosevelt. 
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Figure 2-13. Flood control curves at Grand Coulee Dam, 2015 

 

Refill Operations: May – June 

The Corps computes the ICF at The Dalles and estimates the day that control flow is expected to be 
reached.  When unregulated flows at The Dalles are equal to the ICF, the reservoirs can start refill.  Refill 
at Lake Roosevelt can actually start 2 days prior to the date that the initial control flow is expected to be 
met. 

Summer Operations: July – August 

Reclamation targets refill after the Fourth of July holiday; however, in wetter water years, refill can be 
delayed until mid-July to manage flows at The Dalles. 

Dworshak Dam Flood Risk Management 
Dworshak Dam operations provide local and system FRM through regulation of winter and spring flows 
in the Clearwater River, lower Snake River and the lower Columbia River.  Dworshak Dam is operated 
consistent with the Corps’ Dworshak Dam Water Control Manual WCM and the 2008 2014 NOAA 
Fisheries BiOp. This operation includes following operational rule curves and SRDs for both local and 
system FRM based on the runoff volume forecast. 

Fall Operations: October – December 

Dworshak is operated to meet minimum releases are performed during the fall operation period such that 
and maintain the reservoir elevation is maintained within the 1520 to below 1558 end-of-December FRM 
targets.  The reservoir is required to be below elevation 1558 feet (0.7 MAF of space) by December 31. 
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Storage Evacuation Period: January – April 

Dworshak Dam is operated for both local and system FRM based on the April-July water supply forecast 
for Dworshak Dam. Dworshak Dam operates to the standard FRM SRD (Figure 2-14).  At the beginning 
of January, Dworshak is at or below elevation 1558, which provides at minimum 700,000 AF of available 
storage. This represents the minimum end-of-December FRM space.  Dworshak is operated to both the 
system and local FRM requirements.  

Winter floods are regulated to not exceed 25,000 cfs released from Dworshak or 115,000 cfs at Spalding, 
Idaho, whichever is most restrictive.  As needed for system FRM, Dworshak releases can be reduced to a 
minimum of 1,600 cfs to maintain the Vancouver, Washington, stage below 16 feet, as long as the 
reservoir capacity or Spalding flood targets are not jeopardized. 

 
Figure 2-14. System flood control curves at Dworshak Dam 

 

Spring Operations: May – June 

When the system SRD intersects the FCRC, normally during the month of April, Dworshak begins refill.  
The FCRC uses an April-July runoff volume forecast and an estimated reservoir release to determine 
refill target elevations.  Efforts are made to fill Dworshak to elevation 1600 feet by the end of June, or 
earlier if possible, following the FCRC.  

Similar to the winter flood requirements described in the section above spring floods are regulated to meet 
the same requirements for peak project outflows as well as flows at Spaulding and Vancouver. 
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Summer Operations: July – September 

Once the reservoir is refilled, there are no summer operations at Dworshak for flood risk management.   
Dam is operated in the summer for the gradual evacuation of water through a combination of temperature 
objectives to maintain Lower Granite Dam tailwater temperatures below 68°F and reach an elevation of 
1535 feet by August 31 and elevation 1520 feet by September 30, based on the 2008 Biological 
Opinion2014 NOAA Fisheries BiOp. 

 
Figure 2-15. Modeled pool elevation at Dworshak Dam for representative dry, average, and wet 
years using a period of record of 1929-1998 
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Figure 2-16. Modeled outflow at Dworshak Dam for representative dry, average, and wet years 
using a period of record of 1929-1998 

John Day Dam Flood Risk Management  
While routinely operated as run-of-river, the project has approximately 0.5 MAF of flood storage between 
the minimum elevation of 257.0 feet and the maximum elevation of 268.0 feet.  The reservoir storage is 
primarily designed to be used during winter and spring flooding to reduce flood stage at the Portland 
Harbor, but can also be used for similar purposes during peak spring freshet flows.  During the winter 
period, flood control evacuation requirements are tied to the forecasted stage at Vancouver, Washington.  
Per the 2014 NOAA Fisheries BiOp, John Day Reservoir will be operated at the lowest elevation 
(elevation 262.5 feet to 264.0 feet, with a 1.5-foot operating range) that continues to allow irrigation 
withdrawals from April 10 through September 30. The purpose of this action is to provide a smaller 
reservoir cross-section, which increases the speed of the water in the reservoir, to potentially reduce 
juvenile salmon travel time. Beginning in October and through December, the project is operated in a 
broader forebay range, usually 262.0 to 266.5 feet (after irrigation is complete). In November and 
December, the storage flexibility allowed at John Day can be used to adjust the system for tailwater 
control below Bonneville Dam during chum salmon spawning.  From January until April 10, the project 
is generally operated in a 3-three foot band, between 262.0 feet and 265.0 feet.   

2.2.2 Operations for the Conservation of Fish and Wildlife 

One of the authorized purposes for the FCRPS projects addressed in this consultation involves managing 
water in the system to support the conservation of fish and wildlife species in the Columbia River basin. 
Additionally, the AAs coordinate fish and wildlife management with a number of other Federal, state, and 
tribal entities.  Further information regarding regional coordination can be found in Section 2.5. 
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This section broadly discusses operations that are included in the Proposed Action that are designed to 
benefit both anadromous and resident ESA-listed fish species and designated critical habitat, as well as 
other fish species, such as non-listed salmonids, burbot, and lamprey. Operations that are specific to the 
listed species under USFWS jurisdiction, Kootenai River white sturgeon and bull trout and their 
designated critical habitat are described in Section 2.3. 

The FCRPS storage projects are operated to provide for flow augmentation, with minimum flow and 
ramping rates to protect ESA-listed fish. This includes releases for Kootenai River white sturgeon, 
Columbia River Basin bull trout, and various anadromous species.  Through coordination in the Regional 
Forum process, the FCRPS project operations are more effectively designed to meet the objectives to 
benefit all the listed species as well as fulfill multiple other authorized project purposes. Figure 2-17 
below provides a high level summary of the operational constraints (fish operations, flood risk 
management, power operation) and actions throughout the year that provide improved conditions for fish 
at FCRPS storage projects. 

 
Figure 2-17. Storage projects operations timeline. VARQ = variable discharge. FRM = Flood Risk 
Management. VDL = Variable Draft Limit. MCE = Minimum Control Elevation. Source: 2014 Annual 
Progress Report (Corps et al. 2015) 

Storage Project Operations 
Providing operations that benefit multiple fish species is an important component of water management in 
the Columbia River Basin. The Action Agencies operate the FCRPS storage projects (Libby, Hungry 
Horse, Albeni Falls, Grand Coulee, and Dworshak) for improving flows, managing temperatures, and 
protecting riparian habitat.  

To assist in providing more water for fish flows, the Action Agencies annually coordinate with Canada 
for the use of available Canadian storage in the Columbia River Treaty projects. Use of Canadian Treaty 
storage for fish purposes is contingent on development of mutually beneficial agreements between the 
United States and Canada. In recent annual Treaty agreements, Canada has allowed Treaty storage of 
flow augmentation water (1.0 MAF) for U.S. fish benefits in exchange for flow-shaping to meet fish 
objectives in Canada. The 1.0 MAF is released within the May-through-July period to benefit fish in the 
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United States. Use of space in Canadian reservoirs not included in the Treaty, referred to as non-Treaty 
storage, requires negotiating additional agreements between BPA and BC Hydro. An agreement is in 
place for an additional 0.5 MAF of non-Treaty storage for use in dry water years (but not in consecutive 
years). The storage project operations are included in the annual Water Management Plan (WMP15) and 
coordinated with the Technical Management Team (TMT). 

Libby 

The December 31 FRM target elevation for Libby Dam is 2411 feet, but implementation of the variable 
end-of-December flood control draft may occur when the December 1 water supply forecast is 
substantially less than average (maximum FRM end-of-December elevation is 2426 feet).  The Corps 
implements the VARQ FRM procedure to meet various objectives to benefit ESA-listed fish. Consistent 
with the 2014 NOAA Fisheries BiOp, when not operating to minimum flows, the Corps operates Libby 
Dam to achieve a 75 percent probability of reaching the upper flood control rule curve on or about April 
10 (the exact date will be determined in-season) to provide spring flows.  

Libby Dam is equipped with selective withdrawal gates that are operated to provide water temperature 
management for downstream fish.  Libby Dam is operated to provide normatively shaped hydrographs 
and thermographs that are more conducive to successful sturgeon migration, spawning, egg survival, and 
larval development in river reaches upstream of Bonners Ferry, where substrates, depths, and velocities 
that are believed to be appropriate for natural recruitment of new individuals to the population exist, and 
are enhanced by the operation.  More details on Libby Dam flow and temperature management operations 
for Kootenai River white sturgeon can be found in Section 2.3.1. 

The Action Agencies will store and supply water volumes and flows for sturgeon and bull trout based 
upon water availability. The objective is to improve flow conditions for fish (e.g., sturgeon flows, 
minimum flows for bull trout, and spring and summer flow augmentation for listed salmonids in the lower 
Columbia River) in the spring and summer by managing draft and refill. Another objective for Libby 
Dam operations is to minimize deleterious effects to the varial zone16 from a double peak17 by providing 
even or gradually declining flows following sturgeon flows during the summer months; this is determined 
in-season in coordination with the TMT.  Libby Dam will generally refill to its maximum elevation 
sometime in late July to early August. The exact refill date will be determined in-season and will consider 
available water supply, runoff shape, spring flow operations, FRM objectives (both at Bonners Ferry, 

                                                      
15 The WMP is available at http://www.nwd-wc.usace.army.mil/tmt/documents/wmp/2016/  
16 The varial zone is that portion of the river channel that is intermittently wet or dry as flows fluctuate.  In a 
regulated river, the area of biologically productive river bed is re-delineated when discharge is reduced after an 
extended period of inundation, resulting in desiccation of the previously productive varial zone (within 4 days).  A 
double peak operation desiccates a large area of productive varial zone when discharge is reduced, leading to the 
establishment of a new wetted perimeter with substantially reduced productivity. When flows increase again, it takes 
approximately 47 days to re-establish the varial zone productivity to full potential. This loss of river productivity 
caused by a double peak is greatest during the productive summer months. 
17 A double peak operation at Libby Dam is defined as a change in discharge of greater than 2,000 cfs while 
discharges are between 9,000 and 16,000 cfs, and a change in discharge of greater than 5,000 cfs while discharge is 
16,000 cfs or greater. 

http://www.nwd-wc.usace.army.mil/tmt/documents/wmp/2016/
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Idaho, and system-wide), and attempt to minimize spill to avoid exceeding the Montana state maximum 
total dissolved gas (TDG) standard of 110 percent saturation, to the extent practicable. 

During the summer months of July through September, the Action Agencies will operate Libby Dam to 
augment flows for juvenile salmon and steelhead outmigration in the Columbia River, along with meeting 
local resident fish needs, including bull trout minimum flows and flow operations to facilitate the 
Kootenai Tribe of Idaho’s habitat work in the Kootenai River near Bonners Ferry, Idaho. The Action 
Agencies will use the best available forecasts to try to meet the goals of the summer draft, as coordinated 
with the TMT.   

As defined in the 2014 NOAA Fisheries BiOp, to provide summer flows for the benefit of salmon and 
steelhead outmigration in the lower Columbia River, the Action Agencies will attempt to draft Lake 
Koocanusa to 10 feet from full (2449 feet) by the end of September, except in dry water years18, when the 
draft will increase to the level that is 20 feet from full (2439 feet). If the project fails to refill to the level 
that is 10 or 20 feet from full, then the project will release inflows or operate to meet minimum bull trout 
flows through the summer months. Rationale for this draft was adopted by the Northwest Power and 
Conservation Council (NPCC), and further details of the evaluation can be found in Appendix A.2.1 of 
the 2007 FCRPS BA. The project may draft below the target elevations if necessary to meet minimum 
flows or to avoid or address a power system emergency. 

Arrangements for retention of July-through-September water in Lake Koocanusa are possible through a 
Libby-Canadian storage water exchange under the current Libby Coordination Agreement, which was 
signed February 16, 2000. The exchange agreement reduces the draft of Lake Koocanusa and provides an 
equivalent amount of water from Canada. However, this operation cannot be guaranteed in any given year 
because the Columbia River Treaty requires the operation to be mutually beneficial to the Canadian 
Entity and the U.S. Entity. Information needed for such a determination, such as the volume of the water 
year, is not available until well into the migration season. This operation, if any, for a given water year is 
generally not finalized until June or July of that year.  

During the late fall through late spring, Libby Dam operates the selective withdrawal gate system to 
discharge the coldest water available in the forebay of the reservoir for the benefit of migrating and 
spawning burbot in the Kootenai River in the Idaho reach of the river.  Burbot are winter spawners and 
require cold water (optimal river temperature is 2 to 4° C) during spawning and egg incubation.  The 
reservoir becomes strongly isothermic (i.e., the same temperature near the surface and bottom of the lake) 
in mid-November and remains in this state through March during most years; therefore, thermal benefits 
associated with selective withdrawal gate placement are likely nominal during isothermy, with benefits to 
burbot occurring coincidental to cold atmospheric conditions and low discharge (i.e., reduced volume 
results in reduced temperature as the water flows downstream and is exposed to the atmosphere). 

Libby Dam will maintain the existing year-round instantaneous minimum outflow of 4,000 cfs for 
resident fish in the Kootenai River. Discharge fluctuations will be limited by operating to ramping rates 
set in the 2006 USFWS BiOp to protect variable-zone productivity to the extent possible. 

                                                      
18 Dry water years are defined in the 2014 NOAA Fisheries BiOp as the lowest 20th percentile of water years as 
measured at The Dalles, based on RFC’s averages for the 30-year statistical period of record (currently 1981-2010), 
using the RFC’s  May final water supply forecast for The Dalles April-August.  
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The dam will be operated to limit spill as much as practicable to avoid exceeding the maximum Montana 
state TDG standard of 110 percent saturation, when possible, and in a manner consistent with the Action 
Agencies’ responsibilities for ESA-listed resident fish. 

Coordination of Libby Dam flow operations are discussed through the Regional Forum process at the 
TMT, with consideration of a number of factors when developing flows through the summer, including 
the impact of flow fluctuations on bull trout and other resident fish below the project, the status of 
juvenile salmon outmigration in the lower Columbia River, attainment of system and local flow 
objectives, in-river habitat improvement projects, and the potential effects of reservoir operations on other 
listed or resident fish populations downstream.   

Hungry Horse  

Reclamation balances operations at Hungry Horse Dam for authorized purposes, including operations to 
benefit both resident and anadromous ESA-listed species.  When not operating for FRM or releasing 
water for flow augmentation to benefit anadromous fish, Hungry Horse Dam is operated to meet 
minimum flows both below the dam on the South Fork Flathead River and at Columbia Falls on the 
mainstem Flathead River.   

Hungry Horse Dam is operated to the VARQ FRM rule curves.  These curves were developed to reduce 
the draft for FRM in some years, allowing for higher spring flows for juvenile anadromous fish migration 
in the Columbia River.  Minimum flows were developed to benefit resident listed bull trout.  If minimum 
flows do not require a draft of the reservoir below the Upper Rule Curve (URC) between January and 
March, then there is some flexibility to operate for winter power generation.  Variable draft limits 
(VDLs19) have been developed to allow flexibility for power generation while ensuring a 75 percent 
probability of meeting the April 10 BiOp elevation objective (URC), which is to maximize flow released 
between April 10 and June 30 to benefit juvenile anadromous fish migration. Ramping rate limits were 
established below Hungry Horse Dam to reduce the chances of stranding fish.   

Reclamation tries to refill Hungry Horse Reservoir by June 30; however, the timing and shape of the 
spring runoff may result in reservoir refill a few days before or after the June 30 target date. The June 
refill benefits resident bull trout in the reservoir while maximizing the water available for release for 
summer flow augmentation to support juvenile anadromous fish migration in the Columbia River. 

Reclamation has placed selective withdrawal gates on the penstocks at the reservoir to warm the river 
since 1995 (Marotz et al. 1994, Vermeyen 2006).  These gates are used to provide warmer epilimnetic 
water (i.e., the water layer overlying the thermocline of a lake) to the river during the summer period 
when the reservoir is stratified.  By agreement with Montana Fish, Wildlife and Parks (MFWP), 
Reclamation operates the gates to achieve a temperature regime in the river as similar to natural 
conditions as possible.  The purpose of this manipulation was to prevent the very cool (4°C) hypolimnetic 

                                                      
19 The variable draft limit is a computed end-of-month elevation limit for drafting Hungry Horse Dam for the 
periods January, February, and March.  The VDLs are used to provide winter power flexibility while maintaining a 
75 percent probability of achieving refill of the project to its April 10 BiOp elevation objective (see April 10 URC 
definition). The only variable in the computation of the VDLs is the FRM elevations.  The basic computation 
assumes an inflow that has a 75 percent probability of occurring.  The volumes needed to meet minimum flows at 
the project and at Columbia Falls are subtracted from the assumed inflow.  The remainder is the volume available 
for winter power flexibility.  The minimum flow required at Columbia Falls is computed based on flows in the 
Middle and North Forks of the Flathead River that have a 75 percent probability of occurring. 
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waters (i.e., the layer of water that lies below the thermocline, is noncirculating, and remains perpetually 
cold) from suppressing the primary and secondary production in the river and to prevent the cold-water 
plume from acting as an attractant to non-native lake trout moving from Flathead Lake upstream, which 
may increase the predation pressure on native cutthroat and bull trout.  Since the completion of the 
selective withdrawal gates, thermal issues in the river have been minimal. 

Reclamation drafts Hungry Horse Reservoir to as low as elevation 3550 feet by the end of September in 
the wettest 80 percent of water years and 3540 feet in the driest 20 percent of water years to provide flow 
augmentation for anadromous fish in the Columbia River. Every attempt is made to either release this 
water evenly or gradually decline flows from July through September in order to minimize a double 
peak20 of flow on the Flathead River.  

Hungry Horse operations are coordinated with Energy Keepers Inc., the operators of Sèliš Ksanka 
Oĺispè21 (SKQ) Dam on Flathead Lake downstream from Hungry Horse, to assist in meeting license 
requirements under the Federal Power Act Section 4(e)22.   When possible, Hungry Horse Dam flow 
releases are shaped to assist Energy Keepers, Inc., in meeting flow targets downstream of SKQ related to 
tribal fishery interests on the Flathead River.  These operations are secondary to Hungry Horse fish 
operations for bull trout and anadromous fish, and do not result in double peaking flows or a change to 
the end-of-August pool elevation targets. 

Coordination of Hungry Horse flow operations are discussed through the Regional Forum process at the 
TMT, weighing considerations unique to each particular year. 

Albeni Falls 

The fall storage drawdown occurs from September to mid-November. The objective is to prepare for 
flood season, draft for power in the fall, and provide a relatively stable lake elevation to improve kokanee 
redd survival during the spawning period (generally, sometime between November 15 and December 31).  
The storage draft of the lake in the fall may also contribute to the support of flows in early November for 
chum salmon in the lower Columbia River, which are listed as threatened under the ESA.23 

A minimum control elevation (MCE) of 2051 feet is provided from December 1 to March 31 to provide a 
means of protecting kokanee spawning and egg incubation, as well as flood risk reduction and flexibility 
in power operations during the winter.   

Three days after IDFG declares that kokanee spawning has commenced or that Lake Pend Oreille is 
within a half-foot of elevation 2051 feet, the drawdown of Lake Pend Oreille will stop to maintain lake 
levels within 0.5 feet of the MCE to prevent de-watering of kokanee redds.  During this time period, the 

                                                      
20 A double peak operation at Hungry Horse Dam is defined as a change in discharge of greater than 2,000  while 
discharges are between 6,000 and 12,000 cfs, and a change in discharge of greater than 5,000 cfs while discharge is 
12,000 cfs or greater. 
21 The Confederate Salish Kootenai Tribes (CSKT) took over operations of Kerr Dam in 2015.  They renamed it 
Sèliš Ksanka Qĺispè (pronounced SHE-leesh k-SAHN-kah qw-leese-PEH), which means Salish Kootenai Pend 
Oreille in their language. 
22 Under Section 4(e) of the Act, 16 U.S.C § 797(e), FERC must consider environmental requirements for licensing 
a project within a federal reservation.  
23 The NMFS 2008 BO, RPA 4, calls for “[i]nteragency coordination of winter pool levels for kokanee in 
consideration of spawning and incubation needs for lower Columbia River chum salmon.” 
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lake is managed not to exceed 0.5 feet above the MCE to the extent practicable. Two conditions, which 
are not mutually exclusive, may cause the MCE to vary above elevation 2051 feet.  First, if kokanee begin 
spawning before the MCE is reached, the elevation of the shallowest known redds will determine the 
actual MCE, as long as it is below an MCE of 2055 feet.  Second, if kokanee are still spawning and the 
lake is filled above the intended 0.5-foot operating range before the end of December, perhaps due to 
rising lake levels from high inflows, the MCE can be reset through coordination with IDFG within the 
constraints of the FRM requirement for a maximum lake elevation of 2056 feet.   

Coordination of Albeni Falls flow operations are discussed through the Regional Forum process at the 
TMT, weighing considerations unique to each particular year.   

Grand Coulee  

Reclamation balances operations at Grand Coulee for authorized purposes and to benefit both resident and 
anadromous ESA listed species.  VDLs24 have been developed to balance flexibility for power generation 
with the objective to ensure an 85 percent probability of meeting the April 10 target elevation to benefit 
juvenile anadromous fish migration25.   

During spring or early summer in higher water years, when required releases exceed the power demand, 
water must be spilled (bypass the turbines) at Grand Coulee Dam. Reclamation tries to avoid spilling 
water at Grand Coulee when the reservoir is below elevation 1265.5 feet because this requires spilling 
through the low-level outlet works, which generates significant TDG; above elevation 1265.5 feet, spill is 
over the spillway, which produces less TDG.  Spill at Grand Coulee Dam is managed in coordination with 
the Corps’ Chief Joseph Dam to reduce TDG generation.  Flow deflectors on the spillways at Chief 
Joseph Dam reduce generation of TDG and are efficient at stripping and reducing TDG in water spilled 
below Chief Joseph Dam. To the extent possible, generation is shifted to Grand Coulee Dam and spill is 
shifted to Chief Joseph Dam to minimize TDG generation (see the discussion on Chief Joseph Dam 
below).   

Reclamation typically refills Lake Roosevelt after the Fourth of July holiday; however, the timing and 
shape of the spring runoff may result in reservoir refill in mid-July. The July refill maximizes water 
available for release for summer flow augmentation to support juvenile anadromous fish migration in the 
Columbia River. 

Reclamation drafts Lake Roosevelt to 1280 or 1278 feet by the end of August to provide flow 
augmentation for anadromous fish in the Columbia River. In addition, under the Lake Roosevelt 

                                                      
24 A VDL is a computed end-of-month elevation limit for drafting Grand Coulee Dam for the periods January, 
February, and March.  The VDLs are used to provide winter power flexibility while maintaining an 85 percent 
probability of achieving refill of the project to its April 10 BiOp elevation objective (see April 10 URC definition).  
The VDLs have lower limits and are set at elevations 1260 feet for January, 1250 feet for February, and 1240 feet 
for March.  The basic computation assumes an inflow that has an 85 percent probability of occurrence from which 
the volume needed to meet minimum flows at Vernita Bar is subtracted.  The remainder is the volume available for 
winter power flexibility. 
25 The FRM elevation is based on water supply forecasts.  It is a common misconception that maintaining reservoirs 
at their FRM elevations from January through March would provide 100 percent probability of achieving refill to the 
April 10 URC.  Modeling has shown that there is very little difference in the likelihood of achieving refill to April 
10 URC between an operation that drafts the project only to URC or to meet the minimum flow requirements 
downstream and an operation that allows a measured draft for winter power flexibility. 
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Incremental Storage Release Program (LRISRP), Lake Roosevelt will be drafted an additional foot in 
most years and an additional 1.8 feet in drought years (as defined by the State of Washington) when the 
program is fully implemented.  One-third of the water drafted goes to instream flows between April 10 
and August 31. 

Reclamation attempts to operate Grand Coulee Dam and Lake Roosevelt to refill to elevation 1283 by 
September 30 at the request of tribes to aid resident fish. 

Grand Coulee operators may be asked to release water in the fall for spawning of chum below Bonneville 
Dam, and in the winter and spring for protection flows for both chum below Bonneville Dam and for fall 
Chinook below Priest Rapids for flow objectives in the Hanford Reach (Vernita Bar).  Banks Lake is 
operated to provide flow augmentation for anadromous fish by drafting 5 feet by the end of August. 

Coordination of Grand Coulee flow operations are discussed through the Regional Forum process at the 
TMT, weighing considerations unique to each particular year.   

Dworshak 

Dworshak Dam is operated to end-of-month FRM elevations from January through April.  The Corps 
operates the project during the spring to maintain a 95 percent probability of refilling by about June 30. 
The reservoir is deemed to be full at elevations of 1599 feet or above.  Refill is managed to also maximize 
the release of stored water from Dworshak Dam, in order to provide water for meeting the lower Snake 
River flow objectives for outmigrating salmon and steelhead. The project may release additional flows, if 
necessary, to move juvenile fish into the mainstem Clearwater River during spring hatchery releases.  

Summer flow augmentation is provided from Dworshak to improve water quality (moderating river 
temperatures), and increasing water velocities in the lower Snake River. The summer temperature 
moderation and flow augmentation releases from Dworshak are shaped with the intent to maintain water 
temperatures at or below 68º F at the Lower Granite tailrace fixed monitoring site.  

The objective of the Action Agencies is to draft to elevation 1535 feet by the end of August and elevation 
1520 feet (80 feet from full) by the end of September, unless modified per the Agreement between the 
United States and the Nez Perce Tribe (NPT Agreement) for water use in the Dworshak Reservoir. On 
September 1, the project begins release of flow augmentation water under the NPT agreement with up to 
200,000 acre-feet of water stored in the reservoir (storage between 1535 feet and 1520 feet).   The 
extension of the draft limit into September assures that water will be released consistent with the NPT 
Agreement. Releases under the NPT Agreement will be determined in the annual plan prepared by the 
Corps, NOAA Fisheries, Nez Perce Tribe, the State of Idaho, and BPA and presented to TMT for 
implementation.  

The Corps’ Dworshak Fish Hatchery, downstream of Dworshak Dam (operated by the USFWS and the 
Nez Perce Tribe), requests dam releases to provide the preferred water temperatures during various times 
of the year.  The primary water supply for the Dworshak National Fish Hatchery is provided by pumps on 
the North Fork Clearwater River, and water temperatures for the hatchery can be adjusted by using the 
selector gates on the turbine intakes.  However, Dworshak Dam water temperature control structure 
operations have a limited ability to maintain target temperatures, especially during minimum flows.  
Releases for optimum water temperatures for the hatchery are affected during the summer because the 
primary emphasis on dam releases are for Snake River flow and temperature augmentation consistent 
with NOAA’s biological opinion. 
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Coordination of Dworshak flow operations are discussed through the Regional Forum process at the 
TMT, weighing considerations unique to each particular year.   

Run-Of-River Project Operations for Fish and Wildlife 
Middle Columbia River Project – Chief Joseph Dam 

Flow deflectors were installed on the 19 spill bays at Chief Joseph Dam and completed in 2008, for the 
purpose of offsetting TDG impacts to aquatic life.  This allows for maintaining power generation at Grand 
Coulee while Chief Joseph diverts more water to spill when necessary.  Even when Grand Coulee is 
spilling and TDG concentrations in the Chief Joseph Dam forebay exceed 130 percent saturation, the 
deflectors are capable of keeping TDG concentrations to no more than about 120 percent saturation in 
spilled water below Chief Joseph Dam.  This is intended to protect aquatic life, including bull trout 
critical habitat, which extends upstream from Chief Joseph Dam in the mainstem Columbia.  There is also 
a benefit for fish in Rufus Woods Lake (not part of bull trout critical habitat), since the likelihood of spill 
at Grand Coulee Dam is reduced. 

In 1981, the Corps raised the normal full pool level of Rufus Woods Lake by 10 feet, from 946 to 956 feet 
mean sea level (msl), to increase the hydropower production of Chief Joseph Dam.  Under the authority 
of The Fish and Wildlife Coordination Act of 1958 (Public Law 85-624), the Corps worked with the 
Washington Department of Fish and Wildlife (WDFW), Colville Confederated Tribes (CCT), and 
USFWS to develop a comprehensive wildlife mitigation plan to preserve existing habitat for all wildlife 
species and mitigate wildlife habitat losses caused by the 10-foot raise.  During the goose nesting season, 
from February 15 through May15, maintaining a minimum elevation of 950 feet at Chief Joseph is 
important due to the formation of land bridges to nesting sites at lower elevations.  These bridges result in 
increased predation on young birds.  A 25-year monitoring and evaluation program was recently 
completed and the future direction of the mitigation program is currently being evaluated by the Corps, 
CCT, WDFW, and USFWS. 

Lower Snake River Projects  

The lower Snake River run-of-river projects (Lower Granite, Little Goose, Lower Monumental, and Ice 
Harbor) are equipped with structural fish passage improvements, and are operated to provide for 
improved passage conditions for adult and juvenile salmonids in accordance with the Fish Passage Plan 
(FPP)26. The FPP is developed annually by the Corps in coordination with BPA and regional Federal, 
state, and tribal fish agencies. The FPP describes year-round operation and maintenance activities at 
Corps dams on the Columbia and Snake Rivers. 

Since 2000, the structural improvements at these projects for juvenile fish passage across the dams 
include surface passage facilities at each dam, improved juvenile bypass facilities, and improvements to 
turbine units at Ice Harbor Dam (not yet completed). 

Adult fish passage facilities operate year-round, with a window for maintenance that varies at each 
project, but generally occurring between January and March. Many dams have adult fish ladders on both 
shorelines to pass adult fish upstream. Only one ladder at a time is taken down for maintenance during 
this period. Ice Harbor and Lower Monumental Dams have adult fish ladders on both shorelines to pass 
adult fish upstream.  Little Goose and Lower Granite Dams have a single fish ladder on the south 

                                                      
26 The FPP can be found at http://www.nwd-wc.usace.army.mil/tmt/documents/fpp/2016/  

http://www.nwd-wc.usace.army.mil/tmt/documents/fpp/2016/
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shoreline, with entrances that allow adult fish entrance into the ladder along the entire span of the dam, 
reaching to the opposite end of the dam. 

Operations for juvenile salmonids at these projects include operating at MOP, juvenile fish passage spill, 
turbine operations within ±1 percent peak efficiency, operating surface spill weirs, installing screens and 
operating juvenile bypass facilities. MOP operations take place from April 3 until approximately 
September 1 and restrict the pool to a 1-foot operating range to reduce the cross-section of the reservoirs.  
Juvenile salmonid fish passage spill,27 including the operation of surface passage facilities such as 
spillway weirs, occurs at these projects from April 3 to August 31.  Fish passage spill is modified 
annually in the fish operations plan (FOP), which is included as Appendix E to the annual FPP.  For 
additional detail, see Tables A-7 and A-8 in Appendix A, which detail actual 2016 spill 
operations included in the FOP. The turbines are operated within ±1 percent best efficiency from April 1 
to October 31 as a hard constraint, and from November 1 to March 31 as a soft constraint. After 
considering the best available information, and taking into account input from regional sovereigns, the 
Corps will initiate juvenile fish transportation operations each year at the Snake River collector projects 
(Lower Granite, Little Goose, and Lower Monumental).  The goal is to transport approximately 50 
percent of juvenile steelhead.  Transport operations are carried out at each collector project in accordance 
with all relevant FPP operating criteria.  Screened bypass systems typically operate from April 1 through 
December 15, with the intake screens being removed around November 24 due to freezing weather. 

The Corps monitors river temperature and total dissolved gas saturation at all Snake River projects.  
Ladders at the Corps’ Snake River Dams are equipped with windows that enable counting fish as they 
volitionally ascend the ladders.  Adult salmon and steelhead, American shad, Pacific lamprey, and bull 
trout are  counted at all Corps Columbia River dams. Counting of these species occurs year-round at Ice 
Harbor and Lower Monumental Dams.  Counting at Little Goose and Lower Granite Dams occurs from 
March 1 through December 30 each year.28  During the juvenile salmon and steelhead migration season, 
juvenile salmonids are sampled for fish condition, species composition, and run-timing at Lower Snake 
River projects. 

More detailed criteria and guidelines for lower Snake River Project operations are addressed in the annual 
WMP and the FPP. 

Lower Columbia River Projects 

The lower Columbia River run-of-river projects (McNary, John Day, The Dalles, and Bonneville) are 
equipped with structural fish passage improvements, and are operated to provide for improved passage 
conditions for adult and juvenile salmonids in accordance with the NOAA Fisheries BiOp and related 
plans (e.g., the annual FPP).  

The structural improvements at these projects for juvenile fish passage across the dams include the 
surface passage facilities at each dam and juvenile bypass facilities, structural improvements to spillways 

                                                      
27 Project operations, such as spillway operations, can affect commercial navigation and safe transit when entering 
and exiting the downstream entrance of the locks.  Various levels of spill or spill patterns used for juvenile fish 
passage can result in conditions that affect towboats and barges entering or leaving the locks.  When these 
conditions occur, spill levels or patterns may be temporarily altered to provide safer navigation conditions for tows 
entering or leaving the locks. 
28 Count data are posted daily at http://www.nwp.usace.army.mil/Missions/Environment/Fish/Counts.aspx. 

http://www.nwp.usace.army.mil/Missions/Environment/Fish/Counts.aspx
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and improvements to turbine units at the Bonneville Dam first powerhouse, which was completed in 
2010. 

Adult fish passage facilities operate year-round, with a window for maintenance that varies at each 
project. Bonneville Dam has three fish ladders to accommodate upstream adult fish passage at 
Powerhouse I, the spillway, and Powerhouse II.  The Dalles, John Day, and McNary Dams have two fish 
ladders at each end of the dam to provide upstream adult fish passage. 

Operations for juvenile salmonids at these projects include juvenile fish passage spill, turbine operations 
within ±1 percent of peak efficiency, operating surface flow outlets, installing screens and operating 
juvenile bypass facilities, and normal operating pool (except at John Day Dam, which is operated at the 
lowest elevation  [262.5 to 264.0, with a 1.5-foot operating range]) from April 10 through September 30.  
Juvenile salmonid fish passage spill occurs at these projects from April 10 to August 31.   Fish passage 
spill is modified annually in the fish operations plan (FOP), which is included as Appendix E to the 
annual Fish Passage Plan. For addition detail see Tables A-11 and A-12 in Appendix A, which 
details actual 2016 the spill operations included in the 2016 FOP. Spillway weirs at McNary and John 
Day Dams begin operation on April 10 and operate until early June (McNary) or the end of August (John 
Day).  Surface passage facilities at The Dalles operate from March 1 to December 15 and at Bonneville 
Dam year-round.  Turbines operate within ±1 percent of peak efficiency from April 1 to October 31 as a 
hard constraint and November 1 to March 31 as a soft constraint.  Screened bypass systems typically 
operate from April 1 through December 15.  Extended-length submersible bar screen (ESBS) installation 
at McNary Dam is usually delayed by approximately 2 weeks each year to benefit the passage of juvenile 
lamprey. 

The Bonneville Dam tailrace elevation is maintained for chum spawning of approximately 11.5- feet 
beginning at approximately the first week of November and ending around December 31, with 
adjustments made in-season through coordination with the TMT.  Depending on conditions and the 
elevation at which chum salmon redds were formed below Bonneville Dam during spawning, a minimum 
incubation tailwater elevation is maintained at approximately the same level until incubation is mostly 
complete on April 10.  

In response to requests from The Columbia River Inter-Tribal Fish Commission (CRITFC), forebay 
elevations are routinely restricted to a 1.5-foot operating range at John Day, The Dalles, and Bonneville 
Dams for tribal Treaty fishing.  CRITFC notes that its requested operations decrease debris, reduce 
entanglement of nets, increase boat access, and facilitate anchorage of the net.  Treaty fishing operations 
are typically 2 to 5 days a week and typically occur throughout the April-to-September period split into 
spring, summer, and fall Treaty Fishery periods. 

The Corps monitors river temperature and total dissolved gas saturation at all lower Columbia River 
projects.  Ladders at the Corps lower Columbia River Dams are equipped with windows that enable 
counting fish as they volitionally ascend the ladders.  Adult salmon and steelhead, American shad, Pacific 
lamprey, and bull trout are counted at all Corps lower Columbia River dams. Counting of these species 
occurs year-round.  During the juvenile salmon and steelhead migration season, juvenile salmonids are 
sampled for fish condition, species composition, and run-timing at McNary, John Day, and Bonneville 
Dams. 

More detailed criteria and guidelines for lower Columbia River project operations are addressed in the 
annual WMP and the FPP. 
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2.2.3 Operations for Power Generation 

One of the authorized purposes of all the FCRPS projects is the generation of electricity. Hydropower at 
the FCRPS projects is generated by water passing through turbine-generator units.  To produce electricity, 
a turbine converts the potential energy of falling water into mechanical energy, which a generator 
converts into electrical energy. The coordinated water management of the FCPRS includes managing the 
amount of water used to generate hydropower passing through turbines. 

The FCRPS projects in Table 2-1 can be classified as either run-of-river dams or storage dams. This 
distinction is important for power generation, because run-of-river projects generate electricity based on 
inflows, with minimal ability to shape flows and thus minimal ability to control the timing of when 
electricity is generated; some generation can be adjusted from one hour to the next, and perhaps to the 
subsequent day, whereas the storage projects may store the water until there is a need to generate 
electricity. Storage projects may store inflows for a week, a month, or even another season, depending on 
available storage capacity and overall system flexibility, given other constraints such as flood risk 
management and operations for fish.  

BPA is the Federal power-marketing administration within the Department of Energy that markets and 
distributes power generated at Federal dams on the Columbia River and its tributaries including all of the 
FCRPS projects in this consultation, which are listed in Table 2-1 below.  

Table 2-1. Total nameplate capacity (MW) for the 14 FCRPS projects 

Dam Name Type Location Total Nameplate 
Capacity (MW) 

Lower Granite 

Run-of-River 

Lower Snake River 

930 

Little Goose 930 

Lower Monumental 930 

Ice Harbor 693 

McNary 

Lower Columbia River 

1120 

John Day 2480 

The Dalles 2086 

Bonneville 1125 

Grand Coulee  Storage Middle Columbia River 70151 

Chief Joseph Run-of-River Middle Columbia River 2614 

Hungry Horse 
Storage 

South Fork Flathead River 428 

Libby  Kootenai River 605 
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Dam Name Type Location Total Nameplate 
Capacity (MW) 

Dworshak  North Fork Clearwater 465 

Albeni Falls  Pend Oreille River 49 

Total  21,534 MW 

1This figure includes pump generation. 

Power Generation 
The amount of electricity generated at the FCRPS projects depends on a variety of factors, including 
operational constraints, ESA obligations, regional load,29 and river flows. Seasonally, river flow 
determines when power is generated (i.e., peak hydroelectric generation typically coincides with spring 
runoff, while low flows and low generation generally occur in late summer and fall).  In coordinating 
system water management, the Action Agencies generally prioritize flood risk management and 
environmental responsibilities, such as conservation actions for protected fish species, before BPA shapes 
any remaining flexibility to manage water flow for power generation meet the daily and seasonal demand 
for electricity. In emergency situations, however, operations to keep the lights on are prioritized to protect 
human health and safety as well as the safety and reliability of the power grid.  

Energy supply (including generation, imports, and exports) must equal load (demand for electricity) at all 
times. At times, BPA must use the wholesale electricity market to buy and sell electricity to ensure that 
electricity demand and supply are always balanced. Peak power demand, and therefore peak hydroelectric 
generation, tends to occur during daytime hours if not constrained by other requirements.30 There are 
seasonal peaks of energy demand, as well.  In the Pacific Northwest, historically energy demands peak in 
the wintertime as the need for heating increases. Ensuring a sufficient supply of electricity in the winter 
can be a challenge, particularly during extreme cold spells when demand increases dramatically region-
wide and little or no electricity is available in the wholesale market.  More recently, with higher regional 
temperatures, summer demands for energy have also been increasing over historical trends as demand for 
air conditioning increases.  

The demands for regulating power generation from the projects from which BPA markets power 
increased dramatically with the restructuring of electricity markets in the mid-1990s and the renewable 
resource boom in the Pacific Northwest that started in the mid-2000s. Because most renewable resources 
generate when the wind blows or the sun shines, regardless of when residents and businesses in the 
Northwest need the electricity, other generators (typically hydropower and gas-fired power plants) must 
adjust their power generation to compensate (i.e., to integrate the renewable power sources). The 
Northwest has a long-standing tradition of addressing operational challenges through coordinated system 
operations, including the Pacific Northwest Coordination Agreement (PNCA), Contingency Reserves 
Sharing, Mid-Columbia Hourly Coordination, and regional collaboration on wind integration. For 

                                                      
29 Load refers to electricity that is being consumed in the region. It is also known as demand. 
30 For example, Bonneville Dam generates more power at night during the late fall and early winter months due to 
the requirement for relatively low flows during daylight hours below the dam to encourage daytime chum spawning 
at elevations that will not be dewatered later in the winter. 
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example, the PNCA objective is to coordinate and optimize the long-term planning and operation of the 
coordinated system among multiple Federal and non-Federal owners/operators of hydropower generators 
in the northwest.   

Operating Reserves 
In addition to marketing the power generated at these projects and other facilities, BPA, as the North 
American Electric Reliability Corporation (NERC)-registered balancing authority, is responsible for 
maintaining the balance between generation and load within the BPA Balancing Authority Area (BAA). 31  
Figure 2-18 below shows the area for which BPA is a Balancing Authority.   

BPA manages and provides operating reserves based on a required reserve obligation using dispatchable 
energy generation32 to ensure generation within the BAA matches load at all times. The most common 
dispatchable power plants for reserve obligations in the Northwest are hydropower33 and natural gas. 
Therefore, BPA sets aside a certain portion of hydropower generation capability to meet its reserves 
obligation for unexpected increases or decreases in generation or load in the BPA BAA. These 
unexpected changes in generation can come from variable energy generation like wind, sudden 
generation outages, or transmission constraints.  

The FCRPS projects cannot all operate simultaneously at full capacity, in order to reserve some 
dispatchable generation to increase generation, as needed. At certain times, BPA’s obligation to balance 
power generation to match load within the BAA, including maintaining operating reserves, may have an 
impact on the coordinated water management of FCRPS. This is most likely to occur during high spring 
flows during the months of May and June. See Appendix B for additional information.  

                                                      
31 A balancing authority is the responsible entity that schedules generation on transmission paths ahead of time, 
maintains load-interchange-generation balance within a Balancing Authority Area, and supports interconnection 
frequency in real time.  Balancing authority area is the collection of generation, transmission, and loads within the 
metered boundaries of the designated balancing authority. The balancing authority maintains load-resource balance 
within this area. 
32 Dispatchable generation refers to sources of electricity that can be dispatched (generation is increased or 
decreased) at the request of power grid operators or of the plant owner to meet fluctuations in demand or supply. 
Often, baseload power plants such as nuclear or coal cannot be turned on and off in less than several hours. The 
time periods in which dispatchable generation plant may be turned on or off may vary in time frames of seconds, 
minutes or hours. 
33 Hydropower is dispatchable as long as there is flexibility to increase or decrease generation, which often means 
having the ability to increase or decrease flows coming from an upstream reservoir. For example, there is little 
capacity to hold reserves at the Lower Snake River dams during fish passage season when the Action Agencies 
maintain the forebays within a narrow operating range at minimum operating pool (MOP). With such restriction in 
operating range, the dams do not have much storage capability and therefore cannot hold many reserves. 
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Figure 2-18. West Coast Balancing Authorities (or Control Areas) 

Transmission 
BPA, as the NERC-registered transmission operator, is also responsible for maintaining the safety and 
reliability of the transmission grid.  Certain transmission actions, including balancing operating reserves 
and planned or emergency transmission line outages, are included in the proposed action to the extent that 
those actions have an impact on the coordination water management of FCRPS.  

2.2.4 Operations for Irrigation/Water Supply 

Grand Coulee Dam is the primary storage and diversion structure for the Columbia Basin Project, a 
Reclamation irrigation project on the upper Columbia River in central Washington.  In addition to Grand 
Coulee Dam and its impoundment (Lake Roosevelt), the major facilities of the Columbia Basin Project 
are the Grand Coulee Powerplant complex, John W. Keys III pump/generating plant, Banks Lake, and 
Potholes Reservoir.  More detail on the operations of the Columbia Basin Project and Hungry Horse 
projects can be found in Appendices A and C. 

As a matter of administrative convenience, the Action Agencies address several actions within this single 
BA.  In addition to operation and maintenance (O&M) of the FCRPS (which includes the Columbia Basin 
Project), this consultation addresses the depletion effects of Reclamation’s two other Columbia River 
mainstem irrigation projects and the effects to the mainstem Columbia River from operations of seven of 
Reclamation’s tributary projects.  The operations of Reclamation’s tributary projects and their associated 
effect on their respective tributaries are currently being addressed by Reclamation in other ESA Section 7 
consultations.   Reclamation incorporates these consultations by reference.  The operations of 
Reclamation’s other mainstem Columbia River irrigation projects and seven tributary projects are not 
coordinated with the operations of the FCRPS but they all have effects to the flows of the mainstem 
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Columbia River that are not covered elsewhere. The collective irrigation and associated impacts are 
addressed in this consultation.   

Reclamation operates these irrigation projects in compliance with repayment and water supply contracts 
specific to each project, as well as state laws governing the appropriation, storage, and use of water.  The 
operation and maintenance of these projects is described in more detail in Appendix A. 

The effects of Reclamation’s upper Snake River projects are included in the baseline, but are not 
addressed directly, as they have completed separate consultation. 

The Corps’ storage of water in some FCRPS reservoirs for irrigation on private agricultural lands is used 
to meet or supplement natural supplies.  The Corps’ Northwestern Division Reservoir Control Center 
coordinates and modifies operations to benefit irrigation at both John Day and McNary Projects.  The 
Lower Snake River Project also provides irrigation water by maintaining stabilized reservoir levels that 
enable the installation and operation of pumping stations.  More detail on irrigation operations along the 
lower Columbia and lower Snake Rivers can be found in Appendices A-4 and A-5. 

2.2.5 Operations for Navigation 

The Columbia River system is the Northwest’s river highway.  The 465-mile Columbia-Snake Inland 
Waterway represents a key link to the Columbia-Snake River Basin interior region.  It facilitates barge 
transport from the Pacific Ocean to Lewiston, Idaho, the most inland port.  This transportation system 
consists of the Federal navigation channel and locks, port facilities, and shipping operations.  The system 
is used for commodity shipments from the inland Northwest and as far away as North Dakota.  Today, the 
Corps maintains a reliable 43-foot-deep, deep-draft navigation channel between the Pacific Ocean and the 
Portland, Oregon/Vancouver, Washington, area, and a shallower draft navigation channel 250 feet wide 
and 14 feet deep from below Bonneville Dam upstream through Richland, Washington, on the Columbia 
River, and from the mouth of the Snake River to the confluence of the Snake and Clearwater Rivers (RM 
1.3 on the Clearwater River). 

The system supports international trade of an estimated value over $20 billion annually and carries about 
56.9 million tons of cargo, making it the second largest export gateway on the West Coast.  The average 
annual (2010-2014) tonnage passing through The Dalles Lock and Ice Harbor Lock was 7,719,748 and 
3,475,104, respectively.  This equates to approximately six commercial vessels per day at Lower 
Columbia River dams and 3 per day at Lower Snake River Dams. 

In this BA, the AAs are consulting on the operation of the projects for navigation.  This includes 
managing reservoir elevations, filling and draining navigation locks, and maintaining navigation locks.  
Other Federal activities associated with navigation have been previously consulted on. 

Navigation Locks 
Navigation locks at the four lower Columbia (McNary, John Day, The Dalles, and Bonneville Dams) and 
four lower Snake River (Lower Granite, Little Goose, Lower Monumental, and Ice Harbor Dams) 
projects are available for locking commercial boat traffic past the dams almost continually, 24 hours per 
day, 7 days a week, approximately 50 weeks of the year.  For the 2012-2016 period, daily average 
lockages for lower Columbia River Dams ranged from five to seven, and for the lower Snake River 
Dams, daily average lockages ranged from two to four.  Unscheduled recreational lockages are allowed 
during the remaining period of the year. During boat passage and lock operation, the lock either fills with 
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water or drains, then remains at that position until the next passage. The filling or draining operation takes 
approximately 20 minutes.  Total time to lock a boat through takes about 30 minutes. 

Navigation locks were designed to allow 15 feet of depth over the concrete sills on the upstream and 
downstream entrances to the locks.  This depth is provided at upstream entrances of the locks within 
normal operating ranges (between maximum and minimum operating pool) for the reservoirs.  Depth over 
downstream entrance sills, however, can be affected by MOP operations on the lower Snake River at low 
river flows (around 40,000 cfs and lower)34. If this happens, reservoir elevations may be raised to provide 
safe clearance for vessels entering and leaving the navigation locks. 

2.2.6 Operations for Recreation 

In general, the storage and run-of-river projects are operated within normal operating limits, in part to 
provide for recreational opportunities at these projects.  There are recreation sites, access sites, state 
parks, and boat launches associated with the Corps’ and Reclamation’s project lands throughout the 
FCRPS.  Nearly all of these sites provide recreation opportunities that either depend on water or are 
enhanced by the proximity of water.  Several of the sites were constructed by the Corps but are operated 
by other Federal agencies, counties, port districts, or through commercial leases.  Sites on Reclamation 
lands were constructed and are operated in partnership with Washington State and several municipalities. 
In this BA, the AAs are consulting on the operation of the projects to support recreational activities.  This 
includes managing reservoir elevation and river flows.  Both recurring and one-time requests for special 
operations to support recreation are considered, within normal operating limits, including FRM and fish 
conservation operations.  Any other Federal activities associated with recreation are not included in the 
scope of this proposed action. 

Libby 
Recreation facilities provide both water-based and land-based recreational opportunities.  Water-based 
recreation opportunities include primarily boating, fishing, swimming, and sightseeing.  Boat-launching 
ramps, swim beaches, marinas, and other facilities have been developed to support these activities.  The 
Corps, the U.S. Forest Service (USFS), and private enterprises operate a mix of recreational facilities 
associated with the reservoir and river.  The range of usability for reservoir boat ramps is from full pool to 
approximately 2430 feet below full pool. 

Hungry Horse 
Recreation facilities provide both water-based and land-based recreation opportunities.  Primary 
recreation activities include camping, fishing, boating, sightseeing, hunting and huckleberry picking.  
Fifteen campgrounds as well as dispersed recreation sites surround the reservoir.  Facilities include 
approximately 174 single camp units, one group campsite (150 person capacity), and 27 picnic units.  
Approximately 115 miles of road circle Hungry Horse Reservoir and provide good access for recreation. 
There is currently a limited open season for bull trout.  There are 10 boat ramps along the reservoir.  
Abbot Bay, the longest boat ramp provides access when the reservoir is down 130 feet (3430). 

                                                      
34 Lower Snake projects are operated at MOP with a 1-foot operating range from April 3 until a small number of 
juvenile salmon and steelhead are present (approximately September 1).   
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Albeni Falls 
Boat launching ramps, swim beaches, marinas, and other facilities have been developed to support these 
activities, and the summer lake elevation is generally held within a 0.5-foot operating range. The Corps 
holds the lake elevation between 2062.0 and 2062.5 feet through the summer for recreational purposes. 
The following operational objectives have been put into practice to provide additional recreational use of 
the lake for the end of September: 

• The lake will generally be held within the summer operating range of 2062 to 2062.5 feet through 
the third Sunday in September, or September 18, whichever date is later.  

• Reasonable efforts will be made to remain above 2061 feet through the fourth Sunday in 
September, or September 25, whichever date is later, and hold a stable pool for the regatta.  

o Hydrology and Columbia River system needs will determine how long it will be possible 
to stay above 2061 feet.  

o The Water Control Manual states that the project will be no lower than 2060 feet on 
September 30.  

• The Corps Water Management Section may determine if special needs require water to be made 
available through use of the full September operating range of 2062.5 to 2,060.0 feet after Labor 
Day. The decision to use the full range of the pool may be based on:  

o Biological and/or operational needs of the coordinated system  

o Construction or maintenance work on Lake Pend Oreille or downstream of the dam 

Grand Coulee 
Lake Roosevelt is typically filled following the Fourth of July holiday.  The desired operation is to have 
Lake Roosevelt 3 to 4 feet below full pool going into the holiday to provide beaches for recreation. 

Lake Roosevelt offers a wide variety of recreation opportunities, and is one of the few large lakes in the 
region that has an extensive amount of shoreline and adjacent lands available for public recreation.  The 
shorelands of the Lake Roosevelt National Recreation Area, managed by the National Park Service, 
consist primarily of a narrow band of land above the maximum high water elevation (1290 feet). In 
most cases, the minimum amount is determined by the elevation 1310-foot contour, while the maximum 
ranges up to almost one-half-mile from the high water line in a few locations.   

The most popular activities in the park are camping, swimming, motor boating, and fishing, followed by 
family gatherings, picnicking, sightseeing, and water skiing. 

Lower Snake and Columbia River 
Waterfowl hunting operations are provided Wednesdays, weekends, and holidays from mid-September 
through January at McNary, Ice Harbor, and Little Goose Dams.  The pools are operated in the upper end 
of their operating range to provide better access for hunters.   

In addition to requests for operations that support waterfowl hunting, there are annually recurring 
operation requests to support recreation at McNary and Bonneville Dam.  These requests fall within the 
authorized operating range of these projects.  
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McNary  
Several annually recurring operation requests to support recreation occur at McNary Dam and include the 
following: 

 Annual Tri-City Water Follies – Operations are coordinated for setting up the course and the 
hydroplanes races for the Columbia Cup.  A high, steady pool operation at McNary is required for 
two successive weekends in the summer.  The high pool keeps race buoys in place so that race 
times can be certified. 

 Richland Regatta – This non-hydroplane Northwest Power Boat Association event requires high 
and steady McNary operations on two successive weekends in order to set the race markers with a 
race on the second weekend. 

 Umatilla Landing Days – This re-creation of early crossings of the Columbia is a nearly annual 
event requiring low flows out of McNary.  

Bonneville 
Annually recurring operation requests to support recreation occur at Bonneville Dam and include the 
following: 

 The annual Roy Webster Cross-Channel Swim, hosted by the Hood River Chamber of 
Commerce, is typically held Labor Day weekend and requests lower flows and notification of 
commercial river traffic as swimmers cross the Columbia River.   

 The Columbia Gorge Racing Association holds events annually in July or August.  These events 
request higher pool elevations to allow vessels with deeper-than-normal keels to moor at docks in 
Stevenson. 

 The Bridge of the Gods Kiteboarding Competition is an event held on Friday and Saturday in late 
July. This event’s organizers typically annually request that the Bonneville pool be held in the 
upper part of its range from 11:00 am to 5:00 pm during this event. 

 Organizers of the annual Gorge Outrigger Races near Stevenson, Washington, typically request 
Bonneville pool elevations above 74.0 feet in order to allow access to the launching and landing 
sites of the canoes. This event is typically held in mid- to late July.   

 For the annual Hood River Yacht Club sailboat race typically in late July or early August, 
organizers request high pool elevations to allow boats to be launched at Cascade Locks on a 
Friday evening and to be pulled out the next evening at The Dalles. 

 To keep pedestrians out from under its Fourth of July fireworks, the City of Hood River typically 
requests pool levels sufficient to keep local sandbars submerged.  

2.3 Proposed Actions Specific to U.S. Fish and Wildlife 
Service Listed Species 

2.3.1 Kootenai River White Sturgeon 

The Kootenai River white sturgeon are affected by the Corps’ operation and maintenance of Libby Dam, 
and the Proposed Action focuses on managing the aquatic ecosystem by implementing a comprehensive 
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and integrated set of measures, including operational measures and complementary habitat and hatchery 
actions, to improve reproduction and recruitment for Kootenai River white sturgeon and to address 
primary constituent elements (PCEs) for designated critical habitat. Operational measures for sturgeon are 
designed to manage flow and temperature to enhance spawning and incubation conditions during the 
spring and summer. 

Libby Project Actions 
Operations 

The objective of this portion of the Proposed Action is to create conditions that will induce sturgeon to 
spawn naturally over appropriate substrate and repeatedly recruit new individuals to the population so that 
natural recruitment and subsequent natural production are reestablished.  

Flow  

The Corps implements the VARQ FRM procedure beginning January 1 of each year to meet various 
objectives to benefit ESA-listed fish, including Kootenai River white sturgeon. The objective is to 
improve conditions for sturgeon by storing and supplying water volumes and flows based upon water 
supply. To encourage sturgeon to migrate to appropriate spawning areas and to increase the probability of 
survival of eggs, larvae, and juveniles, Libby Dam will provide flow augmentation using a tiered set of 
volumes of water for sturgeon (described in the 2006 USFWS BiOp and the 2008 Clarified RPA from 
USFWS), as summarized in Figure 2-19. Actual flow releases will be shaped according to in-season 
management of available water, in coordination with TMT and seasonal requests from the USFWS.35  
The sturgeon flows will be measured above the 4,000 cfs minimum releases from Libby Dam. 
Accounting for these tiered volumes will begin when the USFWS determines that benefits to conservation 
of sturgeon are most likely to occur or when additional flow is needed to sustain a base flow of 6,000 cfs 
from May 15 to May 31. 

                                                      
35   During a March 25–26, 2002 meeting, the Kootenai River White Sturgeon Recovery Team (which included 
members from the Action Agencies) determined that some problems could be corrected by establishing a new 
calculation for sturgeon flows. Release volumes are based on water availability, but the volumes to be released are 
calculated over the entire range of possible inflows (dashed line in Figure 2-19) rather than being grouped into the 
original six tiers. 
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Figure 2-19. Tiered volumes of water for sturgeon flow enhancement to be released from Libby 
Dam, according to the May final forecast of April–August volume (BPA et al. 2014) 

Sturgeon flows will usually be provided between mid-May and the end of June to augment lower basin 
runoff entering the Kootenai River below Libby Dam. This action is consistent with the current version of 
the Kootenai River Ecosystem Function Restoration Flow Plan Implementation Protocol (FPIP) and 2006 
USFWS BiOp and 2008 RPA clarification (BPA et al. 2014; Corps and BPA 2009; USFWS 2006a).  

Temperature Management 

If forebay water temperatures are suitable, the Action Agencies will strive to manage for steadily 
increasing release temperatures for sturgeon and avoid a sudden drop of more than 3.6°F (2°C) from 
Libby Dam during sturgeon incubation, hatching, and larval development phases. Targets at Bonners 
Ferry are 50°F (10°C) minimum for sturgeon spawning, increasing to no more than 64°F (18°C) in July 
and August for larval development. Optimum temperature for larvae is 57°F (14°C) (S. Young, Kootenai 
Tribe of Idaho (KTOI), pers. comm., 2014). In response to new information, the Action Agencies will 
coordinate with KTOI, IDFG, and MFWP to reassess the existing Selective Withdrawal Temperature 
Guidelines established by MFWP and the Action Agencies prior to the sturgeon listing. Generally, by 
long-standing agreement with MFWP, release temperatures within a seasonally fluctuating range are 
provided for protection and benefit of downstream biota; sturgeon temperature releases are consistent 
with this practice (Figure 2-20). 
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Figure 2-20. General temperature target range over the water year for Libby Dam flow releases  

Lake Koocanusa becomes isothermic in mid-November and remains in this state until April in most years.  
It is desirable to minimize winter temperature releases in order to minimize sturgeon metabolic rates, and 
thus minimize food demands and keep juveniles from starving in a food-scarce time of year; however, 
operational flexibility to do so is lacking because the lake is isothermic.  

Water temperature profiles in the forebay will be monitored year-round to provide information necessary 
for optimizing river temperature before, during, and after flow augmentation for sturgeon spawning and 
rearing (BPA et al. 2014). 

Coordinated Flows and Temperatures for Sturgeon 

Below is further specific information about expected flow and temperature management during sturgeon 
operations at Libby Dam. These actions may be adjusted from year to year in response to new information 
and in coordination with the USFWS and representatives of other involved agencies and tribes. 

• Based on the final April-to-August water volume supply forecast available in May, the FPIP 
Technical Team develops a recommendation on the shape, timing, and duration of expenditure of 
the tiered sturgeon volume, generally during late May into early June. 

• The first peak of the sturgeon augmentation flow will begin when the Action Agencies, in 
coordination with USFWS and other technical team representatives, determine that river 
conditions and sturgeon behavior are optimal for commencement of the operation. Steady or 
gradually declining releases after cessation of the sturgeon flow help establish and maintain varial 
zone production, while minimizing the possibility of abruptly dewatering established varial zone 
productivity. 

• Release of the sturgeon volume will be accounted for over and above the 4,000-cfs year-round 
base flow.  
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• Selective withdrawal gates at Libby Dam are operated to more closely emulate a normative river 
temperature and flow relationship during the sturgeon pulse.  Sturgeon spawning activity peaks as 
flow is receding and temperature is increasing.  

• The total number of days at peak discharge will depend on real-time conditions. 

• Libby outflows for sturgeon may reach full powerhouse capacity of about 25,000 cfs; flows at 
Bonners Ferry will be greater at times.  Outflow from Libby Dam will be regulated to not exceed 
a stage of 1764 feet, insofar as is possible, at the U.S. Geological Survey (USGS) Kootenai River 
gage at Bonners Ferry.  Elevations at Bonners Ferry are affected by backwater from Kootenay 
Lake. There may be extreme cases where Libby Dam is regulated to keep the Bonners Ferry stage 
at 1770 feet or another target chosen to balance downstream flood stages and control refill of 
Lake Koocanusa (Corps 1999).  

Sturgeon Operational Decision Processes 

Testing hypotheses regarding the relationship among flow, temperature, and volitional movement of 
spawning-condition sturgeon to suitable spawning habitat is an essential part of the project. Thus, this 
plan proposes to continue to implement the FPIP process, as described above, to inform sturgeon 
operations. The criteria to be considered and met when planning for these flow and temperature 
operations include reservoir and river temperatures, river elevation at Bonners Ferry, location of the 
river/lake backwater interface as it relates to Kootenay Lake elevation, and other physical river conditions 
important to sturgeon migration and spawning behavior that are currently being assessed.  Sturgeon 
response to these actions will be monitored through monitoring and evaluation (M&E). 

In-Season Management for Sturgeon 

The actual operation of reaching the summer draft targets is achieved in-season and is coordinated 
through the TMT based on adaptive management. The planning and implementation of these releases are 
guided in the spring by the FPIP Technical Team. The FPIP Technical Team consists of representatives of 
the Corps, BPA, USFWS, KTOI, IDFG, MFWP, and others. The FPIP Technical Team will develop a 
recommendation for the USFWS in the form of a pre-season flow implementation plan based on results of 
previous operations and current and forecasted water supply (tiered volume, as shown in Figure 2-19) and 
reservoir elevation (thermal consideration). The USFWS will provide System Operation Requests for 
discussion by the TMT and decision by the Corps. During in-season operations, which can occur from 
April through mid-June, weekly conference calls will be held with the affected parties, including 
representatives from the FPIP and other entities with an interest in sturgeon flow and temperature 
management. During those calls, updates on flow and temperature conditions, sturgeon behavior, 
monitoring, and hatchery operations will be shared and considered to inform any needed action during the 
ensuing week. 

Other Actions for Kootenai River White Sturgeon 

As part of the Proposed Action, BPA will provide funding and/or technical assistance to support 
implementation of a variety of activities to benefit sturgeon, including conservation aquaculture, habitat, 
and other actions, as described further below. Planning and implementation for the habitat and nutrient 
enhancement actions occur in 5-year phases using an adaptive management approach to inform decisions 
regarding performance of these actions in addressing physical limiting factors for sturgeon. Habitat and 
nutrient enhancement actions are currently planned for fiscal years 2016 through 2020, and BPA expects 
to fund them, pending additional environmental (e.g., NEPA and ESA) and feasibility reviews. 
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Conservation Aquaculture  

As part of the Proposed Action, BPA will provide funding in accordance with the terms outlined in the 
Memorandum of Understanding (MOU) between BPA and the KTOI for the KTOI’s Kootenai River 
Native Fish Conservation Aquaculture Program for sturgeon (Appendix D). The conservation aquaculture 
program incorporates both short- and long-term objectives. The production strategy is determined 
annually based on M&E and is coordinated with regional partners.  Short-term objectives are necessary to 
prevent extinction, and the longer-term objectives are necessary for reestablishment of a self-sustaining 
population.  

Short-term objectives focus primarily on bolstering the current generation of fish, which includes the 
declining remnant wild population and improving habitat conditions. Short-term objectives include: 1) 
preventing extinction by replacing failed natural recruitment with fish produced from the hatchery; 2) 
establishing a broad distribution of ages and sizes in the wild population to ensure the future sustainability 
of a wild population; and 3) preserving native genetic and life history diversity by capturing and spawning 
significant numbers of representative broodstock.  

Long-term objectives involve future generations, including fish produced primarily in the hatchery from 
the remnant wild generation and any future natural recruits in the interval until the last wild fish dies or 
becomes too old to reproduce. Long-term objectives include: 1) avoiding annual broodstock limitation 
where too few fish are available to make use of favorable natural spawning conditions; 2) minimizing the 
gap between the functional extinction of the remaining wild adults and the maturation of the first hatchery 
generation; and 3) maintaining an effective population size in the natural environment that is adequate to 
avoid genetic bottlenecks that could result in loss of diversity or inbreeding depression in the next 
generation.  

The Kootenai River Native Fish Conservation Aquaculture Program incorporates two facilities, the Tribal 
Sturgeon Hatchery near Bonners Ferry, Idaho, which began operation in 1991, and the Twin Rivers 
Sturgeon and Burbot Hatchery, located at the confluence of the Kootenai and Moyie rivers, which was 
completed and began operation in 2014.  

The terms of the MOU provide for coordination among the signatories (with participation also of regional 
partners) on the development of annual operation plans to foster production, implement release strategies, 
conduct monitoring, and other efforts that contribute to the successful implementation of hatchery 
programs. Specifically, the KTOI convenes an Annual Project Review (APR) meeting with IDFG, 
MFWP, B.C. Ministry of Forests, Lands and Natural Resource Operations (BCMFLNRO), and BPA, 
which includes implementation of an in-season management procedure. This APR and in-season 
management procedure provide a formal mechanism to adaptively manage the conservation aquaculture 
program using best-available science. This includes review, and if necessary, revision of production (e.g., 
brood collection, culture practices, and production targets); release strategies (e.g., location and timing of 
releases); refinement of monitoring activities; and identification of targeted research needs.  

Additionally, BPA completed Section 7 ESA consultation with USFWS for funding the aquaculture 
program.  USFWS issued a BiOp (USFWS 2013a, FWS Ref. O1EIFW00-2013-FC-0207) evaluating 
BPA’s funding and KTOI’s Section 10(a)(1)(A) permit for the operation of the aquaculture program.  The 
terms and conditions of the aquaculture program BiOp are incorporated by reference only, and are not 
included in this consultation.  
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Habitat Actions   

On-the-ground habitat actions have been identified for the period 2016-2020 to address biological 
priorities and key limiting factors identified for sturgeon and/or bull trout habitat (USFWS 1999a, 1999b). 
These habitat actions build on the numerous large-scale projects implemented to date, described in more 
detail below and in Chapter 3, Environmental Baseline. Over the last 5 years, Kootenai River habitat 
restoration has occurred on a large scale to protect and improve habitat based on biological needs and 
prioritized actions that address limiting factors identified for sturgeon and bull trout, as well as other 
native fish necessary to ecosystem functions.  Reach- and site-specific restoration strategies and 
treatments have been identified, prioritized, designed, and implemented to address specific limiting 
factors associated with morphology, riparian vegetation, aquatic habitat, and other constraints within each 
of the program area river reaches.  

Limiting Factors and Restoration Strategies 

Restoration actions currently address limiting factors in three major reaches of the Kootenai River: the 
Braided Reach, Straight Reach, and Meander Reach. The Braided Reach extends approximately 6.2 river 
miles (RM) (approximately RM 160.9 to RM 152.7) from the Moyie River confluence downstream to the 
U.S. Highway 95 Bridge (Figure 2-21). This reach includes the upstream extent of the backwater 
influence from Kootenay Lake. The Straight Reach extends 1.1 river miles (approximately RM 152.7 to 
RM 151.7) from the U.S. Highway 95 Bridge downstream to Ambush Rock. The Meander Reach extends 
from the downstream end of Ambush Rock to Kootenay Lake at the international border (approximately 
RM 151.7 to RM 105.9). The Federally designated sturgeon critical habitat, as revised in 2008, includes a 
portion of the Braided Reach, the entirety of the Straight Reach, and the upstream portion of the Meander 
Reach (Figure 2-21). The critical habitat spans 18.3 river miles from upstream of Bonners Ferry (RM 
159.7) downstream to below Shorty’s Island (RM 141.4) (KTOI 2009).  
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Figure 2-21. Kootenai River white sturgeon critical habitat and river reaches 

Limiting factors for sturgeon and other aquatic species in these reaches include the following:  

• bank erosion and associated sediment loading,  

• lack of cover for juvenile fish,  

• lack of off-channel habitat for rearing,  

• lack of mainstem hydraulic complexity in the form of variable depth and velocity,  

• insufficient pool frequency,  
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• simplified food web,  

• lack of surfaces that support riparian recruitment,  

• loss of floodplain connection,  

• lack of coarse substrate for sturgeon egg attachment and larval hiding,  

• Kootenay Lake backwater,  

• lack of bank vegetation,  

• lack of fish passage into tributaries, and  

• land uses such as improperly managed grazing.   

Reach-specific restoration strategies will help guide identification and development of site-specific 
habitat restoration projects. Between 2011 and 2016, the Kootenai Tribe completed construction of nine 
Kootenai River habitat restoration projects funded by BPA under the program, including eight in the 
Braided Reach and one project in the Meander Reach. 

Braided Reach Restoration Strategy 

The restoration strategy in the Braided Reach focuses on establishing channel dimensions that are 
sustainable given the morphological setting and governing flow and sediment regimes, reducing sediment 
supply from major sites of bank erosion, promoting deposition of sediment on the floodplain, constructing 
a new floodplain that is connected to the channel during average annual peak flows, and revegetating the 
floodplain in a way that results in a complex, multi-structured native plant community with a mosaic of 
age classes and hydrologic regimes. A component of the Braided Reach restoration strategy is 
construction and enhancement of a chain of large, deep pools to create a more pronounced thalweg, 
provide staging and holding habitat, and to help facilitate upstream migration of spawning sturgeon. Pool-
forming structures will help to maintain and scour pools while simultaneously creating recirculation zones 
for holding and feeding by focal aquatic species. Because natural processes that would form instream 
habitat for focal species are not currently functioning in the Braided Reach, the restoration strategy also 
includes construction of instream and bank structures that would function as habitat for aquatic species in 
the short term. Over the long term, as riparian and wetland plant communities develop on the floodplain 
and along streambanks, natural processes will result in large and coarse wood being recruited into the 
stream channel, providing ingredients for future aquatic habitat like woody debris jams, buried logs, and 
the pools that would result from this addition of complex hydraulic components.  

Straight Reach Restoration Strategy 

The restoration strategy in the Straight Reach is focused on improving aquatic habitat by increasing cover, 
pool habitat, and hydraulic complexity and establishing a riparian buffer along the channel margins where 
possible. The lack of hydraulic complexity will be addressed by installing structures that will enhance 
pools for holding habitat and establish recirculation eddies for refuge and feeding. Higher-velocity habitat 
suitable for spawning will be increased, and rocky substrate clusters will be installed adjacent to higher-
velocity zones in areas of known spawning preference to improve habitat conditions for sturgeon egg 
deposition and early-life-stage survival. The strategy in the Straight Reach also includes protecting 
suitable existing habitat.  
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Meander Reach Restoration Strategy 

The Meander Reach is the longest stretch of the Kootenai River in Idaho. Depending on the specific 
location within the Meander Reach, there are a number of different restoration strategies. In general, the 
Meander Reach restoration strategy focuses on improving interaction between the river and floodplain, 
both to enhance aquatic habitat and to help restore the food web. Meander Reach restoration strategies 
focus on areas inside the levees (landward adjacent to the river) and areas outside the levees (riverward) 
that are known to be much lower in elevation and closer to the range of post-levee and post-dam river 
stage elevations.  

Components of the larger Meander Reach restoration strategy include the following:  

• placement of instream and bank structures to improve habitat conditions and reduce bank erosion,  

• placement of suitable substrate materials (for instance, clean rock) near known sturgeon spawning 
areas,  

• supplementation of outer bends with woody debris structures to create hiding cover for some 
aquatic focal species,  

• placement of woody debris near tributary mouths to improve instream habitat at these 
confluences,  

• excavation of floodplain surfaces in areas adjacent to the channel where levees are located some 
distance from the river (areas that could be excavated without compromising FRM infrastructure 
functionality),  

• stabilization of banks using a combination of natural materials and planted vegetation,  

• connection of floodplain that is currently below peak flow river stage to create off-channel 
habitat,  

• removal of fish barriers to tributaries within the floodplain, and  

• restoration of aquatic and riparian habitat along tributary streams.  

Implementation of restoration strategies at each individual project site depends on technical feasibility, 
development of a specific project design, cooperation of local landowners and other entities, funding 
availability, and completion of project-specific environmental compliance and permitting. Information 
gathered through M&E associated with the 2011 through 2014 habitat restoration activities is used to 
inform design and implementation of future restoration actions.  

Restoration Actions Currently Under Construction – 201636 

Bonners Ferry Islands Project 

Construction on this project began in 2015 and is scheduled to be completed in 2016. The project will 
establish a more pronounced thalweg through the project area by:  

                                                      
36 Pursuant to Section 7 of the ESA, BPA has consulted or will consult individually with USFWS for the Bonners 
Ferry Island Project,  and Straight Reach Project, and Potential Restoration Actions 2017 through 2020.  All terms 
and conditions of completed consultations will be made part of subsequent consultations.  
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• installing structures in pool locations that increase depth, to create hydraulics that sustain deep 
pools, and establishing recirculation zones for holding and feeding by focal aquatic species;  

• constructing surfaces at elevations that will support riparian vegetation on islands within the 
channel and along the bank margins;  

• enhancing floodplain surfaces by constructing microtopography and placing woody debris to 
increase roughness; 

• promoting fine sediment storage and creating sheltered niches for natural recruitment of native 
plants, and  

• installing containerized plants that will jump-start riparian vegetation development and stimulate 
primary productivity for food web support. 

This project includes excavation of three large pools, construction of two islands on existing mid-channel 
bars, bank grading and installation of bank structures along approximately 3,400 feet of the eroding left 
(north) bank upstream of the city backup water intake, and bank grading and installation of structures 
along approximately 2,500 feet of the right (south) bank upstream of the U.S. Highway 95 Bridge. This 
project is expected to help address the 23-foot depth criterion for sturgeon critical habitat during sturgeon 
spawning season when natural conditions (e.g., weather patterns, water year) allow. 

Straight Reach Project 

This habitat work is scheduled for completion in 2016. The project will address the lack of hydraulic 
complexity in this area by installing structures that will enhance pools for holding habitat and establish 
recirculation eddies for refuge and feeding. It will support sturgeon spawning by increasing the amount of 
suitable higher-velocity habitat, support spawning and early-life stage survival by adding rocky substrate 
clusters adjacent to higher-velocity zones and in areas of known spawning preference, and protect 
existing suitable habitat.  

This project includes construction of two rock spurs with a mix of large and small riprap and placement of 
numerous substrate clusters that will provide a large area of suitable rocky spawning substrate in this area.  

Potential Restoration Actions – 2017 through 2020 

Implementation partners have identified and prioritized a specific group of additional restoration 
opportunities in the Braided Reach and Meander Reach. These restoration opportunities were identified 
through an analysis of limiting factors; expert knowledge of specific conditions; field assessments; 
interpretation of aerial imagery to identify land use, open water features, current tributary alignments, and 
existing stands of vegetation; and analysis of spatial data layers, including land cover classification 
mapping, modern and historical wetland distribution within the floodplain, soil characteristics, floodplain 
elevations relative to current bankfull flows, and parcel ownership. Each restoration opportunity 
incorporates a number of different restoration treatments and is designed to address reach-specific 
limiting factors and restoration strategies, which are grouped together into restoration nodes. An initial 
prioritization of these restoration nodes is complete; however, additional details regarding the nature of 
the specific actions to be implemented in 2017 through 2020 will be determined based on a number of 
factors, including willingness of landowners and other entities to support the projects, M&E results from 
previous Kootenai River habitat restoration actions, funding, and feasibility analysis.  
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Nutrient Additions  

The construction of Libby Dam altered the availability of nutrients in the Kootenai River below Libby 
Dam, downstream into Kootenay Lake in British Columbia. Lake Koocanusa, the reservoir created by 
Libby Dam in Montana, acts as a nutrient sink, retaining approximately 63 percent of total phosphorus (P) 
and 25 percent of total nitrogen (N), although levels of dissolved inorganic nitrogen have been increasing 
recently above and below Libby Dam. 

The low levels of P and N have resulted in oligotrophic (i.e., having a deficiency of plant nutrients) and 
ultra-oligotrophic conditions in most reaches of the Kootenai River. These effects are also evident in 
Kootenay Lake, because the Kootenai River provides approximately 60 percent of the inflow to Kootenay 
Lake. Altered N and P ratios (in combination with other factors) in Kootenay Lake have been shown to 
limit food web and fisheries development. The productivity of both Kootenay Lake and the Kootenai 
River are important to the growth and health of sturgeon.  

Kootenai River Nutrient Addition 

To mitigate for reduced nutrient availability and associated biological productivity, the International 
Kootenai Ecosystem Recovery Team (IKERT) recommended a 5-year experimental nutrient restoration 
effort in the Kootenai River in 2003; the experiment was initiated in 2005. The nutrient supplementation 
consists of finely measured additions of liquid P to the Kootenai River near the Idaho-Montana border. If 
the ambient N:P ratio drops below a predetermined level, then N may be added, as happened briefly in 
2009. Generally, application of nutrients is metered out over time through an automated apparatus. From 
2006 to 2013, the nutrient additions occurred between June 1 and September 30 (Hoyle et al. 2014).  
Nutrient addition since 2013 now occurs from March 15 to October 31 annually.   

Research and M&E are important parts of the project and are used to monitor and adaptively manage the 
nutrient addition project. The research and M&E component of the project collects water quality and 
algal, macroinvertebrate, and fish data. This includes data from several years before and after the 
experimental nutrient addition. Results of this monitoring found statistically significant responses of fish 
productivity over baseline measures during the first 5 years of the program. These results, coupled with 
other reported findings from the lower trophic levels, demonstrate a significant positive benefit and 
provide support for continued nutrient addition as an ongoing management activity in the Kootenai River. 
Based on these results, BPA proposes to continue funding this action through fiscal year 2020 and will 
continue to use research and M&E results to inform management decisions. BPA completed informal 
Section 7 consultation for the Kootenai River Nutrient Additions (as the Kootenai River Nutrient 
Enhancement Project) for potential additions from 2012 through 2022 (FWS Ref. 14420-2011-I-0252). 

Kootenay Lake Nutrient Addition 

Beginning in 2004, based on IKERT’s recommendation, BPA provided funding for the British Columbia 
(B.C.) Ministry of Environment (now the B.C. Ministry of Forests, Lands and Natural Resource 
Operations, or BCMFLNRO) to conduct experimental annual additions of nutrients in the South Arm of 
Kootenay Lake and associated monitoring. Both the South Arm of Kootenay Lake and Kootenai River 
actions were funded by BPA and managed and monitored through the Kootenai River Ecosystem 
Restoration Project.  

Since 1992, British Columbia has operated a successful ongoing program adding nutrients to the North 
Arm of Kootenay Lake, where impacts are more directly associated with Duncan Dam, to increase 
biological productivity and restore native fish populations.  
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Beginning in 2003, BPA funded monitoring and limnological research in the South Arm of Kootenay 
Lake, which confirmed suspicions that nutrient levels in the lake were likely limiting food web and 
fisheries development. This situation was exacerbated by a mysid shrimp invasion, which further reduced 
zooplankton abundance, which in turn affected the density of kokanee salmon, an important food item for 
adult and juvenile sturgeon.  

Experimental annual nutrient additions to the South Arm of Kootenay Lake began in 2004. Under this 
program, fertilizer is added each year from June through August. Kootenay Lake nutrification occurs via 
releases from boat-mounted tanks, with application carried out over a predetermined course or courses. 
These actions are implemented and monitored by the BCMFLNRO, with BPA funding provided through 
the Kootenai River Ecosystem Restoration Project.  

Since nutrient addition began in the South Arm of Kootenay Lake in 2004, numbers of native kokanee 
salmon, a significant food source for adult and juvenile Kootenai sturgeon, have tripled and rainbow trout 
biomass has doubled. Additionally, significant numbers of kokanee salmon have begun to return to South 
Arm Kootenay Lake tributaries in British Columbia and Kootenai River tributaries in Idaho. This 
indicates that in combination with physical habitat restoration work on the tributaries, nutrient mitigation 
actions in the Kootenay Lake are working together to benefit the larger ecosystem. Based on this 
successful response to Kootenay Lake nutrient additions, BPA proposes to continue funding this action 
through fiscal year 2020 and will continue to utilize M&E results to inform management decisions.  

Monitoring and Evaluation 

M&E funded by BPA is intended to achieve the following goals: 1) determine if actions are being 
implemented as proposed; 2) determine whether actions are effective in addressing the limiting factors 
they were intended to address (physical and biological); 3) determine if and how sturgeon are responding 
to the implemented actions; and 4) identify critical uncertainties that remain. The M&E component of the 
project involves conducting assessments of spawning activity (e.g., substrate mat sampling), collecting 
information on the population and health of juveniles and adults (e.g., mark-recapture and telemetry 
tracking of individuals), assessing habitat (e.g., mapping depth, velocity, and substrate in critical areas), 
and data management and reporting (KTOI 2005). M&E involves the continued collection of water 
quality data and samples of algae, zooplankton, and macroinvertebrates, as well as laboratory studies of 
embryo smothering, predation, and the effects of turbidity and many other variables. Additionally, fish are 
collected and monitored to determine distribution, health, abundance, and other factors that help managers 
make further decisions.  

Table 2-2 summarizes the adaptive management basis for M&E actions that BPA proposes to fund 
through fiscal year 2020. These M&E actions build on previous efforts. Information gathered through this 
M&E, in consultation with subject area experts, will be used to inform and modify existing actions, as 
well as in the design of future actions, as part of the BPA’s overall adaptive management approach in this 
consultation. These M&E actions are subject to modification based on the new scientific information, 
results of the projects, or other factors BPA determines would improve or better inform decision making.  

M&E activities are covered under various ESA Section 10 permits and Section 6 agreements, depending 
on the party undertaking the M&E activity on behalf of BPA.  
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Table 2-2. M&E to support adaptive management of proposed actions to benefit sturgeon 

Management 
Action 

Associated 
Limiting Factor(s) Monitoring Requirements Critical Uncertainty 

Libby Dam Operations 

Flow  Altered hydrograph  Attainment of habitat attributes 
for depth and velocity in Braided 
Reach 

Response of sturgeon spawners 
(willingness to migrate into 
Braided Reach and beyond) 

Duration of spawner occupation 
of reach(es) above Bonners 
Ferry 

Behavior of sturgeon in MT (if 
mature individuals are identified 
there) 

Willingness of spawners to 
migrate into Braided Reach 
and beyond 

Duration of spawner 
occupation of reach(es) 
above Bonners Ferry 

Behavior of sturgeon in MT 
(if mature individuals are 
identified there) 

Temperature  Altered 
temperature regime  

Attainment of habitat attribute for 
temperature release at Libby 

Response of temperature 
changes at Bonners Ferry to 
changes in Libby outflow 

Timing of temperature 
changes vis-à-vis 
hydrograph changes to 
induce spawning over 
usable substrate 

temperature combined with solar 
and wind conditions 

Response of sturgeon spawners 
(willingness to migrate into 
Braided Reach and beyond, 
duration above Bonners Ferry, 
behavior of sturgeon in MT (if 
mature individuals are identified 
there) 

Willingness of spawners to 
migrate into Braided Reach 
and beyond 

Duration of spawner 
occupation of reach(es) 
above Bonners Ferry 

Behavior of sturgeon in MT 
(if mature individuals are 
identified there) 

Condition factor, feeding 
ecology, and survival of juveniles 
in winter 

Survival of juveniles in 
winter if warmer 
temperatures raise 
metabolism when food is 
very limited 

Other Actions for Kootenai River White Sturgeon 

Conservation 
aquaculture 

Genetics  

Reproduction 

Recruitment 

Juvenile survival, abundance, 
and distribution 

Genetic monitoring 

Autopolyploidy causes in 
hatcheries 
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Management 
Action 

Associated 
Limiting Factor(s) Monitoring Requirements Critical Uncertainty 

Growth 

Survival 

Community 
structure 

Prevalence of 
autopolyploidy in wild 

Nutrient 
addition 

Nutrients/food web 

Water quality 

Community 
structure 

Ongoing biomonitoring program Larval diet requirements 
and food availability 

Method of nutrient addition 
in Meander Reach 

Habitat 
Restoration 

Altered Hydrograph 

Sediment 

Turbidity 

Morphology 

Substrate 
conditions 

Floodplain 
connection 

Temperature 

Riparian vegetation 
and structure 

Aquatic vegetation 
and structure (large 
woody debris) 

Nutrients/food web 

Altered nutrient 
regime 

Suitable habitat for 
all life stages 

Baseline monitoring 

As-built monitoring 

Performance monitoring 
(geomorphology, vegetation, 
performance of specific 
structures and features) 

Fish use 

Adult and juvenile movement 

Spawning 

Egg deposition 

Hatching success 

Larval survival 

Habitat use by focal and non-
focal fish species 

Early life history habitat 
requirements  

Larval diet requirements 
and food availability 

 

2.3.2 Bull Trout 

Bull trout may be affected by the Action Agencies’ operation and maintenance of the FCRPS projects, 
and the Proposed Action focuses on managing the aquatic ecosystem in ways that are beneficial to bull 
trout by implementing a comprehensive and integrated set of operational measures. Measures include 
minimum flow requirements, limits on flow ramping rates, temperature operations, TDG monitoring, and 
reservoir elevation guidelines that minimize channel impacts from operations, enhance spawning, prevent 
stranding, and address PCEs for designated critical habitat. 
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Libby Project Actions 
Operations 
Minimum Flows 

The Action Agencies will continue to provide the following minimum flows from Libby Dam (measured 
at the USGS gage on the Kootenai River below Libby Dam), if possible within project operational 
constraints: 

• Provide minimum bull trout flows of 6,000 cfs in May 15 through September, as well as up to 
9,000 cfs after the sturgeon pulse through August 31 (Table 2-3). This will protect the channel 
inundated at this flow during the most biologically productive period of the year. 

Table 2-3. Minimum bull trout release from Libby Dam July 1 through August 31  

Water Supply Forecast Runoff 
Volume (MAF) at Libby 

Minimum Bull Trout Flows (cfs) 
between Sturgeon and Salmon 

Flows 

0.00 < forecast < 4.80 6,000 
4.80 < forecast < 6.00 7,000 
6.00 < forecast < 6.70 8,000 
6.70 < forecast < 8.10 9,000 
8.10 < forecast < 8.90 9,000 

8.90 < forecast 9,000 
Note: Table based on the May final Libby water supply forecast for the April-August period (minimum is 6,000 cfs May 
15 – June 30 and all of September) (BPA et al. 2015) 

Ramping Rates and Daily Shaping 

To avoid stranding bull trout, the recommended ramping rates (Table 2-4) will be followed unless the 
recommended ramping rate causes a unit(s) to operate in the rough zone. The rough zone is a zone of 
chaotic flow in which all parts of a unit are subject to increased vibration and cavitation that could result 
in premature wear or failure of the units. In this case, the project will use a ramping rate that allows all 
units to operate outside the rough zone. Ramping rates that are beneficial to fish and wildlife resources for 
both ramp-up and ramp-down operations will be followed to the extent possible during project operations. 
Table 2-4 provides the starting flow, the hourly increment of allowable change, and the units or flows 
affected.  
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Table 2-4. Daily and hourly maximum ramping rates for Libby Dam1/ 

Stage Starting Flow Hourly Daily 
Summer (May 1–September 30) 

Ramp Up 

4–6,000 cfs 2,500 cfs 1 unit 

6–9,000 cfs 2,500 cfs 1 unit 
9–16,000 cfs 2,500 cfs 2 units 

16,000 cfs-QPHC2/ 5,000 cfs 2 units 

Ramp Down 

4–6,000 cfs 500 cfs 500 cfs 

6–9,000 cfs 500 cfs 1,000 cfs 
9–16,000 cfs 1,000 cfs 2,000 cfs 

16,000 cfs-QPHC2/ 3,500 cfs 1 unit 

Winter (October 1–April 30) 

Ramp Up 

4–6,000 cfs 2,000 cfs 1 unit 

6–9,000 cfs 2,000 cfs 1 unit 

9–16,000 cfs 3,500 cfs 2 units 

16,000 cfs-QPHC2/ 7,000 cfs 2 units 

Ramp Down 

4–6,000 cfs 500 cfs 1,000 cfs 

6–9,000 cfs 500 cfs 2,500 cfs 

9–16,000 cfs 1,000 cfs 1 unit 

16,000 cfs-QPHC2/ 3,500 cfs 1 unit 

1/  As measured by daily flows, not daily averages, restricted by hourly rates. 

2/ Q is shorthand for discharge or flow; PHC stands for powerhouse capacity. 

From October through February, daily load shaping may occur in order to maintain FRM requirements or 
optimized for power production while providing protection for resident fish.  Daily load shaping during 
October through February above the minimum flow of 6,000 cfs within the ramping rate constraints 
(Table 2-4) provides protection for aquatic biota inhabiting the mainstem river channel. 

Hungry Horse Actions 
Operations 
Minimum Flows 

Minimum releases at Hungry Horse were developed to benefit bull trout and are determined by either the 
flow requirement on the South Fork Flathead River below Hungry Horse or the flow requirement on the 
mainstem Flathead River at Columbia Falls, depending on whichever one is greater.  The minimum flows 
are calculated using the Hungry Horse inflow forecast and guidelines as set forth in Table 2-5.  The 
minimum flows at Hungry Horse and Columbia Falls are updated every month between January and 
March after the final inflow volume forecast for the month is issued.  The March final forecast sets the 
minimum flows for the rest of the calendar year.  
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Table 2-5. Minimum flows in the South Fork Flathead River (Hungry Horse) and mainstem Flathead 
River (Columbia Falls) 

April-through-August Forecast Minimum flow 

At Hungry Horse Dam 

>1.79 million acre-feet (MAF) 900 cfs 

<1.19 MAF 400 cfs 

Between 1.19 MAF and 1.79 MAF Linearly interpolated between 400 and 900 cfs 

At Columbia Falls 

>1.79 MAF 3,500 cfs 

<1.19 MAF 3,200 cfs 

Between 1.19 MAF and 1.79 MAF Linearly interpolated between 3,200 and 3,500 cfs. 

Ramping rates 

Hungry Horse discharges are limited by ramping rates, as described in Table 2-6.  These ramping rates 
were established to minimize impacts to resident bull trout and are based on flows in the Flathead River at 
Columbia Falls.  These ramping rate guidelines protect bull trout and other fish from stranding.   

Table 2-6. Ramping rate guidelines at Hungry Horse Dam 

Flow Range (measured 
at Columbia Falls) Ramp Up Unit (Daily Max) Ramp Up Unit 

(Hourly Max) 

Ramp Up Rates 
3,500-6,000 cfs Limit ramp up 1,800 cfs per day 1,000 cfs/hour 

>6,000-8,000 cfs Limit ramp up 1,800 cfs per day 1,000 cfs/hour 
>8,000-10,000 cfs Limit ramp up 3,600 cfs per day 1,800 cfs/hour 

>10,000 cfs No limit 1,800 cfs/hour 

Ramp Down Rates 

3,500-6,000 cfs Limit ramp down to 600 cfs per day 600 cfs/hour 

>6,000-8,000cfs Limit ramp down to 1,000 cfs per day 600 cfs/hour 
>8,000-12,000 cfs Limit ramp down to 2,000 cfs per day 1,000 cfs/hour 

>12,000 cfs Limit ramp down to 5,000 cfs per day 1,800 cfs/hour 

Temperature Management 

Reclamation placed selective withdrawal gates on the penstocks at Hungry Horse Dam, which have 
warmed the river since 1995 (Marotz et al. 1994, Vermeyen 2006).  These gates are used to provide 
warmer epilimnetic water (water layer near the surface of a lake or reservoir that is warmer in the 
summer) to the river during the summer period when the reservoir is stratified.  By agreement with 
Montana Fish, Wildlife and Parks, Reclamation operates the gates to achieve a temperature regime in the 
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river as similar to natural conditions as possible.  The purpose of this manipulation was to prevent the 
very cool (4°C hypolimnetic waters) from suppressing the primary and secondary production in the river 
and to prevent the cold-water plume from acting as an attractant to nonnative lake trout moving from 
Flathead Lake upstream, which may increase the predation pressure on native cutthroat and bull trout.   

TDG 

Hungry Horse Dam is operated to the extent possible to minimize spill and generation of total dissolved 
gas (TDG).  Although the generation capacity of Hungry Horse Dam is about 428 MW, there is a 
transmission limit at Hungry Horse of 310 MW (about 9,000 cfs).  Releases in excess of 9,000 cfs must 
be put through the hollow jet flow valves, which can generate elevated levels of TDG.  Empirical data and 
estimates show that limiting spill to a maximum of 15 percent of total outflow will help to avoid 
exceeding the Montana State TDG standard of 110 percent saturation.  When spill is anticipated to exceed 
15 percent of total outflow, Reclamation attempts, to the extent possible, to pre-draft or reshape 
drawdown and refill operations to minimize spill and excess TDG generation. 

Reservoir Elevations 

Prior to 1995, reservoir drawdown and subsequent filling created a large varial zone along the shoreline 
of the reservoir where vegetation was limited due to varying water levels. This lack of vegetation and 
woody debris limited the establishment of cover for rearing juvenile bull trout, though suitable rearing 
habitat was available in spawning tributaries that discharge to Hungry Horse Reservoir.  The 1995 NOAA 
Fisheries BiOp that set the objective to the April 10 URC eliminated the deep power drafts.  In 2002, 
Reclamation changed from standard to the VARQ (variable flow) FRM operating regime.  This regime 
further reduced deep drafts for FRM in some years, and maintains more stable reservoir elevations during 
the peak spring and summer primary productivity seasons (NPCC 2004).   

Reclamation drafts Hungry Horse Reservoir to as low as elevation 3550 feet by the end of September in 
the top 80 percent of water years and 3540 feet in the lowest 20 percent of water years to provide flow 
augmentation for anadromous fish in the Columbia River.  Prior to the 2008 NOAA Fisheries BiOp, 
Hungry Horse Reservoir was drafted to elevation 3540 feet by the end of August in all water years.  These 
changes in reservoir operations that were implemented in 2009 have reduced water level fluctuation 
during the summer and fall, which overlaps with the primary period when bull trout are migrating to 
spawning habitat in tributaries. This limits the extent of the varial zone and associated habitat 
fragmentation in these migratory corridors.  In addition, Reclamation completed a short-lived revegetation 
of the low slope varial zone on a small portion of the reservoir with plant species that are tolerant to 
frequent inundation (Reclamation 2011). 

Double Peak 

When transitioning from FRM operations to release of flow augmentation, Reclamation attempts to 
operate Hungry Horse Dam to release steady or gradually declining outflows from July through 
September.  This reduces the probability of creating a double peak at Columbia Falls on the mainstem 
Flathead River below Hungry Horse Dam.  The double peak occurs when discharges are reduced at the 
end of FRM operations to allow refill of the reservoir, then the discharges are increased to release water 
for flow augmentation.   To the extent possible, Hungry Horse Dam is operated to transition between 
refill and flow augmentation releases to prevent this dip in flows.  This may mean missing refill slightly 
so that outflows don’t drop, only to increase later for flow augmentation purposes. 
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Albeni Falls Actions 
Proposed Upstream Fish Passage 

In response to the 2000 USFWS BiOp, the Corps, in coordination with BPA, USFWS, and the Kalispel 
Tribe, is currently completing a planning document regarding the construction, operation and 
maintenance of an upstream bull trout passage facility at the project.  The purpose is to allow upstream 
migration past Albeni Falls Dam for bull trout that have been entrained by the dam.  The planning 
document will address project authority, cost-effectiveness, and technical feasibility, amongst other 
issues. The Corps plans on continuing coordination with Federal, state, and tribal agencies throughout this 
process. 

Through previous ESA consultation and a letter dated May 7, 2014, from the USFWS to BPA confirming 
the USFWS’s concurrence, the Action Agencies coordinated with the Kalispel Tribe to install and test a 
temporary upstream fish trap for bull trout.  This temporary trap was installed at the right bank of the 
powerhouse in September 2014 by the Kalispel Tribe. The Kalispel Tribe developed the monitoring and 
evaluation plans for trap operation and handling and transport of bull trout, in partnership with Eastern 
Washington University and the Pacific Northwest National Laboratory. 

Lower Columbia and Lower Snake River Projects 
The Action Agencies will include bull trout in the species to be counted and recorded in the adult fish 
ladders at Bonneville, The Dalles, John Day, McNary, Ice Harbor, Lower Monumental, Little Goose, and 
Lower Granite Dams.  These will be posted on the Corps adult ladder count web site37 and documented in 
the Corp’s Annual Fish Passage reports. The Action Agenies will also record and report to FWS the 
occurence of bull trout in the smolt monitoring facilities at lower Snake and Columbia river dams.  Bull 
trout observations at Smolt Montioring Program sites will be reported on the Fish Passage center web 
page (http://www.fpc.org/bulltrout/bulltrout_home.html). 

2.4 System Maintenance 
Preventive and corrective maintenance that is coordinated and planned to occur at regular intervals is 
referred to as scheduled, or routine, maintenance. This type of routine maintenance is performed at 
regular intervals on all fish facilities, spillway components, navigation locks, generating units, and 
supporting systems to ensure project reliability and to comply with North American Electric Reliability 
Corporation (NERC)/Western Electricity Coordinating Council (WECC) regulatory requirements. A 
strong routine maintenance program allows the staff at the Corps, Reclamation, and BPA to proactively 
plan and schedule their capital improvement programs based on equipment condition and degradation to 
ensure system operations remain safe, reliable, and compliant with applicable laws and regulations. 
Schedules for certain NERC-required maintenance may necessitate planning for 2 to 3 years in advance 
of the actual outage and for the work to begin. 

Maintenance that is not planned is referred to as unscheduled maintenance. Unscheduled maintenance can 
occur any time there is a problem or unforeseen maintenance issue or emergency that requires a project 
feature, such as a generator unit, be taken offline in order to resolve. Unscheduled maintenance occurring 

                                                      
37 Currently at http://www.fpc.org/environment/home.asp.  If this site location changes in the future, the Corps will 
inform FPOM.   

http://www.fpc.org/environment/home.asp
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in combination with ongoing scheduled maintenance can significantly reduce the generating capability 
and hydraulic capacity of the project. The timing, duration, and extent of these events is unforeseeable.  
These events are coordinated through the appropriate teams under the Regional Forum, such as the FPOM 
and TMT, to minimize negative effects on fish. 

Maintenance that is planned but is not performed at regular intervals (e.g., unit overhauls, major structural 
modifications or rehabilitations) is referred to as non-routine maintenance. Non-routine maintenance is 
not performed at a regular pre-determined frequency and includes tasks that are more significant in nature 
than routine scheduled maintenance.  Non-routine maintenance examples include power plant 
modernization and major rehabilitations of FCRPS project features. Additionally, any work being 
conducted either by the project operator or BPA transmission that takes a powerhouse line out of service 
will generally affect several generators at one time. These types of outages are planned and coordinated in 
advance where possible.  

2.4.1 Libby Dam 

There are five generating units at Libby Dam that discharge into the Kootenai River. The units have an 
estimated discharge capacity estimate of up to 5,200 cfs each. These capacities can vary somewhat, 
depending on forebay and tailwater elevations (net head). The total hydraulic capacity of the project is 
determined by how many generators are online and their operating load. Flows dictate generator 
operations; generators are scheduled to operate, except during periods of reduced flow, when units may 
be scheduled for annual maintenance and capital improvements. 

Scheduled Maintenance 
Scheduled maintenance activities are planned for the periods when the flow is at less than full 
powerhouse capacity. Each of the five generating units requires a 30-day outage each year for preventive 
maintenance. Units are taken offline one at a time, and the draft tubes are partially dewatered for internal 
access. At no time are fish handled during the dewatering process, as the draft tubes are almost never fully 
drained. Activities conducted during scheduled outages include cavitation repair; preventive maintenance; 
and calibration on generator controls, system protective devices, and auxiliary systems, to ensure that they 
are operating properly to maintain reliability of the bulk power system. In addition, components and 
devices are inspected for signs of abnormal wear and consideration for future outage work. At the 
conclusion of the outage, the draft tube stoplogs are removed, which allows fish access to the tailrace. 
Longer outages may be required for certain capital improvement projects. If an outage becomes 
prolonged (more than a few days), fish may be removed from the dewatered draft tube by hand (in 
coolers) and released into the river. 

Operational Constraints 
Several constraints throughout the year affect maintenance scheduling at Libby Dam:  

• There are two primary work windows: winter (January 1 to April 15) and summer (July 15 to 
November 15). These work windows are driven by the river flow levels required for listed species 
and FRM.  

• The periods when full powerhouse capacity may be required are late fall (November 15 to 
January 1) and spring (April 15 to July 15). During these times, there will be extended periods of 
full flow, and no maintenance outages can be scheduled.  
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• Depending on the spring weather and runoff peaks, spillway discharges may be required to help 
control forebay elevations.  

• During the spring freshet, all units are required to be available for FRM and to support the BiOp 
for sturgeon flow augmentation operations during May and June.  

• The minimum required flows for bull trout (6,000-9,000 cfs) are in effect at Libby Dam from 
May 15 through September 30. Routine maintenance activities do not interfere with the ability to 
provide minimum bull trout flows, which can be achieved with two units in operation. The 
summer work period is determined by the end of sturgeon flow augmentation, along with 
achievement of forebay FRM elevation.  

• Typically, Libby Dam operates at less than full powerhouse capacity during the summer period. 
All work is scheduled and completed prior to the commencement of FRM draft operations 
(typically November and December). 

Non-Routine Maintenance  
Turbine overhaul: It is likely that the five power generation units at Libby Dam will be taken out of 
service for significant maintenance within the next 10 years.  One unit at a time will be taken out of 
service for 6-9 months, potentially starting between 2020 and 2024.  Each outage will consist of a unit 
rewind and potential other upgrades, as necessary.   

2.4.2 Hungry Horse Dam 

Power Plant Maintenance 
At Hungry Horse, there are four generating units that discharge flow to the South Fork Flathead River.  
Each generator has a hydraulic capacity of around 3,000 cfs (when the reservoir is at full pool, 3560 feet); 
therefore the total hydraulic capacity of the project is around 12,000 cfs if all units are online and there 
are no transmission restrictions. Transmission restriction limit total generation from the power plant.  The 
current generation limit is 310 MW, which equates to a flow of around 9,000 cfs. The hydraulic capacity 
of the power project at any given time during the year is directly affected by the reservoir elevation, 
transmission limitation, and how many units are offline due to maintenance. Generator maintenance is 
characterized as either scheduled or unscheduled, which is an unplanned or forced outage. 

Scheduled Maintenance 

Reclamation must perform routine maintenance at regular intervals on all units in order to comply with 
NERC/WECC regulatory requirements; Reclamation facilities instructions, standards, and techniques 
(FIST) requirements; and to ensure project reliability.  There are numerous constraints throughout the 
year that affect maintenance scheduling at Hungry Horse.  With peak discharge occurring in the spring, 
routine maintenance is limited, to the extent possible, to minimize the number of units that must be 
worked on so that as much water as possible can be passed through the turbines and not spilled. 
Discharges in excess of project capacity are typically spilled through the hollow jet valves, which can 
result in elevated TDG production in the South Fork Flathead River.  Empirical data and estimates show 
that limiting spill to a maximum of 15 percent of total outflow will help to avoid exceeding the Montana 
State TDG standard of 110 percent saturation.  TDG is continuously monitored during the spring and 
summer in the South Fork Flathead River at a gaging station located about 2 miles downstream from the 
dam.  The TDG sensors are removed during the late fall and winter to prevent damage from freezing. 
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In addition to TDG production, water temperatures in the South Fork Flathead River are also a 
consideration when scheduling generator maintenance. Hungry Horse has a selective withdrawal system 
for the project intakes.  Water that is spilled through the hollow jet valves is much colder than what can 
be released through the project via the selective withdrawal system. To a certain extent, the selective 
withdrawal can be adjusted on the remaining online units to offset any colder water released through the 
hollow jet valves, but maintaining the correct temperature in the South Fork Flathead River may be 
problematic if spill is high and more than one generator is offline for maintenance. 

Selective Withdrawal System Maintenance 

Inspections and scheduled maintenance of the selective withdrawal system occurs when the system is not 
in service (October – May), to prevent affecting temperature control operations during the in-service 
season.  Since the Selective Withdrawal System operates independently for each of the four power plant 
penstocks, any corrective maintenance that needs to occur during the in-service season typically has 
minimal impacts on the ability to control discharge temperatures.  Discharges can be switched to another 
or a combination of other generating units in order to conduct repairs on selective withdrawal gates 
without affecting temperature control operations.  However, if required discharges are greater than what 
can be passed through the available units, then some amount of temperature control may be compromised. 

2.4.3 Albeni Falls Dam 

Power Plant Maintenance 
All generators are available for use throughout the year, except during the fall months, when units are 
taken out of service, one at a time, to perform routine or annual maintenance. 

Scheduled Maintenance 

Every year, each of the generating units are out of service for at least a 2-week period to conduct 
maintenance.  Each unit is dewatered every 6 years to allow inspection of the turbine, scroll case, and 
draft tube area; the outage for this maintenance is at least 3 weeks long. During the outage, preventive 
maintenance and calibration are performed on all generator controls, auxiliary systems, and protective 
devices to ensure that they are operating properly and are not exhibiting any abnormal wear.   

There are several constraints throughout the year that affect maintenance scheduling at Albeni 
Falls.  Albeni Falls Dam regulates the elevation of Pend Oreille Lake upstream of the project and must 
adhere to a WCM for elevations and flow changes.  To the maximum extent possible, water is passed 
though the three generating units and not spilled. Therefore, best attempts are made during the fall 
drawdown and the spring runoff to ensure that all three generating units are available. Required 
discharges in excess of project capacity are passed over the spillway. 

2.4.4 Grand Coulee Dam 

General Project Maintenance 
Drum Gate Maintenance 

Reclamation’s Operations and Maintenance Program requires annual inspections and dam safety 
maintenance for the 11 135-foot-long, 30-foot-high drum gates.  Inspection and maintenance activities 
can only occur when Lake Roosevelt is at or below elevation 1255 feet for at least 8 weeks.  Drum gate 
maintenance is planned to occur during a period between March and May annually, to coincide with the 
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FRM drawdown of the lake.  Typically, the FRM elevations during this time of year provide the required 
elevations and sufficient time to accomplish this work. However, during dry years, FRM operations will 
not draft Lake Roosevelt low enough for a long enough period of time to perform necessary maintenance 
on the drum gates. Drum gate maintenance may be deferred in some dry water years; however drum gate 
maintenance must occur at a minimum of one time in a 3-year period, two times in a 5-year period, and 
three times in a 7-year period.  During extended droughts, when FRM operations do not require the 
reservoir to draft below elevation 1255 feet for at least 8 weeks, a forced draft may be required to 
perform maintenance.  A forced draft can reduce the chance of reaching the April 10 elevation objective 
and reduce downstream flows during refill. 

John Keyes III Pump/Generating Plant 

The pumping plant consists of six pumps that pump water from Lake Roosevelt, behind Grand Coulee 
Dam, to Banks Lake, and six pump generators that can pump water to Banks Lake or generate power with 
water from Banks Lake back to Lake Roosevelt. Maintenance falls under two categories, scheduled and 
unscheduled.  The majority of the scheduled maintenance of the pumps and pump generators occurs 
outside of the irrigation season, to the extent practicable. Typically, one or more pumps and/or pump 
generators are offline during any given time during the year.  However, during the irrigation season, when 
pumping demand is much higher, it is desirable to have the majority of the pumps and pump generators 
online and available. 

Non-Routine Maintenance on Facilities on and around Banks Lake 

Banks Lake, the equalizing reservoir, is located in the upper Grand Coulee and was built to store and 
supply irrigation water to the Columbia Basin Project. Banks Lake is formed by the construction of two 
dams: North Dam, which is near Grand Coulee Dam, and Dry Falls Dam, which is at the south end of 
the reservoir.  Water is pumped from Lake Roosevelt through a set of pumps and pump/generators up to 
the Feeder Canal, which then discharges into Banks Lake.  Water is released for irrigation to the 
Columbia Basin Project from Banks Lake through a set of gates at the headworks of the Main Canal at 
Dry Falls Dam. 

Bulkheads are available to isolate the canal headworks and reduce the need for drawdowns to perform 
maintenance on the canal headworks.  However, other maintenance issues or requirements may require 
that Banks Lake be significantly drafted, up to 35 feet. The full hydrologic effects of the maintenance 
operations would start in August by reducing pumping or shutting off the pumps from Lake Roosevelt 
and allowing irrigation withdrawals to draft the lake by the end of October.  This would result in a slight 
increase in flows at McNary Dam during drawdown, as water typically pumped to Banks Lake would be 
released from Lake Roosevelt.  Maintenance would be performed during the winter and would be 
completed by March 1.  Refill would be coordinated with BPA to take advantage of high flows and low 
power demand to refill Banks Lake by April 15. 

Power Plant Maintenance 
At Grand Coulee, there are 24 generating units that discharge flow to the Columbia River.  Units G-1 
through G-18 in the left and right powerhouses have a hydraulic capacity of around 6,000 cfs each. Units 
G-19 through G-21 and G-22 through G-24 of the Third Powerhouse have capacities of about 25,000 cfs 
and 30,000 cfs each, respectively.  The total hydraulic capacity of the project is determined by how many 
generators are online.  There are typically multiple generators offline during any given time during the 
year for either scheduled or unscheduled maintenance. 
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Scheduled Maintenance 

Reclamation must perform routine maintenance at regular intervals on all units in order to comply with 
NERC/WECC regulatory requirements and to ensure project reliability.  With peak discharge occurring in 
the spring, routine maintenance is limited, to the extent possible, to minimize the number of units that 
must be worked on so that as much water as possible can be passed through the turbines and not spilled. 

2.4.5 Chief Joseph Dam 

Power Plant Maintenance 
Turbine and generator maintenance at Chief Joseph Dam is done on regular schedules ranging from 
annually to every 5 years, though this can vary.  Five or more of the 27 units may be offline at a time, and 
maintenance outages may happen at any time of year.  A protocol has been developed which requires that 
when a turbine is dewatered for maintenance, it is checked for stranded fish in the remaining pool of 
water at the bottom of the draft tube.  Any fish found are netted, placed in water-filled coolers that are 
hoisted and carried out through the galleries, and lowered, still submerged, into the river downstream of 
the project, where they are allowed to swim free.  The protocol has been coordinated with FPOM, and is 
included as an appendix in the annual FPP. 

Spillway Gate Maintenance 
Spillway gates (generally only about four per year, one at a time) may be out of service for painting or 
other maintenance.  This may coincide with spill season, but there are 19 total spill bays, leaving 18 
available, and all are equipped with flow deflectors, which provide TDG abatement downstream should 
spill be needed. 

2.4.6 Dworshak Dam 

Power Plant Maintenance 
At Dworshak Dam, there are three generating units with discharge into the North Fork of the Clearwater 
River.  During the months of September through December, units are taken down, one at a time, to 
perform annual maintenance.  Similar to turbine maintenance at Chief Joseph Dam, fish protection 
protocols have been developed for turbine dewaterings at Dworshak Dam.  These protocols are included 
in the FPP and coordinated through FPOM. 

Scheduled Maintenance 

Every year, one of the generating units is brought down for 6 weeks for cavitation repair.  This outage is 
scheduled first, as the submerged turbines must be dewatered to provide access. Maintenance is 
performed in the fall and the overhaul unit is always scheduled first so that it can be dewatered when 
there are fewer fish in the river (this minimizes the risk of trapping fish inside the unit when it is 
dewatered). Appendix I of the FPP describes details of turbine maintenance at Dworshak to minimize 
impacts to fish.  During the 6-week outage, the turbine is completely dewatered under the supervision of 
Corps fish biologists to ensure that any entrained fish are properly returned to the river, and weld repair is 
performed on the blades of the turbines.  This weld repair is done to ensure that the turbine remains in 
optimal operating condition.  In addition to the weld repair, preventative maintenance and calibration is 
performed on all generator controls, auxiliary systems and protective devices to ensure that they are 
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operating properly and are not exhibiting any abnormal wear.  The two generating units that do not 
receive the cavitation repair also undergo the same system maintenance.   

There are several constraints throughout the year that impact maintenance scheduling at Dworshak.  In the 
spring, the project is required to adhere to a published FRM curve, which typically requires that all three 
units be available to release water if needed.  In the summer, Dworshak’s 38 to 41°F water is used to 
regulate downstream river temperature for fish passage.  To the maximum extent possible, water is passed 
though the three generating units and not spilled, in order to avoid elevating TDG saturations above the 
maximum standard of 110 percent saturation. 

2.4.7 Lower Columbia River and Lower Snake River Projects 

Power Plant Maintenance 
Maintenance of turbine-generator units, transformers, and other associated equipment is normally timed 
to minimize the interruption of operation of the units to meet hydraulic and electrical generation needs.  
This scheduling also minimizes impacts to adult and juvenile fish passage for salmon and steelhead 
during spring and summer spill (April – August), so that units are available when their operation may be 
needed for fish passage (e.g., attraction flow for adult ladders).  Annual outages for maintenance and 
testing of turbine-generator units and related equipment are normally scheduled in late summer and fall.  
The Corps’ FPP, which is updated annually, contains operating criteria that govern turbine unit 
operations, including operating with fish screens, raking trashracks, unit priorities or operating sequences, 
operating ranges during fish passage seasons, and turbine unit outages.  The Corps’ FPP contains criteria 
that require all turbine unit trashracks to be raked prior to installing fish screens and periodically during 
the fish passage season when warranted by the criteria. During the juvenile fish passage season for 
salmon and steelhead during spring and summer spill (April – August), turbine units at each project are 
operated within specific ranges.  This criterion is contained in Appendix C of the Corps’ FPP and in the 
individual project operating criteria (Corps 2016a).  Deviations from operating criteria may be 
coordinated for fish research, maintenance, or other purposes.  Annual outage schedules are prepared each 
winter and discussed with the region.  Schedules detail outages for each turbine unit for installation and 
removal of fish screens, monthly inspections of fish screens, installation of fish research equipment, and 
testing and maintenance of turbine units and related equipment.  Schedules are updated throughout the 
year to reflect maintenance requirements and are provided to the Corps’ RCC for regional coordination 
through the appropriate teams under the Regional Forum, such as the FPOM and TMT. 

Maintenance of turbine units may or may not require them to be dewatered.  Dewatering is normally done 
only when personnel need to enter the waterways of the turbine intake to inspect or work on the turbine 
itself or if the turbine and generator must be disassembled for major repair work.  Stoplogs and operating 
(intake) gates are installed for safety precautions when maintenance activities require that the turbine 
units not turn for any reason.  Projects have written dewatering plans that detail how to dewater turbine 
units to minimize impacts to fish.  These plans detail how to operate the turbine units and install stoplogs 
to minimize fish entrainment in the units and how to handle fish when they are encountered during the 
dewatering process.  Project fishery biologists or trained natural resources personnel monitor the 
dewatering and oversee the fish removal process.   
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Many hydroelectric turbines are approaching the end of their design life and will continue to be replaced 
in sequence. The Action Agencies are able to design more efficient,38 fish-friendly (if applicable) turbine 
units when the time comes for the units to be replaced due to advances in turbine design and more 
information about fish-friendly design features in recent years. At projects designed with fish passage 
facilities, turbine routes were traditionally the dam passage route with lowest fish survival, but the new 
turbine designs are closing the gap and, in some cases, exceed survival through other passage routes. 
These new units are installed at Bonneville Powerhouse 1 and include changes to the runner and 
discharge ring that reduce the probability of mechanical injury (i.e. fish pinching between the runner 
blades and discharge ring).  Three new turbine units have been designed for Ice Harbor dam which 
include similar modifications to Bonneville’s new minimum gap runners, plus modifications that reduce 
the likelihood of pressure related fish injuries.  The pressure related improvements may be particularly 
important to bull trout, which are believed to migrate at greater depths than salmonids.  Physostomas 
fishes such as salmonids, become more sensitive to rapid decompression the deeper they are acclimated 
(i.e. obtain neutral buoyancy) (Brown et al. 2012 ) . Ice Harbor Turbine Unit 2 is currently being installed 
and is scheduled to be operational by summer of 2018.  Unit 3 is estimated to be operational by fall of 
2019, and Unit 1 is estimated to be operational by 2021. 

Testing of major generating equipment may require special project operations.  Electrical testing of 
generator step-up transformers requires that the transformers be disconnected from the transmission lines.  
With the exception of the first powerhouse at Bonneville Dam, all of the lower Columbia River projects 
have two or more transmission lines per powerhouse, so an outage required for transformer insulation 
testing does not require an outage of more than four turbine-generators.  Dams on the lower Snake River, 
other than Ice Harbor, take the entire powerhouse offline for Doble (transformer performance) testing.  
Testing is normally scheduled in late summer due to the requirement of warm and dry conditions and a 5-
day outage to complete the tests.  The timing of the test is set to minimize impacts on migrating fish and 
to keep local dissolved gas levels within allowable standards.  Periodic testing of other generation-related 
equipment may require short-term departure from normal operating criteria. 

Navigation Maintenance 
As previously stated, navigation locks are operated approximately 50 weeks each year.  A 2-week annual 
maintenance outage for all eight lower Columbia River and lower Snake River locks normally occurs in 
March.  Both routine and non-routine lock maintenance occurs at this time.  Work includes inspections 
and maintenance of underwater filling and emptying conduits, tainter valves, gates, and gate operating 
equipment.  Each lock is dewatered on a 5-year rotation for major inspection.  Other inspections take 
place yearly.  Special reservoir levels may be required prior to and after lock outages in order to move 
floating bulkheads out of and back into their mooring berths.  Routine maintenance that does not require 
outages takes place during other times of the year as well.  An extended lock closure is scheduled to occur 
from December 12, 2016, to March 20, 2017, to accomplish major repairs to locks at Bonneville, The 
Dalles, John Day, McNary, Ice Harbor, Lower Monumental, and Little Goose dams. Additional non-
routine inspections or maintenance may take place during the year if problems are encountered with any 
of the locks’ operating equipment.  If gate problems are encountered during the year, floating bulkheads 
may need to be used to lock vessels through while repairs are made.  This may require a short-term full-
pool operation of the reservoir (potentially including a deviation from minimum operating pool [MOP] 

                                                      
38 For example, at Ice Harbor the new units currently being installed will provide 3 to 4 percent more power from 
the same volume of water. 
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operations for juvenile fish migrations) in order to move the floating bulkheads into or out of position.  
Once in position, the floating bulkhead can be used for locking vessels through the lock at any normal 
pool elevation. The operation could be slow and challenging.  Periodic maintenance dredging is 
performed to maintain the navigation channel at authorized dimensions. 

Fish Passage Facility Maintenance 
Lower Columbia River Projects 

Project fish biologists and control room operators inspect the operations of fish passage facilities several 
times per day.  Individual project biologists inspect the facilities in a quality control role at least three 
times per week.  Any deficiencies observed during inspections are normally corrected as soon as 
practical. 

Maintenance activities to support fish passage operations, structures, and passage facilities are completed 
in accordance with the FPP.  Both routine and non-routine maintenance activities are considered and 
described in the FPP and are either addressed directly in the FPP or vetted through the regional 
coordination process.  Typically, these maintenance activities occur during the winter months, but they 
can occur at other times following established regional coordination through groups such as FPOM and/or 
TMT.  The range of activities varies based on the specific project facilities and fish passage features, but 
generally includes activities to maintain, repair, or replace structures or features which are attributable to 
fish passage at the specific project. Maintenance of features not specifically dedicated to fish passage 
(e.g., turbines, draft tubes, spillways, and structural repairs in the forebay or stilling basin that support fish 
passage features) will also be necessary. 

Both adult and juvenile fish passage facilities have established winter maintenance seasons outlined in the 
FPP (see Table 2-7).  Adult and juvenile fish passage facilities may be dewatered and maintained during 
part or all of these time periods.  All routine maintenance activities or facility modifications that require 
the dewatering of facilities or that may affect the operation of facilities are scheduled for these periods.  
The FPP contains criteria on how to operate fish passage facilities during the normal operating season in 
the event that a facility component fails and there may be an impact on facility operations or fish passage.  
The FPP also contains criteria for coordinating facility operations or fish passage issues with regional 
parties and how to operate facilities during major component failures. 

Table 2-7. Fish facilities maintenance timing for lower Columbia River projects 

Dam Winter In-Water Maintenance 
Window (Adult) 

Winter In-Water Maintenance 
Window (Juvenile) 

Bonneville December 1 – end of February December 16 – end of February 

The Dalles December 1 – end of February December 1 – March 31 

John Day December 1 – end of February December 16 – March 31 

McNary January 1 – end of February December 16 – March 31 

All adult fish ladders are dewatered for a brief period each winter.  During the outages, project personnel 
inspect the fish passageways, remove any debris encountered, and maintain all ladder and fish counting 
equipment.  Annual maintenance on auxiliary water supply pumps and fish turbines is also conducted 
during the winter maintenance period.  Project personnel inspect diffuser gratings each year, either by 
dewatering the collection channels and inspecting directly or by using an underwater camera or divers.  
Any deficiencies found during winter maintenance periods are repaired or corrected. 
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Periodic maintenance of adult fishway equipment that does not seriously affect facility operations or fish 
passage may also be performed during the fish passage season.  Some fishway equipment requires 
periodic lubrication, adjustment, or other preventative maintenance type of work that must be done during 
the fish passage season for continued operations.  Other maintenance activities, such as cleaning debris 
off of fish ladder exit trashracks or fish counting station picketed leads, is done on an as-needed basis to 
maintain the facilities within established operating criteria. 

Annual maintenance of juvenile bypass systems requires the removal of fish screens from turbine intakes 
and the dewatering of juvenile fish collection channels, dewatering structures, and various fish 
transportation and/or sampling facilities.  After the facilities are removed from service, they are inspected, 
and repairs and annual maintenance are performed.  Overhauls and/or modification of facilities take place 
during the annual maintenance period as well.  The fish passage equipment is all placed back in service 
prior to the beginning of the next operating season. 

Juvenile bypass systems require almost continual oversight and maintenance during the operating season.  
Juvenile fish transportation facilities and monitoring facilities are manned either 24 hours per day or when 
they are collecting fish for sampling, to ensure they operate according to established operating criteria.  
Fishway passages (gatewell orifices, flumes, separators, and piping) must be checked for debris and other 
obstacles that may injure juvenile fish.  Fish screens (STS and ESBS) have automated systems connected 
to them to ensure that they are operating as programmed.  The automated systems ensure that mesh 
rotates as planned on STSs or the cleaning brushes cycle on ESBSs to keep screens free of debris.  At the 
Bonneville Second Powerhouse, the vertical barrier screens (VBSs) in the currently modified units for 
fish guidance efficiency improvements require drawdown monitoring to detect plugging of the VBSs.  
Water level monitors relay drawdown information to the control room and an alarm is activated when 
drawdown criteria are exceeded, meaning the VBSs need to be cleaned.  When automated systems 
indicate screen failures, the turbine units are operated according to criteria in the FPP, and the screens 
repaired as soon as possible.  Fish screens are also inspected by either maintenance personnel or 
biologists, utilizing underwater cameras, on a monthly basis to ensure they are operating correctly. 

Lower Snake River Projects 

Fish passage facilities typically operate most of the year with a 2- to 4-week shutdown for maintenance in 
the January through February timeframe. 

Project powerhouse operators inspect the operations of fish passage facilities several times per day.  
Project biologists inspect the facilities in a quality control role at least three times per week.  Any 
deficiencies observed during inspections are corrected as soon as is practical. 

Maintenance activities to support fish passage operations, structures and passage facilities are completed 
in accordance to the FPP.  Table 2-8 describes in-water work windows during which maintenance is 
conducted.  Both routine and non-routine maintenance activities are considered in the FPP and are 
addressed either directly in the FPP or through the regional coordination process.  Typically, these 
maintenance activities occur during the winter months, but can occur at other times following approval 
through established regional coordination processes such as FPOM and/or TMT.  The range of activities 
varies based on the specific project facilities and fish passage features, but generally includes activities to 
maintain, repair, or replace structures or features which are attributable to fish passage at the specific 
project. Maintenance of features not specific to fish passage (e.g., turbines, draft tubes, spillways, and 
structural repairs in forebay or stilling basin) will also be necessary. 

Table 2-8. Fish facilities maintenance timing at lower Snake River projects 



System Maintenance - Lower Columbia River and Lower Snake River Projects 

84 Clarified BA Text, Based on Consultation  
October 30, 2017 

Dam Winter In-Water Maintenance 
Window (Adult) 

Winter In-Water Maintenance 
Window (Juvenile) 

Ice Harbor January 1 – end of February December 16 – March 31 

Lower Monumental January 1 – end of February December 16 – March 31 

Little Goose January 1 – end of February December 16 – March 31 

Lower Granite January 1 – end of February December 16 – March 24 

Both adult and juvenile fish passage facilities have established winter maintenance seasons outlined in the 
FPP.  Adult fish facility maintenance is conducted in January and February of each year, and juvenile 
facility maintenance is conducted from December 16 through March 31.  All routine maintenance 
activities or facility modifications that require the dewatering of facilities or that may affect the operation 
of facilities are scheduled for these periods.  The FPP contains criteria on how to operate fish passage 
facilities during the normal operating season in the event that a facility component fails and there may be 
an impact on facility operations or fish passage.  The FPP also contains criteria for coordinating facility 
operations or fish passage issues with regional parties. 

All adult fish ladders are dewatered for a brief period each winter.  During the outages, project personnel 
inspect the fish passageways, remove any debris, and maintain all ladder and fish counting equipment.  
Annual maintenance on auxiliary water supply pumps is also conducted during the winter maintenance 
period.  Project personnel inspect diffuser gratings each year by dewatering the collection channels, using 
an underwater camera, or by employing divers.  Any deficiencies found during winter maintenance 
periods are repaired or corrected. 

Periodic maintenance of adult fishway equipment that does not seriously affect facility operations or fish 
passage may also be performed during the fish passage season.  Some fishway equipment requires 
periodic lubrication, adjustment, or other preventative maintenance type of work that must be done during 
the fish passage season for continued operations.  Other maintenance activities (e.g., cleaning debris off 
of fish ladder exit trashracks or fish counting station picketed leads) is done on an as-needed basis to 
maintain the facilities within established operating criteria. 

Annual maintenance of juvenile bypass systems requires the removal of fish screens from turbine intakes 
and the dewatering of juvenile fish collection channels, dewatering structures, and various fish 
transportation and/or sampling facilities.  After the facilities are removed from service, they are inspected 
and repairs and annual maintenance performed.  Overhauls and/or modification of facilities take place 
during the annual maintenance period, as well.  At juvenile fish transportation facilities, fish holding, 
loading, and transportation vessels/vehicles are also maintained.  The fish passage equipment is all placed 
back in service prior to the beginning of the next operating season. 

Juvenile bypass systems require almost continual oversight and maintenance during the operating season.  
Juvenile fish transportation facilities are supervised 24 hours per day when transporting fish to make sure 
they operate according to established operating criteria.  Fishway passages (gatewell orifices, flumes, 
separators, and piping) must be checked for debris and other obstacles that may injure juvenile fish.  Fish 
screens (STSs and ESBSs) have automated systems connected to them to ensure that they are operating as 
programmed.  These systems ensure that mesh rotates as planned on STSs or cleaning brushed cycle on 
ESBSs to keep screens debris free.  When automated systems indicate screen failures, the turbine units are 
operated according to criteria in the FPP and the screens are repaired as soon as possible.  Fish screens are 
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also inspected by maintenance personnel utilizing underwater cameras on a monthly basis to ensure they 
are operating correctly. 

2.5 Regional Coordination and Adaptive Management 
The Action Agencies utilize the best available scientific information to identify and carry out actions that 
are expected to provide immediate and long-term benefits to listed fish. To that end, the Action Agencies 
coordinate implementation planning and progress reporting with the USFWS to inform and signal 
appropriate adaptations to changing circumstances. The Action Agencies also work collaboratively with 
regional sovereign39 parties to adaptively manage the implementation of system operations related to fish 
through various policy and technical teams, collectively referred to as the Regional Forum, to implement 
year-round system operations related to fish and adaptively manage operations as necessary. Through 
these Regional Forum team processes, various plans are developed collaboratively (e.g., Technical 
Management Team Water Management Plans, Fish Operations Plan, Fish Passage Plan, etc.).These plans 
guide FCRPS operations through a given water year, taking into account how best to manage conditions 
for the benefit of both ESA-listed resident and anadromous fish species, as well as other species of 
concern. To assist in informing adaptive management decisions, the AAs monitor and report near-real-
time environmental conditions at all FCPRS projects, including river flows, river temperatures, and total 
dissolved gas monitoring at all FCRPS projects, and adult and juvenile fish passage at lower Snake and 
Columbia River projects.   

The Action Agencies also operate the FCRPS in coordination with several public utility districts (on the 
middle Columbia River, the Snake River, and other tributaries), and with three Canadian projects 
pursuant to the Columbia River Treaty between the United States and Canada.  This allows for 
coordinated management of the FCRPS guided by the NOAA Fisheries and USFWS BiOps for listed 
species in the Columbia and Snake rivers. 

The following teams are an integral part of informing operations and the adaptive management of the 
FCRPS and are described below.   

2.5.1 Regional Implementation Oversight Group (RIOG) 

The RIOG was established to provide a high-level policy forum for discussion and coordination of the 
implementation of the FCRPS and related BiOps.  The RIOG includes representatives from the Action 
Agencies, NOAA Fisheries, USFWS, tribes, and states.  The overall purpose of the group is to inform the 
Federal, state, and tribal agencies that are actively engaged in efforts to benefit both anadromous and 
resident species regarding implementation issues from each sovereign’s perspective.  Supporting the 
RIOG Senior Policy Group are two team levels – Senior Technical Teams (which focus on long term 
planning and consideration of research, monitoring, and evaluation [RME] results) and Technical Teams 
for the Hs (Hydro, Habitat, and Hatcheries; these teams focus on more immediate, narrower issues). 

Technical Management Team (TMT) 
The TMT comprises representatives from the following: 

                                                      
39 Sovereign is used here to denote governments at Federal, state or tribal level. 
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States – Idaho, Montana, Oregon, and Washington 

Tribes – Coeur d’Alene Tribe of Idaho, Confederated Tribes of the Colville Indian Reservation, Nez 
Perce Tribe of Idaho, Kootenai Tribe of Idaho, Confederated Salish & Kootenai Tribes of the Flathead 
Reservation, Shoshone-Bannock Tribes of Fort Hall, Spokane Tribe of Indians, Confederated Tribes of 
the Umatilla Indian Reservation, Confederated Tribes of the Warm Springs Reservation, and Yakama 
Indian Nation 

Federal agencies – USFWS, NOAA Fisheries, Reclamation, BPA, and Corps   

The TMT’s mission is to develop recommendations to the Action Agencies on a variety of operations to 
benefit fish, including spill, temperature, and flows at designated control points during specific periods, as 
outlined in the BiOps for listed salmon, steelhead, sturgeon, and bull trout species within the Columbia 
River Basin, while taking into account the needs of (and effects on) other listed and non-listed species 
(such as lamprey). The TMT serves as a forum for broad technical participation and use of the best 
available technical information. The focus of the TMT is to implement the NOAA Fisheries and USFWS 
BiOps on operation of the FCRPS while considering the provisions of (and effects on) the NPCC’s Fish 
and Wildlife Program, other biological opinions, state and tribal plans and programs, and other relevant 
factors influencing operations.   

The annual water management plan (WMP) is developed by the Action Agencies in collaboration with 
regional parties (TMT representatives) and is used as a decision-making and management tool. The plan 
includes recurring annual operations, as well as those specific to that year.  The TMT meets to discuss and 
make recommendations in-season, as more of the specific variables are known (water volume, 
temperature, fish presence, unit outages, etc.). A draft WMP is available for review in October of each 
year.  The Action Agencies will provide information on reservoir status; planned project operations (and 
operating constraints); flow forecasts; anticipated special operations for research and other purposes; 
major turbine outages and maintenance plans; and operating agreements and contracts that may affect 
annual operations.  All TMT members are given an opportunity to review and comment on the draft 
WMP.  In general, the fisheries managers are asked to provide recommendations on operational needs of 
resident fish and salmon.  When possible, priorities among competing needs are resolved within the scope 
of the teams’ guidelines.  The Action Agencies are responsible for finalizing the WMP by December 31 
of each year. The plan is updated in-season through the WMP Seasonal Update to reflect the actual 
operations that take place. 

TMT meeting agendas, minutes, water control data, water quality data, and other related documents and 
sites are available on the TMT’s website: http://www.nwd-wc.usace.army.mil/tmt/  

Systems Configuration Team (SCT) 
The SCT is similar in composition to the TMT.  It reviews and prioritizes studies/projects for annual 
Corps funding, and prioritizes and recommends to the Corps elements for implementation.  It interacts 
with the Studies Review Work Group (SRWG) and Fish Facility Design Review Work Group 
(FFDRWG) (see below), and RIOG as needed/assigned. 

2.5.2 Fish Passage Coordination Teams 

The teams described below are staffed by representatives from the Corps, BPA, USFWS, NOAA 
Fisheries, Idaho Department of Fish and Game (IDFG), Washington Department of Fish and Wildlife 
(WDFW), Oregon Department of Fish and Wildlife (ODFW), Columbia Basin Indian Tribes, Columbia 

http://www.nwd-wc.usace.army.mil/tmt/
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River Inter-Tribal Fish Commission (CRITFC), Fish Passage Center (FPC), and Northwest Power and 
Conservation Council (NPCC). These teams coordinate with RIOG via TMT for operations, with SCT for 
studies research prioritization, and Executive-level with RIOG as needed for policy issues discussion or 
dispute resolution. These forums are generally open to the public, and other interested stakeholders attend 
regularly.  

Studies Review Work Group (SRWG) 
This group is made up of representatives from IDFG, WDFW, ODFW, Columbia Basin Indian Tribes, 
CRITFC, BPA, USFWS, NMFS, and the Corps.  The SRWG develops and reviews research, monitoring, 
and evaluation studies. It works closely with SCT and FFDRWG to inform future studies funded through 
the Corps. It interacts with the Fish Facility Design Review Work Group and SCT.  

Fish Facility Design Review Work Group (FFDRWG) 
FFDRWG comprises representatives from IDFG, WDFW, ODFW, Columbia Basin Indian Tribes, 
CRITFC, BPA, USFWS, NMFS, and the Corps. The FFDRWG is organized into two functional teams, 
the Corps Walla Walla District and the Portland District, and many representatives participate on both. 
FFDRWG provides input to engineering and design of fish facility modifications and new passage 
technologies.  

Fish Passage Operations and Maintenance (FPOM) Coordination Team 
The Corps’ FPOM coordination team is composed of representatives of IDFG, WDFW, ODFW, 
Columbia Basin Indian Tribes, Columbia River Intertribal Fish Commission, BPA, USFWS, NOAA 
Fisheries, and the Corps. The team conducts coordination on fish passage operations and maintenance 
activities; makes in-season adaptive management recommendations related to the Fish Passage Plan 
(FPP); recommends annual revisions to the FPP; and interacts with other Corps Fish Passage Program 
teams, TMT, and the RIOG Executive Team, as needed.  The Corps develops an annual FPP in 
coordination with FPOM and the region’s Federal and state fish agencies, Indian tribes, BPA, and other 
regional partners.  The annual FPP describes O&M activities at Corps mainstem hydroelectric projects in 
the FCRPS that are coordinated through FPOM so as to protect and enhance anadromous and resident fish 
species listed as endangered or threatened under the ESA, as well as other resident and migratory fish 
species (e.g., lamprey, sturgeon).40  

2.5.3 Kootenai River White Sturgeon Coordination 

Kootenai River Flow Plan Implementation Protocol Technical Team 
At Libby Dam, the Kootenai River Ecosystem Function Restoration Flow Plan Implementation Protocol 
(FPIP) includes an FPIP technical team that develops an annual recommendation on the shape, timing, 
and duration of expenditure of the tiered sturgeon volume, generally during late May into early June; the 
FPIP team is composed of regional biologists and water managers, and is independent of the Service’s 
Kootenai River White Sturgeon Recovery Team, though representation is very similar. Annual planning 
for Kootenai River white sturgeon flow augmentation operations commences with preparation of a draft 
sturgeon flow recommendation and associated monitoring plan by the Action Agencies (Corps and BPA) 

                                                      
40 The FPP is defined in the 2014 NOAA Fisheries BiOp RPA as part of the hydropower strategy of operating and 
maintaining fish passage facilities at Corps mainstem projects in order to maintain biological performance. 
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and the Service during early spring.  The draft flow recommendation and monitoring plans are reviewed 
by the entire FPIP Technical Team, and then submitted to the FPIP Policy Team for review.  Upon Policy 
Team approval, the plans are submitted to U.S. Fish and Wildlife Service, which prepares a Systems 
Operation Request for Kootenai River white sturgeon flow augmentation based on the FPIP flow 
recommendation, and submits it to the Corps via the TMT.  The SOR is discussed and approved at TMT 
prior to commencement of flow augmentation. The FPIP Technical Team holds coordination calls 
regularly prior to, and throughout, the augmentation period. 

Kootenai River White Sturgeon Recovery Team 
This team has been in existence since 1994, shortly after listing of Kootenai River white sturgeon as 
endangered.  It is an advisory group formed and chaired by the USFWS to address technical issues related 
to sturgeon recovery, and to evaluate ongoing research and management efforts and make 
recommendations for further such work.  It developed the 1999 sturgeon recovery plan, and as of 2016 is 
working on a revised recovery plan. Although its members do not specifically represent their employers, 
the team comprises biologists from Seattle District of the Corps, BPA, USFWS, BPA, MFWP, IFG, the 
Kootenai Tribe of Idaho, BCMFLNRO, and Cramer Fish Sciences/University of Idaho. The KRWSRT 
holds facilitated, open meetings approximately twice each year, and forms committees as needed to carry 
out specific tasks.  It brings in outside expertise (a notable example is the US Geological Survey), often 
on contract to individual agencies or the Kootenai Tribe, to address specific questions.  There are also 
generally several nonmembers present at meetings to lend technical support to the recovery team’s 
efforts. 

2.5.4 Coordination with States and Tribes 

In addition to the specific regional coordination forums and processes described above, the Action 
Agencies also engage in sovereign coordination and consultation with states and tribes in other ways, as 
described here.  

Government-to-Government Consultation  

Consistent with the unique relationship between the Federal government and Federally recognized Indian 
tribes, the Action Agencies also engage on government-to-government consultations with tribes on a 
case-by-case basis on a wide variety of matters.  Government-to-government consultations can occur at 
the request of either a tribe or an Action Agency.  Consultation is typically between the governing body 
of the tribe and the senior executive of the relevant Action Agency.   

Columbia Basin Fish Accords 

The Columbia Basin Fish Accords (Accords) confirmed a partnership among the Action Agencies, six 
Northwest tribes, and three states.  

The Accords are designed to provide certainty to accomplish actions addressed in the FCRPS BiOp issued 
by NOAA Fisheries.  They also support efforts that are addressed in the NPCC’s Fish and Wildlife 
Program. The Accords provide for mutual commitments for hydro, habitat, hatchery and other actions and 
provide certainty of funding for implementation.  

Under the terms of the Accords, the Action Agencies and the tribal and state Accord partners coordinate 
on issues of concern in implementation, and seek to consult before taking actions that could affect 
implementation or their mutual commitments. 
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2.5.5 Coordination with other Project Entities   

The AAs operate the FCRPS consistent with existing treaties and laws. Real-time reservoir operations are 
coordinated with tribal representatives through the TMT (see description of the TMT above).  

Columbia River Treaty 
Operation of the FCRPS is affected by the “Treaty between Canada and the United States of America 
relating to the cooperative development of the water resources of the Columbia River Basin” (Columbia 
River Treaty, or “Treaty”), dated 17 January 1961 (Implemented September 16, 1964).  The FRM 
operating plans for the Canadian Treaty storage projects are found in the FCOP, which serves as the 
guidance for the basin-wide system FRM operations.  The FCOP provides the criteria and procedures by 
which the Canadian Treaty projects must be operated to achieve FRM objectives. The Treaty also requires 
that each year an Assured Operating Plan (AOP) be agreed to by the Entities created by the Treaty for the 
operation of the Treaty storage in Canada (Canadian Treaty Storage) during the sixth succeeding year. 
The AOP for provides the Entities with an operating plan for Canadian Treaty Storage and information 
for planning the power systems that are dependent on or coordinated with the operation of the Canadian 
Treaty Storage projects.  Coordination with Canada for FRM and the AOP is conducted throughout the 
year by the Columbia Treaty Operating Committee and the Columbia River Treaty Hydrometeorological 
Committee.  The Corps and BPA also coordinate reservoir operations regularly with BC Hydro through 
the Columbia River Treaty Operating Committee. 

Non-Treaty Storage Agreement 

BPA and BC Hydro executed a long-term Non-Treaty Storage agreement (NTSA) effective April 10, 
2012, through September 15, 2024. The NTSA allows use of Non-Treaty storage space in Canada to 
shape flows within existing downstream requirements to create additional mutual power and non-power 
benefits for the parties. The agreement was crafted to ensure that operations of Treaty storage in Canada 
complies with the Columbia River Treaty.  Under terms of the NTSA agreement, BC Hydro may limit 
BPA’s NTSA transactions to protect Canadian non-power requirements such as flood risk management 
and fish, with the exception of dry period firm release rights. The NTSA provides firm release rights of up 
to 0.5 MAF of water in the spring to benefit fish in the lowest 20th percentile of water conditions, if not 
used in the prior year. In addition, the agreement provides the opportunity to store water when it is 
abundant and exceeds fish requirements and/or state standards of dissolved gas levels in the spring and 
then release that water in the summer to provide water when the Columbia River flows are low.  
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Chapter 3 
Environmental Baseline 

3.1 Introduction 
This section presents the status of the species and designated critical habitat, as well as a discussion of 
existing environmental conditions in the Action Area.  The environmental baseline includes the past and 
present impacts of all Federal, state, and private actions and other human activities in the Action Area, the 
anticipated impacts of all proposed Federal projects in an Action Area that have already undergone formal 
or early Section 7 consultation, and the impact of state and private actions that are contemporaneous with 
the consultation in process (50 CFR 402.02).   

Multiple factors influence the current environmental baseline in the Action Area.  Activities such as past 
and current floodplain and wetland conversion and diking; agriculture, mining, forestry, and other land 
use activities; and changes in climatic conditions all influence water and habitat quality.  The 
environmental baseline also includes the structures/facilities associated with the FCRPS and its past 
operation and maintenance, including the implemented 2006/2008 RPAs for the FCRPS, up to the 
initiation of this consultation.   

This section starts with a general description of the region and Action Area.  Next, sections are grouped 
by sturgeon and bull trout population status and environmental conditions.  The populations are discussed 
in the context of recovery units and core areas, and critical habitat is discussed in the context of critical 
habitat units.  The text is organized by primary constituent element and describes the environmental 
condition by reach segments in the CHU.  This provides a framework for analyzing the effects of the 
Proposed Action within the context of the bull trout recovery units (see Chapter 4 for the effects analysis). 

3.1.1 Regional Intro 

Columbia Basin Overview 
The Columbia River Basin extends over seven U.S. states and parts of southern British Columbia, 
Canada.  The Columbia River is the largest river in the Pacific Northwest, traveling more than 1,240 
miles and draining roughly 260,000 square miles.  The headwaters of the mainstem Columbia River 
originate in the Rocky Mountains of British Columbia, where the river first flows northwest before 
heading south into the State of Washington.  It then continues west along the boundary between Oregon 
and Washington until it drains into the Pacific Ocean.  Major tributaries to the Columbia River include:  

• The Snake River, which originates in Wyoming and flows primarily through Idaho;  

• The Yakima, Spokane, Okanogan, Wenatchee, and Methow Rivers in Washington; 

• The Kootenai River, which originates in British Columbia, Canada and flows through Montana 
and Idaho, and joins the Columbia River in British Columbia; 

• The Flathead River, which originates in British Columbia, Canada and flows through Montana 
draining into the Clark Fork which flows in the Lake Pend Oreille.  The Pend Oreille River 
originates at the outlet of the Lake Pend Oreille and flows through Idaho and Washington before 
joining the Columbia River in British Columbia; 
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• The Willamette, Deschutes, Umatilla and John Day rivers in Oregon. 

Where the river meets the coast, saltwater intrusion from the Pacific Ocean extends approximately 23 
river miles upstream from the mouth; tidal effects can be experienced up to Bonneville Dam, located 146 
river miles inland.   

The north-south Cascade Mountain Range, the Blue-Wallowa Mountains of northeast Oregon, and the 
Rocky Mountains at the eastern and northern boundaries of the basin strongly influence climate in the 
Columbia River Basin.  The basin is generally cooler and wetter on the western side of the Cascades and 
warmer and drier to the east toward the Rocky Mountains.  The basin has dramatic elevation changes 
ranging from sea level to more than 14,000 feet in the high mountains.  The headwaters of the Columbia 
River and its major tributaries are in high-elevation and snow-dominant watersheds.  Snow-dominant 
watersheds are sufficiently cold in the winter to allow for precipitation to fall in the form of snow and for 
that snow to accumulate and remain until temperatures rise in the spring and summer.  High-elevation 
summers tend to be short and cool, while the lower-elevation interior regions are subject to greater 
temperature variability. 

Climate Change Considerations 
The variation in precipitation and temperature patterns from one year to the next, combined with the 
geographic complexity of the basin, result in highly variable Columbia River flows from year to year.  
The Columbia River has an annual average runoff of approximately 200 million acre-feet per year 
(MAF/year), with roughly 25 percent of that volume originating in the Canadian portion of the basin 
(Reclamation 2016).   

Over the last century, average annual temperatures in eastern Washington, northern Idaho, and 
northwestern Montana have increased about 2° F (0.2° F per decade) (USDA 2010).  Winter temperatures 
have increased more than other seasons, and the daily minimum temperatures, typically occurring at 
night, have increased more than daily maximums.  Models indicate that temperature increases would 
occur during all seasons, with the greatest increases projected in summer.  Precipitation predictions are 
considered less certain, but most models project decreased summer precipitation and increased winter 
precipitation.  Climate change research for the larger Northern Rockies area predicts warmer springs, 
earlier snowmelt, and hotter, drier summers with longer fire seasons (USFS 2015).   

Some aquatic issues related to anticipated climate change include, but are not limited to: contraction of 
species ranges; variable stream temperatures, ground water exchange, and geomorphology; changes to 
spawning and rearing habitat; threats to redds and juvenile habitat from stream scouring caused by 
increased winter precipitation extreme events and increased rain in lower elevations (rather than snow); 
lower summer flows inhibiting movement between populations and from spawning and rearing habitat to 
foraging habitat; and increased frequency and extent of wildfires resulting in loss and fragmentation of 
habitat (USFWS 2015a). Upcoming RMJOC-II (River Management Joint Operating Committee) models 
will assist in the identification of core areas and watersheds that are most likely to maintain habitats 
suitable for bull trout over the foreseeable future under probable climate change scenarios.   
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3.2 Kootenai River White Sturgeon 

3.2.1 Range-wide Status of Kootenai River White Sturgeon and 
Critical Habitat  

White sturgeon are included in the family Acipenseridae, which consists of four genera and 24 species of 
sturgeon.  Eight species of sturgeon occur in North America, with white sturgeon being one of the five 
species in the genus Acipenser.  Kootenai River white sturgeon have been genetically isolated from other 
white sturgeon in the Columbia River system for approximately 10,000 years by the impassable barrier of 
Bonnington Falls. 

Distribution 
Kootenai River white sturgeon occur in Idaho, Montana, and British Columbia, Canada, and are restricted 
to approximately 167.7 river miles of the Kootenai River system, extending from Kootenai Falls, 
Montana, located at RM 31 below Libby Dam, downstream through Kootenay Lake to Corra Linn Dam 
(at Bonnington Falls) at the outflow from Kootenay Lake in British Columbia.  Approximately 45 percent 
of the species’ range is located in British Columbia.   

Within the Action Area, the Kootenai River has been divided into four distinct reaches based on their 
unique geomorphic properties and sturgeon use: the Canyon Reach, Braided Reach, Straight Reach, and 
Meander Reach (Figure 3-1).   

The canyon reach encompasses 59.1 river miles, extending from Libby Dam downstream to the 
confluence of the Moyie River at RM 160.9.  Within this reach, the river is confined by bedrock, and the 
streambed has a steep gradient and is composed primarily of gravel and cobbles.  Kootenai Falls is a 
natural barrier to fish migration. 

The braided reach encompasses approximately 6.2 river miles (RM 160.9 to RM 152.7) from the Moyie 
River confluence downstream to the U.S. Highway 95 bridge.  Downstream from the confluence of the 
Moyie River, the Kootenai River enters a wider valley with decreasing gradient.  Multi-channel, 
meandering, riffle-pool characteristics are predominant in the Braided Reach, with gravel and cobble as 
the dominant channel substrate (KTOI 2009). 

The Straight Reach encompasses 1.1 river miles (RM 152.7 to 151.7) from the U.S. Highway 95 bridge in 
Bonners Ferry downstream to Ambush Rock.  The reach is characterized by a constrained river corridor 
due to flood protection measures (i.e., levees) that are present along both banks through most of the reach, 
along with the U.S.  Highway 95 bridge and train trestle revetments.  Channel substrate transitions from 
gravels to sand through the reach (KTOI 2009).   

The Meander Reach encompasses 45.2 river miles (RM 151.7 to RM 105.9) from the downstream extent 
of Ambush Rock to the U.S.-Canada border.  This reach is situated in a low-gradient lacustrine valley, 
and channel substrates are dominated by sand and clay (KTOI 2009).   
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Figure 3-1. Lower Kootenai River Reaches in the Action Area 

Life History 
Sturgeon are large, fast-growing, long-lived, highly migratory benthic predators.  They live to 
approximately 100 years, with females in the Kootenai River reaching reproductive maturity in their late 
twenties to early thirties.  Sturgeon exhibit a potadromous life-history in which they spawn in the 
Kootenai River and use Kootenay Lake and adjacent reaches of the river for rearing.   
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Spawning occurs in May and June, ideally over coarse substrates in deep, turbulent, turbid, cool (46-57° F 
[7.8-13.9° C]), and high-velocity (3.3 ft/s [at least 1 m/s]) waters.  Recent research suggests that sturgeon 
do not key in on a specific range of velocities; rather, they seek the highest velocity and depth within the 
spawning region for the given flow conditions that they are experiencing (Paragamian et al. 2009).  These 
findings suggest that sturgeon will spawn in the best-perceived location, given the current environmental 
conditions and river regulations under dam operations (Paragamian et al. 2009).  Even though the Braided 
and Canyon Reaches provide more suitable spawning substrates and velocities, spawning does not 
presently occur in these locations with any documented consistency (Paragamian et al. 2009).  Instead, 
spawning currently occurs in the Meander and Straight reaches over sand or silt substrates, which appears 
to be less conducive to egg attachment, hatching, and larval survival. 

Kootenai River white sturgeon exhibit a unique adaptation to cold water, with most spawning activity 
occurring near 50° F (10.0° C).  They are also active at 43° F (6.1°C), which is several degrees cooler 
than water in which Columbia and Snake River white sturgeon are active (Flory 2011; Paragamian et al. 
2001). Eggs incubate for 8 to 15 days, depending on water temperature (Brannon et al. 1984).  Upon 
hatching, free embryos swim into the interstitial spaces in coarse substrates.  If adequate cover is 
unavailable, the free embryos will swim up in the water column where they are passively redistributed 
downstream by the current.  As their yolk sac depletes, free embryos develop into foraging larvae (10 to 
12 days post-hatching).  The foraging larvae initiate downstream dispersal and are no longer dependent 
upon rocky substrate or high water velocity for survival.  Downstream dispersal peaks at 14 days after 
hatching (Flory 2011).  Larval sturgeon require an additional 20 to 30 days to metamorphose into 
juveniles.   

Larvae and juveniles move gradually downstream into Kootenay Lake and low-gradient areas of the river 
along shorelines, and in inundated riparian areas and floodplains in complex habitats with wood and 
emergent vegetation.  Adults feed in deep benthic habitats in Kootenay Lake and the Kootenai River and 
migrate to spawning areas in late spring.  Juveniles, subadults, and adults have been observed in mixed 
aggregations on the bottom of the Kootenai River (Golder and Associates [undated video]). 

Prey 
Sturgeon in the Kootenai River system and elsewhere are considered opportunistic feeders, with sturgeon 
more than 28 inches (70 cm) in length feeding on a variety of vertebrate and invertebrate prey items 
including clams, snails, aquatic insects, and fish.  Kokanee (Oncorhynchus nerka) in Kootenay Lake, 
prior to a population crash beginning in the mid-1970s, were once considered an important prey item for 
adult white sturgeon (USFWS 1999a). 

Population 
Little information is available on the sturgeon population prior to the completion of Libby Dam in 1972.  
Approximately 8,000 sturgeon are estimated to have been present in the Kootenai River system in the late 
1970s (Paragamian et al. 2005).  Based on mark-recapture data collected between 1980 and 2000, the 
wild population was projected to be 270, with an annual mortality rate of 9 percent by 2011 (Paragamian 
et al.  2005).  After the collection and analysis of 10 additional years of mark-recapture data and use of a 
model that was deemed to provide more appropriate estimates of population parameters, Beamesderfer et 
al. (2014) found the wild sturgeon population to be larger than previously projected.  Beamesderfer et al. 
(2014) estimated that the natural sturgeon population declined from approximately 3,000 individuals in 
1990 to 990 in 2011.   
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The current natural population largely consists of an aging cohort of large, old fish.  The wild sturgeon 
population currently averages approximately 63.0 inches (160 cm) fork length (FL), and the majority of 
fish are 43.3 inches (110 cm) FL or longer (Beamesderfer et al. 2014).  While the estimated average 
annual mortality rates for wild fish are now estimated to be 1 to 4 percent, lower than the previous 9 
percent estimate, this mortality rate may be increasing as the wild fish continue to age.  The wild 
population was found to decline most rapidly from 2008 to 2011 due to decreased survival rates (97 
percent annual survival prior to 2008 and 85 percent from 2007 to 2011), presumably due to increased 
adult age.   

Low levels of natural recruitment continue to be documented based on low sample numbers of juvenile 
fish; Beamesderfer et al. (2014) estimated natural recruitment to the wild population of 13 fish per year.  
Figure 3-2 shows that multiple juvenile age classes of natural fish are present and have been captured in 
Idaho between 1977 and 2014.  Figure 3-3 shows the cumulative number of wild juveniles captured each 
year during sampling.  

 
Figure 3-2. Total number of wild juvenile white sturgeon by age class captured in the Kootenai 
River, Idaho, between 1977 and 2014 (Hardy et al. 2016) 
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Figure 3-3. Number of wild juvenile white sturgeon captured annually in the Kootenai River, Idaho, 
between 1977 and 2014; no recaptures. 

Current projected population trends for wild sturgeon vary depending on the model used (Beamesderfer et 
al. 2014).  Under the most pessimistic projection using the 2011 survival rate of 71 percent (Model 4), the 
wild population is projected to decline to fewer than 100 fish by 2018.  This wild population projection 
increases to approximately 300 individuals by 2018 when using the 2007 to 2011 4-year average survival 
rate of 85 percent.  The most optimistic projection (Model 2) that uses the pre-2007 annual survival rate 
of 98 percent estimates that 1,300 natural sturgeon would be present in 2030 (Beamesderfer et al. 2014; 
Figure 3-4). 
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Figure 3-4. Projected future abundance of wild Kootenai white sturgeon based on alternative 
models and assumptions regarding current abundance and future survival (S), with a hind-casted 
population abundance estimate based on 98 percent adult survival.  Source: Beamesderfer et al. 
(2014) 

While current and projected natural population levels are higher than previously estimated, the wild 
population is still in decline, due to an aging population and continued recruitment failure, and the 
hatchery program continues to be crucial for the longevity of the species.  From 1992 through 2012, a 
total of 222,708 juvenile hatchery sturgeon have been released into the Kootenai River system.   

Juveniles are released at approximately 1.5 years of age from the Kootenai Tribal Sturgeon Hatchery and 
Twin Rivers Hatchery in Bonners Ferry, Idaho, in the spring.  Mark-recapture analyses estimate that in 
the first year following release, survival of fish released at age 1 is 20 percent on average; for fish 
released at age 2, it is 80 percent; and for fish released at age 3 and older, it is 93 percent (R.  Hardy, 
IDFG, personal communication).  First year survival is strongly related to size at release, with larger fish 
surviving at a much higher rate than smaller fish.  As of 2014, 12,000 to 15,000 juvenile hatchery fish 
from multiple hatchery year classes are estimated to have survived (Dinsmore 2015).  Hatchery-produced 
fish have not yet reached reproductive age; therefore, natural recruitment as a result of the hatchery fish 
releases cannot be determined.  Figure 3-5 shows the estimated number of hatchery fish present in the 
system by age class.  Multiple release years (and associated age classes) are represented in the current 
hatchery-produced population estimates. 
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Figure 3-5. Estimated annual numbers of Kootenai sturgeon (of all age classes, by release year) 
for the Kootenai River subbasin.  Source: Dinsmore (2015) 

Threats 
The wild sturgeon population comprises mainly old adults, and significant recruitment has not occurred 
since the 1970s.  Although the specific causes of recruitment failure remain unclear, years of study 
suggest that most mortality occurs between the egg and larval stages.  Despite years of intensive 
sampling, only one larva and relatively few wild juveniles have been collected (Rust et al. 2014). 
Recruitment and survival of sturgeon are affected by various threats, some related to and others 
independent of Libby Dam operation.  Dam operation has caused or contributed to water temperature 
alterations, decreased spawning habitat suitability, decreased floodplain rearing habitat, and increased 
potential for predation on early life stages (Kock et al. 2006).   

During the late 1800s and early 1900s, efforts began to convert the land along the Kootenai River 
floodplain to facilitate settlement and agriculture (Tanimoto and Merz 2013).  Loss and disconnection of 
riparian upland and wetland habitats and the natural floodplain that began in the 1880s with land 
conversion was further supported through the use of extensive dikes built along the river, primarily 
between the 1920s and 1950s  (Richards 1997).  The diking helped to provide flood protection to the 
converted land uses.  The land conversion and diking has contributed to a lack of riparian and wetland 
function and off-channel habitat diversity.  An overall decrease in productivity in the Kootenai River and 
in Kootenay Lake has resulted from a decrease in floodplain interaction.  The land conversion and diking 
of the Kootenai River near Bonners Ferry resulted in a loss of about 50,000 acres of natural floodplain 
(Richards, 1997).  Floodplain conversion to agriculture is most prominent in the meander reach but has 
occurred throughout all reaches (Tanimoto and Merz 2013). 

The onset of operations at Libby Dam resulted in lower average spring peak flows and increased winter 
flows in the Kootenai River.  Before experimental flow augmentations began in 1991(Paragamian et al.  
2001), the natural high spring flows thought to be required by sturgeon for reproduction and transport of 
juveniles rarely occurred during the May-to-July spawning period when appropriate temperature, water 
velocity, and photoperiod conditions would normally exist.  Historical pre-dam discharges during 
sturgeon spawning varied from approximately 50,000 to 100,000 cfs at Bonners Ferry.  Peak runoff post-
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dam is generally 8,800 to 16,000 cfs, although releases from Libby Dam have been as high as about 
48,000 cfs during spring due to FRM operations, and 35,000 cfs for sturgeon-related flow enhancements 
over powerhouse capacity.  In addition, the dam creates a more predictable hydrograph by decreasing the 
frequency of extreme flow events; however, the consequences of stability are habitat simplification, 
altered sediment transport, lower productivity, and modified thermal and nutrient regimes (Paragamian 
2012; USFWS 1999a).   

Pre-dam water temperatures were slightly warmer in the summer and cooler in the winter compared to 
post-dam temperatures (Partridge 1983, as cited in Paragamian 2012).  Decreased spring water 
temperatures in the Kootenai River below Libby Dam are a result of the thermoregulating properties of 
Lake Koocanusa; the thermal mass of the reservoir is slower to warm during spring than the free-flowing 
river had been.  Growth of larval and juvenile sturgeon is slowed by decreased water temperatures and, 
combined with other factors, may result in reduced survival of sturgeon through early life stages (USFWS 
1999a).   

Water in Lake Koocanusa stores heat over the summer and fall, creating a slight increase in winter water 
temperatures downstream of Libby Dam.  This increase in winter water temperatures may increase 
bioenergetic demands at a time of low food availability, which may affect survivability due to the 
increased starvation risk for juvenile sturgeon by elevating their metabolic rates at a time of low food 
availability.  Higher seasonal water temperatures have been shown to alter bioenergetic requirements and 
may stress fish, thereby impacting reproductive condition and increasing the risk of disease outbreak 
(Hatfield et al. 2004).  As discussed further in Chapter 2, downstream water temperatures are managed 
when the reservoir is stratified, but downstream water temperatures cannot be managed through operation 
during the winter after the water becomes isothermic (i.e., the same temperature near the surface and 
bottom of the lake).   

Human activities have caused losses in riparian and wetland areas or substantially impaired riparian, 
wetland, and overall floodplain functions along the lower Kootenai River since the early 1900s (KTOI 
2009).  Habitat and water quality impacts in the Kootenai River stemming from these conversion 
activities include water impoundments and diversion; river diking, flood control and channelization; 
wetland draining and associated reduction of native species dependent on wetlands (including beavers); 
livestock grazing; urban and suburban development; land clearing for agriculture; road building; and 
recreation.  This degradation has impaired key riparian and floodplain wetland ecological functions, 
including sediment filtering, streambank building, water storage, aquifer recharge, dissipation of stream 
energy, nutrient retention, and fish and wildlife habitat.  Diking in the floodplain has affected the natural 
flow regime of the tributaries that join the Kootenai River in the Kootenai River valley (USFWS 2002a). 

Timber harvest activities (harvest, timber roads, etc.) occur on private and Federally-managed lands in 
tributary watersheds, such as the Fisher River.  The timber harvest activities increase sediment loading in 
the tributaries, which can wash into the mainstem Kootenai River.  Suspended sediments due to logging, 
road runoff, and other land-management activities are a major source of turbid conditions in the Kootenai 
River during snowmelt.  Elevated tributary-derived suspended sediment, combined with the altered 
hydrology of the Kootenai River, has resulted in the formation of deltas from deposition of bedload 
materials (sand, gravel, and boulders) at the confluence of some tributaries to the Kootenai River (MFWP 
et al. 1998).   

Aquatic habitat within reaches of the Kootenai River downstream of Libby Dam has been adversely 
affected by dam operations since construction and operation of the Libby Dam Project in 1972 (USFWS 
2006a).  Post-construction, the Kootenai River has experienced changes to the natural hydrograph and 
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seasonal temperature regime (Rust et al. 2014).  The long-term management of Kootenai River surface 
water for FRM and reservoir recreation, combined with other anthropogenic floodplain and in-channel 
perturbations, have left the lower Kootenai River and its floodplain with highly altered aquatic habitat 
(USFWS 2006a).  Spring flow peaks have been reduced to about one-third of maximum pre-dam levels, 
and flows during winter are now three to four times higher than under a natural flow regime.  Post-dam 
water temperatures are now cooler in summer and warmer in winter than prior to construction and 
operation of Libby Dam (Rust et al. 2014).   

Decreased spawning habitat suitability has resulted in some locations from the altered seasonal 
hydrograph below Libby Dam.  Ideal spawning habitat is characterized by high velocity, high turbidity, 
and high turbulence.  The reduction of peak flows in the spring has resulted in degradation of physical 
spawning conditions in portions of the river.  However, suitable spawning substrate is generally believed 
to exist in the Braided and Canyon Reaches.   

Under the 2006 USFWS BiOp, operations of Libby Dam were altered to provide higher, more stable 
summer discharges to the extent possible to meet sturgeon and bull trout ESA responsibilities and to 
mimic a more natural river hydrograph (under VARQ FRM regime).  The intent was also to provide 
spawning and incubation flows to meet targets for water depth and velocity, along with managing the 
selective withdrawal system at Libby Dam to provide more suitable temperature in the Kootenai River in 
order to encourage spawning sturgeon to migrate upstream of Bonners Ferry into and through the Braided 
Reach to more suitable spawning habitat.  Hydrographs for the Kootenai River at Libby Dam and 
Bonners Ferry for multiple timeframes are presented in Chapter 2. 

Increased predation on early life stages of sturgeon has resulted from the attenuation of high flow events 
and reduced turbidity, allowing for predatory fish that would otherwise be deterred by seasonal high flows 
and lower visibility to feed on eggs, larvae, and juvenile sturgeon.  These conditions may also be 
conducive to denser populations of predatory fish. 

Additional threats unrelated to Libby Dam operation include potential water quality impairment from 
other human activities such as ongoing agriculture, mining, logging, and road construction in the 
watershed, and inadvertent harvest or poaching (USFWS 1999a, 2010a).   

Poor water quality was considered to be a major problem for sturgeon and other native fish prior to 
construction of Libby Dam.  Pollution associated with industrial and mine development has been thought 
to affect sturgeon reproduction and recruitment prior to 1974.  Pesticides, polychlorinated biphenyls 
(PCBs), and metals, such as copper, aluminum, lead, strontium, and zinc, have been detected in eggs; all, 
except copper, are at levels lower than in other Columbia River basin areas where sturgeon successfully 
reproduce (USFWS 1999a).  Elevated levels of selenium have been detected in the Elk River in Canada, a 
tributary to Lake Koocanusa; increased selenium levels are correlated with waste rock volume from coal 
mining (G.  Hoyle, KTOI, pers.  comm., 2015).  Selenium loading has been increasing as waste rock 
volume increases, and elevated levels have also been detected in Lake Koocanusa and at the Libby Dam 
tailwater (K.  Easthouse, Corps, Seattle District, pers.  comm., 2015).  Kootenai River white sturgeon 
eggs have been hatched under experimental hatchery conditions using both Kootenai River water and 
domestic city water, but the chronic effects of heavy metals on egg hatching success and the dietary 
pathways of larvae and young-of-the-year white sturgeon have not been investigated, and the overall 
effects of pollutants on sturgeon are unknown (USFWS 1999a).   

Kootenay Lake burbot are fished primarily in late spring and early summer, which coincides with 
sturgeon spawning in May and June (Paragamian et al. 2000). Therefore, the potential exists for sturgeon 
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to be inadvertently harvested during the burbot fishery.  Poaching threatens sturgeon population numbers 
as well (USFWS 1999a). 

Regulatory Status 
Listing:  On September 6, 1994, USFWS listed the Kootenai River population of white sturgeon as 
endangered under the ESA (59 Federal Register [FR] 45989).   

Critical Habitat: On September 6, 2001, USFWS designated critical habitat Figure 3-6, which was revised 
in 2006 and finalized in 2008 (USFWS 2008a) for white sturgeon, consisting of 18.3 miles from 
approximately RM 159.7, past the confluence of the Kootenai River with the Moyie River, downstream to 
Bonners Ferry and below Bonners Ferry to RM 141.4 (meander reach near Shorty’s Island [a site of much 
of the documented egg deposition]).  Critical habitat is composed of parts or all of the Braided, Straight, 
and Meander Reaches (Figure 3-6).  The primary constituent elements (PCEs)41 of white sturgeon critical 
habitat (USFWS 2008a), defined as the physical and biological factors essential to the conservation of the 
species that may require special management considerations and protection, are: 

1. A flow regime, during the spawning season of May through June, that approximates natural 
variable conditions and is capable of producing depths of 23 ft (7 m) or greater when natural 
conditions (for example, weather patterns, water year) allow.  The depths must occur at multiple 
sites throughout, but not uniformly within, the Kootenai River designated critical habitat. 

2. A flow regime, during the spawning season of May through June, that approximates natural 
variable conditions and is capable of producing mean water column velocities of 3.3 ft/s (1.0 m/s) 
or greater when natural conditions (for example, weather patterns, water year) allow.  The 
velocities must occur at multiple sites throughout, but not uniformly within, the Kootenai River 
designated critical habitat.   

3. During the spawning season of May through June, water temperatures between 47.3° and  53.6° F 
(8.5 and 12° C), with no more  than a 3.6° F (2.1° C) fluctuation in temperature within a 24-hour 
period, as measured at Bonners Ferry.   

4. Submerged rocky substrates in approximately 5 continuous river miles (8 river kilometers) to 
provide for natural free embryo redistribution behavior and downstream movement.   

5. A flow regime that limits sediment deposition and maintains appropriate rocky substrate and 
inter-gravel spaces for sturgeon egg adhesion, incubation, escape cover, and free embryo 
development. 

Downlisting: The fundamental criterion for downlisting the sturgeon to threatened status, as defined in the 
Kootenai River White Sturgeon Recovery Plan (USFWS 1999a), is natural production in at least 3 
different years within a 10-year period.  To be successful, natural production must include at least 20 
juveniles from each year class when sampled at more than 1 year of age.  The USFWS has begun a new, 
revised recovery planning process, since USFWS (1999a) contains outdated information.  Downlisting 
and delisting criteria are being revised as part of that process. 

                                                      
41 Note that PCEs have been replaced by the term physical or biological features, or PBFs, under the new regulatory 
definition of destruction or adverse modification of critical habitat (81 Fed.  Reg.  7214, Feb.  11, 2016).  In order to 
maintain consistency between this BA and prior documents in the consultation history, and because the change in 
terminology does not change the analysis, the PCE terminology is retained in this document. 
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Figure 3-6. Designated critical habitat for Kootenai River white sturgeon (Source: 73 FR 39506) 

3.2.2 Environmental Confitions for Sturgeon in the Action Area 

Kootenai River White Sturgeon Critical Habitat 
Since the last consultation, Libby Dam has been operated consistent with the 2006 and 2008 RPAs to 
meet sturgeon critical habitat PCEs with the exception of the 23 ft (7 m) depth criterion over rocky 
substrate in the Braided Reach, which would require exceedance of the 1,764-foot flood stage at Bonners 
Ferry.  Under various habitat improvement projects already completed or scheduled for completion in 
2016, multiple deep pools have been or will be excavated to increase depth, which is expected to help 
address the depth criterion during future sturgeon spawning seasons. 
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Despite ongoing measures to benefit sturgeon in the form of experimental discharge and increasingly 
improved riverine conditions for meeting PCEs, natural production has not yet been restored, and wild 
sturgeon general migration or known spawning behaviors have not changed (Anders et al. 2014).  It is not 
currently known why wild fish have not exhibited a significant positive response to management actions 
implemented to date (Flory 2011).  In addition, it is too soon to determine whether the deep pools or other 
habitat improvement projects will encourage wild sturgeon to migrate farther upstream to spawn in the 
Braided and Canyon Reach, or whether sexually mature, hatchery-produced sturgeon will exhibit 
different migration and spawning behaviors than wild sturgeon.   

Baseline conditions for each PCE for sturgeon critical habitat are described here as follows: 

PCE 1:  A flow regime, during the spawning season of May through June, that 
approximates natural variable conditions and is capable of producing depths of 23 ft (7 
m) or greater when natural conditions (e.g., weather patterns, water year) allow.  The 
depths must occur at multiple sites throughout, but not uniformly within, the Kootenai 
River designated critical habitat. 

The 2015 Action Agencies’ annual report for 2014 activities in response to the 2006 BiOp stated that, 
“Intermittent depths of 16.5 feet [5 m] or greater over 60 percent of the rocky thalweg line from RM 152-
157 were observed during 16 days of the peak augmentation flow period (16 May through 9 June); the 
range of coverage of the 16.5 feet [5 m] depth attribute criterion over rocky substrates was 47-83 percent 
during peak augmentation flows.  Intermittent depths of 23 feet [7 m] or greater over 60 percent of the 
rocky thalweg line from RM 152-157 were observed during 0 days of the peak augmentation flow period 
(16 May through 9 June); the range of coverage of the 23.0 feet [7 m] depth attribute attainment criterion 
over rocky substrates was 15-36 percent during peak augmentation flows.” 

Based on Paragamian et al. (2009), the 23 ft (7 m) depth PCE is met in the Straight Reach and part of the 
Meander Reach, which are within the section of the Kootenai River designated as critical habitat.  The 
Meander Reach does not feature substantial presence of suitable rocky substrate for spawning and 
incubation.   

Outside of restoration project areas, the 23 ft (7 m) minimum depth has largely not yet been met in the 
Braided Reach, where suitable rocky substrate is available, in part because achieving this depth under 
current conditions would require exceedance of the 1,764-foot river flood stage at Bonners Ferry.  The 
Upper and Middle Meander Projects completed in the Braided Reach resulted in the creation of deep 
pools through excavation and the installation of pool-forming structures designed to provide sturgeon 
pool habitat and to help meet the sturgeon depth criteria.  The Bonners Ferry Island and Straight Reach 
habitat improvement projects, which are scheduled for completion in 2016, will excavate large pools to 
increase depth and will install pool-forming structures, which is expected to further address the depth 
criterion during future sturgeon spawning seasons.  The completion of the Bonners Ferry Island and 
Straight Reach projects, combined with the previous restoration projects that involved pool formation, 
will provide contiguous availability of deep pools within the Meander Reach, Straight Reach, and Braided 
Reach. 
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PCE 2.  A flow regime, during the spawning season of May through June, that 
approximates natural variable conditions and is capable of producing mean water 
column velocities of 3.3 ft/s (1.0 m/s) or greater when natural conditions (for example, 
weather patterns, water year) allow.  The velocities must occur at multiple sites 
throughout, but not uniformly within, the Kootenai River designated critical habitat.   

The 2015 Action Agencies’ annual report for 2014 activities in response to the 2006 BiOp said, “Velocity 
met or exceeded 3.3 ft/s in 55-59 percent of rocky substrate from RM 152-157 during all days of the post-
peak augmentation flows (10 June through 18 June).”  This PCE was met during this reporting period. 

According to simulation results of Barton et al. (2010a), minimum velocities of 3.3 ft/s were met along 
the length of the Braided Reach nearly consistently during the 2006-2009 spawning seasons.  Based on 
their analysis, the velocity criterion was also met in some or all of the length of the Straight Reach.  The 
velocity criterion cannot be reached in the Meander Reach, even with the 2006 high flows, due to 
backwater effects associated with Kootenay Lake and the flow constraints imposed by other project 
purposes.   

PCE 3.  During the spawning season of May through June, water temperatures between 
47.3 and 53.6o F (8.5 and 12o C), with no more than a 3.6o F (2.1o C) fluctuation in 
temperature within a 24-hour period, as measured at Bonners Ferry.   

With the exception of one day, May 23, 2013, this criterion was met throughout May and June of 2010-
2015.   

PCE 4.  Submerged rocky substrates in approximately 5 continuous river miles (8 river 
km) to provide for natural free embryo redistribution behavior and downstream 
movement.   

The substrate in the 7-mile-long Braided Reach portion of designated sturgeon critical habitat is largely 
rocky (gravel and cobble).  In the Straight Reach, there is gravel and bedrock over a large percentage of 
the substrate (Barton et al. 2010b).  The Meander Reach flows through glacial lacustrine substrates and is 
largely characterized by sand and fine sediments, with outcroppings of clay and a few small areas of 
exposed gravel near tributary mouths.  Large cobble and rocks have been placed over short distances in 
the Meander Reach as part of two habitat restoration project pilot studies near Shorty’s Island and Myrtle 
Creek (current sturgeon spawning locations). 

PCE 5.  A flow regime that limits sediment deposition and maintains appropriate rocky 
substrate and inter-gravel spaces for sturgeon egg adhesion, incubation, escape cover, 
and free embryo development. 

Libby Dam flow releases for sturgeon since 2006 have provided velocities sufficient to maintain exposed 
gravel and cobble in the Braided Reach and exposure of gravel and bedrock in the Straight Reach. 

3.3 Bull Trout 

3.3.1 Range-wide Status of Bull Trout and Critical Habitat  

Bull trout occur in Washington, Oregon, Idaho, Nevada, Montana, and Canada.  Compared to other 
salmonids, bull trout have more specific habitat requirements.  They occur in cold water streams, and are 
rarely found in waters where temperatures exceed 59 to 64° F (15.0 to 17.8° C).  The species also requires 
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stable stream channels, clean spawning and rearing gravel, complex and diverse cover, and migration 
corridors (McPhail and Baxter 1996).  Populations of bull trout are often distributed in watersheds based 
on available habitat and may not be connected (Rieman and McIntyre 1995).   

Distribution 
The historical range of bull trout includes major river basins in the western U.S.  and Canada at about 41 
to 60 degrees north latitude, from the southern limits in the McCloud River in northern California and the 
Jarbidge River in Nevada to the headwaters of the Yukon River in the Northwest Territories, Canada 
(Cavender 1978; Bond 1992).  To the west, the bull trout’s range includes drainages to Puget Sound and 
the Strait of Juan de Fuca, and various coastal rivers of Washington, British Columbia, and southeast 
Alaska (Bond 1992).  Bull trout are present in portions of the Columbia River and tributaries within the 
basin, including its headwaters in Montana and Canada.  Bull trout also occur in the Klamath River basin 
of south-central Oregon.  East of the Continental Divide, bull trout are found in the headwaters of the 
Saskatchewan River in Alberta and Montana and in the MacKenzie River system in Alberta and British 
Columbia, Canada (Cavender 1978; Brewin and Brewin 1997).  Bull trout occur throughout the Action 
Area and in tributaries of Action Area water bodies.   

Life History 

Bull trout exhibit both resident and migratory life-history strategies (Rieman and McIntyre 1993).  
Resident bull trout complete their entire life cycle in the tributary (or nearby) streams in which they 
spawn and rear.  Migratory bull trout spawn in tributary streams where juvenile fish rear 1 to 4 years 
before migrating to either a lake (adfluvial form), river (fluvial form) (Fraley and Shepard 1989; Goetz 
1989), or in certain coastal areas, to saltwater (amphidromous) (Cavender 1978; McPhail and Baxter 
1996; WDFW et al. 1997).  Resident and migratory life-history forms may be found together, but it is 
unknown if they represent a single population or separate populations (Rieman and McIntyre 1993).   

The multiple life-history strategies found in bull trout populations represent important diversity (both 
spatial and genetic) that help protect these populations from environmental stochasticity.  The size and 
age of bull trout at maturity depends on its life-history strategy and habitat limitations.  Resident fish tend 
to be smaller than migratory fish at maturity and produce fewer eggs (Fraley and Shepard 1989; Goetz 
1989).  Resident adults usually range from 6 to 12 inches total length.  Migratory adults, however, having 
lived for several years in larger rivers or lakes and fed on other fish, grow to a much larger size and 
commonly reach 24 inches total length or more (Pratt 1985; Goetz 1989).   

The largest verified bull trout was a 32-pound adfluvial fish caught in Lake Pend Oreille, Idaho, in 1949 
(Simpson and Wallace 1982).  Size differs little between life-history forms during their first years of life 
in headwater streams, but diverges as migratory fish move into larger and more productive waters 
(Rieman and McIntyre 1993).  Ratliff (1992) reported that bull trout under 4 inches in length were 
generally only found in the vicinity of spawning areas, and that fish more than 4 inches were found 
downstream in larger channels and reservoirs in the Metolius River Basin.  Juvenile migrants in the 
Umatilla River were primarily 4 to 8 inches long in the spring and 8 to 12 inches long in October 
(Buchanan et al. 1997).  The age at migration for juveniles is variable.  Ratliff (1992) reported that most 
juveniles reached a size to migrate downstream at age 2, with some at ages 1 and 3 years.  Pratt (1992) 
had similar findings for age at migration of juvenile bull trout from tributaries of the Flathead River.  The 
seasonal timing of juvenile downstream migration appears similarly variable. 

Bull trout normally reach sexual maturity in 4 to 7 years and may live longer than 12 years.  The species 
is iteroparous (i.e., can spawn multiple times in its lifetime), and adults may spawn each year or in 
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alternate years (Batt 1996).  Repeat spawning frequency and post-spawning mortality are not well 
documented (Leathe and Graham 1982; Fraley and Shepard 1989; Pratt 1992; Rieman and McIntyre 
1996), but post-spawn survival rates are believed to be high.  Bull trout typically spawn from late August 
to November during periods of decreasing water temperatures (below 48 °F).  Redds are often constructed 
in stream reaches fed by springs or near other sources of cold groundwater (Goetz 1989; Pratt 1992; 
Rieman and McIntyre 1996). 

Migratory bull trout frequently begin spawning migrations as early as April and have been known to 
move upstream as far as 155 miles to spawning grounds in Montana (Fraley and Shepard 1989; Swanberg 
1997).  Depending on water temperature, egg incubation is normally 100 to 145 days (Pratt 1992), and 
after hatching, juveniles remain in the substrate.  Time from egg deposition to emergence of fry may 
surpass 220 days.  Fry normally emerge from early April through May, depending on water temperatures 
and increasing stream flows (Pratt 1992; Ratliff and Howell 1992). 

Migratory corridors link seasonal habitats for all bull trout life-history forms.  For example, in Montana, 
migratory bull trout make extensive migrations in the Flathead River system (Fraley and Shepard 1989), 
and resident bull trout in tributaries of the Bitterroot River move downstream to overwinter in tributary 
pools (Jakober 1995).  The ability to migrate is important to the persistence of bull trout (Rieman and 
McIntyre 1993; Rieman et al. 1997).  Migrations facilitate gene flow among local populations when 
individuals from different local populations interbreed or stray to nonnatal streams.  Local bull trout 
populations that are extirpated by catastrophic events may also become reestablished by migrants. 

Prey 

Bull trout are opportunistic feeders, with food habits primarily a function of size and life-history strategy.  
Resident and juvenile migratory bull trout prey on terrestrial and aquatic insects, macrozooplankton, and 
small fish (Boag 1987; Goetz 1989; Donald and Alger 1993).  Adult migratory bull trout feed on various 
fish species (Leathe and Graham 1982; Fraley and Shepard 1989; Brown 1992; Donald and Alger 1993).   

In the Kootenai River core area, Libby Dam has directly affected the diet of bull trout.  Kokanee salmon 
and other species entrained by the dam are discharged at the base of the dam.  Opportunistic bull trout 
have benefited from the availability of entrained fish as a food source, and bull trout in excess of 20 
pounds are common in the core area as a result of the enhanced food supply.  In Lake Koocanusa, 
upstream of Libby Dam, abundant forage is available (USFWS 2006a).   

Populations  
Bull trout are listed as a single distinct population segment (DPS) within the five-state area of the 
coterminous United States, which is then divided into six biologically based recovery units (Figure 3-7).  
The FCRPS operates within four of the six bull trout recovery units42 as outlined in the 2015 Recovery 
Plan (USFWS 2015a).  Each recovery unit is subdivided into multiple bull trout core areas.  There are a 
total of 86 core areas within the four recovery units covering the proposed action (USFWS 2015a).   

Table 3-1 lists the core areas included in each reach of the Proposed Action area. 

                                                      
42 Operation of the FCRPS spans across portions of the Coastal, Mid-Columbia, Upper Snake, and Columbia 
Headwaters Recovery Units.  The Klamath and Saint Mary Recovery Units are outside of the Proposed Action area.   
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Figure 3-7. Bull trout recovery units and FCRPS projects 

 

Table 3-1. Bull trout population core areas within the Proposed Action Area 

Action Area Reach Recovery Unit Geographic Region Core Area 

Libby Dam Columbia headwaters Kootenai River 
Lake Koocanusa 
Kootenai River 

Hungry Horse Dam Columbia Headwaters Flathead Lake, Clark 
Fork River 

Hungry Horse Reservoir 
Flathead Lake 

Albeni Falls Dam Columbia Headwaters Clark Fork River 
Lake Pend Oreille 
Priest Lakes 

Grand Coulee Dam Mid-Columbia Upper Mid-Columbia 
River 

Eastern Washington 
Okanagan River  (FMO only) 

Chief Joseph Dam Mid-Columbia Upper Mid-Columbia 
River 

Okanagan River  (FMO only) 
Methow River 
Entiat River 
Wenatchee River 
Yakima River 
Columbia River (FMO only) 
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Action Area Reach Recovery Unit Geographic Region Core Area 

Dworshak Dam Mid-Columbia Lower Snake River 
North Fork Clearwater River 
Clearwater (FMO only) 
Asotin Creek 

Lower Snake River 
Dams and Reservoirs Mid-Columbia Lower Snake River 

Tucannon River 
Snake River (FMO only) 

McNary Dam to John 
Day Dam  Mid-Columbia Lower Columbia 

River Columbia River (FMO only) 

Lower Columbia River 
Dams and Pools Coastal 

Downstream of John 
Day Dam to 

Bonneville Dam 
Columbia River (FMO only)  

Lower Columbia River 
Estuary Coastal 

Lower Columbia 
River (below 

Bonneville Dam) 
Columbia River (FMO only)   

 

Action Area Reach Recovery Unit Geographic Region Core Area 

Libby Dam Columbia headwaters Kootenai River Lake Koocanusa 

Libby Dam Columbia headwaters Kootenai River Kootenai River 

Hungry Horse Dam Columbia Headwaters Flathead Lake, Clark 
Fork River 

Hungry Horse Reservoir 

Hungry Horse Dam Columbia Headwaters Flathead Lake, 
Fork River 

Clark Flathead Lake 

Albeni Falls Dam Columbia Headwaters Clark Fork River Lake Pend Oreille 

Albeni Falls Dam Columbia Headwaters Clark Fork River Priest Lakes 

Grand Coulee Dam Mid-Columbia Upper Mid-Columbia 
River 

Eastern Washington 

Grand Coulee Dam Mid-Columbia Upper Mid-Columbia 
River 

Okanagan River 
only) 

 (FMO 

Chief Joseph Dam Mid-Columbia Upper Mid-Columbia 
River 

Okanagan River 
only) 

 (FMO 

Chief Joseph Dam Mid-Columbia Upper Mid-Columbia 
River 

Methow River 
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Action Area Reach Recovery Unit Geographic Region Core Area 

Chief Joseph Dam Mid-Columbia Upper Mid-Columbia 
River 

Entiat River 

Chief Joseph Dam Mid-Columbia Upper Mid-Columbia 
River 

Wenatchee River 

Chief Joseph Dam Mid-Columbia Upper Mid-Columbia 
River 

Yakima River 

Chief Joseph Dam Mid-Columbia Upper Mid-Columbia 
River 

Columbia River (FMO only) 

Dworshak Dam Mid-Columbia Lower Snake River North Fork Clearwater 
River 

Dworshak Dam Mid-Columbia Lower Snake River Clearwater (FMO only) 

Dworshak Dam Mid-Columbia Lower Snake River Asotin Creek 

Lower Snake River 
Dams and Reservoirs 

Mid-Columbia Lower Snake River Tucannon River 

Lower Snake River 
Dams and Reservoirs 

Mid-Columbia Lower Snake River Snake River (FMO only) 

McNary Dam to John 
Day Dam  

Mid-Columbia Lower Columbia 
River 

Columbia River (FMO only) 

Lower Columbia River 
Dams and Pools 

Coastal Downstream of John 
Day Dam to 
Bonneville Dam 

Columbia River (FMO only)  

Lower Columbia River 
Estuary 

Coastal Lower Columbia 
River (below 
Bonneville Dam) 

Columbia River (FMO only)   

Threats 
The decline of bull trout is primarily from habitat degradation and fragmentation, blockage of migratory 
corridors, poor water quality, past fisheries management practices, impoundments, dams, water 
diversions, and the introduction of non-native species.  These impacts have resulted largely from timber 
harvest, agricultural practices, and road building near riparian areas; operation of dams without effective 
fish passage features; mining near aquatic systems; introduction of non-native species that prey upon, 
hybridize, or exacerbate stresses on bull trout; and urbanization in watersheds.  Climate change may 
exacerbate some of these impacts (USFWS 2010b).  

Predation on bull trout by non-native species may exacerbate stresses on bull trout from habitat 
degradation, fragmentation, and isolation (Rieman and McIntyre 1993).  Brook trout, an introduced char, 
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readily spawn with bull trout, creating a hybrid that is that is often but not always sterile (Markle 1992; 
DeHaan 2010).  Brown trout prey on juvenile and subadult bull trout, and compete with bull trout for 
other prey species and redd sites (USFWS 2015a).  Brown trout are known to superimpose their redds on 
bull trout redds, since they spawn after bull trout, which may affect the success of bull trout eggs 
(USFWS 2015a).  Lake trout, a sister species (char), can outcompete and prey on bull trout in lake habitat.  
Lake trout occasionally occupy some of the mainstem riverine environments that are foraging, migration, 
and overwintering (FMO) habitat for bull trout.  The lake trout is the non-native species of greatest 
concern threating bull trout (Martinez et al. 2009, Hansen et al. 2010, CSKT 2014).  Northern pike is also 
a predator of bull trout and is found throughout the Clark Fork and is now inhabitating the Pend Oreille 
River (Muhlfeld et al. 2008; USFWS 2015b). 

Loss of connectivity between these migratory populations is a primary threat in the region.  Unique to the 
Upper Columbia CHRU is that the bull trout life history in most of the core areas is predominantly 
adfluvial, with adult and subadult fish largely residing in lake or reservoir habitats during much of their 
life.  The major rivers in this system have been fragemented (mainstem migratory barriers) by a series of 
dams.  Some spawning and rearing areas are 100 miles or more upstream from the lake of adult origin, so 
extensive migrations both upstream (by adults) and downstream (by juveniles and post-spawn adults) are 
required.  Limited connectivity is also a threat in many of the fluvial populations (USFWS 2015b). 

Habitat degradation and fragmentation are considered a primary threat to bull trout. Since 2008, hundreds 
of tributary habitat improvement actions in the Columbia River basin have been implemented or are in 
various stages of development. The majority of these habitat improvements are within the rangewide 
distribution of bull trout. The tributary habitat program is focused on habitat improvements for ESA-listed 
salmon and steelhead, however, many of the habitat improvements are expected to benefit native 
salmonids as well, including bull trout. Types of habitat improvement actions include flow acquisitions, 
riparian enhancements, improving instream complexity, removal of passage barriers, and improving 
access to stream habitat.  Improved planning and evaluation of current tributary conditions has resulted in 
a strategy targeting ecological concerns and limiting factors for fish, allowing for projects of increasing 
size and complexity compared to work in prior decades. 

Climate change will exacerbate existing warm water temperatures for most core areas.  In the Upper 
Columbia, climate modeling (Climate Shield Model, Isaak et al. 2015) suggests that by 2040, the habitat 
area considered suitable for use in five complex core areas (Kootenai River, Bitterroot River, Middle 
Clark Fork River, Priest Lakes, and Clearwater Lakes) will be less than 40 percent of currently occupied 
area.  In seven primary core areas (Lake Pend Oreille, Hungry Horse Reservoir, Rock Creek, Swan Lake, 
Coeur d’Alene Lake, West Fork Bitterroot River, and Lake Koocanusa), the 2040 occupied habitat area 
will be similar to current area estimates (USFWS 2015b).  Threats specific to the Lake Koocanusa core 
area include impacts from upland and riparian land management (legacy timber harvest, roads, and 
mining), angling impacts (illegal fishing/poaching, and incidental harvest from legal fisheries), and non-
native fishes (e.g., brook trout [Salvelinus fontinalis] hybridization in Lake Creek and Keeler Creek, and 
competition with brown trout [Salmo trutta]).  Bull trout have been entrained via turbines (Skaar et al 
1996), as well as the spillway.  This sometimes results in injury or mortality. 

The Action Area spans over a large geographic region,  and the threats to bull trout can vary in different 
reaches. Threats in the Hungry Horse Reach include the presence of invasive species in the Flathead Lake 
Core Area.  In the Albeni Falls Reach, a number of invasive species (lake trout, brook trout, northern 
pike) are also a key threat in Lake Pend Oreille and the Pend Oreille River.  Habitat fragementationi from 
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dam construction is a threat to migratory bull trout in the Clark Fork River, Lake Pend Oreille, Priest 
River, and Pend Oreille River below Albeni Falls Dam.  High water temperatures are a threat in mainstem 
FMO habitat of  the Pend Oreille River, reservoirs and lower reaches of tributaries and conditions are 
worsening. 

Threats specific to the Kootenai River core area include non-native fish (brook trout hybridization in 
West Fisher, Pipe, and O’Brien Creeks; competition with brown trout), in-stream impacts (flow 
depletion), and impacts from upland and riparian land management (legacy timber harvest and roads; 
water temperature) (USFWS 2015b).   

The CHRU is somewhat unique in that most core areas are tied to lacustrine (lake) systems where the bull 
trout exhibit an adfluvial life history form.  Bull trout in 9 of 15 complex core areas (60 percent) and all 
20 of the simple core areas are directly tied to lacustrine FMO habitat where subadults and adults spend 
the majority of their lives (USFWS 2015b).  While depth distribution and periodicity of lake stratification 
may change with climate change effects, with exception of a few of the shallower lakes that are at lower 
elevation (e.g., Cyclone Lake, Bull Lake, and Upper Stillwater Lake), the persistence of cold-water 
sanctuaries in most lake FMO habitat is unlikely to be markedly affected by even the more extreme 
climate change scenarios predicted over the next 25 years. 

The mainstem Columbia and Snake Rivers provide important FMO habitat for bull trout, including 
migratory habitat between tributaries that support bull trout further upstream.  Temperature and non-
native species are key threats in these areas. 

Threats in the mainstem lower Snake and Columbia Rivers to bull trout also include the piscivorous birds 
that nest there.  Through 2013, a total of 57 passive integrated transponder (PIT) tags from bull trout 
presumed to have been preyed upon have been detected at various bird nesting colonies in the interior 
Columbia Basin, including Badger, Crescent, Foundation, Swallows Park, and Island 18 (Barrows et al. 
2016).  From 2007 through 2011, the USFWS PIT tagged a total of 869 bull trout in the Walla Walla 
River basin (Anglin et al. 2010b; Barrows et al. 2012a, 2012b, 2014).  Of the 869 tagged fish, 31 (3.6 
percent) were recovered on avian nesting colonies (Barrows et al. 2016).  The AAs are implementing 
several avian predator management plans that address avian predator colonies on AA-owned lands.  
These plans include management of Caspian terns nesting in the Potholes Reservoir and on Crescent 
Island (Corps 2014b), Caspian terns nesting at East Sand Island in the Columbia River Estuary (USFWS 
2005a), and double-crested cormorants nesting at East Sand Island in the Columbia River Estuary (Corps 
2015a).   Additionally, the Corps maintains an active avian predation deterrent program at the eight lower 
Snake and Columbia River dams, which includes active hazing, water cannons, and wire arrays in areas 
where juvenile fish may be vulnerable to predation by birds.   

Hatcheries in the Columbia Basin may also have negative effects on bull trout. Each year, millions of 
hatchery juvenile and sub-yearling salmon and steelhead are released into rivers throughout the Columbia 
River Basin.  Many of these fish are released as smolted fish, which are ready to migrate to the ocean.  
Timing of hatchery smolt releases usually coincides with natural-origin juvenile salmon and steelhead 
outmigration (April – July).  Returning hatchery-origin adults are primarily harvested or collected to 
provide a proportion of the broodstock for the next generation of hatchery fish.  With the exception of the 
Lower Columbia River Chum Salmon ESU and the Mid-Columbia River Steelhead and Upper Willamette 
River Steelhead DPSs, 50 percent or more of the anadromous salmonids in the basin today originate in 
hatcheries (NOAA Fisheries2005).  Potential negative effects of hatchery programs on bull trout include 
competition for food and habitat, transmission of disease in juveniles, and unintentional capture and 
handling of adult bull trout in hatchery return systems intended to collect broodstock and/or manage for 
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hatchery influence on the spawning grounds.  Alternatively, smolts released from hatcheries may provide 
forage for bull trout. 

Regulatory Status 
Listing:  On June 10, 1998, USFWS listed bull trout as threatened under the ESA (63 FR 31647).   

Critical Habitat:  Bull trout critical habitat was designated in 2005 (70 FR 56212).  Effective November 
18, 2010, USFWS re-designated critical habitat for bull trout throughout their U.S. range (USFWS 
2010b), expanding its previous extent and dividing into 32 Critical Habiat Units (CHUs) in streams, 
lakes, and reservoirs in Idaho, Oregon, Washington, Montana, and Nevada.  In Washington, portions of 
marine shoreline were also designated.  An overview of critical habitat units in the Columbia River Basin 
is shown in Figure 3-8. 

 
Figure 3-8. Bull trout critical habitat units (CHUs) (from USFWS 2010b) 

Bull trout have more specific habitat requirements than most other salmonids (USFWS 2010b).  The 
predominant habitat components influencing their distribution and abundance include water temperature, 
cover, channel form and stability, spawning and rearing substrate conditions, and migratory corridors.  
The PCEs of bull trout critical habitat, as revised in 2010, are (USFWS 2010b):  

1. Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic flows) to 
contribute to water quality and quantity and provide thermal refugia. 
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2. Migration habitats with minimal physical, biological, or water quality impediments between 
spawning, rearing, overwintering, and freshwater and marine foraging habitats, including but not 
limited to permanent, partial, intermittent, or seasonal barriers. 

3. An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish. 

4. Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, and processes 
that establish and maintain these aquatic environments, with features such as large wood, side 
channels, pools, undercut banks and unembedded substrates, to provide a variety of depths, 
gradients, velocities, and structure. 

5. Water temperatures ranging from 2 to 15° C (36 to 59° F), with adequate thermal refugia 
available for temperatures that exceed the upper end of this range.  Specific temperatures within 
this range will depend on bull trout life-history stage and form; geography; elevation; diurnal and 
seasonal variation; shading, such as that provided by riparian habitat; streamflow; and local 
groundwater influence. 

6. In spawning and rearing areas, substrate of sufficient amount, size, and composition to ensure 
success of egg and embryo overwinter survival, fry emergence, and young-of-the-year and 
juvenile survival.  A minimal amount of fine sediment, generally ranging in size from silt to 
coarse sand, embedded in larger substrates, is characteristic of these conditions.  The size and 
amounts of fine sediment suitable to bull trout will likely vary from system to system. 

7. A natural hydrograph, including peak, high, low, and base flows within historic and seasonal 
ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

8. Sufficient water quality and quantity such that normal reproduction, growth, and survival are not 
inhibited. 

9. Sufficiently low levels of occurrence of nonnnative predatory (e.g., lake trout, walleye, northern 
pike, smallmouth bass); interbreeding (e.g., brook trout); or competing (e.g., brown trout) species 
that, if present, are adequately temporally and spatially isolated from bull trout. 

3.3.2 Environmental Conditions for Bull Trout in the Action Area 

The sections below provide a discussion of the environmental baseline for bull trout populations and bull 
trout critical habitat within the Proposed Action Area.  The populations are discussed in the context of 
recovery units and core areas.  Critical habitat is discussed in the context of critical habitat units.  The text 
is organized by primary constituent element (PCE) and describes the environmental condition by action 
area reach segments in the CHU.  This provides a framework for analyzing the effects of the Proposed 
Action within the context of the bull trout recovery units (see Chapter 4 for the Effect Analysis). For the 
mainstem Columbia and Snake Rivers, the USFWS did not consider PCE 5 and 6 to be present.  For lakes 
and reservoirs of the critical habitat units in the mainstem Columbia and Snake Rivers, the USFWS did 
not consider PCE 1, 4, and 6 to be present (USFWS 2010b at 63934).  Therefore, effects to those PCEs 
were not analyzed in this BA.  

Columbia Headwaters Recovery Unit  
The Columbia Headwaters Recovery Unit (CHRU) includes western Montana, northern Idaho, and the 
northeastern corner of Washington.  Major drainages include the Clark Fork River basin, including the 
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Flathead River, the Kootenai River basin, and the Coeur d’Alene Lake basin.  This recovery unit is a 
stronghold for bull trout, as many of the headwater tributaries provide cold-water refugia, particularly 
important with climate change.  A portion of the Action Area for the Proposed Action lies within the 
CHRU, consisting of areas affected by the operation of Hungry Horse Dam, Albeni Falls Dam, and Libby 
Dam.  There are 35 bull trout core areas for this recovery unit.  Fifteen of the 35 are referred to as 
complex core areas, as they represent large interconnected habitats, each with multiple spawning streams.  
The 15 complex core areas contain the majority of individual bull trout and the bulk of the designated 
critical habitat (USFWS 2015b).   

Libby Dam Reach 
Lake Koocanusa core area 

Habitat Quality 

Completion of Libby Dam in 1972 created Lake Koocanusa, which had important but largely 
unquantified effects on local bull trout.  Lake Koocanusa is a large, deep, and cold water body with 
abundant forage where bull trout numbers have been increasing over time, even as populations elsewhere 
have declined (USFWS 2006a).  Lake Koocanusa is about 90 miles long and extends about 42 miles into 
Canada at full pool.  Normal full pool and minimum reservoir elevations are 2,459 feet (749.5 m) and 
2,287 feet (697 m), respectively.  The maximum bwater surface elevation of Lake Koocanusa permitted 
by the CRT is 2,459 feet (749.5 m).  Under extreme or emergency situations, Lake Koocanusa may be 
filled up to 2,461 feet (750 m).  At full pool, the reservoir area is 46,456 acres (with about 62 percent of 
the acreage in the U.S.) with an average depth of 127 feet (39 m) and a maximum depth of 370 feet (113 
m).  The Libby Dam reach includes Lake Koocanusa up to the U.S.-Canada border, and downstream 
Kootenai River to the U.S.-Canada border.  The Libby Dam reach is shown in Figure 3-9 below. 
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Figure 3-9. Map of Libby Dam Reach 

Lake Koocanusa and its tributaries receive runoff from about 47 percent of the entire Kootenai River 
drainage basin.  The Kootenay, Elk, and Bull Rivers, all in Canada, supply about 87 percent of the lake’s 
inflow.  The Tobacco River and numerous small tributaries flow into the reservoir south of the border.  
Stream flow in tributaries generally peaks in late-May or early June after the onset of snow melt, then 
declines to low flows from November through March.  Flows also peak with rain-on-snow events 

The filling of Lake Koocanusa inundated approximately 90 miles of mainstem Kootenai River habitat, 
along with 40 miles of biologically important low-gradient tributary habitat.  This conversion of a large 
segment of the Kootenai River from a lotic to lentic environment changed the aquatic community 
(Paragamian 1994).  Also, as mitigation for inundation of the Kootenai River by Lake Koocanusa, the 
Corps built and funds the operation of Murray Springs Hatchery near Eureka, Montana.  MFWP 
maintains broodstocks of redband and Gerrard rainbow trout to stock Lake Koocanusa and nearby waters.  
Efforts are underway via NPCC’s BPA-funded fisheries mitigation program to protect, restore, and 
enhance tributary habitat  

The main threats to Lake Koocanusa bull trout are upland and riparian land management actions such as 
timber harvest and mining that affect water quality, angling impacts, in-stream impacts (e.g., 
entrainment), and competition or hybridization with non-native brook trout (USFWS 2014).  The 
Columbia Headwaters Recovery Unit Implementation Plan (USFWS 2015b) did not list any primary-
level threats for Lake Koocanusa. 
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Lake Koocanusa is listed on the 2016 draft Water Quality Integrated Report and 303(d) list (MDEQ 2016) 
as impaired for flow regime alterations and selenium contamination originating outside of the United 
States (MDEQ 2016).  Elevated levels of selenium have been detected in the Elk River in Canada, a 
tributary to Lake Koocanusa.  Increased selenium levels are correlated with waste rock volume from coal 
mining (G.  Hoyle, KTOI, pers.  comm., 2015).  Selenium loading has been increasing as waste rock 
volume increases, and elevated levels have also been detected in Lake Koocanusa and at the Libby Dam 
tailwater (K.  Easthouse, Corps, Seattle District, pers.  comm., 2015).  The use of ammonium nitrate in 
blasting for coal mining in British Columbia upstream of Lake Koocanusa is also thought to have raised 
total nitrogen and NO3 levels in Lake Koocanusa (G.  Hoyle, Kootenai Tribe of Idaho, pers.  comm., 
2015; K.  Easthouse, Corps Seattle District, pers.  comm., 2015), though the lake has not been listed as 
impaired for nitrogen in the draft 2016 Integrated Report (MDEQ 2016).  No TMDLs have been 
implemented for Lake Koocanusa (MDEQ 2016). 

Lake Koocanusa acts as a nutrient sink, retaining approximately 63 percent of total phosphorus and 25 
percent of total nitrogen entering the system (Woods and Falter 1982).  Due to low current velocities in 
the lake, these nutrients bind to sediments and precipitate out of solution, or in the case of nitrogen, may 
be taken up biologically, making them unavailable to organisms in the river below the dam (Snyder and 
Minshall 1996).  Consequently, the Idaho portion of the Kootenai River has been considered nutrient-
poor (ultraoligotrophic) and phosphorus-limited.  However, this may not fully explain the low levels of 
nutrients in the river, as tributaries in Idaho also appear to be low in nutrients (IDEQ 2006).  The geologic 
setting may be a poor nutrient producer, in addition to the trapping of nutrients in Lake Koocanusa (IDEQ 
2006). 

Adult and sub-adult bull trout use Lake Koocanusa year-round.  At present, Lake Koocanusa is 
considered to be one of the most robust, least threatened core areas in the Columbia Headwaters Recovery 
Unit (Dunnigan et al. 2015).  Many of the Kootenai basin tributaries provide high-quality bull trout 
habitat.  While recent mining activities have introduced some deforestation and selenium contamination, 
relative to other core areas, the headwaters are relatively undeveloped and still retain a higher percentage 
of their original wild attributes and native species complexes.  There are low numbers of non-native fish 
that compete (brown trout) or hybridize (brook trout) with bull trout in the Lake Koocanusa core area 
compared to some other bull trout core areas, although their presence still remains a potential threat to the 
species (USFWS 2015b).  The Canadian portion of the watershed upstream includes most of the highly 
productive portions of the Wigwam River, White River, Skookumchuck Creek, and other streams.  The 
U.S. portions of Lake Koocanusa and the Wigwam River, as well as Grave Creek in Montana, also 
provide excellent habitat for bull trout (USFWS 2010a).   

In the Columbia Headwaters Recovery Unit Implementation Plan (USFWS 2015b), USFWS used Climate 
Shield modeling (Isaak et al. 2015) to evaluate the threat from climate change in the watersheds occupied 
by bull trout in the Columbia Headwaters Recovery Unit.  The model predicts higher peak summer 
temperatures in watersheds throughout the range of the bull trout and predicts the presence of cold-water 
patches.  While depth distribution and periodicity of lake stratification may change with climate change 
effects, the persistence of overall cold water habitat in the Lake Koocanusa core area is unlikely to be 
markedly affected by even the more extreme climate change scenarios predicted over the upcoming years.  
The model output predicted that 62 percent (54.4 mi [87.5 km]) of the 2010 total occupied habitat of 88.0 
mi (141.6 km) would remain in 2080.  Because of the projected relative stability of habitat in the Lake 
Koocanusa core area, it is expected to have higher resiliency to climate change, compared to other core 
areas (see also Chapter 5 Cumulative Effects).   



Bull Trout - Environmental Conditions for Bull Trout in the Action Area 

118 Clarified BA Text, Based on Consultation  
October 30, 2017 

Libby Dam does not have fish passage facilities, and migration downstream occurs through the dam only 
via turbine entrainment or during spill events.  The water release rate, depth of withdrawal, and seasonal 
forebay fish density all influence the rate of entrainment through the dam (Skaar et al. 1996).  Bull trout 
feed on Kokanee (an introduced species) in Lake Koocanusa, and may be entrained as they follow 
Kokanee into the turbine intakes.  On a seasonal basis, Kokanee entrainment rates are highest in the 
spring (late April-early July) when dam outflow and forebay fish densities are high and withdrawal depth 
is the shallowest of the year (Skaar et al. 1996).  Most entrained fish are killed or injured as they pass 
through the turbines, though many survive.  Entrainment studies at Libby Dam using sonar and draft-tube 
netting documented low numbers of bull trout passing through the dam, primarily in the spring (Skaar et 
al.  1996).  More recently, survival of entrained bull trout has been documented via genetic origin testing, 
although no estimate is available rates of entrainment or survival (MFWP 2009).  Based on these recent 
genetic studies, the Kootenai River populations directly downstream of Libby Dam are supplemented by 
entrained bull trout, as the majority of fish collected below the dam originated above it (DeHaan and 
Adams 2011).   

Kootenai River/Kootenay Lake core area  

Habitat Quality 

Below Libby Dam, the Kootenai River flows westward approximately 20 miles to Libby, Montana, and 
another 20 miles to Troy, Montana.  At Troy, the Kootenai River turns northwestward, flowing into 
Idaho.  At Bonners Ferry, approximately 35 miles downstream of Troy, the Kootenai River enters the 
broad floodplain area known as Kootenai Flats.  The surrounding floodplain has been diked and much of 
it converted to agriculture in both the U.S. and Canada.  Flowing northward through the Kootenai Flats, 
the river crosses the international boundary approximately 50 miles downstream of Bonners Ferry.  About 
25 miles north of the international boundary, the Kootenay River enters the south arm of Kootenay Lake.  
The river flows out of the west arm of Kootenay Lake (see Figure 3-9 for a regional map).  Corra Linn 
Dam was built in the 1930s, four decades before Libby Dam.  Corra Linn Dam and Kootenay Lake 
influence the Kootenai River upstream because backwatering from the lake can slow flows in the 
Kootenai River near Bonners Ferry.  Historically, during spring freshets, water from Kootenay Lake 
backed up as far as Bonners Ferry and at times even further upstream (Barton 2004).  However, since 
hydropower and FRM operations began at Corra Linn and Libby Dams, the extent of this backwater 
effect has been reduced (Barton 2004).  Major tributaries to the Kootenai River below Libby Dam include 
the Fisher River, the Yaak River, and the Moyie River. 

The main threats to Kootenai River bull trout habitat throughout the watershed (extending outside of the 
Action Area) are in-stream flow alterations and upland and riparian land management, such as legacy 
timber harvest and road construction, that increase water temperatures and sedimentation rates in 
spawning tributaries (USFWS 2014).  However, none of these are primary-level threats (USFWS 2015a).  
Impoundment of the Kootenai River by Libby Dam in 1972 altered the habitat in the riverine reach 
downstream of Libby Dam, which is now characterized by altered flow patterns, water temperatures, and 
water quality parameters.  These alterations resulted in changes in periphyton, aquatic insects, and fish 
populations (Dunnigan et al. 2015). 

The Climate Shield modeling predicted a large decline in potentially suitable bull trout habitat in the 
Kootenai River core area, relative to the Lake Koocanusa and other core areas in the recovery unit 
(USFWS 2015b).  In the Kootenai River core area, the spatial extent of habitat considered likely to be 
suitable for occupancy in 2040 is 32 percent of that considered occupied in 2010 (58 miles remaining in 
2040 of the 196.4 miles occupied in 2010) and only 6 percent of the 2010 occupied habitat remaining 
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(11.8 miles remaining in 2080 of the 196.4 occupied in 2010).  The projected relative decline in 
potentially suitable bull trout habitat between 2040 and 2080 is one of the highest of the Columbia 
Headwaters Recovery Unit core areas at 80 percent (see also Chapter 5 Cumulative Effects).   

The 2006 USFWS BiOp for effects of Libby Dam operation on sturgeon and bull trout included several 
Reasonable and Prudent Measures (RPMs) to minimize take of bull trout, including ensuring that bull 
trout needs are considered in making flow decisions, minimizing impacts to bull trout from sturgeon 
management actions, minimizing impacts to bull trout from TDG in the Kootenai River resulting from 
spill, and monitoring bull trout use.  Several Libby Dam operations are intended to cue and enhance 
sturgeon migration and spawning behaviors and address other impacts of the dam on sturgeon and bull 
trout.  Spring flow releases and overall temperature management are intended to approximate unregulated 
flows as much as possible within management constraints. 

Water Flow 

Bull trout spawn and rear in tributaries of the Kootenai River rather than in the mainstem; however, water 
flow in the mainstem Kootenai River is important for foraging, migration, and overwintering.  Current 
dam operations maintain adequate flow for bull trout leading up to the spawning season.  Flows 
downstream of Libby Dam have been jointly planned and managed by the Action Agencies and USFWS 
each year for sturgeon spawning and bull trout (minimum bull trout flow during spring and fall is 6,000 
cfs, and during summer is 6,000-9,000 cfs, depending on water availability in Lake Koocanusa).  
Management techniques have evolved over time, with the most recent objectives (2013 to 2015) 
providing two periods of peak river stages/flows during the spring runoff period that would enable 
sturgeon to migrate to, and spawn over, rocky substrates that exist upstream of Bonners Ferry in the 
braided and canyon reaches (USFWS 2006a).  RPM 1 under the 2006 USFWS BiOp is meant to ensure 
that bull trout needs are considered annually and are addressed in the course of making project flow 
decisions.  The minimum flows for bull trout have been met each year under these management 
conditions and bull trout continue to successfully migrate from the mainstem rearing and feeding areas to 
tributary spawning.   

Limits on the rate of dam discharge increases and decreases (ramping rates) protect varial zone 
productivity by minimizing flow variability at river stages associated with productive wetted channel 
perimeter (BPA et al. 2015).  Bull trout stranding in varial zones is limited through the adherence to set 
ramping rates and daily shaping that were identified in the 2006 USFWS BiOp.  These ramping rates have 
been incorporated into the 2015 recovery unit implementation plan as one of the measures to address 
primary bull trout threats (USFWS 2015b).  There are no reported records of stranding or mortality of bull 
trout along the Kootenai River associated with dam operations.   

Water Quality 

Bull trout downstream of Libby Dam migrate to spawning areas in tributaries of the Kootenai River.  
Spawning occurs in these tributaries between August and November in water temperatures between 35 
and 39° F (1.7 and 3.9° C).  Water temperatures of the spawning regions of the tributaries are not affected 
by dam operations, as these areas are off the mainstem Kootenai River; however, the mainstem provides 
critical habitat for adult and juvenile bull trout.   

Goetz (1989) suggested optimum water temperatures for juvenile rearing of about 44 to 46°F (6.7 to 7.8° 
C), but the range may be wider in some areas (Howell et al. 2010).  Temperatures above 59°F (15.0° C), 
while not lethal, are believed to limit bull trout juvenile distribution (Fraley and Shepard 1989).  Although 
adults have been observed in large rivers throughout the Columbia River Basin in water temperatures up 
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to 68° F (20° C), steady and substantial declines in abundance have been documented in stream reaches 
where water temperature ranged from 59 to 68°F (15.0 to 20.0°C) (Gamett 2002).  Water temperatures at 
Bonners Ferry during sturgeon flow augmentation from 2006 to 2014 ranged from 43 to 56°F (6.1 to 
13.3°C) (Corps and BPA 2006, 2007, 2009, 2010, 2011a, 2012-2015).  These temperatures are 
appropriate for both juvenile and adult bull trout; therefore, bull trout within the mainstem benefit from 
sturgeon temperature management actions.  In addition, release temperature management through the 
remainder of summer and fall occurs within the bands of temperature agreed to with MFWP, and is within 
optimal bull trout thermal requirements.  Reservoir de-stratification generally occurs in late fall or early 
winter and remains in this condition through early spring; temperature management is not possible during 
this time, though discharge temperature remains within the optimal range for bull trout. 

Spill can result in elevated TDG levels, which can be injurious or fatal to fish at the top of the water 
column, depending on gas concentrations and duration of spill.  Use of the spillways raises TDG 
saturations downstream, and this is even more an issue if the sluiceways must be used for spill.  Elevated 
TDG from spill at Libby Dam occurs upriver of Kootenai Falls, which normally resets gas saturations to 
about 118 percent.  Spill events, which may have temporarily elevated TDG levels to up to 135 percent, 
occurred in 2002, 2006, 2010, 2011, and 2012.  The 2002 spill was intended as a test to monitor TDG 
from a range of releases to help future spill management (though it quickly became a FRM operation as a 
result of high inflows).  In 2010 and 2012, spill was related to the sturgeon augmentation flow tests.  The 
2011 sturgeon flow augmentation test did not include spill, as river stage at Bonners Ferry was at or near 
1764 feet within PHC discharges.  Strong lateral gradients form immediately below the spillway with 
elevated TDG along the left bank and background TDG along the right bank.  Typically, by the Haul 
Bridge location (about 8.5 miles downstream of the dam), TDG saturations are well mixed, with little 
lateral gradient and considerably lower TDG saturations.  This is attributable to riverine processes 
(mixing powerhouse flow with spill flow, tributary dilution, air-water gas exchange, etc.), which reduce 
TDG saturations downstream in the Kootenai River.  Generally, TDG saturations are still elevated over 
background levels but are far less than the maximum TDG saturations measured immediately downstream 
of the dam.  For example, during the 2002 spill test with a background TDG saturation of 104 percent, a 
spill of 15,000 cfs and powerhouse of about 25,000 cfs, the maximum TDG measured in the stilling basin 
was about 134 percent saturation, at the USGS gage TDG was about 125 percent, at the Haul Bridge 
location TDG was about 117 percent, and at Libby TDG was about 115 percent.  VARQ FRM has been 
implemented adaptively so as to reduce the likelihood of early filling and FRM-related spill events. 

Recent mining activities in the Kootenay River headwaters have introduced some deforestation and 
selenium contamination that enter the lake via tributaries.  Elevated selenium concentrations have been 
detected in some bull trout in Lake Koocanusa.  USFWS (2015b) recommends continued monitoring of 
the selenium levels in the Kootenai River system and research on the impact of selenium on bull trout, 
particularly with respect to potential reproductive impairment (including adult reproductive failure and 
early life stage teratogenicity and mortality) (Lemly 2002), because this threat is not yet well understood.   

Sedimentation 

The presence of fine sediments can have deleterious effects on incubating bull trout embryos.  Fine 
particles within the interstitial spaces have been shown to reduce egg-to-fry survival by impeding 
movement of water through gravel.  The entombment of bull trout eggs may be a contributing factor to 
declining bull trout populations in tributaries between Libby Dam and Kootenai Falls, as the streams 
exhibit higher levels of fine sediments compared to those above the dam or downstream of Kootenai Falls 
(Dunnigan et al. 2015).  Elevated fine sediment levels in tributaries are not influenced by the operation of 
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the Libby Dam.  Mean fine sediment proportions during some years exceeds 30 percent in these areas, as 
measured by gravimetric analysis of core samples from active bull trout redds (Dunnigan et al.  2015).  
Although fine sediment within the bull trout streams exhibits high annual variability, a significant 
decreasing trend in levels in O’Brien and West Fork Quartz Creeks was recorded, which may result in a 
slight improvement in bull trout incubation and emergence success (Dunnigan et al.  2015). Additionally, 
MFWP has performed restoration work on tributary creeks both upstream and downstream of Libby Dam 
to improve habitat for salmonids.  One of the benefits of stabilizing streambanks is a reduction in 
sediment loss from the restored area to the mainstem (Dunnigan et al.  2015).   

Suspended sediments due to logging, road runoff and other land-management activities in tributary 
watersheds provide sediment to the Kootenai River during snowmelt.  The Fisher River, which enters the 
Kootenai River downstream of Libby Dam, is a notable source of suspended sediment.  While suspended 
sediment increases are more normative to pre-dam river condition, altered hydrology has resulted in the 
formation of deltas from deposition of bedload materials (sand, gravel, and boulders) at the confluence of 
some tributaries to the Kootenai River (MFWP et al. 1998).  During periods of low stream flow, the 
enlarged deltas from deposition of bedload substrate in the low-gradient reaches of tributaries can impede 
or block fall-spawning migrations of bull trout.  Prior to impoundment, the Kootenai River had sufficient 
hydraulic energy to remove these deltas every year, but since the dam was installed, peak flows have 
typically been limited to maximum turbine capacity (roughly 27,000 cfs).  Hydraulic energy is now 
insufficient to remove these deposits (Dunnigan et al.  2015).  In 2000, MFWP completed stream 
stabilization and re-channelization at the mouth of O’Brien Creek, a core bull trout recovery stream, to 
mitigate for delta formation and to ensure that bull trout passage continues.   

Nutrient Availability 

Libby Dam and Lake Koocanusa trap and retain approximately 63 percent of the total phosphorus and 25 
percent of total nitrogen that enters the reservoir (Snyder and Minshall 1996; Woods and Falter 1982).  A 
loss of connection between the river and floodplain and riparian habitat further exacerbates the lack of 
productivity in the system.  In the Idaho portion of the Kootenai River, the diminished nutrients have 
reduced primary production, which may be a possible contributing factor to poor sport- and non-sport fish 
production, including bull trout, over the past two decades (Ross et al. 2015).  Another result of the low-
nutrient (primarily phosphorus) conditions below the dam has been the increasing success of the nuisance 
algae Didymosphenia geminata (Didymo), which became readily apparent in the Kootenai River below 
Libby Dam in Montana in the early 2000s.  There, it has frequently formed dense mats on the river 
bottom and may negatively affect bull trout abundance because of reduced abundance of desirable large 
invertebrate prey (e.g., Ephemeroptera, Plecoptera, and Trichoptera) (Sylvester and Stephens 2011). 

Liquid phosphate fertilizer (10-34-0) or nitrate fertilizer (32-0-0) have been added to the river during the 
productive summer months since 2005, and to the south arm of Kootenay Lake since 2004.  Nitrogen is 
seldom limiting in the Kootenai River downstream of Libby Dam but has been supplemented once (2009) 
since the project began.  The addition and monitoring of these nutrients is intended to stimulate lower 
trophic production, which may ultimately increase the abundance and growth of target fish species, 
including bull trout prey sources such as Kokanee salmon (Ross 2013).  Increased productivity in 
Kootenay Lake and certain portions of the Kootenai River, particularly the canyon reach (Flory 2011), 
benefits bull trout adult and sub-adult foraging, migrating, and overwintering in the Kootenai River core 
area by increasing the abundance of various trophic levels that may be realized in fish populations, 
including Kokanee, suckers, whitefish, and trout, all of which are a bull trout food source, in the future.   
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Non-Native Species 

Introduced species are widespread throughout the drainage, and the proliferation of brook trout is 
currently thought to present the greatest non-native species risk to bull trout, due to the threat of 
hybridization (USFWS 2015b); brook trout hybridization occurs in West Fisher, Pipe, and O’Brien 
Creeks.  Northern pike are also known to be present and are of concern as predators and competitors. 

Bull Trout Critical Habitat (CHU 30) 

Baseline conditions for each PCE for bull trout critical habitat within the CHU are characterized as 
follows, which includes areas within Critical Habitat Unit 30.  Libby Dam, the action area and CHUs are 
shown in Figure 3-10.   

 
Figure 3-10. Critical Habitat Unit 30, Kootenai River Basin (USFWS 2010b) 

Baseline conditions for bull trout critical habitat are described by PCE in the sections below.   

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia. 

In general, the Kootenai River downstream of Libby Dam is largely disconnected from its historic 
floodplain due to floodplain development, diking, and regulated flows.  Floodplain development 
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associated with the river’s floodplain disconnection has likely limited some hyporheic connections, 
though the magnitude and influence of hyporheic flow alterations on mainstem water quality is unknown. 

PCE 2: Migration habitats with minimal physical, biological, or water quality impediments 
between spawning, rearing, overwintering, and freshwater and marine foraging habitats, 
including but not limited to permanent, partial, intermittent, or seasonal barriers. 

Bull trout in Lake Koocanusa benefit from high quality FMO habitat and proximity to productive 
spawning and rearing habitat in the upper Kootenay River watershed in British Columbia and Grave 
Creek and portions of the Wigwam River in the U.S.  This core area supports one of the most secure and 
stable bull trout refugia across the range of the species and may provide an important stronghold against 
potential extinction (USFWS 2010c) and climate change (USFWS 2015b). 

The current state of the Kootenai River downstream of Libby Dam is significantly altered from its 
historical state due to the construction and operation of Libby Dam, along with floodplain development 
and modified land use practices.  In-stream habitat conditions have been permanently altered, due largely 
to flow regulation and reduction or elimination of nutrient delivery and wood to the river downstream of 
the dam; these modifications may have reduced the carrying capacity of the mainstem for bull trout, 
though the post-dam thermograph is likely more suitable for bull trout than the pre-dam thermograph.  
The physical barrier presented by Libby Dam separates the lower Kootenai River from some of the most 
productive and coldest headwater spawning and rearing habitat in the range of the species (e.g., the upper 
Kootenay River watershed in British Columbia); however, survival of bull trout entrained through Libby 
Dam accounts for a significant portion of the bull trout population directly downstream of the dam.  The 
modified hydrograph of the Kootenai River downstream of Libby Dam has resulted in the formation of 
deltas from deposition of bedload materials (sand, gravel, and boulders) at the confluence of some 
tributaries to the Kootenai River; during periods of low stream flow, the enlarged deltas can impede or 
block fall-spawning migrations of bull trout (MFWP et al. 1998) (see the Sedimentation section above). 

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish. 

Bull trout in Lake Koocanusa benefit from an expanded forage base that has developed since the 
formation of the reservoir (USFWS 2015b). 

The mainstem of the Kootenai River downstream of Libby Dam provides year-round FMO habitat for 
bull trout (USFWS 2010c).  Entrained Kokanee salmon and other species provide supplemental foraging 
opportunites for bull trout downstream of the dam.  Bull trout in excess of 20 pounds are common in the 
core area as a result of the enhanced food supply (USFWS 2006a).  As discussed above, nutrient and 
wood reduction has led to decreased primary productivity, which may have a cascading effect up the food 
chain to bull trout prey. 

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, 
and processes that establish and maintain these aquatic environments, with features such as 
large wood, side channels, pools, undercut banks and unembedded substrates, to provide a 
variety of depths, gradients, velocities, and structure. 

The inundation of the river upstream of Libby Dam that created Lake Koocanusa converted these habitats 
from lotic to lentic.  River-habitat-forming processes, including water velocities, depths, and sediment, 
wood, and nutrient retention, were changed to lake habitat processes.  Bull trout in the Lake Koocanusa 
core area converted from a fluvial to an adfluvial strategy following the construction of Libby Dam in 
1973.  Bull trout in Lake Koocanusa benefit from high-quality FMO habitat and associated expanded 
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forage base.  These conditions currently support bull trout numbers that exceed pre-dam population sizes 
(USFWS 2015b). 

The Kootenai River downstream of Libby Dam provides adequate cover and shelter for adult and sub-
adult bull trout, which use the river for FMO (USFWS 2010c).  However, as discussed previously, the 
regulated nature of the mainstem Kootenai River may negatively alter FMO habitat by eliminating 
recruitment of new large woody debris (LWD) and allowing development of gravel deltas that make 
access to some tributary streams difficult at lower flows (USFWS 2015b).  Ongoing river habitat 
restoration efforts that are funded by BPA have recently been completed or are under construction that 
benefit bull trout by introducing large wood and cover habitat in the Kootenai River.   

PCE 5: Water temperatures ranging from 2 to 15 o C (36 to 59 o F), with adequate thermal 
refugia available for temperatures that exceed the upper end of this range.  Specific 
temperatures within this range will depend on bull trout life-history stage and form; 
geography; elevation; diurnal and seasonal variation; shading, such as that provided by 
riparian habitat; streamflow; and local groundwater influence. 

Lake Koocanusa typically stratifies each summer.  Cold-water refugia for bull trout are retained within 
the range specified by the PCE, beginning at approximately 5 feet below the surface (Woods and Falter 
1982).  The adfluvial life history form of bull trout thrives and has access to adequate thermal refugia in 
Lake Koocanusa (USFWS 2015b).  Bull trout in the Lake Koocanusa core area mostly use the upper 
Kootenay River watershed in British Columbia (outside of the Action Area) for spawning and rearing.  
The Grave Creek population and a small portion of the Wigwam River local population spawn in the U.S.  
These areas support one of the most secure and stable bull trout refugia across the range of the species 
and may provide an important stronghold against potential extinction (USFWS 2010c) and climate 
change (USFWS 2015b).   

The Kootenai River downstream of Libby Dam provides appropriate temperatures for adult and sub-adult 
bull trout (spawning does not occur within the mainstem) concurrent with management of Libby Dam 
release temperature for sturgeon life history needs and maintenance of temperature releases, according to 
agreement with the State of Montana.   

PCE 6: In spawning and rearing areas, substrate of sufficient amount, size, and composition 
to ensure success of egg and embryo overwinter survival, fry emergence, and young-of-the-
year and juvenile survival.  A minimal amount of fine sediment, generally ranging in size from 
silt to coarse sand, embedded in larger substrates, is characteristic of these conditions.  The 
size and amounts of fine sediment suitable to bull trout will likely vary from system to 
system. 

Bull trout spawn, incubate, and rear in tributaries of the Kootenai River and Lake Koocanusa, but not 
within the Action Area itself (USFWS 2010c).  Therefore, this PCE is not applicable.   

PCE 7: A natural hydrograph, including peak, high, low, and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

This PCE does not apply to Lake Koocanusa.  

Libby Dam operations for FRM, hydropower, and recreation have fundamentally altered the annual 
hydrograph below the dam, with lower spring flows, somewhat higher summer and fall flows, and higher 
winter flows compared to the pre-dam hydrograph.  Bull trout habitat in the mainstem Kootenai River 
downstream of Libby Dam has been negatively affected by altered in-stream flow patterns (USFWS 
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2015b).  However, Libby Dam is currently being operated to follow minimum bull trout flows and 
provides more normative flow regimes within operational requirements and constraints.   

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and 
survival are not inhibited. 

Water quality and quantity in Lake Koocanusa provides high quality FMO habitat and connection to 
spawning and rearing habitat for bull trout.  The fact that this population is considered robust and 
successful (USFWS 2010c) indicates that this PCE is being met. 

Libby Dam is currently being operated to follow VARQ FRM procedures, as well as to provide tiered 
sturgeon augmentation flows, minimum bull trout flows, and flows for juvenile salmon outmigration.  
However, bull trout habitat in the mainstem Kootenai River downstream of Libby Dam is currently 
negatively affected by lack of flushing flows, infrequent total dissolved gas supersaturation, altered in-
stream flow patterns, and recent Didymo blooms (USFWS 2015b).  To the extent practicable, the dam is 
operated to limit spill and operate to the Montana TDG standard of 110 percent saturation and therefore 
avoid gas bubble trauma in resident fish.  Additional in-stream impacts from upland and riparian land 
management (e.g., legacy timber harvest and roads, agricultural development) also affect water quality in 
the Kootenai River (USFWS 2014).   

The Kootenai River in Idaho is not listed as water quality-limited under Subsection 303(d) of the Clean 
Water Act (IDEQ 2014).  The mainstem Kootenai River in Montana is listed as impaired for flow regime 
alterations and water temperature (MDEQ 2016).  No TMDLs have been implemented for the Kootenai 
River in Montana or Idaho (MDEQ 2016, IDEQ 2017), though TMDLs for temperature and sediment 
have been implemented for tributaries that contribute water to (and influence water quality in) the Action 
Area (IDEQ 2006, IDEQ 2014, MDEQ 2016).    

PCE 9: Sufficiently low levels of occurrence of non-native predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass); interbreeding (e.g., brook trout); or competing (e.g., brown 
trout) species that, if present, are adequately temporally and spatially isolated from bull trout. 

There are low numbers of non-native fish that compete (brown trout) or hybridize (brook trout) with bull 
trout in the Lake Koocanusa core area compared to some other bull trout core areas, although their 
presence still remains a potential threat to the species (USFWS 2015b).   

Bull trout within the Kootenai River core area are affected by the presence of non-native fish.  Brook 
trout hybridization occurs in West Fisher, Pipe, and O’Brien Creeks.  Bull trout compete with brown trout 
in this core area as well (USFWS 2014).  Northern pike are also known to be present and are of concern 
as predators and competitors. 

Hungry Horse Dam Reach   
Hungry Horse Reservoir and Flathead Lake core area  

Hungry Horse Dam is 15 miles south of the west entrance to Glacier National Park and 20 miles northeast 
of Kalispell, Montana.  Hungry Horse Dam is a multi-purpose impoundment, providing flood risk 
management, hydropower generation, recreational use, and water storage and delivery for downstream 
fisheries conservation.  Construction of Hungry Horse Dam in 1952 impounded the lower South Fork of 
the Flathead River drainage, occupying approximately 38 percent of the total stream length (Zubik et al.  
1987; USFWS 2002b).  The South Fork of the Flathead River has a contributing watershed area of 1,663 
square miles, lies predominantly (98 percent) within the Flathead National Forest, and is managed 
primarily for timber, recreation, and wilderness values (CSKT and MFWP 2004).  Much of the South 
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Fork Flathead River upstream of Hungry Horse Reservoir lies within the Bob Marshall Wilderness.  The 
Hungry Horse Dam reach is shown in Figure 3-11 below. 

 
Figure 3-11. Hungry Horse Dam Reach, action area, and CHUs 

Hungry Horse Reservoir is a 3.5 million acre-feet (MAF) reservoir impounded by Hungry Horse Dam on 
the South Fork Flathead River, a tributary to the Flathead River.  The Flathead River drains a 
mountainous region on the west slope of the continental divide in Montana.  The South Fork Flathead 
River flows into the mainstem Flathead about 6 miles upstream from Columbia Falls, Montana and then 
drains into Flathead Lake impounded by Sèliš Ksanka Qĺispè (SKQ) Dam (formerly Kerr Dam).  The 
mountainous basin is largely undeveloped forest and largely is within the Flathead National Forest; the 
headwaters of the South Fork Flathead River is in the Bob Marshall Wilderness.   

Average summer air temperatures at Columbia Falls range from the 70s in June to 80s in July and August, 
with lows in the 40s (Fahrenheit).  Winter temperatures are on average from the teens to 30s, and the 
springs and falls are mild, with highs typically around 50s to 60s and lows above freezing.  Annual 
precipitation is approximately 20 inches in Columbia Falls; much of the basin precipitation falls as winter 
snow.   

Population Status 

Bull trout occur in the Hungry Horse Dam reach (USFWS 2010d).  The action area for this consultation 
includes: 1) habitat upstream of Hungry Horse Dam influenced by Hungry Horse Reservoir, 2) the South 
Fork Flathead River from Hungry Horse Dam to the confluence with the Flathead River, and 3) the 
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Flathead River between the South Fork confluence and Flathead Lake.  The Hungry Horse Dam Reach 
occurs within the Columbia Headwaters Recovery Unit (CHRU) for bull trout; within the CHRU, this 
reach is part of the Flathead Geographic Region.  Two complex core areas for bull trout occur within the 
action area: Hungry Horse Reservoir and Flathead Lake.  The following is a discussion of the status of 
bull trout populations in the areas affected by Hungry Horse Dam operations.   

Adult and sub-adult bull trout are present in Hungry Horse Reservoir.  The reservoir and the upstream 
watershed contain one of the strongest subpopulations of bull trout in Montana, due in large part to the 
substantial amount of undisturbed habitat present (Marotz et al. 1998).  Extensive redd monitoring 
conducted by Montana Fish, Wildlife and Parks in the 1990s indicated that bull trout abundance in 
Hungry Horse Reservoir was stable (Deleray et al. 1999), and between 2,300 and 3,400 individuals 
(Weaver 1998) were present at the time of listing.  Redd monitoring has been conducted in the South Fork 
Flathead River watershed since 1993, and as of 2014, redd numbers continue to appear stable (MFWP 
2015a).  Population stability has enabled the State of Montana to allow bull trout fishing in Hungry Horse 
Reservoir.  Currently, catch-and-release fishing is allowed in the reservoir, but two bull trout can be 
harvested per year (MFWP 2016). 

There are at least eight streams that are tributaries to either Hungry Horse Reservoir or the South Fork 
Flathead River where spawning has been documented (USFWS 2010d).  This combination of 
productivity and wide distribution amounts to at least 10 local populations (USFWS 2002b).  In 2005, 
population abundance in the subunit was estimated at 2,500 to 3,000 individuals and the trend in 
abundance was considered stable (USFWS 2005b).  The status and trend of bull trout in this core area was 
considered strong and stable based on information available at the time of listing (USFWS 1998a).  This 
was the only Montana core area accorded that combination of attributes.  Based on recent analysis, the 
numbers remain remarkably stable.  The adult bull trout population presently occupying this core area 
(estimated at 2,500-3,000 fish) is considered similar in size to natural carrying capacity of the area when 
it was still attached to Flathead Lake.  The entire upper watershed is within the Bob Marshall Wilderness.  
Hungry Horse Reservoir and the South Fork Flathead is the largest bull trout habitat in the Northwest, 
with a mostly native fish species assemblage (USFWS 2005b).   

The Hungry Horse Reservoir core area is in good condition and is identified as one of the most robust and 
least threatened core areas.  The recovery implementation plan does not identify any primary threats to 
habitat, demographics, or non-native species for this core area (USFWS 2015b).  It contains 10 local 
populations of resident and adfluvial migrants that operate as a functioning metapopulation.  The 
adfluvial population in Hungry Horse Reservoir originated from Flathead Lake adult and juvenile fish that 
became trapped upstream of Hungry Horse Dam, and have adapted to provide a strong core area 
population (USFWS 2010d).  Hungry Horse dam created a de facto refugia for native fish by blocking the 
invasion of non-native fish (competitors or predators) from downstream. 

Tailrace 

The tailrace, or 5.2-mile reach of the South Fork Flathead River downstream of Hungry Horse Dam, does 
not contain local populations of bull trout.  No spawning has been recorded in this reach of the South 
Fork or its tributaries.  Migratory bull trout from Flathead Lake or bull trout entrained from Hungry Horse 
Reservoir may use the tailrace for foraging or refuge during migration.  In the South Fork Flathead River, 
catch-and-release fishing for bull trout is allowed, but no harvest is permitted (MFWP 2016). 
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Flathead Lake  

The Flathead River geographic region includes the Flathead River Basin from the outlet of Sèliš Ksanka 
Qĺispè Dam to the headwaters of the Flathead River, including the three major forks and tributaries 
thereto.  The Flathead Lake core area includes the Flathead River and contains 17 local populations 
functioning as a metapopulation.   

As described in the FCRPS 2000 BiOp, bull trout are present in Flathead Lake and use the Flathead River 
regularly.  Certain subpopulations may reside in the Flathead River year-round (Deleray et al. 1999), and 
subadult bull trout may move downstream from natal tributaries to overwinter in portions of the Flathead 
River and Flathead Lake (Muhlfeld and Marotz 2005).  There are no records of spawning in the mainstem 
or tributaries in the action area, and thus, no local populations are identified in the Flathead River.   

Abundance in the Flathead watershed has been closely monitored, and data indicate that populations have 
declined since the 1980s, when redd counts averaged 392 and estimated abundance was 2,000 to 3,000 
adults (USFWS 2005b).  Redd counts in the early 2000s resulted in estimated abundance of less than 
1,000 individuals (USFWS 2005b), and redd counts in recent years indicate that the population is stable 
(MFWP 2015a). 

The primary threats to the Flathead core area are introduced species and angling pressure.  Non-native 
lake trout have affected bull trout through predation and competition (MFWP and CSKT 2000, USFWS 
2002b).  Northern pike are abundant in the Flathead River upstream of Flathead Lake.  A study of the 
mainstream Flathead River (Muhlfeld et al. 2008) documented predation by northern pike on bull and 
westslope cutthroat trout and concluded the northern pike population consumed more than 13,000 
westslope cutthroat trout and nearly 3,500 bull trout annually.  The lake trout population has been studied 
intensively and appears to have stabilized at a high level (MFWP and CSKT 2004).  CSKT (2014) 
estimated total lake trout abundance from age 1 through age 30 at about 1.5 million fish.  The abundance 
of this core area is stable, but threatens to decline if some weak local populations are extirpated.  The 
magnitude and imminence of the non-native species threat remains high. 

Bull Trout Critical Habitat (CHU 31)  

The Hungry Horse Dam Reach is located in the Clark Fork CHU (CHU 31), which is the largest and one 
of the most diverse CHUs in the species’ range.  The Hungry Horse Reach includes the Flathead 
Geographic Region, with the following bull trout core areas: Hungry Horse Reservoir and Flathead Lake.  
The South Fork Flathead River downstream of Hungry Horse Dam to the confluence with the mainstem 
Flathead River is not designated as critical habitat.   

In its critical habitat justification in 2010, the USFWS identified the South Fork Flathead (above Hungry 
Horse Dam) critical habitat subunit (CHSU) as essential for bull trout conservation, as it is one of the 
most stable refugia for bull trout throughout its range.  Most of the spawning and rearing habitat in this 
CHSU is protected and unaltered habitat within the Bob Marshall Wilderness.  The presence of high-
quality spawning and rearing habitat, along with groundwater-influenced streams, makes this CHSU one 
of the strongholds for bull trout with respect to changing climate (USFWS 2010d). 

Within the Flathead Geographic Region, activities that have degraded bull trout habitat include the 
operation and maintenance of dams and other diversion structures, forest management practices, livestock 
grazing, agriculture, agricultural diversions, road construction and maintenance, mining, and introduction 
of non-native species (USFWS 2010d).  Hungry Horse Reservoir supports a stable population of bull 
trout, and MFWP allows anglers to harvest bull trout in the Hungry Horse Reservoir (but not in the South 
Fork Flathead River) (MFWP 2016).   
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Figure 3-12. Critical Habitat Unit 31, Clark Fork River Basin (USFWS 2010b) 

Baseline conditions for bull trout critical habitat are described by PCE in the sections below.   

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.   

PCE 1 is present, and contributes to FMO habitat in Hungry Horse Reservoir. In reservoir environments, 
subsurface connectivity and thermal refugia are a function of several factors including thermal 
stratification within the reservoir, tributary inflow, wetland influence, and groundwater recharge. In deep 
reservoirs such as Hungry Horse Reservoir, thermal stratification combined with cold ambient 
temperatures are typically the primary mechanisms providing thermal refugia.  Tributary inflows 
providing cool water may also play a role in providing connectivity between cold water refugia in the 
reservoir and tributary habitat. The large, cold, deep expanse of Hungry Horse Reservoir provides cold 
water refugia for native species (USFWS 2015a).  

PCE 1 is present and contributes substantially to FMO habitat in the Flathead River.  Cooling hyporheic 
flows are connected to the mainstem, as the river meanders through a broad, and well-connected 
floodplain in most areas.  Some streambank armoring is present but does not significantly impair this PCE 
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throughout the reach.  The Flathead River is connected to a shallow alluvial aquifer, and groundwater 
easily moves between the aquifer and the Flathead River.  In most places near the river, the water table is 
less than 5 feet below the surface (University of Montana 2012).  Areas with high groundwater influence 
tend to remain unfrozen in the Flathead River during harsh winter conditions, while adjacent stream 
sections ice over or contain extensive accumulations of anchor ice.  Bull trout have access to 
overwintering habitat in areas where groundwater upwelling provides areas free of anchor ice.   

In 1995, Reclamation installed a selective withdrawal system to control release temperatures from Hungry 
Horse Reservoir into the South Fork of the Flathead River in Montana.  Reclamation designed the 
selective withdrawal system to be able to withdraw water from the surface of the reservoir, more closely 
approximating pre-dam temperatures.  In general, temperatures in the river remain somewhat warmer 
during the winter months than pre-dam conditions, and slightly cooler during summer months 
(Reclamation 2006). 

PCE 2: Migration habitats with minimal physical, biological, or water quality impediments 
between spawning, rearing, over-wintering, and freshwater and marine foraging habitats, 
including but not limited to permanent, partial, intermittent, or seasonal barriers. 

PCE 2 is present and functional upstream of Hungry Horse Dam and contributes to FMO habitat in 
Hungry Horse Reservoir.  However, Hungry Horse Dam does not provide fish passage.  Therefore, bull 
trout that formerly migrated between spawning areas in the headwaters of the South Fork Flathead River 
and Flathead Lake are now isolated and reach maturity in Hungry Horse Reservoir (Zubik et al. 
1987USFWS 2002b).  Bull trout spawn in several Hungry Horse Reservoir tributaries (e.g., Sullivan 
Creek, Wheeler Creek) and migrate to the reservoir (generally to littoral (i.e., near the shore) flats, 
shallow bays, and/or inundated tributary outlets).  The USFWS (2015b) reports that, while Hungry Horse 
Reservoir provides a thermal refugia for a healthy bull trout population, Hungry Horse Dam has 
fragmented a large system formerly occupied by fluvial or adfluvial bull trout into a number of smaller 
systems, which may threaten downstream bull trout populations (e.g., Hungry Horse Reservoir 
fragmented the Flathead Lake population).  However, Hungry Horse dam created a de facto refugia for 
native fish by blocking the invasion of non-native fish (competitors or predators) from downstream. 

Changes in reservoir operations implemented in 2009 have reduced water level fluctuation during the 
summer and fall, which overlaps with the primary period when bull trout are migrating to spawning and 
overwintering habitats in tributaries.  This limits the extent of the varial zone and associated habitat 
fragmentation in these migratory corridors.   

PCE 2 is present in and contributes to FMO habitat in the Flathead River.  No migratory barriers exist in 
the Flathead River reach (NPCC 2004a).   

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.   

PCE 3 is present and contributes substantially to FMO habitat in Hungry Horse Reservoir.  The large, 
cold, deep, reservoir provides an abundant prey base for bull trout, including westslope cutthroat trout, 
mountain whitefish, and all native cyprinids, catostomids and salmonids historically present.  Beginning 
in 2001, a variable flow flood control strategy (called VARQ) was implemented by the Corps and 
Reclamation at Hungry Horse Dam.  VARQ reduces reservoir drawdown, improves reservoir refill 
probability and restores a more natural river flow pattern, within flood constraints.  Marotz and Althen 
(2004) summarized that model analyses comparing standard flood control (Base) to variable discharge 
(VARQ) flood control strategies revealed that VARQ alternatives generally improved biological 
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conditions in reservoirs compared to Base alternatives.  Benthic insect production increased when the 
annual reservoir drawdown was minimized and substrate containing benthic insect larvae remained 
continually inundated.  Phytoplankton and zooplankton production, and the deposition of terrestrial 
insects, was greatest when the surface remained at or near full pool during the biologically productive 
warm months.  Environmental conditions under VARQ were more conducive for fish growth (westslolpe 
cutthroat trout) than the Base in most water years. 

Aquatic productivity is largely controlled by the volume and surface area of the reservoir during the 
productive summer months because reservoir drawdown eliminates aquatic organisms in the dewatered 
zone, and they must recolonize newly inundated habitat each year when the pool refills.  Recent 
operations have reduced water level fluctuation during primary vegetation growth periods, with the intent 
of increasing habitat cover and complexity. 

PCE 3 is present and contributes to FMO habitat in the Flathead River.  The Flathead River supports an 
abundant and diverse community of benthic macroinvertebrates.  Bull trout also feed on abundant 
westslope cutthroat trout and mountain whitefish.  However, Muhlfeld et al. (2008) suggest that the 
presence of predatory northern pike may reduce the relative abundance of native prey fish in the Flathead 
River. 

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, 
and processes that establish and maintain these aquatic environments, with features such as 
large wood, side channels, pools, undercut banks, and unembedded substrates to provide a 
variety of depths, gradients, velocities, and structure. 

PCE 4 is present and contributes to FMO habitat in Hungry Horse Reservoir.  Reservoir depth, thermal 
stratification, and shallow shoreline habitat (supporting prey species) provide the most significant habitat 
complexity and contribution to FMO habitat.  Within Hungry Horse Reservoir, pools have been inundated 
and essentially replaced by deep water habitat.  Reservoir drawdown and subsequent filling has created a 
varial zone along the shoreline of the reservoir where vegetation is limited due to varying water levels.  
This lack of vegetation and woody debris limits the establishment of cover for rearing juvenile bull trout, 
though suitable rearing habitat is available in spawning tributaries that discharge to Hungry Horse 
Reservoir. The implementation of measures to balance flood risk management with operations to assist 
downstream salmonid migration (by operating to 75 percent probability of meeting the April 10 Upper 
Rule Curve (URC) and to refill about June 30), were first introduced as part of the 1995 NOAA FCRPS 
BiOp.  These efforts, along with implementation of variable flow flood control (VARQ) have reduced 
deep power drafts and maintain more stable reservoir elevations during the peak spring and summer 
primary productivity seasons (NPCC 2004b).   

PCE 4 is present and contributes to FMO habitat in the Flathead River.  Although complex habitat is 
present, it has been altered in the Flathead River as a result of anthropogenic disturbances (USFWS 
2015a). The development of transportation and utility corridors resulted in roads being built adjacent to 
sections of the Flathead River.  Roads tend to “constrict” rivers and streams, not allowing them to flow 
beyond bankfull width, resulting, in some occasions, with rivers that tend to be long, shallow riffles.  This 
development has affected habitat through the permanent loss of pools in some areas. 

The Flathead River channel from the confluence with the South Fork to Kalispell is extensively braided 
among side channels, islands, and gravel bars.  Downstream from Kalispell, the Flathead River changes 
into a single, wide, meandering channel that extends into Flathead Lake.  The Flathead River contains 
deepwater habitat suitable for bull trout overwintering (Muhlfeld et al. 2003) and ample amounts of large 
wood from the North and Middle Forks (Malanson and Butler 1990).   
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Bull trout use available deep runs with cobble and boulder substrate, pools with large wood, and deep 
lake-influence areas of the lower river (Muhlfeld and Marotz 2005).  Other important habitat is available 
and contributes to this PCE, including oxbows and sloughs, as well as deep runs that are believed to be 
used for overwintering habitat during the formation of anchor ice in the Flathead River (Muhlfeld and 
Marotz 2005).   

PCE 5: Water temperatures ranging from 2° to 15° C (36° to 59° F), with adequate thermal 
refugia available for temperatures that exceed the upper end of this range. 

PCE 5 is present and contributes to FMO habitat in Hungry Horse Reservoir.  Adfluvial bull trout 
overwinter in Hungry Horse Reservoir, migrating out in late spring and returning to the reservoir in 
November to overwinter.  Bull trout that do not migrate would primarily occupy cooler water of the upper 
hypolimnion but forage opportunistically in shallower waters.  The USFWS (2015b) projects that the 
Hungry Horse Reservoir core area is one of three complex core areas that are projected to contain more 
than 50 percent of the suitable cold-water spawning and rearing habitat for bull trout by 2080 in the 
CHRU.   

PCE 5 is present in the Flathead River, and most segments of the river impacted by operation of Hungry 
Horse Dam currently meet bull trout temperature standards.  The North and Middle Forks of the Flathead 
River are unregulated and retain natural flow and temperature regimes throughout the year.  Water 
temperature in the South Fork Flathead River is regulated by the selective withdrawal structure on 
Hungry Horse Dam that is designed to mimic the natural temperature regime to the Flathead River 
downstream (NPCC 2004c).  The unregulated flows from the North and Middle Fork, combined with 
operations at Hungry Horse Dam, allow for water temperatures in the Flathead River Reach between the 
South Fork confluence and Flathead Lake to follow a natural temperature regime.   

PCE 6: In spawning and rearing areas, substrate of sufficient amount, size, and composition 
to ensure success of egg and embryo over-winter survival, fry emergence, and young-of-the-
year and juvenile survival.   

PCE 6 is not present in Hungry Horse Reservoir. 

This PCE is present and functioning in the numerous tributaries to the mainstem Flathead River.  PCE 6 is 
not present in the mainstem Flathead River.   

PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

PCE 7 addresses the amount and timing of stream flow, a characteristic that is by definition not present in 
a reservoir environment.  As a result, PCE 7 is not present in Hungry Horse Reservoir. 

PCE 7 is present and contributes to FMO in the Flathead River; however, flows are influenced by the 
operation of Hungry Horse Dam.  Flows from the North Fork and Middle Fork dampen the effects of dam 
operations in the Flathead River.  Peak flows beneficial for the creation of spawning areas have been 
reduced by Hungry Horse Dam.  The alteration of peak flows and normal flood regimes has resulted in a 
slight reduction in sedimentation transport, typical hydraulic flushing patterns, and normal temperature 
regimes (USFWS 2015b). 

Although flows downstream of Hungry Horse Dam have been altered compared to pre-dam conditions 
and are largely controlled by dam operations, current flow management is designed to mimic natural 
conditions as much as is practicable.  Minimum flow targets have been established for the mainstem of 
the Flathead River at Columbia Falls (Corps 2006).  These targets range from 3,500 cfs to 3,200 cfs based 
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on the water supply forecast.  Hungry Horse Dam releases water to maintain this minimum flow when the 
combined flow of the North and Middle Forks of the Flathead River is less than 3,500 cfs.  The minimum 
flow in the South Fork Flathead River downstream of Hungry Horse Dam is also based on the water 
supply forecast and ranges from 400 cfs to 900 cfs (Marotz and Muhlfeld 2000).   

Muhlfeld et al. (2011) found that the availability of bull trout habitat is closely tied to water released from 
Hungry Horse Dam, and even a small increase in flow can cause a large reduction in habitat.  The Action 
Agencies modified operations with ramping rates and minimum flows beginning in 2001, and since 2002, 
a VARQ strategy has been implemented by Reclamation at Hungry Horse Dam.  This strategy aims to 
replicate a more natural river flow pattern during spring runoff while maintaining flood constraints.  
Habitat conditions for bull trout have improved following Reclamation’s implementation of these more 
natural flow regimes (Muhlfeld et al.  2011).  The hydrograph, although varying from natural, currently 
provides for adequate foraging, connectivity, and overwintering habitat. 

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and 
survival are not inhibited. 

PCE 8 is present in Hungry Horse Reservoir, and water quality conditions in the reservoir are suitable for 
bull trout and their prey (PCE 3).  Most of the watershed contributing to Hungry Horse Reservoir is 
managed as a wilderness area by the Flathead National Forest.  Therefore, pollution, nutrient levels, and 
dissolved oxygen are not limiting factors for bull trout in the reservoir.  Although 13 historic mines occur 
in the South Fork Flathead River watershed, surveys indicate that they pose no risk to water quality 
(Montana Bureau of Mines and Geology 2002).   

Although Hungry Horse Reservoir was listed on the 1996 303(d) list as water-quality impaired for 
siltation and suspended solids, the Montana Department of Environmental Quality removed the reservoir 
from the 303(d) list in 2000.  The removal was implemented following documented decreases in 
sedimentation resulting from modified dam operations that addressed dramatic water elevation 
fluctuations, which contributed to accelerated shoreline erosion (EPA 2004).  However, tributaries 
discharging to Hungry Horse Reservoir continue to experience elevated turbidity during storm events 
caused by runoff from forest roads. 

PCE 8 is present and contributes to FMO habitat in the Flathead River, although surrounding agricultural 
development contributes to localized reductions in water quality.  Although the Flathead River is not 
listed as water-quality impaired, urban and agricultural land uses along the Flathead River contribute 
nutrient loading to Flathead Lake and downstream habitats (MDEQ 2002).  High levels of turbidity occur 
in the Flathead River during spring freshets and winter storms.  Hungry Horse Dam is operated to 
minimize spill and associated TDG.  To the extent possible, TDG is managed to below the state standard 
of 110 percent from the dam.  Flows from the North and Middle Fork Flathead Rivers dilute any 
concentrations of dissolved oxygen and other gases to within the natural range for the Flathead River. 

Hungry Horse is operated to support the year-round Columbia Falls minimum flow of 3,200 to 3,500 cfs 
based on the water supply forecast.  Transmission limits in the Flathead Valley reduce generation capacity 
at Hungry Horse from plant capacity of 12,000 cfs to 9,000 cfs.  Hungry Horse Dam is operated to the 
extent possible to manage spill to 15 percent of total outflow or less to prevent TDG from exceeding 
Montana state water quality standards of 110 percent.  During the flow augmentation period, Hungry 
Horse releases are calculated to either operate at a constant release from July through September or for 
gradually declining outflows in an attempt to provide a beneficial flow regime for resident fish below the 
project. 
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PCE 9: Sufficiently low levels of occurrence of non-native predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown 
trout) species that, if present, are adequately temporally and spatially isolated from bull trout. 

PCE 9 is present and contributing to FMO habitat in Hungry Horse Reservoir.  Hungry Horse Dam 
functions as a barrier to the spread of non-native lake trout that can compete with bull trout (CBFWNB 
2011a).  Brook trout are not present in the reservoir, which has a low abundance of non-native species 
(USFWS 2015b).   

PCE 9 is impaired in the Flathead River, and the proliferation of non-native species, particularly northern 
pike and lake trout, is considered a primary threat to bull trout (USFWS2015b).  Non-native northern pike 
inhabit sloughs and seasonally flooded off-channel habitat along the Flathead River that are occupied by 
juvenile bull trout.  Muhlfeld et al. (2008) estimate that northern pike consume 0.8 metric tons of bull 
trout (or nearly 3,500 fish) annually.  The USFWS (2015b) reports that lake trout are the dominant 
primary threat to bull trout in Flathead Lake.  Removal efforts in the lake could reduce the presence of 
lake trout in accessible portions of the Flathead River.   

Albeni Falls Dam Reach  
Lake Pend Oreille and Priest Lakes core areas  

The Albeni Falls Dam Reach consists of two segments: Lake Pend Oreille and the impounded 25 miles of 
the Pend Oreille River above Albeni Falls Dam (Albeni Falls pool) and the 90-mile segment of the Pend 
Oreille River downstream of Albeni Falls Dam to the U.S.-Canada border.  This section describes the 
existing conditions in two reaches within the Pend Oreille River watershed influenced by operations at 
Albeni Falls Dam.  The Albeni Falls Dam Reach is located in the Lower Clark Fork River Basin CHU 
(CHU 31), and is within the Lake Pend Oreille and Priest Lakes core areas in the CHRU (USFWS 
2015b).  The Albeni Falls Dam reach is shown in Figure 3-13 below. 
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Figure 3-13. Albeni Falls Dam Reach, action area, and CHUs 

The Lake Pend Oreille recovery area (USFWS 2015b) includes two lower sections, LPO-B and LPO-C.  
LPO-B is identified as the lake basin proper and its tributaries, extending between Albeni Falls Dam 
downstream from the outlet of Lake Pend Oreille and Cabinet Gorge Dam just upstream of the lake, 
almost entirely in Idaho (LPO-B); LPO-C is the lower basin (i.e., lower Pend Oreille River), downstream 
of Albeni Falls Dam to Boundary Dam (1 mile upstream from the U.S.-Canada border) and bisected by 
Box Canyon Dam, including portions of Idaho, eastern Washington, and the Kalispel Reservation. 

PCE conditions in the following portions of this reach will be presented in this section: 

 The Pend Oreille River impounded upstream of Albeni Falls Dam, including Lake Pend Oreille 
(Albeni Falls pool), and  

 The Pend Oreille River downstream of Albeni Falls Dam to near the U.S.-Canada border.   

Population Status 

Adfluvial and fluvial bull trout occur in the Albeni Falls Dam Reach (USFWS 2010d).  The action area 
includes Lake Pend Oreille and the Pend Oreille River from the lake to the U.S.-Canada border.  Habitat 
influenced by the Albeni Falls project overlaps the Clark Fork River Basin CHU and the Lake Pend 
Oreille CHSU (USFWS 2010d).  The following is a discussion of the status of bull trout populations 
organized by segment affected by Albeni Falls Dam operations.   
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Lake Pend Oreille and Albeni Falls Pool  

Adult and sub-adult bull trout are known to use Lake Pend Oreille (USFWS 2010d).  Although 
considerably reduced from historic numbers, the population of bull trout in Lake Pend Oreille is 
considered one of the strongest populations of bull trout.  Meyer et al. (2014) provided an adult 
population estimate of 12,513 for 2008 for Lake Pend Oreille; the population has appeared relatively 
steady since 1994.   

At least six streams are direct tributaries to Lake Pend Oreille, where spawning has been documented 
(USFWS 2010d).  This combination of productivity and wide distribution amounts to at least 15 local 
populations (USFWS 2015b).  Redd monitoring in the 7 years since listing suggests abundance has 
increased and the population is stable or increasing.   

Pend Oreille River 

No bull trout spawning has been recorded in Pend Oreille River tributaries downstream of Albeni Falls 
Dam since 2000, so there are no local populations attributed to the mainstem.  Prior to Albeni Falls Dam 
construction, as many as eight local populations of bull trout existed downstream (USFWS 2002c, 
USFWS 2010d, USFWS 2015b).  However, it is likely that all of these local populations are now 
extirpated (USFWS 2008b).  Sub-adult and adult bull trout are present.  Migratory bull trout in the Lake 
Pend Oreille subunit, entrained from the Priest River basin or those entrained from Lake Pend Oreille 
(generally the source of bull trout between Albeni Falls Dam and Box Canyon Dam downstream) may use 
the river for foraging or refuge during non-summer months but perish if they cannot be collected below 
Albeni Falls Dam and released in Lake Pend Oreille (Scholz 2005a, 2005b; Bellgraph et al. 2010).  In a 
recent study of fish entrainment through Albeni Falls Dam, the survival of rainbow trout was estimated at 
97 to 99 percent for subadult and 91 to 97 percent for adult fish (Normandeau et al. 2014). 

Critical Habitat Status (CHU 31)  

According to the USFWS critical habitat justification, the Lake Pend Oreille Critical Habitat Subunit is 
important for bull trout conservation because it is one of the stronger areas of bull trout populations across 
the range of the species and provides protection against extinction. 

The Albeni Falls Dam Reach is located within CHU 31, the Clark Fork River Basin, which also contains 
the Hungry Horse Dam Reach (Figure 3-13).  Designated critical habitat in the Albeni Falls Dam Reach 
includes the Pend Oreille River from Albeni Falls Dam to the U.S.-Canada border, Lake Pend Oreille, and 
FMO habitat in the lower reaches of tributary streams to Lake Pend Oreille within the inundation limit 
affected by Albeni Falls Dam operations.  These tributaries include the Clark Fork River, the Priest River, 
the Pack River, Gold Creek, North Gold Creek, Granite Creek, Trestle Creek, and the Pack River. 

The Pend Oreille River flows for 152 miles west and then north from its headwaters at Lake Pend Oreille 
to the U.S.-Canada border, then turns west to its confluence with the Columbia River in British Columbia.  
The Pend Oreille River is impounded by several hydroelectric dam projects.  Albeni Falls Dam is located 
in Idaho approximately 2 miles upstream from Newport, Washington.  Box Canyon Dam, a run-of-river 
project owned and operated by Pend Oreille County Public Utility District (PUD) Number 1, is located on 
the Pend Oreille River.  Box Canyon Reservoir extends 55 miles upstream to Albeni Falls Dam.  
Boundary Dam, owned by Seattle City Light, is a load-following dam also located on the Pend Oreille 
River about 1 mile upstream from the U.S.-Canada border.  This reservoir is 17 miles long.   

Albeni Falls Dam is a multi-purpose project operated by the Corps.  It is located in northern Idaho at RM 
90.1 on the Pend Oreille River.  Construction began in 1951 and was completed in 1957, and the dam was 
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placed in operation in 1955 (Corps and BPA 2011b).  The dam impounds and regulates the top 11.5 feet 
of Lake Pend Oreille, as well as approximately 25 miles of the Pend Oreille River downstream of the lake 
outlet (Corps and BPA 2011b). 

The construction of Albeni Falls, Box Canyon, and Boundary Dams on the Pend Oreille River has 
fragmented habitat and has negatively affected migratory bull trout (USFWS 2002c).  Other dams and 
diversions without fish-passage facilities in tributaries to Lake Pend Oreille and the Pend Oreille River, 
including the Cabinet Gorge and Noxon Rapids Dams, further fragmented habitat and reduced 
connectivity (USFWS 2002b).  In addition to eliminating connectivity, dams within the system have 
significantly altered habitat characteristics in the Pend Oreille River.  Operation of each facility continues 
to have a significant impact on bull trout habitat.  Typical spawning, rearing, and overwintering habitat in 
a free flowing river with pools, glides, riffles and side habitat has been eliminated.  Water temperatures 
have risen during the summer months and macrophytes and warm-water fish species (including predators 
of bull trout) have proliferated in this changed environment (USFWS 2002b; NPCC 2001). 

Impacts from past timber harvest have altered habitat conditions in portions of the recovery unit; the 
legacy of these activities still persists where high densities of roads, impassable culverts, channel changes, 
and compaction of hill slopes remain.  Livestock grazing has degraded habitat in both upland and riparian 
areas of most tributaries in the watershed on public and private land.  Non-native species introduced into 
Lake Pend Oreille and the watershed have had a major impact on bull trout populations through 
competition and hybridization (USFWS 2002b).   

Baseline conditions for bull trout critical habitat are described by PCE in the sections below.   

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.   

PCE 1 is present but provides a limited contribution to FMO habitat in Lake Pend Oreille. In deep lake 
environments, subsurface connectivity and thermal refugia are a function of several factors, including 
thermal stratification within the lake, tributary inflow, wetland influence, and groundwater recharge.  In 
Lake Pend Oreille, thermal stratification is typically the primary mechanism providing thermal refugia.  
Tributary inflow may also play a role in providing subsurface connectivity between cold-water refugia in 
the reservoir and tributary habitat.   

PCE 1 is present but provides limited contribution to FMO habitat in the Pend Oreille River.  
Downstream of Albeni Falls and Box Canyon Dams, cold-water habitat is limited, but some patches 
persist in tributaries (e.g., Indian Creek and LeClerc Creek (Box Canyon pool), Sullivan Creek (Boundary 
Pool), and others).  These areas are vulnerable to future changes in precipitation and temperature 
increases. 

PCE 2: Migration habitats with minimal physical, biological, or water quality impediments 
between spawning, rearing, over-wintering, and freshwater and marine foraging habitats, 
including but not limited to permanent, partial, intermittent, or seasonal barriers. 

PCE 2 is present and functional upstream of Albeni Falls Dam, and contributes to FMO habitat in Lake 
Pend Oreille.  No fish passage is provided at Albeni Falls Dam.  Currently, however, a temporary Denil 
trap is installed at Albeni Falls Dam; electrofishing occurs below the dam to provide selective upstream 
fish passage, and bull trout captured downstream of the dam are trucked upstream.  The fish collection 
effectiveness of these temporary trapping methods is considered poor, and most fish are left below the 
dam and likely perish.  A permanent upstream passage facility at Albeni Falls Dam is proposed but not 
yet funded.  Fish may migrate downstream and would likely survive entrainment through the spillways or 
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turbines (Normandeau 2014).  Once downstream of the dam, fish cannot regain access to the upper river 
or lake.  This is an issue for migratory species, such as adfluvial bull trout, where spawning habitat exists 
above the dam but not necessarily below (Corps and BPA 2011b). 

The presence of numerous dams has impaired PCE 2 in the Pend Oreille River.  Four dams have been 
constructed on the Pend Oreille River from its confluence with the Columbia River in Canada to Albeni 
Falls Dam: Waneta Dam, Seven Mile Dam, Boundary Dam, and Box Canyon Dam.  None of these dams 
currently have fish passage facilities, but FERC relicensing processes have included ESA consultation 
that has led to commitments to develop fish passage at Boundary and Box Dams on the Pend Oreille 
River (as well as Cabinet Gorge and Noxon Rapids Dams on the Clark Fork River, upstream of Lake 
Pend Oreille).  Construction on the Box Canyon fish trap began in August 2016 and will be completed in 
2017. 

Lake Pend Oreille and the Priest River system are disconnected from the Pend Oreille River downstream 
of Albeni Falls Dam.  The dams on the Pend Oreille River have negatively affected the connectivity of 
fluvial and adfluvial bull trout populations, eliminating individuals from subpopulations, and reducing or 
eliminating genetic exchange (Andonaegui 2003).  Pend Oreille PUD began construction of an upstream 
fish trap at Box Canyon Dam in 2016 (M.  McMillan, pers. comm.).  Consultation for that project was 
completed with a BiOp from the USFWS dated June 18, 2015.   

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.   

PCE 3 is present and contributes substantially to FMO habitat in Lake Pend Oreille.  Productivity in the 
lake provides an abundant prey base for bull trout, along with other fish species.  Kokanee salmon, which 
are an introduced species in the lake, are an important prey resource for bull trout (USFWS 2002b).  
Kokanee salmon and other exotic species provide the majority of the forage base for adult bull trout in 
Lake Pend Oreille (USFWS 2000).  Kokanee salmon populations declined starting in the 1960s, 
following the construction of Albeni Falls Dam and Cabinet Gorge Dam, as well as the introduction of 
mysid shrimp to the lake.  The mysid, which was thought to be a food source for kokanee, can compete 
with juvenile kokanee for zooplankton resources.  The shrimp also provides a food source for juvenile 
lake trout, which compete with kokanee.  In 2012, the mysid shrimp population in the lake nearly 
collapsed.  Although it’s not known why the shrimp population declined, this change has probably 
benefited kokanee.  IDFG biologists are working to understand what might have contributed to the shrimp 
decline, and what effects on kokanee might occur if the shrimp return (IDFG 2015).   

In the late 1990s, the kokanee population decreased as lake trout populations were increasing.  In recent 
years, the kokanee population has been steadily increasing, due to targeted removal of lake trout.  In 
2013, the estimated kokanee biomass of 1.6 million fish (age 3 and age 4) was at the highest level it has 
been since 1996.  In the same year the adult spawner counts were the highest since the 1970s (IDFG 
2015).  A significant portion of the kokanee population is of hatchery origin, released by Cabinet Gorge 
Hatchery as mitigation for blockage of the Clark Fork River.  For 2013, wild kokanee were estimated to 
make up 38 percent, 62 percent, 50 percent, and 26 percent of age-1, age-2, age-3 and age-4 abundances 
respectively (IDFG 2015). 

PCE 3 is present and contributes to FMO habitat in the Pend Oreille River.  Non-native salmonids (brook 
trout, brown trout) and other species (bass, northern pike) have been introduced in the Pend Oreille River 
and its tributaries (USFWS 2002c; NPPC 2001).  A lack of available food sources is likely limiting trout 
production in this section of the river since construction of the Box Canyon Dam eliminated nearly all the 
food-producing riffle areas (Andonaegui 2003). 
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PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, 
and processes that establish and maintain these aquatic environments, with features such as 
large wood, side channels, pools, undercut banks, and unembedded substrates to provide a 
variety of depths, gradients, velocities, and structure. 

PCE 4 is present and contributes to FMO habitat in Lake Pend Oreille.  Substantial lake depth, thermal 
stratification, and shallow shoreline habitat (supporting prey species) provide the most significant habitat 
complexity and contribution to FMO habitat.  The seasonal operation of Albeni Falls Dam has altered 
historic lake levels and adversely affected shoreline vegetation.   

The operation of Albeni Falls Dam seasonally alters lake levels and thereby affects shoreline vegetation.  
During the summer months, the lake is full; drawdowns begin after Labor Day.  By maintaining high lake 
levels throughout the summer, shoreline vegetation has decreased substantially, resulting in relatively 
barren shorelines during lower winter lake elevations, and increasing shoreline erosion relative to the pre-
dam condition (Corps and BPA 2011b).  Erosion from wave action and undercutting of the unvegetated 
banks also inhibits the establishment of vegetation (Corps and BPA 2011b). 

Development along the shorelines has also diminished large wood input into the lake and the Albeni Falls 
pool.  The Pend Oreille River upstream of Albeni Falls Dam is impounded and slow-moving and does not 
contain river habitats of riffles and pools. 

PCE 4 is present but impaired in the Pend Oreille River downstream of Albeni Falls Dam.  Sediment from 
forest roads, logging, and livestock grazing cause riparian and in-stream degradation, loss of large wood, 
and pool reduction in FMO habitat and most spawning and rearing tributaries downstream of Albeni Falls 
Dam (e.g., LeClerc Creek, Calispell Creek, and Tacoma Creek) (USFWS 2015b).   

The river between Albeni Falls and Box Canyon consists mainly of shallow, slow-moving water, 
numerous sloughs and backwater areas, and an abundance of macrophytes.  During high-flow events, 
backwater habitats typically become flooded in the Pend Oreille River, providing additional habitat for 
aquatic species.  A qualitative analysis of river cross-sections surveyed downstream of Albeni Falls Dam 
to Box Canyon Dam indicates that this backwater habitat becomes flooded as flows increase above 
30,000 cfs.  At lower flows, the river is relatively confined in its channel (Corps and BPA 2011b).   

PCE 5: Water temperatures ranging from 2° to 15° C (36° to 59° F), with adequate thermal 
refugia available for temperatures that exceed the upper end of this range. 

PCE 5 is present and contributes to FMO habitat in Lake Pend Oreille, although summer temperatures 
exceed bull trout thresholds.  Lake Pend Oreille has the highest number of local populations (n = 35) and 
some of the best cold-water adfluvial FMO habitat in the CHRU.  Temperatures in the main body of the 
lake range from 36° F to 72.5° F, and in the nearshore areas range from 36° F to 79.7° F (Tetra 
Tech2002).  Bull trout thermoregulate in the lake by occupying colder temperatures at depths below the 
thermocline (Goetz 1989).  Typically, the warmest temperatures occur in early to mid-August in the lake, 
and the coolest are in the impounded riverine section in late January and in the deeper section of the lake 
in March (Tetra Tech 2002; Woods 1991).  Thermal stratification develops in the deep sections of the 
lake by early June to mid-July at depths between 26 and 66 feet.  The thermocline persists until mid-
October.  Thermal stratification does not develop in the impounded river due to its riverine character 
(Hoelscher et al. 1993). 

PCE 5 is present in the Pend Oreille River during fall through spring and contributes to FMO habitat.  At 
Newport, below Albeni Falls Dam, river temperatures are presently cooler than pre-dam conditions 
(Baldwin and Whiley 2011).  The decrease in temperature is attributed to high lake level maintenance in 
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the mid- and late summer that allows for deeper, cooler water from the lake to enter the Pend Oreille 
River.  Despite this temperature-lowering effect, surface water releases from Albeni Falls Dam still 
exceed 68° F from early July through late September.  Consequently, the Pend Oreille River is on the 
Washington State 303(d) list for temperature downstream of the dam (Baldwin and Whiley 2011; 
USFWS 2002c; NPPC 2001).  Water temperatures in mainstem FMO habitat (including the lower Pend 
Oreille River and run-of-the river reservoirs), and the lower reaches of most tributaries are marginally 
high for bull trout survival in the summer, and conditions are worsening (USFWS 2015b).   

PCE 6: In spawning and rearing areas, substrate of sufficient amount, size, and composition 
to ensure success of egg and embryo over-winter survival, fry emergence, and young-of-the-
year and juvenile survival.   

PCE 6 is not present in Lake Pend Oreille or the impounded reach of river above the dam; however, bull 
trout spawn and rear in several tributaries that discharge into the lake and river (e.g., Trestle Creek and 
the Priest River).   

This PCE is present and functioning in tributaries to the mainstem Pend Oreille River downstream of 
Albeni Falls Dam, and restoration efforts are increasing these available areas.  The substrate in the Pend 
Oreille River below Albeni Falls Dam is dominated by mud and silt and a few areas with sand, gravel, or 
cobble (Andonaegui 2003).  Silt, clay, and fine organic material composed 59 percent of the dominant 
substrate material evaluated at a flow of 25,000 cfs (Andonaegui 2003).  Tributary habitat throughout the 
subbasin is characterized by excess bedload filling in pools, widening of stream channels, loss of large 
wood recruitment, and fine sediment covering spawning gravels.   

PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

PCE 7 is not present in Lake Pend Oreille.  PCE 7 addresses the timing and amount of stream flow, a 
characteristic that is, by definition, not present in a lake environment, although historically, Lake Pend 
Oreille itself had a natural range of elevations.  Under regulated conditions, fall storage drawdown of 
Lake Pend Oreille occurs from September to about November 15.  The lake elevation is reduced to 2060 
feet by September 30, and to 2051 feet (the minimum control elevation (MCE)) by November 15.  
Flexible winter power operations (FWPO) allow temporary storage of water above the MCE as high as 
elevation 2056 feet, with evacuation to the MCE in response to power needs.  FWPO were re-established 
as an option in 2012 and are used when conditions support, not necessarily every year.  In the spring, the 
lake is refilled to 2062 feet in mid-June to early July, depending on flood risk, forecasts, and snowpack 
conditions in the Pend Oreille River basin.  The lake is maintained in a summer operating range of 2062 
to 2062.5 from June until mid to late September.   

PCE 7 is present in and provides a limited contribution to FMO habitat in the Pend Oreille River.  
Generally, there is an altered hydrograph, with flows that are higher in the winter, lower during the spring 
peak, and higher during the late summer and fall timeframe.  Summer flows are determined by 
maintaining the water elevation in Lake Pend Oreille.  Stages in the river are higher in summer following 
peak runoff and going into the fall prior to full drawdown, than they were historically. 

The majority of the flow in the Pend Oreille River is the discharge from Albeni Falls Dam.  Flows from 
tributaries to the Pend Oreille River within Washington provide only a minor contribution due to the 
narrow drainage basin and moderate snowpack in the surrounding mountains between Albeni Falls and 
Box Canyon Dam (Andonaegui 2003).  At typical winter flows, average river velocities are on the order 
of 1 ft/s or lower depending on the location (Corps and BPA 2011b).  Peak flows occur during the season 



Bull Trout - Environmental Conditions for Bull Trout in the Action Area 

Clarified BA Text, Based on Consultation  141 
October 30, 2017 

of snowmelt runoff.  Spring freshet flood flows typically begin in mid-April, peak in early June, and are 
dropping by early July (Pickett and Jones 2007). 

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and 
survival are not inhibited. 

PCE 8 is present in Lake Pend Oreille, though reproduction does not occur there, and water quality 
conditions are not optimal.  Lake Pend Oreille is generally considered oligotrophic, or nutrient-poor 
(USFWS 2002b; Corps and BPA 2011b).  However, nutrient concentrations in shoreline areas and in the 
northern basin of the lake are considerably higher because of urbanization and suspended sediments in 
Clark Fork River inflow (USFWS 2002b).  In response to public concern over the presence of nuisance 
algae due to high nitrogen and phosphorus concentrations, Lake Pend Oreille was 303(d) listed for 
nutrients, and a TMDL was established for the nearshore portions of the lake in 2002.   

Toxic substances (primarily heavy metals) emanating from abandoned mine sites could block migratory 
corridors or impact life stages of bull trout, but, to date, heavy metals have not been identified as a 
significant water quality problem in the direct tributaries to Lake Pend Oreille (USFWS 2002b).   

The states of Idaho and Washington and the Kalispel Tribe of Indians have established a water quality 
maximum standard of 110 percent saturation for TDG.  TDG saturation levels in Lake Pend Oreille and at 
Albeni Falls Dam are influenced by the operation of Cabinet Gorge Dam, which is about 50 miles 
upstream on the Clark Fork River.  TDG below Albeni Falls Dam can exceed 110 percent saturation 
during high-flow events (Corps and BPA 2011b).  A band of land surrounding the lake drains directly to 
the lake rather than through tributary flows.  This band represents the nearshore drainage area that affects 
nearshore water quality.  The dominant land use in this nearshore drainage area is forest; however, there 
are areas of concentrated developed land in the nearshore drainage of the lake (Tetra Tech 2002).  
Seasonal fluctuations in lake levels controlled from Albeni Falls Dam expose shoreline areas during 
drawdown in winter, making these areas more susceptible to erosion (Corps and BPA 2011b). 

PCE 8 is present in the Pend Oreille River, but bull trout reproduction does not occur there.  Portions of 
the river downstream of Lake Pend Oreille are 303(d) listed for temperature and dissolved gas 
supersaturation.  Ongoing efforts at Cabinet Gorge Dam to mitigate and reduce seasonally elevated levels 
of total dissolved gases are progressing through modifications to the dam and spill gates (Weitkamp et al. 
2003; Avista 2015). 

The Idaho section of the Pend Oreille River was included in the 2002 and 2008 Section 303(d) list as 
impaired for temperature and total phosphorus (Corps and BPA 2011b).  Immediately downstream of 
Albeni Falls Dam, total phosphorus and total nitrogen concentrations have recently been rated as good 
with a median water quality index score of 95.5 for total phosphorus and 100 for total nitrogen (Corps and 
BPA 2011b).  In general, present concentrations of nutrients are low in the Pend Oreille River year-round.   

Shoreline erosion has been documented downstream of Albeni Falls Dam.  The majority of erosion 
downstream of Albeni Falls Dam results from high flows during the spring runoff events that scour 
streambanks and substrates (Corps and BPA 2011b). 

Albeni Falls operations may result in elevated TDG during periods of high flows, which typically occur 
during the spring freshet.  When TDG baseline levels are sufficiently high in the forebay, discharge 
through the Albeni Falls Dam spillways can lead to exceedances of the TDG water quality standard.  
These effects can be avoided and minimized by spreading the discharge evenly over all ten spillway 
gates.  Schneider et al. (2007) concluded that the dam could discharge up to 10,000 cfs without increasing 
TDG levels using this approach.  Schneider et al.  (2007) also observed that a TDG mixing zone extends 
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approximately 3 miles below the dam, influenced by inflows from the Priest River and discharge through 
the powerhouse.  This tends to lower TDG saturation on the right side of the river below the TDG 
maximum water-quality standards. Although spill can increase under FWPO, increases in TDG would be 
expected to be relatively low (Corps and BPA 2011b). 

PCE 9: Sufficiently low levels of occurrence of non-native predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown 
trout) species that, if present, are adequately temporally and spatially isolated from bull trout. 

This PCE is impaired in Lake Pend Oreille.  Lake trout are common and represent the primary threat to 
bull trout in the FMO habitat in Lake Pend Oreille (USFWS 2015b).  The lake trout population increased 
substantially in the 1990s, and in the 2000s, IDFG started providing a reward to sport anglers for each 
lake trout.  The department also hired a commercial fishing crew out of the Great Lakes to catch lake trout 
with nets.  The peak of lake trout removal occurred in 2010 with 26,000 fish taken by anglers and netters, 
and totals steadily declined through 2014 to about 13,000 fish.  Anglers’ share topped out in 2007 at 
about 18,000 fish, then dropped to just 2,500 by 2014.  Monitoring showed adult and juvenile lake trout 
were reduced by over 80 percent since the program began in 2006 (IDFG 2016).  This program will 
continue. 

In addition to lake trout, Lake Pend Oreille supports a variety of introduced trout species, including brook 
trout, brown trout, and rainbow trout, all of which compete with bull trout for food resources.  Additional 
non-native fishes that threaten bull trout in Lake Pend Oreille include northern pike, walleye, Kamloops 
rainbow trout, and smallmouth bass (USFWS 2014). 

PCE 9 is impaired in the Pend Oreille River.  Both brook and brown trout are present in this reach and 
compete with bull trout for food and habitat at the adult, juvenile, and spawning life stages.  Non-native 
northern pike, smallmouth bass, walleye (recent), and to a lesser extent brown trout and lake trout occupy 
artificially created FMO habitat downstream of Albeni Falls Dam.  Pike are an invasive predatory fish 
whose introduction has potentially significant consequences for the conservation and recovery of bull 
trout and other native fish species.  Pike are believed to have been illegally introduced to the Flathead 
River system in Montana during the 1970s or 1980s.  The species was dispersed throughout the lower 
Clark Fork system during a record flood event in 1997 and have subsequently become established in Lake 
Pend Oreille and in impounded habitats on the mainstem Pend Oreille River downstream of Albeni Falls 
Dam (CBFWNB 2011b).  Northern pike were detected in Box Canyon Reservoir on the Pend Oreille 
River in 2004, probably having migrated downstream from Lake Pend Oreille.  The Kalispel Tribe, whose 
reservation borders the Pend Oreille River in Washington, has documented exponential growth of the 
population from 400 adult fish in 2006 to 5,500 in 2010, along with an expansion of their range within the 
river (NPCC 2015), and is engaged in eradication efforts.   

Mid-Columbia Recovery Unit 
The Mid-Columbia Recovery Unit (MCRU) includes portions of central Idaho, eastern Washington, and 
eastern Oregon.  Major drainages include the Yakima River, John Day River, Umatilla River, Walla 
Walla River, Grande Ronde River, Imnaha River, Clearwater River, and smaller drainages along the 
Snake River and Columbia River.   

The current status of the MCRU is variable across the unit.  Some core areas, such as the Umatilla and 
Yakima Rivers contain very small popultations, but there are also core areas that are considered 
strongholds, such as the Imnaha and Clearwater River units.  The stronghold populations tend to occur 
within intact habitat areas, such as wilderness areas.  Major threats to the core areas in the MCRU include 
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upland management, riparian habitat conditions, irrigation diversions (screening), and fish passage 
barriers (e.g., culverts) (USFWS 2015c).   

There are 24 bull trout core areas for this recovery unit.  A portion of the Action Area for the Proposed 
Action lies within the MCRU, consisting of areas affected by the operation of Grand Coulee Dam, Chief 
Joseph Dam, Dworshak Dam, the Lower Snake Dams, McNary Dam, and John Day Dam.  In this 
recovery unit, the Action Area primarily occurs within the mainstem rivers and a portion of the 
confluence at tributaries. 

Grand Coulee Dam Reach 
Eastern Washington core area  

The Grand Coulee Dam Reach includes Lake Roosevelt, plus the Columbia River downstream of the dam 
and the reservoir habitat created by Chief Joseph Dam, also known as Rufus Woods Lake.  Chief Joseph 
Dam was completed in 1955, and its construction converted the 51-mile free-flowing reach into a run-of-
river reservoir.  Fish-passage facilities were not constructed, and therefore, current fish assemblages 
contain only resident species.  This reach also includes tributaries to Rufus Woods Lake.  The main 
tributaries to this reach are the Nespelem River, Tumwater Creek, and Coyote Creek.  Bull trout are not 
documented as present in these tributaries (WDFW 2012).  Numerous small, unnamed drainages also 
flow seasonally from the hillsides along the river, but bull trout are not documented to use these 
intermittent streams.  The Grand Coulee and Chief Joseph Dam reaches are shown in Figure 3-14 below. 

 
Figure 3-14. Grand Coulee and Chief Joseph Dam Reaches, action area, and CHUs 
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The total drainage area above Grand Coulee dam is 74,100 square miles and includes all of the Columbia 
River in Canada, and the Kootenai, Pend Oreille and Spokane Rivers in the United States, with an average 
annual runoff of 77 MAF.  The reservoir impounded by Grand Coulee Dam is Franklin D.  Roosevelt 
Lake (Lake Roosevelt), which has a total storage of 9.7 MAF, with an active capacity of 5.2 MAF, and 
extends 151 miles upstream to the U.S.-Canada border.  Grand Coulee Dam and Lake Roosevelt are the 
diversion dam for the Columbia Basin Project (CBP).  Water is pumped from Lake Roosevelt through the 
John W.  Keys III pump generating plant to Banks Lake (a reregulation reservoir) for distribution to the 
CBP.  Banks Lake is a 715,000 acre-foot reservoir that stretches from Lake Roosevelt about 27 miles 
south to Coulee City.  Reclamation delivers on average about 2.9 MAF per year to the CBP for irrigation 
and municipal/industrial use. 

The CBP is one of the largest agricultural irrigation projects in the western United States, encompassing 
about 3,900 square miles of a semi-arid plateau located in the central part of the State of Washington 
within portions of Grant, Lincoln, Adams, Franklin, and Walla Walla counties (Figure 3-14).  The CBP 
lands stretch from Lake Roosevelt behind Grand Coulee Dam in the north, southward across the 
Columbia Plateau to Pasco, Washington, at the confluence of the Columbia and Snake Rivers.  The water 
in the CBP canal system is gravity-fed in a southerly direction and has more than 300 miles of main 
canals, 2,000 miles of laterals, and 3,500 miles of drains and wasteways.  Multiple return flows enter the 
Columbia River at locations starting west of Quincy, Washington, and extending downstream to Pasco, 
Washington.   

The CBP is located in a dry, semi-arid to arid region of a temperate zone, with hot summers and 
moderately cold winters.  The average monthly air temperatures in the region range from approximately -
6.7º C during January to 32.2º C in July.  It is not uncommon to see temperatures at or below -17.78º C 
during the winter months (December through February) or above 38º C in the summer months (May 
through September).  The average annual precipitation, occurring mostly in fall and winter, varies from 
less than 6 inches in the southwestern portion of the CBP to approximately 10 inches in the northeastern 
uplands. 

Population Status 

Fluvial bull trout occur in the Grand Coulee Dam Reach (USFWS 2010e).  The action area includes the 
upstream limits of Lake Roosevelt to Chief Joseph Dam and tributaries to Rufus Woods Lake affected by 
fluctuating water levels.  The action area overlaps the Mainstem Upper Columbia River CHU (USFWS 
2010b).  Therefore, the following discussion is specific to the status of bull trout populations in the 
reservoir and reservoir tributaries affected by Grand Coulee Dam operations since the issuance of the 
FCRPS 2000 BiOp and the critical habitat 2010 final rule.  Critical habitat was not designated for bull 
trout in 2000, nor were waters in the Grand Coulee Dam Reach designated as critical habitat in the 2010 
final rule (USFWS 2010b).   

Bull trout have been occasionally observed near the mouths of tributaries in Lake Roosevelt and in the 
upper mainstem Columbia River.  Since 2011, reports of bull trout observations in Lake Roosevelt have 
increased, often in association with high water years (USFWS 2015).  According to USFWS (2015), in 
2012, 19 bull trout were reported throughout Lake Roosevelt by Tribal and educational survey crews, 
local citizens, and fishing charters.  Most of these were assumed to be entrained bull trout from spawning 
areas in Canada and the Pend Oreille River (USFWS 2015).  Although suitable spawning habitat is 
located in several tributaries to Lake Roosevelt, no known spawning occurs in tributaries to Lake 
Roosevelt (USFWS 2015).  The Rufus Woods Lake segment includes the tailrace of Grand Coulee Dam 
and the Chief Joseph pool, also known as Rufus Woods Lake.  This segment of the project reach lies 
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outside of designated critical habitat for bull trout, and the likelihood of bull trout occurrence in this 
waterbody is negligible.  Bull trout accounted for less than 0.1 percent of the catch during the most recent 
fish inventory of the lake in 1999 (CCT 2000; Beeman et al., 2003).  Bull trout present in Rufus Woods 
Lake may have been entrained through Grand Coulee Dam (Beeman et al. 2003).  The Colville 
Confederated Tribes (CCT) and the Northwest Power and Conservation Council (NPCC) concluded that 
bull trout use of Rufus Woods Lake was minimal (CCT 2000).  Chief Joseph Dam operates as a run-of-
the-river project, essentially passing inflows.  Therefore, the Rufus Woods Lake fluctuates within a very 
narrow range of elevation.  No bull trout spawning populations are known to exist in Rufus Woods Lake 
or in Lake Roosevelt tributaries (USFWS 2015c), although bull trout may have historically occupied the 
Nespelem River (Mongillow 1993).  If bull trout exist in the Nespelem River, they would most likely 
occur upstream of a natural migration barrier located at river mile 1.5 (CCT 2000).   

Critical Habitat Status   

Lake Roosevelt upstream and the Columbia River downstream of Grand Coulee Dam to Chief Joseph 
Dam are not designated as bull trout critical habitat.  CHU 22 begins on the downstream side of Chief 
Joseph Dam.  Because the Grand Coulee Dam Reach is not designated as critical habitat for bull trout, an 
analysis of PCE conditions is not applicable.  It is noted that TDG levels in Lake Roosevelt often exceed 
criteria for fish.  Inflows to Lake Roosevelt can have elevated TDG levels as a result of upstream 
operations.  These elevated TDG levels persist through Lake Roosevelt, and if Grand Coulee Dam is 
spilling, at times can be further elevated when passing through Grand Coulee Dam into Rufus Woods 
Lake.  This condition may persist further into designated critical habitat downstream of Chief Joseph 
Dam.  However, adjustments to system spill priority have helped improve this situation (see discussion of 
PCE 8 for the Chief Joseph Dam Reach, below). 

Chief Joseph Dam Reach 
Entiat River, Methow River, Wenatchee River, and Yakima River core areas 

The Chief Joseph Dam Reach includes the mainstem Columbia River from Chief Joseph Dam to the 
upstream end of the McNary Dam pool (Figure 3-14).  This reach encompasses five non-Federal dams 
and their associated reservoir pools on the mainstem Columbia River, including Wells Dam operated by 
Douglas County Public Utility District (PUD), Rocky Reach and Rock Island dams (Chelan County 
PUD), and Wanapum and Priest Rapids Dams (Grant County PUD).  The entire reach is within the 
Middle Columbia Recovery Unit (USFWS 2014), and within the boundaries of bull trout CHU 22, the 
mainstem Upper Columbia River.  There are four core areas adjacent to the mainstem Columbia River, 
including the Entiat River, Methow River, Wenatchee River, and Yakima River core area.  Bull trout are 
considered extirpated from the nearby Lake Chelan core area and the Okanagan FMO Area (USFWS 
2005b). 

Numerous ESA consultations have been conducted for non-FCRPS dams operated in this reach of the 
Columbia River.  The environmental baseline for the mainstem has been described in previous 
consultations that are included herein by reference: 

 USFWS Biological Opinion on the Effects of the Priest Rapids Hydroelectric Project Relicensing 
on Bull Trout (USFWS 2007) 

 USFWS Biological Opinion on the Effects of the Rocky Reach Hydroelectric Project Relicensing 
on Bull Trout (USFWS 2008c) 

 Biological Opinion, Unlisted Species Analysis, and Magnuson-Stevens Fishery Conservation and 
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Management Act Consultation for Proposed Issuance of a Section 10 Incidental Take Permit to 
Public Utility District No. 1 of Douglas County for the Wells Hydroelectric Project (FERC No.  
2149) Anadromous Fish Agreement and Habitat Conservation Plan (NOAA Fisheries 2003) 

 Supplemental Draft Biological Assessment and Essential Fish Habitat Analysis For the Proposed 
Action of Issuing a New Operating License for the Wells Hydroelectric Project (Douglas County 
PUD 2011a) 

 USFWS Biological Opinion for the Chelan and Douglas County PUD Anadromous Fish 
Agreement and HCP (USFWS 2004)  

 USFWS Biological Opinion for Washington State Forest Practice Rules HCP (USFWS 2006b) 

 USFWS Biological Opinion for the Environmental Protection Agency's Proposed Approval of the 
Revised Washington Water Quality Standards for Designated Uses, Temperature, Dissolved 
Oxygen, and Other Revisions (USFWS 2008d)  

Population Status  

Fluvial and adfluvial bull trout occur in the Chief Joseph Dam reach (USFWS 2005b, 2010e).  The reach 
includes the Columbia River between Chief Joseph Dam and the upstream extent of Lake Wallula 
(McNary Pool).   

Sub-adult and adult bull trout are present in the Columbia River downstream of Chief Joseph Dam.  At 
the head of the reach, two adult bull trout were recovered from Turbine 2 at Chief Joseph Dam in January 
2016 during turbine dewatering (S.  Stonecipher, Chief Joseph Dam, pers.  comm.).  These fish likely 
originated from a local core area and migrated upstream into the draft tube, with a low likelihood they 
originated from populations upstream of Grand Coulee Dam that were entrained through Grand Coulee 
and Chief Joseph Dam. 

A small percentage (15 to 20 percent) of bull trout in the reach are estimated to migrate long distances, 
including into other core areas, for forage, migration, or overwintering and may migrate back to spawning 
areas annually, semi-annually, or every few years.  The Entiant core area is considered unique in that 
more than 90 percent of the bull trout that use the core area for spawning and rearing use the mainstem 
Columbia River for FMO habitat (USFWS 2015c). 

Bull trout in this reach represent populations that migrate into the Columbia River mainstem from natal 
tributaries from nearby core areas.  The recent Recovery Unit Implementation Plan identifies 35 local 
populations in the four core areas (Methow 10, Entiat 2, Wenatchee 7, and Yakima 15), of which 19 or 
more may use the mainstem habitat in the action area (USFWS 2005b; 2015c).  Abundance in the action 
area reflects habitat conditions in these tributaries and the tributaries’ connectivity to the Columbia River.  
Bull trout abundance in the upper Columbia River Basin, which overlaps the action area, is higher relative 
to mainstem habitat in the middle and lower Columbia River due to better habitat and migration corridors 
in tributaries (USFWS 2008c).   

At the time of listing, eight local populations of bull trout were identified in the Upper Mid-Columbia 
River Basin geographic region.  The abundance of five of these populations was low and the trend in 
abundance was considered depressed or unknown; three local populations were strong and stable or 
increasing in abundance (USFWS 1999a).  In 2005, 12 local populations numbered between 100 and 500 
adults and abundance was stable or declining; seven local populations ranged from 250 to 1,000 
individuals and were stable  (USFWS 2005b; USFWS 2008b).   
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Critical Habitat Status (CHU 22) 

The Chief Joseph Dam Reach serves as a migration corridor, providing foraging and overwintering 
habitat for bull trout (USFWS 2008c; BioAnalysts 2004, 2006,  2007 as cited in 2009, 2008 as cited in 
2009).  The Columbia River within this reach typically flows through a relatively narrow valley 
comprising numerous large, dry side canyons and several major tributaries, including the Methow, Entiat, 
Wenatchee, and Okanogan Rivers.  Land ownership in the reach is a mixture of local, state, tribal, 
Federal, and private interests, though the majority of land is used for agriculture, rangeland, and 
residences.  Major habitats include waterbodies such as the Columbia River reservoirs and associated 
tributaries, wetlands associated with tributary floodplains and low-lying depressions, riparian areas, and 
the adjacent upland communities that include managed agriculture/pasture lands, shrub-steppe, and forest 
habitats (Douglas County PUD 2011a).   

The mainstem Upper Columbia River CHU (CHU 22) supports FMO habitat for bull trout and provides 
connectivity to the mainstem Lower Columbia and Snake River CHUs, as well as 13 additional CHUs 
(USFWS 2010b).  Bull trout are known to reside in this reach year-round (USFWS 2010e).  Bull trout 
spawning and rearing occurs in major tributaries that are designated as critical habitat as part of the Upper 
Columbia River Basin CHU (CHU 10).  The Methow River, along with the Wenatchee, Entiat, and Twisp 
Rivers and associated tributaries, are included in CHU 10 (USFWS 2010b).  The lower portions of these 
tributaries may be permanently or seasonally affected by FCRPS dam operations in this reach, though 
non-FCRPS dams also influence hydraulic conditions. 
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Figure 3-15. Critical Habitat Unit 22, Mainstem Upper Columbia River (USFWS 2010b) 

Baseline conditions for bull trout critical habitat are described by PCE in the sections below.   

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.   

Although PCE 1 is present where tributaries and groundwater interact with the reservoirs and mainstem, 
the ecological significance of this exchange is minor and does not provide a significant contribution to 
FMO habitat in this reach.  Reservoirs in the mainstem Columbia River have inundated wetlands and off-
channel habitats, which influences subsurface water connectivity and thermal refugia.  Presence of 
thermal refugia is also a function of thermal stratification within the reservoirs.  Tributary inflow may 
also play a role in providing subsurface connectivity between cold-water refugia in the reservoir and 
tributary habitat.  Some groundwater influence may occur in riverine areas of the mainstem not dominated 
by bedrock or immediately below dams, although little is known regarding the ecological significance of 
this exchange (Corps 2013a).   
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PCE 2: Migration habitats with minimal physical, biological, or water quality impediments 
between spawning, rearing, over-wintering, and freshwater and marine foraging habitats, 
including but not limited to permanent, partial, intermittent, or seasonal barriers. 

PCE 2 is present but provides a limited contribution to FMO habitat and connectivity in the mainstem 
Columbia River.  Hydropower dams in this reach pose impediments to bull trout migration.  Generally, 
the mainstem Columbia River provides limited migration habitat for bull trout between tributary 
spawning and rearing habitat.  Chief Joseph Dam does not have fish passage facilities.  Six dams are 
within the project reach from Chief Joseph Dam to the confluence with the Snake River (Chief Joseph, 
Wells, Rocky Reach, Rock Island, Wanapum, and Priest Rapids).  Passage facilities at Columbia River 
dams downstream of Chief Joseph were primarily designed for upstream movement of migrating 
anadromous salmon and steelhead, but they may be used by bull trout. Most dams have two ladders, one 
of which may be closed seasonally (usually winter) for maintenance.  When this occurs, the other ladder 
usually remains open to provide passage.   

All of the Federal fish ladders in the Mid Columbia Recovery unit are designed and operated to meet 
NMFS anadromous fish passage guidelines (NOAA Fisheries 2011a).  On the Clark Fork and Pend 
Oreille rivers, the states of Idaho, Montana, and FWS require that new fishways and traps are designed 
and operated in a manner consistent with these guidelines.  Bull trout have been observed passing the fish 
ladders at Wanapum, Rock Island, Rocky Reach, and Wells Dams at similar or lower rates compared to 
salmon and steelhead (BioAnalysts, Inc.  2004; USFWS 2008c).  These ladders also comply with NOAA 
Fisheries design guidelines and are therefore similar in design, dimension, and operations to ladders at the 
Federal mainstem dams.  Operations at Wells Dam did not appear to influence the movements of adult 
bull trout as passage events appeared to be associated with water temperature, photoperiod, and time of 
year (Douglas County PUD 2011b). 

A small number of juvenile and adult bull trout have been collected at the Rock Island Dam Smolt 
Monitoring Facility and at the Rocky Reach Dam surface collector (Fish Passage Center 2012).  USFWS 
(2008c) reports that although juvenile fish passage facilities were not developed for the downstream 
passage of larger fish such as adult bull trout, adult injury or mortality has not been reported at most of 
the mainstem Columbia River dams, including those in the project reach. 

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.   

PCE 3 is present in and contributes to FMO habitat in this reach of the Columbia River.  The variation in 
inundation due to the dams has reduced riparian areas and limited terrestrial organism and nutrient inputs 
(extended inundation followed by drawdown).  The conversion of riverine habitat into reservoirs may 
have improved the productivity and the quantity of available prey, though species assemblages are likely 
different (USFWS 2011).  The mainstem Columbia River in this reach, including the reservoirs, provides 
an abundant food source for migratory bull trout during the fall, winter, and spring (USFWS 2007).   

Upper Columbia River mainstem habitats and reservoirs host a diversity of gastropods and bivalves and 
provide rearing habitat for ocean-type Chinook, which provide a source of prey for bull trout.  Large 
numbers of hatchery-raised salmonids are released into the Columbia River system annually and provide 
an abundant source of prey for bull trout (USFWS 2007), though smolts may also compete with bull trout 
for smaller prey species. 
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PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, 
and processes that establish and maintain these aquatic environments, with features such as 
large wood, side channels, pools, undercut banks, and unembedded substrates to provide a 
variety of depths, gradients, velocities, and structure. 

PCE 4 is present in the Chief Joseph Dam Reach but has been functionally reduced by impoundments 
created by the hydroelectric projects.  Mainstem Columbia reservoirs have inundated off-channel habitats 
and wetlands.  The dams have converted previously free-flowing riverine habitats to more lacustrine 
habitats in reservoir reaches and homogenized habitat conditions in much of the reach.  Pools have been 
inundated and essentially replaced by deep-water habitat in the mainstem (USFWS 2011).  Riparian areas 
along the mainstem Columbia River are generally narrow in this project reach, and their structure and 
condition are influenced by daily fluctuations in river level due to dam operation (USFWS 2011).  Dam 
operations, flow (reservoir) management, and the related inundation of off-channel and floodplain areas 
have reduced the size, quality, and function of floodplains along the upper Columbia River (NOAA 
Fisheries 2000a).  Off-channel diking along the mainstem and within tributaries has resulted in the loss of 
floodplain and off-channel habitats that could provide important rearing areas for bull trout (USFWS 
2002d).  Roads and other features have disconnected hydrologic linkages between off-channel areas and 
the main channel, interrupted overbank-flow processes, and degraded both wetland function and riparian 
vegetation.   

Residential, agricultural, and recreational development along the mainstem has resulted in the loss of 
riparian vegetation.  Streambanks throughout the mainstem Upper Columbia River are typically 
characterized as sparsely vegetated steep canyons, with steep shorelines, often armored with riprap, 
especially along the banks immediately downstream of dams, to prevent erosion during larger spill events.  
In Wells Reservoir (Lake Pateros) downstream of Chief Joseph Dam, shorelines are relatively steep, with 
banks rising sharply to 20 to 40 feet above reservoir elevations.  Shoreline areas near point bars and at the 
mouths of tributaries are more gradual, with a diversity of habitats, including dense riparian vegetation, 
unstable and eroding areas, areas of minimal vegetation and exposed bedrock, and areas that are relatively 
unvegetated and have been stabilized by riprap (Douglas County PUD 2011a).  One area of diverse 
habitat that remains is at the mouth of the Okanogan River, near Brewster. 

The presence of six major hydropower dams in the project reach has resulted in the loss of LWD, which is 
extremely limited in the reach, and is often captured and removed/burned at each dam (USFWS 2011).  
Douglas County PUD (2006a) conducted a botanical survey of Lake Pateros and determined that riparian 
habitats are dominated by non-forested communities, including agricultural lands, shrub-steppe, riparian 
shrubs and emergent wetlands/ponds.  Major habitat groups identified in the survey are likely 
representative of the general habitats found throughout the Chief Joseph Dam reach.   

PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

PCE 7 is not present in this reach.  The hydrograph is significantly altered compared to pre-dam 
conditions.  Dams have increased the river cross-section and moderated peak and base flows in the 
mainstem, with the river level only changing a few feet annually.  Surface water withdrawals throughout 
the mainstem and tributaries have also reduced in-stream flow, particularly in smaller basins.  The 
hydrograph, although varying from the natural hydrograph, currently provides for adequate foraging, 
connectivity, and overwintering habitat.   

Chief Joseph Dam is a run-of-river dam, meaning that daily inflow through the dam generally equals 
daily outflow.  As a run-of-river project, Chief Joseph Dam cannot store or draft a significant volume of 
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water.  As such, flows at the dam and downstream are primarily shaped by the operations at the Canadian 
and Federal storage projects upstream, particularly Grand Coulee Dam.  Power peaking at Columbia 
River dams creates river stage fluctuations that result in a pronounced change in the natural hydrograph 
compared to pre-development conditions. 

The inflow to Lake Pateros is principally controlled by operations of the FCRPS at Chief Joseph Dam 
(Corps) and Grand Coulee Dam (Reclamation).  In Lake Pateros, reservoir fluctuations are minor (1 to 2 
feet daily).  From 2001 through 2005, the reservoir operated within the upper 4feet (781 to 777 feet mean 
sea level in elevation) 95.1 percent of the time (Douglas County PUD 2006b 2006).  The uppermost 5-
mile section of Lake Pateros immediately downstream from the Chief Joseph Dam tailrace is 
characteristic of a riverine environment, with relatively fast flow through the narrow canyon.  The middle 
10-mile section between the town of Brewster and just upstream of Chief Joseph State Park resembles a 
more lacustrine environment, with slower water velocities.  The lowermost 15-mile section is relatively 
narrow and fast-flowing but eventually slows and deepens on approach to Wells Dam (Douglas County 
PUD 2011a). 

In addition to the dams, but to a much lesser extent, irrigation or other surface water diversions have 
reduced river flows.  Agriculture, grazing, and development have altered the mainstem Columbia River 
corridor and stream hydrology with increased runoff and decreased floodplain storage connectivity.  
These flow reductions and subsequent alterations to in-stream habitat are more evident in the contributing 
tributaries. 

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and 
survival are not inhibited. 

PCE 8 is impaired in this reach.  The mainstem Columbia River is CWA 303(d) listed for several 
impairments (WDOE 2008), including temperature, dissolved oxygen, pH, total dissolved gas, metals, 
PCBs, DDT and its derivatives, dioxin, and pesticides (USFWS 2011).  Primary water quality concerns in 
this area include the potential for dissolved gas supersaturation (in excess of state standards of 110 
percent), which can harm fish.  Because little degassing occurs during transport through Rufus Woods 
Lake, TDG measured at the Chief Joseph forebay is largely a function of TDG released from Grand 
Coulee. 

The Action Agencies have made operational and structural modifications to reduce TDG levels in the 
river.  There is no spill for fish passage at either Grand Coulee or Chief Joseph Dams; spill at these 
projects may be necessary, however, in circumstances when river flows exceed powerhouse hydraulic 
capacity, due to equipment malfunction or modeling and forecasting uncertainties, or for other purposes, 
such as ensuring power and transmission system stability, passing debris, or flood risk management in 
spring.  At Grand Coulee, if the reservoir water surface elevation is above 1265.5 feet, any necessary spill 
can be directed over the drum gates, which produces significantly lower levels of TDG compared to spill 
though the outlet tubes.  When the reservoir water surface elevation is below 1265.5, Reclamation 
operates the upper and mid-level outlet tubes at the same time, in an over/under method.  This method has 
been effective in reducing TDG when using the outlet tubes.  At Chief Joseph Dam, spillway flow 
deflectors installed at Chief Joseph Dam (completed in 2008) have been successful at reducing TDG 
levels in the spillway releases.  A pre-deflector study determined that TDG exchange in spillway flows 
ranged from about 111 to 134 percent and were a direct function of the specific spillway discharge 
(Schneider and Carroll 1999).  The post-deflector study showed that spillway deflectors substantially 
reduced TDG exchange in spillway flows with measured TDG saturations ranging from about 110 to 
120 percent (Schneider 2012).  This is still above the state maximum standard of 110 percent saturation, 
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but considered less harmful than the higher saturations generated by Grand Coulee Dam, and is within 
design parameters for the deflectors.  If the Chief Joseph Dam powerhouse is operating when Grand 
Coulee Dam is spilling, then high TDG concentrations can be passed through the powerhouse and 
entrained into spilled water, propagating high TDG levels downstream.  But the system spill priority list 
has been able to allow power generation to be favored at Grand Coulee and spill to be prioritized at Chief 
Joseph during times when spill is necessary.  This supports better water quality not only downstream of 
Chief Joseph Dam, but also in Rufus Woods Lake. 

The Action Agencies implemented a study to determine the most effective spill measures at Chief Joseph 
and Grand Coulee Dams.  A computer model, System Total Dissolved Gas (SYSTDG), was developed 
with the purpose of assessing potential gas abatement measures and operational schedules.  The Action 
Agencies continue to use and update this model to reflect modifications to spillways and spill operations. 

The five non-Federal dams in this reach have been subject to separate regulatory compliance requirements 
and relicensing agreements addressing TDG generation.  A combination of operational and/or structural 
modifications have been implemented at each of these dams to increase juvenile salmon survival during 
outmigration while avoiding or minimizing adverse water quality impacts.   

PCE 9: Sufficiently low levels of occurrence of non-native predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown 
trout) species that, if present, are adequately temporally and spatially isolated from bull trout. 

PCE 9 is impaired in the Chief Joseph Dam Reach as conversion to a lacustrine-like habitat has increased 
predator abundance.  Introduced species are present throughout this reach (Wydoski and Whitney 2003).  
They include but are not limited to catfish, bullhead, pumpkinseed, bluegill, smallmouth bass, largemouth 
bass, yellow perch, and walleye.  USFWS (2011) reports that a variety of non-native fish are present 
throughout the Upper Columbia River CHU.  Many were historically stocked to provide additional sport 
fishing opportunities.  Hybridization between brook trout and bull trout has been documented in Icicle 
Creek (Nelson et al. 2009), and radio-tagged hybrids were tracked a considerable distance into the 
Columbia River (Nelson et al. 2011). 

Dworshak Dam Reach 
North Fork Clearwater River and Asotin Creek core areas  

The Dworshak Dam was constructed in 1971 on the North Fork Clearwater River near its confluence with 
the Lower Clearwater River (USFWS 2005b).  Dworshak Dam is 717 feet high and, at full pool, forms a 
reservoir extending 54 miles up the North Fork Clearwater River drainage.  Hanson et al. (2014) report 
that bull trout use reservoir habitat as low as RM 2.4, 0.5 RM above Dworshak Dam.  Bull trout 
populations upstream of the dam are considered part of the North Fork Clearwater River core area.  
Because the dam provides no mechanism for passage of migrating fish, the dam has isolated individuals 
in the North Fork core area from other populations downstream, including the Asotin Creek core area.  
The Dworshak Dam Reach is shown in Figure 3-16 below. 
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Figure 3-16. Dworshak Dam Reach, action area, and CHUs 

Population Status 

Fluvial bull trout occur in the Dworshak Dam Reach.  The action area includes: 1) Dworshak Reservoir 
and the lower sections of tributaries to reservoir habitat; 2) Clearwater River downstream of the North 
Fork Clearwater River confluence, including the lower 2 miles of the North Fork Clearwater River 
downstream of Dworshak Dam; and 3) Snake River between the Clearwater River confluence and Lower 
Granite Dam.   

Dworshak Reservoir 

Dworshak Reservoir lies in the North Fork Clearwater River CHU.  Bull trout are widely distributed 
within the North Fork Clearwater River CHU, which provides a range of important habitat.  The FCRPS 
2000 BiOp mentions the presence of bull trout in Dworshak Reservoir and refers to the USFWS 1998 
final rule (USFWS 1998a, 1999b) for a more complete description of the status of bull trout 
subpopulations at the time of listing.  In the 1998 final rule, large numbers of bull trout were reported in 
the Clearwater River subpopulations; however, trends in abundance were largely unknown or declining.  
Recovery efforts since the listing have involved monitoring and evaluating bull trout population levels 
and distribution, leading to the assembly of more specific data.  Results of these survey efforts are 
described below.   

There are at least 14 streams in the North Fork Clearwater River CHU where spawning has been 
documented; bull trout are present in an additional 50 streams (USFWS 2010f).  This combination of 
productivity and dispersal amounts to at least 12 local populations (USFWS 2005b).   
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Dworshak Dam does not have fish passage facilities, and the 12 local populations above the dam are 
isolated from populations in the Middle and South Forks, which historically were likely connected (Schiff 
et al. 2005).  Based on redd counts as an indicator of the core area population trend for all streams in the 
North Fork Clearwater River core area, the population is increasing over the long term (USFWS 2013b; 
Meyer et al.  2014; Erhardt and Scarnecchia 2014; cited in USFWS 2015c).  Bull trout are widely 
distributed within the North Fork Clearwater River core area, with bull trout redds documented in at least 
33 streams associated with the 12 stream complexes identified above.  Redd count data for the core area 
suggests that the core area population has been stable since 2001, and results from redd counts in 2014 
generally indicate a continued increase for most index reaches that were surveyed (Hand et al. 2015) 

USFWS (2015c) did not identify entrainment as a primary risk to recovery of bull trout, but did suggest it 
as a risk factor.  Incidental entrainment of bull trout through Dworshak Dam has been documented using 
direct and indirect methods.  The Clearwater River Basin Bull Trout Technical Advisory Team 
(CBBTTAT) (1998a) concluded that some degree of bull trout entrainment was likely based on 
entrainment rates documented at other locations, observations of adult migrant bull trout below the dam 
during spawning migration season, and documented entrainment of kokanee, a preferred prey resource.  
Subsequent research has demonstrated that bull trout entrainment rates are low and unlikely to be 
significant at the population level.   

Bull trout exposure to entrainment is primarily a function of proximity to the selector gate intakes and 
spillways during operation.  Available information suggests some level of ongoing risk affecting only a 
small portion of the bull trout population in Dworshak Reservoir.  Schiff and Schriever (2004) and Schiff 
et al. (2005) studied migratory behavior in the Dworshak Reservoir and estimated the migratory 
population size using a combination of mark-recapture and radio-telemetry methods.  They determined 
that the majority of the migratory bull trout population overwintered in the middle reach of the reservoir 
several kilometers distant from the dam, but a small percentage of the population stayed in close 
proximity to the dam (within 1 kilometer) throughout the winter and spring.  These individuals are 
presumably foraging on kokanee that are also found in deep water near the dam.  These individuals are 
potentially subject to entrainment during drawdown events. 

IDFG tracked the bull trout migratory behavior in Dworshak Reservoir over a 6-year period (2000-2006) 
using implanted radio-telemetry transmitters (Hanson et al. 2014; Schiff et al. 2005).  During this period, 
only two out of 706 radio-tagged adult bull trout were entrained through the dam.  Very few of the 
remaining individuals traveled within 2 miles of the dam.  IDFG estimates of adfluvial migrant bull trout 
abundance in Dworshak Reservoir in 2002 and 2003 ranged between approximately 1,400 and 1,600 
(±450) individuals (Schiff and Schriever 2004; Schiff et al.  2005).  Given the large sample size studied 
by Hanson et al. (2014) and Schiff et al. (2005), the annual entrainment rate is likely to be a fraction of a 
percent of the adult population.   

Subadult and adult bull trout have been observed in numbers near the base of the dam and in the trap at 
the Dworshak National Fish Hatchery every spring in recent years (USFWS 2002e).  The regular presence 
of sub-adults suggests that some level of entrainment occurs annually.  Schiff et al. (2005) studied the 
migratory behavior of spawning-age adults captured below the dam.  Of the nine radio-tagged fish in the 
sample, five remained close to the dam throughout the spawning migration period, which may indicate 
that some percentage of bull trout in the North Fork Clearwater River below the dam originated from 
spawning populations upstream. 
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Clearwater River Mainstem Downstream of Dworshak Dam 

The reach of the Clearwater River between the confluence with the North Fork Clearwater River and the 
Snake River lies in the Lower and Middle Clearwater River CHSU.  The FCRPS 2000 BiOp states that 
the Clearwater River supports bull trout and refers to the 1998 final rule (USFWS 1998a, 1999b) for a 
more complete description of the status of bull trout subpopulations.  Adult and subadult bull trout have 
been documented in the Clearwater River (CBBTTAT 1998a).  In the 1998 listing rule, large numbers of 
bull trout were reported in the Clearwater River subpopulations; however, trends in abundance were 
largely unknown or declining.   

Surveys since 2000 have determined that Lolo Creek and possibly Clear Creek, both tributaries of the 
Clearwater River, currently contain the only local populations of bull trout in the Lower and Middle 
Clearwater River CHSU (USFWS 2008e).  Juvenile bull trout have been observed in Lolo Creek 
upstream of a juvenile migration barrier, so spawning is probably occurring in the system upstream of the 
barrier.  Although suitable habitat exists in upper Lolo and Yoosa Creeks, exact spawning locations are 
unknown.  Bull trout are also regularly found in Clear Creek.  Bull trout abundance is very low in the 
CHSU.  Population abundance and the trend in abundance in the Lower and Middle Clearwater River 
CHSU are currently unknown (USFWS 2008e).  Other than Lolo and Clear Creeks, watersheds in this 
CHSU do not offer important bull trout habitat, according to the Clearwater Creek Recovery Team 
(USFWS 2005b).  Due to a lack of suitable habitat, it is unlikely that populations could occupy the 
majority of watersheds in this CHSU.   

Snake River Confluence with Clearwater River to Lower Granite Dam 

The reach of the Snake River between the Clearwater River confluence and Lower Granite Dam is in the 
Mainstem Snake River CHU.  There are no CHSUs in the Mainstem Snake River CHU.  As described in 
the FCRPS 2000 BiOp, bull trout status in the lower Snake River is limited to identifying presence only.  
There is no spawning habitat in the mainstem within the action area, so these migratory bull trout spawn 
and rear in Snake River tributaries.  Such tributaries in the action area are described below.  Due to the 
lack of spawning habitat, there are no local populations in the Mainstem Snake River CHU, and thus, no 
information on population abundance or trends in abundance.   

The Asotin Creek CHSU is within the Lower Snake River Basin CHU.  Asotin Creek is located upstream 
of the Clearwater River confluence, but the confluence is within the influence of Lower Granite segment 
operations.  The FCRPS 2000 BiOp states that Asotin Creek supports bull trout and refers to the USFWS 
1998 final rule (USFWS 1998a, 1999b) for a more complete description of the status of bull trout 
subpopulations.  In the 1998 listing rule, two subpopulations of bull trout were known to use Asotin 
Creek; abundance was identified as depressed and the trend in abundance was unknown.   

Bull trout spawn and rear in the North Fork of Asotin Creek and Cougar Creek in the Asotin Creek core 
area.  George and Charlie Creeks in the core area offer suitable habitat; bull trout have used these systems 
historically.  Recent surveys in these systems, however, have failed to document the presence of bull 
trout.  The South Fork of Asotin Creek also offers suitable habitat.  Since 2000, no new subpopulations 
have been identified and bull trout abundance in the Asotin Creek core area is estimated at 50 to 250 
individuals.  The trend in abundance is unknown (USFWS 2008e).   

Critical Habitat Status (CHUs 21, 23) 

The majority of the action area included in the Dworshak Dam Reach is part of the Clearwater River 
CHU (CHU 21); portions of the mainstem Snake River CHU (CHU 23) are also included in this reach.  
The North Fork Clearwater River is dammed at river mile 1.9, just above the confluence with the 
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mainstem Clearwater River.  Consequently, the North Fork Clearwater River core area includes areas 
above Dworshak Dam and downstream portions of the North Fork Clearwater River to the confluence 
with the mainstem Clearwater River.  The Lower-Middle Clearwater River is no longer a core area 
(USFWS 2014), but is considered FMO habitat for bull trout.   

 
Figure 3-17. Critical Habitat Unit 21, Clearwater River (USFWS 2010b) 

Factors that affect bull trout habitat in the Middle Columbia Recovery Unit include the operation and 
maintenance of dams and other diversion structures, hatcheries, forest management practices, livestock 
grazing, agriculture and agricultural diversions, road construction and maintenance, mining, and the 
introduction of non-native species.  Baseline conditions for bull trout critical habitat are described by PCE 
in the sections below.   
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PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.   

PCE 1 is present in Dworshak Reservoir, although development around the reservoir, along with pool 
management, has disconnected the reservoir from adjacent riverine wetlands and sources of cooling 
groundwater.  In reservoir environments, subsurface connectivity and thermal refugia are a function of 
several factors, including thermal stratification within the reservoir, tributary inflow, wetland influence, 
and groundwater recharge.  In deep reservoirs, thermal stratification is typically the primary mechanism 
providing thermal refugia.  Tributary inflow may provide a source of cooling groundwater, though some 
streams that discharge into the North Fork and Dworshak Reservoir exhibit high summer temperatures 
(see discussion for PCE 5). 

PCE 1 is present but provides limited contribution to FMO habitat in the Clearwater River downstream of 
Dworshak Dam.  A well-developed highway and county road system is present in the Lower Clearwater 
as U.S.  Highway 12 and the Camas Prairie railroad parallel the Clearwater River.  Encroachment has 
constrained river meanders, eddies, and hydraulic energy (CBBTTAT 1998b as cited in USFWS 2002e).  
Such encroachment reduces the connectivity of the mainstem to off-channel habitat and backwater areas.  
Channel straightening has also occurred along the mainstem, precluding lateral movement and connection 
to off-channel habitats that may support wetlands and other sources of cooling groundwater (USFWS 
2002e). 

PCE 1 is present but provides a limited contribution to FMO habitat in this reach of the lower Snake 
River.  Dam construction in the Snake River has converted fast-flowing riverine habitat to reservoir 
habitat, and high in-stream temperatures are common upstream of Lower Granite Dam in summer (see 
discussion for PCE 5).  The mainstem Snake River is subject to significant armoring and floodplain 
development that has disconnected the waterbody from its floodplain and adjacent groundwater sources, 
including former riverine wetlands. 

PCE 2: Migration habitats with minimal physical, biological, or water quality impediments 
between spawning, rearing, over-wintering, and freshwater and marine foraging habitats, 
including but not limited to permanent, partial, intermittent, or seasonal barriers. 

PCE 2 is present and functional upstream of Dworshak Dam, and contributes to FMO habitat in 
Dworshak Reservoir.  Because Dworshak Dam lacks fish passage facilities, bull trout inhabiting the North 
Fork Clearwater River drainage have been isolated from the remainder of the core area and mainstem 
habitat since the dam was constructed in 1971.  Drawdowns of Dworshak Reservoir can entrain bull trout 
and carry them into the mainstem Clearwater; these fish likely have low survival after entrainment 
(USFWS 2015c).  Entrainment through Dworshak Dam is a contributing threat to bull trout in the core 
area, but is considered minor overall (USFWS 2015c).   

Low reservoir levels and summer drawdowns may also affect spawning migrations by reducing bull trout 
access to tributaries entering the reservoir due to thermal and physical barriers (IDWR 2000; CBBTTAT 
1998a as cited in USFWS 2002e).  Hanson et al. (2014) found that more than 90 percent of tagged bull 
trout left the reservoir by the end of May from 2000 to 2006.  Based on these observations, only a small 
percentage of bull trout remain in the reservoir after June, indicating that warmer temperatures affect a 
small portion of the population. 

Habitat upstream of the dam is relatively unfragmented, with the exception of a few developed areas with 
passage barriers, including several culverts, some of which (i.e., two culverts in Beaver Creek below 
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Sheep Mountain sub-watershed) may occur within the area affected by the Dworshak Reservoir pool 
elevation (USFWS 2002e). 

PCE 2 is present and contributes to FMO habitat in the Clearwater River mainstem; however, no adult or 
juvenile fish passage facilities are provided at Dworshak Dam, which has disconnected local populations 
in the historic North Fork Clearwater core area.  The lack of fish passage facilities at Dworshak Dam 
precludes the migration of upstream fish from below the dam (USFWS 2015c). 

PCE 2 is present and contributes to FMO habitat in the lower Snake River.  Although Lower Granite Dam 
is equipped with fish passage facilities, the presence of the dam constitutes a migratory delay for 
individuals present in the mainstem.  From 1998 to 2011, five bull trout were observed passing Lower 
Granite Dam (Fish Passage Center 2011).  During that same period, two juvenile bull trout were observed 
at smolt monitoring locations at Lower Granite Dam (Fish Passage Center 2011).  As demonstrated by 
these detections, bull trout do use the mainstem Snake River as a migratory corridor, albeit infrequently.   

Tributaries to the Snake River that enter upstream of Lower Granite Dam, including Asotin Creek, are 
known to support fluvial bull trout, which have been observed using the mainstem of the Snake River. 

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.   

PCE 3 is present in Dworshak Reservoir.  Because Dworshak Dam lacks fish passage facilities, 
anadromous fish no longer have access to the watershed above the dam, thus leading to a decrease in prey 
abundance for bull trout.  In Dworshak Reservoir, introduced kokanee may partially compensate for 
losses to the bull trout’s historic anadromous salmonid prey base and for losses of anadromous fish-
related nutrient flow into the basin (USFWS 2002e).  However, substantial numbers of kokanee can be 
entrained below the dam during spills (USFWS 2015c). 

PCE 3 is present and contributes to FMO habitat in the Clearwater River.  However, armoring along the 
mainstem Clearwater River downstream of Dworshak Dam has reduced the presence of riparian 
vegetation and the associated input of allochthonous prey items.   

PCE 3 is present in and contributes to FMO habitat in this reach of the lower Snake River.  The 
conversion of mainstem habitat from riverine flow-through to a lacustrine-like condition has altered the 
prey composition in the mainstem Snake River upstream of the Lower Granite Dam.  However, the 
abundance of prey items is not limiting in this reach (USFWS 2002f). 

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, 
and processes that establish and maintain these aquatic environments, with features such as 
large wood, side channels, pools, undercut banks, and unembedded substrates to provide a 
variety of depths, gradients, velocities, and structure. 

PCE 4 is present in and contributes to FMO habitat in Dworshak Reservoir.  Substantial reservoir depth, 
thermal stratification, and shallow shoreline habitat (supporting prey species) provides the most 
significant habitat complexity and contribution to FMO habitat.   

Habitat conditions in tributaries that discharge into the North Fork and Dworshak Reservoir have been 
affected by forestry activities, which have reduced recruitable large wood and the quantity of pools and 
habitat complexity.  Livestock grazing has degraded aquatic habitat complexity in some portions of the 
North Fork core area through bank destabilization, stream channel widening and incision, and a reduction 
in pool frequency (USFWS 1998b).  The majority of cattle grazing in the North Fork Clearwater 
watershed occurs on tributaries of Dworshak Reservoir, and impacts vary from low to high.   
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In tributary confluences influenced by dam operations, pool frequency is decreased due to activities that 
occurred prior to dam construction.  Prior to the establishment of the Idaho Forest Practices Act (about 
1975), streams and riparian areas received no protection from harvesting, road construction, skidding, and 
processing impacts.  Management activities in the 1970s also included removal of large wood from 
stream channels to prevent flooding and debris torrents.  The legacy of these activities still affects fish 
habitat in portions of the North Fork core area, resulting in decreased inputs of large wood (from log 
skidding directly in streams and removal of woody debris), lack of recruitable large wood, increased 
water temperatures from harvest of riparian forests, and lack of pools and habitat complexity (CBBTTAT 
1998a as cited in USFWS 2002e). 

PCE 4 is present and contributes to FMO habitat in the Clearwater River downstream of Dworshak Dam, 
though the PCE is impaired compared to pre-dam conditions.  The presence of Federal, state, and county 
roads in the lower reaches of the Clearwater River, including U.S.  Highway 12, have reduced shoreline 
and in-stream habitat complexity through a reduction of recruitable large wood and an associated 
reduction in pools and habitat complexity.  High levels of sediment in the mainstem result in substrate 
embeddedness in lower velocity areas, which may reduce substrate complexity and the depth of holding 
pools.  The PCE has been affected by intensive logging that has reduced streamside vegetation and large 
wood (riparian and in-stream) throughout the reach. 

PCE 4 is impaired in the mainstem lower Snake River.  The mainstem Snake River in Washington is 
probably used by bull trout as deep-water habitat for overwintering and feeding (USFWS 2015c).  Large 
wood is lacking upstream of Lower Granite Dam, and habitat complexity has been reduced.   

PCE 5: Water temperatures ranging from 2° to 15° C (36° to 59° F), with adequate thermal 
refugia available for temperatures that exceed the upper end of this range. 

PCE 5 is present and contributes to FMO habitat in Dworshak Reservoir and contributing tributaries.  
Several streams that provide FMO in the North Fork Clearwater core area are listed as water quality-
impaired for temperature on the CWA 303(d) list, including portions of Dworshak Reservoir and 
contributing tributaries downstream to the reservoir.  Data from streams in the lower North Fork 
Clearwater River indicate that water temperature exceedences are common in summer (Henderson 2002).   

Improved stream temperature models have been used at the Dworshak Dam in response to the 2008 
FCRPS BiOp (NOAA Fisheries 2008a).  The CE-QUAL-W2 model is used at the dam from late June 
through early September to support decisions regarding operation of Dworshak Dam for flow 
augmentation and temperature management on the lower Snake River.  Fluctuations in water level in 
Dworshak Reservoir, coupled with the characteristic unstable steep-sided banks, essentially preclude 
establishment of rooted littoral vegetation, which may lead to elevated in-stream temperatures around the 
perimeter of the reservoir.  Rooted vegetation does occur on some gentler slopes; however, these areas are 
above the waterline during the reservoir evacuation period (Statler 1987). 

PCE 5 is present in the mainstem Clearwater River downstream of Dworshak Dam, though summer 
impairments are common.  At USGS Gage 13341050, approximately 5 RM downstream of Dworshak 
Dam, mean monthly temperatures of 52.5° F (11.4° C), 54.0° F (12.2° C), 51.3° F (10.7° C) and 53.1° F 
(11.7° C) have been documented (through 2014) for the months of June, July, August, and September, 
respectively.  While these temperatures are suitable for year-round bull trout use, forestry practices have 
reduced streamside vegetation in some areas, which has contributed to elevated in-stream summer 
temperatures (USFWS 2015c), particularly along the shallow river margins.  Streambank armoring 
associated with numerous roads, including U.S.  Highway 12 along the Clearwater River, has similarly 
resulted in a minor loss of shade-producing vegetation from the mainstem riparian corridor, though the 



Bull Trout - Environmental Conditions for Bull Trout in the Action Area 

160 Clarified BA Text, Based on Consultation  
October 30, 2017 

adjacent mountains provide the bulk of shading in this area.  The presence of major roads immediately 
adjacent to the mainstem has reduced the connectivity to floodplain habitats, resulting in the interception 
of groundwater that could contribute to in-stream cooling.  The presence of numerous stormwater outfalls 
along U.S.  Highway 12 likely contributes to elevated in-stream temperatures in localized shoreline 
habitats.   

PCE 5 is present but impaired during summer months in this reach.  Mean monthly surface water 
temperatures at USGS Gage 13343595 along the right bank of the Snake River just downstream of the 
Lower Granite Dam (closest gage to this reach) indicate elevated temperatures from June through 
October.  This likely precludes use of the mainstem by bull trout during summer.   

To improve juvenile Snake River fall Chinook survival, Dworshak Dam on the North Fork Clearwater 
River has most recently been operated to cool the lower Snake River during July and August.  Aimed at 
avoiding temperatures in the Lower Granite Dam tailrace in excess of 68° F, this action reportedly 
reduces water temperatures in Lower Granite Reservoir by 3.6 to 4.1° F (NOAA Fisheries 2008a).   

Cook et al. (2006) studied the effects of operational discharges on thermal and hydraulic characteristics in 
this segment of the Snake River in detail.  They characterized water temperature, thermal stratification, 
and hydraulic conditions during summer temperature augmentation flows using a combination of 
observational data and modeling techniques.  They found that cold water from the Clearwater River sinks 
below warm surface waters in the Snake River, leading to protracted mixing and strong thermal 
stratification that lowers overall water temperatures and creates distinct zones of cooler water with depth 
throughout this segment of the Snake River. 

PCE 6: In spawning and rearing areas, substrate of sufficient amount, size, and composition 
to ensure success of egg and embryo over-winter survival, fry emergence, and young-of-the-
year and juvenile survival.   

This PCE is not present in the Dworshak Reservoir.  Subadult and adult bull trout occupy Dworshak 
Reservoir (CBBTTAT 1998b; Cichosz et al. 2001; Schiff and Schriever 2004), but spawning does not 
occur there.  IDFG has radio-tagged bull trout captured in Dworshak Reservoir and documented their 
spawning migration into headwater tributaries of the North Fork Clearwater River, as well as their return 
to the reservoir for overwintering (USFWS 2015c). 

Although the reservoir does influence the North Fork Clearwater, tributaries that are used for bull trout 
spawning are not directly influenced by the proposed action.  Bull trout are widely distributed within the 
North Fork Clearwater River core area, with bull trout redds documented in at least 33 streams since 1994 
(Hand et al. 2015).  Within spawning tributaries that discharge to the North Fork Clearwater River, loss of 
streamside vegetation has contributed to slope instability.  Skille (1991) found that the amount of in-
stream sediment exhibited a strong correlation with road densities in tributaries of upper Little North Fork 
Clearwater River.  The highest road densities occur in areas managed primarily for timber production 
(CBBTTAT 1998a as cited in USFWS 2002e), and these areas typically occur in the lower third of the 
North Fork Clearwater core area.  However, BLM-managed watersheds (e.g., Little North Fork, Lost 
Lake, Little Lost Lake, and Lund Creeks) are relatively roadless (less than 1 mile per square mile) 
(USFWS 2002e).   

This PCE is not present in the Clearwater River downstream of Dworshak Dam.  The Lower-Middle 
Clearwater River is no longer a core area, but is now considered FMO habitat because it was determined 
that Lolo Creek is not a local population, which leaves no local populations in the Lower-Middle 
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Clearwater River.  However, the mainstem Clearwater provides access to the other core areas in the 
Clearwater River basin, and provides FMO habitat and connectivity (USFWS 2015c). 

PCE 6 is not present in the mainstem Lower Snake River.  Bull trout spawning does not occur in the 
Lower Snake River mainstem or lower portions of Asotin Creek that may be influenced by dam 
operations.  The only spawning populations of bull trout in the Asotin Creek watershed are found in upper 
North Fork Asotin Creek and Cougar Creek, upstream of the action area. 

PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

PCE 7 is not present in the Dworshak Reservoir.  PCE 7 addresses the timing and amount of stream flow, 
a characteristic that is, by definition, not present in a reservoir environment. 

The North Fork Clearwater River flows about 74 miles from its headwaters near the Idaho/Montana 
border to the slack water in Dworshak Reservoir.  The streams in the basin have a pattern of low flows 
during the late summer and early fall and high flows in the spring and early summer.  The peak discharge 
is typically in late May or early June.  Prior to construction of the Dworshak Dam, this pattern was likely 
more evident.  However, the North Fork now enters the slack water of the reservoir about 54 miles 
upstream of the dam.  Dam operation includes seasonal spills and drawdowns of the reservoir elevation 
up to 155 feet below full pool for flood risk management and also to supply downstream flows for 
anadromous fish restoration (CBBTTAT 1998a as cited in USFWS 2002e).  Due to the low-gradient 
slopes and the amount of water evacuated downstream, during drawdowns, the surface area of the 
reservoir can be reduced by as much 52 percent (Cichosz et al. 2001). 

PCE 7 is present and contributes to FMO in the Clearwater River, though the mainstem Clearwater River 
reach below the confluence with the North Fork is influenced by Dworshak Dam operations (Ecovista et 
al. 2003).  Before the construction and operation of Dworshak Dam in late 1971, the natural hydrograph 
of the lower Clearwater River downstream of the dam consisted of a spring freshet with high peak flows, 
followed by a rapid drop in flows into August.  Since the construction and operation of the dam, the 
hydrograph is similar, though peak flows, on average, have decreased during the spring freshet.  Flows at 
USGS Gage 13341050, located on the mainstem Clearwater River about 5 miles downstream of the dam, 
indicate maximum discharge (107,000 cfs) from 1965 to 1971 occurred in May (1971) prior to regulation 
in the Dworshak Reservoir.  The maximum discharge since regulation began in 1972 is 127,000 cfs, 
recorded in June 1974.  In response to RPA 4 of the 2008 NMFS FCRPS BiOp, flows are released at 
Dworshak Dam during spring to aid downstream smolt migration (Corps et al. 2011). 

In addition to dam operations, agricultural practices have indirectly affected hydrologic conditions in the 
Clearwater River basin.  Combined with stream channel alterations and increased runoff, these changes 
have altered the hydrologic function of most tributaries in the lower Clearwater basin (CBBTTAT 1998b 
as cited in USFWS 2002e).  The timing, peak, and magnitude of flows have changed in these tributaries, 
resulting in increased flood frequencies and intensities, decreased water remaining in the watersheds for 
late season baseflows, increased water temperatures, increased incidence of intermittent stream flows due 
to low water and high bedload conditions, and decreased stream complexity (CBBTTAT 1998b as cited in 
USFWS 2002e).   

PCE 7 is present but impaired in this reach of the lower Snake River.  The mainstem Snake River 
upstream of Lower Granite Dam is influenced by storage dam operations, which result in reduced peak 
flows during the spring freshet and increased summer flows compared to what would occur under an 
unregulated, pre-dam condition.   
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PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and 
survival are not inhibited. 

PCE 8 is present in Dworshak Reservoir, though water quality conditions are directly affected by dam 
operations and legacy mining operations in the North Fork Clearwater River.  Many Dworshak Reservoir 
tributaries, and portions of the reservoir itself, remain un-assessed (Category 3 waters) in Idaho’s 2012 
Integrated Report (IDEQ 2013).  As discussed for PCE 5, portions of the reservoir and some discharging 
tributaries are 303(d) listed for elevated in-stream temperature.  In addition, a segment of the North Fork 
Clearwater River immediately downstream of the dam is 303(d)-listed for dissolved gas supersaturation.   

In-stream suction dredging associated with placer mining has resulted in increased sediment loading in 
the river and atop substrates, and such activities re-suspend fine sediment.  Approximately 50 recreational 
suction dredges have been reported to operate in the North Fork downstream to the Dworshak Reservoir, 
a portion of which may operate during any given summer (CBBTTAT 1998a as cited in USFWS 2002e). 

Stockner and Brandt (2006) report that Dworshak Reservoir is in a state of nutrient imbalance, with low 
N:P ratios.  There has been nutrient enhancement work in Dworshak Reservoir in an effort to reduce blue-
green algae concentrations and to improve carbon flow up the food web.  Falter et al. (1979 as cited in 
USFWS 2002e) characterized Dworshak Reservoir as a deep, cold-water reservoir, with the lower 20 
miles being monomictic (meaning the lake waters mix once a year) and the upper reservoir being dimictic 
(meaning the lake waters mix twice a year).  Falter's work showed that after 3 years, the reservoir dropped 
from moderately productive to oligotrophic.  Wave action on exposed side and bottom sediments was 
identified as a continuous source of turbidity.  Nitrogen was noted as the nutrient generally limiting algal 
growth.   

USFWS (2005b) reports that, with the exception of water temperature and fine sediment, water quality in 
the North Fork Clearwater River basin is considered to be excellent, with no incidences of chemical or 
biological pollution.  TMDLs have been developed for several direct tributaries to the Dworshak 
Reservoir (i.e., those whose lower reaches are part of the action area).  These include Breakfast 
(sediment), Elk (temperature), Cranberry (sediment, temperature and bacteria), and Swamp (sediment and 
temperature) Creeks (Henderson 2002). 

PCE 8 is present and contributes to FMO habitat in the Clearwater River downstream of Dworshak Dam.  
EPA (2011) reports that “the quality of critical habitat in the North Fork Clearwater and Clearwater 
Rivers is very good to excellent downstream from Dworshak Dam”.  However, the mainstem North Fork 
Clearwater River (below Dworshak Dam) and the mainstem Clearwater River from the confluence with 
the North Fork to approximately 26 river miles downstream are 303(d)-listed for dissolved gas 
supersaturation (IDEQ 2014).   

U.S. Highway 12 and the Camas Prairie railroad are located within the riparian corridor and floodplain of 
the mainstem Clearwater River.  The presence of this infrastructure has contributed to decreased water 
quality in the form of increased suspended sediment levels.  Relatively high surface erosion potential and 
landslide hazards combine to create substantial sediment production concerns throughout this reach. 

PCE 8 is impaired in this reach of the Lower Snake River.  Sediment levels in the mainstem Snake River 
downstream of the confluence with the Clearwater River are typically high (USFWS 2002f).  Asotin 
Creek experiences elevated sediment loading (USFWS 2002f).  USFS (1998) estimated that more than 50 
percent of the sediment delivered into Asotin Creek from timber-harvest activities came from existing 
roads.   
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The Lower Granite Pool is CWA 303(d)-listed for dissolved gas supersaturation (IDEQ 2011) and 
elevated pH (WDOE 2011).   

PCE 9: Sufficiently low levels of occurrence of non-native predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown 
trout) species that, if present, are adequately temporally and spatially isolated from bull trout. 

This PCE is present, though impaired due to the presence of non-native brook trout, which is identified as 
a threat in the North Fork Clearwater River (USFWS 2014).  Brook trout in some spawning and rearing 
tributaries and mainstem FMO habitats contribute to competition, predation, range reduction, and possible 
hybridization with bull trout (USFWS 2015c).  Brook trout were widely stocked in the early 1900s, and 
there are currently several populations in the North Fork Clearwater basin.  Areas to which the species 
was introduced include high mountain lakes in the Meadow Creek drainage, and in the Orogrande and 
Beaver Creek drainages.  Brook trout are present primarily in the upper watershed, and hybridization 
appears to be a localized problem in this core area (CBBTTAT 1998a as cited in USFWS 2002e).  
Northern pikeminnow, a predatory species, are native to the lower North Fork Clearwater subbasin 
(Henderson 2002).  Smallmouth bass were stocked into the Reservoir in 1979 (Statler 1987). 

PCE 9 is impaired in the Clearwater River downstream of Dworshak Dam.  Non-native brook trout are 
considered a threat to bull trout in the North Fork Clearwater core area.  Brook trout were widely stocked 
into the lower Clearwater River in the early 1900s, and there are currently several populations in the 
lower Clearwater basin, including the Potlatch River system (CBBTTAT 1998b as cited in USFWS 
2002e).  In addition to brook trout, the USFWS (2014) identifies brown trout, northern pike, and the 
potential for invasion by lake trout as threats to bull trout in Clearwater River FMO habitat. 

PCE 9 is impaired in the lower Snake River.  Conversion to a more lacustrine habitat has increased 
predator abundance.  The highest densities of smallmouth bass in the Columbia River Basin occur in the 
Lower Granite forebay, tailrace, and reservoir (NOAA Fisheries 2000b).   

Lower Snake River Dams and Reservoirs Reach 

The Lower Snake River Dams and Reservoirs Reach includes all of the dams and mainstem habitats from 
the McNary Pool upstream to Lower Granite Dam.  Also included in this reach are the lower reaches of 
contributing tributaries in each reservoir, to the extent that surface water elevations are influenced by dam 
operations.  The operation and configuration of all dams in this reach have been substantially modified 
during the period 1995-2012 to improve juvenile and adult fish survival through the lower Columbia 
River. 

The Snake River between Lower Granite Dam and the confluence with the Columbia River includes three 
impoundments that are created by Little Goose, Lower Monumental, and Ice Harbor Dams.  These 
reservoirs share very similar habitat characteristics and are, therefore, presented together.  The Tucannon 
River and the Palouse River are the two main tributaries in this reach and both enter the Snake River in 
the lower portion of Lower Monumental Reservoir.  The Tucannon River contains the last remaining 
viable bull trout population in the area and is a core area for the Middle Columbia Recovery Unit for bull 
trout recovery (USFWS 2015c).  Meadow and Deadman creeks are smaller tributaries to Little Goose 
Reservoir, but do not contain bull trout and are not designated as critical habitat.  The Lower Snake River 
Dam reaches are shown in Figure 3-18 below. 
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Figure 3-18. Lower Snake River Dams and Reservoirs Reach, action area, and CHUs 

Population Status 

Fluvial bull trout occur in the Lower Snake River Dams action area (USFWS 2010g).  McNary Dam on 
the lower Columbia River and the four lower Snake River dams inundate Snake River salmonid habitat 
and create a series of pools from the mouth upstream to the City of Asotin, Washington (Kuttel 2002).  
Given the homogenous habitat in the action area, the status of bull trout populations and critical habitat in 
these four segments are combined below in a single discussion.  The lower Snake River overlaps a portion 
of the Mainstem Snake River CHU.  Due to the lack of bull trout spawning habitat in the lower Snake 
River, there are no local populations attributed to the Mainstem Snake River CHU.  Adult and sub-adult 
bull trout, however, have been recorded at fish passage facilities at each of the lower Snake River dams 
(USFWS 2010g).  Since there is little evidence that local populations in Snake River tributaries upstream 
of Lower Granite Dam use habitat downstream of the dam, bull trout found in the action area likely 
spawn and rear in Snake River tributaries (Bretz 2011; Hemmingsen et al. 2001; USFWS 2000).  Given 
the lentic nature of the lower Snake River, habitat in the action area likely serves the same function for the 
bull trout that seasonally use it.   

Critical Habitat Status (CHU 23, 15)  

The mainstem Snake River in this reach is included in CHU 23.  The Tucannon River core area is 
encompassed by the Lower Snake River Basins CHU 15.  The Lower Snake River Basins CHU is 
essential to the conservation of bull trout because both migratory and resident bull trout life history forms 
occur in Asotin Creek and the Tucannon River, and these basins are the only suitable bull trout refugia 
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with adequate spawning, rearing, and FMO habitat in the lower Snake River basin.  The Tucannon River 
and Asotin Creek are separated from one another by 82 miles of the Snake River and two dams, so 
connectivity between the populations in these basins is somewhat limited (USFWS 2010h).  Current 
knowledge indicates that local populations within the recovery unit consist of migratory and resident life-
history forms.  Migratory forms include fluvial bull trout that overwinter in the mainstem Tucannon River 
and fish that may overwinter in and then migrate from locations in the mainstem Snake River, at least as 
far downstream as the Lower Monumental Dam pool.  (USFWS 2002f). 

 
Figure 3-19. Critical Habitat Unit 23, Mainstem Snake River (USFWS 2010b) 

Baseline conditions for bull trout critical habitat are described by PCE in the sections below.   

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.   

PCE 1 is not present in lakes and reservoirs in the Snake and Columbia River CHUs (USFWS 2010b). 
Some groundwater influence may occur in riverine areas not dominated by bedrock or immediately below 
dams, although little is known regarding the ecological significance of this exchange (Corps 2013a).  
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PCE 2: Migration habitats with minimal physical, biological, or water quality impediments 
between spawning, rearing, over-wintering, and freshwater and marine foraging habitats, 
including but not limited to permanent, partial, intermittent, or seasonal barriers. 

PCE 2 is present in this reach but is limited by passage at the dams and thermal barriers attributed to high 
river temperatures.  Generally, the lower mainstem Snake River does provide limited migration habitat for 
fluvial bull trout between tributary spawning and rearing habitat and mainstem FMO habitat.  Physical 
barriers (dams), water temperature and water quality pose impediments to bull trout migration.  Fish 
passage facilities are present at the four lower Snake River dams, but still pose difficulties and mortality 
risks for passage.  The incidental collection of bull trout at juvenile bypass facilities, the observation of 
bull trout within adult fish ladders, and radio telemetry and PIT tag research have shown that bull trout 
utilize the mainstem Snake River as a migratory corridor as well as deep-water habitat for overwintering 
and feeding (USFWS 2015c). 

All of the Federal fish ladders in the Lower Snake River reach are designed and operated to meet NMFS 
anadromous fish passage guidelines (NOAA Fisheries 2011a).  On the Clark Fork and Pend Oreille rivers, 
the states of Idaho, Montana, and FWS require that new fishways and traps are designed and operated in a 
manner consistent with these guidelines.  Bull trout have been observed passing the fish ladders at 
Wanapum, Rock Island, Rocky Reach, and Wells Dams at similar or lower rates compared to salmon and 
steelhead (BioAnalysts, Inc.  2004; USFWS 2008c).  These ladders also comply with NOAA Fisheries 
design guidelines and are therefore similar in design, dimension, and operations to ladders at the Federal 
mainstem dams.   

Bull trout have been observed at all of the lower Snake River dams, smolt monitoring traps, juvenile fish 
facilities, and fish ladders, although observations were anecdotal to salmon monitoring prior to 2000 and 
bull trout counts have been included in the annual adult fish passage reports only since 2006.  Numbers of 
bull trout recorded in 2011 were lowest at Ice Harbor and Lower Granite Dams, with only a single adult 
observed at each, and counts were highest at Little Goose Dam, where 85 were observed (Corps 2012).  
In the mainstem Snake River, only five bull trout have been observed passing Lower Granite Dam since 
1998 (FPC 2012). 

Studies by Faler et al. (2008) showed that some bull trout originating from the Tucannon River do 
migrate into the mainstem Snake River, but it was undetermined whether these same fish attempt to pass 
the existing dams on a regular basis.   

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.   

PCE 3 is present and contributes to FMO habitat in this reach of the lower Snake River.  The conversion 
of mainstem habitat from riverine flow-through to a lacustrine-like condition has altered the prey 
composition in the mainstem Snake River.  Conversion of aquatic habitats due to backwatering effects of 
dams and degradation of the riparian corridor have affected the productivity of native species; however, 
these habitat changes have increased non-native fish production to provide a prey base for bull trout 
(USFWS 2010g).  Native species of fish, including salmonids, still occupy the reservoirs and also provide 
a food source for bull trout.  Thirty-four species of resident fishes were collected from the lower Snake 
River reservoirs during fisheries studies conducted from 1979 through 1993 (USFWS 2010g).  Forage 
fish such as juvenile salmon and steelhead, whitefish, sculpins, suckers, and minnows are present 
throughout the lower Snake River (USFWS 2010g).  The number of non-salmonid fish predators has 
increased since the lower Snake River reservoirs were created (USFWS 2002f). 
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PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, 
and processes that establish and maintain these aquatic environments, with features such as 
large wood, side channels, pools, undercut banks, and unembedded substrates to provide a 
variety of depths, gradients, velocities, and structure. 

PCE 4 is impaired in the mainstem lower Snake River.  The mainstem habitat is composed of deep 
reservoirs with little to no habitat complexity.  Only a few tributaries enter the reservoirs.  A few 
backwater areas have been inundated by the impoundment.  Recruitable LWD is limited in the lower 
Snake River reservoirs, and off-channel habitats are scarce.  Riparian vegetation along the lower Snake 
River is dominated by Russian olive (Elaeagnus angustifolia), with some black cottonwood (Populus 
trichocarpa), black locust (Robinia pseudo-acacia), and various alder and willow shrubs.  The steep 
shorelines and arid landscape associated with project reservoirs limit development of riparian 
communities (Corps 2002).  Reservoir habitat in this reach is generally uniform and does not form 
complex pool habitat common in smaller streams. 

Little Goose and Lower Monumental Reservoirs have a greater number of backwater areas than Ice 
Harbor.  The confluences of two major tributaries (the Palouse and Tucannon Rivers) with the Snake 
River provide additional backwater habitat in Lower Monumental Reservoir.  These reservoirs tend to 
support species that depend on shallow-water habitats during some part of their life histories (Corps 
2002).  Emergent wetland habitat increased significantly after construction of the dams and 
impoundments due to sedimentation and flooding of backwater areas (Corps 2002). 

PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

PCE 7 is present but functionally impaired in this reach of the lower Snake River.  The mainstem Snake 
River upstream of Lower Granite Dam is influenced by storage dam operations.  Overall, storage dams in 
the Columbia River Basin have dampened the natural hydrograph, with decreased high flows during the 
summer and increased low flows during the winter (National Research Council 2004).  Flows can also 
vary on shorter timescales (i.e., daily) to optimize hydroelectric power generation during peak energy 
demands. 

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and 
survival are not inhibited. 

PCE 8 is impaired in this reach and provides a limited contribution to FMO habitat in the lower mainstem 
Snake River.  Impoundment of the river has altered flow characteristics and temperature regimes, and one 
of the primary water quality constituents affecting bull trout use of the mainstem Snake and Columbia 
Rivers is temperature (see PCE 5).  Water quality in the mainstem Snake River is also limited by several 
pollutants, including sediment, bacteria, dissolved oxygen, nutrients, pH, mercury, pesticides, and total 
dissolved gas (WDOE 2013, ODEQ 2013a).  Dissolved gas supersaturation (in excess of state standards 
of 110 percent) can harm fish.  Spill from the lower Snake River dams can cause gas supersaturation 
conditions.  Sampling for dissolved oxygen levels in 2010 identified levels above 100 percent throughout 
the three reservoirs, and the highest values were recorded at stations in Ice Harbor Reservoir (Seybold and 
Bennett 2010).  High flows and water turbulence from Lower Monumental Dam, combined with the 
respiration of abundant submerged macrophytes, could have contributed to high dissolved oxygen levels 
at the stations in Ice Harbor Reservoir.  The Corps has installed spillway deflectors at all Snake River 
dams in this reach.  The spillway deflectors are designed to reduce TDG saturation during spill.  The 
Corps has continuously measured TDG saturation below Lower Granite, Little Goose, Lower 
Monumental, and Ice Harbor dams since 1990.  Spill is managed to keep TDG concentrations below 115 
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percent in the forebays and 120 percent in the tailrace of lower Snake and Columbia River dams during 
the juvenile salmon passage seasons, which is generally from April through August.  Outside of the 
juvenile salmon passage season, spill is managed to keep TDG concentrations below 110 percent, when 
possible. 

PCE 9: Sufficiently low levels of occurrence of non-native predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown 
trout) species that, if present, are adequately temporally and spatially isolated from bull trout. 

PCE 9 is impaired in the lower Snake River.  Conversion to a more lacustrine habitat has increased 
predator abundance and productivity of non-native predatory and competing fish species.  Conditions in 
reservoir reaches typically favor non-native species and these are prevalent in the mainstem Snake and 
Columbia Rivers.   

Seventeen non-native fish species currently share resources with 18 native species in the lower Snake 
River reservoirs (Bartels et al. 2001 in USFWS 2002f).  Although numbers differ, species composition of 
resident fish differs little among the reservoirs.  Species found in high abundance in all reservoirs include 
suckers, northern pikeminnow, bass, chiselmouth, and redside shiners (Bennett et al. 1983; Bennett and 
Shrier 1986; Bennett et al. 1988).  Crappies, sunfish, and largemouth bass are highly abundant in 
backwaters of all reservoirs.  The highest densities of smallmouth bass in the Columbia and Snake Rivers 
occur in the Lower Granite forebay, tailrace, and reservoir (NOAA Fisheries 2000b). 

McNary Dam to John Day Dam Reach 

The McNary Dam Reach includes the Columbia River from the upper extent of Lake Wallula (behind 
McNary Dam) downstream through Lake Umatilla (behind John Day Dam) and the lower reaches of 
contributing tributaries, to the extent that surface water elevations are influenced by dam operations.  The 
McNary Dam to John Day Dam Reach are shown in Figure 3-20 below.  McNary Dam is located near 
Umatilla, Oregon, on the Columbia River, 292 miles upstream from the mouth.  Locks provide navigation 
passage on the Washington side and two fish ladders provide fish passage.  Lake Wallula extends 64 
miles upstream in the Columbia River to the Hanford Reach and also up the Snake River to Ice Harbor 
Dam.  The Walla Walla River enters the Columbia River at RM 315.  McNary Dam is a run-of-river 
project, and not operated for flood risk management.  John Day Dam is located 216 miles upstream from 
the mouth of the Columbia River near Rufus, Oregon.  Locks provide navigation passage on the 
Washington side and two fish ladders provide fish passage.  John Day Reservoir extends 76 miles upriver 
to McNary Dam.  The Umatilla River is located on the Oregon side of the Columbia River at RM 289, 3 
miles downstream from McNary Dam near Umatilla, Oregon.  The operation and configuration of all 
dams in this reach have been substantially modified during the period 1995-2012 to improve juvenile and 
adult fish survival through the lower Columbia River. 
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Figure 3-20. McNary Dam to John Day Dam Reach, action area, and CHUs 

Population Status 

Fluvial bull trout occur in the McNary Dam and Pool Reach (USFWS 2010e).  The action area includes 
the Columbia River between the upstream extent of McNary Pool and Bonneville Dam, as well as the 
lower reaches of tributaries (e.g., the Walla Walla, Umatilla, and John Day Rivers) permanently or 
seasonally affected by reservoir operations.  John Day Dam and McNary Dam create the two pools that 
dominate the reach.  Given the homogenous habitat in the reach, the status of bull trout populations and 
critical habitat in these two long pools are combined in a single discussion.   

Bull trout have been recorded in McNary Pool and John Day Pool.  Bull trout migration studies have 
confirmed that the timing of bull trout migration to spawning tributaries is coincident with fish passage 
spill (BioAnalysts 2002; Douglas County PUD 2008; Grant County PUD 2011), and have confirmed that 
bull trout from the Walla Walla River use the McNary and John Day dam pools Barrows.  Between 2006 
and 2015, a total of four bull trout have been observed in McNary Dam ladders, based on visual counts 
and PIT detections.  At John Day Dam, a total of three bull trout have been counted in the fish ladders 
from 2006-2015.  PIT detection systems were not installed in the fish ladders at John Day Dam until the 
winter of 2016-2017, so the origin of those fish is unknown.  However, due to the lack of bull trout 
spawning habitat in the Mainstem Upper Columbia River CHU 22, these bull trout represent populations 
that spawn in local Columbia River tributaries, namely the Walla Walla, John Day, and Umatilla river 
basins.   

The Walla Walla River, a tributary in this reach, is a major stronghold for bull trout populations in the 
Mid-Columbia River region (USFWS 2005b).  The USFWS FCRPS 2000 BiOp was silent about bull 
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trout abundance in the Walla Walla River basin, but the three local populations in the basin were listed as 
depressed at the time of listing (USFWS 1998a).  Redd monitoring since 1998 in index areas on two 
different streams suggest the population is increasing and stable (USFWS 2005b).  The current population 
estimate for the Walla Walla River and Touchet River—the two important bull trout systems in the 
basin—is 1,000 to 2,500 and 50 to 250 individuals, respectively (USFWS 2008e).   

The Umatilla River contains fluvial bull trout, and the one local population in the basin was considered 
depressed at the time of listing (USFWS 1998a).  A more quantitative estimate for the current population 
is 50 to 250 individuals, but the trend in abundance is unknown (USFWS 2008e).  Solitary bull trout are 
occasionally captured at Three Mile Dam in the lower Umatilla River, so migration to and from the 
Columbia River is likely (USFWS 2005b). 

The John Day River also contains bull trout, but no estimate of the species abundance or status was 
presented in the listing document.  Currently, the abundance of three core populations in the John Day 
River basin is listed as unknown, unknown, and 1 to 50 individuals, respectively, but the trend in 
abundance is increasing (USFWS 2008e).  Use of the lower John Day River has been difficult to 
document, but no migration barriers exist and presence is assumed (USFWS 2005b).   

Critical Habitat Status (FMO only)  

The major tributaries to this reach include several bull trout core areas under the Middle Columbia 
Recovery Unit.  The mainstem is located in CHU 22.  The Yakima (CHU 11) and Walla Walla (CHU 14) 
River watersheds are tributaries to McNary Reservoir, and the Umatilla (CHU 13) and John Day (CHU 
12) Rivers flow into John Day Reservoir.  These river basins support populations of bull trout, but other 
than the lower portions at the confluence with the Columbia effected by reservoir level, are not affected 
by FCRPS operations and are therefore outside the action area for this consultation.  The mainstem 
Columbia in these reaches provides connectivity between these core habitats, including foraging, 
migration, and overwintering, although this is likely impaired due to the presence of McNary Dam and 
temperature and habitat constraints.   

Baseline conditions for bull trout critical habitat are described by PCE in the sections below.   

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.   

The inundation of wetlands from construction of dams within the Lower Columbia River Reach has 
resulted in the drying and loss of many wetland and riparian habitats (NPCC 2004d).  Shoreline 
development for transportation corridors has further reduced the interaction between the mainstem river 
and shoreline springs.  High in-stream temperatures are common in the summer in this reach.  The cities 
of Pasco, Kennewick, and Richland, Washington (locally known as the Tri-Cities), are protected by 16.8 
miles of levees. 

PCE 2: Migration habitats with minimal physical, biological, or water quality impediments 
between spawning, rearing, over-wintering, and freshwater and marine foraging habitats, 
including but not limited to permanent, partial, intermittent, or seasonal barriers. 

PCE 2 is present but provides a limited contribution to FMO habitat and connectivity in the mainstem 
Columbia River.  Dams in this reach pose impediments to bull trout migration.  Generally, the mainstem 
Columbia River provides limited migration habitat for bull trout between tributary spawning and rearing 
habitat, due to the dams and high water temperatures in summer.   
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Bull trout passage has been documented at McNary Dam (Anglin et al. 2010b).  McNary Dam includes 
two fish ladders for passage, one on each shore, a juvenile bypass facility, and submerged traveling 
screens.  Spill for juvenile fish passage occurs annually at McNary Dam, and the spillway includes two 
spillway weirs designed for salmonid downstream passage.  NOAA Fisheries considers the fish passage 
facilities at McNary to be state-of-the-art, and bull trout have been observed using the fish ladders (Corps 
2007); however, use is very limited.  Dams with fish passage can still delay upstream and downstream 
passage of bull trout, which in turn delays access to spawning tributaries. 

All of the Federal fish ladders in the McNary to John Day reach are designed and operated to meet NMFS 
anadromous fish passage guidelines (NOAA Fisheries 2011a).  On the Clark Fork and Pend Oreille rivers, 
the states of Idaho, Montana, and FWS require that new fishways and traps are designed and operated in a 
manner consistent with these guidelines.  Bull trout have been observed passing the fish ladders at 
Wanapum, Rock Island, Rocky Reach, and Wells Dams at similar or lower rates compared to salmon and 
steelhead (BioAnalysts, Inc.  2004; USFWS 2008c).  These ladders also comply with noaa Fisheries 
design guidelines and are therefore similar in design, dimension, and operations to ladders at the Federal 
mainstem dams.  Operations at Wells Dam did not appear to influence the movements of adult bull trout 
as passage events appeared to be associated with water temperature, photoperiod, and time of year 
(Douglas County PUD 2011b). 

PCE 2 is present but provides a limited contribution to FMO habitat and connectivity, as described in the 
previous section for McNary Reservoir.  Like McNary Dam, John Day Dam has fish ladders on each side 
for passage, and has screen bypass system, spillway weirs, and spill for downstream fish passage.   

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.   

PCE 3 is present and contributes to FMO habitat in McNary Reservoir and the lower Walla Walla River.  
The backwatering effects of the dams has reduced riparian areas and limited terrestrial organism and 
nutrient inputs.  The conversion of habitat into reservoirs may have improved the productivity and the 
quantity of available prey, though species assemblages are likely different (USFWS 2011).  The mainstem 
Columbia River, including the reservoirs, provides an abundant food source for migratory bull trout 
during the fall, winter, and spring.  Forage fish such as juvenile salmon and steelhead provide a large 
forage base for bull trout, as well as whitefish, sculpins, suckers, and minnows that inhabit the reservoir 
(USFWS 2010e). 

Bass and catfish are found primarily within the lower Walla Walla River.  Carp, bridgelip sucker, and 
northern pikeminnow occur throughout the river. 

PCE 3 is present and contributes to FMO habitat in John Day Reservoir and the lower Umatilla River.  As 
described above for McNary Reservoir, the mainstem Columbia River, including the reservoirs, provides 
an abundant food source for migratory bull trout that includes migrating juvenile salmon and steelhead, as 
well as resident species.  The lower Umatilla River supports populations of non-endemic rainbow trout, 
bass, crappie, carp, bluegill, catfish and mosquitofish. 

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, 
and processes that establish and maintain these aquatic environments, with features such as 
large wood, side channels, pools, undercut banks, and unembedded substrates to provide a 
variety of depths, gradients, velocities, and structure. 

Generally, PCE 4 is not present in Snake and Columbia River reservoirs (USFWS 2010b, page 63934). 
Riparian areas along the mainstem Columbia River are generally narrow in this project reach, and their 
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structure and condition are influenced by daily fluctuations in river level due to dam operations (USFWS 
2011).  Residential, agricultural and recreational development along the mainstem has also resulted in the 
loss of riparian vegetation.  Dam operations and reservoir management have reduced the size, quality, and 
function of floodplains along the upper Columbia River (NOAA Fisheries 2000a).  Transportation 
corridors along the Columbia River further limit the formation of off-channel habitat.  Reduced floodplain 
connectivity has also decreased the recruitment of LWD needed for the formation of complex habitat.  
Levees along the Columbia River and the lower portions of tributaries have also limited the development 
of complex habitats.  The cities of Pasco, Kennewick, and Richland, Washington (locally known as the 
Tri-Cities), are protected by 16.8 miles of levees. 

The Umatilla National Wildlife Refuge was established in 1969 for mainstem wildlife habitat lost to 
flooding caused by the construction of John Day Dam and is located along both sides of the Columbia 
River in this section.  The 25,347-acre refuge includes open water, shallow marshes, backwater sloughs, 
croplands, islands, and shrub-steppe uplands. 

PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

PCE 7 is present but functionally impaired in this reach.  The hydrograph is significantly altered 
compared to pre-dam conditions.  McNary and John Day Dams are operated as run-of-the-river projects 
for hydropower, navigation, flood risk management, and anadromous fish migration.  Flows in this reach 
are highly influenced by storage dam operations in the upper watershed.  Overall, storage dams in the 
Columbia River Basin have dampened the natural hydrograph with decreased high flows during the 
summer and increased low flows during the winter (National Research Council 2004).  Flows can also 
vary on shorter timescales (i.e., daily) to optimize hydroelectric power generation during peak energy 
demands.   

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and 
survival are not inhibited. 

Dissolved gas supersaturation (in excess of state standards of 110 percent) can harm fish.  Spill from the 
lower Snake River dams can cause gas supersaturation conditions.  Under the 2014 NOAA FCRPS BiOp, 
the Action Agencies spill during the spring and summer fish passage season to pass juvenile salmon.  
Spill at these projects can also occur in circumstances when river flows exceed powerhouse hydraulic 
capacity, due to equipment malfunction or modeling and forecasting uncertainties, or for other purposes, 
such as ensuring power and transmission system stability, passing debris, or flood risk management in 
spring.  The Corps installed additional spillway deflectors at McNary Dam in 2004 (an initial set of 
deflectors was installed during the 1970s).  The spillway deflectors are designed to reduce TDG saturation 
during spill.  The Corps has continuously measured TDG saturation below McNary since 1990.  Spill is 
managed to keep TDG concentrations below 115 percent in the forebays and 120 percent in the tailrace of 
lower Snake and Columbia River dams during the juvenile salmon passage seasons, which is generally 
from April through August.  Outside of the juvenile salmon passage season, spill is managed to keep 
TDG concentrations below 110 percent, when possible. 

PCE 8 is impaired in this reach.  The Columbia River is polluted by agricultural and industrial runoff 
containing pesticides, herbicides, and various chemical contaminates.  Portions of the lower Columbia 
River are on Washington’s CWA 303(d) list of water quality-impaired water bodies for temperature, 
dissolved oxygen, and pH (WDOE 2008). 
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The Walla Walla River is listed on the CWA 303(d) list of water bodies that fail to meet Washington state 
quality standards for elevated temperature, pH levels, and harmful levels of fecal coliform, nitrates, and 
pesticides.  Most of the water quality issues are landscape-based rather than point source. 

PCE 8 is impaired in this reach.  Nine water quality impairments are listed on the 1998 CWA 303(d) list 
for the Umatilla Basin.  The Umatilla TMDL process identified temperature and excess soil erosion as the 
most widespread concerns in the Umatilla Basin (ODEQ 2001) resulting from land uses including forest 
management, agriculture, transportation, and urbanization.  Other parameters on the CWA 303(d) list 
include pH, bacteria, turbidity, ammonia, nitrate, habitat, and flow. 

PCE 9: Sufficiently low levels of occurrence of non-native predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown 
trout) species that, if present, are adequately temporally and spatially isolated from bull trout. 

PCE 9 is impaired in McNary Reservoir.  Conversion to a more lacustrine habitat has increased predator 
abundance and productivity of non-native predatory and competing fish species.  Conditions in reservoir 
reaches typically favor non-native species, and these are prevalent in the mainstem Snake and Columbia 
Rivers.  USFWS (2010i) cited a study that identified 36 non-native fish species in the lower Columbia 
River.  Some of these species may compete with bull trout for food resources.  Bull trout do not spawn in 
the mainstem of the Columbia River, so there is low risk for hybridization with brook trout. 

PCE 9 is impaired in John Day Reservoir due to the conversion of riverine habitat to reservoir habitat, 
which has increased the productivity of non-native fish species competing with bull trout, as described 
above for McNary Reservoir. 

3.5 Coastal Recovery Unit   
The Columbia River from the mouth up to John Day Dam is included in the Coastal Recovery Unit.  
USFWS (2010b) reports that habitat in the lower Columbia River is suitable for bull trout FMO habitat.  
The segments of this reach are included in the Mainstem Lower Columbia River CHU (CHU 8) as part of 
the Coastal Recovery Unit, which includes the Coastal Puget Sound (Washington) and lower Columbia 
River bull trout populations below John Day Dam (USFWS 2010b, 2015d).  Within this reach, CHU 8 
includes the free-flowing reaches of the Columbia River up to ordinary high-water mark elevations.  The 
reach provides a migratory corridor for populations from tributary systems below Bonneville Dam (i.e., 
Lewis River; Clackamas).  The Lewis River, a major Washington tributary that enters the Columbia River 
downstream of Bonneville Dam, is part of the Lower Columbia River Basins CHU (CHU 3).  The lower 
portion of Lewis River provides foraging and overwintering habitat, as well as connectivity to the 
Columbia River.   

There are 21 bull trout core areas for this recovery unit.  A portion of the Action Area for the Proposed 
Action lies within the Lower Columbia Recovery Unit, consisting of areas affected by the operation of 
The Dalles Dam and Bonneville Dam.   

3.5.1 Lower Columbia River Dams and Pools Reach 

This reach includes the mainstem Columbia River downstream of John Day Dam to Bonneville Dam.  
The operation and configuration of all dams in this reach have been substantially modified during the 
period 1995-2012 to improve juvenile and adult fish survival through the lower Columbia River.  The 
Lower Columbia River Dams and Pools Reach is shown in Figure 3-21 below.   

Aquatic habitat in this reach includes the mainstem river, embayments (isolated off-channel ponds), 
backwaters, and mouths or lower reaches of tributaries and associated seasonally flooded and riparian 
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lands (ODFW 2004; NPCC 2004d).  The landscape surrounding Bonneville Reservoir is characterized by 
steep-forested hillsides and transitions to a broad valley landscape east of The Dalles Dam (Thorson et al. 
2003). Vegetation surrounding the western portion of Bonneville Reservoir is dominated by forests of 
conifers and hardwoods with smaller areas of riparian wetlands.  Near Hood River, the vegetation 
transitions into ponderosa pine forest.  The vegetation changes entirely to grasslands and shrub steppe 
habitat, with few trees, for the eastern portion of the segment to John Day Reservoir.   

 
Figure 3-21. Lower Columbia River Dams and Pools Reach, action area, and CHUs 

Current land uses surrounding Bonneville Reservoir include residential, commercial, and industrial 
development in urban centers, including Stevenson, Home Valley, and Bingen, Washington and Cascade 
Locks, Hood River, and The Dalles, Oregon.  These urban centers contain marine industrial sites of 
varying sizes consisting of maintained harbors, reclaimed building sites, and shoreline moorings.  
Agriculture is the primary land use surrounding The Dalles Reservoir, and a significant portion of the 
former sagebrush steppe, grassland, and riparian communities have been converted to agriculture for 
dryland grains and irrigated crops (NPCC 2004d).  SR 14 parallels the north shore throughout the Lower 
Columbia River Reach and Interstate 84 runs along the south shore.  The Burlington Northern Railroad 
runs parallel to the north shore, and the Union Pacific Railroad runs along the south shore.  These 
transportation corridors are reinforced by riprap revetments along significant lengths of shoreline.  
Hydraulic connection beneath portions of the transportation corridor between embayments (and mouths of 
streams) and the river’s mainstem is accomplished through culverts, bridges, and trestles.  Agriculture is 
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prominent along the middle and eastern portions of the reach, particularly on the southern side of the 
river.  Recreational and tribal fishing is present in this segment.   

This portion of the Columbia River provides connectivity between other core areas, including the Hood 
River, White Salmon River, and Klickitat River.  These river basins support populations of bull trout, but 
other than the lower few miles of river at their confluence with the Columbia, are not affected by FCRPS 
operations and are therefore outside the action area for this document.  The mainstem Columbia in these 
reaches can provide some potential connectivity between these tributary populations, and the connection 
between these recovery units through the mainstem Columbia River allows expression of fluvial life 
history and exchange of genetic diversity between recovery units.  The lower Columbia River also 
provides feeding, migration, and overwintering habitat for bull trout. 

Population Status 

Fluvial bull trout occur in the Lower Columbia River Dams and Pools Reach (USFWS 2010i).  The 
action area encompasses the lower Columbia River between Bonneville Dam and the Pacific Ocean.  Also 
included in this reach are the lower reaches of contributing tributaries to the extent that surface water 
elevations are influenced by dam operations.  Habitat influenced by the lower Columbia River projects 
overlaps the Mainstem Lower Columbia River CHU (USFWS 2010b).  The following is a discussion of 
the status of bull trout populations and critical habitat affected by lower Columbia River dam operations 
since the issuance of the FCRPS 2000 BiOp and the CH 2010 final rule.   

Sub-adult and adult bull trout are present in the Lower Columbia River Dams and Pools Reach.  Bull trout 
have been incidentally caught in the northern pikeminnow fishery in Bonneville Pool and downstream of 
Bonneville Dam.  There is no evidence that amphidromous (i.e., migrating between saltwater and 
freshwater, but not for breeding purposes) bull trout use the lower Columbia River, and there is no 
spawning habitat in the reach to support a local population (Parametrix 2010; USFWS 2010i).  Therefore, 
these bull trout represent populations that spawn or are born in the upper reaches of mainstem tributary 
systems and subsequently migrate into the Columbia River.  Although the distance they migrate once 
reaching the Columbia River is uncertain, such behavior has been noted in the Hood River (Pribyl et al. 
1996, Buchanan et al. 1997) and Deschutes River and is suspected in the John Day River (USFWS 
2010j).  Bull trout captures at the Merwin Dam trap indicate bull trout entrained through Merwin Dam on 
the lower Lewis River could also represent bull trout in this reach (USFWS 2002g).   

Abundance in the reach reflects habitat conditions in these tributaries and their connectivity to the 
Columbia River.  Dams in tributaries (e.g., the Lewis River) are known to isolate local populations and 
reduce connectivity with the Columbia River (USFWS 2015d).  Therefore, bull trout abundance in the 
lower Columbia River Basin is less relative to the upper Columbia River, where there is better habitat and 
connectivity in tributaries (USFWS 2008c).   

Critical Habitat Status (CHU 8) 

Baseline conditions for Bonneville and The Dalles, located in CHU 8, reservoirs are discussed together 
because the habitats in these two reservoirs are similar. 
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Figure 3-22. Critical Habitat Unit 8, Mainstem Lower Columbia River (USFWS 2010b) 

Baseline conditions for bull trout critical habitat are described by PCE in the sections below.   

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.   

PCE 1 is not present in lakes and reservoirs in the Snake and Columbia River CHUs (USFWS 2010b). In 
the mainstem, PCE 1 is present but provides a limited contribution to FMO habitat.  The construction of 
dams, levees, dikes, and shipping channels has significantly altered the timing and magnitude of 
hydrologic events and significantly reduced overbank flows and connections between the river and its 
floodplain (NOAA Fisheries 2011b).  The inundation of wetlands from the construction of Bonneville and 
The Dalles Dams has resulted in the drying and loss of many wetland and riparian habitats (NPCC 
2004d).  Shoreline development for transportation corridors has further reduced the interaction between 
the mainstem river and shoreline springs. 
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PCE 2: Migration habitats with minimal physical, biological, or water quality impediments 
between spawning, rearing, over-wintering, and freshwater and marine foraging habitats, 
including but not limited to permanent, partial, intermittent, or seasonal barriers. 

PCE 2 is present but provides a limited contribution to FMO habitat in this reach.  Historically, the lower 
Columbia River region is believed to have largely supported the fluvial life history form; however, dams 
built within a number of the bull trout core areas have isolated or fragmented watersheds and largely 
replaced the fluvial life history with the adfluvial form (USFWS 2015d).   

Bonneville and The Dalles Dams may hinder bull trout movement at the dams; however, bull trout are 
able to migrate between the Hood, Klickitat, and White Salmon River CHUs within this reach.  Passage 
has been documented at both dams (USFWS 2010i). Fish ladders at Bonneville and The Dalles dams are 
designed and operated to meet NMFS anadromous fish passage guidelines (NOAA Fisheries 2011a).  On 
the Clark Fork and Pend Oreille rivers, the states of Idaho, Montana, and FWS require that new fishways 
and traps are designed and operated in a manner consistent with these guidelines.  Bull trout have been 
observed passing the fish ladders at Wanapum, Rock Island, Rocky Reach, and Wells Dams at similar or 
lower rates compared to salmon and steelhead (BioAnalysts, Inc.  2004; USFWS 2008c).  These ladders 
also comply with NOAA Fisheries design guidelines and are therefore similar in design, dimension, and 
operations to ladders at the Federal mainstem dams.  Operations at Wells Dam did not appear to influence 
the movements of adult bull trout as passage events appeared to be associated with water temperature, 
photoperiod, and time of year (Douglas County PUD 2011b). 

Bonneville, The Dalles, and John Day Dams are equipped with upstream and downstream fish passage 
facilities, but The Dalles Dam does not have fish screens to discourage fish from entering its turbines.  
From 2006 to 2014, a total of three bull trout have been observed in the fish ladder at Bonneville, and 
none have been observed at The Dalles and John Day Dams (Barrows et al.2016).  The USFWS (2015d) 
anticipates that the mainstem Columbia River could provide important foraging and overwintering habitat 
for fluvial bull trout. 

Use of lower portions of tributaries effected by the reservoirs may be limited by barriers caused by road 
crossings or low-flow conditions.  Highways on both banks of the Columbia River have created many 
embayments.  These areas are typically connected to the mainstem Columbia River via culverts or small 
channels and form shallow-water habitat protected from river fluctuations (Ward 2001).  These areas may 
provide shelter and forage for bull trout during the winter when water temperatures are low.  Bull trout 
may also prefer habitat near river deltas where the water temperature is lower than the rest of the 
mainstem. 

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.   

PCE 3 is present and contributes to FMO habitat in this reach.  The mainstem Columbia River provides 
productive foraging habitats for migratory bull trout, and an abundant food source exists during the fall, 
winter, and spring in this reach (USFWS 2015d).  Forage fish within this reach include juvenile salmon 
and steelhead, whitefish, sculpins, suckers, and minnows (USFWS 2010i).  The large numbers of 
hatchery-raised salmon and steelhead released into the Columbia River system annually provide an 
abundant source of prey for bull trout.  Some species, such as salmon and steelhead, also compete with 
bull trout for prey. 

The biotic community and fish assemblages have been restructured, partially in response to habitat 
changes caused by dam construction.  In particular, the change in habitat has resulted in the proliferation 
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of introduced warm-water and cool-water fishes, such as centrachids and percids, in littoral and sublittoral 
habitats of reservoirs (Rieman et al. 1991). 

The dominant shoreline type within the impoundments is usually riprap, followed by smaller rock or sand 
(Ward 2001; NPCC 2004d).  Shoreline gradient in riprapped areas is often very steep.  As a result, almost 
no functioning riparian habitat exists along the mainstem itself; most of the floodplains that provided 
favorable hydrologic conditions have been inundated (Ward 2001). 

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, 
and processes that establish and maintain these aquatic environments, with features such as 
large wood, side channels, pools, undercut banks, and unembedded substrates to provide a 
variety of depths, gradients, velocities, and structure. 

Generally, PCE 4 is not present in Snake and Columbia River reservoirs (USFWS 2010b). PCE 4 is 
present in the mainstem portions of the lower Columbia River between Bonneville and John Day Dams, 
but has been functionally reduced by impoundments created by the dams.  The presence of dams, levees 
located along shorelines, and channel modifications have restricted habitat-forming processes such as 
sediment transport and deposition, erosion, and natural flooding.  

Almost no functioning riparian habitat exists along the mainstem itself; most of the floodplains that 
provided favorable hydrologic conditions have been inundated (Ward 2001).  Transportation corridors 
along the river have reduced the amount of riparian vegetation and limited the formation of off-channel 
habitat.  Reduced floodplain connectivity has also decreased the recruitment of LWD needed for the 
formation of complex habitat.  Levees and dam operations have reduced the recruitment of LWD by 
curtailing overbank flows.  Shoreline development for transportation corridors has also reduced the 
amount of riparian vegetation available for potential LWD.  The dominant shoreline type within the 
impoundments is usually riprap, followed by smaller rock or sand (Ward 2001; NPCC 2004d).  Shoreline 
gradient in riprapped areas is often very steep. 

PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

PCE 7 is present but functionally impaired in this reach.  The hydrograph is significantly altered 
compared to pre-dam conditions.  McNary and John Day Dams are run-of-the-river dams operated for 
hydropower, navigation, flood risk management, and anadromous fish migration.  Storage dams on the 
Columbia River lessen the magnitude of annual peak flows.   

The FCRPS has reduced the annual spring freshet flows through the lower Columbia River by about one-
half of the pre-development levels (NOAA 2008a).  Overall, dams on the Columbia River have dampened 
the natural hydrograph with decreased high flows during the summer and increased low flows during the 
winter (National Research Council 2004).  Flows can also vary on shorter timescales (i.e., daily) to 
optimize hydroelectric power generation during peak energy demands.   

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and 
survival are not inhibited. 

PCE 8 is present but impaired in the Lower Columbia River between Bonneville and John Day Dams.  
Dam operations have decreased spring flows and sediment discharges that have resulted in reduced 
turbidity levels compared to historic levels throughout the lower Columbia River (Williams et al. 2005).   

Total suspended solids concentrations are typically highest during spring runoff and then decline as flows 
diminish through late summer and into fall.  The highest levels observed during spring runoff ranged from 
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20 to 60 ppm during May and June, but these levels generally decrease to less than 10 ppm for the 
remainder of the year.  Suspended sediment concentration averages 2,649 mg/l suspended sediment 
averages 2,829 tons per day (USGS 2011). 

Environmental contaminants enter the Columbia River through a variety of point and non-point sources.  
Point sources include outfalls at numerous agricultural, transportation, and industrial facilities along the 
river, and major non-point sources include agricultural applications of pesticides, insecticides, and 
herbicides (Ward 2001). 

Dissolved gas supersaturation (in excess of state standards of 110 percent) can harm fish, and spill from 
the lower Columbia River dams can cause gas supersaturation conditions.  Under the 2014 NOAA 
FCRPS BiOp, the Action Agencies spill during the spring and summer fish passage season to pass 
juvenile salmon.  Spill at these projects can also occur in circumstances when river flows exceed 
powerhouse hydraulic capacity, due to equipment malfunction or modeling and forecasting uncertainties, 
or for other purposes, such as ensuring power and transmission system stability, passing debris, or flood 
risk management in spring.  The Corps has installed spillway improvements, such as flip-lips, at each 
mainstem dam and manages spill operations to reduce gas entrainment (NOAA Fisheries 2008a, 2008c).  
Spill is managed to keep TDG concentrations below 115 percent in the forebays and 120 percent in the 
tailrace of lower Snake and Columbia River dams during the juvenile salmon passage seasons, which is 
generally from April through August.  Outside of the juvenile salmon passage season, spill is managed to 
keep TDG concentrations below 110 percent, when possible. 

PCE 9: Sufficiently low levels of occurrence of non-native predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown 
trout) species that, if present, are adequately temporally and spatially isolated from bull trout. 

PCE 9 is impaired in the Columbia River between John Day and Bonneville Dams.  Introduced species 
are present throughout this reach.  Dam construction and subsequent conversion of habitat from riverine 
to more reservoir-like conditions has increased habitat suitability for non-natives that prefer such 
conditions over riverine conditions.  Introduced fish species that are present in the lower Columbia River 
include predators such as largemouth bass, smallmouth bass, black crappie, white crappie, walleye, 
yellow perch, channel catfish, and bluegill (CH2M Hill 2009).  Northern pikeminnow, a native predatory 
species, are prevalent in the Columbia River in this reach. 

Lower Columbia River Estuary Reach  

The Lower Columbia River Estuary Reach includes mainstem Columbia River habitats from the mouth of 
the Columbia River upstream to Bonneville Dam.  Lands from the mouth of the Columbia River to 
Bonneville Dam are under a mix of private, state, and Federal ownership.  The Columbia River Gorge 
National Scenic Area begins in this reach at the mouth of the Sandy River and is managed by multiple 
entities, including USFS and the Columbia Gorge Commission (USFWS 2010i).  Although bull trout 
habitat conditions (i.e., flow, sediment) downstream of Bonneville Dam are affected by upstream FCRPS 
dam operations, the Columbia River is free-flowing downstream of Bonneville Dam (USFWS 2010i). 

Information documenting current bull trout use of these habitats is limited.  The lower Columbia River 
region is believed to have largely supported the fluvial life history form (USFWS 2015d).  Dams built 
within a number of the tributary core areas have isolated or fragmented watersheds and largely replaced 
the fluvial life history with the adfluvial form. 

Historical information indicates that bull trout used the lower Columbia River and estuary as FMO habitat 
(USFWS 2015d), and the genetic relationship between extant coastal and lower Columbia River tributary 
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populations indicates connectivity across the estuary during their evolutionary development (Taylor et al. 
1999; Williams et al. 1997).  Given that extant populations in the Lewis River and tributaries upstream of 
Bonneville Dam are isolated from the estuary by a series of complete and partial migration barriers, 
fluvial migrant and life history types probably do not exist in viable form.  Bull trout have occasionally 
been captured in northern pikeminnow bounty fisheries, but these individuals most likely originated 
upstream of Bonneville Dam or other dams on lower Columbia tributary rivers.   

Population Status 

Fluvial bull trout occur in the Lower Columbia River Estuary Reach (USFWS 2010i).  The reach 
encompasses the Columbia River between the mouth and Bonneville Dam and is further broken down 
into two segments based on the limit of saltwater intrusion.  One segment extends from the mouth to RM 
23 (limit of saltwater intrusion); the second segment extends from RM 23 to Bonneville Dam (RM 146).  
The Columbia River is free-flowing downstream of Bonneville Dam, but numerous anthropogenic 
stressors have led to significant habitat modification in the reach.  Habitat influenced by the Bonneville 
Project overlaps the Mainstem Lower Columbia River CHU (USFWS 2010b).   

Bull trout have been incidentally caught in the northern pikeminnow fishery in Bonneville Pool and 
downstream of Bonneville Dam.  No spawning habitat exists in the reach to support a local population 
(Parametrix 2010; U.S.  Fish and Wildlife Service and Oregon Department of Fish and Wildlife 2010).  
Bull trout captures at the Merwin Dam trap indicate bull trout entrained through Merwin Dam on the 
lower Lewis River could also represent bull trout in the reach (USFWS 2002g). 

Bull trout abundance in the reach reflects habitat conditions in these tributaries and their connectivity to 
the Columbia River.  Dams in the Lewis River are known to isolate local populations and reduce 
connectivity with the Columbia River (USFWS 2002g).   

Critical Habitat Status (CHU 8)  

Numerous anthropogenic stressors have led to significant habitat modification in the Lower Columbia 
River Estuary Reach.  In lower portions of this reach, navigation channel development and maintenance, 
as well as diking, draining, and filling of estuarine wetlands and off-channel habitats are the primary 
stressors.  Numerous habitat improvement actions have been implemented under the 2008 NOAA FCRPS 
BiOp and RPA (NOAA Fisheries 2008a) to address habitat degradation. The Action Agencies’ projects in 
the estuary are focused on restoring this important estuarine habitat for the benefit of multiple species 
including juvenile salmon and steelhead, and are therefore likely to improve habitat conditions for all 
salmonids, including bull trout. 

Over 7700 acres of estuary and floodplain habitat have been protected and restored since the beginning of 
the BiOp period in 2007.  Projects with full hydrologic reconnection allowing increased inundation and 
access to more wetland habitat make up the largest portion of the actively restored acres.  The Action 
Agency restoration strategy has given priority to restoring hydraulic reconnection and access, given the 
high biological benefits associated with these types of projects for aquatic species. Other actions include 
restoring off-channel habitat, land acquisitions, and reducing invasive plants.  The Action Agency estuary 
program annually updates this strategy, reviewing new science and completed projects, to ensure that any 
refinement in approach, to any one or more of these actions, is incorporated into future project 
implementation. 

 The lower Columbia River upstream of tidally influenced areas has been shaped by construction and 
operation of the FCRPS dams, urbanization, roads, diking, fishing pressure, flood risk management, 
irrigation dams, pollution, municipal and industrial water use, introduced species, and hatchery 
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production (NOAA Fisheries 2008a, 2008c).  Similar to other salmonids, bull trout have been affected by 
climate conditions (NOAA Fisheries 2011b), and baseline conditions in the mainstem lower Columbia 
River from RM 0 to RM 146 are relatively degraded for most indicators because of these stressors.  
Riparian areas have been further degraded by the construction of dikes and levees and the placement of 
streambank armoring (Parametrix 2010).  Industrial, residential, and upstream agricultural inputs have 
contributed to water-quality degradation in this segment of the reach, and existing levels of in-stream 
disturbance are high because of heavy barge traffic.   

Baseline conditions for bull trout critical habitat are described by PCE in the sections below.   

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.   

PCE 1 is not present in lakes and reservoirs in the Snake and Columbia River CHUs according to the 
USFWS (USFWS 2010b). PCE 1 may be present in the riverine mainstem, but provides limited 
contribution to FMO habitat in the Lower Columbia River Estuary Reach.  The construction of dams, 
levees, dikes, and shipping channels from the 1930s through the 1970s significantly altered the timing and 
magnitude of hydrologic events and significantly reduced overbank flows and connections between the 
river and its floodplain (NOAA Fisheries 2011b).  In some areas, adjacent riverine wetlands have been 
drastically reduced, and riparian community has been significantly altered. 

PCE 2: Migration habitats with minimal physical, biological, or water quality impediments 
between spawning, rearing, over-wintering, and freshwater and marine foraging habitats, 
including but not limited to permanent, partial, intermittent, or seasonal barriers. 

PCE 2 is present and contributes to FMO habitat in the Lower Columbia River Estuary Reach.  No natural 
physical barriers are present in the mainstem Columbia River downstream of Bonneville Dam.  Bull trout 
may migrate downstream past Bonneville Dam through the fish ladder, over the spillway, through surface 
bypass, or through the juvenile bypass; however, the ladder was designed to pass salmon and steelhead, 
not bull trout.  Historically, the lower Columbia River region is believed to have largely supported the 
fluvial life history form; however, dams built within a number of the bull trout core areas have isolated or 
fragmented watersheds and largely replaced the fluvial life history with the adfluvial form (USFWS 
2015d).  Levees, tidegates, and similar development in the estuary may impede or block access to 
foraging and overwintering habitat.  Bull trout occurrence is not well-documented.  The USFWS critical 
habitat justification (USFWS 2010i) describes a personal communication reference in a 2001 Corps 
biological assessment, with the statement that a NOAA Fisheries biologist indicated that sampling crews 
occasionally caught bull trout at Jones Beach and in the estuary in the 1960s and 1970s. 

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.   

PCE 3 is present and contributes to FMO habitat in the Lower Columbia River Estuary Reach.  In the 
lower Columbia River region of the Coastal Recovery Unit, the mainstem Columbia River provides 
productive foraging habitats for migratory bull trout (USFWS 2015d).  An abundant food source exists 
for migratory bull trout during the fall, winter, and spring in this reach.  Forage fish within this reach 
include juvenile salmon and steelhead, whitefish, sculpins, suckers, and minnows (USFWS 2010i).  The 
Lower Columbia River Estuary partnership identifies 78 fish species in the lower Columbia River, 
although a recent study identified that 36 are non-native species. (USFWS 2010i).  Some species compete 
with bull trout for prey. 
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Significant accumulations of microdetritus in the high-turbidity zone of the estuary reach likely contribute 
to relatively high densities of benthic invertebrates in shallow mud flats (Holton and Higley 1984 as cited 
in NOAA Fisheries 2011b).  Navigation channel realignments and maintenance, including the installation 
of hydraulic control structures, such as in-water fills, channel constrictions, and pile dikes have altered 
benthic habitat throughout the lower Columbia River system (NOAA Fisheries 2004). 

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, 
and processes that establish and maintain these aquatic environments, with features such as 
large wood, side channels, pools, undercut banks, and unembedded substrates to provide a 
variety of depths, gradients, velocities, and structure. 

Generally, PCE 4 is not present in Snake and Columbia River reservoirs (USFWS 2010b). PCE 4 is 
present in and may contribute to FMO habitat in the riverine portions of the Lower Columbia River 
Estuary Reach.  Numerous upstream dams, levees located along shorelines, and channel modifications 
have restricted habitat-forming processes such as sediment transport and deposition, erosion, and natural 
flooding.  For these reasons, habitat complexity in the lower estuary is significantly reduced from historic 
conditions.  Tide flats and shallow subtidal habitats have been converted to deeper-water habitats through 
dredging, or uplands through diking or fill.  The remaining tidal marsh and wetland habitats in the estuary 
are restricted to a narrow band along the Columbia River and its lower tributaries (NOAA Fisheries 
2004).  Some high-quality backwater and side-channel habitats have persisted along the lower Columbia 
River banks and near undeveloped islands (Corps 2001).   

Land use practices have significantly reduced the delivery of large wood in the lower Columbia River 
(NOAA Fisheries 2011b).  Loss of riparian habitat due to floodplain development limits the input of 
LWD in this subsystem.  The Corps et al. (2011) report that several LWD enhancement projects were 
completed in the Lower Columbia River Estuary Reach (e.g., Mirror Lake) by the Action Agencies in 
2010 as part of RPA #37.  Parametrix (2010) reports that the Columbia River in the vicinity of North 
Portland Harbor contains fewer than 80 pieces of large wood per mile of stream, and the potential for 
LWD recruitment is low due to the urbanized nature of the action area and the limited number of mature 
riparian trees along the riparian corridor.   

Shallow-water habitat within this reach has decreased as river stage has declined due to operation of the 
FCRPS (Bottom et al. 2005).  The absence of wood in the Lower Columbia River Estuary Reach 
precludes the establishment of pools.  Parametrix (2010) reports that the Columbia River in the vicinity of 
North Portland Harbor contains few to no backwaters, ponds, oxbows, and other low-energy off-channel 
habitat.  Few refugia (such as pools, boulders, large wood, overhanging riparian vegetation) are present 
(Parametrix 2010), and riparian buffers are fragmented and often disconnected from the mainstem.  
Subsequently, pool quality is also degraded due to lack of cover (e.g., large wood, overhanging banks, 
and alcoves).  Loss of habitat-forming elements, including large wood and sediment, have reduced the 
availability of low-velocity side channel habitat in this reach.  Maintenance of the Federal navigation 
channel (via dredging) has resulted in the filling of shallow-off channel habitats (NOAA Fisheries 
2011b). 

PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

PCE 7 may be present in this reach, but provides a limited contribution to FMO habitat in the mainstem 
Snake and Columbia Rivers. Discharges throughout the Lower Columbia River Estuary Reach are heavily 
influenced by storage reservoirs on the upper Columbia, Snake, and Willamette River basins.  Flow 
modifications throughout the Lower Columbia River Estuary Reach have altered tidal mixing and 



Bull Trout - Environmental Conditions for Bull Trout in the Action Area 

Clarified BA Text, Based on Consultation  183 
October 30, 2017 

increased periods of flushing.  Kukulka and Jay (2003a, 2003b) have suggested that diking has 
significantly reduced shallow water habitat area during spring runoff, and has altered flow cycles.   

The Columbia River historically exhibited significant seasonal variation in flows, and annual spring 
freshet flows averaged 75 to 100 percent higher than current conditions.  Historic winter flows (October 
through March) were about 35 to 50 percent lower than current flows (ISAB 2000).  The mean 
predevelopment maximum spring freshest flow date was June 12, compared to the present mean date of 
May 29 (Bottom et al. 2005). 

Prior to the construction of major dams throughout the mainstem, annual discharges ranged from 79,000 
cfs to more than 1 million cfs, with average discharges of 273,000 cfs.  Currently, discharge ranges from 
100,000 to 500,000 cfs, with an average annual discharge at RM 53.8 of 217,000 cfs (CH2M Hill 2009).  
Kukulka and Jay (2003a) report that climate change, flow regulation, and irrigation diversions have 
changed the magnitude and shape of the annual flow hydrograph, reducing peak flow by more than 40 
percent.   

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and 
survival are not inhibited. 

PCE 8 is impaired in the Lower Columbia River Estuary Reach.  Water quality is generally degraded in 
this reach due to a legacy of urban, industrial, and agriculture practices.  ODEQ (2011) reports that the 
lower Columbia River is 303(d) listed for the following pollutants (in addition to temperature): fecal 
coliform, PCBs, PAHs, DDT metabolites such as DDE, and arsenic.  The lower Columbia River is on the 
Washington state 303(d) list for temperature and PCBs (WDOE 2011).  EPA has approved TMDLs for 
dioxin and TDG in the lower Columbia River (ODEQ 1991, 2002).  Dissolved copper is also elevated in 
this reach of the Columbia River (NOAA Fisheries 2011b).  The lower Columbia River is on the 
Washington state 303(d) list for dissolved oxygen (WDOE 2011). 

PCE 9: Sufficiently low levels of occurrence of non-native predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown 
trout) species that, if present, are adequately temporally and spatially isolated from bull trout. 

PCE 9 is impaired in the Columbia River downstream of Bonneville Dam.  Introduced fish species that 
are present in freshwater portions of the lower Columbia River include predators such as largemouth bass, 
smallmouth bass, black crappie, white crappie, walleye, yellow perch, channel catfish, and bluegill 
(CH2M Hill 2009).  Other aquatic species are introduced into the Lower Columbia River Estuary Reach 
due to ballast water exchange and hull fouling (Sytsma et al. 2004). 
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Chapter 4 
Effects of the Proposed Action 

4.1 Introduction 
This section addresses effects of the Proposed Action on Kootenai River white sturgeon, bull trout, and 
their designated critical habitat.  Regulations implementing the ESA define effects of the action as “the 
direct and indirect effects of an action on the species or critical habitat, together with the effects of other 
activities that are interrelated or interdependent with that action, that will be added to the environmental 
baseline” (50 CFR §402.02). Direct effects are the immediate effects of the project on the species or its 
critical habitat. Indirect effects are those that are caused by the proposed action and occur later in time, 
but still are reasonably certain to occur (50 C.F.R. § 402.02).  

The key effects of the FCRPS differ between the storage projects in the upper basin and the run-of-river 
projects in the mid-Columbia and lower Columbia reaches.  Storage projects in the upper basin affect 
passage, drive mainstem flows, and in some cases, influence temperature and total dissolved gas (TDG) 
supersaturation.  The run-of-river projects slow mainstem water velocity, create TDG, and have fish 
passage facilities and operations, but have minimal effects on river flow, temperature, and turbidity.   

4.2 Kootenai River White Sturgeon 
Under the Proposed Action, the Action Agencies will implement adaptive management principles using 
measures to improve sturgeon reproduction and recruitment as a component of operating and maintaining 
Libby Dam in a manner that is consistent with its multiple authorized purposes.  

4.2.1 Effects on the Species 

Direct and indirect effects to sturgeon from dam operations and maintenance, including operational 
measures to benefit listed species and designated critical habitat, and the BPA-funded actions in the 
Kootenai River (nutrients, habitat, hatchery, and research and M&E) are discussed below. Under the 
Proposed Action, the Action Agencies will continue to manage Libby Dam in support of the functional 
adaptive river concept and to implement adaptive management flow experiments to further investigate 
sturgeon life history requirements in the Kootenai River. Fish protection and recovery measures, namely 
flow and temperature management, directed at contributing to the protection of sturgeon are described 
below as conservation measures intended to eliminate or reduce adverse effects of the Proposed Action. 

Libby Dam Operations and Maintenance 
Libby Dam will continue to be operated to meet VARQ FRM procedures, and the Action Agencies will 
continue to adaptively manage spring operations of Libby Dam. The pre-season work performed by the 
FPIP Technical Team and ongoing adaptive management throughout the season will ensure that 
springtime flow, velocity, and temperatures are maintained in a manner believed consistent with sturgeon 
requirements for spawning and incubation. Adaptive management actions will continue to pursue the 
ongoing goal of encouraging sturgeon to use the rocky substrate in the Braided Reach for spawning.  
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As sturgeon are not known to inhabit Lake Koocanusa, there are no effects on sturgeon from changes in 
reservoir habitat conditions. Thus, VARQ FRM, variable end-of-December draft, reservoir refill, and 
summer draft for salmon, as they affect reservoir elevations, do not affect Kootenai River white sturgeon.   

Effects of dam operation and flow management on sturgeon downstream of the dam are discussed below. 

Water Velocity and Flows 

River velocity and flows downstream of Libby Dam are affected by dam operations and Kootenay Lake 
elevations, among other factors such as channel slope, width, and depth. With implementation of sturgeon 
flow augmentation, suitable spawning habitat is being provided in the Braided Reach where substrate is 
clean gravel and cobble, and water velocities are greater than 3.3 ft/s (1.0 m/s). This water velocity target 
will ensure that any spawned eggs are dispersed, thus minimizing the potential for predation. Although 
the Braided Reach provides the most appropriate spawning substrates, wild adult sturgeon have continued 
to spawn over sandy or otherwise inappropriate substrates, such as those in the Meander Reach. This 
behavior is likely contributing to the low survival rate of eggs to larvae to juveniles. To date, the sturgeon 
flow augmentations have not yet been successful in reestablishing wild spawning in the braided and 
Canyon Reaches; however, it is too soon to know whether hatchery-produced sturgeon will utilize the 
more appropriate upstream habitat for spawning when they reach sexual maturity (starting in 2020) or as 
restoration work designed to improve migration corridor habitat is completed.  The hatchery population, 
including those fish remaining in the Canyon Reach in Montana, that will soon reach maturity, combined 
with the completion of habitat restoration projects (such as the excavation of deep pools) and spring 
sturgeon flows from Libby Dam, may result in future spawning in locations more conducive to natural 
sturgeon recruitment. 

Implementation of bull trout and salmon flows will not be expected to measurably affect sturgeon. 
Minimum flows in May and June (6,000 cfs for bull trout) are well below the proposed sturgeon flows for 
the same months. Summer and fall flows for bull trout minimums, salmon outmigration, and FRM 
drafting may not have a substantial direct effect on sturgeon.  While summer and fall flow levels are 
higher than historically present in the system, sturgeon evolved with higher spring flow periods.  There 
will be no effect on sturgeon downstream in Kootenay Lake from these operations.  

It is possible that full powerhouse flow or an involuntary spill event could occur during the spring as part 
of VARQ FRM operations.  Data indicate that non-test spill events occurred in 2 (2006 and 2011) of the 
last 12 years. While that is not infrequent, it is not anticipated that these involuntary spills will occur on a 
yearly basis. VARQ FRM has been implemented adaptively so as to reduce the likelihood of early filling 
and involuntary spill.  If spill does occur during the spring months, this will result in increased water 
velocity, depending on the backwater stage from Kootenay Lake.  However, because sturgeon evolved 
with spring flows that were historically much higher than present averages, the increased velocity will not 
be expected to negatively affect sturgeon and will provide a benefit.  

Maintenance (especially unscheduled maintenance) that requires one or more generating units to go 
offline may reduce river flows if no spill is provided to make up the difference.  Depending on the season, 
this in turn may result in slower velocities in the Braided Reach, and thus potentially affect sturgeon 
spawning in the event of spawner activity there.  As flow and velocity are not linearly correlated, the 
effects of decreased flow under this scenario may vary in this reach, depending on portion of the channel 
(i.e., thalwag vs margin), level of flow decrease, tributary inflows, and other factors.  Typically, during 
the spawning season, Kootenay Lake backwater effects influence velocities in the straight and Meander 
Reaches; thus, decreased flow may have a variable, if any, effect on velocities in these reaches. 
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Water Quality 

The Action Agencies’ approach to flow management emulates normative temperature and flow 
relationships and provides a peak spawning window as flow is receding and temperature is increasing. 
Spring and summer water releases will continue to be managed to provide steady temperatures, avoiding a 
sudden drop of more than 3.6° F (2°C) at Libby Dam during incubation, hatching, and larval 
development. Target temperatures at Bonners Ferry are a 50° F (10.0° C) minimum during sturgeon 
spawning, with an increase to no more than 64° F (17.8° C) in July and August to support larval 
development. The spring and summer temperature regime under the Proposed Action is within acceptable 
spawning and rearing temperatures for sturgeon; therefore, continued operation of Libby Dam should 
benefit sturgeon during their critical spawning and rearing period.  

Should spill occur in the spring months involving the sluiceways (regulating outlets), the introduction of 
cooler water into the river could lower water temperature, leading to a delay in migration and spawning 
activities (Paragamian and Wakkinen 2011). It is unlikely the sluiceways will be used during sturgeon 
spawning, since the reservoir will be high enough to use the spillways, through which warmer water will 
be released. 

Temperature stratification in Lake Koocanusa breaks down in late fall and winter; it is not possible to 
control temperature in dam releases once that happens.  Stored heat in the reservoir means winter release 
temperatures are warmer than pre-dam.  Winter is a time of low food availability, metabolism and feeding 
activity.  Warmer-than-normal winter temperatures may increase metabolic rates of juvenile sturgeon and 
thus feeding activity, in turn increasing risk of starvation.   

Nutrients are trapped to a great extent in Lake Koocanusa (63 percent of total phosphorus, 25 percent of 
total nitrogen), making the downstream river environment nutrient-poor.  This has been the impetus for 
nutrient additions via an automatically metered system at the Idaho/Montana line in the Canyon Reach, 
which provides phosphorus input during the productive months, and may also provide nitrogen if needed.  
See Chapter 3 Environmental Baseline concerning nutrient addition. 

Elevated turbidity, which often is observed with spring snowmelt runoff, is believed to limit predation on 
sturgeon eggs and larvae by sight-feeding predators.  Libby Dam operations will continue to limit the 
phytoplankton component of turbidity, and thus may marginally contribute to predation on sturgeon eggs 
and larvae.  

Effects of elevated TDG from spill that does occur at Libby Dam will be focused upriver of Kootenai 
Falls, which normally resets gas saturations to about 118 percent. Since sturgeon have been found only 
downriver of the falls, there is expected to be no effect to sturgeon from elevated TDG coming out of 
Libby Dam.  

Depth 

Data from 2006 to 2014 show that maintenance of water depths greater than 23 feet (7 m) (the average 
depth at which sturgeon spawn (Paragamian and Dueher 2005)) in 60 percent of the rocky substrate from 
RM 152 to 157 was not achieved for the recommended area and duration of the peak flow augmentation, 
even during the 2010 to 2012 sturgeon augmentation test flows.  Achieving this depth under current 
conditions would require exceedance of a 1,764-foot river stage (the flood stage) at Bonners Ferry. 
Continuing to not meet this depth criterion could fragment or limit the duration of adult sturgeons’ access 
to their preferred spawning habitat. This may be why wild adult sturgeon have continued to spawn in the 
Meander Reach, where incubation and early rearing habitat is limited, rather than in the Braided Reach 
and Canyon Reach, where spawning substrate and rearing habitat are more appropriate.  However, it is 



Kootenai River White Sturgeon - Effects on the Species 

Clarified BA Text, Based on Consultation  187 
October 30, 2017 

not completely certain what is inhibiting sturgeon from spawning in the Braided Reach, since they have 
been shown to migrate into these reaches for at least short times.  

Habitat improvement projects currently underway, such as the Bonners Ferry Island habitat improvement 
project, and those proposed in the future will excavate large pools to increase depth, which are expected 
to help address the depth criterion in future sturgeon spawning seasons when natural conditions allow.  
The Bonners Ferry Island habitat improvement project will add to the quantity of available deep pool 
habitat created as part of previous restoration projects and will connect previously completed deep pool 
habitat work with habitat improvement created in the straight-reach project that will begin construction in 
2016.  This variable will, therefore, continue to improve and to be adaptively managed under the 
Proposed Action. 

Maintenance (especially unscheduled maintenance) that requires one or more generating units to go 
offline may reduce river flows if no spill is provided to make up the difference.  This, in turn, may affect 
depths in the Braided Reach, and thus potentially affect sturgeon spawning in the event of spawner 
activity there.  

Conservation Aquaculture 

The conservation aquaculture program currently provides the only significant source of recruitment to the 
sturgeon population. If natural sturgeon recruitment is not restored soon, the next generation will be 
produced primarily or entirely by the conservation hatchery program (KTOI 2005). Given that all 
population estimates indicate that the wild population will continue to decline due to natural mortality of 
wild adults in the absence of successful juvenile recruitment, hatchery-origin fish are important 
contributors to future in-river recruitment. The hatchery currently provides the only proven means to 
conserve the native genetic material, to begin rebuilding a healthy age-class structure, and to prevent 
extinction. The hatchery program has produced a population of between 12,000 and 15,000 sturgeon that 
spans multiple age classes and that are distributed throughout the river as far up as the Canyon Reach in 
Montana. The continuation of the conservation aquaculture program will benefit the species by continuing 
to provide hatchery-raised juveniles to the population during a time when wild recruitment is almost non-
existent. The hatchery program will continue to be informed by M&E and production levels will be 
determined annually and coordinated with regional partners. As the multiple hatchery age classes reach 
maturity, the program will continue to be adaptively managed to consider future production strategies as 
needed based on hatchery fish recruitment in the wild. 

Direct effects to sturgeon from the conservation aquaculture program include injury or mortality during 
capture and handling of wild adult broodstock. Fish will be captured using gill nets, set lines, and angling 
techniques. These methods can result in inadvertent injury to fish. Additionally, there is always a risk of 
stress, injury, or possibly mortality of some individuals from being handled during spawning, including 
surgical and other hatchery-related procedures. 

Nutrient Addition  

Due to the effects of Libby Dam on downstream nutrient budgets, BPA has supported nutrient 
supplementation programs in the South Arm of Kootenay Lake and the Kootenai River since 2004 and 
2005, respectively.  

Under the Proposed Action, nutrient enhancement in the South Arm of Kootenay Lake will continue. 
These efforts will increase food web productivity and benefit native fish, zooplankton, and 
macroinvertebrate populations, which are preyed on by juvenile sturgeon, and kokanee salmon, which are 
an important food item for both adult and juvenile sturgeon. Results from the first 9 years of the nutrient 
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supplementation program indicate that the actions are providing a positive change and increasing 
productivity in Kootenay Lake, which is inhabited by sturgeon juveniles and adults.  The beneficial 
increase in productivity in Kootenay Lake is expected to continue as the program continues and is 
adaptively managed over the next 5 years.   

Nutrient supplementation may also continue in the Kootenai River through 2022.  Results from the first 9 
years of the program indicate that while the program is providing a positive change, particularly in the 
Canyon Reach, Kootenai River nutrient additions have not resulted in apparent increased production in 
the Meander Reach where most juvenile sturgeon are rearing (Flory 2011).  In the future, as sturgeon are 
encouraged to migrate and spawn in locations other than the Meander Reach, nutrient additions to the 
Canyon Reach may serve as a food source to juveniles under future spawning scenarios.   

Under the Proposed Action, the results of the nutrient enhancement programs will be monitored as part of 
M&E. Although the programs have not provided additional food sources for juveniles in the Meander 
Reach, the data thus far indicate that fish populations in the river upstream of Bonners Ferry have 
responded positively to increased phytoplankton and macroinvertebrate production (Hoyle et al 2014, 
Minshall et al 2014).  Similarly, Kootenay Lake fertilization will occur outside of the Action Area, but 
this activity has increased zooplankton production, and has led to an increased kokanee salmon 
population, benefitting sturgeon that are located within the Action Area.  The continuation of this 
program will benefit sturgeon. 

Habitat Restoration 

The habitat restoration projects will support sturgeon life-history requirements. Proposed projects include 
floodplain enhancement, wetland restoration, tributary restoration, substrate enhancement, and the 
continuing development of riparian vegetation. Table 4-1 identifies the limiting factors addressed by each 
of the proposed restoration projects. 

It is expected that implementation of habitat restoration projects, such as floodplain reconnection and 
riparian restoration, will increase primary productivity by improving conditions for lower trophic level 
organisms, including juvenile sturgeon. They are also expected to improve natural recruitment through 
increasing hydraulic complexity and supporting sturgeon spawning and early life stages by increasing 
channel depths, high-velocity habitat, and availability of rocky substrate. Floodplain enhancement will 
provide off-channel refugia for juvenile fish. Restoring tributaries will support sturgeon life stages, while 
developing a riparian vegetation buffer will provide habitat and water quality protection. Restoration 
activities would also make the habitat more tolerant of natural disturbances (KTOI 2009) and future 
climate change.  

Short-term, direct effects to sturgeon from construction activities could include mortality or injury from 
equipment or materials used for restoration or physiological stress from noise; however, all projects will 
go through appropriate environmental compliance and permitting processes prior to implementation, and 
will incorporate best management practices to avoid and minimize construction-related impacts. Habitat 
restoration actions would address sturgeon PCEs and improve habitat conditions in the Action Area, 
which could increase natural recruitment.  
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Table 4-1. Limiting factors and sturgeon life stages impacted by proposed restoration projects 
scheduled for 2016 to 2020  

Restoration Projects 2016-2020 Limiting Factors Addressed Target Sturgeon 
Life Stages 

Bonners Ferry Island Project 

mainstem hydraulic complexity all 

bank vegetation juvenile 

riparian vegetation recruitment juvenile 

bank erosion and associated 
sediment loading all 

pool frequency all 

food web complexity all 

Straight Reach Project 
mainstem hydraulic complexity all 

coarse substrate embryo, larva, adult 

Substrate Enhancement Project(s) coarse substrate embryo, larva, adult 

Deep Creek Area Restoration Node coarse substrate embryo, larva, adult 

(Meander Reach) 

off-channel habitat for rearing juvenile 

mainstem hydraulic complexity all 

fish passage into tributaries juvenile 

Ball Creek/Trout Creek Restoration node mainstem hydraulic complexity all 

(Meander Reach) 
off-channel habitat for rearing juvenile 

floodplain connectivity  juvenile 

Lower Meander Project mainstem hydraulic complexity all 

(Braided Reach) 

bank erosion and associated 
sediment loading all 

cover for juvenile fish juvenile 

riparian vegetation recruitment juvenile 

floodplain connectivity juvenile 
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Research and M&E  

The research and M&E program will result in the continued integration of the most current and applied 
biology. The research and M&E program relies on knowledgeable local and regional subject area experts 
to address critical uncertainties including specific recruitment failure mechanisms and the interaction of 
limiting factors to improve understanding of the sturgeon’s biological requirements and habitat needs. 
Continuation of the research and M&E program will increase the sturgeon knowledge base and aid in 
refining management measures, which may improve natural spawning and recruitment, eventually leading 
to an increase in the wild population to a level where supplementation from the conservation aquaculture 
program would no longer be required. Research and M&E actions will therefore indirectly benefit 
sturgeon in the long term. Some projects underway for research and M&E include sampling and handling 
of fish, which could result in direct take (injury or mortality) of some individuals; however, the potential 
long-term benefits to the species are substantial.  

Effects on Sturgeon Critical Habitat 
Operations of Libby Dam under the Proposed Action will be consistent with recommendations by the 
FPIP Technical Team, to the extent practicable, for providing water for critical habitat features, including 
water depth, velocity, and temperature to benefit sturgeon. Libby Dam’s operations must be consistent 
with all of the project’s authorized purposes, however, which include FRM as well as fish and wildlife, 
among others. Thus, augmentation flow actions may be limited and unlikely to reach velocities or depths 
that would provide optimal spawning and rearing conditions, due to flow constraints imposed by other 
project purposes. Kootenai River habitat projects are also expected to improve critical habitat conditions 
by increasing primary productivity and increasing or improving spawning and rearing habitat. 
Construction activities associated with habitat improvement projects have the potential to temporarily 
affect critical habitat; these projects will go through the appropriate environmental compliance and 
permitting processes prior to implementation. The conservation aquaculture program will have no effect 
on critical habitat.  

Although the Proposed Action is expected to have adverse effects to some sturgeon critical habitat PCEs, 
the conservation measures that are integrated into the Proposed Action are expected to reduce these 
adverse effects. The effects of the Proposed Action on each PCE are described as follows: 

PCE 1: A flow regime, during the spawning season of May through June, that 
approximates natural variable conditions and is capable of producing depths of 23 feet (7 
m) or greater when natural conditions (for example, weather patterns, water year) allow. 
The depths must occur at multiple sites throughout, but not uniformly within, the 
Kootenai River designated critical habitat. 

The degree to which the current flow regime has achieved this PCE is discussed above. Under the 
Proposed Action, Libby Dam would continue to be operated following VARQ FRM procedures and 
tiered sturgeon releases within the ongoing adaptive management framework, which allows for 
adjustments that may serve the goal of achieving depths of 23 feet (7 m) or greater in all spawning 
reaches, including the Braided Reach, where the most ideal spawning substrate within the listed critical 
habitat occurs.  While Libby Dam will continue to be operated in an effort to achieve the goal of 23-foot 
(7-m) depth criteria over rocky substrate in the Braided Reach, under current conditions this would 
require exceedance of a 1,764-foot river stage at Bonners Ferry. There may be extreme cases where Libby 
Dam is regulated to keep the Bonners Ferry stage at 1,770 feet (539 m) or another target chosen to 
balance downstream flood stages and control refill of Lake Koocanusa (Corps 1999), but in general, this 
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depth criterion may not be achievable in all locations. The Bonners Ferry Island habitat improvement 
project, which is scheduled for completion in 2016, will excavate three large pools to increase depth, 
which is expected to help address the depth criterion further beyond previous habitat restoration actions in 
this location when natural conditions (e.g., weather patterns, water year) allow. 

PCE 2: A flow regime, during the spawning season of May through June, that 
approximates natural variable conditions and is capable of producing mean water 
column velocities of 3.3 ft/s (1.0 m/s) or greater when natural conditions (for example, 
weather patterns, water year) allow. The velocities must occur at multiple sites 
throughout, but not uniformly within, the Kootenai River designated critical habitat.  

According to simulation results of Barton et al. (2010a), minimum velocities of 3.3 ft/s were met along 
the length of the Braided Reach nearly consistently during the 2006-2009 spawning seasons and were met 
in some or all of the length of the straight reach, but not in the Meander Reach. This can be expected to 
continue with the flow constraints under which Libby Dam will continue to operate under the Proposed 
Action.  

PCE 3: During the spawning season of May through June, water temperatures between 
47.3 and 53.6° F (8.5 and 12° C), with no more than a 3.6° F (2.1° C) fluctuation in 
temperature within a 24-hour period, as measured at Bonners Ferry.  

This PCE has been achieved for almost all days throughout May and June of 2010-2015. Under the 
Proposed Action, it is expected that this temperature range can be maintained by allowing stratification to 
develop and strengthen in the Libby Dam forebay before warm water is released via selective withdrawal 
operations. The conclusion that this PCE will be maintained or improved under the Proposed Action 
assumes no exceptional weather patterns causing strong atmospheric cooling, nor any strong south wind 
that blows warm water away from the forebay, in turn causing a sudden upwelling of cold water at the 
selective withdrawal system. 

PCE 4: Submerged rocky substrates in approximately 5 continuous river miles (8 river 
kilometers) to provide for natural free embryo redistribution behavior and downstream 
movement.  

The substrates present in the braided, straight, and Meander Reaches are discussed above. These 
substrates would not be altered by flow regimes under the Proposed Action. Potential habitat 
improvement projects could include substrate enhancement in the reaches, which would have a positive 
effect on this PCE in the future.  

PCE 5: A flow regime that limits sediment deposition and maintains appropriate rocky 
substrate and inter-gravel spaces for sturgeon egg adhesion, incubation, escape cover, 
and free embryo development.  

Libby flow releases for sturgeon have provided and will continue to provide velocities sufficient to 
maintain exposed gravel and cobble in the Braided Reach and exposure of gravel and bedrock in the 
straight reach. Due to backwater effects from Kootenay Lake, as well as flow constraints imposed by 
other project purposes, Libby Dam flow releases are unlikely to affect velocities in the Meander Reach to 
the extent needed to reliably expose clean substrate. 
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Summary of the Effects of the Proposed Action on the Species and Critical 
Habitat  
Current sturgeon population models estimate that the existing wild population may be larger than 
previously thought; however, natural production is virtually non-existent (i.e., recruitment failure) 
(Beamsderfer et al. 2014). Additionally, higher-than-pre-dam winter water temperatures may create 
increased metabolic demand in juveniles, exacerbating their risk of starvation during a normally food-
limited time of year.  

Effects of the operational portions of the Proposed Action on migration, spawning, incubation, and 
rearing have been discussed above. Libby Dam operations do not appear to affect survival of mature 
adults. Egg-to-larval and larval-to-age-two survival appear to be the primary limiting factors for the 
survival and recovery of this species, hence the focus on potential causal relationships between dam 
operations and recruitment failures.  

Despite operational changes that have been made since the construction of Libby Dam to benefit this 
species, sturgeon recruitment based on natural spawning has not been documented at appreciable levels 
under a variety of flow and temperature combinations in release timing to date.  Depth criteria in the 
Braided Reach cannot be fully met without exceeding flood stage at Bonners Ferry. Adaptive 
management of operations will continue, but it is unknown what further capacity for sturgeon 
reproductive response exists within the capabilities and imposed parameters and constraints of seasonal 
dam operation and development at Bonners Ferry.  

While measures identified under the Proposed Action are designed to improve fish and wildlife habitat, 
operators also must address Libby Dam’s multiple authorized purposes. Under the Proposed Action, 
management actions are limited by the amount of discretion the Corps has to prioritize sturgeon flow and 
habitat needs above other purposes of Libby Dam, primarily FRM. Thus, although flows have been and 
will continue to be managed to achieve PCEs for sturgeon, augmentation flows may be limited by FRM 
priorities, and may not always achieve reach velocities and depths that would be most beneficial to 
sturgeon and their habitat. Discharges of at least 56,503 cfs for a period of 2 weeks could scour fine 
substrates and contribute to providing more suitable spawning and rearing conditions, but this is not 
realistic under FRM constraints, and is not proposed.  Even if such scouring could result in sufficient 
linear extent of suitable substrate for spawning, appropriate cover to support larval migration in the 
Meander Reach is limited.  So, while the dam operations in the Proposed Action are expected to reduce 
adverse effects to sturgeon and their habitat in the Action Area, the limitations placed on the flow 
management regime may preclude avoidance of adverse effects on sturgeon and their habitats. The Action 
Agencies will continue to continue to make operational adjustments based on best available scientific 
information to improve habitat conditions for sturgeon in the Action Area. BPA will continue to support 
recommended mitigation measures in the Kootenai River, including aquaculture, nutrient additions, 
habitat actions, and research and M&E, as appropriate. In combination with adaptively managing flows to 
achieve sturgeon critical habitat PCEs, the proposed action will further support sturgeon recruitment, 
including improving sturgeon habitat, and continue to increase the knowledge base of sturgeon needs in 
the Kootenai River system to allow continued refinement of operations. Based on the effects described 
above, the Proposed Action may affect, and is likely to adversely affect, both Kootenai River white 
sturgeon and their designated critical habitat.  



Bull trout - Columbia Headwaters Recovery Unit 

Clarified BA Text, Based on Consultation  193 
October 30, 2017 

4.3 Bull trout 
This chapter is organized by USFWS Recovery Units, then by river reaches associated with each project, 
and lastly by Core Area.  

4.3.1 Columbia Headwaters Recovery Unit 

The Proposed Action affects the following core areas within the Columbia Headwaters Recovery Unit 
(CHRU): Hungry Horse, Flathead Lake, Kootenai River, Lake Pend Oreille, Priest Lake, and Lake 
Koocanusa. 

Libby Dam Reach 
Effects on the Species  
Libby Dam Operations and Maintenance 

Operations at Libby Dam have been adjusted to improve downstream habitat conditions for sturgeon 
while remaining consistent with VARQ FRM procedures. The calculated spring water releases are meant 
to provide appropriate water velocities, temperature, and depths in sturgeon spawning areas. Bull trout 
occur in areas affected by these releases both upstream and downstream of Libby Dam. These measures 
are meant to improve habitat and replicate more normative river characteristics. Adult and juvenile bull 
trout in the downstream reaches affected by increased spring sturgeon flows will likely continue to benefit 
from improvements to habitat quality. Sturgeon flows will not affect bull trout spawning areas, which are 
located in tributaries of the Kootenai River outside of the Action Area. Neither the augmentation flows 
for sturgeon nor the subsequent augmentation flows for salmon will negatively affect bull trout habitat in 
the Kootenai River downstream of Libby Dam, as the flows will be above the minimum flows needed for 
bull trout (6,000 cfs).  

Reduction of summer draft helps in shaping a steady, gradually declining hydrograph to protect bull trout 
and other resident fish downstream of the dam in the Kootenai River. Previous summer double-peak 
operations have resulted in a period of reduced flow between sturgeon operations and salmon flow 
augmentation.  During this period, the varial zone established after the sturgeon operation became 
productive; when flows increased for salmon, the newly inundated varial zone remained unproductive for 
an extended period until productivity was re-established. When productive, the varial zone provides a 
source of prey (e.g., macroinvertebrates) for resident fish, such as bull trout. A smooth progression from 
sturgeon flows to salmon flows and end-of-summer flow reductions will help ensure against this 
dewatering.   

Further, ramping rates, daily shaping, and minimum flows will continue and are intended to maintain the 
productive habitat of the varial zone while minimizing the likelihood of stranding fish that come to forage 
and get trapped as flows are reduced. Limits to the flow augmentation draft minimize non-normative 
summer river flows while ensuring a smooth, gradually declining hydrograph to protect fish from 
stranding. Bull trout are highly mobile, and the gradually declining hydrograph is expected to give 
foraging bull trout the opportunity to migrate to deeper water and avoid stranding.  Maintenance of 
minimum flows for bull trout in all seasons will also help protect them and their food organisms from 
dewatering and overall habitat loss in the river. 

Water temperatures will continue to be managed via selective withdrawal gates in the spring through fall 
within the band agreed upon with Montana, Fish, Wildlife and Parks (MFWP) and are likely to continue 
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to be appropriate for both juvenile and adult bull trout.  Cool release temperatures that are not controlled 
by the selective withdrawal gates after the reservoir de-stratifies in the late fall and before it re-stratifies in 
the spring are appropriate for both juvenile and adult bull trout. 

If a spill occurs during the spring months, the increased velocity downstream will not negatively affect 
bull trout, as it will not influence spawning areas (which occur outside of the Action Area) nor occur at a 
time of year when juveniles are susceptible to scouring.  Entrainment of bull trout through Libby Dam 
does occur, but based on the relative abundance in the Koocanusa core area, it does not appear that 
management agencies in Montana consider entrainment to be a limiting factor for bull trout upstream of 
the dam; entrainment studies performed by Montana FWP in the early 1990s only documented 6 
entrained bull trout over 2 ½ years of study.  Survival of entrained fish (sub-adults and adults alike) may 
artificially increase abundance of bull trout the the Kootenai core area downstream of the dam, and 
evidence of this does exist; adult bulltrout Floy-tagged in British Columbia were/are periodically re-
captured in spawning tributarites downstream of Libby Dam, and genetic and isotope information from 
the local population in the downstream reach below Libby Dam indicates that roughly half of the 
population originates from natal tributaries upstream of the dam.. In addition, the use of the spillways 
increase TDG saturations downstream, with higher TDG levels when the sluiceways must be used for 
spill. Symptoms in fish from elevated TDG can include formation of gas bubbles in blood and other 
tissues (termed gas bubble trauma, or GBT), possibly blocking blood flow or causing other injury with 
potential for infection. Prolonged high TDG levels are lethal to bull trout. Avoidance of areas with 
elevated TDG or recuperation is possible if the fish are deeper than the compensation depth, below which 
the likelihood of bubble formation is minimized, although fish do not volitionally select depth related to 
gas concentration.  

Bull trout could be affected following maintenance activities at the dam. Each of the five generating units 
requires a 30-day outage each year for preventive maintenance. Units are taken offline one at a time, and 
the draft tubes are partially dewatered for internal access. At no time are fish handled during the 
dewatering process, as the draft tubes are never fully drained. However, at the conclusion of the outage, 
the draft tube stop logs are removed, which allows fish access to the tailrace. If an outage becomes 
prolonged (more than a few days), fish may be removed from the dewatered draft tube by hand (in 
coolers) and released into the river. This handling could cause stress or mortality to bull trout if they have 
to be captured, transported, and released.   

The Action Agencies continue to make operational adjustments based on best available scientific 
information (Table 2-4). These actions likely benefit bull trout by 1) maintaining inundation of productive 
varial zones, and 2) by providing normative thermal conditions during spring through fall via 
implementation of minimum bull trout flows and management of discharge temperature.  Areas of high 
TDG could represent short-term negative effects on bull trout immediately downstream of the dam. The 
handling of fish during maintenance activities could result in direct short-term stress or mortality, 
resulting in take of bull trout.  Overall, however, any adverse effects from Libby Dam operations and 
maintenance on either the Kootenai River Core Area or Lake Koocanusa Core Area bull trout 
populations, or on bull trout critical habitat, are likely to be minimal. Rather, implementation of the 
Proposed Action will maintain suitable habitat conditions for bull trout in the Action Area.  

Kootenai River Mitigation Actions  

As part of the Proposed Action, BPA will provide funding and/or technical assistance to support 
implementation of a variety of activities to benefit sturgeon, which are described below. The intended 
results of many of these mitigation actions, such as habitat improvements, riparian planting, and 
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conservation aquaculture, may not be realized in the short term; however, monitoring and evaluation can 
be used to track the response of other aquatic species and update trend data.  

Conservation Aquaculture 

The conservation aquaculture program is designed to supplement the sturgeon population by capturing 
mature sturgeon and spawning them under controlled conditions to produce progeny for later release. The 
capture of wild sturgeon for the program could result in incidental capture of bull trout from the Kootenai 
River Core Area population, as bull trout may be harmed when captured in gill nets, set lines, or by 
angling gear used for collecting sturgeon broodstock. Even if immediately released, the stress of handling 
could also result in bull trout mortality. IDFG has reported that one to three bull trout are caught annually 
during the sturgeon collection operations (USFWS 2006a).  

Nutrient Addition  

BPA has supported nutrient supplementation programs in the South Arm of Kootenay Lake and Kootenai 
River since 2004 and 2005, respectively. Under the Proposed Action, nutrient enhancement of the South 
Arm of Kootenay Lake will continue into the near future (at least 5 years) and will be shaped by M&E 
results. These efforts will continue to enhance food web productivity and benefit native fish populations 
in the lake, including bull trout from the Kootenai River Core Area population. Under the Proposed 
Action, the Kootenai River nutrient enhancement program will also continue, and results will be 
monitored as part of research and M&E. Given past results, it will be expected that continuation of these 
programs will lead to continued increased productivity, which will benefit bull trout adults and sub-adults 
foraging, migrating, and overwintering in the Kootenai River Core Area within the Action Area. No 
nutrient additions are proposed upstream of Libby Dam in Lake Koocanusa. Nutrient additions in the 
downstream areas will not affect bull trout in the Lake Koocanusa Core Area because the dam will 
prevent nutrients from transferring upstream via the movement of organisms.  

Habitat Restoration 

Potential restoration projects have been identified through 2020 that will create a habitat conducive to 
sturgeon life-history requirements in and adjacent to the Braided Reach, Straight Reach, and Meander 
Reach, but that could also indirectly benefit bull trout, as these reaches are within the Kootenai River 
Core Area for bull trout.  

The potential restoration actions that are discussed above will include outcomes such as floodplain 
enhancement, wetland restoration, tributary restoration, substrate enhancement, and development of 
riparian vegetation. It is expected that implementation of these habitat restoration projects will increase 
primary productivity, which will benefit bull trout within the Kootenai River Core Area. Unlike sturgeon, 
bull trout spawn in tributaries of the Kootenai River rather than in the mainstem. Therefore, habitat 
improvements for sturgeon in the mainstem may be beneficial to adult and subadult bull trout that use the 
area for foraging, migration and overwintering (FMO), but will have no impact on bull trout spawning 
habitat.  

The restoration activities will include the use of heavy construction equipment in the water while bull 
trout are present. Construction could create underwater noise and vibrations during the installation of 
restoration features (e.g., rocks, log jams), potentially resulting in incidental take. Interactions with heavy 
equipment or materials during construction could result in direct injury or mortality of adult or subadult 
bull trout in the vicinity. The operation of heavy equipment and disturbance to the riverbed/sediment 
during restoration will also cause short-term increases in turbidity. Increased turbidity and suspended 
sediment can negatively affect bull trout by causing mortality due to gill damage, decreased feeding 
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efficiency, behavioral changes such as avoidance of habitat, delayed migration to spawning sites,  and 
reduced reproductive success However, it might be expected that adult and subadult bull trout will avoid 
construction areas, since they should easily be able to detect such disturbances. 

All projects will complete the required environmental compliance and permitting processes prior to 
implementation, thereby considering and reducing impacts to bull trout to the extent possible. Some 
habitat restoration actions will align with bull trout PCEs (e.g., cover or shelter, space for individual and 
population growth and for normal behavior) and could indirectly benefit the Kootenai River Core Area 
population.  

The habitat restoration projects do not include habitat actions within the Lake Koocanusa Core Area for 
bull trout and, therefore, will not impact bull trout in either the reservoir or the tributaries upstream of 
Libby Dam. 

Research and Monitoring and Evaluation  

Monitoring and Evaluation (M&E) funded by BPA will monitor and assess effects of project 
implementation and evaluate effectiveness of new actions on sturgeon, with opportunistic monitoring for 
effects to bull trout and other fish species. Some projects underway for M&E include sampling and 
handling of fish, which could result in incidental injury or mortality of bull trout, as discussed above. 
Continuation of the M&E program will be primarily aimed at increasing the sturgeon knowledge base and 
refining management measures. The program will also result in the accumulation of beneficial 
information on habitat in the Action Area that could also be applied to bull trout management. Therefore, 
M&E actions will benefit bull trout in the Kootenai River Core Area with minimal adverse effects. Lake 
Koocanusa bull trout will not be monitored by the M&E program specifically, because the focus of the 
program is sturgeon and bull trout that occur below Libby Dam in Idaho. The Action Agencies will 
evaluate effects to Lake Koocanusa bull trout only if new information reveals that the operations at Libby 
Dam are affecting bull trout in a manner or to an extent not previously considered. 

Effects on Critical Habitat 

Operations of Libby Dam under the Proposed Action will be consistent with sturgeon recommendations 
for providing flows for critical habitat attributes, including water depth, velocity, and temperature in the 
lower Kootenai River in Idaho. In addition, Libby Dam flows are managed to support salmon and bull 
trout during late summer and early fall. FMO critical habitat for bull trout in the Kootenai River Core 
Area will likely be improved by flow management for sturgeon, resulting in long-term beneficial effects.   

The critical habitat designation for bull trout was revised in 2010 and now includes Lake Koocanusa. Bull 
trout critical habitat upstream of Libby Dam is expected to remain steady, as compared to baseline 
conditions. 

The effects of the Proposed Action on each PCE43 for bull trout critical habitat (shown in bold below) are 
discussed as follows: 

                                                      
43 Note that PCEs have been replaced by the term physical or biological features, or PBFs, under the new regulatory 
definition of destruction or adverse modification of critical habitat (81 Fed. Reg. 7214, Feb. 11, 2016). In order to 
maintain consistency between this BA and prior documents in the consultation history, and because the change in 
terminology does not change the analysis, the PCE terminology is retained in this document. 



Bull trout - Columbia Headwaters Recovery Unit 

Clarified BA Text, Based on Consultation  197 
October 30, 2017 

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia. 

The Proposed Action will have no effect on this PCE in Lake Koocanusa. The lake will continue to 
provide cold FMO habitat with thermal refugia for bull trout.  

The Proposed Action will have no effect on this PCE in the mainstem of the Kootenai River below Libby 
Dam. Dam operations will not alter groundwater resources. 

PCE 2: Migration habitats with minimal physical, biological, or water quality impediments between 
spawning, rearing, overwintering, and freshwater and marine foraging habitats, including but not 
limited to permanent, partial, intermittent, or seasonal barriers. 

The Proposed Action will have no effect on this PCE in Lake Koocanusa, and the lake will continue to 
provide FMO habitat and connection to high quality spawning and rearing habitat for bull trout in the 
Lake Koocanusa Core Area. Migration into the Tobacco River is not affected by reservoir drawdown. 

The Proposed Action will have no effect on this PCE below the dam and will include the continuation of 
VARQ FRM procedures, ramping rates, and bull trout minimum flows so that bull trout are not physically 
stranded or blocked due to flow operations.  The dam will remain a physical barrier to upstream and 
downstream migration.  

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish. 

Limiting summertime draft in Lake Koocanusa will incrementally improve recruitment of food organisms 
in the reservoir, as terrestrial vegetation would be closer to the reservoir margins (only when the reservoir 
is full can this be fully realized).  The minor increase in prey from terrestrial sources may benefit younger 
bull trout that do not yet forage on fish species and larger bull trout that forage on fish that may consume 
terrestrially derived organisms. 

Under the Proposed Action, an abundant seasonal supply of entrained kokanee and other species will 
continue to supplement the diets of bull trout in the Kootenai River immediately downstream of Libby 
Dam. In addition, Libby Dam operations have been adaptively managed to reduce impacts to varial zone 
productivity. Proposed habitat restoration actions, such as those aiming to increase primary production or 
habitat complexity in sturgeon spawning reaches, will also have a positive effect by encouraging the 
development of a more complex food chain. 

Trapping of nutrients in Lake Koocanusa has altered nutrient availability downstream so as to reduce 
primary and food web productivity.  Nutrient additions under the Proposed Action will help offset this.   

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, and 
processes that establish and maintain these aquatic environments, with features such as large 
wood, side channels, pools, undercut banks and unembedded substrates, to provide a variety of 
depths, gradients, velocities, and structure. 

The Proposed Action will have no effect on this PCE in Lake Koocanusa, and the lake will continue to 
provide FMO habitat for bull trout. Reservoir habitat complexity is unlikely to be altered by limiting the 
extent of summer or winter drafts. PCE 4 is affected by high and variable winter flows in the Kootenai 
River as a result of changing habitat stability (Muhlfeld et al. 2003). 

The Proposed Action will include habitat restoration actions in the sturgeon spawning reaches that will 
improve bull trout FMO habitat quality in the Kootenai River downstream of Libby Dam. Restoration 
activities designed to improve floodplain connectivity and increase the complexity of the river with the 
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addition of large woody debris and other features will provide cover or shelter for adult and subadult bull 
trout.  

PCE 5: Water temperatures ranging from 2 to 15o C (36 to 59o F), with adequate thermal refugia 
available for temperatures that exceed the upper end of this range. Specific temperatures within 
this range will depend on bull trout life-history stage and form; geography; elevation; diurnal and 
seasonal variation; shading, such as that provided by riparian habitat; streamflow; and local 
groundwater influence. 

The Proposed Action will have no effect on this PCE in Lake Koocanusa. 

The Proposed Action will continue to manage water temperatures in the Kootenai River to benefit 
sturgeon. Under the current operation, May through June water temperature goals have been achieved for 
almost all days. These temperatures are protective of adult and subadult bull trout as well as sturgeon and 
will continue under the Proposed Action.  Otherwise, established temperature release targets will address 
needs of bull trout in the river during the rest of the year. 

PCE 6: In spawning and rearing areas, substrate of sufficient amount, size, and composition to 
ensure success of egg and embryo overwinter survival, fry emergence, and young-of-the-year and 
juvenile survival. A minimal amount of fine sediment, generally ranging in size from silt to coarse 
sand, embedded in larger substrates, is characteristic of these conditions. The size and amounts 
of fine sediment suitable to bull trout will likely vary from system to system. 

This PCE is not applicable. 

PCE 7: A natural hydrograph, including peak, high, low, and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

This PCE does not apply to Lake Koocanusa. 

Continuation of the Proposed Action is expected to have a neutral or positive effect on this PCE although 
conditions are altered during the high and variable winter flows. The hydrograph of the Kootenai River is 
significantly altered from its historical state due to the construction and ongoing operation and 
maintenance of Libby Dam, combined with downstream land and water uses that have changed the 
hydrograph. Libby Dam is currently being operated to follow VARQ FRM procedures, as well as tiered 
volume-based sturgeon augmentation flows, salmon augmentation flows, and bull trout minimum flows, 
all of which mimic a more normative river hydrography. Continuation of these actions is expected to have 
a neutral or positive effect on this bull trout PCE. However, PCE 7 is altered during high and variable 
winter flows in the Kootenai River. 

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and survival 
are not inhibited. 

The Proposed Action will have no effect on this PCE in Lake Koocanusa. 

Kootenai River hydrography downstream of Libby Dam has been permanently altered by the construction 
and ongoing operation and maintenance of the Libby Dam, diking, land use alterations, and water 
consumption. Libby Dam will continue to be operated to follow VARQ FRM procedures, which include 
tiered sturgeon augmentation flows and minimum bull trout flows, to facilitate growth and survival of 
bull trout in the Action Area. Spill may pose some risk through the elevation of TDG saturation, 
especially in spring.  Elevated TDG saturation may result in a temporary water quality impediment.  
Nutrients trapped in Lake Koocanusa have altered water quality downstream so as to reduce primary and 
food web productivity.  Nutrient additions will continue to help offset the nutrient trapping, and this PCE 
should remain similar to baseline conditions. 
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PCE 9: Sufficiently low levels of occurrence of non-native predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass); interbreeding (e.g., brook trout); or competing (e.g., brown trout) 
species that, if present, are adequately temporally and spatially isolated from bull trout. 

The Proposed Action will have no effect in Lake Koocanusa or the Kootenai River that unduly favors 
nonnative species that may prey on, compete with, or interbreed with bull trout. 

Hungry Horse Reach 
Effects on the Species 

The Hungry Horse core area of bull trout is one of the most robust and least threatened core areas.  
Implementation of the Proposed Action would include the continuation of previous operational benefits 
designed to increase reservoir productivity and improve habitat conditions. The primary threats to the 
Flathead Lake core area are introduced species and angling pressure, which are not affected by the 
Proposed Action.  The core area population is stable, and efforts to manage non-native species are 
ongoing and managed by the Confederated Salish and Kootenai Tribes (unrelated to the FCRPS). 

Although bull trout in Hungry Horse Reservoir could potentially be affected by entrainment, this has not 
been documented under the baseline operating regime, suggesting that entrainment is not a biologically 
significant concern. The current action generally maintains these operational conditions, indicating that 
the action is not likely to have any measurable effect on bull trout entrainment rates relative to the 
environmental baseline. Therefore the current action is likely to maintain the species-level abundance and 
productivity indicators for bull trout in Hungry Horse Reservoir. 

A move toward a more normative flow regime began with the 1995 NMFS FCRPS BiOp, and was further 
refined by the 2000 USFWS BiOp.  Improvements to the operating regime restored the hydrograph to a 
semblance of pre-dam conditions in terms of the frequency and timing of seasonal peak- and low-flow 
conditions, with higher-than-natural winter flow rates. Muhlfeld et al. (2011) used an IFIM model to 
evaluate the effect of flow regime changes in the Flathead River on habitat area and suitability for bull 
trout and other native fish species. They specifically considered the effect of various flow conditions 
associated with recent FCRPS management regimes. While the South Fork Flathead was not addressed in 
this study, the findings are nonetheless relevant because the hydrographic effects considered are similar in 
timing and larger in magnitude compared to the study reaches in the mainstem Flathead River. They 
found that the 2001 to 2008 operational regime provided the best approximation of pre-dam habitat 
conditions and productivity while meeting other system requirements. They also found that the baseline 
ramping rates established in the 2000 FCRPS BiOp produced significant habitat benefits by smoothing 
river flows and reducing varial zone impacts. 

Effects on Critical Habitat 

The following sections describe the effects of the Proposed Action on each PCE for bull trout critical 
habitat (shown in bold). 

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.  

In general, reservoir operations have the potential to affect hyporheic exchange along river reaches by 
changing groundwater residence time (Reclamation 2011).  Under baseline conditions, the South Fork 
Flathead River hyporheic flows have been impaired by development, and the Flathead River is connected 
to a shallow alluvial aquifer.  Areas with high groundwater influence provide overwintering habitat for 
bull trout in the Flathead River basin.  Following the installation of the selective withdrawal system at 
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Hungry Horse Reservoir in 1995, temperatures have more closely approximated pre-dam temperatures, 
and PCE 1 is likely to continue to contribute substantially to FMO habitat. 

PCE 2: Migration habitats with minimal physical, biological, or water quality impediments between 
spawning, rearing, over-wintering, and freshwater and marine foraging habitats, including but not 
limited to permanent, partial, intermittent, or seasonal barriers. 

The Proposed Action would have no effect on this PCE.  The reservoir, South Fork Flathead, and 
Flathead River would continue to provide FMO habitat and connection to high-quality spawning and 
rearing habitat for bull trout.  Hungry Horse Dam would remain a physical barrier to upstream and 
downstream migration, as a continuation of the baseline condition.  Reservoir operations implemented in 
2009 to reduce water level fluctuation during the summer and fall would continue to reduce habitat 
fragmentation along migratory corridors. 

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.  

The Proposed Action would continue operations that have improved PCE 3 in the Hungry Horse Reach.  
Changes in reservoir operations that reduced deep power drafts have increased the consistency of water 
levels during primary vegetation growth periods, improving habitat conditions for terrestrial organisms 
that rely on riparian vegetation.  The improved consistency of water elevations also benefits aquatic 
macroinvertebrates.   

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, and 
processes that establish and maintain these aquatic environments, with features such as large 
wood, side channels, pools, undercut banks, and unembedded substrates to provide a variety of 
depths, gradients, velocities, and structure. 

The Proposed Action would have minor, insignificant effects on PCE 4 during seasonal reservoir 
drawdowns.  In Hungry Horse Reservoir, the water depth, thermal stratification, and shallow shoreline 
habitat provide the most significant habitat complexity and contribution to FMO habitat.  The South Fork 
Flathead River provides deep pools that serve as refugia, and the lower Flathead River provides deep runs 
with cobble and boulder substrate, as well as pools with large wood.  Continued operations under the 
Proposed Action would continue to maintain these areas of FMO habitat.  PCE 4 may be affected by 
minimum flows that are slightly higher than the natural condition. 

PCE 5: Water temperatures ranging from 2° to 15° C (36° to 59° F), with adequate thermal refugia 
available for temperatures that exceed the upper end of this range. 

The Proposed Action would have insignificant effects on PCE 5 in the Hungry Horse Reach.  The Hungry 
Horse core area is one of three that is projected to contain significant cold-water refugia for bull trout with 
respect to climate change.  The South Fork Flathead River below Hungry Horse Dam contains water 
temperatures suitable for all ages of bull trout, contributing to FMO habitat in this reach.  The Proposed 
Action would continue operations that are contributing to FMO habitat and cold-water refugia for bull 
trout. 

PCE 6: In spawning and rearing areas, substrate of sufficient amount, size, and composition to 
ensure success of egg and embryo over-winter survival, fry emergence, and young-of-the-year 
and juvenile survival.  

The Proposed Action would have insignificant effects on PCE 6 in the Hungry Horse Reach.  PCE 6 is 
not present in Hungry Horse Reservoir, but high-quality spawning and rearing habitat is present in the 
tributaries upstream of the reservoir.  The South Fork Flathead River below the dam, and the mainstem 
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Flathead River primarily serve as FMO habitat, with spawning and rearing habitat in the tributaries.  The 
Proposed Action would continue to maintain this FMO habitat for bull trout. 

PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

The Proposed Action would have insignificant effects on PCE 7 in the Hungry Horse Reach. PCE 7 
addresses the timing and amount of stream flow, a characteristic that is, by definition, not present in a 
reservoir environment.  Downstream of Hungry Horse, habitat conditions for bull trout have improved 
following Reclamation’s implementation of more natural flow regimes under VARQ (Muhlfeld et al. 
2011).  The baseline condition of altered peak flows would not be further reduced under the Proposed 
Action, and the improved habitat conditions under VARQ would be expected to continue.  PCE 7 may be 
affected by minimum flows that are slightly higher than the natural condition 

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and survival 
are not inhibited. 

The Proposed Action would have insignificant effects on PCE 8 in the Hungry Horse Reach.  Operational 
changes implemented in the 1990s and under the 2000 FCRPS BiOp improved water quality conditions in 
this reach, and these improved water quality conditions would be expected to be maintained under the 
Proposed Action.  The Action Agencies will continue to operate Hungry Horse Dam under VARQ and 
the FCRPS BiOp.  

PCE 9: Sufficiently low levels of occurrence of nonnative predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown trout) 
species that, if present, are adequately temporally and spatially isolated from bull trout. 

The Proposed Action would have insignificant effects on PCE 9 upstream of Hungry Horse Dam.  Since 
critical habitat was not designated below Hungry Horse Dam, PCE 9 does not apply.  Hungry Horse Dam 
would continue to provide a barrier to lake trout or other non-native species. Below the dam, PCE 9 
would continue to be impaired by the presence of northern pike and lake trout, but continuation of current 
operations under the Proposed Action would not affect the level of these species.  Efforts to control these 
species, ongoing under the baseline, would continue to occur separate from the Proposed Action.   

Albeni Falls Reach 
The Albeni Falls Dam Reach consists of two segments, Lake Pend Oreille and the Pend Oreille River 
downstream of Albeni Falls Dam. It is located in Critical Habitat Unit (CHU) 31 and the CHRU Lower 
Clark Fork geographic region.   

Effects on the Species 

Implementation of the Proposed Action would include the continuation of previous operational benefits 
designed to increase reservoir productivity and improve habitat conditions. The primary threats to the 
Lake Pend Oreille core area are upland/riparian land management and instream flow, instream impacts 
from transportation corridors, nonnative predators/competitors (lake trout, brook trout, northern pike) and 
water temperature.  These threats would not be appreciably changed by implementation of the Proposed 
Action.  The core area population is stable.  The potential for direct impacts on bull trout compared to the 
environmental baseline is limited to entrainment and lack of upstream fish passage.  

The proposed action generally maintains the baseline discharge conditions at Albeni Falls Dam 
established in the 2000 FCRPS BiOp, with the addition of flexible winter power operations (FPWO). 
Genetic analysis of individuals captured downstream of the dam has determined that the majority of 



Bull trout - Columbia Headwaters Recovery Unit 

202 Clarified BA Text, Based on Consultation  
October 30, 2017 

individuals studied originated from spawning populations in tributaries to Lake Pend Oreille, Priest River 
tributary to Pend Oreille River, and the Clark Fork below Cabinet Gorge Dam (DeHaan et al. 2005; 
DeHaan and Ardren 2008). Thus, entrainment is occurring, with more than 25 bull trout recovered and 
released above Albeni Falls Dam (B. Bellgraph, PNNL, pers. comm. 2015). However, recent estimates of 
abundance and population structure of bull trout in the Lake Pend Oreille system indicate the population 
has remained stable and is near or above the recovery goal of 2,500 adults dispersed across six 
populations, with at least 100 adult spawners (Meyer et al. 2014).  Based on this information, bull trout 
entrainment rates are probably small.  As a continuation of the baseline condition, some bull trout may be 
entrained downstream through Albeni Falls Dam.  This could result in direct and indirect mortality and 
stress.  Direct mortality was evaluated by Normandeau and Associates, who used two different sizes of 
rainbow trout as surrogates for sub-adult and adult bull trout.  Normandeau's results showed relatively 
high survival of sub-adult (99.4 percent) and adult trout (97.6 percent) passed through a spillway bay and 
high survival for sub-adults (99.5 percent) and adults (90.1 percent) passed through a turbine.  In addition 
to the potential of mortality and injury, bull trout that pass downstream through AFD are unable to 
migrate back upstream past the dam, as there are no upstream passage facilities. 

Effects on Critical Habitat 

The following sections describe the effects of the Proposed Action on each PCE for bull trout critical 
habitat (shown in bold). 

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.  

The Proposed Action would have discountable effects on PCE 1 in the Albeni Falls Reach.  Springs, 
seeps, groundwater sources, and subsurface water connectivity do not play a large role in water quality or 
water quantity in Lake Pend Oreille.  In Lake Pend Oreille, thermal stratification is typically the primary 
mechanism providing thermal refugia for bull trout (Fraley and Shepard 1989).  Albeni Falls Dam 
operations may influence shallow groundwater exchange, but the influence of this exchange would not be 
of sufficient scale to influence thermal refugia in the lake as a whole.   

Downstream of Albeni Falls Dam, cold-water habitat is limited, but some patches persist in tributaries 
(e.g., LeClerc Creek and Indian Creek (Box Canyon pool), Sullivan Creek (Boundary Pool), and others) 
(USFWS 2002c).  An inventory and restoration or enhancement of these and other cold-water areas will 
occur as part of MOA actions with the Kalispel Tribe (J. Conner, Kalispel, pers. comm. 2016), and via 
FERC relicensing requires for Boundary and Box Canyon Dams.  Although climate change may continue 
to limit available cold-water habitat, the Proposed Action would not reduce the amount of thermal refugia 
available. 

PCE 2: Migration habitats with minimal physical, biological, or water quality impediments between 
spawning, rearing, over-wintering, and freshwater and marine foraging habitats, including but not 
limited to permanent, partial, intermittent, or seasonal barriers. 

The Proposed Action would have no effect on this PCE. Lake Pend Oreille would continue to provide 
FMO habitat and connection to high-quality spawning and rearing habitat for bull trout.  If fish pass 
downstream of Albeni Falls Dam, they cannot regain access to the Upper River or lake. Beginning in 
2017, bull trout downstream of Box Canyon Dam can be passed upstream, where they would reach the 
base of Albeni Falls Dam.  Selective upstream passage could be provided by the Kalispel Tribe with a 
temporary Denil trap and upstream transport.  Planning toward a permanent upstream facility has been in 
feasibility phase.  Until that is completed and implemented, Albeni Falls Dam will remain a physical 
barrier to upstream migration, as a continuation of the baseline condition, and bull trout that remain 
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downstream of Albeni Falls dam will be disconnected from the Lake Pend Oreille and Priest River 
systems. 

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.  

The Proposed Action would have a discountable effect on PCE 3 in the Albeni Falls Reach.  During 
summer operations (between June/early July and early to mid-September), the lake elevation is 
maintained between 2062 and 2062.5 feet.  Under these conditions, bull trout would continue to benefit 
from the riparian input of terrestrial organisms, as well as forage fish and kokanee prey based on primary 
production in the lake. The kokanee population has increased substantially in recent years (IDFG 2015), 
and the Proposed Action would not be expected to affect the population trend.  Therefore, the food base 
for bull trout is likely to remain abundant.   

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, and 
processes that establish and maintain these aquatic environments, with features such as large 
wood, side channels, pools, undercut banks, and unembedded substrates to provide a variety of 
depths, gradients, velocities, and structure. 

The Proposed Action would have insignificant effects on PCE 4.  In Lake Pend Oreille, habitat 
complexity consists of water depth, thermal stratification, and shallow shoreline habitat.  PCE 4 is 
impaired in the Pend Oreille River downstream of Albeni Falls Dam due to historic land management 
practices.  The river between Albeni Falls and Box Canyon consists mainly of shallow, slow-moving 
water, numerous sloughs, and backwater areas. The Proposed Action includes continuing current 
operations and would not significantly increase or decrease habitat complexity in this reach. 

PCE 5: Water temperatures ranging from 2° to 15° C (36° to 59° F), with adequate thermal refugia 
available for temperatures that exceed the upper end of this range. 

The Proposed Action would have discountable effects on PCE 5 in the Albeni Falls Reach.  Because the 
dam drafts from a relatively shallow portion of the impoundment, the ability of the dam to influence 
downstream temperature conditions is limited.  Temperatures in the main body of the lake range from 36° 
F to 72.5° F, and in the nearshore areas range from 36° F to 79.7° F (Tetra Tech 2002).  Although this 
exceeds the range of suitable temperatures, cooler temperatures persist during lake stratification in the 
summer.  Water temperatures in mainstem FMO habitat (including the lower Pend Oreille River and run-
of-the river reservoirs) and the lower reaches of most tributaries are marginally high for bull trout survival 
in the summer, and are continuing to increase with climate change (USFWS 2015b).  Potential water 
temperature increases would not be a result of project operations relative to the environmental baseline. 

PCE 6: In spawning and rearing areas, substrate of sufficient amount, size, and composition to 
ensure success of egg and embryo over-winter survival, fry emergence, and young-of-the-year 
and juvenile survival.  

PCE 6 is not present.  The action area for the Albeni Falls Reach does not include spawning or rearing 
areas.  

PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

The Proposed Action would have insignificant effects on PCE 7 in the Albeni Falls Reach.  The proposed 
action includes continuing operations.   

Lake Pend Oreille is refilled to 2062 feet in mid- to late June, depending on flood risk, forecasts, and 
snowpack conditions in the Pend Oreille River basin.  The lake is maintained in a summer operating range 
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of 2062 to 2062.5 feet from June until mid- to late September.  The lake elevation is reduced to 2060 feet 
by September 30, and to 2051 feet by November 15. The pool is generally held within a half-foot of this 
elevation through December, depending on hydrologic conditions.  Under FWPO, there is the potential 
for greater fluctuation of Albeni Falls Dam discharge and the elevation of Lake Pend Oreille during the 
winter period (December 15 to March 31). 

PCE 7 is not present in Lake Pend Oreille and provides a limited contribution to FMO habitat below 
Albeni Falls Dam.  Although the hydrograph varies from the natural hydrograph, continuing operations 
would not further reduce availability of bull trout habitat relative to the hydrograph in Lake Pend Oreille. 

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and survival 
are not inhibited. 

The Proposed Action would have insignificant effects on PCE 8 in the Albeni Falls Reach in the Albeni 
Falls Reach, including Lake Pend Oreille and the Pend Oreille River.  

Water quality considerations related to temperature are discussed above under PCE 5. Other components 
of water quality would be consistent with the environmental baseline condition.  The proposed action 
includes continuing operations.  

High TDG levels will continue to occur during the spring freshet, although reductions may occur with 
upstream dam modifications (e.g., Cabinet Gorge), consistent with environmental baseline condition. 
TDG increases under FWPO are expected to be minor (Corps and BPA 2011b). 

Albeni Falls Dam can spill up to 10 kcfs using all ten spillway gates, and using a uniform spill pattern, 
without increasing downstream TDG saturation levels.  Although spill can increase under FWPO, 
increases in TDG would be expected to be less than 5 percent (Corps and BPA 2011b).  Continuing 
current operations would not degrade water quality conditions compared to the environmental baseline. 

PCE 9: Sufficiently low levels of occurrence of nonnative predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown trout) 
species that, if present, are adequately temporally and spatially isolated from bull trout. 

The Proposed Action would have insignificant effects on PCE 9 in the Albeni Falls Reach.  Lake trout are 
common and represent the singular primary threat to bull trout in the FMO habitat in Lake Pend Oreille 
(USFWS 2015b).  Northern pike are of considerable concern in the river downstream of Albeni Falls, and 
hybridization of bull trout and brook trout can occur in tributary streams.  PCE 9 would continue to be 
impaired by the presence of lake trout and northern pike, among other species, but continuation of current 
operations under the Proposed Action would not affect the levels of these species.  Efforts to control these 
species, ongoing under the baseline, would continue to occur separate from the Proposed Action.   

4.3.2 Mid-Columbia Recovery Unit 

The Mid-Columbia Recovery Unit (MCRU) includes the Columbia River from the U.S./Canadian border 
to John Day Dam and its tributaries. It includes 24 core areas in three distinct groupings: Tributaries to 
the Columbia between Chief Joseph Dam and McNary Pool, tributaries to the Snake River between 
Brownlee Dam and the confluence with the Columbia River, and tributaries to the Clearwater River from 
its headwaters to its confluence with the Snake River.  

The mouths of the following tributaries are within the Action Area in the Mid-Columbia Recovery Unit:  
Methow River, Entiat River, Wenatchee River, Yakima River, North Fork Clearwater River, Asotin 
Creek, and Tucannon River (USFWS 2014). There are 16 critical habitat units (CHU) designated in the 
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Mid-Columbia Recovery Unit. These are generally aligned with the core areas, although some CHUs 
contain multiple core areas.  The mainstem of the Columbia River below Chief Joseph Dam (CHU 22) 
and the Snake River below Brownlee Dam (CHU 23) are designated foraging, migration, and 
overwintering (FMO) habitat.  The Clearwater River below Dworshak Dam is also designated FMO 
habitat, but it is incorporated in CHU 21.  The FCRPS facilities in the Mid-Columbia Recovery Unit are 
located in FMO habitat-only, with the exception of Dworshak reservoir in critical habitat unit 21. FMO 
habitat is generally outside core area boundaries, but may be used by bull trout from multiple core areas. 

Chief Joseph Dam Reach 
The Chief Joseph Dam Reach includes three segments, the Columbia River above Grand Coulee Dam to 
the U.S.-Canada border, Rufus Woods Lake, and the Mid-Columbia Segment downstream to headwaters 
of the McNary Pool. It is located in the Mid-Columbia Recovery Unit (MCRU).  As noted in the 
Environmental Baseline section (Chapter 3), bull trout are rarely present between Grand Coulee Dam and 
the Canadian border, and that area was excluded from critical habitat designation.  Similarly, the Rufus 
Woods Lake segment is outside of critical habitat, and documented bull trout presence is low there.  
Therefore, the section below focuses on the section of the Columbia River between Chief Joseph Dam 
and the upstream end of the McNary Pool.   

The Mid-Columbia segment of the Chief Joseph Dam Reach includes the mainstem Columbia River from 
Chief Joseph Dam to the upstream end of the McNary Dam pool. This reach encompasses five non-
Federal dams and their associated pools on the mainstem Columbia River, in order going downstream: 
Wells Dam (Douglas County Public Utility District (PUD)); Rocky Reach and Rock Island dams (Chelan 
County PUD); and Wanapum and Priest Rapids dams (Grant County PUD). These dams have completed 
FERC relicensing subject to individual ESA Section 7 consultation and/or are operating under approved 
habitat conservation plans. Therefore, for the purpose of this effects analysis, the effects of the action on 
species and habitat conditions in this reach are limited only to those measurable effects from changes in 
Chief Joseph Dam operations that are propagated downstream through the reach. They do not include 
those effects associated with flow variability on pool shorelines, which are a consequence of ongoing 
system operations that have not changed significantly since 2008. 

Effects on the Species 

The bull trout core areas within this reach (but not in the action area) are the Methow River, Entiat River, 
Wenatchee River, and Yakima River.  The Proposed Action would have negligible effects on bull trout in 
these core areas, as they are outside the action area for the proposed action.  The salmon migration flows 
that are part of the proposed action are generally passed through by the non-project facilities, but they 
may assist in maintaining connectivity among the bull trout core areas adjacent the Columbia River FMO.  

The extent of potential entrainment at Grand Coulee and Chief Joseph Dam is unknown, but there is a low 
likelihood because so few fish are present upstream of these facilities, and to the extent entrainment is an 
issue at the non-Federal dams between Chief Joseph and McNary, it has been addressed as part of the 
consultation on their respective FERC licenses and is part of the environmental baseline.  

Effects on Critical Habitat 

The mainstem Upper Columbia River CHU (CHU 22) is essential for maintaining bull trout distribution 
within this unique geographic region of the MCRU and conserving the fluvial migratory life history types 
exhibited by many of the populations from adjacent core areas. Its location between Chief Joseph Dam in 
the northernmost geographical area and John Day Dam in the southernmost area provides key 
connectivity for the MCRU. It is essential for maintaining distribution and genetic contributions to the 
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lower Columbia and the Snake Rivers, as well as 13 critical habitat units. Bull trout are known to reside 
year-round as sub-adults and adults, but migrating adults may utilize the mainstem Columbia River for up 
to 9 months, as well. Several studies in the upper Columbia and lower Snake Rivers indicate that 
migration occurs between the mainstem Upper Columbia River CHU and core areas, generally during 
periods of cooler water temperatures. FMO habitat provided by the mainstem Columbia River is essential 
for conservation because it supports the expression of the fluvial migratory life history form for multiple 
core areas.  

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.  

The Proposed Action would be a continuation of the baseline condition, and have insignificant 
effects on PCE 1 in the Chief Joseph Dam Reach.  Although PCE 1 may be present where 
tributaries and groundwater interact with the mainstem, little is known regarding the ecological 
significance of this exchange (Corps 2013).PCE 2: Migration habitats with minimal physical, 
biological, or water quality impediments between spawning, rearing, over-wintering, and 
freshwater and marine foraging habitats, including but not limited to permanent, partial, 
intermittent, or seasonal barriers. 

The Proposed Action would have insignificant effects on this PCE.  The Columbia River would continue 
to provide FMO habitat and connection to upstream spawning and rearing habitat for bull trout.  Chief 
Joseph and Grand Coulee Dams would remain a physical barrier to upstream and downstream migration, 
as a continuation of the baseline condition.  Maintenance activities at Chief Joseph Dam will continue to 
include the SOP for removal of fish found in turbines activities minimize impacts to bull trout. 

Involuntary spill at Chief Joseph and Grand Coulee Dams will continue to be managed to minimize TDG 
issues, using the deflectors at Chief Joseph installed in 2008 and the system spill priority list.  Thus, to the 
extent that power generation can be prioritized for Grand Coulee and spill for Chief Joseph, negative 
water quality effects from TDG will be minimized. 

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.  

The Proposed Action would have a limited effect on PCE 3 in the Chief Joseph Dam reach. The 
Columbia River has a diverse and abundant assemblage of fish that should supply subadult and adult bull 
trout with adequate forage to sustain their growth and energy needs for migration and overwintering. The 
proposed action would not create undue issues for forage organisms. During rare involuntary spill events, 
TDG may affect the prey base, although flow deflectors should minimize this impact. 

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, and 
processes that establish and maintain these aquatic environments, with features such as large 
wood, side channels, pools, undercut banks, and unembedded substrates to provide a variety of 
depths, gradients, velocities, and structure. 

PCE 4 is present, particularly within the Hanford Reach, and may provide a limited contribution to FMO 
habitat in this Action Area. However, it has been documented that PCE 4 is not present in Snake and 
Columbia River reservoirs (USFWS 2010b). While some portions of the mainstem Snake and Columbia 
Rivers may exhibit complex processes, it is unlikely that these processes provide a significant 
contribution to bull trout use of these habitats. 
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PCE 5: Water temperatures ranging from 2° to 15° C (36° to 59° F), with adequate thermal refugia 
available for temperatures that exceed the upper end of this range. 

Not Present 

PCE 6: In spawning and rearing areas, substrate of sufficient amount, size, and composition to 
ensure success of egg and embryo over-winter survival, fry emergence, and young-of-the-year 
and juvenile survival. 

Not Present 

PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

PCE 7 is not present in the Chief Joseph Dam reach.  Chief Joseph Dam and non-Federal dams 
downstream are run-of-river, and inflow is controlled by operations at Grand Coulee and Canadian Dams. 
Generally, the hydrograph of the mainstem Snake and Columbia Rivers is highly regulated. The effects of 
a natural hydrograph on bull trout in the action area have not been intensively studied because of the 
small numbers of bull trout that use these areas.  

The future operations of Reclamation irrigation projects (Columbia River Basin Project, Yakima Project, 
and Umatilla Phase II Project) is expected to have an insignificant hydrologic effect to Columbia River 
flows in the Chief Joe Dam Reach.  The average estimated change in hydrology by month due to 
Reclamation tributary irrigation project operations on Columbia River flows at key points are summarized 
in Appendix C. These data include the effects of storage delivery of water for multiple purposes.  During 
the months of July, August, and September flows in the Columbia River would be diminished by up to 5 
to 10 percent (of approximately 150,000 to 70,000 cfs) by the irrigation projects as measured at Priest 
Rapids Dam, and by up to 4 to 6 percent from May through September (of approximately 300,000 to 
78,800 cfs).   

Overall, the irrigation depletions would not have a significant effect on this PCE in this reach or 
downstream reaches or on any bull trout present in the mainstem at that time.  This reduction of flow 
would not impact the function, quality, or availability of the FMO habitat in the Columbia River. 

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and survival 
are not inhibited. 

The Proposed Action would have infrequent adverse effects on PCE 8 in the Chief Joseph Dam Reach. 
Primary water quality concerns in this area include the potential for TDG (in excess of state standards of 
110 percent), which can harm fish, but at lesser levels and lower frequency than in the baseline.   

The Corps and Reclamation investigated a range of potential methods to reduce TDG generation in the 
Columbia River mainstem below Chief Joseph Dam. The Corps and Reclamation determined that a 
combination of operational modifications at Grand Coulee and structural and operational modifications at 
Chief Joseph provided the most effective solution. Spillway deflectors were completed at Chief Joseph 
Dam in 2008, and have proven to be effective at reducing TDG during spill operations. A post-deflector 
study showed reduced TDG exchange in spillway flows with TDG saturations ranging from about 110 to 
120 percent (Schneider 2012). For example, in May 2011 when Grand Coulee Dam was releasing 144 
percent TDG and the Chief Joseph forebay TDG levels were 140 percent, the flow deflectors reduced 
TDG levels to 123 percent in the Chief Joseph tailwater.   
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Continued operation under the Proposed Action would not change water quality conditions compared to 
the environmental baseline, except during spill events. This reach would continue to provide limited FMO 
habitat for bull trout. 

PCE 9: Sufficiently low levels of occurrence of nonnative predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown trout) 
species that, if present, are adequately temporally and spatially isolated from bull trout. 

The Proposed Action would have insignificant effects on PCE 9 in the Chief Joseph Dam Reach.   

Dworshak Dam Reach 
The Dworshak Dam Reach includes the Dworshak Reservoir on the North Fork of the Clearwater River, 
the tributaries upstream that are affected by the backwater and elevation changes in the reservoir, the 
North Fork Clearwater River to the Clearwater mainstem and its confluence with the Snake River, and 
portions of the Snake River from the confluence with the Clearwater to the Lower Granite Dam. 
Dworshak Dam and Reservoir are contained entirely within the North Fork Clearwater core area, which 
includes 12 complex local populations, and its operations also affect FMO habitat in the mainstem 
Clearwater River and the Snake River. 

Effects on the Species 

Bull trout upstream of Dworshak Dam are affected by entrainment, although it is expected to be rare 
(Hanson et al 2014). The current action generally maintains baseline operational conditions, indicating 
that the action is not likely to have any measurable effect on bull trout entrainment rates relative to the 
environmental baseline.  Dworshak Dam is a barrier to upstream and downstream passage and therefore 
isolates bull trout residing above the dam from other populations in core areas within the basin. 

Effects on Critical Habitat 

The Dworshak Dam Reach is contained within the Clearwater River CHU 21, which includes the 
Clearwater River from its confluence with the Snake River near Lewiston, Idaho, upstream through the 
North, Middle, and South Forks of the Clearwater River, to their headwater streams in the Bitterroot 
Mountains along the Idaho/Montana border. The portion of the Snake River included in this reach is part 
of CHU 23, which is considered FMO habitat.  

The North Fork Clearwater River Critical Habitat Sub-unit (CHSU) is essential to bull trout conservation 
because the North Fork Clearwater River core area has a large number of local populations that support 
large numbers of bull trout. The CHSU is also secure, with few threats. This CHSU also includes the Fish 
Lake core area, which contains one of only two headwater lake adfluvial bull trout populations in the 
entire Clearwater River CHU. Bull trout within the North Fork Clearwater River CHSU are one of the 
more secure and stable bull trout core area populations within the Clearwater CHU, which is an important 
stronghold (USFWS 2015c). 

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.  

The Proposed Action would have no effect on PCE 1 in the Dworshak Dam Reach.  In reservoir 
environments, subsurface connectivity and thermal refugia are a function of several factors, including 
thermal stratification within the reservoir, tributary inflow, wetland influence, and groundwater recharge. 
In deep reservoirs, thermal stratification is typically the primary mechanism providing thermal refugia.   
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The Proposed Action would have no effect on PCE 1 in the Clearwater River downstream of Dworshak 
Dam. Railroad and highway development have constrained the river and reduced the connectivity with 
off-channel habitats. The operation and maintenance of the dam would cause no change in these 
conditions. 

The Proposed Action would have no effect on PCE 1 from the confluence with the lower Snake River to 
Lower Granite Dam. Although PCE 1 is present where tributaries and groundwater interact with the 
reservoirs and river, the ecological significance of this exchange is minor and does not contribute to FMO 
habitat in this reach. 

PCE 2: Migration habitats with minimal physical, biological, or water quality impediments between 
spawning, rearing, over-wintering, and freshwater and marine foraging habitats, including but not 
limited to permanent, partial, intermittent, or seasonal barriers. 

The Proposed Action would have infrequent, adverse effects on this PCE where low reservoir levels and 
drawdown can affect species migration.  The Dworshak Reservoir and Clearwater River would continue 
to provide FMO habitat and connection to upstream spawning and rearing habitat for bull trout.  
Dworshak Dam would remain a physical barrier to upstream and downstream migration, as a continuation 
of the baseline condition.  Entrainment through Dworshak Dam is a contributing threat to bull trout in the 
core area but is considered minor overall (USFWS 2015c). 

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.  

The Proposed Action would have a discountable effect on PCE 3 in the Dworshak Reach.  The abundance 
of prey items is not limiting in this reach (USFWS 2002f), and continued operations under the Proposed 
Action would not affect the rate of terrestrial organism input or forage fish abundance.   

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, and 
processes that establish and maintain these aquatic environments, with features such as large 
wood, side channels, pools, undercut banks, and unembedded substrates to provide a variety of 
depths, gradients, velocities, and structure. 

The Proposed Action would have discountable effects on PCE 4 in the Dworshak Dam reach.  In 
Dworshak Reservoir, the water depth, thermal stratification, and shallow shoreline habitat provide the 
most significant habitat complexity and contribution to FMO habitat. PCE 4 is present in the Clearwater 
River downstream of Dworshak Dam, but has been functionally reduced by past land management.  
Continued operations under the Proposed Action would not further reduce the availability of complex 
habitat, but also would not be likely to increase habitat complexity.   

PCE 5: Water temperatures ranging from 2° to 15° C (36° to 59° F), with adequate thermal refugia 
available for temperatures that exceed the upper end of this range. 

The Proposed Action would have beneficial effects on PCE 5 in the Dworshak Dam Reach. Operational 
releases from Dworshak Dam are used to moderate water temperatures in the mainstem Clearwater River 
and Snake River for the expressed purpose of improving aquatic habitat conditions. The proposed 
continuation of these operational discharges is expected to maintain beneficial temperature conditions in 
the Lower Granite pool segment of the Dworshak Dam Reach. 

Summer temperature moderation and flow augmentation releases from Dworshak are shaped with the 
intent to maintain water temperatures at the Lower Granite tailrace fixed monitoring site at or below 68º F 
(20º C) during summer maxima to protect migrating salmonids. These operational releases are expected 
to have a beneficial effect on summer water temperatures in the Dworshak Dam Reach. 
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The AAs use operational releases from Dworshak Dam to moderate water temperatures in the mainstem 
Clearwater and Snake Rivers for the expressed purpose of improving aquatic habitat conditions. 
Depending on river flow, the effect of Dworshak cool water augmentation can reach as far downstream as 
Ice Harbor Dam.  Although temperatures are improved, they still exceed optimal levels for bull trout 
below Little Goose Dam.   

PCE 6: In spawning and rearing areas, substrate of sufficient amount, size, and composition to 
ensure success of egg and embryo over-winter survival, fry emergence, and young-of-the-year 
and juvenile survival.  

The Proposed Action would have insignificant effects on PCE 6 in the Dworshak Dam Reach.  Subadult 
and adult bull trout occupy Dworshak Reservoir (CBBTTAT 1998b; Cichosz et al. 2001; Schiff and 
Schriever 2004), but spawning does not occur there.  Although the reservoir does influence the North 
Fork Clearwater, tributaries that are used for bull trout spawning are only indirectly influenced by dam 
operations. The Clearwater River downstream of Dworshak Dam does not contain spawning and rearing 
habitat but does provide FMO habitat and connectivity to tributaries in the Clearwater basin (USFWS 
2014). In the mainstem lower Snake River, bull trout spawning does not occur.  The Asotin Creek 
watershed provides spawning habitat, but in areas above the influence of dam operations, i.e., outside the 
action area.  Continuing operations under the Proposed Action would not change the amount of spawning 
and rearing habitat available in this reach 

PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

The Proposed Action would have insignificant effects on PCE 7 in the Dworshak Dam Reach. PCE 7 
addresses the timing and amount of stream flow, a characteristic that is, by definition, not present in a 
reservoir environment.  PCE 7 is present and contributes to FMO in the Clearwater River, although the 
mainstem Clearwater River reach below the confluence with the North Fork is influenced by Dworshak 
Dam operations (Ecovista et al. 2003).  Although the hydrograph varies from the natural hydrograph, 
continuing operations under the Proposed Action would not further reduce availability of bull trout habitat 
relative to the hydrograph in the Dworshak Dam Reach. 

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and survival 
are not inhibited. 

The Proposed Action would have infrequent adverse effects on PCE 8 in the Dworshak Dam Reach 
during involuntary spill events. Primary water quality concerns in this area include the potential for 
dissolved gas supersaturation (in excess of state standards of 110 percent), which can harm fish, but at 
lesser levels and lower frequency than in the baseline.   

The Corps continuously monitors TDG levels in the tailrace below Dworshak Dam. TDG monitoring 
conditions downstream of the Dworshak Dam were improved in 2010 with the extension of a deployment 
pipe near the Dworshak National Fish Hatchery. The deployment pipe was extended approximately 30 
feet to facilitate water circulation around the TDG sensor. 

Continued operation under the Proposed Action would not change water quality conditions compared to 
the environmental baseline.  This reach would continue to provide limited FMO habitat for bull trout. 
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PCE 9: Sufficiently low levels of occurrence of nonnative predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown trout) 
species that, if present, are adequately temporally and spatially isolated from bull trout. 

The Proposed Action would have insignificant effects on PCE 9 in the Dworshak Dam Reach.  PCE 9 
would continue to be impaired by the presence of non-native brook trout, which is identified as a threat in 
the North Fork Clearwater River (USFWS 2014).  Continued operations under the Proposed Action 
would not affect the level of this species.   

Lower Snake River Dams and Reservoirs Reach 
The Lower Snake River Dams and Reservoirs Reach is composed of four stretches of the lower Snake 
River, demarcated by the four Federal dams. The operation of these four dams has been modified 
significantly since 2008 to aid passage of juvenile and adult fish through the lower Snake and lower 
Columbia Rivers. Project elements, species-level effects, and effects on critical habitat PCEs are similar 
throughout this reach, and the discussion of effects in each segment has been consolidated accordingly. 

The Lower Granite pool segment of the Lower Snake River Dams and Reservoirs Reach includes the 
Snake River from Lower Granite Dam upstream to the confluence with the Clearwater River, as well as 
the upstream portion of the Snake River within the backwater effect of the Lower Granite pool extending 
approximately to the confluence with Asotin Creek. The Lower Granite Dam to Little Goose Dam 
segment includes the Little Goose Dam pool on the Snake River between the aforementioned dams. The 
Little Goose Dam to Lower Monumental Dam segment includes the Lower Monumental Dam pool on the 
Snake River between the aforementioned dams. The Lower Monumental Dam to Ice Harbor Dam 
segment includes the Ice Harbor Dam pool on the Snake River between the aforementioned dams. The Ice 
Harbor Dam to Lake Wallula (McNary Pool) segment includes the Snake River from Ice Harbor Dam 
downstream to the confluence with the Columbia River.  

Effects on the Species 

The Snake River contains FMO habitat for migrating bull trout.  Implementation of the Proposed Action 
would include the continuation of current operations.  In the FCRPS 2000 BiOp, USFWS concluded that 
information on bull trout use of Snake River reservoir habitat was limited and therefore determining the 
effects of FCRPS operations on the species was also limited. Subsequent studies and annual reports of 
bull trout behavior indicate use of Snake River reservoir habitat by migratory  subadult, and adult bull 
trout (Barrows 2016).  

Effects on Critical Habitat 

The Lower Snake River Dams and Reservoirs reach is designated as FMO habitat and is used by fluvial 
migrants from adjacent core areas.  It is also included in CHU 23, which comprises the mainstem of the 
Snake River from Brownlee Dam downstream to the confluence with the Columbia River. Project 
elements affecting bull trout and bull trout critical habitat in this segment also include the effects of 
Dworshak Dam operations on the hydrology and water-quality conditions in the lower Snake River. 

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.  

PCE 1 is not present in lakes and reservoirs in the Snake and Columbia River CHUs (USFWS 2010b). 
Some groundwater influence may occur in riverine areas not dominated by bedrock or immediately below 
dams, although little is known regarding the ecological significance of this exchange (Corps 2013a). 
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PCE 2: Migration habitats with minimal physical, biological, or water quality impediments between 
spawning, rearing, over-wintering, and freshwater and marine foraging habitats, including but not 
limited to permanent, partial, intermittent, or seasonal barriers. 

The Proposed Action would have infrequent, adverse effects on this PCE.  The lower Snake River would 
continue to provide FMO habitat and connection to upstream spawning and rearing habitat for bull trout.  
Lower Granite Dam, Little Goose Dam, Lower Monumental Dam, and Ice Harbor Dam would remain a 
physical impediment to upstream and downstream migration, as a continuation of the baseline condition.  
Bull trout have been observed at all of the lower Snake River dams, smolt monitoring traps, juvenile fish 
facilities, and fish ladders.  Observations have been rare at Lower Granite and Ice Harbor dams, but 
increase at other projects downstream. Bull trout counts at Lower Monumental typically range from 2 to 
25 individuals. Bull trout observations are most common at Little Goose Dam, where 85 individuals were 
observed in 2011, and typical counts are around 40 individuals ( Corps  2012, 2013b, 2014c, 2015b, 
2016c). Bull trout from the Tucannon River have been observed in the mainstem Snake River. 

Bull trout migrating to downstream tributaries during periods of spill may benefit from increased 
diversion over spillways and through juvenile passage systems rather than entrainment through turbine 
systems. In contrast, upstream migrant bull trout may be adversely affected by an increased fallback rate 
or other forms of migration delay associated with spill.  Bull trout fallback over lower Snake River dams 
has not been studied directly, but detailed surveys at mainstem Columbia River dams have not observed 
significant bull trout fallback or migration delay (BioAnalysts 2002; Douglas County PUD 2008; Grant 
County PUD 2011).  

Bull trout migration studies in relation to other Columbia River system dams have confirmed that the 
timing of bull trout migration to spawning tributaries is coincident with fish passage spill (BioAnalysts 
2002; Douglas County PUD 2008; Grant County PUD 2011). Recent surveys of bull trout migratory 
patterns have confirmed that bull trout migrate to Snake and Columbia River reservoir habitats from 
tributaries within and upstream of the Lower Snake River Dams and Reservoirs Reach over similar 
periods observed elsewhere in the Columbia River system (Anglin et al. 2009a, 2009b, 2010a, 2010b).  

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.  

The Proposed Action would have a discountable effect on PCE 3 in the Lower Snake River Dam Reach.  
The abundance of prey items is not limiting in this reach (USFWS 2002f), and continued operations under 
the Proposed Action would not affect the rate of terrestrial organism input or forage fish abundance.   

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, and 
processes that establish and maintain these aquatic environments, with features such as large 
wood, side channels, pools, undercut banks, and unembedded substrates to provide a variety of 
depths, gradients, velocities, and structure. 

Generally, PCE 4 is not present in Snake and Columbia River reservoirs (USFWS 2010b). PCE 4 may 
provide a limited contribution to FMO habitat in the mainstem Snake and Columbia Rivers. While some 
portions of the mainstem Snake and Columbia rivers may exhibit complex processes, it is unlikely these 
processes provide a significant contribution to bull trout use of these habitats. 

PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

PCE 7 is present but provides a limited contribution to FMO habitat in the mainstem Snake and Columbia 
Rivers. Generally, the hydrograph of the mainstem Snake and Columbia rivers is highly regulated. The 
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effects of a natural hydrograph on bull trout in the action area have not been intensively studied because 
of the small numbers of bull trout that use these areas.  

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and survival 
are not inhibited. 

The Proposed Action would have infrequent adverse effects on PCE 8 in the Lower Snake River Dams 
and Reservoirs Reach. Primary water quality concerns in this area include the potential for dissolved gas 
supersaturation (in excess of state standards of 110 percent), which can harm fish, but at lesser levels and 
lower frequency than in the baseline. 

Continued operation under the Proposed Action would not change water quality conditions compared to 
the environmental baseline.  This reach would continue to provide limited FMO habitat for bull trout. 

PCE 9: Sufficiently low levels of occurrence of nonnative predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown trout) 
species that, if present, are adequately temporally and spatially isolated from bull trout. 

The Proposed Action would have insignificant effects on PCE 9 in the Lower Snake River Dams and 
Reservoirs Reach.  Introduced species are present throughout this reach.  PCE 9 would continue to be 
impaired, but continuation of current operations under the Proposed Action would not affect this PCE.   

McNary Dam to John Day Dam Reach 
The mainstem Columbia River is considered FMO habitat from Chief Joseph Dam to the river mouth.  It 
passes from the Mid-Columbia Recovery Unit to the Coastal Recovery Unit downstream of John Day 
Dam, including FMO habitat connectivity between tributaries. Since 2006, two bull trout have been 
observed in the McNary ladders, three bull trout have been observed in the John Day ladders, and three 
juvenile bull trout have been captured at the John Day smolt monitoring facility (Barrows et al. 2016).   

Effects on the Species 

Bull trout could potentially be affected by entrainment. The current action generally maintains these 
operational conditions, indicating that the action is not likely to have a measurable effect on bull trout 
entrainment rates relative to the environmental baseline.  

Effects on Critical Habitat 

The McNary Dam to John Day Reach is within the Mainstem Upper Columbia River CHU 22. 

PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.  

PCE 1 is not present in lakes and reservoirs in the Snake and Columbia River CHUs (USFWS 2010b). 
The Proposed Action would have no effect on PCE 1 in the mainstem riverine reach from McNary Dam 
to John Day Reach.  Although PCE 1 is present where tributaries and groundwater interact with the 
mainstem, the ecological significance of this exchange is minor and does not provide a significant 
contribution to FMO habitat in this reach.   

PCE 2: Migration habitats with minimal physical, biological, or water quality impediments between 
spawning, rearing, over-wintering, and freshwater and marine foraging habitats, including but not 
limited to permanent, partial, intermittent, or seasonal barriers. 

The Proposed Action would have discountable effects on this PCE.  The Columbia River would continue 
to provide FMO habitat and connection to high-quality spawning and rearing habitat for bull trout.  Chief 
Joseph Dam would remain a physical barrier to upstream and downstream migration, as a continuation of 
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the baseline condition.  McNary Dam could occasionally delay bull trout passage, but observations of bull 
trout in this reach of the river have been infrequent.  Since bull trout are infrequently observed, and 
passage facilities are available at the dams, migration effects on bull trout are considered minimal. 

PIT tagged bull trout from the Walla Walla River have been detected migrating downstream through the 
McNary Dam juvenile bypass system (Anglin et al. 2010b). This indicates that upstream migration is 
likely occurring as well. However, observations of bull trout use of the fish ladder at McNary Dam have 
historically been rare, averaging less than one per year (Fish Passage Center 2012). 

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.  

The Proposed Action would have no effect on PCE 3 in the McNary to John Day Dam Reach.  The 
mainstem Columbia River including the reservoirs provides an abundant food source for migratory bull 
trout, including juvenile salmon and steelhead and forage fish species.  Continued operations under the 
Proposed Action would not affect the rate of terrestrial organism input or prey abundance.   

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, and 
processes that establish and maintain these aquatic environments, with features such as large 
wood, side channels, pools, undercut banks, and unembedded substrates to provide a variety of 
depths, gradients, velocities, and structure. 

PCE 4 may provide a limited contribution to FMO habitat in the mainstem Snake and Columbia Rivers. 
Generally, PCE 4 is not present in Snake and Columbia River reservoirs (USFWS 2010b, page 63934). 
While some portions of the mainstem Snake and Columbia rivers may exhibit complex processes, it is 
unlikely these processes provide a significant contribution to bull trout use of these habitats. The Umatilla 
National Wildlife Refuge will continue to provide open water, shallow marshes, and backwater sloughs. 

The future operations of Reclamation irrigation projects (inclusive of Columbia River Basin, 
Yakima, Umatilla Phase I and II, Deschutes, Crooked River, and Wapinitia Projects) is expected 
to have an insignificant hydrologic effect to Columbia River flows in the McNary Dam to John 
Day Dam Reach.  The average estimated change in hydrology by month due to Reclamation 
tributary irrigation project operations on Columbia River flows at key points are summarized in 
Appendix C. These data include the effects of storage delivery of water for multiple purposes.  
Typically from April through September flows in the Columbia River would be diminished by 
up 4 percent (inclusive of The Dalles, which is downstream of this reach) of up to approximately 
310,000 cfs as measured at Bonneville Dam.   

Overall, the irrigation depletions would not have a significant effect on this PCE or on any bull 
trout present in the mainstem at that time.  This reduction of flow would not impact the function, 
quality, or availability of the FMO habitat in the Columbia River. 
PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

PCE 7 is present but functionally impaired and provides a limited contribution to FMO habitat in the 
mainstem Snake and Columbia Rivers. Generally, the hydrograph of the mainstem Snake and Columbia 
Rivers is highly regulated. The effects of a natural hydrograph on bull trout in the action area have not 
been intensively studied because of the small numbers of bull trout that use these areas.  
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PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and survival 
are not inhibited. 

The Proposed Action would have infrequent adverse effects on PCE 8 in the McNary Dam to John Day 
Reach. Primary water quality concerns in this area include the potential for dissolved gas supersaturation 
(in excess of state standards of 110 percent), which can harm fish, but at lesser levels and lower frequency 
than in the baseline.  

Continued operation under the Proposed Action would not change water quality conditions compared to 
the environmental baseline. This reach would continue to provide limited FMO habitat for bull trout. 

PCE 9: Sufficiently low levels of occurrence of nonnative predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown trout) 
species that, if present, are adequately temporally and spatially isolated from bull trout. 

The Proposed Action would have insignificant effects on PCE 9 in the McNary to John Day Dam Reach.  
Introduced species are present throughout this reach.  PCE 9 would continue to be impaired by the 
presence of non-native species, but continuation of current operations under the Proposed Action would 
not affect the level of introduced species.   

4.3.3 Coastal Recovery Unit 

The Coastal Recovery Unit is divided into two geographic regions: the Lower Columbia River, along 
with the Puget Sound/Olympic Peninsula, which is outside the action area.  The Lower Columbia River 
geographic unit runs from John Day Dam to the Columbia River Mouth. The Lower Columbia River 
region contains seven core areas (Lewis River, Klickitat River, Hood River, Lower Deschutes River, 
Upper Willamette River, Odell Lake, and Clackamas River). The mainstem Columbia River in this 
recovery unit is within the Mainstem Lower Columbia River CHU 8, and is considered FMO habitat.  

The only core areas currently supporting anadromous populations of bull trout are located within the 
Puget Sound and Olympic Peninsula regions. Although bull trout in the Lower Columbia River region 
share a genetic past with the Puget Sound and Olympic Peninsula regions, it is unclear to what extent the 
Lower Columbia River core areas supported the anadromous life history in the past or could in the future 
(Ardren et al. 2011). Adult bull trout are still occasionally observed within the lower mainstem Columbia 
River, but any further migration by bull trout in this region to the Pacific Ocean is largely unknown. 
Historically, the Lower Columbia River region is believed to have largely supported the fluvial life 
history form; however, non-Federal hydroelectric facilities built within a number of the core areas have 
isolated or fragmented watersheds and largely replaced the fluvial life history with the adfluvial form. 

The action area in the mainstem of the Columbia below John Day Dam is within CHU 8, which is 
designated FMO habitat.  FMO habitat is generally outside core are boundaries but may be used by bull 
trout from multiple core areas. 

Lower Columbia River Dams and Pools Reach 
The Lower Columbia River Dams and Pools Reach is composed of three sections: the John Day Dam 
segment, extending from John Day Dam downstream to The Dalles Dam; The Dalles segment extending 
from the Dalles Dam downstream to Bonneville Dam; and the Bonneville Dam segment, which extends 
from the Bonneville Dam downstream to the confluence of the Columbia River and the Willamette River.  

The effects analysis discussion for this segment is consolidated because effects of the action on bull trout 
and bull trout habitats are expected to be similar to those described for upstream segments. 
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Effects on the Species 

Bull trout could potentially be affected by entrainment. The current action generally maintains these 
operational conditions, indicating that the action is not likely to have a measurable effect on bull trout 
entrainment rates relative to the environmental baseline. As under the baseline condition, bull trout 
passage could occasionally be delayed at John Day Dam, The Dalles Dam, and Bonneville Dam, but 
observations of bull trout in this reach of the river have been infrequent. Since bull trout are infrequently 
observed, and passage facilities are available at the dam, migration effects on bull trout would be 
minimal. 

Effects on Critical Habitat 
PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.  

PCE 1 is not present in lakes and reservoirs in the Snake and Columbia River CHUs (USFWS 2010b). 
Some groundwater influence may occur in riverine areas not dominated by bedrock or immediately below 
dams, although little is known regarding the ecological significance of this exchange (Corps 2013a). 

PCE 2: Migration habitats with minimal physical, biological, or water quality impediments between 
spawning, rearing, over-wintering, and freshwater and marine foraging habitats, including but not 
limited to permanent, partial, intermittent, or seasonal barriers. 

The Proposed Action would have no effect on this PCE.  The Columbia River would continue to provide 
FMO habitat and connection to high-quality spawning and rearing habitat for bull trout.  As under the 
baseline condition, bull trout passage could occasionally be delayed at John Day Dam, The Dalles Dam, 
and Bonneville Dam, but observations of bull trout in this reach of the river have been infrequent.  Since 
bull trout are infrequently observed, and passage facilities are available at the dam, migration effects on 
bull trout would be minimal. 

Spill for juvenile fish passage during spring and summer months partially overlaps the period when bull 
trout migrate from Columbia River mainstem reservoirs to tributary habitats. This suggests the potential 
for mixed effects on bull trout migrating past the John Day Dam from the John Day pool to downstream 
tributaries (e.g., the Klickitat and Hood Rivers) and from The Dalles Pool to upstream tributaries (e.g., the 
Umatilla and Walla Walla Rivers), should such migration occur. Bull trout migrating to downstream 
tributaries during fish passage spill may benefit from increased diversion over spillways rather than 
entrainment through powerhouses. In contrast, upstream migrant bull trout may be adversely affected by 
an increased fallback rate or other forms of migration delay associated with spill.  

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.  

The Proposed Action would have no effect on PCE 3 in the Lower Columbia River Dams and Pools 
Reach.  The mainstem Columbia River, including the reservoirs, provides an abundant food source for 
migratory bull trout, including juvenile salmon and steelhead and forage fish species.  Continued 
operations under the Proposed Action would not affect the rate of terrestrial organism input or prey 
abundance.   
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PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, and 
processes that establish and maintain these aquatic environments, with features such as large 
wood, side channels, pools, undercut banks, and unembedded substrates to provide a variety of 
depths, gradients, velocities, and structure. 

PCE 4 may provide a limited contribution to FMO habitat in the mainstem Snake and Columbia Rivers. 
Generally, PCE 4 is not present in Snake and Columbia River reservoirs (USFWS 2010b). While some 
portions of the mainstem Snake and Columbia Rivers may exhibit complex processes, it is unlikely these 
processes provide a significant contribution to bull trout use of these habitats. 

PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

PCE 7 is present but functionally impaired. It provides a limited contribution to FMO habitat in the 
mainstem Snake and Columbia Rivers. Generally, the hydrograph of the mainstem Snake and Columbia 
Rivers is highly regulated. The effects of a natural hydrograph on bull trout in the action area have not 
been intensively studied because of the small numbers of bull trout that use these areas.  

The future operations of Reclamation irrigation projects (inclusive of Columbia River Basin, Yakima, 
Umatilla Phase I and II, Deschutes, Crooked River, Wapinitia, and The Dalles Projects) is expected to 
have an insignificant hydrologic effect to Columbia River flows in this reach.  The average estimated 
change in hydrology by month due to the Reclamation tributary irrigation project operations on Columbia 
River flows at key points are summarized in Appendix C. These data include the effects of storage 
delivery of water for multiple purposes.  Typically from April through September flows in the Columbia 
River would be diminished by up 4 percent of up to approximately 310,000 cfs as measured at Bonneville 
Dam.   

Overall, the irrigation depletions would not have a significant effect on this PCE or on any bull trout 
present in the mainstem at that time.  This reduction of flow would not impact the function, quality, or 
availability of the FMO habitat in the Columbia River. 

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and survival 
are not inhibited. 

The Proposed Action would have insignificant effects on PCE 8 in the Lower Columbia Dams and Pools 
Reach. Primary water quality concerns in this area include the potential for dissolved gas supersaturation 
(in excess of state standards of 110 percent), which can harm fish, but at lesser levels and lower frequency 
than in the baseline.  

Continued operation under the Proposed Action would not change water quality conditions compared to 
the environmental baseline.  This reach would continue to provide FMO habitat for bull trout. 

PCE 9: Sufficiently low levels of occurrence of nonnative predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown trout) 
species that, if present, are adequately temporally and spatially isolated from bull trout. 

The Proposed Action would have insignificant effects on PCE 9 in the Lower Columbia River Dams and 
Pools Reach.  Introduced species are present throughout this reach.  PCE 9 would continue to be impaired 
by the presence of non-native species, but continuation of current operations under the Proposed Action 
would not affect the level of introduced species. 
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Lower Columbia River Estuary Reach 
The Lower Columbia River Estuary (LCRE) Reach includes the lower reach of the Columbia River, from 
the confluence of the Willamette River downstream to the mouth.  

Despite a lack of definitive information documenting bull trout use of the LCRE, the Lower Columbia 
Technical Recovery Team believes that the estuary and mainstem provide core habitat that may be 
important for species recovery (USFWS 2002f). The action area in the Lower Columbia River Estuary 
Reach is within CHU 8, which is designated FMO habitat.   

Effects on the Species 

Bull trout abundance in the lower Columbia River Basin is lower relative to the upper Columbia River, 
where there is better habitat and connectivity in tributaries (USFWS 2008c). From 2006 to 2015, three 
bull trout have been counted in fish ladders at Bonneville and The Dalles Dams and one bull trout has 
been captured in the smolt monitoring facility at Bonneville Dam (Barrows et al. 2016).  While this 
suggests that there is potential for bull trout to be entrained through turbines, spillways, or other water 
passage routes at these dams, the frequency of these events is likely low. 

Effects on Critical Habitat 
PCE 1: Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic 
flows) to contribute to water quality and quantity and provide thermal refugia.  

PCE 1 is not present in lakes and reservoirs in the Snake and Columbia River CHUs (USFWS 2010b). 
Some groundwater influence may occur in riverine areas not dominated by bedrock or immediately below 
dams, although little is known regarding the ecological significance of this exchange (Corps 2013a). 

PCE 2: Migration habitats with minimal physical, biological, or water quality impediments between 
spawning, rearing, over-wintering, and freshwater and marine foraging habitats, including but not 
limited to permanent, partial, intermittent, or seasonal barriers. 

The Proposed Action would have no effect on this PCE.  The Columbia River would continue to provide 
FMO habitat and connection to high-quality spawning and rearing habitat for bull trout.  Bull trout have 
not been documented in the estuary since at least the 1970s, and any potential effects on bull trout from 
continuing operations would be non-detectable.  

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish.  

The Proposed Action would have no effect on PCE 3 in the Lower Columbia River Estuary Reach.  The 
mainstem Columbia River provides an abundant food source for migratory bull trout, including juvenile 
salmon and steelhead and forage fish species.  Continued operations under the Proposed Action would not 
affect the rate of terrestrial organism input or prey abundance.   

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, and 
processes that establish and maintain these aquatic environments, with features such as large 
wood, side channels, pools, undercut banks, and unembedded substrates to provide a variety of 
depths, gradients, velocities, and structure. 

Generally, PCE 4 is not present in Snake and Columbia River reservoirs (2010b). PCE 4 may provide a 
limited contribution to FMO habitat in the mainstem Snake and Columbia Rivers. While some portions of 
the mainstem Snake and Columbia Rivers may exhibit complex processes, it is unlikely these processes 
provide a significant contribution to bull trout use of these habitats.   
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PCE 7: A natural hydrograph, including peak, high, low and base flows within historic and 
seasonal ranges or, if flows are controlled, minimal flow departure from a natural hydrograph. 

PCE 7 is present but functionally impaired in this reach. It provides a limited contribution to FMO habitat 
in the mainstem Snake and Columbia Rivers. Generally, the hydrograph of the mainstem Snake and 
Columbia Rivers is highly regulated. The effects of a natural hydrograph on bull trout in the action area 
have not been intensively studied because of the small numbers of bull trout that use these areas. 
Although the hydrograph varies from the natural hydrograph, continuing operations under the Proposed 
Action would not further reduce availability of bull trout habitat relative to the hydrograph in the Lower 
Columbia River Estuary Reach. 

The future operations of Reclamation irrigation projects (inclusive of Columbia River Basin, Yakima, 
Umatilla Phase I and II, Deschutes, Crooked River, Wapinitia, The Dalles, and Tualatin Projects) is 
expected to have an insignificant hydrologic effect to Columbia River flows down to and included the 
estuary.  The average estimated change in hydrology by month due to the Reclamation tributary irrigation 
project operations on Columbia River flows at key points are summarized in Appendix C. These data 
include the effects of storage delivery of water for multiple purposes.  During the months of May through 
September depletions may be up to approximately 11,100 cfs at the estuary, which is a fraction of the 
total flow from the Columbia. Given that this is such a small percentage of overall flow, the irrigation 
depletions would not have a significant effect on this PCE or on any bull trout present in the mainstem at 
that time.  This reduction of flow would not impact the function, quality, or availability of the FMO 
habitat in the Columbia River or the estuary. 

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and survival 
are not inhibited. 

The Proposed Action would have insignificant effects on PCE 8 in the Lower Columbia River Estuary 
Reach. Water quality is generally degraded in this reach due to a legacy of urban, industrial, and 
agriculture practices.  Continued operation under the Proposed Action would not change water quality 
conditions compared to the environmental baseline.  This reach would continue to provide limited FMO 
habitat for bull trout. 

PCE 9: Sufficiently low levels of occurrence of nonnative predatory (e.g., lake trout, walleye, 
northern pike, smallmouth bass), interbreeding (e.g., brook trout), or competing (e.g., brown trout) 
species that, if present, are adequately temporally and spatially isolated from bull trout. 

The Proposed Action would have insignificant effects on PCE 9 in the Lower Columbia River Estuary 
Reach. Introduced species are present throughout this reach.  PCE 9 would continue to be impaired by the 
presence of non-native species, but continuation of current operations under the Proposed Action would 
not affect the level of introduced species.   
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Chapter 5 
Cumulative Effects 

Cumulative effects are those effects of future state or private activities, not involving Federal activities, 
that are reasonably certain to occur within the Action Area of the Federal action subject to consultation 
(40 CFR 402.02).  Future Federal actions that are unrelated to the Proposed Action are not considered in 
this section because they require separate consultation pursuant to Section 7 of the ESA.  

The Action Agencies assume that many impacts from non-Federal activities in the Action Area that have 
degraded or hindered the conservation of listed species, specifically bull trout and its designated critical 
habitat and Kootenai River white sturgeon and its designated critical habitat, will continue in the short 
term and in the foreseeable future at similar intensities as in the recent past.  Information on specific 
planned or foreseeable non-Federal activities is speculative or uncertain at best.  The types of ongoing 
non-Federal activities and land uses expected to continue to affect listed species and critical habitat within 
the Action Area include development, coal mining, agriculture, recreation, timber harvest, and climate 
change as a result of human activities.  The Action Agencies are not aware of any specific, significant 
new or changes to existing state, tribal, local, or private activities within the Action Area. 

Future trends or changes in these land- and water-use patterns, including ownership, development, and 
intensity, could affect bull trout and white sturgeon and their respective designated critical habitat.  
Modifications to state, tribal, and local government land and water uses are likely to be implemented in 
the form of legislation, administrative rules, or policy initiatives.  The cumulative effects of ongoing non-
Federal activities in conjunction with the Action Agencies’ proposed action are difficult to quantify, 
considering the broad geographic landscape covered by this consultation, the geographic and political 
variation in the Action Area, the uncertainties associated with government, tribal, and private actions, and 
ongoing changes to the region’s economy.  Whether the effects will increase or decrease in the future is a 
matter of speculation; however, based on current land management practices, population and growth 
trends, and climate change models, adverse cumulative effects are likely to increase.  The potential 
cumulative effects of current land uses, water uses, and the proposed action are described in the sections 
below. 

5.1 Residential, Commercial, and Infrastructure Development 
Population growth results in increased residential and commercial development. Improvements and 
upgrades to infrastructure (including roads, highways, other transportation facilities, pipelines, power 
lines, recreational facilities, and power plants) will generally increase as a consequence of residential and 
commercial development.  Primary pathways of potential effects of land and infrastructure development 
on bull trout, Kootenai River white sturgeon, and their respective designated critical habitat includes the 
following: riparian vegetation removal and habitat loss, decreased water quality, sediment loading, 
contaminants in waterways, changes to runoff patterns, floodplain conversion, habitat fragmentation, 
isolation of populations (e.g., through use of human-made barriers such as perched culverts or water 
diversions), and loss of habitat diversity. Based on past trends and types of development, future 
residential, commercial, recreational, and infrastructure development is likely to increase in the Action 
Area.  State and local regulations, as well as conservation plans, are expected to mitigate some of the 
potential effects of development and may reduce the impacts to listed species and riparian habitat. 
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5.2 Agricultural and Floodplain Conversion 
Although Federal, tribal, state, and local actions seek to improve riparian habitat and reconnect 
floodplains with rivers for habitat restoration purposes throughout the proposed Action Area, it is 
expected that the majority of existing impacts from isolation of floodplains and conversion to farmland 
will continue.  Additional riparian impacts from infrastructure development, road construction, levee 
building, and bank armoring on private lands will likely occur in the future.  As in the past, these 
activities will remove riparian vegetation, disconnect rivers from their floodplains, interrupt groundwater-
surface water interactions, reduce stream shade (and thereby increase stream temperature), reduce off-
channel rearing habitat, and reduce the opportunity for large woody debris recruitment.  Watershed 
assessments and other education programs may reduce these adverse effects by continuing to raise public 
awareness about the potentially detrimental effects of agricultural-related development on fish habitats 
and by presenting ways in which a growing human population and healthy fish populations can co-exist. 

5.3 Timber Harvest and Road Construction 
Private timber harvest and similar activities, including road maintenance, new road construction, and 
logging, are expected to continue within the proximity of portions of the Action Area, which may 
decrease bank stability, increase sediment loading, and affect riparian vegetation and spawning reaches.  
These actions, while generally occurring in upland areas well outside the Action Area, may increase 
sediment discharge upstream of reservoirs of dams that can contribute to turbidity and reduced water 
quality in the reservoirs/lakes.  Below the dams, high flows can wash significant amounts of sediment due 
to timber harvest from tributaries into rivers, such as the Fisher River into the mainstem Kootenai River.  
This can create turbidity in the rivers that may have some benefits, such as providing cover from 
predators for sturgeon eggs and larvae.  However, the negative effects of excessive sediment loading can 
include suffocation of bull trout and sturgeon eggs. Sediment from logging or multiple-use dirt roads and 
timber harvest can also wash downstream in tributaries and deposit sediments at their confluences with 
mainstem rivers or reservoirs, which may result in connectivity issues if sediment build up hinders 
tributary-mainstem migrations.  The impacts could be exasperated by reservoir elevation changes from 
the proposed action, as well as future patterns of run-off flow as a result of climate change. 

5.4 Coal Mining 
Coal mining activities in the Elk River drainage in British Columbia has led to increased levels of 
selenium contamination in Lake Koocanusa and the Kootenai River (Kennedy et al. 2000).  Elevated 
selenium concentrations have been detected in some bull trout in Lake Koocanusa.  USFWS (2015b) 
recommends continued monitoring of the selenium levels in the Kootenai River system and research on 
the impact of selenium on bull trout, particularly with respect to potential reproductive impairment 
(including adult reproductive failure and early life stage teratogenicity and mortality) (Lemly 2002), 
because this threat is not yet well understood.  Use of ammonium nitrate in blasting for coal mining in 
British Columbia upstream of Lake Koocanusa is also thought to have raised total nitrogen and NO3 
levels in Lake Koocanusa (G. Hoyle, Kootenai Tribe of Idaho, pers. comm., 2015; K. Easthouse, Corps 
Seattle District, pers. comm., 2015).  The use of ammonium nitrate blasting is expected to continue, and 
probably 25 percent of these constituents will be trapped in Lake Koocanusa, while the remainder travels 
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downstream.  The effects from coal mining may affect both bull trout and white sturgeon within the 
Action Area upstream and downstream of Libby Dam. 

5.5 Climate Change 
In the future, the average of multiple climate model simulations projects that annual temperatures will 
increase 2.2° F by the 2020s and 3.5° F by the mid-21st century, compared to the average for 1970 to 
1999 (Mote and Salathé 2010).  These models indicate that temperature increases would occur during all 
seasons, with the greatest increases projected in summer.  Precipitation predictions are considered less 
certain, but most models project decreases in summer precipitation and increased winter precipitation.  
Climate change research for the larger Northern Rockies area predicts warmer springs, earlier snowmelt, 
and hotter, drier summers with longer fire seasons (USFS 2015).  These future climate change scenarios, 
particularly earlier snowmelt and changes in precipitation patterns, would alter inflows and water 
temperatures in the proposed Action Area, as well as altering the thermal characteristics related to 
modified seasonal volume and mixing within the reservoirs.  There is still a great deal of uncertainty 
associated with predictions relative to the timing, location, and magnitude of future climate change.  
Anthropogenic contributions to climate change occur at a global scale, so it is challenging, if not 
impossible, to accurately quantify the human-caused contribution of private, state, tribal and local non-
Federal actions on the regional climate as a result of activities within the Action Area.  However, it is 
certain that climate change is a primary threat for bull trout and Kootenai River white sturgeon.  

Within the region, the USFWS has used climate shield modeling (Isaak et al. 2015) to evaluate the threat 
from climate change in the watersheds occupied by listed species in the Action Area.  The model predicts 
peak summer temperature in watersheds throughout the Action Area.  The Climate Shield model couples 
nearly 30,000 crowd-sourced summer water temperature measurements from a diverse array of agencies 
and institutions across more than 10,000 unique stream locations to mathematically assess stream 
temperatures and forecast future scenarios (Isaak et al. 2015).  By analyzing these data sets, high-
resolution networks of cold-water refugia can be predicted and evaluated.  While depth distribution and 
periodicity of lake stratification may change with climate change effects, the persistence of overall cold-
water habitat in FCRPS reservoirs may provide thermal refugia for bull trout.  The model output predicted 
that 62 percent (54.4 mi [87.5 km]) of the 2010 total occupied habitat of 88.0 mi (141.6 km) in the Lake 
Koocanusa Core Area would remain in 2080.  

Depending on stratification in reservoir forebays and the ability to control temperature releases, operation 
of the FCRPS could also temper some of the effects of hydrologic and temperature changes in portions of 
the Action Area, including the Columbia River mainstem for bull trout and Kootenai River mainstem for 
white sturgeon.  Facilities including Hungry Horse, Libby, and Dworshak Dams have selective withdraw 
outlets that allow for temperature control to help maintain optimum temperatures for listed species such 
as bull trout, sturgeon, salmon and steelhead.  Due to the uncertainty of how climate change would affect 
bull trout and sturgeon habitat conditions at local levels within the Action Area, it is difficult to predict 
the exact effect of climate change on designated critical habitat for either listed species.   

Within the last few decades, increasing economic and societal importance has been placed on trout, trout 
fishing, Kootenai River white sturgeon, habitat quality, water-based recreation, and water quality within 
the Action Area.  Correspondingly, state, tribal, and local governments have developed plans and 
initiatives to benefit listed aquatic species within the Action Area, many of which have been 
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implemented, although not all of the benefits have been fully realized to the point of measurably 
improving listed species populations or their respective designated critical habitat.   

Over the long term, beneficial effects to bull trout and white sturgeon are likely to occur as a result of 
development of non-Federal conservation programs in the future, as well as habitat conservation plans, 
safe-harbor agreements, or other plans or agreements with non-Federal entities to fulfill the requirements 
of Section 10 of the ESA.  Conservation measures and other actions that would potentially offset negative 
effects and benefit bull trout and Kootenai River white sturgeon and their respective designated critical 
habitat are described in the USFWS Final 2015 Recovery Plan and individual Recovery Unit 
Implementation Plans (RUIP).  The individual RUIPs provide details as what the individual states, tribal, 
and local governments will do in partnership with the Federal agencies to achieve the overall goals of the 
Bull Trout Recovery Plan. 
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Chapter 6 
Summary and Conclusion of Effects on Federally 

Listed Species 

In fulfilling their obligations under Section 7(a)(2) of the ESA, the Action Agencies present information 
in this BA that represents the best scientific and commercial data currently available to assess the 
potential effects of the Proposed Action on Kootenai River white sturgeon and U.S. bull trout and their 
critical habitats.  In determining whether the Proposed Action may affect listed species or critical habitat, 
the Action Agencies considered the range of effects resulting from its proposed actions in accordance 
with the regulatory definition of "effects of the action" (50 CFR 402.02).  The Action Agencies, in 
making the "may affect" determinations submitted in this biological assessment, draw no conclusions as 
to whether the proposed actions are or are not likely to jeopardize the continued existence of a species or 
result in the destruction or adverse modification of designated critical habitat.  Rather, the purpose of the 
May Affect determination is to determine whether or not a formal consultation is required. 

6.1 Kootenai River White Sturgeon 

6.1.1 Summary of Effects to the Species 

Continued operations of Libby Dam may adversely affect Kootenai River white sturgeon infrequently 
during involuntary spill event events and during maintenance activities that require one or more 
generating units to go offline.  Sturgeon may also be adversely affected if spill occurs in the spring 
months involving the sluiceways – cooler water releases may delay migration and spawning activities.  In 
years when flow augmentation for depth, adult sturgeon’s access to preferred spawning habitat may be 
limited.  In late fall and winter, warmer than normal winter water temperatures may increase the 
metabolic rates of juvenile sturgeon and thus feeding activity which may increase the risk of starvation.  
In addition, nutrient deficits downstream of the dam have created a nutrient poor environment, which may 
impact sturgeon prey base and forage.   

Many other on-going mitigation activities, including conservation aquaculture, nutrient supplementation, 
and habitat restoration, not included as part of the Proposed Action, will continue to provide benefits for 
Kootenai River white sturgeon. 

6.1.2 Summary of Effects to Critical Habitat 

Continued operations of Libby Dam may adversely affect Kootenai River White Sturgeon critical habitat 
when PCE criteria are not met, which occurs seasonally and infrequently.  While Libby Dam will 
continue to be operated in an effort to achieve the appropriate flow regimes for sturgeon, criteria may not 
be achievable in all locations at all times.  

The following table summarizes effects by PCE.   
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Table 6-1. Effects to Kootenai River white sturgeon 

PCE PCE Description (Abbreviated) Effects of the Proposed Action 

1 
A flow regime that approximates natural 
variable depth conditions, during the 
spawning 

Seasonal adverse effect when sturgeon flows 
can’t be met.  

2 
A flow regime that approximates natural 
variable velocities during the spawning 

Seasonal adverse effect in both the straight 
reach (occasional) and the Meander Reach 

3 
Appropriate water temperatures for 
spawning 

Occasional, temporary adverse effect.   

 

4 Submerged rocky substrates Adverse effect due to discharge constraints 
for FRM. 

5 
A flow regime that limits sediment 
deposition and maintains appropriate rocky 
substrate 

Adverse effect in Straight Reach and Meander 
Reach. 

6.2 Bull Trout 

6.2.1 Summary of Effects to the Species 

The Proposed Action may adversely affect bull trout at Libby Dam through entrainment and decreased 
water quality; at Hungry Horse through potential entrainment; and at Albeni Falls Dam through 
entrainment.  At Grand Coulee and Chief Joseph, the extent of potential entrainment is unknown because 
so few bull trout are present above the dams; if any are present, they may also be subjected to decreased 
water quality conditions.  At Dworshak Dam, bull trout may be adversely affected through entrainment, 
migration impediments during reservoir drawdown, and decreased water quality.  For the Lower Snake 
River dams and reservoirs, bull trout are adversely affected by entrainment, delayed upstream or 
downstream migration, and by decreased water quality.  For the mainstem Columbia River from Chief 
Joseph Dam to the river mouth and estuary, bull trout may be adversely affected by entrainment, delayed 
migration (minimal), and decreased water quality. 

6.2.2 Summary of Effects to Critical Habitat 

Hydrologic effects to PCEs in the action area are summarized below by project.   

Mainstem Columbia and Snake Rivers 
For the mainstem Columbia and Snake Rivers, the USFWS did not consider PCEs 5 and 6 as features 
necessary to support bull trout use of that habitat (USFWS 2010b).  Likewise, for lakes and reservoirs of 
those critical habitat units, the USFWS did not consider PCEs 1, 4, and 6 to be necessary features. 
Therefore, effects to PCEs 5 and 6 were not analyzed on the mainstem Columbia and Snake Rivers, and 
PCEs 1, 4, and 6 were not analyzed in the reservoirs on the Columbia and Snake Rivers. 
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Libby Dam Reach 
Table 6-2. Summary of the effects of the proposed action for Libby Dam Reach on bull trout 
critical habitat 

PCE PCE Description (Abbreviated) 

Effects of the Proposed Action 

Lake Koocanusa 
and Tributaries 

Kootenai River 
(downstream) 

1 Springs, seeps, groundwater sources No effect No effect 

2 Migration habitats with minimal impediments. No effect No effect 

3 Abundant food base Insignificant effect Insignificant 
effect 

4 Complex river, stream, lake, and reservoir 
aquatic environments and process No effect No effect 

5 Water temps ranging from 2°-15° C with 
adequate thermal refugia No effect No effect 

6 Spawning/rearing substrate. No effect No effect 

7 
A natural hydrograph, or if flows are controlled, 
minimal flow departure from a natural 
hydrograph 

Not present Adverse 
seasonal effects 

8 Sufficient water quality and quantity No effect No effect 

9 Sufficiently low levels of nonnative predatory; 
interbreeding; or competing species No effect No effect 

Hungry Horse Reach 
Table 6-3. Summary of the effects of the proposed action for Hungry Horse Reach on bull trout 
critical habitat 

Effects of the Proposed Action 

PCE PCE Description 
(Abbreviated) Hungry Horse Reservoir 

and Tributaries 
Flathead River 
(downstream) 

1 Springs, seeps, 
groundwater sources No effect No effect 

2 Migration habitats with 
minimal impediments. No effect No effect 

3 Abundant food base  Beneficial Beneficial 
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Effects of the Proposed Action 

PCE PCE Description 
(Abbreviated) Hungry Horse Reservoir 

and Tributaries 
Flathead River 
(downstream) 

Complex river, stream, 
4 lake, and reservoir aquatic Insignificant effect Insignificant effect 

environments and process 

Water temps ranging from 
5  2°-15° C with adequate Insignificant effect Insignificant effect 

thermal refugia  

6 Spawning/rearing 
substrate. Not present Insignificant effect 

A natural hydrograph, or if 

7 flows are controlled, 
minimal flow departure from Not present Insignificant effect 

a natural hydrograph 

8 Sufficient 
quantity  

water quality and Insignificant effect Insignificant effect 

9 

Sufficiently low levels of 
nonnative predatory; 
interbreeding; or competing 
species  

Insignificant effect Not present 

Albeni Falls Reach 
Table 6-4. Summary of the effects of the proposed action for Albeni Falls Reach on bull trout 
critical habitat  

Effects of the Proposed Action 

PCE PCE Description 
(Abbreviated) Pend Oreille Lake and 

Tributaries 
Pend Oreille River 

Downstream 

1 Springs, seeps, 
groundwater sources Discountable Discountable 

2 Migration habitats with 
minimal impediments. No effect No effect 

3 Abundant food base  Discountable effect Discountable effect 

Complex river, stream, 
4 lake, and reservoir aquatic Insignificant effect Insignificant effect 

environments and process 
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Effects of the Proposed Action 

PCE PCE Description 
(Abbreviated) Pend Oreille Lake and 

Tributaries 
Pend Oreille River 

Downstream 

Water temps ranging from 
5  2°-15° C with adequate Discountable effect Discountable effect 

thermal refugia  

6 Spawning/rearing 
substrate. Not present Not present 

A natural hydrograph, or if 

7 flows are controlled, 
minimal flow departure Not present Insignificant effect 

from a natural hydrograph 

8 Sufficient 
quantity  

water quality and Insignificant effect Insignificant effect 

9 

Sufficiently low levels 
nonnative predatory; 
interbreeding; or 
competing species  

of 

Insignificant effect Insignificant effect 

Chief Joseph Dam Reach 
Table 6-5. Summary of the effects of the proposed action for Chief Joseph Dam Reach (the 
Columbia River between Chief Joseph Dam and the upstream extent of the McNary Pool) 

PCE  PCE Description (Abbreviated) Effects of the Proposed Action 

1 Springs, seeps, groundwater sources Insignificant effect 

2 Migration habitats 
impediments. 

with minimal Insignificant effect 

3 Abundant food base  Insignificant effect 

4 
Complex river, stream, lake, and 
reservoir aquatic environments and 
process 

Insignificant effect 

5 
 Water temps ranging from 2°-15°

adequate thermal refugia  
C with Not present 

6 Spawning/rearing substrate. Not present 

7 
A natural hydrograph, or if flows are 
controlled, minimal flow departure from a 
natural hydrograph 

Not present 

8 Sufficient water quality and quantity  Infrequent adverse effects 
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PCE  PCE Description (Abbreviated) Effects of the Proposed Action 

9 
Sufficiently low levels of nonnative 
predatory; interbreeding; or competing 
species  

Insignificant effect 

Dworshak Reach 
Table 6-6. Summary of the effects of the proposed action for Dworshak Reach (Dworshak 
Reservoir and Tributaries, North Fork Clearwater River to the Clearwater River mainstem and its 
confluence with the Snake River, and portion of the Snake River downstream to Lower Granite 
Dam) 

PCE PCE Description 
(Abbreviated) 

Effects of the Proposed Action 

Dworshak 
Reservoir and 

Tributaries 

North Fork 
Clearwater Snake River 

1 Springs, seeps, 
groundwater sources 

No effect No effect No effect 

2 
Migration habitats 
with minimal 
impediments. 

Infrequent 
adverse effects 

Infrequent 
adverse 
effects 

Adverse effect 

3 Abundant food base  Discountable 
effect 

Discountable 
effect 

Discountable 
effect 

4 

Complex river, 
stream, lake, and 
reservoir aquatic 
environments and 
process 

Discountable 
effect 

Discountable 
effect 

Discountable 
effect 

5 

Water temps ranging 
 from 2°-15° C with 

adequate thermal 
refugia  

Beneficial Beneficial Not present 

6 Spawning/rearing 
substrate. 

Not present Not present Not present 

7 

A natural hydrograph, 
or if flows are 
controlled, minimal 
flow departure from a 
natural hydrograph 

Not present Insignificant 
effect 

Insignificant 
effect 

8 Sufficient water 
quality and quantity  

Infrequent 
adverse effect 

Infrequent 
adverse effect 

Infrequent 
adverse effect 
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PCE PCE Description 
(Abbreviated) 

Effects of the Proposed Action 

Dworshak 
Reservoir and 

Tributaries 

North Fork 
Clearwater Snake River 

Sufficiently low levels Insignificant effect Insignificant Insignificant 
of nonnative effect effect 

9 predatory; 
interbreeding; or 
competing species  

Lower Snake River Dams and Reservoir Reach 
Table 6-7. Summary of the effects of the proposed action for the Lower Snake River Dams and 
Reservoir Reach. 

PCE  PCE Description (Abbreviated) Effects of the Proposed Action 

1 Springs, seeps, groundwater sources Not present 

2 Migration habitats with minimal 
impediments. 

Infrequent adverse effect 

3 Abundant food base  Discountable effect 

4 
Complex river, stream, lake, and 
reservoir aquatic environments and 
process 

Insignificant effect 

5 Water temps ranging from 2°-15° C with 
adequate thermal refugia  

Not present 

6 Spawning/rearing substrate. Not present 

7 
A natural hydrograph, or if flows are 
controlled, minimal flow departure from a 
natural hydrograph 

Insignificant effect 

8 Sufficient water quality and quantity  Infrequent adverse effect 

9 
Sufficiently low levels of nonnative 
predatory; interbreeding; or competing 
species  

Insignificant effect 

McNary Dam to John Day Reach 
Table 6-8. Summary of the effects of the proposed action for the McNary Dam to John Day Dam 
Reach 

PCE  PCE Description (Abbreviated) Effects of the Proposed Action 

1 Springs, seeps, groundwater sources Not present 

2 Migration habitats 
impediments. 

with minimal Discountable effect 
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PCE  PCE Description (Abbreviated) Effects of the Proposed Action 

3 Abundant food base  No effect 

4 
Complex river, stream, lake, and 
reservoir aquatic environments and 
process 

Insignificant effect 

5 Water temps ranging from 2°-15° C with 
adequate thermal refugia  

Not present 

6 Spawning/rearing substrate. Not present 

7 
A natural hydrograph, or if flows are 
controlled, minimal flow departure from a 
natural hydrograph 

Insignificant effect 

8 Sufficient water quality and quantity  Infrequent adverse effects 

9 
Sufficiently low levels of nonnative 
predatory; interbreeding; or competing 
species  

Insignificant effect 

Lower Columbia River Dams and Pool Reach 
Table 6-9. Summary of Effects for the Lower Columbia River (John Day Dam to Bonneville Dam)  

PCE  PCE Description (Abbreviated) Effects of the Proposed 
Action 

1 Springs, seeps, groundwater sources Not present 

2 Migration habitats with minimal impediments. No effect 

3 Abundant food base  No effect 

4 Complex river, stream, lake, and reservoir aquatic 
environments and process 

Insignificant effect 

5 Water temps ranging from 2°-15° C with adequate 
thermal refugia  

Not present 

6 Spawning/rearing substrate. Not present 

7 A natural hydrograph, or if flows are controlled, 
minimal flow departure from a natural hydrograph 

Insignificant effect 

8 Sufficient water quality and quantity  Insignificant effect 

9 Sufficiently low levels of nonnative predatory; 
interbreeding; or competing species  

Insignificant effect 
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Lower Columbia River Estuary Reach 
Table 6-10. Summary of Effects for the Lower Columbia River Estuary Reach (mainstem Columbia 
River from Bonneville Dam to the mouth of the Columbia River).   

PCE PCE Description (Abbreviated) Effects of the Proposed Action 

1 Springs, seeps, groundwater sources Not present 

2 Migration habitats with minimal impediments. No effect 

3 Abundant food base  No effect 

4 Complex river, stream, lake, and reservoir 
aquatic environments and process 

Insignificant effect 

5 Water temps ranging from 2°-15° C with 
adequate thermal refugia  

Not present 

6 Spawning/rearing substrate. Not present 

7 A natural hydrograph, or if flows are controlled, 
minimal flow departure from a natural hydrograph 

Insignificant effect 

8 Sufficient water quality and quantity  Insignificant effect 

9 Sufficiently low levels of nonnative predatory; 
interbreeding; or competing species  

Insignificant effect 
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Appendix A  
FCRPS Project Authorizations and Descriptions 

A.1. U.S. Army Corps of Engineers Storage Projects 

General Description 
The U.S. Army Corps of Engineers (Corps) operates three storage projects that function as part 
of the Federal Columbia River Power System (FCRPS).  These three projects are Libby Dam, 
Dworshak Dam, and Albeni Falls Dam. 

Libby Dam is located on the Kootenai River at river mile (RM) 221.9 in Lincoln County in 
northwestern Montana.  The project is about 15 miles northeast of Libby, Montana.  Lake 
Koocanusa, Libby Dam’s reservoir, is about 90 miles long and extends about 42 miles into 
Canada.  The dam regulates stream flow for 17 downstream hydroelectric projects in the United 
States and Canada. 

Dworshak Dam is located at RM 1.9 on the North Fork Clearwater River, near Ashaka in 
Clearwater County, Idaho.  The Dworshak project has a watershed of approximately 2,440 
square miles and provides FRM for the Clearwater, Snake, and Columbia River basins.  The 
reservoir formed by the dam (Dworshak Reservoir) extends 53.6 miles upstream. 

Albeni Falls Dam is located at RM 90 on the Pend Oreille River in Bonner County, Idaho, 2.5 
miles east of Newport, Washington, and 50 miles northeast of Spokane, Washington.  Lake Pend 
Oreille is a natural lake, 68 miles long and one of the largest and deepest lakes in the western 
United States.  Albeni Falls Dam impounds and regulates the top 11.5 feet of the lake, as well as 
approximately 25 miles of the Pend Oreille River between the lake and the dam.   

Authorization and Project Purposes 
Construction of the Libby Dam Project was authorized for hydroelectric power (hydropower) 
generation, flood risk management (FRM), navigation, and fish and wildlife conservation by the 
Flood Control Act of 1950 (Public Law 81-516, 81st Congress, 2nd Session) in accordance with 
a plan set forth in House Doc. 531, 81st Congress, 2nd Session.  The dam was constructed in 
accordance with the Columbia River Treaty between the United States and Canada.  Recreation 
was authorized in the Flood Control Act of 1944, Section 4 (Public Law 78-534). 

Construction of Dworshak Dam was authorized for the purpose of FRM under Public Law 85-
500, Public Law 87-874, and Public Law 78-534.  Additional authorized project purposes 
include hydropower generation, recreation, navigation, and fish and wildlife conservation. 

Construction of the Albeni Falls multipurpose dam and powerhouse was authorized by the Flood 
Control Act of 1950 (Public Law 81-516, 81st Congress, 2nd Session).  Project authorized 
purposes include FRM, hydropower, navigation, and fish and wildlife conservation. 
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Description of Projects 
In addition to fulfilling the above listed authorized purposes, Libby, Dworshak, and Albeni Falls 
Dams provide additional specific benefits. Libby Dam provides FRM storage for 17 downstream 
hydroelectric projects in the United States and Canada. Dworshak operates as a storage project to 
protect downstream areas from flood damage. The operation of Albeni Falls primarily benefits 
FRM of Lake Pend Oreille, power generation, and regulation of streamflow for 15 downstream 
Federal and non-Federal hydroelectric projects. Summary information is presented for the three 
projects in Table A-1. 
Table A-1.  Corps storage projects summary information 

Facility Type of 
Facility 

Year 
Completed River River 

Mile Reservoir Name 

Useable 
Reservoir 
Capacity 

(million acre 
feet) 

Libby Storage 19771/ Kootenai 221.9 Lake Koocanusa 4.9 

Dworshak Storage 1973 North Fork 
Clearwater 1.9 Dworshak 

Reservoir 2.0 

Albeni Falls Storage 1955 Pend Oreille 90 Lake Pend Oreille 1.2 

1/ FRM operations were initiated in 1972, power generation came online in 1975.  Four generators were completed in 
1977, with a fifth unit completed in 1984. 

Libby Dam 

Construction of Libby Dam began in 1966 and FRM operations began in 1972.  Power 
generation came online in 1975, and initial powerhouse construction with four generators (with 
Francis-type turbines) was completed in 1977.  A fifth unit was completed and brought online in 
1984.  The powerhouse was built to accept eight units, and the remaining three units are partially 
installed but were not finished when the planned reregulation dam immediately downstream was 
not recognized within the project’s authorization. 

Libby Dam is a concrete gravity dam with 47 monoliths, a total length of 2,887 feet, and a 
maximum height of 432 feet from bedrock to the roadway deck at the top of the dam.  The 
elevation of the roadway deck is 2,472 feet elevation above mean sea level (msl)1. 

The powerhouse contains eight unit bays, with operable units in the five bays closest to the right 
bank.  Each generator unit has a 120-megawatt (MW) capacity.  The routine electrical generating 
capacity at Libby Dam is 600 MW under optimal head conditions.  

The turbine units are operated as the primary outlets from the project and contribute to meeting 
the electrical needs of the region.  Depending on river flows and limited project operating 

                                                 
1 All elevations in this document are relative to mean sea level unless stated otherwise. 
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constraints, which include protections for resident fish, turbine operations can be varied to more 
closely match energy demand.  Peak generation typically occurs coincident with the November-
December draft of the reservoir and in May/June during the release of water for sturgeon.  
Additionally, generation may increase during cold-snap periods in January and February if 
sufficient reservoir volume is available.  Normally, all turbine units are made available for spring 
operations to pass high flows and winter periods when very cold weather may result in 
emergency generation requirements.  When not operating to minimum flows, hydropower 
operations will operate to achieve a 75 percent chance of reaching the April 10 objective 
elevation to increase flows for spring flow management. 

Transmission limitations in the Flathead Valley can, under certain conditions, require Libby Dam 
to either reduce or increase generation.  The Bonneville Power Administration (BPA) has 
implemented transmission system protection measures to minimize the occurrence of 
modifications to generation at Libby Dam.  These limitations are required to maintain reliability 
of the power system to within required standards.  The limits are also a function of the amount of 
energy that is consumed in the Flathead Valley.  During periods when high outflows from Libby 
are required and the amount of energy consumed in the Flathead Valley is low, the current 
combined generation limit of 920 MW for Libby Dam and Hungry Horse Dam may be reduced 
until the condition is alleviated. 

A multiple-bulkhead intake system permits selective withdrawal of water from the reservoir 
above elevation 2222 feet.  The selective withdrawal system helps regulate water temperature of 
powerhouse releases.  The system consists of a concrete housing for bulkheads and guides 
attached to the upstream side of the dam over the penstock intakes.  Each guide accommodates 
up to 22 10-foot-high steel bulkheads, which allows withdrawal of water from the reservoir as 
high as elevation 2442 feet.  Bulkheads are placed or removed manually using a crane hoist in 
response to temperature release requirements and reservoir forebay levels. 

The dam includes a spillway with two bays and two spillway tainter gates; the spillway crest 
elevation is 2405 feet.  A sluice outlet system includes three sluices individually regulated by 
separate tainter gates.  The sluices have an intake invert (bottom elevation) at elevation 2201.5 
feet and empty into the spillway stilling basin.  The stilling basin is a conventional hydraulic-
jump type that provides energy dissipation for both sluice and spillway flow.  The stilling basin 
is defined by training walls leading from the spillway and has a width of 116 feet, a length of 275 
feet, and a floor elevation of 2073 feet.  Spill may be necessary in circumstances during which 
river flows exceed powerhouse hydraulic capacity, due to equipment malfunction or modeling 
and forecasting uncertainties, or for other purposes, such as ensuring power and transmission 
system stability, passing debris, or FRM in spring.  Spill could involve use of the sluiceway. 

Lake Koocanusa, Libby Dam’s reservoir, is about 90 miles long and extends about 42 miles into 
Canada at full pool.  Normal full pool and minimum reservoir elevations are 2459 feet and 2287 
feet, respectively.  The maximum water surface elevation of Lake Koocanusa permitted by the 
Columbia River Treaty is 2459 feet.  Under extreme or emergency situations, Lake Koocanusa 
may be filled up to elevation 2461 feet.  Lake Koocanusa has 4.9 million acre-feet of usable 
storage for local (i.e., primarily along the Kootenai River near Bonners Ferry, Idaho) and system 
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FRM (i.e., primarily along the lower Columbia River near Portland, Oregon).  At full pool, the 
reservoir area is 46,456 acres (about 62 percent of the reservoir acreage is in the United States). 

The majority of public recreation facilities associated with the Libby Dam Project are 
administered by the U.S. Forest Service (USFS) under a Memorandum of Agreement.  The 
Corps and USFS operate and maintain 11 campgrounds and 13 boat launches on the U.S. side of 
the lake.  The Corps administers the recreation area on Lake Koocanusa by Libby Dam, as well 
as some small recreation areas downstream from the dam on the Kootenai River.  The Canadian 
portion of Lake Koocanusa is administered by British Columbia Parks; the British Columbia 
Ministry of Forests, Lands and Natural Resource Operations (BCMFLNRO); and private 
Canadian citizens. 

The Libby Dam Project also includes the Murray Springs Fish Hatchery, built in 1978, which 
mitigates project-related fishery losses in the Kootenai River.  Montana Fish, Wildlife and Parks 
(MFWP) operates and maintains the hatchery under Cooperative Agreement and funding by the 
Corps.  MFWP stocks fish from the hatchery into the reservoir, closed-basin lakes, or elsewhere 
in the state. 

Dworshak Dam and Reservoir 

The Dworshak Project was placed into service in March 1973.  It has a watershed of 
approximately 2,440 square miles and provides FRM for the Snake and Columbia River basins.  
The hydraulic height of the dam is 632 feet at full pool.  The dam has a crest length of 3,287 feet, 
and a maximum base width of 574 feet.  The spillway is located on the left side of the dam, 
extends down the front of the dam, and consists of a concrete chute with two tainter gates.  Two 
low-level regulating outlets provide spill discharge at lower lake levels.  The reservoir elevations 
range from 1600 feet at full pool and 1445 feet at minimum pool elevation. 

Dworshak Dam is equipped with a water intake structure that has selector gates for selective 
withdrawal of water from various levels of the lake to provide temperature control of released 
water through the turbines.  The powerhouse encloses two 90 MW generating units and one 220 
MW generating unit.  Vacant generator spaces and penstocks adjacent to the powerhouse are 
provided for the possible installation of three additional generating units. 

Dworshak Reservoir extends 53.6 miles upstream to RM 55.5 when the reservoir is at full pool at 
elevation 1600 feet.  The water surface area is 16,417 acres at full pool elevation of 1600 feet 
and 9,050 at minimum pool elevation of 1445.  The reservoir has a shoreline length of 175 miles 
at full pool.  When full, the reservoir contains 3.453 MAF (million acre-feet) of water.  The 
difference between full and minimum operating pool levels provides 2 MAF of usable water 
storage for FRM and/or power generation.  Authorized and operating purposes for Dworshak 
include FRM, hydropower, navigation, recreation, and fish and wildlife conservation. 

There are no fish passage facilities at Dworshak Dam, and migrations of anadromous fish are 
blocked by the dam. The Dworshak National Fish Hatchery was constructed as mitigation for the 
dam and is located downstream of the dam on the left bank, at the confluence of the North Fork 
Clearwater River and the Clearwater River.  The primary water supply for the hatchery is 
provided by pumps on the North Fork Clearwater River, and water temperatures for the hatchery 
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are set by using the selector gates on the turbine intakes to control the temperature of water 
released from the dam.  During time intervals when excess reservoir water is available at 
adjacent Clearwater Hatchery, that water is used to rear steelhead in order to minimize exposure 
to the IHN virus. 

There are 29,318 acres of fee-owned project lands surrounding Dworshak Reservoir.  The 
majority of the Corps-managed lands are used for public recreation, wildlife habitat, wildlife 
mitigation, and project structures.  There are 14 developed recreation areas and 121 boat access 
mini-camps around Dworshak Reservoir.  Two camping areas are licensed to the Idaho 
Department of Parks and Recreation and are operated as Dworshak State Park.  A total of 5,033 
acres are managed for mitigation for elk wintering habitat and an additional 4,541 acres are 
managed specifically for wildlife.  Other project acreages are managed under environmental 
stewardship principles for wildlife habitat and other environmental concerns. 

Albeni Falls Dam 

Albeni Falls Dam is constructed on the granite rock outcropping that formed the original Albeni 
Falls.  The dam and spillway are embedded and tied into the granite rock, and the surface rock 
was cut and shaped to increase conveyance and provide an improved natural tailrace for the 
spillway and powerhouse discharge. 

Albeni Falls Dam was placed in operation in 1955.  Authorized purposes include FRM, 
hydropower, navigation, recreation, and fish and wildlife conservation.  Albeni Falls Dam is a 
concrete gravity, gate-controlled structure with a submerged spillway 472 feet long, and a net 
opening of 400 feet.  The overall length, including the non-overflow abutment section, is 755 
feet.  The height is 90 feet, with a crest elevation of 2033 feet.  The elevation at the top of the 
gates is 2065 feet, while the elevation at the top of the operating deck is 2097 feet.  The spillway 
has 10 caterpillar two-leaf vertical lift gates with dimensions of 40 by 32 feet.  Ten spillway 
gates are the vertical lift roller-chain type. 

The powerhouse is 206 feet wide and 301 feet long, with three Kaplan turbines, each with a rated 
capacity of 19,600 horsepower at 22-foot head.  Total powerplant rated nameplate capacity is 
42.6 MW, with an annual production of approximately 200,000 megawatt-hours.  In case of a 
commercial power outage, a 350 kilowatt (kW) diesel-electric generator provides emergency 
power for operating the spillway crane, operation of pumps to prevent flooding in the 
powerhouse, and other critical loads. 

Albeni Falls Dam powerhouse hydraulic capacity ranges from 900 cfs with one unit at speed-no-
load, up to the maximum powerhouse capacity of 35,000 cfs.  Except during freeflow conditions, 
the powerhouse discharge is the primary outlet used to maintain the lake elevations, discharge, 
and rate-of-change requirements.  During periods when outflow is between 50,000 and 70,000 
cfs, depending on the lake elevation, the river stage downstream of the dam reduces powerplant 
hydraulic head below 8 feet, the minimum head for power generation.  The powerhouse 
generation is then curtailed and the spillway is operated in a freeflow condition until streamflows 
subside sufficiently to provide sufficient head at the powerhouse. 
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Powerhouse generation is normally scheduled by the Albeni Falls Dam powerhouse operator 
based on actual or coordinated outflow conditions.  The powerhouse status is reported hourly to 
BPA. Peak generation at the project occurs during the FRM draft October through November 
and before and after the freeflow operations. 

In case of emergency or powerplant outage, Albeni Falls Dam discharge may be reduced below 
4,000 cfs.  If conditions indicate the discharge will remain below 4,000 cfs beyond 1 hour, 
Albeni Falls Dam must immediately notify RCC, BPA, Seattle City Light, Box Canyon Dam, 
and the Pend Oreille Public Utility District about the problem and the increase discharge above 
4,000 cfs as quickly as possible, using spillway releases if necessary. 

The spillway structure contains 10 bays and 10 roller train, vertical lift, span-type gates.  Each 
gate has an upper and lower leaf that are latched together for normal operation. The spillway 
crest elevation is 2033 feet.  The spillway is operated to pass flow above the available turbine 
capacity.  Additionally, during high flows, the downstream river stage increases, reducing the net 
hydraulic head at the project such that there is insufficient head to operate the powerhouse.  At 
this point, the outflow from the project transitions to a freeflow condition in which the spillway 
gates are raised above the water surface, allowing the river to freeflow through the project.  This 
condition can occur at flows at a range of 50,000 cfs 70,000 cfs, depending on the lake elevation. 
The control of outflow from the lake during freeflow conditions is controlled by the hydraulic 
conveyance capacity of the Pend Oreille River between the Lake and the Albeni Falls Dam.  
There are no sluiceways. 

The Corps has real estate interests in approximately 18,627 acres surrounding Lake Pend Oreille, 
of which approximately 14,390 acres are in the form of flowage easements and withdrawn lands 
from other Federal agencies.  The remaining 4,237 acres are held in fee for authorized purposes, 
including recreation, project operations, and wildlife conservation (approximately 4,000 acres 
are in conservation easements). 

A.2. U.S. Bureau of Reclamation Storage Projects 

General Description 
The Bureau of Reclamation (Reclamation) operates two projects that function as part of the 
FCRPS.  These two projects are the Columbia Basin Project and the Hungry Horse Project. 

The Columbia Basin Project is a multipurpose development on the Upper Columbia River in 
central Washington.  The major facilities of the project are Grand Coulee Dam and its 
impoundment (Lake Roosevelt), the Grand Coulee Powerplant complex that includes the John 
W. Keys III pump/generating plant, Banks Lake, and Potholes Reservoir.  In addition, the project 
includes a well-developed system of canals, dams, reservoirs, drains, wasteways, laterals, and 
other structures. 

The Hungry Horse Project, on the South Fork of the Flathead River in northwestern Montana, is 
operated primarily for flood risk management (FRM) and power generation as part of the 
FCRPS.  The dam is situated in a deep, narrow canyon, approximately 5 miles southeast of the 
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South Fork’s confluence with the mainstem Flathead River.  The project includes a dam, 
reservoir, powerplant, and switchyard.   

The projects play an important role in meeting the need for power in the Pacific Northwest and 
in providing storage for FRM. 

Authorization 
Congress authorized Reclamation to operate Grand Coulee Dam for the multiple purposes of 
FRM, navigation, generation of electricity, storage and delivery of water for irrigation, and other 
beneficial uses. 

The authorized purposes of the Hungry Horse Project are irrigation, FRM, navigation, 
streamflow regulation, hydroelectric generation, and other beneficial uses including fish and 
wildlife conservation.   The project’s irrigation component has not yet been developed. 
Table A-2.  Columbia Basin Project and Hungry Horse Project authorizations 

Feature Authorization 
Construction of Grand Coulee Dam Congress allocated funds under National Industrial Recovery 

Act of June 16, 1933 
Columbia Basin Project Public Law 74-409 on August 30, 1935 

Reauthorized Public Law 78-8 to bring provisions under the 
Reclamation Project Act of 1939 

Units 7, 8, and 9 of Right Power Plant Approved by the Secretary on January 5, 1949 
Third Power Plant Public Law 89-448 on June 14, 1966, and Public Law 89-561 

on September 7, 1966 
Construction of Hungry Horse  Public Law 78-329 on June 5, 1944 

The projects described here are authorized, funded, or carried out by Reclamation by virtue of 
Congressional or Secretarial authorizations, Congressional appropriations, and contracts with 
Reclamation.  Reclamation received authorization for each of its projects from either Congress or 
the Secretary of the Interior, who has authority under the 1902 Reclamation Act to approve 
construction after a finding of feasibility.  The Congressional and Secretarial authorizations state 
the purposes to be served by each project.  Congress has directed in the Reclamation laws that 
Reclamation enter into contracts with project water users.  These contracts set out, among other 
things, Reclamation’s obligations to store and deliver project water to irrigation districts, 
municipalities, and other entities.  Additionally, the 1902 Reclamation Act requires that 
Reclamation comply with state law with regard to control, appropriation, use, and distribution of 
waters.  Water can be stored and delivered by a project only for authorized purposes for which 
Reclamation has asserted or obtained a state water right in accordance with Section 8 of the 
Reclamation Act of 1902 and applicable Federal law.  Reclamation must honor senior or prior 
water rights in storing and diverting project water.  Conversely, project water is protected by 
state watermasters from diversion by junior appropriators.  The active cooperation of the state 
water rights administrators is essential in ensuring that any water Reclamation delivers for flow 
augmentation or any other purpose reaches the targeted points of delivery. 
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Authorized Purposes and Description of Projects 
Grand Coulee Dam, the primary storage and diversion structure for the Columbia Basin Project, 
was constructed from 1933 to 1941 and modified from 1967 to 1974 and 1982 to 1988.  
Hydroelectric generating units were installed to supply electric power for the war effort.  After 
the war, construction centered on the associated pumping plant and irrigation facilities. 

The first irrigation water was delivered to about 5,400 acres in 1948 from the Pasco Pumping 
Plant on the Columbia River (now takes water from Potholes Canal).  In 1950, the Burbank 
Pumping Plant began delivering water to about 1,200 acres on the Snake River south of Pasco.  
In 1952, the Grand Coulee Pumping Plant (now called John W. Keys III pump/generating plant, 
or JWKIII) began delivering irrigation water to about 66,000 acres.  The original plans 
anticipated about 1.1 million irrigated acres.  Current contract acreage is about 740,000acres.  
These lands produce potatoes, sweet corn, onions, seed and other specialty crops, grapes, fruit, 
dry beans, grain, alfalfa hay, and ensilage crops. 

The Grand Coulee Dam Powerplant complex consists of three powerhouses and 27 generating 
units, with a total generating capacity of 7,015 MW, including the six pump-generators (at 50 
MW each).  When modernization of the powerhouses is complete, the total generating capacity 
will be 7,255 MW.  The average annual generation of the Grand Coulee Powerplants is about 20 
billion kilowatt-hours, which is a large share of the power requirements of the Northwest.  The 
third powerplant alone can produce enough energy to meet the needs of Portland, Oregon, and 
Seattle, Washington. 

Hungry Horse Dam and Powerplant were constructed between 1948 and 1953.  The dam creates 
a large reservoir by withholding water in times of heavy runoff to minimize downstream 
flooding.  This stored water is released for power generation and flow augmentation when the 
natural flow of the river is low.  Downstream power benefits are of major importance since more 
than five times as much power can be produced from water releases downstream than is 
produced at Hungry Horse Powerplant. 

The Hungry Horse Powerplant consists of four 107 MW generators with a total installed capacity 
of 428 MW.  However, current transmission limitations restrict generation to 310 MW. 

Summary information is presented for the two projects in Table A-3. 
Table A-3.  Reclamation storage projects summary information 

Facility Type of 
Facility 

Year 
Completed River River 

Mile Reservoir Name 
Total Reservoir 

Capacity (million 
acre-feet) 

Grand 
Coulee Storage 19411/ Columbia 596.6 

Franklin D. 
Roosevelt Lake 

(Lake Roosevelt) 
10.12/ 

Hungry 
Horse Storage 1953 

South Fork of 
the Flathead 

River 
5 Hungry Horse 

Reservoir 3.46 
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1/Grand Coulee Dam was constructed from 1933 to 1941 and modified from 1967 to 1974 and 1982 to 1988. 

2/This total includes both Lake Roosevelt (9.4 million acre-feet) and Banks Lake (0.7 million acre-feet).  Water is 
pumped from Lake Roosevelt to Banks Lake for irrigation delivery and then diverted from Banks Lake. 

Columbia Basin Project  

Grand Coulee Dam is the primary storage and diversion structure for the Columbia Basin 
Project.  The dam, one of the largest concrete structures ever constructed, is 550 feet high and 
5,673 feet long.  The dam was constructed from 1933 to 1941 and was modified from 1967 to 
1975 by constructing a 1,170-foot-long and 210-foot-high forebay dam along the right abutment 
as part of the construction for the Third Powerplant (TPP).  The lake elevation is 1208 feet at 
minimum pool and 1290 feet at full pool.  Lake Roosevelt has a total storage capacity of 9.4 
million acre-feet (5.2 million acre-feet of active space) and extends more than 151 miles 
upstream to the Canadian border.  Reclamation operates Grand Coulee Dam in coordination with 
other projects in the Columbia River Basin to provide system FRM space in Lake Roosevelt to 
help manage flow of the Columbia River at The Dalles. 

The Grand Coulee Powerplant complex consists of powerplants on the right and left sides of the 
spillway and the TPP on the right bank of the dam.  The right and left powerplants have a total of 
18 units of 125 MW capacity plus 3 units of 10-MW capacity, for a total capacity of 2,280 MW.  
The TPP contains three units of 690 MW capacity and three units of 805 MW capacity.  The 
three 690 MW units will be upgraded to 770 MW during the planned overhaul (see below).  This 
will result in a total capacity for the TPP of 4,725 MW. 

The John W. Keys III pump/generating plant (JWKIII) on the left bank was designed to 
accommodate 12 pumping units to pump water from Lake Roosevelt to Banks Lake for irrigation 
delivery. Six pumps, each with a capacity of 1,600 cfs, were installed by 1951, two 
pump/generators with a pumping capacity of 1,605 cfs each and a generating capacity of 50 MW 
were installed in 1973, and four pump/generators units with a pumping capacity of 1,700 cfs 
each and a generating capacity of 53.5 MW were installed between 1983 and 1994.  The 
pumping/generating plant lifts water to the 1.6-mile-long feeder canal that leads to Banks Lake.  
If Lake Roosevelt is below elevation 1240 feet, Reclamation cannot use the pump/generators and 
therefore may not be able to meet the full pumping demand.  

Banks Lake, located in an old ice-age channel called the Grand Coulee, is a re-regulating 
reservoir.  This 27-mile-long reservoir is formed by the North Dam which is located about 2 
miles southwest of Grand Coulee Dam, and the Dry Falls Dam which is located about 29 miles 
south of Grand Coulee Dam.  Banks Lake has an active storage capacity of 715,000 acre-feet, 
feeds water to the Columbia Basin Project through the Main Canal at Dry Falls Dam, and 
provides water to operate the pump/generators in generation mode at JWKIII. 

The irrigation season extends from about mid-March to November 1.  About 2.9 million acre-
feet on average are currently diverted annually for the irrigation of about 670,000 acres of land. 
When the Odessa Subarea and the Lake Roosevelt Incremental Storage Release Program 
(LRISRP) are fully developed, the amount of water diverted for irrigation will increase to about 
3.2 million acre-feet annually and the acreage served will be increased to about 758,700 acres of 
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land. More detail on depletions from the Columbia River for the Columbia Basin Project can be 
found in Appendix C. 

Hungry Horse Dam 

Facilities at the Hungry Horse Project include the dam, reservoir, and powerplant.  The 564-foot-
high dam is a variable-thickness concrete arch structure with a 2,115-foot-long crest.  There are 
three hollow jet valves with a combined capacity of 13,980 cfs at elevation 3,560 feet and a glory 
hole spillway2 with a capacity of 50,000 cfs at elevation 3565 feet.  The total storage capacity of 
the reservoir is 3.5 million acre-feet. 

The Hungry Horse Powerplant originally included four 71.25 MW generators (a total of 285 
MW installed capacity).  The capacity of the generators was up-rated from 71.25 MW each to 
107 MW each in the 1990s, which increased the installed capacity from 285 MW to 428 MW.  
However, current transmission limitations restrict generation to around 310 MW.  The hydraulic 
capacity of the powerplant is about 12,000 cfs if generating at full capacity, but with current 
transmission limitations the hydraulic capacity of the powerplant is limited to a maximum 
approaching 9,000 cfs. 

Project Activities 
Columbia Basin Project 

Operation and Maintenance 

Reclamation operates and maintains the Columbia Basin Project’s major facilities.  The Quincy-
Columbia Basin Irrigation District, East Columbia Basin Irrigation District, and South Columbia 
Basin Irrigation District operate and maintain the irrigation distribution facilities within their 
geographic areas. 

Operations for the Columbia Basin Project primarily include: 

• Storage in and release of water from Lake Roosevelt, Banks Lake, Billy Clapp Lake, 
Potholes Reservoir, Scooteney Reservoir, and Soda Lake 

• Diversion of water at the John W. Keys III Pump/Generating Plant and subsequent 
diversions into the Main, West, East Low, and Potholes Canals 

• Power generation, transmission, and marketing (by BPA) at the Grand Coulee Left, 
Right, and Third Powerplants and the John W. Keys III Pump/Generation Plant 

• Routine maintenance of project facilities. 

The section below on Grand Coulee Dam’s multipurpose operations more fully describe the 
operations of Grand Coulee Dam and its associated facilities.  Aside from operations of Grand 
Coulee Dam and flow augmentation from Banks Lake, Reclamation does not further coordinate 
the operation of the Columbia Basin Project with the FCRPS.   

                                                 
2 Characterized by an intake that functions like a standpipe in the reservoir forebay. 
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Grand Coulee Dam Multi-Purpose Operations 

Congress has authorized Reclamation to operate Grand Coulee Dam for the multiple purposes of 
FRM, navigation, generation of electricity, storage and delivery of water for irrigation, and other 
beneficial uses, including fish and wildlife conservation.  Reclamation also operates the dam in 
coordination with the Mid-Columbia Public Utility District (PUD) projects and other FCRPS 
facilities.  Not only does Grand Coulee Dam’s operation reflect multiple factors, such as water 
supply conditions, hydroelectric power generation requirements, and flow needs for fish, but the 
specific operating purposes also change from month to month and season to season.  
Reclamation seeks to balance the needs of the multiple purposes.  This section discusses the 
general operating scheme for the project, by month and season. 

Fall Operations, September through December 

During the fall season, Reclamation’s operating priorities are power generation and minimum 
flows for anadromous fish.  Reclamation will attempt to refill Lake Roosevelt to a minimum 
elevation of 1283 feet by the end of September to support resident fish in the reservoir.   

By the beginning of October, Reclamation will have attempted to refill Lake Roosevelt to 
elevation 1283 feet or higher.  Reclamation then operates Grand Coulee Dam for two purposes: 
to provide augmentation flows for fish, if necessary, and to meet hydropower operational targets 
for these months (its portion of the Firm Energy Load Carrying Capacity, or FELCC).  
Reclamation limits any drafts for power to elevation 1283 feet in October, elevation 1275 feet in 
November, and elevation 1270 feet in December.  The release of these flows provides spawning 
and incubation flows for lower Columbia River chum salmon and also spawning and protection 
flows for Hanford Reach fall Chinook salmon.   

Banks Lake is drafted to elevation 1565 feet for flow augmentation by the end of August, which 
is 5 feet from full pool. Banks Lake is typically refilled between Labor Day and Thanksgiving by 
pumping from Lake Roosevelt.  

Winter Operations, January through March 

During the winter season, Reclamation’s operating priorities are FRM, power generation, and 
minimum flows for fish.  Reclamation generally drafts Lake Roosevelt below the required FRM 
elevations to generate power.  The limits to this winter power flexibility are set to provide an 85 
percent probability of refilling to the April 10 NOAA BiOp elevation objective, to increase 
stream flows for juvenile migration in the spring.  The draft of Lake Roosevelt can help provide 
protection flows for Hanford Reach fall Chinook salmon redds, and for chum redds below 
Bonneville Dam. The Corps has established the Lake Roosevelt Storage Reservation Diagrams 
(SRD), which include space requirements at Lake Roosevelt that are determined from the runoff 
forecast for The Dalles minus the space available upstream of The Dalles other than at Lake 
Roosevelt. 

During these 3 months, Reclamation releases water while maintaining the reservoir elevation at 
or above the higher of two figures:  the winter draft limits (elevation 1260 feet at the end of 
January, elevation 1250 feet at the end of February, and elevation 1240 feet at the end of March) 
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or the Variable Draft Limit (VDL)3 for winter power flexibility.  The VDL is set based on an 
assumed inflow volume that has an 85 percent probability of occurrence while still providing the 
required flows at Vernita Bar.  The VDL is calculated each month after the official water supply 
forecasts and FRM elevations are issued.  This winter power flexibility is an important tool that 
is used to meet the winter power demands in the Northwest without affecting minimum fish 
flows or Reclamation’s ability to be at the 2014 NOAA BiOp elevation objective for April 10.4 

Spring Operations, April through June 

During the spring season, most of Grand Coulee Dam’s authorized purposes come into play as 
Reclamation operates the facilities for FRM, power generation, spring flow augmentation for 
fish, and irrigation storage and delivery.  During early and mid-spring, Reclamation operates 
Grand Coulee Dam primarily for FRM, flow augmentation for juvenile salmon and steelhead 
migration, and power generation.  Irrigation withdrawals for the Columbia Basin Project 
typically begin in late March, but pumping from Lake Roosevelt to Banks Lake is relatively light 
until April.  On April 30, Lake Roosevelt is typically at its lowest elevation to maintain adequate 
space to capture high flows to reduce downstream flooding.  The reservoir’s minimum pool is at 
elevation 1208 feet. 

If Lake Roosevelt is drafted below elevation 1240 feet, numerous inundated cultural resource 
sites become exposed and susceptible to damage from wave action, vandalism, and looting.  At 
this elevation, the Keller Ferry dock site must be moved, which adds 12 to 15 minutes travel 
each way.  Also, at elevations below 1240 feet, all six of the pump/generators at the John W. 
Keys III pump/generating plant are out of service.  With only the six pumps operations, the 
project may not be able to pump full irrigation demand to Banks Lake.   

Prior to 2012, the Inchelium Ferry, an important transportation connection for medical services 
and local schools, could no longer operate at elevations below 1228 feet.  From 1997 through 
2011, operations for FRM caused the ferry to be inoperable in 3 years (39 days in 1997, 33 days 
in 1999, and 34 days in 2011); power emergencies caused the ferry to go out in 1 year (60 days 
in 2001).  Since 2012, the Inchelium Ferry could no longer be operated below 1232 feet.  FRM 
caused the ferry to be inoperable in 2012 for 7 days and in 2014 for 3 days. 

As spring flow increases, Reclamation captures some of this flow to help refill the reservoir and 
releases flow to provide flow augmentation to help juvenile salmon and steelhead travel 

                                                 
3 A VDL is a computed end-of-month elevation limit for drafting Grand Coulee Dam for the periods January, 
February, and March.  The VDLs are used to provide winter power flexibility while maintaining an 85 percent 
probability of achieving refill of the project to its 2014 NOAA BiOp elevation objective for April 10 (see April 10 
URC definition).  The VDLs have lower limits and are set at elevations 1260 feet for January, 1250 feet for 
February, and 1240 feet for March.  The basic computation assumes an inflow that has an 85 percent probability of 
occurrence from which the volume needed to meet minimum flows at Vernita Bar is subtracted.  The remainder is 
the volume available for winter power flexibility. 
4 The FRM elevation is based on water supply forecasts.  It is a common misconception that maintaining reservoirs 
at their FRM elevations from January through March would provide 100 percent probability of achieving refill to the 
April 10 Upper Rule Curve (URC).  Modeling has shown that there is very little difference in the likelihood of 
achieving refill to the April 10 URC between an operation that drafts the project only to the URC or to meet the 
minimum flow requirements downstream and an operation that allows a measured draft for winter power flexibility. 
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downstream.  From April 30 through the end of May, Reclamation may continue to draft Lake 
Roosevelt below the April 30 FRM elevation to support Priest Rapids and McNary flow 
objectives that have been coordinated with the Technical Management Team (TMT). 

Reclamation pumps water from the Lake Roosevelt forebay to Banks Lake through six pumps 
and six pump/generators to supply the project’s irrigation water.  Lake Roosevelt must be at 
elevation 1240 feet by the end of May for the pumping plant to deliver full irrigation demand to 
Banks Lake.  When Lake Roosevelt is below elevation 1240 feet, all six of the pump/generators 
are unavailable to deliver water to Banks Lake.  In years when the water surface elevation is not 
high enough to allow sufficient irrigation water delivery from Lake Roosevelt, Reclamation must 
draft Banks Lake water to meet irrigation demands and then replace this water when Lake 
Roosevelt is above elevation 1240 feet.  

By June 1, Reclamation attempts to have Lake Roosevelt at or above elevation 1265 feet to 
benefit the net pen program for rainbow trout, if FRM operations and conditions allow, which 
must be released by this date to minimize susceptibility to diseases associated with warmer 
water.  During the month of June, Reclamation may shape releases to support the Priest Rapids 
and McNary flow objectives for salmon and steelhead.  The reservoir is typically refilled after 
the Fourth of July holiday. In order to demonstrate that water was released from Lake Roosevelt 
during the spring under the LRISRP, Reclamation will target a refill elevation following a 
recommendation from the FFRAG.  

When Lake Roosevelt is above elevation 1265.5 feet, Grand Coulee will spill water evenly 
across the 11 spillway gates, which produces significantly lower TDG than spilling water 
through the outlet tubes.  Spilling over the drum gates can even reduce TDG for lower levels of 
spill. 

Summer Operations, July through August 

During the summer season, Reclamation’s operating priorities are irrigation, augmentation for 
fish, and power generation.  In July and August, Reclamation continues to supply irrigation 
water to Banks Lake for the Columbia Basin Project.  In August, Reclamation will reduce 
pumping to Banks Lake and allow the reservoir to draft 5 feet to elevation 1265 feet; this 
operation, in combination with the end-of-August draft of Lake Roosevelt, is to document the 
summer flow augmentation for fish.  

Reclamation will draft Lake Roosevelt to as low as elevation 1278 feet to support McNary flow 
augmentation objectives.  If the July final forecasted (as defined in the Water Management Plan 
(WMP)) runoff volume for the April-through-August period at The Dalles is less than 92 million 
acre-feet, the draft limit is elevation 1278 feet; otherwise, the draft limit is elevation 1280 feet.   
To implement the LRISRP, the August 31 draft limit will be adjusted an additional amount, up to 
1 foot in non-drought years and 1.8 feet in drought years (as defined by Washington 
Administrative Code (WAC) 173-563-056).  The drought years occur when the March 1 forecast 
for April-through-September runoff at The Dalles Dam is less than 60 MAF. 
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Daily Operations 

The above sections describe how Reclamation operates Grand Coulee Dam across months and 
seasons to meet a variety of authorized purposes.  Reclamation’s daily operations also show how 
Reclamation meets the multiple purposes of power generation, safety, and resource protection 
while shaping flows to benefit anadromous fish. 

Reclamation’s hourly coordination on regional power generation can cause releases from Grand 
Coulee to vary widely during the day.  The Mid-Columbia projects, Chief Joseph Dam, and 
Grand Coulee Dam are operated as one system to provide the reliability required to meet the 
regional power demand.  Reclamation also operates Grand Coulee Dam to meet peaking 
operations, so it runs high during heavy load hours and could be shut back to almost no flow 
during light load hours. 

Reclamation limits the draft of Lake Roosevelt to 1.5 feet, measured on a rolling 24-hour period 
to preserve reservoir bank stability.  During periods of high demand, BPA may request a draft 
rate exceedance in order to meet the increased power requirements.  If approved by Reclamation, 
draft rates may be as high as 2 feet per day, but only after BPA has clearly demonstrated that all 
other reasonable actions have been taken to meet the increased power demand.   

Grand Coulee Dam also has limits to the minimum tailbay elevation and hourly tailbay 
drawdown rates that help maintain the river banks’ stability.  

Although there are no flow restrictions at Grand Coulee Dam to reduce gas levels, there are 
priorities for how the water is released.  The first priority is to generate power.  If no power is 
needed, then the second priority is to operate units at speed-no-load.  If releases are in excess of 
the powerplant capacity, then the water is released in the following order: 

1. If the water elevation is above 1265.5 feet, Reclamation releases the water evenly across 
the 11 spillway gates. 

2. If the water surface elevation is below elevation 1265.5 feet, Grand Coulee is moved to 
the bottom of the regional spill priority list.   

3. If water is to be released through the outlets, then it is released evenly through the upper 
and lower gates.  If only two gates are required, then an upper gate and the mid-level gate 
immediately below will be used (and not two side-by-side gates). 

Lake Roosevelt Incremental Storage Release Program (LRISRP) 

When fully implemented, the LRISRP will result in an additional foot of water to be released 
from Lake Roosevelt (beyond the 1278 and 1280 foot elevations set for the end of August to 
augment flow) in most years and 1.8 feet additional when the March final April-through-August 
water supply forecast falls below 60 MAF (which is the driest 4 percent of water years).  The 
LRISRP drawdown would result in a net increase to instream flows from Grand Coulee Dam 
during the April-through-August flow augmentation period.  This is a very small increase in 
stream flow; however, the purpose of the drawdown is to ensure that there is no flow reduction 
during the juvenile salmon migration period.  The timing of releases is based on the water supply 
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forecast.  Water will be delivered to the Odessa Subarea through Banks Lake, and for municipal 
and industrial (M&I) uses and instream flows downstream of Grand Coulee Dam.  The 
additional foot of water released from Lake Roosevelt will be refilled in September.  For more 
detail on the release of this water, see the Action Agencies’ WMP.   

Odessa Special Study 

On April 2, 2013, Reclamation issued a Record of Decision for the Odessa Subarea Special 
Study (not to be confused with the water delivered to the Odessa Subarea under the LRISRP) 
Final Environmental Impact Statement.  The preferred alternative would provide surface water 
supplies to about 70,000 acres of land presently irrigated with water pumped from the Odessa 
aquifer.  At full development, this will be approximately 164,000 acre-feet.  Development of the 
Odessa Subarea will occur in phases over approximately 10 years.  Actual additional diversions 
are not expected to occur until 2016 or later.  This water would be delivered to the project 
primarily by drawing down Banks Lake during the juvenile migration season, then refilling 
Banks Lake from the Columbia River from October through March. 

This operation was covered under separate ESA consultation. 

Routine Maintenance  

The range of routine or scheduled maintenance activities are discussed in detail in Chapter 2, 
including drum gate maintenance and scheduled power plant maintenance. The following 
maintenance descriptions provide further detail for selected activities.  

John Keyes III Pump/Generating Plant   

The pumping plant consists of six pumps that pump water from Lake Roosevelt to Banks Lake 
and six pump generators that can pump water from Lake Roosevelt to Banks Lake or generate 
power by pumping water from Banks Lake back to Lake Roosevelt. Maintenance falls under two 
categories, scheduled and unscheduled.  The majority of the scheduled maintenance of the 
pumps and pump generators generally occurs outside of the irrigation season, to the extent 
practicable. At all times of the year, there are usually one or more pumps and/or pump generators 
offline.  However during the irrigation season, when pumping demand is much higher, it is 
desirable to have the majority of the pumps and pump generators online and available.  Pump 
outages during the fill or irrigation season may affect Columbia River flows during juvenile fish 
migration, if pump capacity is less than irrigation demand.   

Maintenance on Facilities on and around Banks Lake 

Banks Lake Equalizing Reservoir is located in the upper Grand Coulee and was built to store 
and supply irrigation water for the Columbia Basin Project. Banks Lake is formed by the 
construction of two dams: North Dam, which is near Grand Coulee Dam, and Dry Falls Dam, 
which is at the south end of the reservoir.  Water is pumped from Lake Roosevelt through a set 
of pumps and pump/generators up to the Feeder Canal, which then discharges into Banks Lake.  
Water is released for irrigation to the Columbia Basin Project from Banks Lake through a set of 
gates at the headworks of the Main Canal at Dry Falls Dam. 
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Historically, Banks Lake has been operated with water surface fluctuation of as much as 27 feet 
on an annual basis.  Routine maintenance was generally coordinated within this annual cycle.  
Reclamation voluntarily changed this operation during the 1980s, when facilities such as the 
Second Bacon Siphon and Tunnel and the third powerplant were completed.  This increased the 
opportunity for recreation but reduced the opportunity to perform routine maintenance on 
project-reserved works.  Since the 1980s, Reclamation has had to draft Banks Lake up to 35 feet 
in order to perform routine maintenance.   The last major drawdown of Banks Lake for 
maintenance occurred in 2011 through 2012.  During this latest drawdown period, foundations 
were constructed to allow for bulkheads to be used to isolate the canal headworks. The use of 
bulkheads should now diminish the need for drawdowns to perform maintenance on the canal 
headworks. However, other maintenance issues or requirements may still require that Banks 
Lake be drafted substantially below the normal operating range on occasion.  

During these significant drawdowns, Reclamation will coordinate with other agencies, facilities, 
etc., with interest around Banks Lake so that all can take advantage of the drawdown to perform 
any necessary maintenance activities.  The full hydrologic effects of the maintenance operations 
would span two different water years, with drawdown starting in August of the first water year, 
by shutting off the pumps from Lake Roosevelt and allowing irrigation withdrawals to draft the 
lake.  This would result in a slight increase in flows at McNary during drawdown, as water 
typically pumped to Banks Lake would be released from Lake Roosevelt during August.  Banks 
Lake would be down by the end of irrigation season, approximately the end of October. 
Maintenance would be performed during the winter and would be completed by March 1.  Refill 
would be coordinated with BPA to take advantage of high flows and low power demand to refill 
Banks Lake by April 15.  In most years, there would be no effect to the Columbia River flow 
objectives during refill of Banks Lake.  Adaptive management coordinated through the TMT 
would be necessary in dry years to balance the requirements to meet chum flows, minimum 
flows through the Hanford Reach, and avoid impacting the spring flows during the refill period.  
In 24 percent of years, based on a HYDSIM model scenario in which Grand Coulee is drafted to 
meet minimum flows through the Hanford Reach, there would be a decrease in spring flows of 
up to 4,800 cfs during the refill of Lake Roosevelt.   

At this time, there are no procedures developed that would forecast water supply prior to the 
first of January.  As drawdown would need to be done from August through October, it would 
need to be scheduled without prior knowledge of what the water supply forecast might be 
during refill.  Every effort will be made to complete maintenance in a timely manner to allow 
time to refill with minimal effects on spring flows. 

Extraordinary Maintenance 

Over the next 20+ years, Grand Coulee will be upgrading many of its major facilities, including 
all four power plants and its drum gates.  Each maintenance activity has separate NEPA, and 
consequently ESA, coverage for the action.  This section addresses each action individually and 
jointly.  For more detail on the action, see the NEPA document for each action.  
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Routine maintenance must continue through the overhaul. During the Extraordinary Maintenance 
period, two units in the Third Power Plant and one each in the Left and Right Power Plants will 
be out of service.  In addition to these outages, there may be an additional forced outage of one 
unit in each of the Third, Left, and Right Power Plants.  More details about the Third, Left, and 
Right Power Plant extraordinary maintenance activities are described below.  These outages have 
the potential to affect spill and water quality (total dissolved gas, or TDG) when required 
releases exceed the power plant hydraulic capacity, resulting in spill (bypass the turbines) 
through outlet tubes or over the spillway, depending on pool elevation. 

Third Power Plant (TPP) Overhaul   

The Third Power Plant (TPP) units 19-24 have reached their design life and are scheduled to be 
overhauled over an 18-year period between 2009 and 2027. The objective of the overhauls is to 
repair and restore these machines to ensure reliable operations for an additional 30 years. In 
2010, Reclamation completed an Environmental Assessment for this extraordinary maintenance 
(USBR 2010).  

This activity by itself is not likely to affect streamflow, but cumulative effects of all 
extraordinary maintenance could impact flows under some conditions. If flows are high and 
fewer units are in service, it will likely result in more spill, which can elevate TDG levels, 
particularly if the project is spilling through the outlet tubes. There is no designated critical 
habitat in Rufus Woods Lake, so the only likely impact of increased spill at Grand Coulee to 
ESA-listed fish is the potential for higher TDG levels below Chief Joseph Dam. This is mitigated 
in part by flow deflectors that were installed at Chief Joseph Dam.  As described in RPA 26 of 
the 2008 NOAA FCRPS BiOp, the flow deflectors were installed as the most cost-effective 
alternative for gas abatement at these two dams. These flow deflectors have been shown to 
reduce gas levels from water spilled at Chief Joseph Dam when TDG levels from Grand Coulee 
are high. The Review of 2008 BiOp Modeling, a review of HYDSIM modeling, describes 
changes in generating characteristics that have occurred within the FCRPS, including 
maintenance of the Third Power Plant.  This review confirms that the changes in generating 
characteristics are within the range of variability analyzed for the BiOp.  

John W. Keyes III Pump/Generating Plant modernization 

The 12 units that comprise the John W. Keys III Pump/Generating Plant (JKPGP) show 
problems stemming from wear and design that require more frequent maintenance, more 
challenging repairs, and longer down times.  As a result, these and other components contribute 
to growing safety-related concerns at the plant, increase the plant operational costs, create 
limitations on day-to-day plant operations, and impose risks to sustained long-term operation of 
the plant. These issues threaten Reclamation’s contractual obligations to provide on-demand 
delivery of irrigation water and accommodate pumped storage at Banks Lake for balancing 
reserves and electrical load shaping.  Modernization improvements and upgrades will not change 
the essential operation of Banks Lake, according to existing protocols for irrigation, load 
shaping, and balancing reserves; however, they may enable more rapid transitions and/or more 
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frequent incremental changes in daily reservoir levels while the overall reservoir levels remain 
within established operating norms. 

 Modeling to support the modernization of the JKPGP (USBR 20125) demonstrates that 
pump/generating scheduled to take advantage of off-peak hour pricing to increase inflows, and 
then generate with the pumps/generators when power demands are high, results in more 
fluctuation of lake elevation but still maintains the elevation within the normal operating range.  
Model results show that the proposed modernization of the JKPGP would not significantly 
change Banks Lake elevations. Banks Lake elevations would remain within the operating range 
of elevation 1565 feet to elevation 1570 feet throughout the year.  Irrigation deliveries to the 
Columbia Basin Project would be unaffected. The summer draft to elevation 1565 feet for flow 
augmentation would be unaffected.  

Hungry Horse Project 

Operation and Maintenance 

Reclamation operates and maintains all of the project’s major facilities.  Operations for the 
Hungry Horse Project primarily include: 

• Storage and release of water from Hungry Horse Reservoir 

• Power generation at the Hungry Horse Powerplant 

• Routine maintenance of project facilities. 

The following discussion more fully describes the operations of Hungry Horse Dam and its 
associated facilities.  Reclamation also incorporates by reference the standing operating 
procedures for Hungry Horse Dam, which more fully describe the physical facilities, operational 
criteria, and operating thresholds. 

Hungry Horse Dam Multi-Purpose Operations 

Congress has authorized Reclamation to operate Hungry Horse Dam for the multiple purposes of 
irrigation, FRM, navigation, streamflow regulation, hydroelectric generation, and other 
beneficial uses.  Reclamation also operates the dam in coordination with other FCRPS facilities.  
Not only does Hungry Horse Dam’s operating range reflect variability in multiple affecting 
factors, such as water supply condition, hydroelectric power generation requirements, and flow 
needs for downstream anadromous and resident fish, but the specific operating purposes also 
change from month to month and season to season.   

Fall Operations, September through December 

During the fall season, Reclamation has two operating priorities: minimum flows at Columbia 
Falls for fish and FRM.  The Action Agencies propose to implement the Northwest Power and 
Conservation Council’s (NPCC) 2003 mainstem amendment, as it pertains to the 10-foot end-of-

                                                 
5 Bureau of Reclamation. 2012. Finding of No Significant Impact Final Environmental Assessment: John W. Keys III 
Pump-Generating Plant Modernization Project. U.S. Department of Interior, Bureau of Reclamation, Pacific 
Northwest Region, Boise, Idaho and Ephrata, Washington.  March 2012. 
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September draft.  Under the mainstem amendments, the summer reservoir draft limit at Hungry 
Horse  is 3550 feet (10 feet from full) by September 30, except in the lowest 20th percent of years 
(less than 72.2 MAF), when the draft limit is elevation 3540 feet (20 feet from full) by 
September 30.   

Since implementation of the 2000 USFWS and National Marine Fisheries Service (NOAA 
Fisheries) FCRPS BiOps, ramping rates, minimum flows, and the need to meet refill dates have 
limited the power operations at Hungry Horse Dam.  In many years, Hungry Horse Reservoir 
continues to draft throughout the fall to meet minimum flows at Columbia Falls and can be an 
additional 15 to 20 feet down by the end of December. Ramping rates for Hungry Horse are 
described in detail in Chapter 2.  

To provide local flood protection in wetter falls, the Corps has established FRM criteria for 
Hungry Horse Reservoir.  The reservoir is required not to exceed elevation 3555.7 feet from 
October 31 through November 30 and elevation 3549.2 feet by December 31. Also, in wetter 
years, Hungry Horse can be operated to help meet hydropower operational targets (its portion of 
the FELCC); however, Reclamation limits any drafts for power to the FRM elevation of 3549.2 
feet by the end of December to maintain a 75 percent probability of being at the 2014 NOAA 
BiOp elevation objective for April 10. 

Winter Operations, January through March 

During the winter season, Reclamation’s operating priorities are FRM, minimum flows for 
resident listed fish, and power generation.  Reclamation generally drafts Hungry Horse Reservoir 
below the required FRM elevations to meet minimum flow requirements at Columbia Falls for 
resident listed fish.  In water years when minimum flows do not require Reclamation to draft the 
reservoir below the required FRM elevations, there is some flexibility to operate for power 
generation.  The limits to this winter power flexibility are set to provide a 75 percent probability 
of refilling to the 2014 NOAA BiOp elevation objective for April 10.  Hungry Horse operates to 
the VARQ (which is short for variable flow) FRM rule curves. 

During January through March, Reclamation releases water while maintaining the reservoir 
elevation at or between the variable draft limit (VDL)6 and the URC.  The VDL is set based an 
assumed inflow volume that has a 75 percent probability of occurrence while still providing the 

                                                 
6 The variable draft limit is a computed end-of-month elevation limit for drafting Hungry Horse Dam for the periods January, 
February, and March.  The VDLs are used to provide winter power flexibility while maintaining a 75 percent probability of 
achieving refill of the project to its April 10 BiOp elevation objective (see April 10 URC definition). 
The only variable in the computation of the VDLs is the FRM elevations.  The basic computation assumes an inflow that has a 75 
percent probability of occurring.  The volumes needed to meet minimum flows at the project and at Columbia Falls are subtracted 
from the assumed inflow.  The remainder is the volume available for winter power flexibility.  The minimum flow required at 
Columbia Falls is computed based on flows in the Middle and North Forks of the Flathead River that have a 75 percent 
probability of occurring. 
The FRM elevations are computed based on water supply forecasts; however, minimum flow requirements often draft the 
reservoir below the computed FRM elevation.  It is a common misconception that maintaining reservoirs at their FRM elevations 
in January through March would provide 100 percent probability of achieving refill to the April 10 BiOp elevation objective.  
Modeling has shown that there is very little difference in the likelihood of achieving refill to April 10 BiOp elevation objective 
between an operation that limits drafts to URC or minimum flow and an operation that allows a measured draft for winter power 
flexibility. 
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required flows at Columbia Falls.  The VDL is calculated each month after the official water 
supply forecasts and FRM elevations are issued.  This winter power flexibility is an important 
tool that is used to meet the winter power demands in the Northwest without affecting minimum 
fish flows or Reclamation’s ability to be at the 2014 NOAA BiOp elevation objective for April 
10. 

Spring Operations, April through June 

During early and mid-spring, Reclamation typically operates Hungry Horse Dam for FRM, 
power operations, and minimum flow requirements.  On April 30, Hungry Horse Reservoir is 
typically at its lowest seasonal elevation in order to capture the high flows from spring runoff 
and to reduce downstream flooding. 

Hungry Horse FRM rule curves are designed for both local and system FRM.  For the system 
flood protection, Reclamation coordinates with the Corps on when Hungry Horse Reservoir can 
begin refill in the spring.  The Corps computes the initial controlled flow (ICF) at The Dalles and 
estimates the day that control flow is expected to be reached.  When unregulated flows at The 
Dalles are equal to the ICF, the reservoirs can start refill.  Hungry Horse Reservoir can actually 
start refill 10 days prior to the date that the initial control flow is expected to be met. 

As spring flows increase, Reclamation no longer needs to make releases to meet minimum flows 
at Columbia Falls but does have a minimum flow requirement below the project on the South 
Fork Flathead River.  As flows in the mainstem Flathead River increase, Reclamation must 
balance refill of Hungry Horse while attempting to control flows at Columbia Falls at or below 
the flood stage of 14 feet (52,000 cfs) when the elevation of Flathead Lake is below the top foot 
(lower than 2892 feet) and at or below a stage of 13 feet (45,000 cfs) when the elevation of 
Flathead Lake is within 1 foot of full (between elevation 2892 and 2893 feet).  At the same time, 
Reclamation attempts to limit spill (flows that bypass the power plant) from the project in order 
to maintain TDG below the State of Montana standard of 110 percent.  With the current 
transmission limit in the valley, this sometimes requires delaying refill to the first week in July, 
when inflows drop below what can be put through the generators, due to unit availability or 
transmission limitations.  Hungry Horse may also be operated to be below the April 30 FRM 
point so that it can reduce the outflows during refill to prevent spills that would result in TDG 
above the limit. 

Reclamation typically tries to refill Hungry Horse Reservoir by June 30. However, as mentioned 
previously, the timing and shape of the spring runoff may result in reservoir refill a few days 
before or after the June 30 target date.  For example, a late snowmelt runoff may delay refill to 
sometime after June 30 in order to avoid excessive spill and/or surcharge of the reservoir.  Local 
weather conditions such as precipitation may also have an influence. 

Summer Operations, July through August 

During the summer season, Reclamation’s operating priorities are augmentation for fish, and 
refill for resident fish.  In accordance with the NPCC’s 2003 mainstem amendments 
recommendation, Reclamation will draft Hungry Horse Reservoir to as low as elevation 3550 
feet in the top 80 percent of water years and to elevation 3540 feet in the lowest 20 percent of 
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water years by September 30 to support Priest Rapids and McNary flow augmentation targets.  
Hungry Horse releases are calculated to either operate at a constant release from July through 
September or to gradually decline outflows in an attempt to provide a beneficial flow regime for 
resident fisheries below the project.  Occasionally, Reclamation will not fill completely (to 
elevation 3560 feet) in order to transition from FRM releases to flow augmentation releases; this 
prevents dropping outflows to a minimum (900 cfs) just to fill to elevation 3560 feet, then 
immediately increasing discharges to start the summer flow augmentation regime. 

Plant Modernization   

The hydroelectric generating units at Hungry Horse Dam are approaching the end of their design 
life.  The proposed projects to modernize the units and associated equipment are tentatively 
scheduled to take place over a 13-year period between 2017 and 2030.  Work currently 
scheduled between 2017 and 2023 is not expected to affect operations significantly, as the work 
will take advantage of existing hydropower generation outages, to the extent possible. 
Tentatively starting in mid-2024 through mid-2028, it is expected that at least one unit will be 
scheduled out of service at any given time for work identified under the modernization program.  
Routine scheduled maintenance will continue along with the modernization projects, and at 
various times and for various durations will require up to two hydropower generating units out of 
service. In addition to the scheduled outages, there is potential for unscheduled outages to occur, 
adding to the number of units out of service at any given time.  Such events would result in lower 
power plant hydraulic capacities and higher probabilities of spill.  Large spill results in elevated 
TDG levels in the river below the dam and also impacts river temperature control.  Whenever 
practicable, maintenance on the units not directly involved in the modernization will be 
scheduled outside of the typical high flow period (May-June) to help reduce probabilities of spill.  
However, spill magnitudes and durations have a higher probability of being greater throughout 
the lifecycle of the modernization of the hydropower generating units. 

Kerr Drought Management Plan 

In 1996, Kerr Dam (renamed Sèliš Ksanka Oĺispè7 in 2015) went through a Federal Energy 
Regulatory Commission (FERC) relicensing process, authorized under the Federal Power Act. 
Under Section 4(e) of the Federal Power Act, FERC must consider environmental requirements 
within the Federal reservation. Through the licensing process, it was discovered that during low-
water years, there is insufficient water to achieve Article 43 lake levels at Flathead Lake and 
maintain the flow requirements downstream under Article 56, which were developed by the 
Secretary of the Interior, acting under Section 4(e) of the Federal Power Act. Article 60 under the 
license required the development of a Drought Management Plan to address these concerns.  

The licensees, in consultation with the Corps, Reclamation, the Bureau of Indian Affairs (BIA), 
and the Montana Department of Environmental Quality (MDEQ), shall develop and implement a 

                                                 
7 The Confederate Salish Kootenai Tribes (CSKT) took over operations of Kerr Dam in 2015.  They renamed it Sèliš 
Ksanka Qĺispè (pronounced SHE-leesh k-SAHN-kah qw-leese-PEH), which means Salish Kootenai Pend Oreille in 
their language. 
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Drought Management Plan for Flathead Lake, which shall be filed with the Secretary [of the 
Interior].  The Drought Management Plan shall include, but not be limited to, provisions for re-
evaluation and adjustment of Flathead Lake FRM requirements and other provisions necessary to 
facilitate compliance with lower Flathead River minimum instream flow requirements designated 
by the Secretary.  The Secretary reserves the right to reject, modify, or otherwise alter the 
Drought Management Plan in whole or in part (FERC 1998). 

The Drought Management Plan would establish operational provisions to avoid and resolve 
potential water-use conflicts in years where there is insufficient water to meet the requirements 
of Articles 43 and 56 (when inflow to Flathead Lake is less than 72.6 percent of normal [about 1 
in 18 years])  

The BIA prepared a Drought Management Plan Final EIS in 2009 (BIA 2009); under Article 61, 
Reclamation will coordinate releases required under the ESA. Reclamation will coordinate 
operations with the Corps and the CSKT in accordance with the Draft Drought Management plan 
should water supply conditions result in not being able to meet the criteria listed in Articles 43 
and 56. 

References 

BIA (Bureau of Indian Affairs).  2009.  Final Environmental Impact Statement for a Drought 
Management Plan for Operation of the Kerr Hydroelectric Project on Flathead Lake, Montana.  
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Powerplant Generating Units Overhaul Activities.  Pacific Northwest Region, Boise, ID and 
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A.3. U.S. Army Corps of Engineers Mid-Columbia River Run-
of-River Project – Chief Joseph Dam 

General Project Description 

The Corps operates a run-of-river project on the middle Columbia River.  Chief Joseph Dam is 
located at RM 545, approximately 1.5 miles upstream from Bridgeport, Washington, and 51 
miles downstream from Grand Coulee Dam.  The reservoir created by Chief Joseph Dam is 
called Rufus Woods Lake.  It extends 51 miles upstream (to Grand Coulee Dam) and has a 
shoreline length of 106 miles.   

Authorization 
The River and Harbor Act of 1946 authorized the construction, repair, and preservation of certain 
public works on rivers and harbors for hydropower generation, navigation, irrigation, and other 
purposes.  Chief Joseph Dam was initially authorized as Foster Creek Dam and Powerhouse 
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under this Act dated July 24, 1946 (H. Doc 693; PL 79-525, 79th Congress, 2nd Session), and in 
accordance with the survey report dated April 9, 1946, submitted by the Chief of Engineers in 
House Document 693 (79th Congress, 2nd Session July 3, 1946).  Recreation is authorized under 
the Flood Control Act of 1944 (PL 78-534).  Fish and wildlife conservation is authorized under 
the Fish and Wildlife Conservation Act of 1946 (PL79 – 732). 

On July 11, 1969, eleven additional generating units were recommended, along with a 10-foot 
pool raise to a maximum pool elevation of 956 feet.  Authorization for this expansion was 
provided in House Document 693 (PL 94-587 and PL 95-26).  Phase I construction of the dam 
and units 1 through 16 began in 1949 and was completed in 1958.  Phase II construction for units 
17 through 27 began in 1973 and was completed in 1979. 

Authorizations for fish and wildlife conservation and water quality were granted under Public 
Laws 85-624 and 92-500, respectively. 

Authorized Purposes and Description of Projects 
Congressional authorization was provided to allow Chief Joseph Dam to operate for multiple 
purposes, including hydropower generation and navigation.  Subsequent legislation has 
augmented the missions of the Corps, and Chief Joseph Dam currently also operates in the 
interest of recreation and fish and wildlife conservation. 

The elevation of Rufus Woods Lake fluctuates very little throughout the year.  The normal 
operating range is between elevation 950 feet and 956 feet.  Although the project was authorized 
to fluctuate between elevation 930 feet and 958.8 feet, a plethora of constraints make actual 
operation over that full range unlikely. 

For several reasons, elevation 950 feet is considered the year-round normal minimum forebay 
elevation for Chief Joseph project.   

Chief Joseph Dam is a run-of-river project, and while FRM was not an initial objective, the dam 
and Rufus Woods Lake have been, and continue to be, regulated to help provide FRM, though on 
a limited scale.  Summary information for Chief Joseph Dam is presented in Table A-4. 
Table A-4.  Chief Joseph Dam summary information 

Dam Type of Dam 
Year 

Completed1/ River Mile Reservoir Name 
Usable Capacity 

(acre-feet) 
Chief 

Joseph Run-of-River 1979 545 Rufus Woods 
Lake 116,000 

1/Chief Joseph Dam was constructed in two phases.  Phase I was completed in 1958; Phase II was completed in 
1979. 

The dam consists of a 19-bay gated concrete gravity spillway that abuts the right bank and 
connects to a curved non-overflow concrete section founded on a rock outcropping.  The intake 
structure and powerhouse follow a downstream alignment and connect with the left abutment by 
means of a curved concrete gravity non-overflow dam.  The 2,047-foot-long powerhouse 
encloses 27 main generators, two station service generators, maintenance shops and control 
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room, and the visitor center. The area of Rufus Woods Lake at full pool is 8,400 acres, and its 
gross capacity at full pool is 593,000 acre-feet.  The reservoir is 51 miles long and has a 
shoreline length of 106 miles. 

Chief Joseph Dam was constructed primarily to provide hydroelectric power. Based on historical 
information, the minimum gross hydropower head is 162 feet.  Assuming all 27 units are 
operating at their highest output, the maximum output is estimated to be 2,440 megawatts (MW).  
This estimate is based on recent index tests and historical model tests.  Maximum powerhouse 
discharge is estimated to be approximately 215,000 cubic feet per second. 

Total project real estate interest administered by the Corps is 16,123 acres, of which 12,006 acres 
are easement lands.  The balance is primarily designated wildlife mitigation lands and public 
domain lands; 318.18 acres of Corps fee and easement lands are managed for recreation.  The 
Colville Confederated Tribes (CCT) exercise control over portions of the north shoreline in 
Okanogan County, which lies within Colville Indian Reservation boundaries.  Reclamation has 
jurisdiction over lands upstream from RM 590.4.  In addition, the U.S. Bureau of Land 
Management (BLM) administers substantial areas of public land adjoining the lake in Douglas 
County on the south bank.  Several state-managed parcels of land also exist in Douglas County. 

A.4. U.S. Army Corps of Engineers Lower Snake River 
Projects 

General Description 

The Lower Snake River Project is the name for the Corps’ series of four dams on the lower 
Snake River:  Lower Granite, Little Goose, Lower Monumental, and Ice Harbor. 

The Snake River projects include a navigation channel 250 feet wide by 14 feet deep, measured 
at minimum operating pool (MOP) in each reservoir, which extends from the confluence of the 
Snake and Columbia Rivers to a point at RM 1.3 on the Clearwater River at Lewiston, Idaho.  
This channel is the upper end of the Columbia-Snake River Inland Waterway, which includes the 
deep draft navigation channel on the lower Columbia River and is an important link for regional, 
national, and international commerce. 

All four lower Snake River dams are run-of-river facilities, meaning that they are not authorized, 
designed, or operated for FRM.  These facilities have limited storage capacity and pass water at 
nearly the same rate as the water enters each reservoir.  Reservoir levels behind these dams vary 
only a few feet during normal operations.  This limited storage is used for hourly regulation of 
powerhouse discharges to follow hourly, daily, and weekly demand patterns, but is not enough to 
allow seasonal regulation of streamflows.   

Authorization  

The Lower Snake River Project was constructed and is operated and maintained under laws that 
may be grouped into three categories: 1) laws initially authorizing construction of the project; 2) 
laws specific to the project passed subsequent to construction; and 3) laws that generally apply to 
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all Corps projects within the United States.  Using these and other authorities, the Corps operates 
multiple-use water resource development projects to balance operation of individual functions 
with operations for all functions.  This operation is coordinated with BPA, Reclamation, and 
other regional interests.  Authorized uses for the Lower Snake River Project are hydropower 
generation, inland navigation, fish and wildlife conservation, irrigation, and recreation.  These 
facilities operate as run-of-river dams and are not authorized for FRM.  Project uses have been 
authorized under several public laws. 

Authorized Purposes and Description of Projects 

The four lower Snake River dams are multiple-use facilities that provide public benefits in a 
number of different ways.  Project facilities include dams and reservoirs, hydroelectric 
powerplants and high-voltage transmission lines, navigation channels and locks, juvenile and 
adult fish passage structures, fish hatcheries, parks and recreational facilities, levee systems, 
lands dedicated to project operations, and areas set aside as wildlife habitat.  While it is 
physically possible to draw run-of-river reservoirs well below their normal minimum pool levels, 
the four lower Snake River facilities are not designed to operate below minimum pool levels. 

Summary information is presented for the four lower Snake River projects in Table A-5.  More 
detailed information is presented for each project in Table A-6. 
Table A-5.  Lower Snake River Project summary information 

Facility Type of Dam Year 
Completed 

Snake 
River 
Mile 

Reservoir Name Usable Capacity 1/  

(acre-feet) 

Ice Harbor Run-of-River 1961 9.7 Lake Sacajawea 25,000 

Lower 
Monumental 

Run-of-River 1969 41.6 Lake Herbert G. 
West 

20,000 

Little Goose Run-of-River 19702/ 70.3 Lake Bryan 49,000 

Lower Granite Run-of-River 19753/ 107.5 Lower Granite Lake 49,000 
Source: Corps and NMFS 1994 
1/  Normal operating range 
2/  The Little Goose facility was open to navigation in May 1970.  The installation of power generating units 1 through 
3 was completed in March 1970.  Additional power units 4 through 6 were installed, and power came online in July 
1978. 
3/  Additional power units 4 through 6 were installed, and power came online in April 1978. 
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Table A-6.  Lower Snake River Project Facility operations and structures 

 Ice Harbor Lower 
Monumental Little Goose Lower 

Granite 

Reservoir 

 Normal Pool Operating Range 

 (feet above NGVD) 
437 - 440 537 - 540 633 - 638 733 - 738 

 Total Length (miles) 31.9 28.7 37.2 43.9 

 Surface Area (acres)1/ 9,002 4,960 10,825 8,448 

General (Dam) 

 Dam Length (feet) 2,822 3,791 2,655 3,200 

 Hydraulic Head (feet) 100 100 98 100 

Powerhouse 

 Powerhouse Length (feet) 671 656 656 656 

 Nameplate Capacity (MW) 600 810 810 810 

 Total Number of Units Installed 6 6 6 6 

Spillway 

 Spillway Length (feet) 590 498 512 512 

 Number of Spillway Bays 10 8 8 8 

 Stilling Basin Length (feet) 168 180 118 188 

Navigation Lock and Channels 

 Lock Chamber Length (feet) 675 666 668 675 

 Lock Chamber Width (feet) 86 86 86 86 

 Maximum Operating Lock Lift (feet) 105 103 101 105 

Navigation Channel (at MOP) 
extending from mouth of Snake 
River to Lewiston/Clarkston at 
Clearwater River Mile 1.3   

250 feet wide 
by 14 feet 

deep 

250 feet wide 
by 14 feet 

deep 

250 feet wide 
by 14 feet 

deep 

250 feet wide 
by 14 feet 

deep 

Source:  Corps 1999 
NGVD = National Geodetic Vertical Datum 
1/ At normal operating pool elevation (highest level of range) 

The Lower Snake River Project was originally designed and constructed with adult passage 
facilities at the four dams.  These facilities include fish ladders, pumped attraction water 
supplies, and powerhouse fish collection systems, and have certain features in common.  In 
general, there is a set of main fishway entrances near one end of the spillway, between the 
spillway and powerhouse, and at the other end of the powerhouse.  Two entrances are typically 
used at each location, and additional smaller entrances (floating orifice gates) are provided across 
the face of the powerhouse. 
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Lower Granite Dam was the only dam on the Columbia and Snake rivers constructed to 
accommodate a screened juvenile bypass system.  Improved facilities were added to Little Goose 
Dam in 1980.  The Columbia River Fish Mitigation Program (CRFM) began in the late 1980s, 
leading to a system-wide project for evaluation of mitigation needs and implementation of 
improvements at the Corps’ four lower Snake River and four lower Columbia River dams 
beginning in 1991.  Under this program, new juvenile fish bypass/collection facilities were 
constructed at Ice Harbor (1996), Lower Monumental (1993), and Little Goose (1990) dams.  
Additional improvements have been made as new technology developed.  Other improvements 
(i.e., spillway flow deflectors at Ice Harbor and Lower Monumental and extended submerged bar 
screens [ESBs] at Little Goose and Lower Granite) have also been added.  Lower Granite, Little 
Goose, and Lower Monumental Dams have facilities for collecting and transporting juvenile fish.  
Current programs include installation of removable spillway weirs (RSWs) at the facilities to 
improve in-river migration of juvenile fish through more effective spill programs.  Currently, 
RSWs are in place at Lower Granite and Ice Harbor Dams, and one is under construction at 
Lower Monumental Dam. 

Juvenile fish migrating downstream have several routes for passing the projects:  through the 
spillway, through the juvenile bypass system, through a spillway weir, or through the turbine 
units.  Spill for juvenile fish passage is provided at all lower Snake River dams during the 
passage season, usually from early April through the end of August.   Spill for juvenile fish is 
developed annually in concert with the TMT and FPOM and described in the Fish Operating 
Plan.  See Table A-7 and Table A-8 for 2016 spill amounts and timing, as an example.  
Table A-7.  Summary of 2016 spring spill levels at lower Snake River projects 

Project Planned 2016 Spring Spill Operations (Day/Night) 

Lower Granite 20 kcfs/20 kcfs 

Little Goose 30%/30% 

Lower Monumental 
Gas Cap/Gas Cap 
(approximate Gas Cap range: 20-29 kcfs) 

Ice Harbor 
April 3-April 28: 45 kcfs/Gas Cap 
April 28-June 20: 30%/30% vs. 45 kcfs/Gas Cap 
(approximate Gas Cap range: 75-95 kcfs) 

 

Table A-8.  Summary of 2016 summer spill levels at lower Snake River projects 

Project Planned 2016 Summer Spill Operations (Day/Night) 

Lower Granite 18 kcfs/18 kcfs  

Little Goose 30%/30%  

Lower Monumental 17 kcfs/17 kcfs  



Appendix A 

28  Clarified BA Text, Based on Consultation 
  October 30, 2017 

Project Planned 2016 Summer Spill Operations (Day/Night) 

Ice Harbor 
June 21-July 13: 30%/30% vs. 45 kcfs/Gas Cap  
July 13-August 31: 45 kcfs/Gas Cap  
(approximate Gas Cap range: 75-95 kcfs)  

 

Lower Granite Dam 

Lower Granite Dam is located on the Snake River at RM 107 near Almota, Washington.  Lower 
Granite Lake, the reservoir behind Lower Granite Dam, extends 39.3 miles upstream on the 
Snake River and further 4.6 miles on the Clearwater River.  Lewiston, Idaho, is located 33 miles 
upstream of the dam.  Lower Granite Dam is authorized for navigation, hydroelectric power, 
recreation, and fish and wildlife conservation.  Lower Granite Dam was placed into service in 
1975 and includes, from south to north, five major components:  fish passage facilities, 
powerhouse, spillway, navigation lock, and non-overflow embankment.  The dam, located at the 
head of Lake Bryan, is 3,200 feet long, with an effective height of 100 feet. 

At the upper end of Lower Granite Lake, at the confluence of the Snake and Clearwater Rivers, 
is a levee system designed to protect low-lying areas within the city of Lewiston, Idaho.  The 
levee system essentially functions as a dam, as the reservoir level is higher than some of the 
surrounding land areas.  It includes interior drain systems to collect groundwater and surface 
runoff in catchment ponds.  Pumping plants are used to control water levels and maintain water 
quality in the catchment ponds.  The levee system also has recreation facilities for the public. 

The normal operating range of Lower Granite Lake extends from 733 to 738 feet.  The 
powerhouse is 656 feet long and 243 feet wide, and houses six 135 MW generators.  Next to the 
powerhouse is a 512-foot-long concrete spillway equipped with steel tainter gates, each 50 feet 
wide by 60 feet high.  The spillway has eight spill bays, each 50 feet wide.  A concrete-lined 
stilling basin extends 188 feet downstream from the spillway along the river bottom. 

The navigation lock at Lower Granite is a single-lift type, 675 feet long by 86 feet wide, with a 
15-foot minimum depth and a maximum lift of 105 feet.  Next to the navigation lock is the 756-
foot-long north dam embankment. 

Juvenile fish passage facilities at Lower Granite consist of a bypass system, spillway weir, and 
transportation facilities.  Adult fish passage facilities include one fish ladder on the south shore, a 
powerhouse collection system, adult fish trap, and an auxiliary water supply system.  Upgrades 
to improve the existing juvenile bypass facility are planned to occur between 2014 and 2016. 

There are 9,220.4 acres of project lands surrounding Lower Granite Lake, including fee lands 
that are Federally owned and managed by the Corps, as well as easement lands on which the 
Corps has designated rights (i.e., flowage or access).  Approximately 515 acres are leased to state 
or local public agencies.  Port districts own lands adjacent to the project for industrial 
development.  The majority of these project lands are used for public recreation, wildlife habitat, 
wildlife mitigation, and water-connected industrial development. 
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There are 13 developed recreation areas adjacent to Lower Granite Lake, with boat ramps, 
moorage/marina facilities, day-use facilities, and campgrounds. 

There are several habitat management units (HMUs) totaling 5,002 acres along Lower Granite 
Lake.  Water pumped from the reservoir is used to irrigate one of these HMUs. 

Water is withdrawn from Lower Granite Lake by municipal and industrial pump stations.  The 
water is used for municipal water system backup, irrigation, and industrial purposes.  There are 
three port facilities on Lower Granite Lake (Lewiston, Clarkston, and Wilma). 

Little Goose Dam 

Little Goose Dam is located on the Snake River at RM 70.3 near Starbuck, Washington.  Little 
Goose Reservoir, known as Lake Bryan, extends 37.2 miles upstream to Lower Granite Dam.  
The project is authorized for hydroelectric power, navigation, recreation, irrigation, and fish and 
wildlife conservation. 

Little Goose Dam was placed into service in 1970, and includes, from south to north, several 
major components:  navigation lock, fish passage facilities, powerhouse, spillway, and non-
overflow embankment.  The dam, located at the head of Lake Herbert G. West, is 2,655 feet long 
with an effective height of 98 feet.  The normal operating range of Lake Bryan extends from 633 
feet to 638 feet.  The powerhouse is 656 feet long and 243 feet wide, and houses six 135-MW 
generators.  Next to the powerhouse is a 512-foot-long concrete spillway equipped with steel 
tainter gates, each 50 feet wide by 60 feet high.  The spillway has eight spill bays.  A concrete-
lined stilling basin extends 118 feet downstream from the spillway along the river bottom. 

The navigation lock at Little Goose project is a single-lift type facility; it is 668 feet long by 86 
feet wide, with a 15-foot minimum depth and a maximum lift of 101 feet.  Next to the navigation 
lock is the north dam embankment.   

Juvenile fish passage facilities at Little Goose consist of a bypass system, spillway weir, and 
transportation facilities. Adult fish passage facilities are composed of one fish ladder on the 
south shore, a powerhouse collection system, and an auxiliary water supply system. 

There are 4,859.6 acres of project lands surrounding Lake Bryan, including both fee and 
easement lands.  The majority of the Corps-managed lands are used for public recreation, 
wildlife habitat, wildlife mitigation, and water-connected industrial development.  Currently, two 
areas of approximately 150 acres each are leased either to the state or local ports for recreation. 

There are seven developed recreation areas adjacent to Lake Bryan with boat ramps, a marina, 
day-use facilities, and campgrounds.  There are multiple HMUs, totaling 3,019 acres, along the 
reservoir.  Water pumped from the pool is used to irrigate two of these HMUs.  There are three 
port facilities on Lake Bryan (Almota, Central Ferry, and Garfield). 

Lower Monumental Dam  

Lower Monumental Dam is located on the Snake River at RM 41.6 near Kahlotus, Washington.  
The reservoir at Lower Monumental, known as Lake Herbert G. West, extends 28.7 miles 
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upstream to Little Goose Dam.  The project is authorized for hydroelectric power, navigation, 
recreation, fish and wildlife conservation, and irrigation. 

Lower Monumental was placed into service in 1969 and includes, from south to north, the 
following major components:  south non-overflow embankment, navigation lock, fish passage 
facilities (also located between the powerhouse and the north non-overflow embankment), 
spillway, powerhouse, and the north non-overflow embankment.  The dam, located at the head of 
Lake Sacajawea, is 3,791 feet long, with an effective height of 100 feet.  The normal operating 
range of Lake West is from 537 to 540 feet.  The powerhouse is 656 feet long and houses six 135 
MW generators.  Next to the powerhouse is a 498-foot-long concrete spillway equipped with 
steel tainter gates.  The spillway has eight spill bays, each 50 feet wide.  The tainter gates are 
each 50 feet wide by 60 feet high.  A concrete-lined stilling basin extends 180 feet downstream 
from the spillway on the river bottom. 

The navigation lock at Lower Monumental is a single-lift type structure, and is 666 feet long by 
86 feet wide, with a 14-foot minimum operating depth and a maximum lift of 103 feet.  Next to 
the navigation lock is the 968-foot-long north dam embankment.  Juvenile fish passage facilities 
at Lower Monumental consist of a bypass system, spillway weir, and transportation facilities. 
Adult fish passage facilities include north and south shore fish ladders, a powerhouse collection 
system, and an auxiliary water supply system. 

There are 9,143.6 acres of project lands surrounding Lake West, including both fee and easement 
lands.  Port districts own land for industrial development both on and adjacent to project lands.  
The majority of Corps-managed lands, 7,024.0 acres, are used for public recreation, wildlife 
habitat, wildlife mitigation, and water-connected industrial development.  Approximately 1,177 
acres are leased to the State of Washington for Lyons Ferry State Park. 

There are six developed recreation areas adjacent to the Lake West, with boat ramps, a marina, 
day-use facilities, and a campground.  There are multiple HMUs totaling 4,381 acres along the 
reservoir.  Water pumped from the Lower Monumental pool is used to irrigate two of these 
HMUs.  There is one port on the reservoir (Lyons Ferry). 

Ice Harbor Dam 

Ice Harbor Dam is located on the Snake River at RM 9.7 near Burbank, Washington.  Major 
cities in the local vicinity include Kennewick and Pasco, which are located upstream of the 
confluence of the lower Snake and Columbia Rivers, and Richland, which is located at the 
confluence of the Yakima and Columbia Rivers.  Ice Harbor Lock and Dam is authorized for 
hydroelectric power, navigation, irrigation, recreation, and fish and wildlife conservation. 

The reservoir at Ice Harbor Dam, known as Lake Sacajawea, extends 31.9 miles upstream to 
Lower Monumental Dam.  Ice Harbor Dam was placed into service in 1961 and includes, from 
south to north, the following major components:  fish passage facilities (located between the 
spillway and the navigation lock), powerhouse, spillway, navigation lock, and non-overflow 
embankment.  The dam is 2,822 feet long, with an effective height of 100 feet.  The normal 
operating range of Lake Sacajawea extends from 437 to 440 feet.  The powerhouse is 671 feet 
long and houses three 90 MW and three 110 MW generators.  Next to the powerhouse is a 590-
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foot-long concrete spillway equipped with steel tainter gates.  The spillway has 10 spillbays, 
each 50 feet wide.  The tainter gates are each 50 feet wide by 52.9 feet high.  A concrete-lined 
stilling basin extends 168 feet downstream from the spillway along the river bottom. 

The navigation lock at Ice Harbor Dam is a single-lift type, 675 feet long by 86 feet wide, with a 
15-foot minimum depth and a maximum lift of 105 feet.  Next to the navigation lock is the north 
dam embankment, which is 624 feet long. 

Juvenile fish passage facilities at Ice Harbor Dam consist of a bypass system, juvenile sampling 
facilities, and a spillway weir.  Adult fish passage facilities are made up of separate north and 
south shore facilities.  The north shore facilities include a fish ladder, a small collection system, 
and an auxiliary water supply system.  The south shore facilities comprise a fish ladder, a 
powerhouse collection system, and an auxiliary water supply system. 

There are 4,037.7 acres of project lands surrounding Lake Sacajawea, including both fee and 
easement lands.  The majority of the Corps-managed lands, 3,517.3 acres, are used for public 
recreation, wildlife habitat, wildlife mitigation, and water-connected industrial development. 

Seven developed recreation areas lie adjacent to Lake Sacajawea, including boat ramps, a 
marina, moorage facilities, and campgrounds.  There are several HMUs totaling 2,032 acres 
along the reservoir.  Water pumped from the pool is used to irrigate three of these HMUs.  There 
are two ports on Lake Sacajawea (Windust and Sheffler). 

Approximately 37,000 acres of non-Federal land are presently irrigated with water pumped from 
Lake Sacajawea.  There are approximately 75 pumps located at the 14 irrigation pumping 
stations along the reservoir.  

A.5. U.S. Army Corps of Engineers Lower Columbia River 
Projects 

General Description 
The Corps operates four projects on the lower Columbia River:  Bonneville, The Dalles, John 
Day, and McNary Dams. 

Bonneville, The Dalles, and McNary are run-of-river projects and are not operated for FRM.  
These projects have limited storage capacity and pass water at nearly the same rate as the water 
enters each reservoir.  Reservoir levels behind these dams vary only a few feet during normal 
operations.  This limited storage is used for hourly regulation of powerhouse discharges to 
follow daily and weekly demand patterns.  This storage is not enough to allow seasonal 
regulation of streamflows.  John Day Dam was developed for FRM, as well as for hydropower 
and navigation, and is considered a storage facility.  While John Day Dam has allocated FRM 
storage, it is typically operated in a manner that is similar to other mainstem dams that are run-
of-river projects. 
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Authorization  
The Columbia River projects were constructed and are operated and maintained under laws that 
may be grouped into three general categories:  1) laws initially authorizing project construction; 
2) laws specific to the projects passed subsequent to construction; and 3) laws that generally 
apply to all Corps projects within the United States.  Using these and other authorities, the Corps 
operates multiple-use water resource development projects to balance operation of individual 
functions with operations for all functions.  This operation is coordinated with BPA, 
Reclamation, and other regional interests.  Authorized uses for the lower Columbia River dams 
are FRM, power generation, navigation, fish and wildlife conservation, irrigation, and recreation. 

Authorized Purposes and Description of Projects 

The lower Columbia River dams are multiple-use projects that provide public benefits in a 
number of different ways.  Project facilities include dams and reservoirs, hydroelectric 
powerplants and high-voltage transmission lines, navigation channels and locks, juvenile and 
adult fish passage structures, fish hatcheries, parks and recreational facilities, lands dedicated to 
project operations, and areas set aside as wildlife habitat.  The projects’ primary functions are to 
produce hydroelectric power and provide navigation on the Columbia River as part of the 
Columbia-Snake River Inland Waterway.  Land for public access, recreation development, and 
wildlife management is limited at Bonneville and The Dalles due to minimal Corps ownership 
and physical constraints (i.e., topography and highway and railroad development paralleling both 
shores).  The John Day and McNary projects have fewer limitations and more land under Corps 
ownership. 

Summary information is presented for the four lower Columbia River projects in Table A-9.  
More detailed information is presented for each project in Table A-10. 
Table A-9.  Lower Columbia River Projects summary information 

Dams Type of Dam Year 
Completed 

River 
Mile Reservoir Name Usable Capacity 

(acre-feet)1/, 2/ 
Bonneville Run-of-River 1938 145.5 Lake Bonneville 100,000 

The Dalles Run-of-River 1960 192.5 Lake Celilo 53,000 

John Day Storage 1971 215.6 Lake Umatilla 535,000 
McNary Run-of-River 1957 292.0 Lake Wallula 185,000 

1/ Corps 2007 
2/ Usable capacity = water occupying active storage capacity of a reservoir  
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Table A-10.  Lower Columbia River Projects facility operations and structures 

 Bonneville 

(B1)1/ 
Bonneville 

(B2)1/ The Dalles John Day McNary 

Reservoir 

 Normal Pool Operating Range 
 (feet above NGVD) 

70 - 77 - 155 – 160 257 - 268 335-340 

 Total Length (miles) 48 - 23.6 76.4 61.6 
 Surface Area (acres) 20,600 - 9,400 49,300 38,800 
 FRM Storage (acre-feet) 0 - 0 500,000 0 

General (Dam) 
 Dam Length (feet) 2,477 - 8,735 5,900 7,365 
 Hydraulic Head (feet) 50 - 85 105 83 

Powerhouse 
 Powerhouse Length (feet) 1,027 986 2,089 1,975 1,422 
 Nameplate Capacity (MW) 612.5 612 1,807 2,160 986 
 Total Number of Units Installed 10 8 24 16 14 

Spillway 
 Spillway Length (feet) 1,070 - 1,467 1,288 1,320 
 Number of Spillway Bays 18 - 23 20 22 
 Stilling Basin Length (feet) 147 - 170 182 276 

Navigation Lock and Channels 
 Lock Chamber Length (feet) 500 675 650 675 675 
 Lock Chamber Width (feet) 76 86 86 86 86 
 Maximum Operating Lock Lift 
(feet) 70 70 90 113 84 

1/Data for Bonneville Dam are presented by powerhouse.  The first powerhouse (B1) went into operation in 1938. 
The second powerhouse (B2) was completed in 1981. 

Juvenile fish migrating downstream have several routes for passing lower Columbia River 
projects:  through the spillway, through the juvenile bypass system, through a surface flow 
outlet, or through the turbine units.  Spill for juvenile fish passage is provided at all lower 
Columbia River dams during the passage season, usually from April 10 through the end of 
August.  Spill for juvenile fish is developed annually in concert with the TMT and FPOM and 
described in the Fish Operating Plan.  See Table A-11 and Table A-12 for 2016 spill amounts 
and timing, as an example.  
Table A-11.  Summary of 2016 spring spill levels at lower Columbia River projects 

Project Planned 2016 Spring Spill Operations (Day/Night) 

McNary 40%/40%  

John Day 
April 10-April 28: 30%/30%  
April 28-June 15: 30%/30% and 40%/40%  

The Dalles 40%/40%  

Bonneville 100 kcfs/100 kcfs  



Appendix A 

34  Clarified BA Text, Based on Consultation 
  October 30, 2017 

Table A-12.  Summary of 2016 summer spill levels at lower Columbia River projects 

Project Planned 2016 Summer Spill Operations (Day/Night) 

McNary 50%/50%  

John Day 
June 16-July 20: 30%/30% and 40%/40%  
July 20-August 31: 30%/30%  

The Dalles 40%/40%  

Bonneville 85 kcfs/121 kcfs and 95 kcfs/95 kcfs  

McNary Dam 

McNary Dam is located on the Columbia River at RM 292 near Umatilla, Oregon.  Major cities 
in the local vicinity include Umatilla and Hermiston, which are near the dam; Kennewick and 
Pasco, located upstream of the confluence of the Snake and Columbia Rivers; and Richland, 
located at the confluence of the Yakima and Columbia Rivers.  Authorized purposes for McNary 
Dam are hydropower, navigation, irrigation, recreation, and fish and wildlife conservation.  

Lake Wallula, the reservoir behind McNary Dam, extends 42.7 miles upstream to Ice Harbor 
Dam on the Snake River and 58 miles upstream to Columbia River mile 350.  McNary Dam was 
placed into service in November 1954. 

McNary Dam has several major components.  From south to north, they are: the south non-
overflow embankment and adult fish passage facilities (also located between the spillway and the 
navigation lock), the powerhouse, spillway, navigation lock, and north non-overflow 
embankment.  Near the upper end of the reservoir are levee systems designed to protect low-
lying areas within and adjacent to the cities of Kennewick, Pasco, and Richland, Washington.  
The levee systems are essentially dams, as the reservoir level is higher than some of the 
surrounding land areas.  In other locations, the levee systems protect surrounding lands in the 
event of a standard project flood.  The levee systems include interior drains to collect 
groundwater and surface runoff, along with catchment ponds and pumping plants to manage 
water levels. 

The powerhouse, with 986,000 kilowatts of installed generating capacity, has 14 main generators 
rated at 70,000 kilowatts and two auxiliary station service units of 3,000 kilowatts each. 

Juvenile fish passage facilities at McNary Dam consist of a bypass system, two spillway weirs, 
and transportation facilities.  Adult fish passage facilities are made up of separate north and south 
shore facilities.  The north shore facilities include a fish ladder, a small collection system, and an 
auxiliary water supply system.  The south shore facilities include a fish ladder, powerhouse 
collection system, and auxiliary water supply system. 

Juvenile fish passage facilities were added to McNary Dam in the early 1980s.  The facilities 
were modified in 1994, with the construction of a new juvenile bypass system and transportation 
facilities.  Extended-length bar screens were installed in 1996 and 1997.  A new juvenile bypass 
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outfall was completed in early 2012 to improve the survival of juvenile fish passing through the 
juvenile bypass system. 

Two spillway weirs were constructed in 2007 to provide more efficient passage and improve the 
survival of juvenile salmonids passing McNary Dam. 

The adult fish passage facilities at McNary Dam include a north shore fish ladder that passes fish 
from entrances at the north end of the spillway, and a north shore gravity auxiliary water supply 
system.  Northern Wasco County People’s Utility District installed a turbine unit on this 
auxiliary water supply in the 1990s, changing the system from a high-head system to a low-head 
system.  Fish passage on the south side of the river is accomplished with a south shore fish 
ladder that passes fish from entrances along a collection channel that extends the full length of 
the powerhouse.  Auxiliary water is provided by a combination of gravity flow from the forebay 
and pumped water from the tailrace.  Counting stations are provided in both fish ladders. 

There are 13,562 acres of fee-owned project lands surrounding Lake Wallula.  An additional 
5,530 acres of privately owned lands have flowage easements.  The majority of Corps-managed 
lands are used for public recreation, wildlife habitat, project structures and levees, and water-
connected industrial development.  There are 17 HMUs totaling 8,414 acres managed for 
wildlife habitat.  A total of 3,530 acres are leased to the USFWS as part of McNary National 
Wildlife Refuge.  Water pumped from the pool is used to irrigate two of these HMUs. 

There are 22 developed recreation areas adjacent to Lake Wallula.  Ten of these areas are 
managed by the Corps, while others are managed by the USFWS, Oregon State Parks, 
Washington State Parks, Benton County, and the cities of Richland, Kennewick, and Pasco (Tri-
Cities). 

There are eight port sites on Lake Wallula used for the transportation of grain, wood products, 
fertilizers, fuel, and other commodities.  McNary project lands are adjacent to agricultural, 
municipal, and commercial developments, and therefore, there are numerous agricultural, 
industrial, and municipal pumping stations along the reservoir, along with stormwater and sewer 
outfalls.  Reclamation maintains two facilities on McNary project lands for providing water to 
local irrigation districts as part of the Umatilla River water exchange program. 

John Day Dam 

John Day Dam is located 24 miles upstream from The Dalles Dam at the head of Lake Celilo at 
RM 215.6.  The authorized purposes of the project are FRM, navigation, irrigation, recreation, 
fish and wildlife conservation, and hydropower generation. The facility consists of a navigation 
lock, spillway, powerhouse, non-overflow sections, and fish passage facilities on both shores.  
Construction began in 1958 and the first power generator went into operation in 1968.  Lake 
Umatilla is the second largest reservoir on the Columbia River and provides slack water for 
navigation, with a minimum 14-foot depth in the main channel.  The navigation lock, located on 
the Washington shore, is 86 feet wide and 669 feet long, and provides 15 feet of water depth over 
the sills, with a 113-foot maximum lift. 
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The powerhouse, with 16 main generators of 135 MW capacity each, has a total generating 
capacity of 2,160 MW.  The last of the 16 generators went online in November 1971. 

Unlike the other dams on the lower Columbia River, John Day Dam is also operated for FRM.  
When high runoff is forecast, the Lake Umatilla pool is lowered to provide space for control of 
about 500,000 acre-feet of floodwaters. 

Juvenile fish passage facilities at John Day Dam consist of a screened juvenile bypass system 
and two spillways weirs.  The adult fish passage facilities at John Day are composed of north and 
south shore fish ladders. 

Juvenile fish bypass facilities at John Day Dam, completed in 1987, include one VBS, an STS, 
and one 14-inch-diameter orifice per gatewell in each of the project’s 16 turbine units, for a total 
of 48 orifices.  The new smolt monitoring facility was completed in 1998.  The bypass collection 
conduit leads to a transport channel that carries collected juvenile fish to the river below the dam 
when the smolt monitoring facility is not in operation (bypass mode).  Water level differential 
between the forebay and bypass conduit is controlled by the tainter gate, and has a criterion of 4 
to 5 feet (water level in the conduit is measured at unit 16). 

In 2010, two spillway weirs were constructed to facilitate downstream juvenile fish passage at 
the spillway.  In addition, an extended-length flow deflector was added to spill bay 20 to improve 
tailrace juvenile fish egress and reduce total dissolved gas production during spill operations. 

The adult fish passage facilities at John Day Dam include a north shore fish ladder that passes 
fish from entrances at the north end of the spillway, and a south shore fish ladder that passes fish 
from entrances along a collection channel that extends the full length of the powerhouse.  
Auxiliary water is provided to all collection systems by pumping from the tailrace.  Counting 
stations are provided in both fishways. 

In addition to the two visitor areas at John Day Dam, recreation is available at more than a 
dozen areas along Lake Umatilla.  Most of the areas are managed by the Corps, but there are 
also parks operated by local entities in several locations.  Total acreage for the John Day Project, 
including pool, fee lands, and lesser interests, is more than 52,000 acres. 

The Dalles Dam 

The Dalles Dam is located on the Columbia River at RM 192.5, approximately 90 miles east of 
Portland, Oregon, and 3 miles upstream from the city of The Dalles, Oregon.  The development 
and construction of The Dalles Lock and Dam Project was authorized by the Flood Control Act 
of 1950.  Construction began in 1952 and was completed in 1960.  Project authorized purposes 
include irrigation, navigation, recreation, fish and wildlife, and hydropower. 

The Dalles Dam extends 1.5 miles from the Oregon shore to the navigation lock on the 
Washington shore.  The project consists of a navigation lock, spillway, powerhouse, fish-passage 
facilities, and the non-overflow sections of the dam.  Various recreational facilities are provided 
along Lake Celilo, the 24-mile-long impoundment behind the dam. 
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Lake Celilo provides slackwater navigation at a minimum depth of 15 feet in the main channel.  
The facility’s navigation lock, on the Washington shore, is 86 feet wide and 675 feet long.  It has 
an 88-foot normal lift and provides a 15-foot minimum depth over the sills. 

The powerhouse, with 1,807 MW of installed generating capacity, has 22 main generators—14 
original units rated at 78 MW and eight newer units rated at 86MW—and two auxiliary units of 
13.5 MW each.  The auxiliary units also provide water to attract adult migrating fish to the fish 
ladders. 

Juvenile and adult fish are able to pass downstream at The Dalles Dam via a sluiceway and the 
spillway.  Turbine units at The Dalles are not screened.  Upstream migrant passage facilities 
consist of a north shore fish ladder and an east fish ladder. 

Turbine units at The Dalles Dam are not screened.  Juvenile fish passage consists of the modified 
former sluiceway and one 6-inch orifice in each gatewell.  The sluiceway is a rectangular 
channel extending along the total length of the 22-unit powerhouse and is located in the forebay 
side of the powerhouse.  Gatewell orifices allow flow into the sluiceway, providing a potential 
means of passing fish from the gatewells to the sluiceway.  When any of the sluiceway gates 
(located in the forebay side of the sluiceway) are opened, water and juvenile migrants are 
skimmed from the forebay into the sluiceway and deposited in the tailrace downstream of the 
project.  In 2004, a spillway divider wall (spillwall) was constructed between spillbays 6 and 7 in 
order to improve the survival of juvenile fish that pass through the spillway.  In 2010, an 
extended-length spillwall was constructed between spillbays 9 and 10 to further improve the 
survival of juvenile fish passing the spillway. 

Adult fish passage facilities at The Dalles Dam include a north shore fish ladder, which passes 
fish collected at the north end of the spillway, and an east fish ladder that passes those fish 
collected at the south end of the spillway and across the downstream face of the powerhouse.  A 
small hydropower facility, utilizing the north fishway ladder auxiliary water supply, was 
constructed in 1991 and is operated by the Northern Wasco County Public Utility District.  Adult 
fishway criteria associated with this facility are monitored and maintained during the daily 
fishway inspections.  A backup auxiliary water supply system, unscreened for juveniles, has been 
upgraded to facilitate its use, if required. 

There are several recreation sites on both the Washington and Oregon shores at The Dalles Dam.  
Some are operated by the Corps; others are operated by the states of Oregon or Washington.  
Total acreage for The Dalles Project, including pool, fee lands, and lesser interests, is more than 
12,000 acres. 

Bonneville Lock and Dam 

Bonneville Lock and Dam is located at the head of tidewater on the Columbia River at RM 
145.5, in the heart of the Columbia River Gorge, approximately 42 highway miles east of 
Portland, Oregon.  The Oregon-Washington state boundary lies along the main Columbia River 
channel, dividing the project between the two states.  The facility includes two navigation locks, 
two powerhouses, spillway, fish passage facilities, fish hatchery, and one of the largest visitor 
complexes administered by the Corps. 
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In 1937, the 75th Congress authorized the completion, maintenance, and operation of the facility 
under the Corps’ supervision and, in 1938, the first powerhouse went into operation.  The 
original authorized project purposes are navigation, fish and wildlife, and hydropower, with 
recreational opportunities added as an authorized use later.  A second powerhouse was 
completed in 1981, which more than doubled generating capacity.  Bonneville Lock and Dam 
was placed on the National Register of Historic Places in June 1986.   

At present, the 1938 lock on the first powerhouse is being recommended for decommissioning, 
but that has not been authorized by Congress, and a request has not yet been made.  The old 
navigation lock no longer operates.  The new navigation lock at Bonneville opened to traffic in 
1993.  The new navigation lock is 675 feet long by 86 feet wide, with a maximum lift of 70 feet. 

Juvenile fish passage facilities for downstream-migrating fish at Bonneville Dam are 
powerhouse and spillway specific.  Fish entering the first powerhouse (B1) pass either deep 
through turbine units or may pass through a shallower route over lowered gates into a debris-type 
sluiceway.  The spillway, sited between the Bradford and Cascades Islands, has 18 vertical lift 
gates used for passing flow in excess of powerhouse discharge and/or for smolt passage.  The 
second powerhouse (B2) connects to the Washington shore on the north end and is separated 
from the spillway on the south end by Cascades Island.  The second powerhouse contains eight 
screened turbine units (i.e., juvenile bypass system).  A modified sluiceway, referred to as the B2 
corner collector, is the result of extensive modification of the original B2 chute.  Adult fish 
passage facilities for upstream migrants include the Bradford Island ladder, the Cascades Island 
ladder, and the Washington Shore ladder.  Some upstream migrating fish pass via the navigation 
lock as well. 

Juvenile fish passage facilities at the first Bonneville powerhouse (B1) consist of chain gates and 
a sluiceway converted in 2010 to a surface flow outlet for downstream juvenile fish passage.  In 
addition, the First Powerhouse has been retrofitted with new main turbine units that have 
incorporated features to increase survival of fish passing through them.   

Juvenile fish passage facilities at B2 consist of streamlined trash racks; submerged traveling 
screens (STSs); vertical barrier screens (VBSs); two 12.5-inch orifices per gatewell in units 11 to 
14 and fish unit 2; one 12.5-inch orifice in all other gatewells flowing into a fish bypass channel; 
a dewatering facility; and a 48-inch fish transport pipe that connects the bypass channel to a mid-
river release point approximately 1.5 miles downstream.  Transport pipes (48 inches) at the high 
and low outfall transport fish to the tailrace at the outfall location.  A juvenile fish sampling 
facility is included in the bypass.  Two smaller turbines that supply adult fishway auxiliary water 
do not have STSs or streamlined trashracks; however, they have a fine trashrack with a 0.75-inch 
clear opening. 

B2 is also equipped with a surface flow outlet to provide a safe and efficient passage route for 
downstream-migrating fish.  The B2 corner collector is located on the south side of the 
powerhouse.  The associated flume extends several thousand feet west on the south side of the 
B2 tailrace, and empties at the tip of Cascades Island. 
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Adult fish passage facilities at Bonneville Dam consist of two main fishway segments.  The B1 collection 
channel and A-branch ladder join the south spillway entrance and B-branch ladder at the junction pool at 
the Bradford Island ladder to form the Bradford Island fishway.  The Cascades Island ladder at the north 
side of the spillway is connected to the Washington shore ladder by the upstream migrant transportation 
channel.  The B2 collection channel and north and south monoliths join the upstream migrant 
transportation channel to form the Washington shore fishway.  Bradford Island, Cascades Island, and the 
Washington shore fishways have counting stations.  The Washington Shore ladder has an adult fish 
sampling facility.  All four collection systems have auxiliary water supplies for fish attraction.  The B1 
auxiliary system is gravity supplied, while the B2 system is fed by two 15 MW fish turbines and water is 
introduced at the B2 junction pool. 

Developed recreation areas around Bonneville Lock and Dam and Lake Bonneville include the 
dam visitor center, campground, state parks, and boat basins.  The Bonneville Dam facilities 
drew nearly 2.74 million recreational visits in fiscal year 2005.  Total acreage for the Bonneville 
Project, including pool, fee lands, and lesser interests, is more than 25,000 acres. 
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Appendix B  
Actions Taken by Bonneville Power Administration 

(BPA) in Managing the Federal Transmission System 
that can Influence Water Management Actions at the 

Projects Consulted on in this Document  
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B.1. General Description 

Hydroelectric power generation is one of the authorized purposes for the projects in the Federal 
Columbia River Power System(FCRPS), which are operated as a coordinated system. 
Transmission facilities owned and operated by the Bonneville Power Administration (BPA) 
interconnect and integrate electric power generated at the dams to the regional transmission grid, 
enabling the transmission of power produced at FCRPS dams to serve loads in the Pacific 
Northwest and to be exported to other regions. BPA owns, operates, and maintains 75 percent of 
the high-voltage transmission system in the Pacific Northwest, which is interconnected with 
regional utilities and generators, as well as with Canada to the north, California to the south, and 
Utah and other states to the east. BPA’s transmission system also interconnects, integrates, and 
transmits the electric power generated from non-Federal generating plants in the Pacific 
Northwest, including non-Federal dams, nuclear, thermal, gas and coal plants, and wind 
generation projects, and transmits power generated outside the Northwest into or through the 
region.  

B.2. Authorization 

BPA is authorized by the Bonneville Project Act, the Flood Control Act, the Federal Columbia 
River Transmission System Act, and the Pacific Northwest Electric Power Planning and 
Conservation Act (Northwest Power Act) to construct, operate, maintain, and improve the 
Federal transmission system in the Pacific Northwest. The Energy Policy Acts of 1993 and 2005 
authorized the Federal Energy Regulatory Commission (FERC) to order BPA to provide 
transmission access, and established the NERC ERO and mandatory reliability standards 
applicable to BPA, respectively. NERC established a functional model for reliability entities 
responsible for implementing the reliability standards.  These functional entities include 
Reliability Coordinators,8 Balancing Authorities,9 and Transmission Operators10, among other 
entities. BPA is certified as both a Balancing Authority (BA) and a Transmission Operator 
(TOP), in addition to other functions.  Peak Reliability is the Reliability Coordinator (RC) for the 
Western interconnection within the United States. 

                                                 
8 The Reliability Coordinator (RC) is the entity responsible for the real-time reliability of the Bulk Electric System 
within its Reliability Coordinator Area. The RC monitors the entire Reliability Coordinator Area and has authority 
to direct other functional entities, including BAs and TOPs, to take action to ensure reliable operations of the Bulk 
Electric System.  
9 The Balancing Authority (BA) is the entity responsible for maintaining generation-load-interchange balance within 
its Balancing Authority Area (BAA) and monitoring interconnection frequency in real-time. 
10 The Transmission Operator (TOP) is the entity responsible for the real-time reliable operation of transmission 
system assets and load, generation and inter-system interconnections in its Transmission Operator Area. The TOP 
has authority to direct certain actions to ensure reliable operations. 
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B.3. The Relationship between the Federal Transmission 
System and Water Management at FCRPS Projects  

BPA, as both the BA and the TOP, must operate according to mandatory reliability requirements 
set by various Federal laws and regulations and guidelines, or by operating instructions from the 
regional RC. At certain times, transmission system operations for reliability or BPA’s obligation 
to balance power generation to match load within the Balancing Authority Area (BAA), 
including maintaining operating reserves, may have an impact on the coordinated water 
management of the FCRPS. This is most likely to occur during high spring flows during the 
months of May and June. Actions to ensure electrical transmission system reliability, including 
water management responses to planned and emergency transmission outages and operating 
power reserve obligations, that may affect the coordinated water management at the projects are 
described in sections A, B, and C below.  

Transmission Operations 

Planned and Unplanned Transmission Outages 

BPA owns, operates, and maintains the Federal transmission system. This includes responsibility 
for maintaining the electrical stability and reliability of the system, which requires continual 
monitoring and maintenance to meet applicable reliability standards.  

The North American Electric Reliability Corporation (NERC) has been certified by the Federal 
Energy Regulatory Commission (FERC) as the Electric Reliability Organization (ERO) under 
Section 215 of the Federal Power Act, with authority to develop and enforce mandatory 
reliability standards on all users, owners, and operators of the bulk-power system, including the 
BPA. NERC has delegated some of its authority to create, monitor and enforce reliability 
standards in the Western interconnection to the Western Electricity Coordinating Council 
(WECC).   

NERC reliability standards establish minimum maintenance requirements.  To comply with these 
maintenance requirements and to accommodate necessary additions, improvements, or 
reinforcements, including damaged equipment, outages may be required to take the transmission 
equipment out of service to perform the necessary work.  A planned outage is scheduled to repair 
or replace equipment as needed, before it fails, or to accommodate interconnections or new or 
upgraded transmission facilities.  Unplanned outages occur when automatic devices detect a 
problem, such as lightning, storm or ice damage, fires, fallen trees, equipment failure, or human-
caused events, any of which may require removal of the equipment from service for repair or 
replacement, for safety purposes and for the protection of the grid and interconnected generation 
or loads. The loss of transmission capacity due to outages may create conditions that necessitate 
altering reservoir operations to reduce or increase the amount of water passing through a 
project’s hydroelectric turbines to ensure that adequate energy is provided to the system at the 
right locations to meet demand without overloading the transmission system or violating NERC 
standards.  
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BPA performs continuous outage analyses to identify the optimal timing for planned outages, 
manage risks, and communicate the likelihood of outages and probable effects. BPA also 
coordinates transmission and generation outages as part of a regional outage coordination 
process pursuant to mandatory reliability standard requirements.11 The Action Agencies have 
long-term and short-term planning procedures in place to avoid or minimize the effects of 
planned transmission outages on operations at the Federal hydro projects to conserve fish and 
wildlife, as described in Chapter 2, Sections 2.2.2 and 2.3. This includes scheduling planned 
outages outside of the spring and summer fish passage seasons, where practicable. However, 
conducting timely transmission maintenance and making needed upgrades or additions to the 
transmission system are necessary activities to maintain system reliability and reduce the risk of 
unplanned outages that could potentially have a greater adverse effect on both the transmission 
system and on fish operations. Under certain circumstances, therefore, it is better to conduct 
maintenance or install upgrades or additions, even if those activities may affect fish operations 
(e.g., during the spring and summer migration seasons for salmon and steelhead) than to delay 
transmission system management actions and risk unplanned and potentially more extensive 
outages. Often, completing a transmission maintenance operation in a timely manner reduces the 
risk of an unplanned transmission outage in the future, thereby avoiding prolonged interruptions 
to fish operations.  Unplanned interruptions may take longer to restore than planned transmission 
outages because, among other things, the crews and equipment necessary to respond were not 
anticipated. In circumstances where a planned or unplanned outage may constrain fish operations 
at the FCRPS projects, BPA will analyze the potential effects to fish and, as appropriate, consult 
with U.S. Fish and Wildlife Service (USFWS) and/or NOAA Fisheries and coordinate outages 
with the regional forum following the procedures outlined in the Technical Management Team 
Emergency Protocols, which are included as Appendix 1 to the Action Agencies’ annual Water 
Management Plan. 

Voltage Stability 

Additionally, FCRPS generation operates to maintain the voltage profile across the Federal 
transmission system through each plant’s automatic voltage control.  A time-of-day voltage 
schedule is set at all FCRPS projects to ensure optimal voltage to support power transfers, as 
well as to maintain reactive capability at the generators for contingency response.  This results in 
minimum generation requirements at FCRPS hydro projects that are essential to maintain proper 
voltage regulation under a wide variety of outage conditions, as well as the varying load and 
power transfer conditions. 

Reliability Congestion Management 

BPA must also manage congestion and constraints on the transmission system.  At times, this 
may require the BPA transmission operator to issue transmission schedule curtailments and 
generation redispatch to reduce excessive power flows on the transmission system.  Schedule 

                                                 
11 As of April 1, 2017, Peak administers the Outage Coordination Process pursuant to NERC Reliability Standard 
IRO-017-1.  
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curtailments have the effect of reducing generation that is the source of the schedule.  The BPA 
transmission operator may also increase or decrease Federal generation in specific locations of 
the transmission system to relieve and redirect the power flows that are contributing to the 
transmission constraints for reliable transmission operations. 

Remedial Action Schemes 

BPA also supports the transfer capability of certain internal transmission paths and major 
regional interties through the use of remedial action schemes (RAS).  One type of BPA RAS 
involves generation dropping, which allows BPA transmission operators to quickly offload areas 
of the transmission system to mitigate transient, voltage, and thermal constraints for a range of 
contingency events.12  For example, the largest generation-dropping RAS required 2,850 
megawatts (MW) to support the full 3,100 MW of the transfer capability of the High Voltage 
Direct Current (HVDC) Intertie between Celilo, Oregon, and Sylmar, California.  If the HVDC is 
operating at full 3,100 MW export capacity and is lost, then 2,850 MW of generation must be 
dropped or shed to protect the parallel alternating-current transmission system.  In other words, if 
there is a sudden outage reducing the HVDC Intertie SOL, generation at some FCRPS projects 
must be reduced. The DC RAS is tied to four Federal projects (Grand Coulee, Chief Joseph, 
McNary, and The Dalles).13  If the HVDC is required for full export, which is likely during the 
spring freshet, then these Federal plants may be required to support up to the full 2,850 MW of 
generation dropping RAS. The FCRPS unit(s) on RAS automatically alters the generation output.  
The Project Operator may have to adjust the amount of water passing through a project’s 
hydroelectric turbine if generation is tripped.  

Balancing Authority 

In addition to transmitting and marketing the power generated at the FCRPS projects and other 
facilities, BPA is also responsible for maintaining the balance between generation and load 
within the BPA BAA. Energy supply, including generation, imports, and exports, must equal 
load (demand for electricity) at all times. To accomplish this, BPA manages and provides 
operating reserves based on required reserve obligations using dispatchable generation. The most 
common dispatchable power plants for meeting reserve obligations in the Northwest are 
hydropower and natural gas. Therefore, BPA sets aside a certain portion of hydropower 
generation capability to meet its reserves obligations for unexpected increases or decreases in 
generation or load in the BPA BAA. These unexpected changes in generation can come from 
variable energy generation like wind, sudden generation outages, or sudden transmission 
congestion mitigation.  As of July 1, 2016, BPA has interconnected and integrated approximately 

                                                 
12 An N-1 event means loss of a single transmission element,such as a line or substation equipment; and an N-2 
event means the loss of two transmission elements. 
13 Additional DC RAS is provided by 15 wind farms, if generation is available. 
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4,782 MW of wind capacity into its BAA14.  Wind project owners may electronically move their 
projects to other BAAs from time to time. 

Balancing Reserves 

Balancing reserves have always been necessary to deal with the inherent variability between 
scheduled and delivered energy and demand within a BAA. Certain reliability standards 
developed by NERC and adopted by FERC set requirements governing the actions of balancing 
authorities.  Like other utilities, BPA is required to comply with reliability standards developed 
in accordance with the Federal Power Act.15 As the balancing authority, BPA is required to carry 
balancing reserves to meet unanticipated power demands, including adjusting certain FCRPS 
projects in response to schedule variations for generation and load increases or decreases within 
its BAA. Having these reserves available is vital to maintain system reliability. Without such 
reserves, system reliability issues necessitating power or schedule curtailments would be more 
common. Almost all loads and generators have some amount of variation between their actual 
hourly energy used or provided and the amount scheduled. Currently, BPA relies primarily on 
the FCRPS to meet its balancing reserve obligations. 

To maintain the reliability of the transmission system, BPA deploys the reserves at the FCRPS 
projects to ensure generation-load balance and support interconnection frequency. This is 
primarily accomplished using automatic generation control (AGC).  AGC is a computerized 
management system that allows specified hydroelectric generators to follow variations in load 
requirements and generation on the Federal system by increasing or decreasing the amount of 
water passing through the turbines, thereby keeping generation levels matched with load 
requirements within the BAA, down to 4-second intervals.  

The actual output of intermittent generation frequently varies from the scheduled amount in 
greater magnitudes than loads or traditional thermal generators and requires more balancing 
reserves. In part due to this variability and the increase in wind generation in the system since 
2008 (from about 1,500 MW to more than 4,782 MW, as of June 2016), the amount of FCRPS 
capacity that is set aside to provide balancing reserves has more than doubled. 

For the vast majority of the time, the FCRPS can meet BAA balancing reserve requirements 
without interfering with fish operations, but there may be several hours each year when the 
deployment of these balancing reserves could affect fish operations. For example, deploying 
balancing reserves to change FCRPS generation when actual wind generation in BPA’s BAA 
varies from what was scheduled could result in spill that deviates from what was planned for fish 
passage. This condition generally occurs at FCRPS projects that are required to spill a percentage 
of hourly flow. 

                                                 
14 Information about this project can be found at 
http://transmission.bpa.gov/business/operations/Wind/WIND_InstalledCapacity_Plot.pdf. 
15 16 U.S.C. § 824o(b)(1). 

http://transmission.bpa.gov/business/operations/Wind/WIND_InstalledCapacity_Plot.pdf
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In addition, setting aside FCRPS capacity for BAA balancing reserve requirements may result in 
spill that deviates from what was planned for fish passage and total dissolved gas (TDG) levels 
that exceed applicable water quality standards during periods of high river flows and may last for 
weeks at a time.  To ensure that the balancing reserve requirements do not interfere with fish 
operations for long durations, BPA can reduce the level of reserves provided by the FCRPS to a 
level that is necessary for reliable load service. In such circumstances, BPA uses reliability and 
operational protocols, including limiting generation to schedules, initiating actual curtailments to 
generation schedules, and attempting to purchase replacement reserves from non-Federal 
resources, to maintain load-and-resource balance on the transmission system within the levels of 
the balancing reserves available. Thus, system reliability is maintained during those periods in 
which BPA reduces the amount of balancing reserve it can provide to meet these high-priority 
operational objectives. BPA’s ability to reduce balancing reserves provided from the FCRPS, 
when necessary, to meet fish operations and applicable water quality standards has helped ensure 
that BPA can accommodate the growth of the wind fleet and other non-Federal generation in the 
BPA BAA and continue to implement FCRPS fish operations.  

Oversupply Conditions 

Large amounts of wind generation, combined with surplus quantities of hydropower generation, 
a condition which is most likely to occur during the spring runoff, may result in electricity 
generated in excess of total regional and extra-regional market demands, leading to a potential 
oversupply of energy generated in the BPA BAA and region. Oversupply occurs most frequently 
during hours of low electricity use, such as early in the morning. In these conditions, the river 
flow in excess of regional load and export market needs that cannot be stored in reservoirs must 
be spilled. This can result in TDG levels that exceed applicable water quality standards. 

To manage TDG levels in such circumstances, BPA maximizes the use of hydropower 
generation to meet regional and extra-regional market demands and offers low-cost or free 
Federal power generation to displace other electric power generators, such as coal, natural gas, 
and other thermal power plants, as well as wind generators. Typically, under circumstances when 
Federal power is available at low or no cost, the thermal plants shut down to save fuel costs. 
With renewable energy incentives and the interconnection and integration of wind into BPA’s 
BAA, many variable generators have chosen to meet their market demands and not to shut down 
voluntarily without receiving payment to cover their costs to take their generation offline. 

Therefore, BPA has adopted the Oversupply Management Protocol, which allows BPA to 
displace wind generation within the BAA with Federal energy during periods of oversupply, in 
exchange for compensation for the wind generators’ economic losses. The Protocol serves as a 
tool to help manage TDG levels within applicable water quality standards for the protection of 
both ESA-listed and non-listed fish and other aquatic biota. 
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C.1. Introduction 

As a matter of convenience, Reclamation is including in this FCRPS consultation the Columbia 
River mainstem hydrologic effects (depletions) of some of Reclamation’s tributary irrigation 
projects in the Columbia River basin.  Reclamation’s tributary projects operate to meet multiple 
purposes; the two main purposes that affect mainstem Columbia River flows are associated with 
irrigation water storage and delivery and reshaping of flows to provide for local flood risk 
management (FRM).  Reclamation has ongoing or completed consultations with the National 
Marine Fisheries Service (NOAA Fisheries) and the U.S. Fish and Wildlife Service (USFWS) to 
address tributary effects of operations to listed species (see Table C-1 for the current status of 
tributary project consultations).  The effects analysis for each tributary consultation was confined 
to the action area within the tributary boundaries to its confluence with the Columbia River.  
This consultation will evaluate the cumulative hydrologic effects due to the projects’ operation 
and irrigation diversion from the tributary’s confluence with the Columbia River to the estuary.  

The future operations of Reclamation tributary irrigation projects in the Columbia River Basin 
are expected to cause some hydrologic effects to Columbia River flows.  This document 
describes the hydrologic effects and evaluates the effects to the mainstem Columbia River due to 
Reclamation tributary irrigation projects.  

The projects described here are authorized, funded, or carried out by Reclamation by virtue of 
Congressional or Secretarial authorizations, Congressional appropriations, and contracts with 
Reclamation.   
Table C-1.  Summary of the status of Endangered Species Act (ESA) compliance for tributary 
effects on species within the jurisdiction of USFWS 

Project Status of ESA Compliance Source 

Chief Joseph 
Dam 

Completed consultation with USFWS for screen 
modification in 2001.  No tributary effects. 

US Fish and Wildlife Service 
BiOp 2000 

NOAA Fisheries BiOp 2008, 
2014 

Crooked River 
and, Deschutes  

Completed informal consultation with USFWS in 
2004.  Reinitiating consultation due to adult and 
juvenile fish passage at Pelton Round Butte and 
flow effect of operational change because of 
habitat conservation plan (HCP) associated with 
steelhead reintroduction. Anticipated date of 
HCP completion and consultation reinitiation with 
NOAA Fisheries and USFWS is July 2019. 

NOAA Fisheries Biological 
Opinion for Deschutes River 
Basin Projects, February 2005 

USFWS Letter of Concurrence 
for Deschutes Basin Projects, 
February 2004. 

 

The Dalles Completed informal consultation in 1992.  No 
tributary effects. 

US Fish and Wildlife Service 
BiOp 2000 

NOAA Fisheries BiOp 2008, 
2014 
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Project Status of ESA Compliance Source 

Umatilla Completed ESA consultation with USFWS in 
2008. Completed formal ESA consultation with 
NOAA Fisheries in April 2004.  Currently 
reinitiating formal consultation with NOAA 
Fisheries due to Biological Opinion expiration in 
2014. 

NOAA Fisheries Biological 
Opinion for Umatilla Project, 
April 2004 

USFWS Biological Opinion for 
Umatilla Project, July 2008. 

Yakima In progress.  Biological Assessment sent to 
NOAA Fisheries and USFWS in April 2015. 

Biological Assessment for O&M 
of the Yakima Project, April 
2015 

C.2. Hydrologic Effects of Reclamation Irrigation Projects 

Reclamation uses either measured data, where available, to describe operations for simpler 
projects or computer models for select tributaries to simulate how complex systems operate.   

The cumulative depletions due to the projects’ operation irrigation diversion are part of the 
FCRPS flow record through Bonneville Dam. 

Irrigated Acres and Diversions 

The Columbia River drains about 219,000 square miles in the United States and 39,500 square 
miles in Canada. Observed outflow of the Columbia River averages about 198 million acre-feet 
(MAF) per year.  Irrigation accounts for most surface water withdrawals in the Columbia River 
Basin. Effects of Reclamation tributary irrigation project operations are typically less than 5 
percent of the Columbia River’s observed flow. 

The total acreage in the United States portion of the basin that is irrigated by Federal projects 
(Includes Hungry Horse, Columbia Basin, Chief Joseph Dam, Yakima, Umatilla, The Dalles, 
Deschutes and Crooked River) is about 1.4 million acres.  Irrigation diversions are more 
susceptible to annual variation than the amount of irrigated land.  Because the methods of 
determining diversions differ, irrigation diversions are only intended to be a general guide.  
(Reclamation data are a mix of actual diversions and estimated based on irrigated acres and 
expected conveyance.)  The area of land irrigated in any single year varies from 10 to 20 percent 
with water supply and the general economy; therefore, these data are only intended to be a 
general guide. 

The operation of Reclamation projects for irrigation and the resulting average depletion impacts 
on the Columbia River are summarized in Table C-2 (The Columbia Basin Project, which is part 
of the FCRPS, is shown in table C-3).These data include the effects of storage delivery of water 
for multiple purposes.  Effects shown in Table C-2 are based on the best information available.  
Table C-2 presents mainstem flow effects by month from upstream to downstream due to 
operations of Reclamations projects.  Negative numbers depict depletions from the river, positive 
numbers reflect return flows to the river.  There are three points that reflect the flow in the river 
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after depletions were removed.  Those points include Priest Rapids, McNary, and Bonneville 
Dams.  Flows at the dams came from the Bonneville Power Administration’s HYDSIM model.  
The impacts of the tributary operations are included in the system modeling efforts through the 
2010 Modified Flows.  

The following sections provide a brief description of Reclamation’s mainstem depletions from 
pumping project (Chief Joseph Dam Project and The Dalles Project) and four tributary irrigation 
projects (Crooked, Deschutes, Umatilla, and Yakima). 
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Table C-2.  Mainstem depletions due to operations of Reclamation Tributary Projects by month in cfs1 

Project2 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

Upper Columbia River 

Chief Joseph Dam Project4 -5 0 0 0 0 0 -10 -70 -150 -200 -130 -30 
Sum of effects at Priest Rapids -5 0 0 0 0 0 -10 -70 -150 -200 -130 -30 

Flow at Priest Rapids3 72,390 95,750 105,660 122,170 110,100 101,740 119,820 163,240 172,040 153,390 120,340 73,900 

Effects as a percent of PRS Flows -0.01% 0.00% 0.00% 0.00% 0,00% 0.00% -0.01% -0.04% -0.09% -0.12% -0.11% -0.04% 
Yakima Project5 -900 -990 -950 -820 -970 -1,160 -4,600 -8,170 -6,310 -2,880 -1,180 -1,040 

Lower Columbia River 
Umatilla Phase II Pump Exchange -30 0 0 0 0 -10 -40 -60 -100 -120 -110 -90 
Sum of effects at McNary in cfs -940 -990 -950 -820 -970 -1,170 -4,650 -8,300 -6,560 -3200 -1,420 -1,160 

Flow at McNary3 96,780 121,670 141,710 164,230 160,370 161,560 201,350 267,140 273,990 205,870 152,210 97,960 

Effects as a Percent of MCN Flows -1% -1% -1% 0% -1% -1% -2% -3% -2% -2% -1% -1% 
Umatilla Phase I Pump Exchange -40 0 0 0 0 -5 -5 -10 -60 -80 -80 -70 
Umatilla Project5 50 40 -15 -60 -130 -200 -300 -220 -100 -70 -40 30 
Deschutes, and Crooked River, Projects5 -420 -410 -380 -340 -290 -170 -1400 -1570 -1290 -770 -820 -550 
The Dalles Project4 -20 0 0 0 0 0 -10 -40 -40 -50 -50 -30 
Sum of effects at Bonneville in cfs -1,370 -1,360 -1,350 -1,220 -1,390 -1,600 -6,390 -10,140 -8,050 -4,350 -2,410 -1,780 

Flow at Bonneville3 120,560 132,890 156,340 181,400 178,990 180,520 221,750 281,570 285,270 213,820 158,740 104,720 

Effects as a Percent of BON flows -1% -1% -1% -1% -1% -1% -3% -4% -3% -2% -2% -2% 
Estuary Effects 

Sum of effects at estuary -1,390 -1,360 -1,350 -1,220 -1,390 -1,600 -6,390 -10,140 -8,050 -4,350 -2,410 -1,780 
1Negative values imply a flow reduction due to Reclamation activities.  Natural flow diversions would still occur without Reclamation. 
2Sources: Chief Joseph Dam - Postlethwait 2016, in litt.; Yakima –Lynch 2016, in litt; Umatilla –Postlethwait 2017, in litt.; Deschutes River projects Johnson 2016, in litt.; The Dalles - Borris Belchoff 2016, in litt. 
3Source:  Modeled flows for the 2008 FCRPS NOAA Fisheries BiOp Corrected 

4Not to be confused with the Corps CRSO projects of the same name. 
5Yakima, Umatilla, Deschutes and Crooked River projects show depletions at the mouth or confluence with the Columbia River.  These depletions include those due to natural flow rights (not reclamation actions) as well as project operations.  Therefore, depletions 
numbers shown here are higher than would actually be attributed to Reclamation actions.  
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C.3. Hydrologic Depletions to the Mainstem Columbia River 
from Reclamation’s Irrigation Projects 

Columbia Basin Project (CBP) 

Grand Coulee Dam is the primary storage and diversion structure for the CBP.  For more 
information on operations of Grand Coulee Dam for multiple purposes, including FRM, see 
Appendix A. 

The irrigation season extends from about mid-March to November 1.  About 2.9 MAF on 
average are currently diverted annually for the irrigation of about 670,000 acres of land.  

On April 2, 2013, Reclamation issued a Record of Decision for the Odessa Subarea Special 
Study Final Environmental Impact Statement (FEIS) (not to be confused with the water delivered 
to the Odessa Subarea under the Lake Roosevelt Incremental Storage Release Program 
(LRISRP) discussed below).  The preferred alternative will provide surface water supplies to 
about 70,000 acres of land presently irrigated with water pumped from the Odessa aquifer.  At 
full development, this will be approximately 164,000 acre-feet, increasing the total diverted for 
irrigation to about 3.2 MAF annually and the acreage served to about 758,700 acres of land. 

The additional water for Odessa Subarea would be delivered to the project primarily by drawing 
down Banks Lake during the juvenile migration season, then refilling Banks Lake from the 
Columbia River from October and March.  This operation was covered under separate ESA 
consultation so is not included in this consultation. 

In June 2009, Reclamation issued an Environmental Assessment (EA) and Finding of No 
Significant Impact (FONSI) for the LRISRP.  The preferred alternative when fully implemented 
would provide water from Lake Roosevelt to about 10,000 acres of land presently irrigated with 
water pumped from the Odessa aquifer.  At full development, this will result in an additional 1-
foot draft (82,500 acre-feet) at Lake Roosevelt (beyond the 1278 and 1280 feet elevations set for 
flow augmentation, see Appendix A for more detail) in most years and 1.8 feet additional draft 
(132,500 acre-feet) when the March Final April – August Water supply forecast at The Dalles 
falls below 60 MAF (driest 4 percent of water years).  The 1-foot draft (82,500 acre feet), would 
supply water for the Odessa Subarea for irrigation (30,000 acre-feet), water released downstream 
of Grand Coulee Dam for municipal and industrial (M&I) use (25,000 acre-feet), and water 
released downstream of Grand Coulee Dam for the benefit of aquatic species (27,500 acre-feet).  
The water would be mostly released between April and September.  

General Project Description 

Reclamation operates and maintains all of the CBP’s major facilities.  Operations for the CBP 
primarily include storage in and release of water from Lake Roosevelt by operations of Grand 
Coulee Dam, and storage and release of water to Banks Lake by diversion of water at the John 
W. Keys III Pump/Generating Plant.  Aside from operations of Grand Coulee Dam, diversions at 
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the John W.  Keys III Pump/Generating Plant and flow augmentation from Banks Lake, 
Reclamation does not further coordinate the operation of the CBP with the FCRPS.   

Water Supply 

Lake Roosevelt has an active capacity of 5.2 MAF and a total capacity of 9.4 MAF.  The average 
annual Columbia River inflow to Lake Roosevelt is approximately 77 MAF.   

The John W. Keys III pump/generating plant (JWKIII) on the left bank of Lake Roosevelt, just 
upstream from Grand Coulee Dam, was designed to accommodate 12 pumping units to pump 
water for irrigation delivery from Lake Roosevelt to the 1.6-mile long Feeder Canal that leads to 
Banks Lake. The pump/generating plant features: 

• Six pumps, each with a capacity of 1,600 cfs 
• Two pump/generators with a pumping capacity of 1,605 cfs each and a generating 

capacity of 50 MW, and  
• Four pump/generators units with a pumping capacity of 1,700 cfs each and a generating 

capacity of 53.5 MW  

If Lake Roosevelt is below elevation 1240 feet, the pump/generators are not available, leaving 
only the six pumps to deliver water to Banks Lake.  The six pumps do not have the capacity to 
meet full demand, so when demand exceeds the capacity of the six pumps water must be drafted 
from Banks Lake to supplement flows.  Banks Lake is then refilled when the Lake Roosevelt 
elevation is high enough to allow use of the pump/generators. 

Banks Lake, located in an old ice-age channel called the Grand Coulee, is a re-regulating 
reservoir.  This 27-mile-long reservoir is formed by the North Dam which is located about 2 
miles southwest of Grand Coulee Dam, and the Dry Falls Dam which is located about 29 miles 
south of Grand Coulee Dam.  Banks Lake has an active storage capacity of 715,000 acre-feet, 
feeds water to the CBP through the Main Canal at Dry Falls Dam, and provides water to operate 
the pump/generators in generation mode at JWKIII. 

There are nine wasteways that represent 98 percent of return water to the Columbia River from 
the Columbia Basin Project; however, for convenience these are summarized as return flows to 
the pools above Wanapum, Priest Rapids, and McNary Dams (Table C-4). 

In addition to Banks Lake, a small section (3,460 acres) of the Columbia Basin Project is served 
by the Burbank Pumps at Blocks 2 and 3, which pump from the Snake River near the confluence 
with the Columbia River to lands located south of the Snake River.  The maximum pumping rate 
is about 60 cfs, with a total diversion of about 23 thousand acre-feet of water, of which about 
10,000 acre-feet returns to the river through seepage and surface return flows. 
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Depletion Effects on the Mainstem Columbia River 

This appendix only addresses the diversions due to irrigation; impacts due to FRM at Grand Coulee Dam are reflected in Chapter 2 and in Appendix A. 
Table C-3  Columbia River diversions (in cfs) from the Columbia Basin Project 

Project Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Upper Columbia River 

Columbia Basin Project -2,940 -420 -200 -30 -160 -1,490 -7,080 -7,490 -7,640 -9,100 -5,830 -6,330 
Return Flows at Wanapum 110 80 70 60 60 60 70 70 70 80 100 120 
Return Flows at Priest Rapids 360 220 180 180 220 230 310 280 220 210 260 360 
Sum of effects at Priest Rapids -2,470 -120 50 210 120 -1,200 -6,700 -7,140 -7,350 -8,810 -5,470 -5,850 

Flow at Priest Rapids3 72,390 95,750 105,660 122,170 110,100 101,740 119,820 163,240 172,040 153,390 120,340 73,900 
Effects as a percent of PRS Flows -3% 0% 0% 0% 0% -1% -6% -4% -4% -6% -5% -8% 

Lower Columbia River 
Return Flows at McNary 710 510 390 380 370 460 630 600 640 660 670 740 
Blocks 2 and 3 -10 10 10 10 10 -5 -20 -40 -50 -60 -50 -30 
Sum of effects at McNary in cfs -1,770 400 450 600 500 -750 -6,090 -6,590 -6,760 -8,210 -4,850 -5,140 

Flow at McNary3 96,780 121,670 141,710 164,530 160,370 161,560 201,350 267,140 273,990 205,870 152,210 97,960 
Effects as a Percent of MCN Flows -2% 0% 0% 0% 0% 0% -3% -2% -2% -4% -3% -5% 
Sum of effects at Bonneville in cfs -1,770 400 450 600 500 -750 -6,090 -6,590 -6,760 -8,210 -4,850 -5,140 

Flow at Bonneville3 102,560 132,890 156,340 181,400 178,990 180,520 221,750 281,570 282,270 213,820 158,740 104,720 
Effects as a Percent of BON flows -2% 0% 0% 0% 0% 0% -3% -2% -2% -4% -3% -6% 

Estuary Effects 
Sum of effects at estuary -1,770 400 450 600 500 -750 -6,090 -6,590 -6,760 -8,210 -4,850 -5,140 

3Source:  Modeled flows from BPA’s 2018 proposed final rate case which includes the 2008 BiOp and the 2010 and 2014 Supplemental BiOps 
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Chief Joseph Dam Project 

General Project Description 

The Chief Joseph Dam Project occupies lands along the Columbia and Okanogan Rivers in 
north-central Washington and is not part of Chief Joseph Dam, which the Corps operates.  There 
are four divisions and a total of seven units, five of which result in depletions to the Columbia 
River.  All of the units are separate land areas with independent irrigation systems.  The project 
serves about 16,760 irrigable acres.  

The Chelan Division borders the north shore at the lower end of Lake Chelan.  It has about 6,285 
acres of land and delivers about 20,280 acre-feet of water. After return flows, depletions from the 
river are about 14,500 acre-feet. 

The Foster Creek Division is near the confluence of the Okanogan River with the Columbia 
River.  It has two units with a total acreage of about 2,907 and delivers about 9,970 acre-feet of 
water.  After return flows, depletions from the river are about 6,500 acre-feet. 

The Greater Wenatchee Division with its three units, Brays Landing, East, and Howard Flat, is in 
three separate areas along the Columbia River between Wells Dam and Rock Island Dam.  Brays 
Landing and Howard Flat pump from groundwater.  The division serves about 4,560 acres and 
delivers about 14,630 acre-feet of water.  After return flows, depletions from the river are about 
9,520 acre-feet.  

The Whitestone Coulee Division is in the Spectacle Lake area, west of the Okanogan River near 
Loomis, between Oroville and Tonasket, Washington.  The division serves about 3,009 acres and 
delivers about 10,120 acre-feet of water. After return flows, depletions from the river are about 
6,630 acre-feet. 

Depletion Effects on the Mainstem Columbia River  

Facility operation is generally limited to the irrigation season, which begins sometime from 
about mid-April to mid-May and ends sometime from mid-September to October 1.  The average 
annual depletions for the Chief Joseph Dam Project are about 37,150 acre-feet.  
Table C-4.  Description of irrigation depletions (in cfs) from the mainstem Columbia River due to 
the Chief Joseph Dam Project 

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

Total 
depletion 

-5 0 0 0 0 0 -10 -70 -150 -180 -130 -30 

Okanogan Project 

The mainstem effects to the Columbia River from the Operations of the Okanogan Project were 
included in previous FCRPS BiOps.  Reclamation is currently conducting separate consultation 
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of the Okanogan Project.  That consultation will include all impacts from the operation of the 
Okanogan Project.  For that reason it has been removed from the FCRPS consultation. 

Yakima Project 

General Project Description 

The Yakima Project provides irrigation water for approximately 465,000 acres. The Bureau of 
Indian Affairs operates the Wapato Division but receives most of its water supply from the 
Yakima Project for irrigation of 136,000 acres of land.  

The project operates seven storage dams and reservoirs for both FRM and irrigation.  Reservoirs 
include Bumping Lake, Clear Creek, Tieton, Cle Elum, Kachess, and Keechelus and have a total 
active capacity of approximately 1.07 MAF. 

Reclamation prepared an interim operations report (2002a) that describes in detail the 
authorizations, facilities, operations, and maintenance activities associated with the Yakima 
Project. This document is incorporated by reference. 

Depletion Effects on the Mainstem Columbia River 

Reclamation’s Yakima Project Interim Comprehensive Basin Operating Plan (IOP) 
(Reclamation 2002a), is incorporated by reference. The IOP describes project operations in 
detail including water storage and diversion rights in the basin.  

The IOP informed the computation of the Modified Flows Report (BPA 2010) which provides 
flows at the mouth of the Yakima River under current operations.  Effects to flows at the 
mouth were estimated using unregulated flows (flows without human impacts) and the 
Modified Flows. Depletions include the effects of Natural Flow rights as well as operations of 
Reclamation Project so over estimates the Federal effect on the mainstem Columbia River 
flows. 
Table C-5.  Description of Reclamations impacts on the mainstem Columbia River from the Yakima 
Project (cfs)  

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

Total 
depletions 

-900 -990 -950 -820 -970 -1,160 -4,600 -8,170 -6,310 -2,880 -1,180 -1,040 

Note: (Depletions include natural flow rights, as well as operations of Reclamation Projects, so effects are greater 
than Reclamation actual impacts.) 

Umatilla Project 

General Project Description 

The original Umatilla Project furnishes a full supply of irrigation water to more than 17,000 
acres and a supplemental supply to approximately 22,500 acres.  These lands, located in north-
central Oregon, are divided into three divisions. 
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In addition, there are approximately 3,800 acres not included in an irrigation district that are 
provided either a full or supplemental water supply from McKay Reservoir under individual 
storage contracts. 

Reclamation prepared a biological assessment (2001) with an additional supplement (2003c) that 
more fully describes project operations.  Consultation with NOAA Fisheries was completed on 
the Umatilla Project, with a BiOp dated April 23, 2004.  Reclamation has reinitiated consultation 
with NOAA Fisheries on the operation of the Umatilla Project as the April 23, 2004 BiOp was 
only issued for a 10-yr duration.  Reclamation has prepared a new Biological Assessment for the 
Umatilla Project and has requested reinitiation of consultation on September 15, 2016 
(Reclamation 2016).  Reclamation is awaiting a new BiOp from NOAA Fisheries at this time. 
These documents are incorporated by reference.  

Water Supply 

Cold Springs Dam and reservoir has a total active capacity is 44,600 acre-feet. 

McKay Dam and reservoir has a storage capacity at 71,500 acre-feet. 

Phase I water pumped from the Columbia River is exchanged for Umatilla River flows that are 
not diverted by the irrigation district, but are left in the lower 3 miles of the Umatilla River to aid 
anadromous fish migration.  Phase II water is pumped from the Columbia River to replace water 
previously diverted from the Umatilla River. 

Depletion Effects on the Mainstem Columbia River  

Reclamation prepared an operations plan for the Umatilla Basin Project (Reclamation 2011 and 
2012) that describes the project facilities and operations.  This document is incorporated by 
reference.  The Columbia River mainstem flow effects from the operation and maintenance of 
the Umatilla Project are summarized in Table C-6. 
Table C-6.  Description of irrigation diversions and return flow impacts on the mainstem from the 
Umatilla Project. 

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

Phase II -30 0 0 0 0 -10 -40 -60 -100 -120 -110 -90 

Phase I -40 0 0 0 0 -5 -5 -10 -60 -80 -80 -70 

Umatilla 
River 50 40 -15 -60 -130 -200 -300 -220 -100 -70 -40 30 

Total 
Mainstem 

Effect 
-20 40 -15 -60 -130 -220 -550 -290 -260 -270 -230 -130 

Note: depletions include those for natural flow so effects are greater than impacts due just to project operations. 
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Deschutes River 

Tributary consultation for the Deschutes River included two Reclamation Projects including 
Crooked River, and Deschutes projects.  The mainstem effects of these two projects were not 
computed separately but together.   

Crooked River Project 

General Project Description 

The Crooked River Project is located near Prineville, Oregon, in the Crooked River basin.  

Within the Crooked River Project, there are about 20,000 irrigated acres.  Prineville and Ochoco 
Reservoirs, with a total capacity of about 193,730 acre-feet, provide FRM on Ochoco Creek and 
the Crooked River, as well as providing considerable recreation and fish and wildlife 
preservation and propagation. 

Reclamation prepared an operations report (2003b) and biological assessment (2003a) that 
describe in detail the authorizations, facilities, operations, and maintenance activities associated 
with the Crooked River Project. These documents are incorporated by reference. 

Deschutes Project 

General Project Description 

The Deschutes Project is near Madras, Oregon.  The project provides a full water supply to about 
50,000 irrigable acres and a supplemental water supply for about 48,000 irrigable acres.  
Reservoirs include Wickiup, Haystack, and Crane Prairie with a total storage of about 260,900 
acre-feet. Reclamation prepared an operations report (2003b) and biological assessment (2003a) 
that describe in detail the authorizations, facilities, operations, and maintenance activities 
associated with the Deschutes Project.  These documents are incorporated by reference. 
Table C-7.  Description of mainstem flow effects from the Crooked River and Deschutes Projects. 

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

Total 
Depletions -420 -410 -380 -340 -290 -170 -1,400 -1,570 -1,290 -770 -820 -550 

Note: Depletions include natural flows in addition to operations of the project so effects are greater than actual 
impacts due to Reclamation actions. 

Wapinitia Project 

The effects to the mainstem Columbia River due to the operations of the Wapinitia Project were 
included in past FCRPS biological opinions.  Since the then Reclamation has completed an HCP 
on the operations in the Deschutes River.  The Wapinitia Project is small such that effects of 
operations are unmeasurable in the Deschutes River therefore are unmeasurable in the Columbia 
River.  For that reason it has been removed from this consultation. 
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The Dalles Project 

General Project Description 

The Dalles Project, Western Division, is on the south side of the Columbia River adjacent to The 
Dalles, Oregon, about 80 miles east of Portland, Oregon.  The Dalles Project is not part of The 
Dalles Dam, which the Corps operates.  The Dalles Project pumps directly from Bonneville Dam 
forebay.  Although the project includes about 6,000 irrigable acres, water from the Columbia 
River is supplied to an annual average of 5,600 acres that produce fruit, primarily sweet cherries.  

Water Supply 

Mill Creek Pumping Plant, on the Columbia River about 4 miles downstream from The Dalles 
Dam, consists of five pump units with a total capacity of 54.2 cfs, as originally constructed.  
Anadromous fish screens at the intakes of the pumps meet NOAA Fisheries fish protective 
criteria.  The water supply for The Dalles Project is the Columbia River. 

Depletion Effects on the Mainstem Columbia River  

The Dalles Irrigation District operates and maintains the facilities of The Dalles Project.  About 
14,000 acre-feet are pumped annually during the irrigation season, March 1 to October 31.  
Table C-8.  Description of irrigation diversions and return flow impacts on the mainstem from The 
Dalles Project 

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

Depletions -20 0 0 0 0 0 -10 -40 -40 -50 -50 -30 

Tualatin Project 

The effects to the mainstem Columbia River due to the operations of the Tualatin Project were 
included in past FCRPS biological opinions.  Since the then Reclamation has a completed 
consultation on the operations of the Tualatin Project.  Operations of the Tualatin Project were 
considered to be unmeasurable in the Willamette River therefore are considered to be 
unmeasurable in the Columbia River.  For that reason the Tualatin Project has been removed 
from this consultation. 

C.4. References 

BPA, 2010. 2010 Level Modified Streamflow. Bonneville Power Administration, Department of 
Energy.  Portland, OR. 

Reclamation 2002.  Interim Comprehensive Basin Operating Plan for the Yakima Project.  
Columbia Cascades Area Office, Yakima, Washington. 

Reclamation 2016a. Communication with Chris Lynch of the Columbia Cascades Area Office, 
Yakima, Washington. 
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Northwest Region, Boise, Idaho. 

Reclamation 2011.  Umatilla Basin Annual Operating Plan, Part 1 – Project Overview.  Umatilla 
Basin Project, Pacific Northwest Region, Umatilla Field Office, Hermiston, Oregon. 

Reclamation 2012.  Umatilla Basin Annual Operating Plan, Part 2 – Water Operations.  Umatilla 
Basin Project, Pacific Northwest Region, Umatilla Field Office, Hermiston, Oregon. 

Reclamation 2016.  Umatilla Basin annual operating plan, Umatilla Basin Project, Oregon.  Part 
1- project overview and part 2 – Communications with Boris Belchoff.  Pacific Northwest 
Region, Columbia Cascade Area Office, Umatilla Field Office. 
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United States Department of the Interior 
BUREAU OF RECLAMATION 

IN REPLY REFER TO: 

PN-1700 
2.2.1.06 

VIA ELECTRONIC MAIL ONLY 

Pacific No11hwest Regional Office 
1150 N011h Curtis Road, Suite 100 

Boise, Idaho 83706-1234 

NOV 1 7 2017 

MEMORANDUM 

To: Deputy Regional Director, U.S. Fish and Wildlife Service, Pacific Region, 911 NE 11th Ave., 
Portland, Oregon 97232 

Attn: Theresa Rabot 

\o�

��1}'1: Lorri J. Gray ·"j'\ · {Y)�
Regional Director ..l)� 

Subject: Transmittal of Consultation Edits and Clarifications to the Action Agencies' Biological 
Assessment for the Operations and Maintenance of the 14 Federal Multiple Use Projects in the 
Columbia River System 

I am writing on behalf of the U.S. Army Corps of Engineers, the Bureau of Reclamation, and the 
Bonneville Power Administration, collectively referred to as the Action Agencies. In December 2016, the 
Action Agencies submitted a Biological Assessment (BA) and initiated formal consultation on the effects 
of the operations and maintenance of the 14 Federal multiple use projects in the Columbia River System 
on Kootenai River white sturgeon, bull trout, their respective designated critical habitat, and other 
Endangered Species Act-listed species under the jurisdiction of the U.S. Fish and Wildlife Service 
(USFWS). 

As part of this ongoing consultation process, our respective staffs have been working closely through a 
series of face to face meetings to ensure a clear understanding of the proposed action and identify any 
additional information the USFWS needs to conduct a thorough analysis of the proposed action. A record 
of the additional information is contained in the attached comment response table. In addition to the table, 
to facilitate ease of review, we have attached an edited BA that incorporates the requested information, 
clarifications, and necessary edits. Our respective staffs are continuing discussions related to the 
conclusions reached on the effects of the proposed action and intend to continue to work closely during 
the remainder of the consultation process. 

As you are aware, the Action Agencies are currently developing a spill implementation plan for increased 
spill during the spring 2018 fish passage season at the eight lower Columbia and Snake River projects in 
response to an order issued by the U.S. District Comt for the District of Oregon. The Action Agencies are 
collaborating with regional sovereigns to develop this plan, including USFWS and National Oceanic and 
Atmospheric Administration. The Action Agencies will inform the USFWS as soon as practicable if the 
resulting operations will lead to changes in the proposed action described in this BA. 

Attachments - 2 

cc: See next page. 



cc: Roy Elicker 
Assistant Regional Director for Fishery Resources 
U.S. Fish and Wildlife Service 
Pacific Region 
911 NE 1 ! 111 Ave. 
Portland, OR 97232 

Rollie White 
Assistant Regional Director for Ecological Services 
U.S. Fish and Wildlife Service 
Pacific Region 
911 NE 11th Ave. 
Portland, OR 97232 · 

Paul Henson 
State Supervisor 
U.S. Fish and Wildlife Service 
Oregon Fish and Wildlife Office 
2600 SE 98th Ave. 
Portland, OR 97266 

Eric Rickerson 
State Supervisor 
U.S. Fish and Wildlife Service 
Washington Fish and Wildlife Office 
510 Desmond Dr. SE, # 102 
Lacey, WA 98503 

Dennis Mackey 
State Supervisor 
U.S. Fish and Wildlife Service 
Idaho State Office 
1387 S. Vinnell Way,.Suite 368 
Boise, ID 83 709 

Jodi Bush 
Field Supervisor 
Montana Ecological Services Field Office 
U.S. Fish and Wildlife Service 
585 Shepard Way, Suite 1 
Helena, MN 59601 
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From: Holt, Bryon
To: Smith, Tamara
Cc: McCollough, Mark; Zelenak, Jim; Kurt Broderdorp
Subject: Re: Lynx SSA
Date: Monday, November 20, 2017 12:50:22 PM

Hi Jim,

I appreciate the offer, and would like to catch up with everybody, but I will be off tomorrow.

Bryon

On Mon, Nov 20, 2017 at 11:48 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -  I have not had time to read the latest version of the SSA or 5 yr review.  I was
forwarded the outreach plans awhile ago.  I will be out tomorrow morning morning, but the
afternoon may work for a phone call, if that works for you and others. 

Happy Thanksgiving, everyone!
-Tam

On Mon, Nov 20, 2017 at 1:42 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  I haven't had time to read the SSA or the 5-year review.  It would be helpful if you
could point out where significant changes were made in the SSA.

I discussed the pending announcement with my supervisor today.  We haven't seen any
talking points, outreach plans, etc.  Are those forthcoming?

I would like to catch up with the core team, but have a busy day tomorrow.  Perhaps later
in the afternoon would work for me (1:00 or 2:00 your time?)

Mark

On Mon, Nov 20, 2017 at 11:48 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Now that you have all received the final SSA and the 5-year review from Jodi, I was wondering if there is
interest in a Core Team call to discuss it or any of the additional review that led to some of the changes from
draft to final SSA.

I did my best to address the big-ticket items from peer, State, and Federal reviews, as well as from several
additional layers of internal review, and to address as many of the more minor issues as I could.  I think it is
much improved over the draft, but still not as tight as I wish it were, and some partners, maybe particularly
some states, may not feel like we've addressed all their concerns.

Hope you all also feel it is in better shape than the draft.

Please let me know if you think a team call, probably sometime tomorrow, would be helpful.  Alternatively,
if you have questions or concerns, you can always call or email me separately.

Thanks again for your help in getting this challenging project across the finish line.

Jim 
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Zelenak, Jim
To: Smith, Tamara
Cc: McCollough, Mark; Bryon Holt; Kurt Broderdorp
Subject: Re: Lynx SSA
Date: Monday, November 20, 2017 1:55:21 PM

Or we can wait until everyone's had a chance to look it over.  Maybe next week is better.  I'm in the office today and
tomorrow then out the rest of the week as Abby is off school. I really just wanted you all to have a chance to take a
look and discuss it if you want.

I have asked several times about outreach and communication with Tribes to the point that I've essentially been
asked to back off. I've been assured that once outreach stuff passes HQ review, that External Affairs folks from each
of the regions will be coordinating to get out a consistent message, and that regional Tribal Liaisons are working to
communicate appropriately with affected tribes. 

I was a little disappointed that the direction/time line I got for trying to wrap it up precluded sharing later (after late
June) drafts of it with the Core and FIT teams. We received detailed comments/edits from R6, with Justin agreeing
to do detailed technical review and recommended revisions, while I focused on addressing peer review and partner
comments, including reviewing a lot of additional literature that was included in some of the comments.  We also
had some concerns from R6 RSOL to deal with as well as substantial comments from R5 and its Regional Solicitor.

I have to spend time with the comment-tracking matrix on the drive to make sure that is tidied up and ready for
release, get all the PDFs from the final lit cited list in one place (may need to hit some of you up for a few docs that I
don't have yet), and get ready for the inevitable FOIA request that I suspect will be coming soon.

Hope you all are doing well and hanging in there.

 

On Mon, Nov 20, 2017 at 12:48 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -  I have not had time to read the latest version of the SSA or 5 yr review.  I was
forwarded the outreach plans awhile ago.  I will be out tomorrow morning morning, but the
afternoon may work for a phone call, if that works for you and others. 

Happy Thanksgiving, everyone!
-Tam

On Mon, Nov 20, 2017 at 1:42 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  I haven't had time to read the SSA or the 5-year review.  It would be helpful if you
could point out where significant changes were made in the SSA.

I discussed the pending announcement with my supervisor today.  We haven't seen any
talking points, outreach plans, etc.  Are those forthcoming?

I would like to catch up with the core team, but have a busy day tomorrow.  Perhaps later
in the afternoon would work for me (1:00 or 2:00 your time?)

Mark

On Mon, Nov 20, 2017 at 11:48 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Now that you have all received the final SSA and the 5-year review from Jodi, I was wondering if there is
interest in a Core Team call to discuss it or any of the additional review that led to some of the changes from
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draft to final SSA.

I did my best to address the big-ticket items from peer, State, and Federal reviews, as well as from several
additional layers of internal review, and to address as many of the more minor issues as I could.  I think it is
much improved over the draft, but still not as tight as I wish it were, and some partners, maybe particularly
some states, may not feel like we've addressed all their concerns.

Hope you all also feel it is in better shape than the draft.

Please let me know if you think a team call, probably sometime tomorrow, would be helpful.  Alternatively,
if you have questions or concerns, you can always call or email me separately.

Thanks again for your help in getting this challenging project across the finish line.

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
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952-646-2873 (fax)
612-600-1599 cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Broderdorp, Kurt
To: Zelenak, Jim
Cc: Mark McCollough; Tamara Smith; Bryon Holt
Subject: Re: Lynx SSA
Date: Monday, November 20, 2017 2:11:27 PM

As with the responses of several others, I have not had time to review the SSA Report or the 5-
Year Review.  Unfortunately, other priorities now occupy most of my time, so it may be a
while before I can take a look at the information.

On Mon, Nov 20, 2017 at 9:48 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Now that you have all received the final SSA and the 5-year review from Jodi, I was wondering if there is interest
in a Core Team call to discuss it or any of the additional review that led to some of the changes from draft to final
SSA.

I did my best to address the big-ticket items from peer, State, and Federal reviews, as well as from several
additional layers of internal review, and to address as many of the more minor issues as I could.  I think it is much
improved over the draft, but still not as tight as I wish it were, and some partners, maybe particularly some states,
may not feel like we've addressed all their concerns.

Hope you all also feel it is in better shape than the draft.

Please let me know if you think a team call, probably sometime tomorrow, would be helpful.  Alternatively, if
you have questions or concerns, you can always call or email me separately.

Thanks again for your help in getting this challenging project across the finish line.

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186
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From: Zelenak, Jim
To: Jodi Bush
Cc: Justin Shoemaker
Subject: Lynx SSA Errata
Date: Tuesday, November 21, 2017 4:21:27 PM
Attachments: 2017 11 21 FINAL Lynx SSA Report - Errata - TRACK.docx

2017 11 21 FINAL Lynx SSA Report - Errata - Clean.pdf

I've found a number of errors and some formatting issues in lit.cited.  You can see them in track changes in the
attached word version.

I've also attached a clean PDF in which those errors have been corrected in the hopes that we can use this version
when we distribute the final SSA outside FWS, and when we (Heather?) post it to "ServCat."

Nothing of consequence has been changed.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
 



3 
 

Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 



32 
 

Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in southern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
In the core of the species’ range in the southern Yukon, Slough and Mowat (1996, p. 952, table 
4) calculated a lynx population growth rate (lambda, λ) = 2.03 (annual doubling) during the 4-
year increase-to-peak phase of the hare cycle. This period of rapid growth was followed by a 
rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid 
decline) during the first 2 years of the lynx population decline when hares were scarce. 
However, the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS and some 
southern Canadian populations), versus those that would signal long-term population decline or 
instability is unknown. Despite this, and the limitations noted above, Squires (unpubl. data in 
Lynx SSA Team 2016a, p. 20) calculated population growth rates in northwestern Montana of λ 
= 0.92 for lynx in the Seeley Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 
for lynx in the Purcell Mountains (increasing trend, 2003-2007). Likewise, MDIFW in 2012 
calculated an intrinsic rate of growth of 0.05 (λ = 1.05) for Maine’s lynx population based on 
demographic data from a radiotelemetry study collected over a 12-year period (Vashon et al. 
2012, Appendix VI). Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration (i.e., both assumed immigration and emigration rates of zero, which is 
very unlikely and contradicted by historical and recent evidence of lynx dispersal in both 
directions across the Canada-Unites States border across the DPS range). Schwartz (2017, p. 
4) noted that very low immigration rates (less than 1 female/year on average for a theoretical 
population of 100 lynx) could provide population stability or even growth, suggesting that the 
Seeley Lake population and perhaps other DPS populations are probably being bolstered by 
low levels of immigration, which may go undetected. Other efforts to model lynx population 
dynamics in the DPS range include those of Lyons et al. (2016, entire), who developed spatially-
explicit, individual-based population models to estimate reductions in potential lynx carrying 
capacity in Washington associated with recent large wildfires, and Licht et al. (2017, in press, 
entire), who conducted a PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, 
about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because the lynx is a habitat and prey specialist, its densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a comprenhensive, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontario than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire) indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
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the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
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and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecedentedly large irruptions of lynx from Canada into the 
northern contiguous United States, when dispersing/transient lynx occurred temporarily in many 
places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoming Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
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New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of a long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
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management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
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ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 



54 
 

completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
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concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
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hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
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specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
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may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
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sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
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would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
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Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
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Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
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hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
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appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
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the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 
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● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
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the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
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problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
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thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
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2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
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whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
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generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
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most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
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potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
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location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 



106 
 

potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
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record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
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hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
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Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
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(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
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et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
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Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
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In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
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the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
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assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
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2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
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result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
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minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
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According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distriubtution, it is very unlikely that this unit and surrounding areas 
were ever (recently or historically) capable of supporting 1,000 resident lynx. As described 
above, habitats capable of supporting resident lynx in this unit are (and also were historically) 
naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of 
resident lynx remains uncertain, this unit has a long and continuous history of lynx occurrence 
and evidence of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, 
pp. 346-348; Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 
16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale 
genetic sub-structuring among lynx subpopulations in the southern (Garnet Mountains), central 
(Seeley Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires 
in Lynx SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a 
larger population in southwestern Alberta and southeastern British Columbia, but the extent to 
which lynx persistence in this area may rely on immigration from Canada is unknown, and there 
is no indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detected 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 



143 
 

the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. Genetic analyses and snow 
and camera surveys have verified continued reproduction and recruitment among lynx 
populations in this unit and also suggest some immigration may be occurring. The recent 
apparent absence of resident lynx in Garnet Mountains may indicate extirpation of a small 
resident population and a contraction in lynx distribution in the southern part of the unit, or it 
may reflect natural source-sink dynamics of a naturally ephemeral peripheral population in a 
mainland-island metapopulation structure. Lynx are rarely detected on surveys on other national 
forests (or parts of those above) that are outside but adjacent to this geographic unit (Patton 
2006, entire; USFS 2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features 
and/or landscape-level hare densities necessary to support resident lynx populations (79 FR 
54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
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Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
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Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
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about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 

                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 

                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
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As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynx habitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
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stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
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For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
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populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
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place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
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and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecedentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occupied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
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previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
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replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
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highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
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lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
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Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
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fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
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documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
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reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
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see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 



169 
 

populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
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GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
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Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
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redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
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resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
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subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
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its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
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amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
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other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
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occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 
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2100: 78 
(50-90) 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
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1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 



181 
 

All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
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that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
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Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
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Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
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like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
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currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47). Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 



11 
 

Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 



17 
 

consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in norsouthern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 



33 
 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and  demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population iIn the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated a lynx population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx 
population. This period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first 
year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the 
lynx population decline when hares were scarce. However, the natural range in λ that would be 
expected among peripheral, isolated, or semi-isolated lynx populations where hares are non-
cyclic or weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 
0.05 (λ = 1.05) for Maine’s lynx population based on demographic data from a radiotelemetry 
study collected over a 12-year period (Vashon et al. 2012, Appendix VI). Neither the Montana 
nor Maine estimates incorporated rates of immigration/emigration (i.e., both assumed 
immigration and emigration rates of zero, which is very unlikely and contradicted by historical 
and recent evidence of lynx dispersal in both directions across the Canada-Unites States border 
across the DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 



42 
 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it the lynx is a habitat and prey specialist, lynx its densities in the DPS range are 
also typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailedcomprenhensive, peer-reviewed analysis of verified historical lynx records 
that was published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on 
research and monitoring that have occurred since then, it seems likely that lynx occurred 
historically in some states (New York, Vermont, Wisconsin, Oregon, and Utah) only 
intermittently as dispersers or as small, naturally ephemeral populations; not as persistent 
resident breeding populations. In other states (New Hampshire, Michigan, Colorado, and 
Wyoming), it remains uncertain whether resident lynx occurred historically as small but 
persistent breeding populations or only ephemerally. Parts of the remaining states (Idaho, 
Maine, Minnesota, Montana, and Washington) show the strongest evidence of historical and 
recent (at the time of listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire) indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 



45 
 

the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
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and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyomning Range previously occupied by native 
lynx (Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related 
trapping efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 
FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
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New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of a long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 



51 
 

Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
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management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
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ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
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completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 



55 
 

concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
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hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
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specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
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may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
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sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
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would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
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Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
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Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
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hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
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appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
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the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 
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● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
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the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
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problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
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thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 



95 
 

2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
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whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
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generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 



99 
 

most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
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potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
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location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
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potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
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record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
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hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
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Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
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(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
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et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
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Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
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In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
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the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
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assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
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2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 



123 
 

Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
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result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
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minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
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According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distrirubtution, it is very unlikely that this unit and surrounding areas 
were ever (recently or historically) capable of supporting 1,000 resident lynx. As described 
above, habitats capable of supporting resident lynx in this unit are (and alslo were historically) 
naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of 
resident lynx remains uncertain, this unit has a long and continuous history of lynx occurrence 
and evidence of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, 
pp. 346-348; Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 
16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale 
genetic sub-structuring among lynx subpopulations in the southern (Garnet Mountains), central 
(Seeley Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires 
in Lynx SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a 
larger population in southwestern Alberta and southeastern British Columbia, but the extent to 
which lynx persistence in this area may rely on immigration from Canada is unknown, and there 
is no indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. Genetic analyses and snow 
and camera surveys have verified continued reproduction and recruitment among lynx 
populations in this unit and also suggest some immigration may be occurring. The recent 
apparent absence of resident lynx in Garnet Mountains may indicate extirpation of a small 
resident population and a contraction in lynx distribution in the southern part of the unit, or it 
may reflect natural source-sink dynamics of a naturally ephemeral peripheral population in a 
mainland-island metapopulation structure. Lynx are rarely detected on surveys on other national 
forests (or parts of those above) that are outside but adjacent to this geographic unit (Patton 
2006, entire; USFS 2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features 
and/or landscape-level hare densities necessary to support resident lynx populations (79 FR 
54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
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Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
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Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
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about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 

                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 

                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/


150 
 

As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
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As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynx habitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades 
(see Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 
37 percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
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stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
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For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
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populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
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place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
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and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
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previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 



159 
 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
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replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
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highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
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lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
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Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
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fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 



166 
 

documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
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reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
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see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
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populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
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GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
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Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
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redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
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resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
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subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
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its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
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amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
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other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
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occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 
at years 2025, 

2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 
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2100: 78 
(50-90) 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
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1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
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All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 



185 
 

 
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 



202 
 

resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 



210 
 

that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
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Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
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Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 



216 
 

like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
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currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 



223 
 

 

 
Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47). Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Records search for Greater Yellowstone Ecosystem Grizzly Bear DUE August 11, 2017
Date: Monday, November 27, 2017 4:01:24 PM

I also have started a list of folks who should receive this request and I will send that along after I double-check it.

On Mon, Nov 27, 2017 at 4:00 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I just used the template you sent and changed as necessary (I bolded things I wasn't sure about, like the end
date...). I guess we could use the same two attachments, though I will also have to edit the second one to reflect
lynx stuff.

All, 

We are in the process of collecting documents and emails to create the administrative record
(AR) for the Canada lynx SSA (10 October 2014 to 15 January 2018).  In anticipation of
needing an AR, we will be compiling the AR and will also use it as our decision file.  You
are receiving this email because you were part of the process and communication that took
place during development and completion of the SSA.  The two attachments to this email
will provide the information you will need to respond to this request, including:

·         Instructions on how to search your email for responsive documents,

·         A list of the types of documents and emails that are relevant to the administrative
record.

·         Instructions on how to get the computer programs necessary to get emails into the
type of file needed for the admin record (Step 4 of the Instructions Document),

·         Instructions on how to turn emails into the type of file needed for the admin record
(Step 4 of the Instructions Document).

We are asking you to search through all of your "sent" emails and any emails you may have
received from personnel outside the Service (e.g., State or other federal agency personnel
and Tribal and academic partners), including attachments, to locate all documents relating to
the lynx SSA (10 October 2014 to 15 January 2018).  At this point in time, we are erring on
the side of inclusivity and including most types of emails and documents in the
administrative record (see attached list for what to include). 

There are a number of steps that you must complete to properly search your emails on this
topic.  We ask you to read the instructions carefully and comply with them completely to
avoid unnecessary document duplication.
 
We also ask that you search through your files for any documents or materials used
throughout the SSA process that may not have been attached to any emails (see attachment
describing what types of documents we are looking for).  If they were never attached to any
email, you need to create a .pdf file of the document and include these documents in a
separate folder.

Under the Federal Records Act, government employees are prohibited from using non-
official email accounts for official business unless they either carbon copy the messages sent
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via non-official email accounts to their official email account or forward such messages to
their official email account within 20 days.  If you have a responsive records located on a
non-official email account that have not already been carbon copied or forwarded to your
official email account, you must (1) forward them to your official email account if you are
within the 20-day window and provide them as part of your search response, or (2) provide
them from your non-official email account as part of your search response.

After responsive documents have been gathered and in the correct form consistent with the
instruction document, please upload them to: https://fishnet.fws.doi.net/
regions/6/admin/foia/Working folders/Forms/DispForm.aspx?ID=6811.    

We have set a deadline of January 31, 2018, to have you complete your individual email
sorting.

The point of contact for the creation of the administrative record is Jim Zelenak in the
Helena Field Office (jim_zelenak@fws.gov), 406-449-5225 X 220. Please contact Jim or
Stacey Cummins (Stacey_cummins@fws.gov) 303-236-4473 if you have any questions or
concerns about this process.  Thank you so much for your help on this.   JB

On Mon, Nov 27, 2017 at 1:51 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Jim.  See message below.  This was the process we used to get folks to send in their docs
for GB.  I sent out to addresses that Jen supplied me with.  We gave them a timeline and
checked in on them several times.  See if you can craft up something similarly for me to
send out.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Jun 8, 2017 at 11:02 AM
Subject: Records search for Greater Yellowstone Ecosystem Grizzly Bear DUE August
11, 2017
To: Maricela Constantino <Maricela_Constantino@fws.gov>, Amy Brisendine
<amy_brisendine@fws.gov>, "Frazer, Gary" <gary_frazer@fws.gov>, Theresa Rabot
<theresa_rabot@fws.gov>, "Canterbury, Grant" <grant_canterbury@fws.gov>, Sarah Hall
<Sarah_Hall@fws.gov>, "Mogadam, Roya" <roya_mogadam@fws.gov>, Ryan Moehring
<ryan_moehring@fws.gov>, Heather Johnson <heather_johnson@fws.gov>, "Willey,
Seth" <seth_willey@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, "Fierce,
Sarah" <sarah_backsen@fws.gov>, "Kasdin, Alexandra" <alexandra_kasdin@fws.gov>,
Marjorie Nelson <Marjorie_Nelson@fws.gov>, "Thabault, Michael"
<michael_thabault@fws.gov>, Matt Hogan <Matt_Hogan@fws.gov>, Noreen Walsh
<noreen_walsh@fws.gov>, Krishna Gifford <krishna_gifford@fws.gov>, Hilary Cooley
<hilary_cooley@fws.gov>, Wayne Kasworm <Wayne_Kasworm@fws.gov>, jodi Bush
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<jodi_Bush@fws.gov>
Cc: Stephanie Potter <stephanie_potter@fws.gov>, Jennifer Fortin-Noreus
<jennifer_fortin-noreus@fws.gov>

All, 

We are in the process of collecting documents and emails to create the
administrative record for the Greater Yellowstone Ecosystem (GYE) grizzly bear
population final rule, Conservation Strategy, and Recovery Plan revisions (1
January 2012 to 1 June 2017).  In anticipation of needing an AR, we will be
compiling the AR and will also use it as our decision file.  You are receiving this
email because you were part of the process and communication that took place
during the decision making process.  Attached to the email you will find a number
of attachments.

·         Instructions on how to search your email for responsive documents,

·         A list of the types of documents and emails that are relevant to the
administrative record.

·         Instructions on how to get the computer programs necessary to get emails
into the type of file needed for the admin record (Step 4 of the Instructions
Document),

·         Instructions on how to turn emails into the type of file needed for the admin
record (Step 4 of the Instructions Document).

We are asking you to search through all of your "sent" emails and emails you
may have received from personnel outside the Service or from Chris Servheen (1
January 2012 to 6 March 2013), including attachments, to locate all documents
relating to the GYE Delisting, Conservation Strategy, and Recovery Plan revisions
(1 January 2012 to 1 June 2017).  At this point in time, we are erring on the side
of inclusivity and including most types of emails and document sin the
administrative record (see attached list for what to include). 

There are a number of steps that you must do in order to properly search your
emails on this topic.  We ask you to read the instructions fully and comply with
them completely to avoid duplication of too many documents. 

We are also asking you to search through your files for any documents or
materials used throughout the decision making process that may not have been
attached to any emails (see attachment describing what types of documents we
are looking for).  If they were never attached to any email, you need to create a
.pdf file of the document and include these documents in a separate folder.
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The point of contact for the creation of the administrative record is Jennifer Fortin-
Noreus (Jennifer_fortin-noreus@fws.gov), 406-243-4994.  She is located in the
Missoula Field Office.  If you have any questions, feel free to email or call her.

Under the Federal Records Act, government employees are prohibited from using
non-official email accounts for official business unless they either carbon copy the
messages sent via non-official email accounts to their official email account or
forward such messages to their official email account within 20 days.  If you have
a responsive records located on a non-official email account that have not already
been carbon copied or forwarded to your official email account, you must (1)
forward them to your official email account if you are within the 20-day window
and provide them as part of your search response, or (2) provide them from your
non-official email account as part of your search response.

After responsive documents have been gathered and in the correct form
consistent with the instruction document, please upload them to:
https://fishnet.fws.doi.net/regions/6/admin/foia/Working
folders/Forms/DispForm.aspx?ID=6811.    

We have set a deadline of August 11, 2017, to have you complete your individual
email sorting.  Please contact Jennifer Fortin-Noreus (Jennifer_fortin-
noreus@fws.gov) 406-243-4994 or Stacey Cummins (Stacey_cummins@fws.gov)
303-236-4473 if you have any questions or concerns about this process.  Thank
you so much for your help on this.   JB

 

Jodi L. Bush
Project Leader
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Records search for Greater Yellowstone Ecosystem Grizzly Bear DUE August 11, 2017
Date: Tuesday, November 28, 2017 8:55:20 AM
Attachments: Instructions for email and responsive records searches.v2 - Lynx SSA-jz.docx

Attached. Let me know if any changes are needed.

On Mon, Nov 27, 2017 at 4:13 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
good.  We'll need a new sharepoint site or google drive (can you talk to Barb about this ?)
and the date is probably Ok.  For now.  Stacey is out on maternity leave so her job is being
covered by Kathy Bevis who we will need to loop in.  I'll do that later.   Go ahead and
change the document attached so it is good for lynx.   I'd like to send this out next week.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Nov 27, 2017 at 4:00 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I just used the template you sent and changed as necessary (I bolded things I wasn't sure about, like the end
date...). I guess we could use the same two attachments, though I will also have to edit the second one to reflect
lynx stuff.

All, 

We are in the process of collecting documents and emails to create the administrative
record (AR) for the Canada lynx SSA (10 October 2014 to 15 January 2018).  In
anticipation of needing an AR, we will be compiling the AR and will also use it as our
decision file.  You are receiving this email because you were part of the process and
communication that took place during development and completion of the SSA.  The two
attachments to this email will provide the information you will need to respond to this
request, including:

·         Instructions on how to search your email for responsive documents,

·         A list of the types of documents and emails that are relevant to the administrative
record.

·         Instructions on how to get the computer programs necessary to get emails into the
type of file needed for the admin record (Step 4 of the Instructions Document),

·         Instructions on how to turn emails into the type of file needed for the admin record
(Step 4 of the Instructions Document).

We are asking you to search through all of your "sent" emails and any emails you may
have received from personnel outside the Service (e.g., State or other federal agency
personnel and Tribal and academic partners), including attachments, to locate all
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documents relating to the lynx SSA (10 October 2014 to 15 January 2018).  At this point
in time, we are erring on the side of inclusivity and including most types of emails and
documents in the administrative record (see attached list for what to include). 

There are a number of steps that you must complete to properly search your emails on this
topic.  We ask you to read the instructions carefully and comply with them completely to
avoid unnecessary document duplication.
 
We also ask that you search through your files for any documents or materials used
throughout the SSA process that may not have been attached to any emails (see
attachment describing what types of documents we are looking for).  If they were never
attached to any email, you need to create a .pdf file of the document and include these
documents in a separate folder.

Under the Federal Records Act, government employees are prohibited from using non-
official email accounts for official business unless they either carbon copy the messages
sent via non-official email accounts to their official email account or forward such
messages to their official email account within 20 days.  If you have a responsive records
located on a non-official email account that have not already been carbon copied or
forwarded to your official email account, you must (1) forward them to your official email
account if you are within the 20-day window and provide them as part of your search
response, or (2) provide them from your non-official email account as part of your search
response.

After responsive documents have been gathered and in the correct form consistent with the
instruction document, please upload them to: https://fishnet.fws.doi.net/re
gions/6/admin/foia/Working folders/Forms/DispForm.aspx?ID=6811.    

We have set a deadline of January 31, 2018, to have you complete your individual email
sorting.

The point of contact for the creation of the administrative record is Jim Zelenak in the
Helena Field Office (jim_zelenak@fws.gov), 406-449-5225 X 220. Please contact Jim or
Stacey Cummins (Stacey_cummins@fws.gov) 303-236-4473 if you have any questions
or concerns about this process.  Thank you so much for your help on this.   JB

On Mon, Nov 27, 2017 at 1:51 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Jim.  See message below.  This was the process we used to get folks to send in their
docs for GB.  I sent out to addresses that Jen supplied me with.  We gave them a
timeline and checked in on them several times.  See if you can craft up something
similarly for me to send out.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Jun 8, 2017 at 11:02 AM
Subject: Records search for Greater Yellowstone Ecosystem Grizzly Bear DUE August
11, 2017
To: Maricela Constantino <Maricela_Constantino@fws.gov>, Amy Brisendine
<amy_brisendine@fws.gov>, "Frazer, Gary" <gary_frazer@fws.gov>, Theresa Rabot
<theresa_rabot@fws.gov>, "Canterbury, Grant" <grant_canterbury@fws.gov>, Sarah
Hall <Sarah_Hall@fws.gov>, "Mogadam, Roya" <roya_mogadam@fws.gov>, Ryan
Moehring <ryan_moehring@fws.gov>, Heather Johnson <heather_johnson@fws.gov>,
"Willey, Seth" <seth_willey@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, "Fierce, Sarah" <sarah_backsen@fws.gov>, "Kasdin,
Alexandra" <alexandra_kasdin@fws.gov>, Marjorie Nelson
<Marjorie_Nelson@fws.gov>, "Thabault, Michael" <michael_thabault@fws.gov>, Matt
Hogan <Matt_Hogan@fws.gov>, Noreen Walsh <noreen_walsh@fws.gov>, Krishna
Gifford <krishna_gifford@fws.gov>, Hilary Cooley <hilary_cooley@fws.gov>, Wayne
Kasworm <Wayne_Kasworm@fws.gov>, jodi Bush <jodi_Bush@fws.gov>
Cc: Stephanie Potter <stephanie_potter@fws.gov>, Jennifer Fortin-Noreus
<jennifer_fortin-noreus@fws.gov>

All, 

We are in the process of collecting documents and emails to create the
administrative record for the Greater Yellowstone Ecosystem (GYE) grizzly bear
population final rule, Conservation Strategy, and Recovery Plan revisions (1
January 2012 to 1 June 2017).  In anticipation of needing an AR, we will be
compiling the AR and will also use it as our decision file.  You are receiving this
email because you were part of the process and communication that took place
during the decision making process.  Attached to the email you will find a
number of attachments.

·         Instructions on how to search your email for responsive documents,

·         A list of the types of documents and emails that are relevant to the
administrative record.

·         Instructions on how to get the computer programs necessary to get
emails into the type of file needed for the admin record (Step 4 of the
Instructions Document),

·         Instructions on how to turn emails into the type of file needed for the
admin record (Step 4 of the Instructions Document).

We are asking you to search through all of your "sent" emails and emails you
may have received from personnel outside the Service or from Chris Servheen
(1 January 2012 to 6 March 2013), including attachments, to locate all
documents relating to the GYE Delisting, Conservation Strategy, and Recovery
Plan revisions (1 January 2012 to 1 June 2017).  At this point in time, we are
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erring on the side of inclusivity and including most types of emails and
document sin the administrative record (see attached list for what to include). 

There are a number of steps that you must do in order to properly search your
emails on this topic.  We ask you to read the instructions fully and comply with
them completely to avoid duplication of too many documents. 

We are also asking you to search through your files for any documents or
materials used throughout the decision making process that may not have been
attached to any emails (see attachment describing what types of documents we
are looking for).  If they were never attached to any email, you need to create a
.pdf file of the document and include these documents in a separate folder.

The point of contact for the creation of the administrative record is Jennifer
Fortin-Noreus (Jennifer_fortin-noreus@fws.gov), 406-243-4994.  She is located
in the Missoula Field Office.  If you have any questions, feel free to email or
call her.

Under the Federal Records Act, government employees are prohibited from
using non-official email accounts for official business unless they either carbon
copy the messages sent via non-official email accounts to their official email
account or forward such messages to their official email account within 20
days.  If you have a responsive records located on a non-official email account
that have not already been carbon copied or forwarded to your official email
account, you must (1) forward them to your official email account if you are
within the 20-day window and provide them as part of your search response, or
(2) provide them from your non-official email account as part of your search
response.

After responsive documents have been gathered and in the correct form
consistent with the instruction document, please upload them to:
https://fishnet.fws.doi.net/regions/6/admin/foia/Working
folders/Forms/DispForm.aspx?ID=6811.    

We have set a deadline of August 11, 2017, to have you complete your
individual email sorting.  Please contact Jennifer Fortin-Noreus (Jennifer_fortin-
noreus@fws.gov) 406-243-4994 or Stacey Cummins
(Stacey_cummins@fws.gov) 303-236-4473 if you have any questions or
concerns about this process.  Thank you so much for your help on this.   JB

 

Jodi L. Bush
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Project Leader
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Instructions for email searches for the Canada Lynx SSA 
 
The preferred email production method for administrative records for DOI is to create pdf 
portfolios.  In order to do this, we need to gather everyone’s email and responsive documents in 
a certain way.  Below you will find the instructions on how to proceed. By following these 
instructions, you should have all the information you need to turn emails into the type of file we 
are looking for. If you need additional assistance please contact Stacey Cummins 
(Stacey_cummins@fws.gov, 303-236-4473) for guidance. 
 
 
Search Terms: “Canada Lynx” OR “Lynx” OR “Lynx DPS” AND “SSA” OR “Recovery 

Planning” OR “Recovery Plan” OR “Project Plan” Or “Expert Elicitation” OR 
“Expert Elicitation Workshop” OR “Lynx Workshop” OR “Expert Panel” OR 
“Decision Meeting” OR “Recommendation Team” OR “Core Team” 

 
Step 1: Create a new folder (in Outlook) or a new label (in Gmail) that will house all of 

your files related to the Canada Lynx SSA Project Plan, Expert Elicitation 
Workshop and Report, Draft SSA Report, and Final SSA Report (10 October 
2014 to 15 January 2018).  The seperation of priveleged information will be 
conducted by the Regional Office.  Please use the following label name for the 
folder: 

 
[YOUR LAST NAME] Lynx SSA (example: Zelenak’s Lynx SSA Emails) 
 

Step 2: Next, you need to find Emails That You SENT regarding the Canada Lynx SSA 
Project Plan, Expert Elicitation Workshop and Report, Draft SSA Report, and 
Final SSA Report (10 October 2014 to 15 January 2018). 

 
A. Search only your “Sent Mail” for emails and attachments relating to the 

Canada lynx SSA Project Plan, Expert Elicitation Workshop and Report, 
Draft SSA Report, and Final SSA Report (10 October 2014 to 15 January 
2018).  You may choose to search for keywords (see Search Terms above) 
in your entire SENT folder.  You may find it helpful to use a combination 
of keywords and individual recipients in order to most quickly identify 
responsive documents.  Here is how to begin:  
 
NOTE: THE FOLLOWING ARE INSTRUCTIONS (2-4) ARE FOR 
GMAIL USERS – FOR OUTLOOK USERS, CREATE THE ABOVE 
FOLDERS, SEARCH YOUR SENT MAIL BOX FOR RESPONSIVE 
DOCUMENTS AND EMAILS AND MOVE SAID EMAILS INTO THE 
NEWLY CREATED FOLDER AND THEN REFER TO THE “CREATE 
OUTLOOK PST FILES” ATTACHMENT FOR FURTHER 
INSTRUCTIONS AND MOVE TO STEP 5. 
 

a. Reminder, you are only responsible for your SENT mail at this 
point, nothing in your Inbox (a more limited Inbox search will be 
needed from you in a moment, and is described below). 

 
b. To begin searching your SENT mailbox in Gmail, proceed as 

follows: 

Comment [ZJ1]: Currently on maternity 
leave; contact Kathy Bevis? 



 

i. Go into “Settings” (click the gearbox in the upper right 
hand corner of Gmail) 

ii. Click “Settings” in the dropdown menu that appears 
iii. Scroll down to “Conversation View” 

1. Make sure that “Conversation View” is turned off 
(you can turn it back on when you have finished 
finding all responsive documents) 

iv. Click “Save Changes” at the bottom of the page 
v. Return to your main Gmail page 

vi. Click on the white search bar at the top of the page 
vii. Click the gray arrow that appears on the right hand side of 

the search bar (this opens a dropdown menu with multiple 
search options) 

viii. In the gray “search” dropdown menu at the top (says “All 
Mail” by default), click “Sent Mail” 

ix. Then, to do a key word search, locate the “Has the words” 
search bar, and type in the search terms (see above), 
anything that may have been used to reference anything 
related to the Lynx SSA in an email.  You may use the 
separator “OR” (capital letters, no quotation marks) 
between search terms and search for multiple terms at one 
time.  Note the similar “To” search bar, which will allow 
you to limit your search to certain recipients if you choose.   

x. Click the blue search button (magnifying glass) 
xi. Label all pertinent email with the label that you created in 

the previous steps for “[YOUR NAME] Lynx SSA 
Emails”.  Note: Please, only include emails from 10 
October 2014 to 15 January 2018.  When the search is 
completed the emails should automatically be sorted from 
newest to oldest, refer to the date on the right-hand side of 
the window. 

 
 
Step 3:  Finding Emails you RECEIVED from NON-FWS Sources. 
 

If you think you may have ever received an email from someone OUTSIDE of the 
FWS, regarding the Canada Lynx SSA Project Plan, Expert Elicitation Workshop 
and Report, Draft SSA Report, and Final SSA Report (10 October 2014 to 15 
January 2018), continue follow this step. We need you to search for, and label 
these documents as well, using the following instructions. 

 
i. In the top search bar, click the gray dropdown arrow on the right side, 

ii. Click on the white search bar at the top of the page 
iii. Click the gray arrow that appears on the right hand side of the search bar 

(this opens a dropdown menu with multiple search options) 
iv. In the search bar labeled “Doesn’t have”, type in “from:@fws.gov” 

(without the quotation marks).  This will search all emails that came from 
personnel outside the FWS. 

v. In the search bar labeled “Has the words” again type in anything that may 
have been in an email relating to the Lynx SSA (10 October 2014 to 15 
January 2018) using the separator “OR” between search terms. 



 

vi. Click the blue search button (magnifying glass) 
vii. Use the label you previously created for these search results as well, 

“[YOUR NAME] Lynx SSA Emails.”   
 
Step 4:  After you have completed labeling all of your emails, you now need to ensure that 

you have MS Outlook installed on your computer. You need to sync your Gmail 
emails into Outlook for the purposes of this data collection. Look to the “How to 
Install GASMO” attachment for guidance on syncing your Gmail and MS 
Outlook.  You may need to contact IT to ensure that Outlook is installed on your 
computer. This and the syncing process (Gmail emails to Outlook) may take some 
time, maybe overnight, so be prepared for it to take a while.  It can run in the 
background of your computer while you continue on with other work. 

 
 (For those of you that have newer computers with the most up-to-date operating 

system, the steps to follow to install MS Outlook Client are: 
1. Click the Microsoft Button on the lower left of desktop 
2. Click “all Programs” 
3. Click “(FWS) tools-to-go” 
4. Click “Apps-to-go” 
5. Click “Google Apps Sync for Microsoft Outlook  

 
 Once this program has been installed on your computer, follow the instructions on 

the attached pdf file titled “Create Outlook .pst files”. This .pst file is what you 
will need to send to the designated email address (below). 

 
Step 5:  Finally, you will need to look through your computer for any files related to the 

Canada Lynx SSA Project Plan, Expert Elicitation Workshop and Report, Draft 
SSA Report, and Final SSA Report (10 October 2014 to 15 January 2018) that 
were never attached to any emails.  Locate and compile, in a single folder, all 
non-emailed records (word docs, excel spreadsheets, power points, pdfs etc.).  If 
you have any files in paper format, scan them as a searchable .pdf.  Keep this file 
and send it along with your emails to the below email address. 

 
After the Outlook .pst file has been created, and any other responsive documents have been 
gathered, please upload them to: https://fishnet.fws.doi.net/regions/6/admin/foia/Working 
folders/Forms/DispForm.aspx?ID=6811.     
 
We have set a deadline of January 31, 2018, to have you complete your individual email sorting.  
Please contact Jim Zelenak (jim_zelenak@fws.gov), 406-449-5225 X 220, or Stacey Cummins 
(Stacey_cummins@fws.gov), 303-236-4473, if you have any questions or concerns about this 
process.  Thank you for your cooperation. 

Comment [ZJ2]: Will need new sharepoint 
site for lynx SSA. 

https://fishnet.fws.doi.net/regions/6/admin/foia/Working%20folders/Forms/DispForm.aspx?ID=6811
https://fishnet.fws.doi.net/regions/6/admin/foia/Working%20folders/Forms/DispForm.aspx?ID=6811


From: Zelenak, Jim
To: Jodi Bush
Subject: FWS Lynx SSA AR contacts/recipients
Date: Tuesday, November 28, 2017 10:10:53 AM

Core Team: Kurt Broderdorp, Bryon Holt, Mark McCollough, Tamara Smith, Jim Zelenak

FIT Team: Heather Bell, Mary Parkin, Justin Shoemaker

Decision/Recommendation Team/Meeting: Noreen Walsh, Mike Thabault, Rollie White, Lori Nordstrom, Paul
Phifer, Jennifer Szymanski, Marj Nelson, Craig Hansen, Sarah Fierce

RSOL: Dana Jacobsen, Kathryn Williams-Shuck

Former R6RO: Seth Willey, Bridget Fahey

FWS Monthly Coordination Call Participants:

Anna Harris, Brady McGee, Jeffrey Dillon, Lisa Solberg Schwab,  Ann Timberman, Brad
Thompson, Chris Mensing, David Stilwell , David Simmons, Drue DeBerry, Eric Rickerson,
Grant Canterbury, Jeff Krupka, Karen Cathey, Karl Halupka, Kate Novak, Kathleen
Hendricks, Larry Crist,  Leslie Ellwood, Mark Maghini, Martin Miller, Megan Kosterman,
Michelle Eames, Paul Casey, Paul Henson, Peter Fasbender, Sarah Hall, Scott Hicks, Sue
Livingston, Tom Chapman, Tom McDowell, Tyler Abbott, Gregg Kurz, Steve Agius

Others/Former/Project Plan recipients: Tara Nicolaysen, Anthony Tur, Eric Hein, Mark
Sattleberg, Ben Conard, Gary Miller, Jessica Hogrefe, Krishna Gifford, Rebecca Toland,
Shawn Sartorius (?)

Retired (?): Laura Ragan, Laury Zicari,  Dennis Mackey, Michael Carrier, Ann Belleman

Deceased: Patricia Zenone

Let me know if I missed anyone....

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Jodi Bush; Marjorie Nelson; Justin Shoemaker
Subject: DRAFT Lynx Update to the Court
Date: Thursday, November 30, 2017 3:28:18 PM
Attachments: 2017 12 01 DOJ Draft WILDLIFE-#298505-v1-_Lynx_RP__7_17_Status_Report_CLEAN.doc

Although I'm a little out of the loop with what's going on with the 4(f)(1) and the RSOL's/HQ's review of the final
SSA report and the 5-year review, we do have a 6-month update to the court due by the end of December.  Given the
above and the upcoming holiday, I've drafted the attached update based on my understanding of how things may
unfold, using the last court update as a template.

Because of my uncertainty about this process, I thought I'd run this by you three before sending a draft to Dana.

Please edit as you see fit in TRACK CHANGES and send me your thoughts/concerns at your earliest convenience
so I can get a draft to Dana allowing plenty of time for her to coordinate with DOJ and get the final update to the
court by the Dec. 31 deadline.

Also wanted to let you know that I will be on annual leave after Christmas, returning to the office on Jan. 15 - the
same day, coincidentally, that our determination (or formal recovery plan) is due to the court...

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov


JEFFREY H. WOOD 
Acting Assistant Attorney General 
SETH M. BARSKY, Chief 
MEREDITH L. FLAX, Assistant Chief 
TRAVIS ANNATOYN, Trial Attorney  
New York Bar ID 4983730 
U.S. Department of Justice 
Environment & Natural Resources Division 
Wildlife & Marine Resources Section 
Ben Franklin Station, P.O. Box 7611 
Washington, D.C.  20044-7611 
(202) 514-5243 (tel) 
(202) 305-0275 (fax) 
travis.annatoyn@usdoj.gov 
 
Attorneys for Federal Defendants       

 

IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF MONTANA 

MISSOULA DIVISION 
 
FRIENDS OF THE WILD SWAN, ) 
ROCKY MOUNTAIN WILD, et al., )  No. 13-cv-57-DWM 
      )  

Plaintiffs,    )    DEFENDANTS’ STATUS REPORT 
v.    )     

)     
DANIEL ASHE, U.S. FISH &   )     
WILDLIFE SERVICE, et al.,  )     

)     
Defendants.     )   

      ) 
 
 
 Pursuant to the Court’s order of June 25, 2014, Federal Defendants hereby 

submit the following status report on the United States Fish and Wildlife Service’s 

(“Service”) recovery planning for the Canada lynx under 16 U.S.C. § 1533(f) for 
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the period from July 1, 2017 to January 1, 2018.  See ECF No. 30.  

1. In March, 2015, the Service determined that a Species Status Assessment 

(“SSA”) was necessary to guide recovery planning direction for the lynx 

Distinct Population Segment (“DPS”).  From July, 2017 through December, 

2017, the Service continued monthly calls or updates via electronic mail 

with Service field offices and with State and other Federal wildlife agency 

personnel.  During this time period, the SSA Core Team continued work to 

finalize the SSA report based on peer and partner reviews and comments. 

2. In October, 2017, the Core Team completed the Final SSA Report.  The 

Final Report was submitted to the Service’s Species Assessment Team, 

which relied on the report to draft the Canada Lynx (Lynx canadensis) 5-

Year Review: Summary and Evaluation (5-year review). 

3. On November 13, 2017, after internal Service and Solicitor review and 

concurrence from the other Regional Directors within the DPS range, the 

Regional Director for Region 6 signed the 5-year review (attached), which 

recommends delisting the Canada lynx DPS due to recovery. 

4. On December XX, 2017, the Service’s Acting Director signed the 4(f)(1) 

Determination Regarding Recovery Planning for the Canada Lynx (Lynx 

canadensis) (4(f)(1) determination; attached), indicating that development of 

a formal recovery plan at this time would not promote the conservation of 
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the lynx DPS. 

5. On December XX, 2017, RSOL/DOJ briefed the Court on the Service’s 5-

year review recommendation and provided the Court copies of the Final 

SSA Report, the signed 5-year review, and the signed 4(f)(1) determination.  

6.  On December XX, 2017, the Service made the Final SSA Report, the signed 

5-year review, and the signed 4(f)(1) determination available to the public 

via a news release and posting of the documents on its Canada lynx web 

page (https://www.fws.gov/mountain-prairie/es/canadaLynx.php).  

DATED:  {date}. 
 
      Respectfully submitted, 
 
      JEFFREY H. WOOD 

Acting Assistant Attorney General 
SETH M. BARSKY, Chief 
MEREDITH L. FLAX,  
Assistant Chief 

      /s/ Travis Annatoyn  
      TRAVIS ANNATOYN, Trial Attorney  

New York Bar ID 4983730 
U.S. Department of Justice 
Environment & Natural Resources Division 
Wildlife & Marine Resources Section 
Ben Franklin Station, P.O. Box 7611 
Washington, D.C.  20044-7611 
(202) 514-5243 (tel) 
(202) 305-0275 (fax) 
travis.annatoyn@usdoj.gov 

 
      Attorneys for Federal Defendants 

https://www.fws.gov/mountain-prairie/es/canadaLynx.php


From: Catton, Timothy J -FS
To: Tamara_Smith@fws.gov; "Ronald_Kramer@fws.gov"
Subject: FW: 2017 Canada lynx DNA report
Date: Monday, December 04, 2017 1:51:25 PM
Attachments: image002.png

image003.png
image004.png
image005.png
Summary results of 2017 Canada lynx DNA-Final.pdf

Just learned of this take incident, probably working its way through reporting channels right now.  I’ll let
you know if I hear anything more.
 
Can I assume both of you are okay with us getting a tissue sample from these kinds of incidents provided
there was no crime involved as determined by the local CO?
 
Thanks!
 
Tim
 

From: Hansen, Nancy (DNR) [mailto:nancy.hansen@state.mn.us] 
Sent: Monday, December 04, 2017 1:12 PM
To: Catton, Timothy J -FS <tcatton@fs.fed.us>; Schottenbauer, David (DNR)
<david.schottenbauer@state.mn.us>
Cc: Thomasen, Daniel (DNR) <daniel.thomasen@state.mn.us>; Murray, Donald L (DNR)
<donald.murray@state.mn.us>; Miller, Matthew (DNR) <matthew.miller@state.mn.us>; Wahlstrom,
Thomas (DNR) <thomas.wahlstrom@state.mn.us>; Manning, Mary E (DNR)
<mary.e.manning@state.mn.us>; Fagerman, Darin (DNR) <darin.fagerman@state.mn.us>; Bermel,
Anthony (DNR) <anthony.bermel@state.mn.us>; Duncan, Kipp (DNR) <kipp.duncan@state.mn.us>;
Ingebrigtsen, Dave (DNR) <dave.ingebrigtsen@state.mn.us>; Petersen, Bailey (DNR)
<bailey.petersen@state.mn.us>
Subject: FW: 2017 Canada lynx DNA report
 
Hi Tim,
I know you wanted reports of lynx; I assume both dead & alive. I know of one lynx that died so far
this trapping season. Dave dealt with this one & can give you an approximate geographic location.
 
Normally if trapped/dead lynx get reported, it’s going to be to Enforcement, so I’ll let the other
officers know too.
 
Thank you,
Nancy
 

From: Catton, Timothy J -FS [mailto:tcatton@fs.fed.us] 
Sent: Monday, October 30, 2017 11:54 AM
To: Erb, John D (DNR) <john.erb@state.mn.us>; Baker, Richard (DNR) <richard.baker@state.mn.us>;
Nordquist, Gerda E (DNR) <gerda.nordquist@state.mn.us>; Tisler, Todd M -FS <ttisler@fs.fed.us>;
Au, Leakhena - FS <lau@fs.fed.us>; Mike Schrage <mikeschrage@fdlrez.com>; Andy Edwards
<AEdwards@1854treatyauthority.org>; Tamara_Smith@fws.gov; 'Ronald_Kramer@fws.gov'

mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:ronald_kramer@fws.gov
mailto:tcatton@fs.fed.us
mailto:john.erb@state.mn.us
mailto:richard.baker@state.mn.us
mailto:gerda.nordquist@state.mn.us
mailto:ttisler@fs.fed.us
mailto:lau@fs.fed.us
mailto:mikeschrage@fdlrez.com
mailto:AEdwards@1854treatyauthority.org
mailto:Tamara_Smith@fws.gov


<Ronald_Kramer@fws.gov>; samoore@boreal.org; Rusch, Tom P (DNR) <tom.rusch@state.mn.us>;
Hansen, Nancy (DNR) <nancy.hansen@state.mn.us>; smortensen@lldrm.org; Provost, Tom (DNR)
<tom.provost@state.mn.us>; Ron Moen <rmoen@d.umn.edu>
Subject: 2017 Canada lynx DNA report
 
Hi all
 
Attached is our 2017 summary report from our Canada lynx DNA database.  Feel free to share with
others you know who may be interested.  As always, let us know if you have any questions or comments. 
And please let us know if you get any reports of lynx, we are always looking to add to our knowledge!
 
Tim
 

Timothy J. Catton 
Wildlife/Reforestation
Forest Service
Superior National Forest
p: 218-626-4376 
f: 218-626-4398 
tcatton@fs.fed.us
8901 Grand Ave Pl
Duluth, MN 55808
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

mailto:Ronald_Kramer@fws.gov
mailto:samoore@boreal.org
mailto:tom.rusch@state.mn.us
mailto:nancy.hansen@state.mn.us
mailto:smortensen@lldrm.org
mailto:tom.provost@state.mn.us
mailto:rmoen@d.umn.edu
mailto:tcatton@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112
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Summary of the Superior National Forest’s 2017 Canada lynx (Lynx 
canadensis) DNA database   October 12, 2017 

 
TIM CATTON – USDA Forest Service, Superior National Forest, 8901 Grand Ave. Pl., 

Duluth, MN 55808 
DAN RYAN – USDA Forest Service, Superior National Forest, Laurentian Ranger 

District, 318 Forestry Road, Aurora, MN  55705 
DAVE GROSSHUESCH – USDA Forest Service, Superior National Forest, Tofte 

Ranger District, 7355 W. Hwy. 61, Tofte, MN  55615 
 
Introduction 
Snow tracking and other methods used to obtain genetic samples have confirmed presence of Canada 
lynx (Lynx canadensis) across northeastern Minnesota since December 2000.  In 2008, the Superior 
National Forest (Superior NF) created, and continues to maintain, a database of genetically confirmed 
Canada lynx (hereafter lynx) to document their occurrence, persistence and reproduction in Minnesota.  
Genetic samples (typically scat but also hair and tissue) have been collected primarily as part of the 
Superior NF’s survey and monitoring program.  Also included in this database are samples collected 
during an independent genetic research project, a radio telemetry project, mining project surveys, and 
from specimens that were surrendered to resource agencies, e.g., from animals that had been trapped, 
shot or killed in vehicle collisions.  These samples were submitted to the USDA Forest Service Rocky 
Mountain Research Station’s National Genomics Laboratory for Wildlife and Fish Conservation for 
testing.  Samples that were identified as lynx using mitochondrial DNA analysis were further evaluated 
using nuclear DNA analysis methods to determine sex (Pilgrim et al. 2005) and individual identification.  
Further testing was used to determine Canada lynx-bobcat (Lynx rufus) hybridization (Schwartz et al. 
2004).  Field observations combined with DNA analysis have been used to document lynx reproduction 
within the State since 2002.  
 
Summary 
The current database contains 1,624 samples that have been submitted for DNA testing.  Mitochondrial 
DNA analysis has identified 1,325 of them (81.6%) as lynx.  Nuclear DNA analysis has determined 333 
unique lynx genotypes, 162 female (48.4%), 169 male (51.3%) and 2 of indeterminable sex.  Since 
2010, 30 family groups have been identified producing 65 kittens that survived to the winter following 
their birth, 36 female (55.4%) and 29 male (44.6%).  Of the 302 individuals that were not originally 
detected as a result of a mortality, 67 (22.2%) are known to have persisted into a second year.  Five 
individuals (1.7%: 3 female and 2 male), have persisted for over 6 years.   
 
During the 2016-2017 survey season 144 samples were collected and submitted for testing.  One-
hundred thirty (90.3%) were identified as lynx and 42 unique genotypes were determined, 24 female 
(57.1%) and 17 male (40.5%) and 1 of indeterminable sex.  Twenty-three individuals (54.8%: 14 female 
and 9 male) were previously recorded in this database (recaptures), and 19 individuals (45.2%: 10 
female, 8 male and 1 indeterminable sex) are new to the database this year.  Field observations 
suggest that there were at least 8 family groups with as many as 17 kittens found in the survey area.  
DNA analysis confirm 6 family groups with 11 individuals (8 female, 3 male) genetically consistent with 
being offspring.  Of the 31 individuals identified that were not kittens, 24 (77.4%) have persisted in to 
their second year, 11 (35.5%) have persisted into their third year or more.  Three individuals (9.7%:1 
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male and 2 female) have persisted on the Forest for over 6 years. There are 6 individuals new to the 
database this year whose age could not be determined. 
 
To date there have been 70 reported incidents of lynx “take” in the database maintained by USFWS.  
Fifty-three of these incidents have resulted in mortalities to the animal.  There have been 7 incidents of 
shooting (all mortalities), 34 trapped (17 mortalities and 17 released alive), and 13 that have been hit by 
a vehicle or a train (all mortalities).  There were also 16 incidents of take that resulted in the mortality of 
an animal but the cause is unknown.   
 
The database also contains 43 samples that have been identified as F1 Canada lynx-bobcat hybrids.  
There are 13 unique lynx-bobcat hybrid genotypes, 5 (38.5%) female and 8 male (61.5%).  One 
Canada lynx-bobcat hybrid, a male, was detected during this year’s surveys; a recapture who was first 
detected in February 2011 and has persisted for over 6 years.   
 
This database contains all known samples submitted by the Superior NF to the Wildlife Genetics 
Laboratory since the year 2000.  Other contributors to this database are Steve Loch, Natural Resources 
Research Institute (NRRI) of the University of Minnesota-Duluth, Franconia Minerals Corporation, 
PolyMet Mining Corporation, Minnesota Department of Natural Resources, Voyageur’s National Park, 
US Fish and Wildlife Service, Chippewa National Forest, US Geological Survey, Wolf Ridge ELC and 
Leech Lake Band of Ojibwe.   
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Canada lynx DNA Database 2000-2017 
 
Survey Effort 
For the purposes of this report, the primary survey area is generally considered to be the proclamation 
boundaries of the Superior National Forest (see attached map).  Survey techniques over the years 
have been predominantly on an ad hoc basis.  Survey effort has varied dependent upon funding, 
personnel availability and suitable snow conditions; biologists usually survey areas on their Districts as 
time and snow conditions allowed.  Prior to 2014 records and GPS tracks were not stringently 
maintained, nor was there consistency between surveyors.  However, as part of a recent research effort 
by North Carolina State University (NCSU) to develop an occupancy model (see Current Research 
below), we summarized our survey effort in to miles of occupancy surveys and trailing miles (miles in 
which surveyors were actually following lynx tracks) during survey seasons 2014/2015, 2015/2016, and 
2016/2017.  During surveys season 2012/2013 and 2013/2014 only the trailing miles were recorded 
and not included in the NCSU work but are included in Table 1 below.  These 2 parameters give an 
index of survey effort by Superior NF personnel in collecting genetic samples for this database. 
 

Year 
Occupancy 

miles Trailing miles 
Samples 
collected 

Number lynx 
samples 

Individuals 
identified 

2013 NA 41.6 149 122 35 
2014 NA 45.6 198 162 68 
2015 1,970 43.1 135 114 49 
2016 2,044 52.8 127 113 38 
2017 2,279  70.2 144 130 42 

Table 1. Survey effort for DNA collection. 
 
Species Identification 
To date there are 1,624 samples contained in the database, of which 1,546 (95.2%) have been 
identified to species (Figure 1).  Of the samples for which species results were obtained, 1,325 (85.7%) 
were identified as lynx.  One-thousand one-hundred of those samples (83.0%) were able to be 
genotyped (meaning an individual identification was made), while 225 (17.0%) did not amplify 
(identified to species only).  Seventy-eight (4.8%) did not contain enough quality DNA to make a 
species determination.   

 

 
Figure 1.  Species identification results 2000-2017 (n = 1,546) 
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Of the 1,325 lynx samples: 

• 333 individual lynx genotypes were identified, of which there are 
• 169 females (50.8%), 162 males (48.6%) and 2 (0.6%) undetermined sex (Figure 2) 

 

 
Figure 2.  Total Canada lynx individuals detected 2000-2017 (n = 333) 

 
 
Reproduction 
Field observations and DNA analysis have been used to document reproduction of lynx in Minnesota 
since 2002.  Areas that contain tracks of family groups (adults and kittens (animals presumed to be <1 
year old)) are continually monitored during the survey season in an effort to collect DNA from all 
individuals.  However, genetic samples from each member of the family group may not always be 
obtained, nor is every family group likely detected each year, so numbers presented here likely under-
represent the total numbers of family groups and kittens.  These figures represent only those family 
groups and kittens for which DNA analysis has shown a parent-offspring relationship.   
 
Field observations of family groups combined with DNA analysis since 2010 have identified a minimum 
of 31 family groups producing a total of 65 presumed kittens, 36 (55.4%) female and 29 (44.6%) male 
(Figure 3).  Overall, 103 kittens have been identified from 27 different mothers.  Seventy-two of the 103 
have an identified father within the database, from 17 different fathers.   
 
Of note in these data are: Mother S390 (detected 4 winters 2012-2015) has had at least 13 kittens from 
4 litters; mother L31 (detected 5 winters 2005-2009) has had at least 11 kittens from 3 litters.  Father 
L28 (detected as an adult 5 winters 2007-2011) has sired at least 15 kittens over 5 years with 5 
different mothers; father L10 (detected 3 winters 2003-2005) has sired at least 10 kittens from 3 litters.   

 

 
Figure 3.  Family groups and known annual reproduction 2010-2016 
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Persistence 
Snow tracking and other methods used to obtain genetic samples have confirmed persistence of lynx 
on the Superior NF and elsewhere across northeastern Minnesota since January 2002 (Figure 4).  Of 
the 302 individuals that were not originally detected as a result of a mortality, 67 (22.2%) are known to 
have persisted into a second year.  There are 5 individuals (1.7%) that have been detected over 6 
years, 1 that has been detected over 5 years, 6 that have been detected over 4 years, 8 that have been 
detected over 3 years, and 13 that have been detected over 2 years.  The number of detections of an 
individual ranges from just once to 41 times.   

 

 
Figure 4.  Persistence of individuals 2000-2017 (n = 302) 

 
Survivorship/Recruitment 
Although not an accurate representation of true kitten survivorship, the persistence of kittens in the 
database in to their second year and longer can be an index of survivorship and recruitment in to the 
overall population (Figure 5).  Of the 91 individuals that have been identified as kittens in the database 
prior to 2016/2017, 26 of them (28.6%: 13 female and 13 male) have been recaptured into their second 
year or beyond and are assumed to have been recruited into the northeastern Minnesota (NE MN) sub-
population.  It is also presumed that not all surviving kittens are detected within the survey area, and 
other surviving kittens emigrate to other sub-populations.  Figure 5 shows only those detected as 
kittens prior to the 2016/2017 survey season. 
 

 
Figure 5. Persistence/recruitment of kittens 2001-2017 (n=91) 
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Field observations in combination with genotypes of individuals yield some interesting relationships in 
the NE MN sub-population’s lineage and recruitment from the 2016/2017 samples.  For example, 
Loch132, identified as a kitten in 2010, has produced 6 kittens from 4 litters since that time.  She had 
known litters in 2012, 2013, 2014 but did not have a known litter in 2015.  In that year her normal 
territory was occupied by one of her kittens (S551) who had a kitten of her own in 2015.  Loch132 was 
back in her territory with a kitten again in 2016.  Male Loch270, identified in 2011, has fathered 4 
families of lynx (3 with Loch132) producing 6 kittens, including with Loch132 again in 2016/2017. 
 
Two breeding females from 2015/2016 (S551 and S571) were not found to have kittens this year in the 
territories they occupied last year.  Both territories had different breeding females with kittens.  They 
were, however, found within the Forest and may have had families in different locations that were not 
surveyed.  
 
Distribution and Dispersal 
Lynx detections are distributed over 12 counties in Minnesota.  The majority occur in St. Louis, Lake 
and Cook counties in northeastern Minnesota where essentially all field data collection efforts have 
been focused (Table 2).  There are 19 lynx samples in the database that do not have an accurate 
enough confirmed location to be represented in this table.  The attached map represents locations of 
samples genetically confirmed as lynx within the State of Minnesota since they were listed as a 
threatened species under the Endangered Species Act (March 24, 2000).   
 

County 
No. of lynx 

samples 
% of lynx 
samples 

Cook 200 15.3% 
Lake 889 68.1% 

St. Louis 198 15.2% 
All other 19 1.5% 

Table 2. Distribution of lynx samples in Minnesota by county 
 
Dispersal and movement of individuals both within and out of the core survey and monitoring area has 
been documented.  Maximum movement distance is 196 miles for males and 46 miles for females. 
 
2016-2017 Monitoring Results 
 
Species Identification 
One-hundred forty-four samples were collected and submitted for analysis during the period of June 
2016 through April 2017.  One-hundred thirty samples (90.3%) were identified as lynx, and genotypes 
were obtained from 113 of these identifying 42 unique individuals, 24 female (57.1%) 17 male (40.5%) 
and 1 (2.4%) of indeterminable sex (Figure 6).  Twenty-three individuals (54.8%: 14 female and 9 male) 
were previously recorded in this database (recaptures), and 19 individuals (45.2%: 10 female, 8 male, 
and 1 of indeterminable sex) were new to the database this year including 11 kittens.  
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Figure 6.  Canada lynx individuals detected 2017 (n = 42) 

 
 
Reproduction 
Field observations during the winter 2016-2017 survey season suggest that there were at least 8 family 
groups with as many as 17 kittens found in the survey area.  DNA analysis confirm 6 family groups in 
the survey area with a total of 11 individuals, 8 female (72.7%) and 3 male (27.3%), genetically 
consistent with being offspring (Figure 7).  Two additional family groups were reported but could not be 
verified either through site visits or DNA collection.  Of the 6 family groups we collected genetic 
samples from, one family group consisted of a candidate mother and at least 3 presumed kittens (2 
female, 1 male) consistent with being her offspring.  Three family groups consisted of a candidate 
mother with at least 2 kittens, two with 1 female and 1 male, the other with 2 females.  There were also 
2 family groups with at least 1 kitten each, both female, consistent with being the offspring of the 
candidate mother each was associated with.   

 

 
Figure 7.  Family groups and known reproduction 2017 

 
Five of the 6 mothers are previously known in the database.  Three of them have had known litters in 
previous years and have produced a total of 12 kittens.   
 
Persistence 
Persistence distribution of the current year’s individuals may be representative of the overall age 
structure of the NE MN sub-population.  Of the 30 individuals detected during the 2016/2017 survey 
season that were not kittens, 15 (50.0%: 8 female and 7 male) have persisted at least into their second 
year (Figure 8).  Three individuals have been detected over a 6 year period, 1 over a 5 year period, 3 
over a 4 year period, 4 over a 2 year period and 7 over a 9 year period.  There are 8 individuals that are 
new to the database this year that are not assumed to be kittens and therefore are not considered in 
persistence analysis.  By using field observations and genetic analysis 1 of these 8 was determined to 
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be an adult female with kittens, and 1 an adult male that fathered a current year’s litter. Six are of 
unknown age; either they were travelling alone or tied to a family group but were unrelated. 
 

 
Figure 8. Persistence of individuals 2017 (n = 42) 
* Individuals new to the database of an unknown age 

 
Take 
 
Section 9 of the Endangered Species Act (ESA) prohibits the take of endangered and threatened 
species without special exemption.  The USDI Fish and Wildlife Service (USFWS) maintains a 
database of reported incidents of “take” of Canada lynx that have occurred in Minnesota since the year 
2001.  Take is defined in Section 3 (19) of the Endangered Species Act as “to harass, harm, pursue, 
hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in any such conduct” of a 
federally listed species (16 U.S.C. Chapter 35 Section 1532).  There have been 70 incidents of reported 
take of Canada lynx since 2001 (USFWS 2017) (Figure 9).  Fifty-three of these incidents have resulted 
in mortalities to the animal.  There have been 7 incidents of shooting (all mortalities), 34 trapped (17 
mortalities and 17 released alive), and 13 that have been hit by a vehicle or a train (all mortalities).  
There were also 16 incidents of take that resulted in the mortality of an animal but the cause is 
unknown.  These include cases of likely predation, recovery of decomposed animals or remains, or the 
recovery of a radio collar that was no longer attached to a study animal.  
 

 
Figure 9. Reported Canada lynx take in Minnesota 2001-2017 by type and outcomes (n = 70) 
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Incidental Take - Superior National Forest Plan Implementation 
Under the terms of ESA, taking that is incidental to and not intended as part of an agency action is not 
considered to be prohibited taking under the Act provided that such taking is in compliance with the 
terms and conditions of  an Incidental Take Statement  issued by USFWS.  The risk of incidental take 
of Canada lynx is not completely eliminated by provisions in the Superior National Forest Land and 
Resource Management Plan (Forest Plan).  On-going implementation of Forest Plan is expected to 
result in the incidental take of Canada lynx over the life of the Forest Plan.  According to the 2011 
Biological Opinion Incidental Take Statement– “The Service expects no more than one lynx would be 
taken annually on the Superior National Forest and no more than 10 would be taken over the 
[generally] 10-year life of the Forest Plan due to vehicle collision on all roads on all ownerships within 
the Superior National Forest proclamation boundary.” (USFWS 2011)   
 
In accordance with the 2011 Biological Opinion Reasonable and Prudent Measures the Superior 
National Forest is required to “Document and report to the Service annually any know lynx mortality 
within the National Forest Proclamation boundaries in Minnesota due to vehicle collision, accidental 
trapping, or poaching”.  All mortality reports are sent directly and immediately to USFWS when they are 
received by Forest Service personnel.  USFWS maintains a state-wide mortality database which 
houses these and all other lynx take reports.  Mortalities that have occurred due to vehicle collisions on 
all roads on all ownerships within the proclamation boundary of the Forest is considered incidental to 
the implementation of the Forest Plan since 2005, There have been 3 reported incidents of lynx take 
due to vehicle collisions within the Superior NF’s proclamation boundaries in the USFWS database; 
one each in years 2005, 2014 and 2017. 
 
No take incidents have been reported within the proclamation boundaries of the Chippewa NF. 
 
Canada Lynx – Bobcat Hybridization 
 
A Canada lynx-bobcat hybrid was first detected in Minnesota from a tissue sample obtained from an 
animal killed by a train in December 2001.  This sample along with 2 other Minnesota samples obtained 
in November and December 2002 represent the first verified hybridization between Canada lynx and 
bobcat in the wild (Schwartz et al. 2004).  The earliest recorded hybrid in Minnesota comes from a 
specimen that was reportedly harvested in 1997.  Hybrids have been detected in Cook, Itasca, Lake 
and Pine Counties in Minnesota, and in Polk County, Wisconsin. 
 
Although not annually, Canada lynx-bobcat hybrid animals have been detected on a regular basis 
during surveys for lynx.  To date the database contains 43 hybrid samples.  Forty-two of these have 
been genotyped representing 13 individuals, 5 female and 8 male.  During the 2016/2017 survey 
season, 1 Canada lynx-bobcat hybrid, a male, was detected; a recapture who was first detected in 
February 2011 and has persisted for over 6 years.  All hybrids are F1 and thus far there have been no 
known offspring from either male or female hybrids.  All are a result of female lynx and male bobcat 
mating.   
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Figure 10. Total Canada lynx-bobcat hybrid individuals detected (n = 13) 
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From: Zelenak, Jim
To: Justin Shoemaker
Subject: Re: Persistence
Date: Monday, December 04, 2017 2:09:00 PM

Another one that captures it:  At beginning of section 5.2, we say "In this section, we present and summarize the
formally-elicited opinions of a panel of 10 lynx experts regarding the likelihood that each geographic unit will
continue to support resident breeding lynx populations into the future (at years 2025, 2050, and 2100),..."

The underlined could be our definition of persistence.

On Mon, Dec 4, 2017 at 9:13 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I think persistence is best described as the continued presence of a resident breeding population. A persistent
population is one that does not become extirpated (actually [zero resident lynx remaining] or functionally [so few
lynx on the landscape that they do not constitute a consistent resident breeding population - sorta like the GYA
may be now and may always have been...]).

I also think it is a word/phrase that people know intuitively (i.e., I don't think a specific definition is necessary so
long as the context is provided, which I think we did). I think most folks understand what we mean by "persistent
resident breeding population" or "we expect resident breeding populations to persist..." 

Here's what support I found in a quick search of the final SSA report (my underlines for emphasis):

1.  Table 1, Exec. Summ. footnote 1: "We asked 10 recognized lynx experts to provide their estimates of the
probability that resident lynx populations or subpopulations would persist in each geographic unit, even if
reductions in lynx numbers and distributions were anticipated ( i.e., the probability that resident lynx would not be
functionally extirpated from the unit)."

We have the same definition of persistence in footnote 1 for table 5, section 5.1.1.

We focused on extirpation (extinction) to comport with the definitions of the Act. However, we also provide the
context that all pops. are expected to be smaller at some point in the future, just not to the point that they would be
teetering on the brink of extinction toward the end of the foreseeable future.

2. At beginning of Chapter 5 (1st sentence of 6th paragraph), we link population persistence to DPS viability: "As
mentioned above, we do not define and evaluate specific and explicit climate change or greenhouse gas emissions
scenarios or attempt to quantify differences in DPS viability or the persistence of resident lynx populations in
individual geographic units based on differences in the rate and extent of potential impacts associated with
projected continued climate warming."

3. Figures 10 - 15 all have similar titles that include:  "Lynx expert estimates of the probability that the XX
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100).

We probably should have said "...will continue to support a resident lynx population..."

Let me know if you want me to dig into this any further.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Bell, Heather
To: Bush, Jodi
Cc: Zelenak, Jim; Justin Shoemaker; Mary Parkin
Subject: Re: SSAs and States
Date: Tuesday, December 05, 2017 12:11:46 PM

Hello! yes, it is or will be implemented and yes we are still trying to figure out what it means! 
certainly for a wide ranging species this will be a challenge.  (and yes i am soo soo soo glad
you chose to figure out a way to incorporate the states as best as you did!).  
I can tell you that there is a requirement to "ask" (but no requirement that the SSA cannot
move forward if the states decline),and that it will be clear that state involvement is not to hold
up progress on the SSA (although certainly said more nicely than that).  
I had heard it might be coming in october but was surprised at the quickness of the memo and
the fact that we haven't really had time to think through its implementation.  I assume
Justin/Marj will be best for further information.  

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google
Site: https://sites.google.com/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS
visit http://www.fws.gov/endangered/improving_ESA/SSA.html.

On Tue, Dec 5, 2017 at 8:55 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
This was shared with us  a couple of weeks ago at the PL meeting and I don't think has been
widely disseminated.  As it happens this memo (attached)  just came in my inbox today.   JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Dec 5, 2017 at 8:33 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

A colleague passed this along today from E&E News about a FWS memo re: SSAs and State representation.

https://www.eenews.net/assets/2017/12/05/document_cw_01.pdf

“Each SSA team will request one member from the respective state fish and wildlife management agency(s) and one as
designated by the respective Governor’s office(s).”

mailto:heather_bell@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:mary_parkin@fws.gov
https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/recovery-planning-and-implementation/
http://www.fws.gov/endangered/improving_ESA/SSA.html
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
https://www.eenews.net/assets/2017/12/05/document_cw_01.pdf


Not that it applies to lynx, because we started it so long ago - and we also have worked hard to engage States,
both as members of the expert panel and in soliciting review of the draft SSA report and participation in
monthly (for the most part) coordination calls - but is this new policy being implemented?  Folks here were
surprised that this hasn't been broadly disseminated - or if it has, many of us have not seen it before.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Shoemaker, Justin
To: Zelenak, Jim
Cc: Jodi Bush; Marjorie Nelson
Subject: Re: DRAFT Lynx Update to the Court
Date: Tuesday, December 05, 2017 12:51:44 PM
Attachments: 2017 12 01 DOJ Draft WILDLIFE-#298505-v1-_Lynx_RP__7_17_Status_Report_CLEAN_JS.doc

My comments are attached. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, Nov 30, 2017 at 4:28 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Although I'm a little out of the loop with what's going on with the 4(f)(1) and the RSOL's/HQ's review of the final
SSA report and the 5-year review, we do have a 6-month update to the court due by the end of December.  Given
the above and the upcoming holiday, I've drafted the attached update based on my understanding of how things
may unfold, using the last court update as a template.

Because of my uncertainty about this process, I thought I'd run this by you three before sending a draft to Dana.

Please edit as you see fit in TRACK CHANGES and send me your thoughts/concerns at your earliest convenience
so I can get a draft to Dana allowing plenty of time for her to coordinate with DOJ and get the final update to the
court by the Dec. 31 deadline.

Also wanted to let you know that I will be on annual leave after Christmas, returning to the office on Jan. 15 - the
same day, coincidentally, that our determination (or formal recovery plan) is due to the court...

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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JEFFREY H. WOOD 
Acting Assistant Attorney General 
SETH M. BARSKY, Chief 
MEREDITH L. FLAX, Assistant Chief 
TRAVIS ANNATOYN, Trial Attorney  
New York Bar ID 4983730 
U.S. Department of Justice 
Environment & Natural Resources Division 
Wildlife & Marine Resources Section 
Ben Franklin Station, P.O. Box 7611 
Washington, D.C.  20044-7611 
(202) 514-5243 (tel) 
(202) 305-0275 (fax) 
travis.annatoyn@usdoj.gov 
 
Attorneys for Federal Defendants       

 

IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF MONTANA 

MISSOULA DIVISION 
 
FRIENDS OF THE WILD SWAN, ) 
ROCKY MOUNTAIN WILD, et al., )  No. 13-cv-57-DWM 
      )  

Plaintiffs,    )    DEFENDANTS’ STATUS REPORT 
v.    )     

)     
DANIEL ASHE, U.S. FISH &   )     
WILDLIFE SERVICE, et al.,  )     

)     
Defendants.     )   

      ) 
 
 
 Pursuant to the Court’s order of June 25, 2014, Federal Defendants hereby 

submit the following status report on the United States Fish and Wildlife Service’s 

(“Service”) recovery planning for the Canada lynx under 16 U.S.C. § 1533(f) for 
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the period from July 1, 2017 to January 1, 2018.  See ECF No. 30.  

1. In March, 2015, the Service determined that a Species Status Assessment 

(“SSA”) was necessary to guide recovery planning direction for the lynx 

Distinct Population Segment (“DPS”).  From July, 2017 through December, 

2017, the Service continued monthly calls or updates via electronic mail 

with Service field offices and with State and other Federal wildlife agency 

personnel.  During this time period, the SSA Core Team continued work to 

finalize the SSA report based on peer and partner reviews and comments. 

2. In October, 2017, the Core Team completed the Final SSA Report.  The 

Final Report was submitted to the Service’s Species Assessment Team, 

which relied on the report to draft the Canada Lynx (Lynx canadensis) 5-

Year Review: Summary and Evaluation (5-year review). 

3. On November 13, 2017, after internal Service and Solicitor review and 

concurrence from the other Regional Directors within the DPS range, the 

Regional Director for Region 6 signed the 5-year review (attached), which 

recommends delisting the Canada lynx DPS due to recovery.   

4. On December XX, 2017, the Service’s Acting Director signed the 4(f)(1) 

Determination Regarding Recovery Planning for the Canada Lynx (Lynx 

canadensis) (4(f)(1) determination; attached), indicating that development of 

a formal recovery plan at this time would not promote the conservation of 
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the lynx DPS. 

5. On December XX, 2017, RSOL/DOJ briefed the Court on the Service’s 5-

year review recommendation and provided the Court copies of the Final 

SSA Report, the signed 5-year review, and the signed 4(f)(1) determination.  

6.  On December XX, 2017, the Service made the Final SSA Report, the signed 

5-year review, and the signed 4(f)(1) determination available to the public 

via a news release and posting of the documents on its Canada lynx web 

page (https://www.fws.gov/mountain-prairie/es/canadaLynx.php).  

DATED:  {date}. 
 
      Respectfully submitted, 
 
      JEFFREY H. WOOD 

Acting Assistant Attorney General 
SETH M. BARSKY, Chief 
MEREDITH L. FLAX,  
Assistant Chief 

      /s/ Travis Annatoyn  
      TRAVIS ANNATOYN, Trial Attorney  

New York Bar ID 4983730 
U.S. Department of Justice 
Environment & Natural Resources Division 
Wildlife & Marine Resources Section 
Ben Franklin Station, P.O. Box 7611 
Washington, D.C.  20044-7611 
(202) 514-5243 (tel) 
(202) 305-0275 (fax) 
travis.annatoyn@usdoj.gov 

 
      Attorneys for Federal Defendants 

Comment [SJ1]: As it stands today, I don’t know 
how we can report any of this to the court without 
getting ahead of ourselves and the strategy to 
announce everything to everyone at the same time.  I 
would remove for the update to the court, with the 
understanding that we will be announcing something 
shortly after this report is due. 
 
I guess we can keep as placeholders and see where 
we’re at in a few weeks.  

https://www.fws.gov/mountain-prairie/es/canadaLynx.php


From: Smith, Tamara
To: Jim Zelenak
Subject: Fwd: Canada Lynx Conservation Strategy 3rd Edition
Date: Tuesday, December 05, 2017 2:59:44 PM
Attachments: image003.png
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Hi Jim - Do you have any advice on how to address Todd's question.  Hope all is well! 

Thanks, 
Tam

On Mon, Nov 20, 2017 at 11:40 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Hi Tam –

I was wondering if we could get clarification on whether or not the Federal agencies are now
recommended to implement the measures identified in the 3rd Edition of the Canada Lynx
Conservation Strategy. We knew the updated strategy was out but never got word from the
Service if we were to use it.

In the updated strategy, it shows most if not all the Chippewa in the secondary zone which
changes the need to delineate LAUs in secondary/peripheral areas and provide a greater
degree of flexibility for management activities in secondary/peripheral areas as compared
with the core areas.

When our Forest Plan was written, LCAS Edition #1 was used with tighter parameters in
managing LAU’s thus the need for standard and guidelines and minimum thresholds in
LAU’s. If it is recommended that we use the 3rd edition, we may have to look at making
changes to our Forest Plan.

Not sure if you can answer this but hopefully you can point me in the right direction in
finding out the answers.  

Thanks for the help!

Todd

 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us
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intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell
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changes to our Forest Plan.

Not sure if you can answer this but hopefully you can point me in the right direction in
finding out the answers.  

Thanks for the help!

Todd

 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us
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From: Smith, Tamara
To: Catton, Timothy J -FS
Cc: Ronald_Kramer@fws.gov
Subject: Re: FW: 2017 Canada lynx DNA report
Date: Tuesday, December 05, 2017 5:10:29 PM
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Hi Tim - According to our "Lynx Specimen Guidelines",  we say that after releasing a
trapped lynx, collect whatever DNA material is available at the site, so I assume the
same is true for dead lynx.  Maybe it is time to revisit those guidelines (we started, but
never finished updating them a few years ago) and make sure it gets distributed so
that incidents are reported right away to USFWS LE, our office, DNR, etc. 

Thanks!
Tam

On Mon, Dec 4, 2017 at 1:49 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Just learned of this take incident, probably working its way through reporting channels right now.  I’ll let
you know if I hear anything more.

 

Can I assume both of you are okay with us getting a tissue sample from these kinds of incidents
provided there was no crime involved as determined by the local CO?

 

Thanks!

 

Tim

 

From: Hansen, Nancy (DNR) [mailto:nancy.hansen@state.mn.us] 
Sent: Monday, December 04, 2017 1:12 PM
To: Catton, Timothy J -FS <tcatton@fs.fed.us>; Schottenbauer, David (DNR)
<david.schottenbauer@state.mn.us>
Cc: Thomasen, Daniel (DNR) <daniel.thomasen@state.mn.us>; Murray, Donald L (DNR)
<donald.murray@state.mn.us>; Miller, Matthew (DNR) <matthew.miller@state.mn.us>;
Wahlstrom, Thomas (DNR) <thomas.wahlstrom@state.mn.us>; Manning, Mary E (DNR)
<mary.e.manning@state.mn.us>; Fagerman, Darin (DNR) <darin.fagerman@state.mn.us>; Bermel,
Anthony (DNR) <anthony.bermel@state.mn.us>; Duncan, Kipp (DNR)
<kipp.duncan@state.mn.us>; Ingebrigtsen, Dave (DNR) <dave.ingebrigtsen@state.mn.us>;
Petersen, Bailey (DNR) <bailey.petersen@state.mn.us>
Subject: FW: 2017 Canada lynx DNA report
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Hi Tim,

I know you wanted reports of lynx; I assume both dead & alive. I know of one lynx that died so far
this trapping season. Dave dealt with this one & can give you an approximate geographic location.

 

Normally if trapped/dead lynx get reported, it’s going to be to Enforcement, so I’ll let the other
officers know too.

 

Thank you,

Nancy

 

From: Catton, Timothy J -FS [mailto:tcatton@fs.fed.us] 
Sent: Monday, October 30, 2017 11:54 AM
To: Erb, John D (DNR) <john.erb@state.mn.us>; Baker, Richard (DNR)
<richard.baker@state.mn.us>; Nordquist, Gerda E (DNR) <gerda.nordquist@state.mn.us>; Tisler,
Todd M -FS <ttisler@fs.fed.us>; Au, Leakhena - FS <lau@fs.fed.us>; Mike Schrage
<mikeschrage@fdlrez.com>; Andy Edwards <AEdwards@1854treatyauthority.org>;
Tamara_Smith@fws.gov; 'Ronald_Kramer@fws.gov' <Ronald_Kramer@fws.gov>;
samoore@boreal.org; Rusch, Tom P (DNR) <tom.rusch@state.mn.us>; Hansen, Nancy (DNR)
<nancy.hansen@state.mn.us>; smortensen@lldrm.org; Provost, Tom (DNR)
<tom.provost@state.mn.us>; Ron Moen <rmoen@d.umn.edu>
Subject: 2017 Canada lynx DNA report

 

Hi all

 

Attached is our 2017 summary report from our Canada lynx DNA database.  Feel free to share with
others you know who may be interested.  As always, let us know if you have any questions or
comments.  And please let us know if you get any reports of lynx, we are always looking to add to our
knowledge!

 

Tim

 

mailto:tcatton@fs.fed.us
mailto:john.erb@state.mn.us
mailto:richard.baker@state.mn.us
mailto:gerda.nordquist@state.mn.us
mailto:ttisler@fs.fed.us
mailto:lau@fs.fed.us
mailto:mikeschrage@fdlrez.com
mailto:AEdwards@1854treatyauthority.org
mailto:Tamara_Smith@fws.gov
mailto:Ronald_Kramer@fws.gov
mailto:Ronald_Kramer@fws.gov
mailto:samoore@boreal.org
mailto:tom.rusch@state.mn.us
mailto:nancy.hansen@state.mn.us
mailto:smortensen@lldrm.org
mailto:tom.provost@state.mn.us
mailto:rmoen@d.umn.edu


Timothy J. Catton 
Wildlife/Reforestation
Forest Service

Superior National Forest
p: 218-626-4376 
f: 218-626-4398 
tcatton@fs.fed.us
8901 Grand Ave Pl
Duluth, MN 55808
www.fs.fed.us 

Caring for the land and serving people
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U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
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Hi Tim - According to our "Lynx Specimen Guidelines",  we say that after releasing a
trapped lynx, collect whatever DNA material is available at the site, so I assume the
same is true for dead lynx.  Maybe it is time to revisit those guidelines (we started, but
never finished updating them a few years ago) and make sure it gets distributed so
that incidents are reported right away to USFWS LE, our office, DNR, etc. 

Thanks!
Tam

On Mon, Dec 4, 2017 at 1:49 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Just learned of this take incident, probably working its way through reporting channels right now.  I’ll let
you know if I hear anything more.

 

Can I assume both of you are okay with us getting a tissue sample from these kinds of incidents
provided there was no crime involved as determined by the local CO?

 

Thanks!

 

Tim

 

From: Hansen, Nancy (DNR) [mailto:nancy.hansen@state.mn.us] 
Sent: Monday, December 04, 2017 1:12 PM
To: Catton, Timothy J -FS <tcatton@fs.fed.us>; Schottenbauer, David (DNR)
<david.schottenbauer@state.mn.us>
Cc: Thomasen, Daniel (DNR) <daniel.thomasen@state.mn.us>; Murray, Donald L (DNR)
<donald.murray@state.mn.us>; Miller, Matthew (DNR) <matthew.miller@state.mn.us>;
Wahlstrom, Thomas (DNR) <thomas.wahlstrom@state.mn.us>; Manning, Mary E (DNR)
<mary.e.manning@state.mn.us>; Fagerman, Darin (DNR) <darin.fagerman@state.mn.us>; Bermel,
Anthony (DNR) <anthony.bermel@state.mn.us>; Duncan, Kipp (DNR)
<kipp.duncan@state.mn.us>; Ingebrigtsen, Dave (DNR) <dave.ingebrigtsen@state.mn.us>;
Petersen, Bailey (DNR) <bailey.petersen@state.mn.us>
Subject: FW: 2017 Canada lynx DNA report
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Hi Tim,

I know you wanted reports of lynx; I assume both dead & alive. I know of one lynx that died so far
this trapping season. Dave dealt with this one & can give you an approximate geographic location.

 

Normally if trapped/dead lynx get reported, it’s going to be to Enforcement, so I’ll let the other
officers know too.

 

Thank you,

Nancy

 

From: Catton, Timothy J -FS [mailto:tcatton@fs.fed.us] 
Sent: Monday, October 30, 2017 11:54 AM
To: Erb, John D (DNR) <john.erb@state.mn.us>; Baker, Richard (DNR)
<richard.baker@state.mn.us>; Nordquist, Gerda E (DNR) <gerda.nordquist@state.mn.us>; Tisler,
Todd M -FS <ttisler@fs.fed.us>; Au, Leakhena - FS <lau@fs.fed.us>; Mike Schrage
<mikeschrage@fdlrez.com>; Andy Edwards <AEdwards@1854treatyauthority.org>;
Tamara_Smith@fws.gov; 'Ronald_Kramer@fws.gov' <Ronald_Kramer@fws.gov>;
samoore@boreal.org; Rusch, Tom P (DNR) <tom.rusch@state.mn.us>; Hansen, Nancy (DNR)
<nancy.hansen@state.mn.us>; smortensen@lldrm.org; Provost, Tom (DNR)
<tom.provost@state.mn.us>; Ron Moen <rmoen@d.umn.edu>
Subject: 2017 Canada lynx DNA report

 

Hi all

 

Attached is our 2017 summary report from our Canada lynx DNA database.  Feel free to share with
others you know who may be interested.  As always, let us know if you have any questions or
comments.  And please let us know if you get any reports of lynx, we are always looking to add to our
knowledge!

 

Tim
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Timothy J. Catton 
Wildlife/Reforestation
Forest Service

Superior National Forest
p: 218-626-4376 
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8901 Grand Ave Pl
Duluth, MN 55808
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Hey Jim.  We can share with Tamara/Todd lynx management direction in R1/2/4/6 of the FS and the
direction used by other agencies locally (ie….BLM/NPS).  Might be easier to explain in a phone call –
should we contact Todd?
 

Gary Hanvey 
R1 Canada Lynx Biologist
Forest Service
Northern Region
p: 406-329-3018 
c: 406-781-1765 
ghanvey@fs.fed.us
26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, December 05, 2017 3:12 PM
To: Tamara_Smith@fws.gov
Cc: Hanvey, Gary -FS <ghanvey@fs.fed.us>; Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: Re: Canada Lynx Conservation Strategy 3rd Edition
 
Looping Scott in.... forgot in previous.
 
On Tue, Dec 5, 2017 at 2:36 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi Tam,
 
I'm copying Gary Hanvey, Lynx Specialist with the Forest Service's Region 1 Regional
Office in Missoula, who I know has been giving this question and others like it quite a bit of
thought lately as well. Also copying USFS's National Carnivore Program Leader, Scott
Jackson, in case he'd like to weigh in.
 
 
Gary - what recommendations/answers would you have for Todd (who, coincidentally was
an office mate of mine in the Ketchikan District Office on the Tongass back about the turn
of the century...)?  The Chippewa NF is a secondary area with some historical and a
smattering of recent verified lynx records, but no evidence that it historically or recently
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supported a resident lynx population (Right, Tam?).
 
I'm not sure if NFs in Minnesota apply the same "occupied" vs. "unoccupied" definitions
that are used out here (occupied if 2 verified non-transient lynx occurrences since 1999, and
once flipped from unoccupied to occupied based on 2 such records, they remain "occupied"
forever).
 
If I remember correctly, USFS folks in the west have decided to continue to apply the
NRLMD and SRLA (essentially LCAS) standards and guidelines to secondary areas.
However, out here anyway, the USFWS, I've been told by our consultation lead, does not
ask for S&G implementation in UNOCCUPIED secondary areas.
 
Gary - let us know what you would recommend in response to Todd's question, below.
 
Thanks. 
 
On Tue, Dec 5, 2017 at 1:59 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:

Hi Jim - Do you have any advice on how to address Todd's question.  Hope all is well! 
 
Thanks, 
Tam
 
On Mon, Nov 20, 2017 at 11:40 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Hi Tam –

I was wondering if we could get clarification on whether or not the Federal agencies are
now recommended to implement the measures identified in the 3rd Edition of the
Canada Lynx Conservation Strategy. We knew the updated strategy was out but never
got word from the Service if we were to use it.

In the updated strategy, it shows most if not all the Chippewa in the secondary zone
which changes the need to delineate LAUs in secondary/peripheral areas and provide a
greater degree of flexibility for management activities in secondary/peripheral areas as
compared with the core areas.

When our Forest Plan was written, LCAS Edition #1 was used with tighter parameters
in managing LAU’s thus the need for standard and guidelines and minimum thresholds
in LAU’s. If it is recommended that we use the 3rd edition, we may have to look at
making changes to our Forest Plan.

Not sure if you can answer this but hopefully you can point me in the right direction in
finding out the answers.  

Thanks for the help!

Todd
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Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people
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disclosure of the information it contains may violate the law and subject the violator to
civil or criminal penalties. If you believe you have received this message in error,
please notify the sender and delete the email immediately.

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Hey Jim.  We can share with Tamara/Todd lynx management direction in R1/2/4/6 of the FS and the
direction used by other agencies locally (ie….BLM/NPS).  Might be easier to explain in a phone call –
should we contact Todd?
 

Gary Hanvey 
R1 Canada Lynx Biologist
Forest Service
Northern Region
p: 406-329-3018 
c: 406-781-1765 
ghanvey@fs.fed.us
26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, December 05, 2017 3:12 PM
To: Tamara_Smith@fws.gov
Cc: Hanvey, Gary -FS <ghanvey@fs.fed.us>; Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: Re: Canada Lynx Conservation Strategy 3rd Edition
 
Looping Scott in.... forgot in previous.
 
On Tue, Dec 5, 2017 at 2:36 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi Tam,
 
I'm copying Gary Hanvey, Lynx Specialist with the Forest Service's Region 1 Regional
Office in Missoula, who I know has been giving this question and others like it quite a bit of
thought lately as well. Also copying USFS's National Carnivore Program Leader, Scott
Jackson, in case he'd like to weigh in.
 
 
Gary - what recommendations/answers would you have for Todd (who, coincidentally was
an office mate of mine in the Ketchikan District Office on the Tongass back about the turn
of the century...)?  The Chippewa NF is a secondary area with some historical and a
smattering of recent verified lynx records, but no evidence that it historically or recently

mailto:ghanvey@fs.fed.us
mailto:jim_zelenak@fws.gov
mailto:tamara_smith@fws.gov
mailto:sjackson03@fs.fed.us
mailto:ghanvey@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112
mailto:jim_zelenak@fws.gov


supported a resident lynx population (Right, Tam?).
 
I'm not sure if NFs in Minnesota apply the same "occupied" vs. "unoccupied" definitions
that are used out here (occupied if 2 verified non-transient lynx occurrences since 1999, and
once flipped from unoccupied to occupied based on 2 such records, they remain "occupied"
forever).
 
If I remember correctly, USFS folks in the west have decided to continue to apply the
NRLMD and SRLA (essentially LCAS) standards and guidelines to secondary areas.
However, out here anyway, the USFWS, I've been told by our consultation lead, does not
ask for S&G implementation in UNOCCUPIED secondary areas.
 
Gary - let us know what you would recommend in response to Todd's question, below.
 
Thanks. 
 
On Tue, Dec 5, 2017 at 1:59 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:

Hi Jim - Do you have any advice on how to address Todd's question.  Hope all is well! 
 
Thanks, 
Tam
 
On Mon, Nov 20, 2017 at 11:40 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Hi Tam –

I was wondering if we could get clarification on whether or not the Federal agencies are
now recommended to implement the measures identified in the 3rd Edition of the
Canada Lynx Conservation Strategy. We knew the updated strategy was out but never
got word from the Service if we were to use it.

In the updated strategy, it shows most if not all the Chippewa in the secondary zone
which changes the need to delineate LAUs in secondary/peripheral areas and provide a
greater degree of flexibility for management activities in secondary/peripheral areas as
compared with the core areas.

When our Forest Plan was written, LCAS Edition #1 was used with tighter parameters
in managing LAU’s thus the need for standard and guidelines and minimum thresholds
in LAU’s. If it is recommended that we use the 3rd edition, we may have to look at
making changes to our Forest Plan.

Not sure if you can answer this but hopefully you can point me in the right direction in
finding out the answers.  

Thanks for the help!

Todd
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Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
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Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
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--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Yes, I would, if possible. I would also ask that we include our S7 coordinator, Phil Delphey in
the loop if he is available.  Thanks!

On Wed, Dec 6, 2017 at 8:33 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I can't see why not.

Tam - would you like that to be a conference call so you hear the same thing Todd does?

On Tue, Dec 5, 2017 at 5:47 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Hey Jim.  We can share with Tamara/Todd lynx management direction in R1/2/4/6 of the FS and
the direction used by other agencies locally (ie….BLM/NPS).  Might be easier to explain in a
phone call – should we contact Todd?

 

Gary Hanvey 
R1 Canada Lynx Biologist
Forest Service

Northern Region
p: 406-329-3018 
c: 406-781-1765 
ghanvey@fs.fed.us
26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, December 05, 2017 3:12 PM
To: Tamara_Smith@fws.gov
Cc: Hanvey, Gary -FS <ghanvey@fs.fed.us>; Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: Re: Canada Lynx Conservation Strategy 3rd Edition

 

Looping Scott in.... forgot in previous.
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On Tue, Dec 5, 2017 at 2:36 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi Tam,

 

I'm copying Gary Hanvey, Lynx Specialist with the Forest Service's Region 1 Regional
Office in Missoula, who I know has been giving this question and others like it quite a
bit of thought lately as well. Also copying USFS's National Carnivore Program Leader,
Scott Jackson, in case he'd like to weigh in.

 

 

Gary - what recommendations/answers would you have for Todd (who, coincidentally
was an office mate of mine in the Ketchikan District Office on the Tongass back about
the turn of the century...)?  The Chippewa NF is a secondary area with some historical
and a smattering of recent verified lynx records, but no evidence that it historically or
recently supported a resident lynx population (Right, Tam?).

 

I'm not sure if NFs in Minnesota apply the same "occupied" vs. "unoccupied"
definitions that are used out here (occupied if 2 verified non-transient lynx occurrences
since 1999, and once flipped from unoccupied to occupied based on 2 such records, they
remain "occupied" forever).

 

If I remember correctly, USFS folks in the west have decided to continue to apply the
NRLMD and SRLA (essentially LCAS) standards and guidelines to secondary areas.
However, out here anyway, the USFWS, I've been told by our consultation lead, does
not ask for S&G implementation in UNOCCUPIED secondary areas.

 

Gary - let us know what you would recommend in response to Todd's question, below.

 

Thanks. 

 

On Tue, Dec 5, 2017 at 1:59 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:

Hi Jim - Do you have any advice on how to address Todd's question.  Hope all is
well! 
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Thanks, 

Tam

 

On Mon, Nov 20, 2017 at 11:40 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Hi Tam –

I was wondering if we could get clarification on whether or not the Federal
agencies are now recommended to implement the measures identified in the 3rd

Edition of the Canada Lynx Conservation Strategy. We knew the updated strategy
was out but never got word from the Service if we were to use it.

In the updated strategy, it shows most if not all the Chippewa in the secondary zone
which changes the need to delineate LAUs in secondary/peripheral areas and
provide a greater degree of flexibility for management activities in
secondary/peripheral areas as compared with the core areas.

When our Forest Plan was written, LCAS Edition #1 was used with tighter
parameters in managing LAU’s thus the need for standard and guidelines and
minimum thresholds in LAU’s. If it is recommended that we use the 3rd edition, we
may have to look at making changes to our Forest Plan.

Not sure if you can answer this but hopefully you can point me in the right
direction in finding out the answers.  

Thanks for the help!

Todd

 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people
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Yes, I would, if possible. I would also ask that we include our S7 coordinator, Phil Delphey in
the loop if he is available.  Thanks!

On Wed, Dec 6, 2017 at 8:33 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I can't see why not.

Tam - would you like that to be a conference call so you hear the same thing Todd does?

On Tue, Dec 5, 2017 at 5:47 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Hey Jim.  We can share with Tamara/Todd lynx management direction in R1/2/4/6 of the FS and
the direction used by other agencies locally (ie….BLM/NPS).  Might be easier to explain in a
phone call – should we contact Todd?

 

Gary Hanvey 
R1 Canada Lynx Biologist
Forest Service

Northern Region
p: 406-329-3018 
c: 406-781-1765 
ghanvey@fs.fed.us
26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, December 05, 2017 3:12 PM
To: Tamara_Smith@fws.gov
Cc: Hanvey, Gary -FS <ghanvey@fs.fed.us>; Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: Re: Canada Lynx Conservation Strategy 3rd Edition

 

Looping Scott in.... forgot in previous.
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On Tue, Dec 5, 2017 at 2:36 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi Tam,

 

I'm copying Gary Hanvey, Lynx Specialist with the Forest Service's Region 1 Regional
Office in Missoula, who I know has been giving this question and others like it quite a
bit of thought lately as well. Also copying USFS's National Carnivore Program Leader,
Scott Jackson, in case he'd like to weigh in.

 

 

Gary - what recommendations/answers would you have for Todd (who, coincidentally
was an office mate of mine in the Ketchikan District Office on the Tongass back about
the turn of the century...)?  The Chippewa NF is a secondary area with some historical
and a smattering of recent verified lynx records, but no evidence that it historically or
recently supported a resident lynx population (Right, Tam?).

 

I'm not sure if NFs in Minnesota apply the same "occupied" vs. "unoccupied"
definitions that are used out here (occupied if 2 verified non-transient lynx occurrences
since 1999, and once flipped from unoccupied to occupied based on 2 such records, they
remain "occupied" forever).

 

If I remember correctly, USFS folks in the west have decided to continue to apply the
NRLMD and SRLA (essentially LCAS) standards and guidelines to secondary areas.
However, out here anyway, the USFWS, I've been told by our consultation lead, does
not ask for S&G implementation in UNOCCUPIED secondary areas.

 

Gary - let us know what you would recommend in response to Todd's question, below.

 

Thanks. 

 

On Tue, Dec 5, 2017 at 1:59 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:

Hi Jim - Do you have any advice on how to address Todd's question.  Hope all is
well! 
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Thanks, 

Tam

 

On Mon, Nov 20, 2017 at 11:40 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Hi Tam –

I was wondering if we could get clarification on whether or not the Federal
agencies are now recommended to implement the measures identified in the 3rd

Edition of the Canada Lynx Conservation Strategy. We knew the updated strategy
was out but never got word from the Service if we were to use it.

In the updated strategy, it shows most if not all the Chippewa in the secondary zone
which changes the need to delineate LAUs in secondary/peripheral areas and
provide a greater degree of flexibility for management activities in
secondary/peripheral areas as compared with the core areas.

When our Forest Plan was written, LCAS Edition #1 was used with tighter
parameters in managing LAU’s thus the need for standard and guidelines and
minimum thresholds in LAU’s. If it is recommended that we use the 3rd edition, we
may have to look at making changes to our Forest Plan.

Not sure if you can answer this but hopefully you can point me in the right
direction in finding out the answers.  

Thanks for the help!

Todd

 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people
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From: Bush, Jodi
To: Shoemaker, Justin; Marjorie Nelson
Cc: Zelenak, Jim
Subject: Re: DRAFT Lynx Update to the Court
Date: Wednesday, December 06, 2017 12:20:42 PM

I agree with Justin's edits but want to remind everyone that we have a court mandated timeline
for a Final Lynx recovery plan of January 15, 2018.   That is just over 4 weeks away.   Has
that been briefed up the chain ? Cause I can foresee a huge problem if we don't meet that
timeline.    JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Dec 5, 2017 at 12:51 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
My comments are attached. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, Nov 30, 2017 at 4:28 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Although I'm a little out of the loop with what's going on with the 4(f)(1) and the RSOL's/HQ's review of the
final SSA report and the 5-year review, we do have a 6-month update to the court due by the end of December. 
Given the above and the upcoming holiday, I've drafted the attached update based on my understanding of how
things may unfold, using the last court update as a template.

Because of my uncertainty about this process, I thought I'd run this by you three before sending a draft to Dana.

Please edit as you see fit in TRACK CHANGES and send me your thoughts/concerns at your earliest
convenience so I can get a draft to Dana allowing plenty of time for her to coordinate with DOJ and get the
final update to the court by the Dec. 31 deadline.

Also wanted to let you know that I will be on annual leave after Christmas, returning to the office on Jan. 15 -
the same day, coincidentally, that our determination (or formal recovery plan) is due to the court...

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: Canada Lynx Conservation Strategy Direction
Date: Thursday, December 07, 2017 8:40:38 AM

Hi Jim - Yes see below. Thanks!
Thu Dec 7, 2017 3:30pm – 4:30pm (CST)
1-888-844-9904 Passcode - 8636837

On Thu, Dec 7, 2017 at 8:38 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Is it 3:30 Central today? Also, I don't see the referenced conference call information.

I will try to be on if I can get the number, but I may ask our Forest Service lynx consultation lead, Katrina Dixon,
who knows the nuts and bolts of these issues much deeper than I do, to listen in if she is available then.

Please forward the call-in info if you have it, or ask Todd to.

On Thu, Dec 7, 2017 at 7:31 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim - Not sure if this works for you or if you want to join...I'd like another FWS person
on...

---------- Forwarded message ----------
From: Clark, Tyrone K -FS <tyronekclark@fs.fed.us>
Date: Thu, Dec 7, 2017 at 6:55 AM
Subject: Canada Lynx Conservation Strategy Direction
To: "Hanvey, Gary -FS" <ghanvey@fs.fed.us>, "Tamara_Smith@fws.gov"
<Tamara_Smith@fws.gov>, "Pfeffer, Lois J -FS" <lpfeffer@fs.fed.us>

Morning Folks,

Hope this time (3:30 central time) works for everyone. Looking forward to the discussion. The
conference call information is listed above.

Talk to you this afternoon.

Todd

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify
the sender and delete the email immediately.
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-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell
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U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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jim_zelenak@fws.gov
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From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: Canada Lynx Conservation Strategy Direction
Date: Thursday, December 07, 2017 8:40:38 AM

Hi Jim - Yes see below. Thanks!
Thu Dec 7, 2017 3:30pm – 4:30pm (CST)
1-888-844-9904 Passcode - 8636837

On Thu, Dec 7, 2017 at 8:38 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Is it 3:30 Central today? Also, I don't see the referenced conference call information.

I will try to be on if I can get the number, but I may ask our Forest Service lynx consultation lead, Katrina Dixon,
who knows the nuts and bolts of these issues much deeper than I do, to listen in if she is available then.

Please forward the call-in info if you have it, or ask Todd to.

On Thu, Dec 7, 2017 at 7:31 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim - Not sure if this works for you or if you want to join...I'd like another FWS person
on...

---------- Forwarded message ----------
From: Clark, Tyrone K -FS <tyronekclark@fs.fed.us>
Date: Thu, Dec 7, 2017 at 6:55 AM
Subject: Canada Lynx Conservation Strategy Direction
To: "Hanvey, Gary -FS" <ghanvey@fs.fed.us>, "Tamara_Smith@fws.gov"
<Tamara_Smith@fws.gov>, "Pfeffer, Lois J -FS" <lpfeffer@fs.fed.us>

Morning Folks,

Hope this time (3:30 central time) works for everyone. Looking forward to the discussion. The
conference call information is listed above.

Talk to you this afternoon.

Todd
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-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Winter WAFWA Hot Topics DUE COB on DEC 19th
Date: Thursday, December 07, 2017 11:40:33 AM

good idea.  ill add

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Dec 7, 2017 at 11:14 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Having seen Jim B's updates, was thinking we could add a bullet or 2 to lynx update acknowledging State
participation on lynx expert panel and AFWA's help in facilitating and compiling State agency review of the Draft
SSA report.

If you agree, you could pull these into the document as bullets just above the current last bullet for lynx.

• The Service would like to acknowledge Colorado Parks and Wildlife; the Maine
Department of Inland Fisheries and Wildlife; Montana Fish, Wildlife and Parks; and
Washington Department of Fish and Wildlife for their participation on the Canada Lynx
Expert Panel.

• The Service would also like to acknowledge AFWA for its help in facilitating and
compiling State agency review of the draft SSA report.

On Wed, Dec 6, 2017 at 1:06 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Here are my updates in TRACK. Let me know if you have questions or need anything else on this (e.g., a
synthesis/summary of the major results/findings/conclusions of the final SSA).

On Wed, Dec 6, 2017 at 11:58 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Folks.  I need you to update your portion of the attached Hot Topic Document for use
for the RD at the WAFWA meeting in January.  You can provide changes in the
document via track changes or just send me the revised bullets.  Your call.   I need your
responses by Next  Friday COB (12/15).  Thanks JB

Direction from above:  A couple things to keep in mind.  First - consider opportunities
for RD etc to thank a State Director (or other state partner) for work they have done with
us or on their own that we see value in.  Second issues that may be raised by a State
Director that the RD should know about and be able to respond to. 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
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585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Munoz, Anna <anna_munoz@fws.gov>
Date: Wed, Dec 6, 2017 at 9:49 AM
Subject: Winter WAFWA Hot Topics DUE COB on DEC 19th
To: FW6 RO ARD&Deputy <fw6_ro_arddeputy@fws.gov>

Hi All,

Winter WAFWA will be occurring right after the holidays (January 4-7) and so I would
like to begin pulling together Noreen's "Hot Topics" document now so that we can
finalize it before Christmas.  As in the past, please send me any hot topics for Noreen by COB
on December 19th.  We are looking for items or issues that our State partners are likely to bring up with Noreen
and/or issues that we would like Noreen to bring up with our State partners during the meeting.  Please keep your
summaries to one or two paragraphs.  I've attached the Hot Topics document from the summer meeting as an example
of what we're looking for.  If you have any questions, please let me know.

If there is currently uncertainty about the status any issues or if something unexpectedly pops over the Holidays, I can
make last minute updates on January 2.  

Thanks,
Anna

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Hanvey, Gary -FS
To: Tisler, Todd M -FS
Cc: Tamara_Smith@fws.gov; Pfeffer, Lois J -FS
Subject: Lynx Mgmt Discussion
Date: Thursday, December 07, 2017 1:11:05 PM
Attachments: image001.png

image002.png
image003.png
image004.png
2009-06-23 tidwell Letter on occupied and unoccupied.doc
NRLMD ROD_Fig_1_1 Core_Sec Area Map.docx
NRLMD_ROD.pdf

Todd, I have attached 3 docs that may help inform discussion this afternoon – lynx regulatory
direction is a little complex here in the west.  Attached are:
Ø  FS R1 direction for managing “unoccupied” habitats in Secondary Areas
Ø  NRLMD ROD Figure 1.1 – a map of habitat designations in the Northern Planning Area
Ø  NRLMD ROD – aka…Northern Rockies Lynx Amendment – Attachment 1 in the back

summarizes specific management direction.

Gary Hanvey 
R1 Canada Lynx Biologist
Forest Service
Northern Region
p: 406-329-3018 
c: 406-781-1765 
ghanvey@fs.fed.us
26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 
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Summary of the decision 
We have selected Alternative F, Scenario 2 as described in the Northern Rockies Lynx 
Management Direction Final Environmental Impact Statement (FEIS) (pp. 35 to 40), 
with modifications.  We modified Alternative F, Scenario 2 and incorporated the U.S. 
Fish and Wildlife Service (FWS) Terms and Conditions (USDI FWS 2007), where 
applicable, into the management direction – see Attachment 1- hereafter called the 
selected alternative.  We determined the selected alternative provides direction that 
contributes to conservation and recovery of Canada lynx in the Northern Rockies 
ecosystem, meets the Purpose and Need, responds to public concerns, and is consistent 
with applicable laws and policies.  In the FEIS we analyzed six alternatives in detail and 
two scenarios for Alternative F.  Of those, we determined Alternative F Scenario 2 is the 
best choice.  With this decision, we are incorporating the goal, objectives, standards, and 
guidelines of the selected alternative into the existing plans of all National Forests in the 
Northern Rockies Lynx Planning Area – see Figure 1-1, FEIS, Vol. 1 Tables 1-1 and 1-2.   

The direction applies to mapped lynx habitat on National Forest System land presently 
occupied by Canada lynx, as defined by the Amended Lynx Conservation Agreement 
between the Forest Service and the FWS (USDA FS and USDI FWS 2006).  When National 
Forests are designing management actions in unoccupied mapped lynx habitat they 
should consider the lynx direction, especially the direction regarding linkage habitat.  If 
and when those National Forest System lands become occupied, based upon criteria 
and evidence described in the Conservation Agreement, the direction shall then be 
applied to those forests.  If a conflict exists between this management direction and an 
existing plan, the more restrictive direction will apply. 

The detailed rationale for our decision, found further in this document, explains how 
the selected alternative best meets our decision criteria.  Those decision criteria are: 1) 
meeting the Purpose and Need to provide management direction that conserves and 
promotes the recovery of Canada lynx while preserving the overall multiple use 
direction in existing plans; 2) responding to the issues; and 3) responding to public 
concerns.  

Background  
The FWS listed Canada lynx as a threatened species in March 2000, saying the main 
threat was “the lack of guidance for conservation of lynx and snowshoe hare habitat in 
National Forest Land and Resource Plans and BLM Land Use Plans” (USDI FWS 2000a).  
Following the listing, the Forest Service (FS) signed a Lynx Conservation Agreement 
with the FWS in 2001 to consider the Lynx Conservation Assessment and Strategy 
(LCAS) during project analysis, and the FS agreed to not proceed with projects that 
would be “likely to adversely affect” lynx until the plans were amended.  The 
Conservation Agreement (CA) was renewed in 2005 and added the concept of occupied 
mapped lynx habitat.  In 2006 the CA was amended to define occupied habitat and to 
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list those National Forests that were occupied.  In 2006 it was also extended for 5 years 
(until 2011), or until all relevant forest plans were revised to provide guidance 
necessary to conserve lynx (USDA FS and USDI FWS 2000, 2005, 2006a, 2006b). The 
plan direction in this decision fulfills our agreement to amend the plans.  The 
management direction provided in this decision is based upon the science and 
recommendations in:  
• Ecology and Conservation of Lynx in the United States (Ruggiero et al 2000), which 

summarizes lynx ecology; 
• Lynx Conservation Assessment and Strategy (LCAS) (Ruediger et al 2000), which 

recommends conservation measures for activities that could place lynx at risk by 
altering their habitat or reducing their prey; and 

• Numerous publications cited in the FEIS and found listed in the References section of 
this ROD and in the FEIS, pp. 381 to 396.  

Purpose of and Need for action 
The Purpose and Need is to incorporate management direction in land management 
plans that conserves and promotes recovery of Canada lynx, by reducing or eliminating 
adverse effects from land management activities on National Forest System lands, while 
preserving the overall multiple-use direction in existing plans (FEIS, Vol. p. 1). 

Risks to lynx and lynx habitat 
The overall goals of the LCAS were to recommend lynx conservation measures, provide 
a basis for reviewing the adequacy of Forest Service land and resource management 
plans with regard to lynx conservation, and to facilitate section 7 conferencing and 
consultation under ESA.  The LCAS identified a variety of possible risks to lynx and 
lynx habitat.   

The LCAS identified risk factors affecting lynx productivity (pp. 2-2 to 2-15) as: 
 Timber management 
 Wildland fire management 
 Livestock grazing 
 Recreational uses 
 Forest backcountry roads and trails 
 Other human developments 

These are the typical types of activities conducted on federal land administered by the 
FS, and the FS has the authority to manage and regulate them.  As such, the 
management direction analyzed in the Lynx FEIS and incorporated into the forest plans 
with this Record of Decision (ROD) focus on these types of activities. 

The LCAS identified risk factors affecting mortality (pp. 2-15 to 2-17) as: 
 Trapping 
 Shooting 
 Predator control  
 Highways 
 Predation by other species 



Record of Decision – Northern Rockies Lynx Management Direction 

 

3  

These factors can directly cause lynx deaths.  Trapping of lynx is no longer permitted in 
the planning area, although incidental trapping of lynx could still occur.  Incidental or 
illegal shooting can also occur, but trapping and hunting is regulated by state agencies.  
Predator control activities are conducted by USDA Wildlife Services.  Since the factors 
of trapping shooting and predator control are outside the authority of the FS to manage 
or regulate, this ROD does not include management direction related to them. 

Highways (generally high-speed, two lane) are a known source of direct mortality 
(LCAS, pp. 2-16 to 2-17).  Depending on the situation, this risk factor may fall under the 
authority of the FS.  Therefore, it is addressed in the FEIS, and management direction 
concerning highways is incorporated into the Forest Plans through this ROD. 

Other predators may affect lynx.  Lynx have a competitive advantage in places where 
deep, soft snow tends to exclude predators in mid-winter, the time when prey is most 
limiting.  Certain activities, such as certain types of winter recreation, may provide 
access to other predators (LCAS, pp. 2-6 to 2-15).  The FEIS and ROD addresses this 
concern.  

The LCAS identified risk factors affecting movement (pp. 2-17 to 2-19) as: 
 Highways and associated development 
 Private land development 

Lynx are known to disperse over wide areas.  Highways and the developments 
associated with them may affect lynx movement (LCAS, p. 2-17).  The FS has only 
limited authority to address highways, and has no authority to manage activities on 
private land.  Based on the limited authority the FS has in this area, only a few 
guidelines address these risk factors. 

After the LCAS was issued the FWS published a Clarification of Findings in the Federal 
Register (FEIS, Vol. 1, Appendix P), commonly referred to as the Remand Notice.  In the 
Remand Notice the FWS states, “We found no evidence that some activities, such as 
forest roads, pose a threat to lynx.  Some of the activities suggested, such as mining and 
grazing, were not specifically addressed [in the Remand Notice] because we have no 
information to indicate they pose threats to lynx” (p. 40083).  Further on in the Remand 
Notice they state, “Because no evidence has been provided that packed snowtrails 
facilitate competition to a level that negatively affects lynx, we do not consider packed 
snowtrails to be a threat to lynx at this time” (p. 40098).  In regards to timber harvest the 
FWS states, “Timber harvesting can be beneficial, benign, or detrimental to lynx 
depending on harvest methods, spatial and temporal specifications, and the inherent 
vegetation potential of the site.  Forest practices in lynx habitat that result in or retain a 
dense understory provide good snowshoe hare habitat that in turn provides good 
foraging habitat for lynx” (p. 40083).  These findings by FWS narrow the focus from the 
concerns first published in the LCAS (discussed above) about what management 
direction is needed to maintain or improve Canada lynx habitat.  We considered this 
information in the development of the selected alternative, and in our decision. 
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Public involvement  
We involved the public in the development of the plan direction from the very 
beginning.  In order to determine the scope of the public’s interest in developing lynx 
direction the FS and BLM started with a notice published in the Federal Register (Vol. 66, 
No. 176, pp. 47160 to 47163) on September 11, 2001.  Originally, the scoping period was 
scheduled to end on October 26, 2001, but we extended it to December 10, 2001.  The FS 
and BLM gave people more time to comment, both in response to several requests for 
extensions, and because of the general disruption stemming from the September 11th 
terrorist attacks.   In December 2006, the BLM elected to not be a cooperating agency in 
this planning effort and to undertake changes to BLM plans through a separate 
planning process.   

We created an official website at www.fs.fed.us/r1/planning/lynx.html.  The website 
continues to provide information, including the information used to develop the 
Proposed Action, the DEIS, and FEIS.   

During scoping we held numerous open-house meetings to provide a better 
understanding of the lynx proposal and to gain an understanding of public issues and 
concerns (FEIS, Vol. 1, p. 18).  We mailed out more than 6,000 letters about the proposal 
and upcoming meetings to a mailing list of people interested in land management 
issues.   By December 17, 2001 we had received 1,890 public responses to the scoping 
notice.  We then evaluated and summarized those responses in a report entitled 
Summary of Public Comments (see the Scoping section of the Project Record).  Responses 
received after December 17, 2001, but before the release of the Draft Environmental 
Impact Statement (DEIS) in January 2004 were also considered.  A summary of these 
comments can also be found in the Scoping section of the Project Record.  In mid-May 
2002 we mailed an eight-page update to the more than 2,000 addresses of those who 
responded to the scoping notice.   

We decided to prepare an EIS because of the level of interest expressed during scoping.  
On August 15, 2002, we published a Notice of Intent to prepare an Environmental 
Impact Statement in the Federal Register (Vol. 67, No. 158, pp. 53334 to 53335).  There 
were five responses to the Notice of Intent, which we also considered.  

On January 16, 2004, a Notice of Availability of the DEIS was published in the Federal 
Register (Vol. 69, No. 11, p. 2619).  This notice began a 90-day public comment period.  
At that time, we sent copies of the DEIS (either paper or CD versions), or the summary 
of the DEIS to a variety of interested parties (FEIS, Vol. 1 p 19).  The documents are also 
available on the web site: www.fs.fed.us/r1/planning/lynx.html.   

We hosted open-house meetings in February and March of 2004 to provide the public 
with a better understanding of the DEIS and its alternatives.  Over 380 people attended 
the open houses which were held in four states and 25 communities.  We accepted 
public comments on the DEIS either sent through the mail or via E-mail.  The public 
comment period ended on April 15, 2004, with the agency receiving well over 5,000 
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comments.  We used those comments, as well as late comments, to help formulate 
Alternative F, to help clarify and add to the analysis, to correct errors in the DEIS, and 
to update the FEIS.  We responded to all of the comments on the DEIS in the Response 
to Comments (FEIS, Vol. 2).   

Issues  
As a result of the public participation process; review by other federal, state, tribal, and 
local government agencies; and internal reviews, we identified five primary issues, 
which are described in detail in the FEIS, Vol. 1, Chapter 2.  The issues were used as a 
basis for developing the management direction in the alternatives, and were used to 
analyze effects.  The issues are: 

1. Over-the-snow recreation.  The effects of limiting the growth of designated over-the-
snow routes on opportunities for over-the-snow recreation.   

2. Wildland fire risk.  The effects of the management direction on the risks to 
communities from wildland fire.  

3. Winter snowshoe hare habitat in multistoried forests.  The effect on lynx of allowing 
projects in winter snowshoe hare habitat in multistoried forests. 

4. Precommercial thinning.  The effects of limiting precommercial thinning on restoring 
tree species and forest structures that are declining. 

5.  FWS Remand decision.  The appropriate level of management direction applied to 
activities that the FWS remand notice found were not a threat to lynx populations. 

Alternatives considered in detail  
Alternative A, the No Action Alternative.  Analyzing a no-action alternative is a 
requirement of NEPA at 40 CFR 1508.14(d), and of FS planning procedures.  The 
analysis of the effects of Alternative A in the FEIS considers the effects of the forest 
plans as they currently exist, including any previous amendments.  In this case, “no 
action” means no amendment to the already existing plans, and no additional specific 
direction to conserve Canada lynx.  While the FS has been following the Conservation 
Agreements signed with the FWS and has considered the LCAS when evaluating 
projects, the LCAS measures have not been incorporated as plan direction.  A decision 
to adopt Alternative A would not adopt the measures of the LCAS into the plans, but 
also would not void the existing Conservation Agreements or the consultation 
requirements of ESA.  A decision to not adopt some of the lynx management direction 
in any of the action alternatives would have been a decision to select a part of 
Alternative A.   

Alternative B, the Proposed Action.  The Proposed Action was developed from 
conservation measures recommended in the LCAS.  (See Appendix A in the FEIS, pp. 
401 to 438 for a crosswalk from the LCAS, to the proposal as written in the scoping 
letter; the Proposed Action, Alternative B, found in the Draft and Final EISs; and 
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Alternative F in the FEIS.)  Alternative B addresses activities on National Forest System 
lands that can affect lynx and their habitat.  The exact language of the goal, objectives, 
standards, and guidelines for Alternative B and all the other action alternatives can be 
found in the FEIS (Table 2-1, pp. 41 to 69). 

Alternative C.  Alternative C was designed to respond to issues of over-the-snow 
recreation management and foraging habitat in multistoried forests, while providing a 
level of protection to lynx comparable to Alternative B, the Proposed Action.  
Alternative C would add direction to the plans similar to the LCAS, but would have 
fewer restrictions on new over-the-snow trails and more restrictions on management 
actions in winter snowshoe hare habitat in multistoried forests.  The exact language of 
the goal, objectives, standards, and guidelines for Alternative C and all the other action 
alternatives can be found in the FEIS (Table 2-1, pp. 41 to 69). 

Alternative D.  Alternative D was designed to address the issues of managing over-the-
snow recreation and multistoried forests, similar to Alternative C.  Alternative D also 
allows some precommercial thinning in winter snowshoe hare habitat, while still 
contributing to lynx conservation.  Alternative D would add direction to the plans 
similar to the LCAS, but having fewer restrictions on new over-the-snow trails and 
precommercial thinning, and more restrictions than the LCAS (Alternative B) on 
management actions in winter snowshoe hare habitat in multistoried forests, but less 
than Alternative C.  The exact language of the goal, objectives, standards, and 
guidelines for Alternative D and all the other action alternatives can be found in the 
FEIS (Table 2-1, pp. 41 to 69). 

Alternative E, the DEIS preferred alternative.  Alternative E addresses the issue of 
wildland fire risk while contributing to lynx conservation.  It also responds to 
statements made in the Remand Notice (USDI FWS, 2003) that FWS has no information 
to indicate grazing or snow compaction are threats to lynx at this time.  This was done 
by changing the grazing and human uses standards to guidelines.  Alternative E would 
add direction to the plans similar to the LCAS, but has fewer restrictions on new over-
the-snow trails and on fuel reduction projects proposed in a collaborative manner, and 
more restrictions on management actions in winter snowshoe hare habitat in 
multistoried forests. The exact language of the goal, objectives, standards, and 
guidelines for Alternative E and all the other action alternatives can be found in FEIS 
(Table 2-1, pp. 41 to 69). 

Alternative F, the FEIS preferred alternative.  Alternative F was developed from 
public comments on the DEIS and by pulling together parts of the other alternatives.  
Since it was developed from the other alternatives, the effects of Alternative F is within 
the scope of the effects of the alternatives analyzed in the DEIS.  

Alternative F addresses many comments about problems and concerns with 
Alternatives E, the DEIS preferred alternative.  In particular many people and FWS felt 
Alternative E would not meet the purpose and need because it did not provide the 
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regulatory mechanisms to adequately address lynx needs.  Alternative F was designed 
to provide adequate regulatory mechanisms for those risk factors found to be a threat to 
lynx populations – specifically those factors related to the quantity and quality of lynx 
habitat as discussed in the FEIS, Vol. 1, section Management direction considered.  

Alternative F addresses comments about where to apply the management direction.  
Many comments suggested the management direction should only be applied to 
occupied habitat.  Therefore, Alternative F is evaluated under two scenarios: (1) 
management direction would be incorporated into all forest plans and would apply to all 
mapped lynx habitat, whether or not occupied; and (2) management direction would be 
incorporated into all forest plans but would only apply to occupied habitat.  Under 
Scenario 2, the direction should be “considered” for unoccupied units, but would not 
have to be followed until such time as lynx occupy the unit.  The Nez Perce, Salmon-
Challis, Beaverhead-Deerlodge, Bitterroot, Ashley, and Bighorn NFs, and the disjunct 
mountain ranges on the Custer, Gallatin, Helena, and Lewis and Clark NFs are 
unoccupied based on the best scientific information available at this time (USDA FS, 
USDI FWS 2006a). 

Other management direction considered  
Comments on the DEIS identified a variety of suggestions for management direction.  
Some of the suggestions were incorporated into the selected alternative, others were 
not.  The FEIS, Vol. 1 pp. 71-102 provides a thorough discussion of these comments and 
our considerations.  The following section includes discussion of some these comments 
and how they were considered, but not all of the suggestions considered.   

The decision  
The management direction in Alternative F, Scenario 2 modified (referred from now on 
as the selected alternative, see - Attachment 1) is amended into all Forest Plans in the 
planning area.   The management direction incorporates the terms and conditions FWS 
issued in their biological opinion (USDI FWS 2007).  This management direction 
includes a goal, objectives, standards, and guidelines related to all activities (ALL), 
vegetation management (VEG), grazing management (GRAZ), human uses (HU), and 
linkage (LINK).   Goals are general descriptions of desired results; objectives are 
descriptions of desired resource conditions; standards are management requirements 
designed to meet the objectives; and guidelines are management actions normally taken 
to meet objectives.  Guidelines provide information and guidance for project and 
activity decision-making (FEIS, Vol. 1 p. 8).  The Forest Service and FWS developed the 
selected alternative in a collaborative manner (Project File/Coordination/with FWS, 
and Project File/Alternatives/FEIS alternatives). 

The selected alternative provides a balance of meeting the purpose and need, and 
addressing the five primary issues, including other public comments.  Alternative B 
does not provide the management direction necessary for winter snowshoe hare habitat 
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in multistoried forests.  Alternative C, may be best for lynx, but does not address any 
other issues.  Alternative D addresses the need to restore tree species in decline, but we 
have determined it may allow too much activity in winter snowshoe hare habitat and 
result in more extensive adverse effects.  Alternative E address wildfire risk to 
communities, but based on our analysis and comments from FWS and the public, may 
not provide the necessary direction to contribute to conservation and recovery of lynx.   

We determined, through our analysis and with concurrence from FWS, the selected 
alternative contributes to conservation and recovery of lynx, while allowing some 
activities to occur in lynx habitat that may have some adverse effects on lynx.  We 
determined it was important and acceptable to restore tree species in decline and 
address wildland fire risks to communities.  This decision allows some possible adverse 
effects on 6.5 percent of lynx habitat (through a combination of fuels treatment in the 
wildland urban interface (WUI) and precommercial thinning).  However, all vegetative 
standards remain applicable to 93.5 percent of lynx habitat.  

The following describes the risk factors, what the LCAS proposed (Alternative B), issues 
related to the proposed action, what Alternative E (the DEIS preferred alternative) 
included, comments we received on the DEIS, consideration of new information, and 
finally what was incorporated into the selected alternative and why.   

Management direction related to vegetation 
Lynx require certain habitat elements to persist in a given area.  Lynx productivity is 
highly dependent on the quantity and quality of winter snowshoe hare habitat.  Winter 
snowshoe hare habitat may be found in dense young regenerating forests – where the 
trees protrude above the snowline and in multistoried forests where limbs of the 
overstory touch the snowline, in addition to shorter understory trees that provide 
horizontal cover.  Certain activities, such as timber harvest, prescribed burning and 
wildfires, can affect the amount and distribution of these habitat elements, which can in 
turn affect lynx productivity.  Timber harvest can be beneficial, benign, or detrimental 
depending on the harvest method, the spatial and temporal occurrence on the 
landscape and the inherent vegetation potential of the site (FEIS, Vol. 1, Appendix P). 

Objectives for vegetation management 
Objectives define desired conditions for lynx habitat.  The LCAS identified four primary 
objectives which are reflected in Alternative B as Objectives VEG O1, VEG O2, VEG O3, 
and VEG O4.  These objectives essentially remain the same among all alternatives.  
Objectives VEG O1, VEG O2 and VEG O4 were clarified in the selected alternative 
based on comments on the DEIS, but their intent is the same as the in LCAS.    

Standards and guidelines relating to quantity of winter snowshoe hare habitat 
Standard VEG S1.  In order to provide a distribution of age classes, the LCAS 
recommended that an lynx analysis unit (LAU) (an area the size of a female lynx home 
range) not have more than 30 percent of the lynx habitat in an unsuitable condition, and 
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if an LAU was at 30 percent then vegetation management projects should not create 
more.  Lynx habitat in an unsuitable condition includes those forests in a stand 
initiation structural stage that are too short to provide winter snowshoe hare habitat.  
These conditions are created by stand-replacing wildfires, prescribed burns that remove 
all of the vegetation, or regeneration timber harvest.  This recommendation is reflected 
in Alternative B Standard VEG S1.   

Some people felt the 30 percent criterion was too high and others said it was too low 
based on how fires burn in lynx habitat.  In addition, some people felt that constraining 
the 30 percent criterion to a single LAU was too restrictive, as fires burn across vast 
areas.  Fire is the most common disturbance in lynx habitat.  Generally, large stand 
replacing fires burn every 40 to 200 years and smaller low intensity fires burn in the 
intervals between stand replacing fires (FEIS, Vol. 1, p. 72 and 213-214).  The 30 percent 
criterion was based on a way to maintain lynx habitat over time (Brittel et al. 1989).   

None of the alternatives change the 30 percent criterion.  However, Alternatives C, D, 
and E change the area the standard would be considered from an LAU to a larger 
landscape.  Alternatives C and E apply the standard to an LAU or in a combination of 
immediately adjacent LAUs; Alternative D applies the standard to a subbasin or 
isolated mountain range.  Some people liked the idea of applying the standard to a 
larger area, others did not.  In their comments on the DEIS FWS recommended the 
standard be applied to a single LAU in order to maintain a good distribution of lynx 
habitat at the scale of a lynx home range.   

The selected alternative applies the management direction to a single LAU to ensure a 
variety of structural stages are provided within the home range.  In addition, the 
selected alternative was reworded to clarify what “unsuitable habitat” entails and what 
types of vegetation projects create this condition.   

Standard VEG S2. The LCAS also recommended that timber harvest not change more 
than 15 percent of lynx habitat to an unsuitable condition (stand initiation structural 
stage that is too short to provide for winter snowshoe hare habitat) over a decade.  The 
purpose of this standard was to limit the rate of management induced change in lynx 
habitat (FEIS p. 74).  This recommendation is reflected in Alternative B Standard VEG S2.   

In 2003, the effect timber harvest historically had on creating “unsuitable habitat” on 
Forest Service lands in Region 1 (Hillis et al. 2003) was analyzed.  The analysis was 
based on hydrologic unit codes (HUC) (similar to the size of a lynx home range).  This 
analysis found only 2.5 percent of the HUCs exceeds the 15 percent criterion.  Since this 
criterion was rarely exceeded in the past, and the amount of regeneration harvest the 
agency does now has been dramatically reduced over the past decade (Project 
File/Analysis/Vegetation/FEIS/Data), Standard VEG S2 was changed to Guideline 
VEG G6 in Alternative C, and dropped as a standard or guideline in Alternatives D and 
E.   
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FWS comments on the DEIS said that dropping Standard VEG S2 could allow 
potentially negative effects to lynx to accumulate.  Removal of the standard could result 
in reducing the amount of lynx habitat over a short period of time.  Based on these 
comments, Standard VEG S2 was included in the selected alternative.  In addition, the 
standard was reworded to clarify that it only applies to timber management practices 
that regenerate a forest (clearcut, seed tree, shelterwood, group selection).   

Guideline VEG G1. The LCAS also recommended creating forage (winter snowshoe 
hare habitat) where it was lacking.  This is reflected as Guideline VEG G1 in Alternative B.  
This guideline is retained in the selected alternative.  The wording clarifies that the 
priority areas for creating forage should be in those forests that are in the stem-
exclusion, closed canopy structural stage to enhance habitat conditions for lynx and 
their prey.  Basically it says we should focus regeneration efforts in pure lodgepole 
stands, with little understory, especially where forage is lacking.   

Other related comments.  Other comments we received on the DEIS relating to the 
amount or spatial distribution of winter snowshoe hare habitat were in regards to 
including a standard to limit type conversion, and limiting the size of clearcuts and 
other regeneration harvest units (FEIS Vol. 1 p. 75-76 and FEIS Vol. 2 27-27, 56-57, 59-
60).  Neither of these standards were recommended in the LCAS.   

Objectives VEG O1, VEG O2, VEG O3 and VEG O4 describe the desired conditions of 
lynx habitat and all are consistent with the intent to minimize habitat conversions.  
Projects and activities should be designed to meet or move towards objectives; therefore 
a standard for type conversion was not necessary.    

Openings created by even-aged harvest are normally 40 acres or less.  Creating larger 
openings requires 60-day public review and Regional Forester approval, with some 
exceptions (R1 Supplement Forest Service Handbook 2400-2001-2; R2 Supplement 2400-
99-2).  Koehler (1990) speculated that openings created by regeneration harvest, where 
the distance-to-cover was greater than 325 feet, might restrict lynx movement and use 
patterns until the forest re-grows.  While it is assumed lynx would prefer to travel 
where there is forested cover, the literature contains many examples of lynx crossing 
unforested openings (Roe et al. 2000). 

Larger openings can often more closely resemble vegetative patterns similar to natural 
disturbance events (e.g. fire, windthrow, and insect outbreaks) (FEIS, Vol. 1, Appendix 
P). A disturbance pattern characterized by a few large blocks may be desirable if large 
areas of forested habitat are a management goal, or if the predation and competition 
that occur at the edges between vegetation types is a problem (Ruggiero et al. 2000, p. 
431).  While it is true lynx may not use large openings initially, once they have re-grown 
and can provide cover, generally after ten to 30 years, such areas may be important to 
lynx (FEIS, Vol. 1, Appendix P, p. 40092).   
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The selected alternative already contains direction to consider natural disturbances and 
maintain habitat connectivity.  Based on this management direction and evaluating the 
information in the Ecology and Conservation of Lynx in the United States (Ruggiero et al. 
2000) and the LCAS, we decided that a standard limiting the size of openings was 
unnecessary to improve lynx conservation.   

Standards and guidelines relating to quality of winter snowshoe hare habitat 
Snowshoe hare are the primary prey for lynx.  Winter snowshoe hare habitat is a 
limiting factor for lynx persistence.  Snowshoe hare habitat consists of forests where 
young trees or shrubs grow densely.  In addition to dense young regenerating forests, 
multistory forests that have trees whose limbs come down to snow level and have an 
abundance of trees in the understory, also provide winter snowshoe hare habitat.  
During winter, hare forage is limited to twigs and stems that protrude above the snow 
and the hares can reach.  The LCAS recommended management direction to address 
winter snowshoe hare habitat in relation to precommercial thinning.  Alternative B, the 
proposed action, splits the management direction to address actions occurring in winter 
snowshoe hare habitat in young regenerating forests (Standard VEG S5) and actions 
occurring in winter snowshoe hare habitat found in multistory forests (Standard VEG 
S6).   

Standard VEG S5.  The LCAS recommended no precommercial thinning that reduces 
winter snowshoe hare habitat in the stand initiation structural stage.  This is reflected in 
Alternative B Standard VEG S5.  Precommercial thinning within 200 feet of 
administrative sites, dwellings, or outbuildings has been allowed under current 
practices because it was found to have no effect to lynx due to location near structures.  

Some people said this standard should apply to all vegetation management projects, not 
just precommercial thinning.  Precommercial thinning is the primary activity that 
occurs in young regenerating forests.  On occasion, other activities such as fuel 
treatments or prescribe burning, could occur.  Alternatives C and D were expanded to 
apply to all vegetation management projects.  Alternative E, the DEIS preferred 
alternative, only applied it to precommercial thinning projects.  

Only a few comments were received on the DEIS saying the standard should apply to 
all type of projects.  FWS did not comment on the more narrow application of the 
standard.   

Standard VEG S5 in the selected alternative only applies to precommercial thinning 
because it is the predominate activity in young regenerating forests and it is has been 
identified as the risk factor for reducing winter snowshoe hare habitat (LCAS, Ruggiero 
et al. 2000, USDA FS and USDI BLM 2000, USDI FWS 2000a, 2000b, USDI FWS 2003).  

As noted earlier in the issues section, some people said precommercial thinning should 
be allowed to restore tree species in decline or to encourage future large trees.  
Alternative D addresses this issue by allowing precommercial thinning of planted 
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western white pine, whitebark pine, aspen, and larch, ponderosa pine, and lodgepole 
pine in certain situations.  Alternative E, the DEIS preferred alternative, only allowed 
precommercial thinning adjacent to structures, for research or genetic tests, or for fuel 
treatment projects identified in a collaborative manner.   

Several comments on the DEIS said the allowances for precommercial thinning in 
Alternative D should be incorporated into the final alternative.  Several comments said 
that some allowance for adaptive management should be incorporated and that 
thinning should be allowed where it could be done to promote or prolong winter 
snowshoe hare habitat.    

FWS comments on the DEIS said thinning adjacent to administrative sites, dwellings, or 
outbuildings and for research and genetic tests would have little effect on lynx or their 
habitat.  In addition, they said the following thinning activities would have 
cumulatively little effect upon lynx habitat and, in some cases, advance natural 
ecological conditions.  These include: (1) daylight thinning of planted rust-resistant 
western white pine where 80 percent of winter snowshoe hare habitat is maintained; (2) 
thinning within whitebark pine stands; (3) western white pine pruning; and (4) thinning 
for Christmas trees.   

We evaluated the comments and incorporated the following elements into the selected 
alternative: 
• Since Standard VEG S5 is concerned with reduction of winter snowshoe hare 

habitat, western white pine pruning and thinning for Christmas trees can occur if 
winter snowshoe hare habitat is not reduced.  Generally these activities are done on 
an individual tree basis and do not change the characteristics of the habitat.  

• Precommercial thinning can be done adjacent to administrative sites, dwellings, or 
outbuildings and for research and genetic tests since these would have benign 
effects on lynx.  

• Precommercial thinning can be done for planted rust-resistant western white pine, 
whitebark pine, and aspen.  Thinning to enhance whitebark pine and aspen would 
benefit other wildlife species and effects only limited acres in lynx habitat (FEIS, Vol. 
1 Lynx section).  Daylight thinning will be allowed around individual planted rust-
resistant western white pine where 80 percent of the winter snowshoe hare habitat is 
retained.  This may reduce some habitat effectiveness, but since this tree species has 
declined 95 percent across its range, we determined it was important to allow a 
limited amount of thinning to retain the species on the landscape.    

Under these exceptions, about 64,000 acres could be precommercial thinned in occupied 
lynx habitat over the next decade – assuming full funding.  This is likely to affect less 
than 2 percent of winter snowshoe hare habitat (FEIS Vol. 1 p. 188, USDI FWS 2007). 

We also considered allowing precommercial thinning in vast areas of young 
regenerating forests where precommercial thinning could be done to prolong winter 
snowshoe hare habitat.  We also considered precommercial thinning in young 
regenerating forests composed primarily of western larch with more than 10,000 trees 
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per acre – where larch would be removed to favor other species that provide better 
winter snowshoe hare habitat.  In both these situations the general belief is that these 
activities may be beneficial to lynx in the long term, but information is not available at 
this time to support that hypothesis.  So, the standard was modified to provide an 
avenue to consider new information that may in the future prove or disprove these 
hypotheses.  The criterion provided in the selected alternative states: 

Based on new information that is peer reviewed and accepted by the regional level of 
the Forest Service and the state level of FWS, where a written determination states: 
a. that a project is not likely to adversely affect lynx; or  
b. that a project is likely to have short term adverse effects on lynx or its habitat, but 

would result in long-term benefits to lynx and its habitat. 

This criterion allows incorporation of new peer reviewed information, but requires 
agreement by FWS before it may be utilized.   

Standard VEG S6.  The LCAS recommended no precommercial thinning that reduces 
winter snowshoe hare habitat in multistory forests.  This is reflected in Alternative B 
Standard VEG S6.  Precommercial thinning within 200 feet of administrative sites, 
dwellings or outbuildings has been allowed under current practices because it was 
found to have no effect to lynx due to location near structures.  The LCAS did not 
contain a recommendation related to other management actions. 

As noted in Issue #3 some people said the management direction should preclude all 
activities that reduce winter snowshoe hare habitat in multistory forest.  Alternatives C, 
D, and F would apply the management direction to all vegetation management 
activities in multistory forests that provide winter snowshoe hare habitat.  Each 
alternative has different allowances for vegetation management.  Alternative E, the 
DEIS preferred alternative, changed the management direction from a standard to 
Guideline VEG G8.  The intent of the guideline was to direct vegetation projects to 
provide winter snowshoe hare habitat through time.  

Multistory forest structures can develop from natural processes, such as insects and 
diseases and fire, or management actions like timber harvest that create small openings 
where trees and shrubs can grow.   

Comments on the DEIS suggested that management direction for multistory forests 
should be in the form of a standard.  FWS suggested the agencies review the latest 
information or research on lynx use of forests in multistoried structural stages prior to 
developing a final preferred alternative.   

Recent research in northwest Montana demonstrates that mature multistoried forests 
provide important winter snowshoe hare habitat and are more important than younger 
stands (FEIS, Vol. 1, p. 22).  In fact, the researchers questioned whether or not the LCAS 
would provide for lynx viability and recovery if only precommercial thinning were 
precluded.   
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Based on this new information we retained Standard VEG S6 in the selected alternative, 
but we preclude all vegetation management activities that reduce winter snowshoe hare 
habitat in multistory forests, not just precommercial thinning as recommended in the 
LCAS.   We would allow minor reductions in winter snowshoe hare habitat for 
activities within 200 feet of structures, research or genetic tests, and for incidental 
removal during salvage harvest (associated with skid trails).   Fuel treatment projects 
within the WUI are also exempt from this standard (see fuel treatment discussion 
further in this decision).  We also allow timber harvest in areas that have the potential to 
improve winter snowshoe hare habitat but presently have poorly developed 
understories.    

We believe and FWS concurred that protecting winter snowshoe hare habitat in 
multistoried forests will further retain and promote important lynx habitat components.   

Standards and guidelines relating to denning habitat 
Woody debris – piles of wind-thrown trees, root wads, or large down trees – provides 
lynx denning sites.  Large woody debris gives kittens an escape route from predators, as 
well as cover from the elements.  During the first few months of life, when kittens are 
left alone while the mother hunts, denning habitat must be available throughout the 
home range (Bailey 1974).  The LCAS recommended two standards and two guidelines 
related to denning habitat.  These are reflected in Alternative B as Standards VEG S3 and 
VEG S4 and Guidelines VEG G2 and VEG G3.    

In Alternative B Standard VEG S3 defers vegetation management projects in places with 
the potential to develop into denning habitat if an LAU contains less than ten percent 
denning habitat.  Standard VEG S4 limits salvage harvest in some situations.  Guideline 
VEG G2 says when more denning habitat is desired to leave standing trees and coarse 
woody debris.  Guideline VEG G3 says to locate denning habitat where there is a low 
probability of stand-replacing fire.  

Development of alternatives for the DEIS 

Some people said that den sites can be found in old regenerating forests and the agency 
should be allowed the flexibility to create denning habitat in regeneration units, 
especially since denning habitat should be located in or adjacent to forage.  In Maine, 17 
den sites were located in a variety of stand types, including 10-20 year old clearcuts 
adjacent to residual stands (FEIS, Vol. 1, Appendix P). 

After reviewing the literature, we determined it was reasonable to have an alternative 
that allows for flexibility to mitigate or create denning habitat, especially when there is 
less than 10 percent denning habitat.  Alternatives D and E modify Standard VEG S3 to 
say where there is less than 10 percent denning habitat either: 1) defer management, or 
2) move towards 10 percent by leaving standing dead trees or piles of coarse woody 
debris.  This combined the guidance in Alternative B, Guideline VEG G2 with the 
Standard VEG S3.  
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Some people said salvage harvest should not be singled out because it is not the only 
management action that removes denning habitat.  Standard VEG S4 limits salvage 
harvest after a disturbance kills trees in areas five acres or smaller – if there is less than 
10 percent denning habitat. 

We evaluated whether other management actions, such as prescribed burning, 
chipping, piling and burning, etc. should be precluded.  Salvage harvest is the primary 
management action that removes denning habitat because it removes dead and down 
timber; therefore we determined other actions did not need to be constrained.  
However, we determined that Standard VEG S4 should be a guideline in Alternatives D 
and E because it provides guidance on how to design projects.  The guideline says when 
there is less than 10 percent denning habitat, then units should consider retaining small 
areas of dead trees.  As noted in Alternatives D and E, Standard VEG S3, units can 
mitigate when there is less than 10 percent denning habitat.  It is possible to create 
denning habitat or retain pockets, but units should be allowed to evaluate denning 
needs on a site specific basis.  

The intent of Alternatives D and E, is where denning habitat is lacking, units should 
recognize it, retain large and small patches and/or mitigate, especially if it denning 
habitat can be created in or near new forage areas.  In most areas denning habitat is 
likely not limiting because it is found in such a variety of stand conditions and ages.   

Considerations for alternatives in the FEIS 

In comments on the DEIS some people said there was no basis for retaining ten percent 
denning habitat – they wanted the standard dropped altogether.  Others wanted more 
denning habitat required.  Some people asked for an alternative to prohibit harvest in 
old growth or mature timber to protect denning habitat.  Others said that all old growth 
should be protected by management direction because some administrative units do 
not meet old growth standards.   

Some people said allowing salvage logging in disturbed areas smaller than five acres 
lacked a scientific basis and that all salvage harvest should be deferred. Most comments 
on the DEIS said that management direction for denning habitat should be in the form 
of standards.   

In their comments on the DEIS FWS supported Standard VEG S3, including conditions 
1 and 2 in Alternative E, but was concerned about changing Standard VEG S4 into 
Guideline VEG G7.  FWS recommended development of a standard that: 1) maintains 
ten percent denning habitat within an individual LAU; 2) is randomly/evenly 
distributed across the LAU; and 3) ensures recruitment of future denning habitat. 

Based on these comments, we reconsidered the management direction for denning 
habitat. We held discussions with the researchers, lynx biology team and FWS to further 
explore denning habitat – where it is found, how to measure it, and how to ensure plans 
provide the appropriate level of management direction.   
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Where denning habitat is found:  Since 1989 researchers have discovered that lynx 
denning habitat is found in a variety of structural stages from young regenerating 
forests to old forests.  The integral component of lynx den sites appears to be the 
amount of downed, woody debris, not the age of the forest stand (Mowat, et al. 2000).  
Research by Squires (pers. com. Oct. 30, 2006) has found that of 40 den sites in 
northwest Montana most were located under large logs, but “jack-strawed” small 
diameter wind thrown trees, root wads, slash piles, and rock piles were also used (FEIS, 
Vol. 1 p. 172-173).  These structural components of lynx den sites can often be found in 
managed (logged) and unmanaged (e.g. insect damaged, wind-throw) stands.   

How to measure denning habitat:  Retaining ten percent denning habitat is based on 
maintaining lynx habitat over time (Brittel et al. 1989).  Brittel recommended a balance 
of conditions – 30 percent forage, 30 percent unsuitable that would grow into forage, 30 
percent travel, and ten percent denning.   

We evaluated how to measure 10 percent denning based on where the habitat can be 
found.  We evaluated using mature and over-mature forests as a first approximation of 
denning habitat.  Generally mature and over-mature forests contain a component of 
dead and down trees which lynx use.  If these two components were used then all units 
would show much more than ten percent denning habitat as all forests have at least 
twenty percent of their forest in mature stand structures (Project 
file/Analysis/Forests/FEIS/Data).  In addition, these stand structures do not account 
for all the stand conditions where denning habitat can be found because denning 
habitat can be found in young forests with slash piles, lodgepole forests with insect and 
disease outbreaks, areas recently burned in wildfires, as well as variety of other forest 
conditions.  Based on these discussions, we decided, with agreement from FWS, that 
using stand structures as a proxy would show an abundance of denning habitat; 
therefore the requirement to retain ten percent was found not to be a useful measure. 

How to provide for denning habitat:    

We considered restricting harvest in mature forests and old growth.  The important 
component for all lynx den sites appears to be the amount of down woody debris 
present, not the age of the forest (Mowat et al. 2000, Appendix P).  Old growth and 
mature forests can provide denning habitat, but based on review of research a variety of 
forest structures also provide denning habitat.  We considered prohibiting timber 
harvest in old growth but dismissed this from detailed consideration because denning 
habitat is found in a variety of forest structures (FEIS, Vol. 1 p. 81).  

We considered restricting salvage harvest.  Standard VEG S4 in Alternatives B and C limits 
salvage harvest after a disturbance kills trees in areas five acres or smaller – if there is 
less than 10 percent denning habitat.  The standard was changed to a guideline in 
Alternatives D and F.  The guideline says that when there is less than 10 percent 
denning habitat, then units should consider retaining small areas of dead trees.   
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Salvage harvest can remove denning habitat.  However, den sites are found in areas 
with large logs, “jack-strawed” small diameter wind thrown trees, root wads, slash 
piles, and rock piles.  These areas need not be extensive – they are generally small areas 
that provide sufficient cover for lynx den sites.   

We reevaluated whether or not denning habitat is a limiting factor for lynx.  Based on 
discussions with research, we reaffirmed that denning habitat is found in a variety of 
forest conditions, they are found in small pockets scattered across an area and are 
generally found across the landscape, and lynx denning sites are not believed to be a 
limiting factor (J. Squires, pers. com. Oct. 30, 2006).  In addition, management actions 
can create denning habitat by strategically leaving piles of woody debris, or leaving 
residual trees where denning habitat is lacking.  

Therefore, we determined that restricting salvage harvest was not necessary, but that 
projects should consider the abundance and distribution of denning habitat in their 
project design and leave den site components (piles of down wood, or standing dead 
trees) where it is lacking.   

We considered management direction in the form of standards vs. guidelines. We determined 
management direction for denning habitat should be incorporated into one set of 
management direction.  Incorporating all the direction into one standard or guideline 
reduces the potential for conflicts between directions, focusing on the important 
components of denning habitat. 

We determined a guideline would be best suited for this management direction because 
denning habitat can be found in a variety of forest structures and in small areas, is not a 
limiting factor for lynx, and the management direction would provide design features 
for projects.  Therefore we developed Guideline VEG G11 in the selected alternative.  
The guidance is to: 1) have denning habitat distributed across an LAU (in the form of 
pockets of large woody debris, either down logs or root wads, or large piles of jack-
strawed trees); and 2) if denning habitat is lacking, projects should be designed to retain 
coarse woody debris – by leaving piles or retaining residual trees that can become 
denning habitat later.  

Objectives VEG O1, VEG O2, VEG O3, and VEG O4 and Standards VEG S1, VEG S2, 
and VEG S6 also indirectly promote the development and retention of the structure 
needed for denning habitat through vegetation management that promotes a mosaic of 
forest conditions across the landscape (USDI FWS 2007).  Based on the above, FWS 
determined that projects were unlikely to reduce denning structure to levels that result 
in adverse effects to lynx (USDI FWS 2007).   

In addition, the Lynx Biology Team (the team responsible for the LCAS) is in the 
process of updating the LCAS denning habitat recommendations based on this new 
information about where denning habitat is found and its distribution. 
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Consideration of fuel treatment projects 
Most lynx habitat consists of high-elevation spruce/fir and lodgepole pine forests, but 
some lynx habitat may be found in mixed conifer forests.  Generally, forests in lynx 
habitat are close to historic conditions, meaning the long fire return interval has not 
been affected to any large degree by more recent fire suppression as is the case in dryer 
forests with short fire return intervals.  However, some stand conditions are conducive 
to extreme fire behavior because of insect and disease mortality or the amount of tree 
limbs that provide ladder fuels.  Fuel treatments designed to reduce ladder fuels 
and/or reduce the potential size (Finney 2001) and severity of wildland fires may be 
proposed in lynx habitat.   

After the 2000 wildfire season, which burned a substantial amount of acreage, the Forest 
Service began to set goals for wildfire management.  Several documents serve to 
provide a national prioritization system for the selection of hazardous fuel treatments 
on Federal lands with close coordination among the Federal, State, and other agencies, 
as well as Tribes and communities.  The criteria for prioritizing lands for hazardous 
fuels treatment generally correspond to: (1) closest proximity to communities at risk in 
the WUI; (2) strategic areas outside the WUI that prevent wildland fire spread into 
communities or critical infrastructure; (3) areas outside of WUI that are in Condition 
Classes 2 or 3; and (4) other considerations (FEIS, Vol. 1 p. 215). 

The LCAS did not specifically address fuel treatments.  During scoping we identified 
wildland fire risk as an issue, issue # 2 (FEIS, Vol. 1 p. 21-22).   We developed a range of 
alternatives to address this issue. 

In Alternative A, there would be no change in existing plan direction on the treatment 
of fuels.  

Alternative B would allow fuel treatments to go forward if they: 
• Meet the 10 percent denning standard (Standard VEG S3 and S4)   
• Meet 30 percent unsuitable habitat standard (Standard VEG S1) or 15 percent 

unsuitable habitat created by timber harvest standard (Standard VEG S2) 
• Use methods other than precommercial thinning in winter snowshoe hare habitat 

(Standards VEG S5 and VEG S6) 

Alternatives C and D would not allow any type of fuel reduction project that reduced 
winter snowshoe hare habitat – except within 200 feet of structures. 

Alternative E, the DEIS preferred alternative would not apply the vegetation standards 
(Standards VEG S1, S3, and S5) to fuel treatments developed in a collaborative manner, 
as described in the 10-Year Comprehensive Strategy Implementation Plan (USDA FS 2001).  
This exception was used because a multi-party Memorandum of Understanding was 
signed in 2003 by the FS, BLM, and FWS (USDA FS et al. 2003) concerning fuel 
treatments and collaboration.   
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Many comments were received on the DEIS regarding fuel treatments.  Some people 
suggested there be no exemptions for fuel treatments.  Several groups suggested that 
only fuel treatments within 500 yards of human residences and other structures be 
allowed because these areas are generally not appropriate to restore lynx anyway.  
Others felt the exemptions should only apply to the WUI and that the agencies should 
define the WUI.  Others liked the exemptions as they were written in Alternative E.   

FWS cautioned against exempting a broad range and unknown number of actions from 
plan direction.  They felt, as currently worded in Alternative E, the exemption was 
sufficiently vague that it did not allow an adequate analysis of potential effects upon 
lynx or lynx habitat and it could result in extensive adverse effects to lynx.  

FWS suggested Standard VEG S5 be modified to restrict precommercial thinning to 
within one mile of structures.  They did not believe any exemptions were needed for 
Standards VEG S1 or S2 since so very few LAUs were near the thresholds identified in 
these standards.  They felt very few proposals would be constrained by the standards.   
They also questioned why Condition Class 1 forests were not specifically excluded from 
the exemptions.  Condition Class 1 forests include areas where fires have burned as 
often as they did historically; the risk of loosing key ecosystem components is low; and 
vegetation composition and structure is intact and functioning. The FWS went on to say 
they recommended that processes, actions, or types that would be exempt be clearly 
identified.   

We reviewed and discussed the comments with FWS and decided to modify the fuel 
treatment exemption for the selected alternative.  We thoroughly discussed the issue of 
how to allow for fuel treatments to reduce the hazard to communities – while providing 
for the conservation and recovery of lynx (Project File/Alternatives/FEIS alternatives).    

Based on our discussions we decided none of the vegetation standards will apply to 
fuel treatment projects within the WUI as defined by the Healthy Forests Restoration 
Act (HFRA), within a certain limit.  We constrained the number of acres that do not 
meet the standards to 6 percent of lynx habitat within a National Forest, and we added 
the FWS term and condition that fuel treatment projects can cause no more than 3 
adjacent LAUs to not meet standard VEG S1.   

In addition we added Guideline VEG G10 which says fuel treatment projects within the 
WUI should be designed considering Standards VEG S1, S2, S5, and S6.  The intent in 
adding this guideline is that although these vegetation standards do not apply to fuel 
treatment projects within the WUI as defined by HFRA, these projects should still 
consider the standards in the development of the proposal.  In many cases projects can 
be designed to reduce hazardous fuels while providing for lynx needs.  This guideline 
ensures lynx are considered in the project design – but allows for the flexibility of not 
meeting the standards in situations where meeting the standards would prevent the 
project from reducing the hazardous fuels in the WUI. 

The following describes some of the considerations in the development of this direction.  
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Application to Standards VEG S1 and S2:  Under Standards VEG S1 and S2 it is likely very 
few projects would exceed the 30 percent and 15 percent criteria because many fuel 
treatment projects are not regeneration harvest.  If regeneration harvest is applied it is 
likely to be done to create a fuel break adjacent to communities or to break up the 
continuity of fuels (Finney 2001).  Since part of our direction under the Healthy Forests 
Initiative is to look for ways to expedite fuel reduction projects we determined that we 
did not want to have to amend forest plans for the few cases where not meeting the 
standards may be necessary.   

Application to Condition Class 1:  Many forests in lynx habitat are in Condition Class 1, 
meaning these forests have not missed a fire cycle because large, stand-replacing fire 
only occurs every 100 to 200 years.  However, some of these Condition Class 1 forests 
can still be a threat to communities.  An example is lodgepole pine forests which are at 
the age of being susceptible to mountain pine beetle outbreaks.  Regenerating lodgepole 
pine, adjacent to a community, may be needed to reduce the severity and size of a 
wildland fire.  Fire is a natural process in these ecosystems; but there is a need to 
balance the natural process with the risk of fire destroying homes; therefore we did not 
limit the standard to particular condition classes.   

What locations should be exempted:  We evaluated various options regarding where the 
standards should be applied and we used a variety of criteria to evaluate which option 
to carry forward for detailed consideration.  The criteria included:  1) is there a defined 
area; 2) can effects be meaningfully evaluated; 3) would it provide for community 
protection; and 4) does it meet the purpose and need.  (For further detail see FEIS, Vol. 1 
pp. 85-86 which summarizes the options and considerations and the Project 
File/Alternatives/FEIS Alternatives/documents July 29, 2004 through February 24, 
2005).  

Based on comments, national direction regarding fuel treatments, and the effects on 
lynx, we decided exempting fuel treatment projects within the WUI, within limits 
would be a reasonable balance.  We decided to use the definition established by 
Congress in the HFRA as it established a national procedure for determining the extent 
of the WUI (USDI, USDA FS 2006).    

What limit(s) should be applied:  We elected to put a limit on the amount of fuel treatment 
projects that could exceed the vegetation standards, since WUI has not been mapped on 
all units.  We evaluated the WUI based on a mile of where people live (FEIS, Vol. 1 p. 
217).  A one mile buffer from communities was used because HFRA describes WUI as ½ 
mile or 1 ½ miles depending on certain features.  One mile splits this difference and is 
easy to approximate.  Based on this analysis, we found that about 6 percent of lynx 
habitat is within 1 mile of communities; therefore we limited the amount of acres that 
can exceed the standards to 6 percent of each National Forest.     

In addition, FWS identified two terms and conditions (TC) to minimize impacts of 
incidental take of lynx due to fuel treatment projects.  TC 1 (6 percent limit) was already 
incorporated as described above; TC 2 says fuel treatment projects shall not result in 
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more than three adjacent LAUs exceeding the standard.  This TC has been incorporated 
into the management direction – see Attachment 1.  

Summary:  Exempting fuel treatment projects within the WUI provided a defined area, 
as requested by FWS; we could evaluate the effects (FEIS, Vol. 1 Lynx section); it 
provides for community protection by reducing delay; and meets the purpose and need 
by constraining the area where adverse effects could occur.   In addition we compiled 
information from each forest’s 5 year fuel treatment program to evaluate effects – FEIS, 
Vol. 1, Lynx section and Appendix M, and USDI FWS 2007.  This information was not 
available for the DEIS.  We found that although we would limit adverse effects to 6 
percent of lynx habitat, it is more likely only 1.4 percent or less of lynx habitat would 
have adverse effects.  This is because the fuel treatment program of work within the 
WUI only amounts to 1.4 percent of lynx habitat and many projects can be designed to 
meet the vegetation standards.  Regardless, the vegetation standards would apply to 
fuel treatments on 94 percent of lynx habitat.   

In addition, by addressing the exemption and putting a limit on where adverse effects 
could occur this allowed us to take a cumulative look at the effects planning area wide 
vs. amending standards project-by-project.    

FWS findings related to the vegetation management direction  
The vegetation management direction set forth in the selected alternative conserves the 
most important components of lynx habitat:  a mosaic of early, mature, and late 
successional staged forests, with high levels of horizontal cover and structure.  These 
components ensure the habitat maintains its inherent capability to support both 
snowshoe hare prey base and adequate lynx foraging habitat (and denning habitat) 
during all seasons.  These standards are required for all vegetation management actions 
on at least 93.5 percent of lynx habitat in the planning area.  Areas within the WUIs 
(totaling six percent of lynx habitat) are exempt from these standards; however VEG 
G10 would apply and at least requires some consideration of the standards in designing 
fuel reduction treatments.  Precommercial thinning, allowed under the exceptions, may 
affect an additional 0.5 percent of lynx habitat.  Where these standards are applied to 
vegetation management projects, we anticipate few, if any, would have adverse effects 
on lynx.  Collectively, application of these standards for vegetation management is 
expected to avoid adverse effects on lynx and promote the survival and recovery of 
lynx populations (USDI FWS 2007).  

Management direction related to grazing 
Livestock grazing may reduce or eliminate foraging habitat in areas that grow quaking 
aspen and willow in riparian areas (LCAS).  These localized changes in habitat may 
affect individual lynx; however, no information indicates that grazing poses a threat to 
overall lynx populations (FEIS, Vol. 1, Appendix P, p. 40083).  Appropriate grazing 
management can rejuvenate and increase forage and browse in key habitats such as 
riparian areas.  Grazing was not mentioned in the original listing decision as a threat to 
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lynx, nor is it discussed in the Ecology and Conservation of Lynx in the United States 
(Ruggiero et al. 2000).  In addition, FWS noted that they have found no research that 
provides evidence of lynx being adversely affected by grazing within the planning area 
or elsewhere, or of lynx movements within home ranges being impeded by grazing 
practices (USDI FWS 2007).  

The LCAS recommended four standards for grazing management.  These are reflected 
in Alternative B.  Standards GRAZ S1, GRAZ S2, GRAZ S3, and GRAZ S4 provide 
management direction for grazing in fire and harvest created openings, aspen stands, 
riparian areas and willow carrs, and shrub-steppe habitat.  Alternatives C and D retain 
the management direction as standards.  Alternative E changes the management 
direction to Guidelines GRAZ G1, GRAZ G2, GRAZ G3, and GRAZ G4 because neither 
the Remand Notice nor the Ecology of Conservation of Lynx in the United States recognized 
grazing as a threat to lynx.   

Many people commented on Alternative E, the preferred alternative in the DEIS, and 
said the guidelines should be standards in the final alternative.  Others said grazing 
should not be allowed at all, while two said the grazing guidelines should be retained.  
The FWS did not comment on the level of grazing management direction in Alternative 
E.   We considered these comments in the FEIS Vol. 1 pp. 86-87, as well as Vol. 2, 75-76. 

We decided the management direction for grazing in the selected alternative should be 
in form of guidelines, Guidelines GRAZ G1 through GRAZ G4 because there is no 
evidence grazing adversely affects lynx.  These guidelines provide project design 
criteria for managing grazing in fire and harvest created openings, aspen, willow, 
riparian areas, and shrub-steppe habitats.  The guidelines are designed to minimize 
potential adverse effects and improve habitat conditions.   FWS found that with the 
application of these measures in most cases, there would be no effects or discountable 
effects to lynx (USDI FWS 2007).  In addition, the Lynx Biology Team is in the process of 
updating the LCAS grazing recommendations.   

Management direction related to human uses 

Over-the-snow winter recreation   
Lynx have very large feet in relation to their body mass, providing them a competitive 
advantage over other carnivores in deep snow.  Various reports and observations have 
documented coyotes using high elevation, deep snow areas (Buskirk et al. 2000).  
Coyotes use open areas because the snow is more compacted there, according to 
research conducted in central Alberta (Todd et al. 1981).  In another study in Alberta, 
coyotes selected hard or shallow snow more often than lynx did (Murray et al. 1994).   

The LCAS recommended two objectives and two standards relating to winter dispersed 
recreation.  These are reflected in Alternative B, Objectives HU O1 and HU O3, and 
Standards HU S1 and HU S3.  In Alternative B, Standard HU S1 would maintain the 
existing level of groomed and designated routes.  All action alternatives contain 
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Objectives HU O1 and HU O3 that discourage expanding snow-compacting human 
activities.  Alternatives B, C, and D contain Standard HU S1 that would allow existing 
over-the-snow areas to continue but not expand into new, un-compacted areas.  
Alternative E, the DEIS preferred alternative, contains Guideline HU G11 that 
discourages the expansion of designated over-the-snow routes and play areas into 
uncompacted areas.  All alternatives would allow existing special use permits and 
agreements to continue.   

In comments on the DEIS some people asked that no dispersed over-the-snow use be 
allowed off groomed or designated trails and areas, saying the no net increase in 
groomed or designated routes did not go far enough.  Others said the management 
direction should be in the form of a standard, not a guideline.   

Some people said standards related to over-the-snow use should be removed.  They 
said there is no evidence to show that coyotes and other predators use packed snow 
trails to compete with lynx for prey, and the amount of compaction created by 
snowmobiles is insignificant compared to the compaction created naturally by the 
weather.  They were particularly concerned that if such language was introduced into 
plans, it could be difficult to change, incrementally restricting the places where 
snowmobiling is allowed.  Others wanted an allowance made to increase use.   These 
comments were considered for management direction – see FEIS Vol. 1 pp. 90-93. 

In their comments on the DEIS the FWS agreed it is prudent to maintain the status quo 
and restrict expansion of over-the-snow routes until more information is available 
because of the possibility that, over time, unregulated expansion could impair further 
conservation efforts.  They also said current, ongoing research in Montana may shed 
some information on the effects of snow compaction on lynx.  They suggested careful 
consideration of the most recent information and the reality of possible impairment of 
options for the future.  They suggested considering language that could provide more 
guidance on conditions where the expansion of over-the-snow routes would be 
warranted and acceptable.   

We reviewed the results of research conducted since the DEIS was released.  In 
northwestern Montana (within the northern lynx core area) Kolbe et al. (in press) 
concluded there was “little evidence that compacted snowmobile trails increased 
exploitation competition between coyotes and lynx during winter on our study area.”  
Kolbe et al. (in press) suggested that compacted snow routes did not appear to enhance 
coyotes’ access to lynx and hare habitat, and so would not significantly affect 
competition for snowshoe hare.  They found that coyotes used compacted snow routes 
for less than 8 percent of travel, suggesting normal winter snow conditions allowed 
access by coyotes, regardless of the presence or absence of compacted snow routes.  
Kolbe was able to directly measure relationships between coyotes, compacted snow 
routes and snowshoe hare in an area that also supports a lynx population (USDI FWS 
2007).  In this study coyotes primarily scavenged ungulate carrion that were readily 
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available while snowshoe hare kills comprised only three percent of coyote feeding sites 
(Kolbe et al. in press).   

In the Uinta Mountains of northeastern Utah and three comparative study areas (Bear 
River range in Utah and Idaho, Targhee NF in Idaho, Bighorn NF in Wyoming) Bunnell 
(2006) found that the presence of snowmobile trails was a highly significant predictor of 
coyote activity in deep snow areas.   

From track surveys it was determined the vast majority of coyotes (90 percent) stayed 
within 350 meters of a compacted trail and snow depth and prey density estimates 
(snowshoe hares and red squirrels) were the most significant variable in determining 
whether a coyote returned to a snowmobile trail (Bunnell 2006).  Of the four study areas 
recent lynx presence has only been documented on the Targhee NF.   Bunnell indicated 
that “circumstantial evidence” suggested the existence of competition.  

To date, research has confirmed lynx and coyote populations coexist, despite dietary 
overlap and competition for snowshoe hare, the primary prey of lynx, and alternate 
prey species.  In some regions and studies, coyotes were found to use supportive snow 
conditions more than expected, but none confirm a resulting adverse impact on lynx 
populations in the area.  The best scientific information (Kolbe’s study) is from an 
occupied core area within our planning area.  Radio-collared lynx and coyotes were 
monitored in this study, unlike the Bunnell study.  This area is occupied by both lynx 
and coyotes and the study concludes coyotes did not require compacted snow routes to 
access winter snowshoe hare habitat.   

Based on this information, we reevaluated management direction related to over-the-
snow activities.  An alternative to prohibit all snow-compacting activities or to limit 
dispersed use was evaluated, but not considered in detail because current research 
indicates this level of management direction is unwarranted (USDI FWS 2000a; FEIS, 
Vol. 1, Appendices O and P).    

An alternative to drop all direction limiting snow compaction was not developed in 
detail because there is evidence competing predators use packed trails, suggesting a 
potential effect on individual lynx.  We decided it was prudent to maintain the status 
quo and not let over-the-snow routes expand.  However, we also decided it was 
reasonable to retain the direction as a guideline in the selected alternative which can be 
used in project design.  The intent is to follow the management direction in guidelines.  
However, there may be some cases where expansion of over-the-snow routes would be 
warranted and acceptable, or where research indicates there would be no harm to lynx.  
Guidelines are better suited to adaptive management.  

There is also no basis to establish any particular threshold of allowable increases.  
However, the selected alternative allows expanding winter recreation in some places 
where heavy public use existed in 1998, 1999, or 2000 – see Guideline HU G11. 

The FWS concluded the Objectives HU O1 and O3, and Guideline HU G11 would be 
sufficient to maintain habitat effectiveness for lynx by limiting the expansion of 
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compacted snow routes and this conclusion would be tested through monitoring 
required in this decision.  The best information available has not indicated compacted 
snow routes increase competition from other species to levels that adversely affect lynx 
populations, and under the selected alternative the amount of areas affected by snow 
compacted routes would not substantially increase (USDI FWS 2007).   

Developed recreation 
The LCAS identified risk factors associated with ski areas, including short-term effects on 
denning, foraging, and diurnal security habitat and long-term effects on movement 
within and between home ranges (LCAS, p. 2-10).  Ski areas may eliminate habitat and 
pose a threat to movements; but most were constructed before lynx became a 
conservation issue (Hickenbottom et al. 1999, p. 70).  Mitigation measures can be 
developed at the project level to lessen the effects of existing developments.  

The LCAS recommended various objectives, standards, and guidelines in relation to 
developed recreation, specifically ski areas.  These are reflected Alternative B, Objectives 
ALL O1, HU O2, HU O3, and HU O4; Standards ALL S1 and HU S2; and Guidelines HU G1, 
HU G2, HU G3, and HU G10.  Objectives and standards (LINK O1 and LINK S1) 
regarding habitat connectivity also address concerns about developed recreation. These 
objectives, standards, and guidelines provide management direction about ski area 
development, expansion, and operations to provide for lynx movement, security, and 
habitat needs.   

The alternatives retain similar management direction as Alternative B, except 
Alternatives C, D, and E changed Standard HU S2 to Guideline HU G10.  Standard HU 
S2 requires diurnal habitat to be maintained, if needed.  There is no evidence that 
diurnal security habitat is required by, or where it occurs on ski areas is used by lynx 
(USDI FWS 2007).  Since the need to provide diurnal habitat is questionable, we 
determined it was better suited as a guideline.   

In commenting on the DEIS some people said ski areas should be removed or at least 
prevented from expanding.  Others recommended the final preferred alternative retain 
Standard HU S2.  There are 24 existing down hill and cross country ski areas in 
occupied habitat in the planning area, which affect about 17,500 acres out of the 12.5 
million acres of occupied habitat.  Eight down hill ski areas are planned for expansion.  
One new ski area is proposed.  Most of the ski areas are located on individual mountain 
ranges, not several together as in other areas in the west (FEIS, Vol. 1 p. 285).  There is 
no indication these ski areas affect lynx travel because these ski areas are spread across 
the planning area.  There is no information that indicates removal of ski areas is 
warranted, nor is limiting their expansion, as long as lynx needs are considered.  The 
selected alternative includes standards to provide for lynx habitat connectivity, and 
includes guidelines to be use in the development of ski area expansion.  Many adverse 
effects of developed recreation will be minimized under the selected alternative (USDI 
FWS 2007).   
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Minerals and energy 
The LCAS said the main risk factors associated with minerals and energy development 
is related to the potential for plowed roads to provide access for lynx competitors.  

These recommendations are reflected in Alternative B, Objectives ALL O1, HU O1, and 
HU O5, Standards ALL S1 and HU S3, and Guidelines HU G4, and HU G5 which provide 
management direction for mineral and energy development.  All except standard HU 
S3 remain essentially the same in all alternatives.   Standard HU S3 says to keep mineral 
and energy development to designated routes.  This standard was changed to Guideline 
HU G12 in Alternative E and in the selected alternative to be consistent with the 
application of management direction regarding over-the-snow routes discussed above.  

In commenting on the DEIS some people said lease stipulations identifying constraints 
on developing oil and gas, coal, or geothermal resources should be one of the decisions 
made as a part of the management direction.  This comment is addressed in the FEIS, 
Vol. 1 p. 94-95.   FWS did not comment on the management direction related to minerals 
and energy development.   

Forest roads  
Lynx are known to have been killed by vehicle-collisions in Colorado (reintroduced 
population; paved, high-speed highways), in Minnesota (paved, high-speed highways) 
and in Maine (high-speed, relatively straight gravel roads on flatter terrain).  The best 
information suggests that the types of roads managed by the Forest Service do not 
adversely affect lynx (USDI FWS 2007).  Lynx mortality from vehicle strikes are 
unlikely, and to date none have been documented on National Forest System lands 
within the planning area, given the relatively slow speeds at which vehicles travel on 
these roads (due to topography and road conditions) and generally low traffic volumes.   

Roads may reduce lynx habitat by removing forest cover.  Along less-traveled roads 
where the vegetation provides good hare habitat, sometimes lynx use the roadbeds for 
travel and foraging (Koehler and Brittell 1990; LCAS, p. 2-12).  A recent analysis on the 
Okanogan NF in Washington showed lynx neither preferred nor avoided forest roads, 
and the existing road density does not appear to affect lynx habitat selection (McKelvey 
et al. 2000; USDI FWS 2000a, p. 39).   

Although many species of wildlife are disturbed when forest roads are used (Ruediger 
1996), preliminary information suggests lynx do not avoid roads (Ruggiero et al. 2000) 
except at high traffic volumes (Apps 2000).  In denning habitat, when roads are used 
during summer, lynx may be affected if they move their kittens to avoid the disturbance 
(Ruggiero et al. 2000; LCAS, p. 2-12). 

The LCAS recommended several guidelines to address potential impacts of forest 
roads, including upgrading, cutting and brushing, and public use.   These guidelines 
generally discourage improving access for people or reduce the likelihood people 
would see lynx near roads.  These guidelines are reflected in Alternative B, Guidelines 
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HU G6, HU G7, HU G8, and HU G9.  All the alternatives, including the selected 
alternative retain these guidelines.   

In commenting on the DEIS some people said more restrictions on roads were needed 
to conserve lynx.  They wanted new road construction halted, road densities identified 
and existing roads closed or eliminated, or they wanted the roads guidelines turned 
into standards.  Other people said there should be no road-related standards or 
guidelines, saying no evidence exists that roads harm lynx.  Some people said Guideline 
HU G9 should be deleted because there are no compelling reasons to close roads.   The 
FEIS, Vol. 1, pp. 95 to 96 describes how these were considered in the development of the 
management direction.  FWS had no comments related to these guidelines.  

Based on our review we found no information indicating road building should be 
banned or that further restrictions were needed.  The guidelines adequately address the 
known risks associated with roads.  We determined guidelines were the appropriate 
level of management direction because guidelines provide information and guidance 
for project design and decision-making.  Some guidance on how to design projects is 
warranted because roads may affect individual lynx.  

Management direction related to linkage areas 

Highways and connectivity  

Highways impact lynx by fragmenting habitat and impeding movement.  As traffic 
lanes, volumes, speeds, and rights-of-way increase, the effects on lynx are increased.  As 
human demographics change, highways tend to increase in size and traffic density.   

The LCAS recommended one objective, two standards, and a guideline directly or 
indirectly related to highways and connectivity.  These are reflected in Alternative B, 
Objective ALL O1, Standards ALL S1 and LINK S1, and Guideline ALL G1.  Objective ALL 
O1 and Standard ALL S1 are intended to maintain connectivity.  Standard LINK S1 is 
intended to provide a process for identifying wildlife crossings across highways.        

Alternatives C, D, E and the selected alternative have the same objective and standards.  

In comments on the DEIS some people said more should be done than just identifying 
highway crossings.  FWS did not comment on management direction related to 
highways.  

The LCAS recommended project standards for highways.  It says to “Identify, map and 
prioritize site-specific locations, using topographic and vegetation features, to 
determine where highway crossings are needed to reduce highway impacts on lynx and 
other wildlife”.  Alternatives B, C, D, E and the selected alternative include Standard 
LINK S1 which reflects the intent of the LCAS recommendations.  In addition, 
Guideline ALL G1 says “Methods to avoid or reduce effects on lynx should be used 
when constructing or reconstructing highways or forest highways across federal land.  
Methods could include fencing, underpasses or overpasses.”  
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As noted in Chapter 3, Transportation Section, portions of three highways are likely to 
be reconstructed in linkage areas in the next ten years.   State agencies in Wyoming, 
Idaho, and Montana are incorporating wildlife crossings into their highway design 
packages (Wyoming Department of Transportation, 2005; Idaho Transportation 
Department 2004; Montana DOT, FHWA, Confederated Kootenai and Salish Tribes 
2006).  Therefore no further management direction regarding wildlife crossings in the 
form of standards was found to be warranted.  

Other considerations in linkage areas 

Coordination among different land management agencies is important to the recovery 
of lynx because lynx have large home ranges and may move long distances.  The LCAS 
recommended guidance for working with landowners to pursue solutions to reduce 
potential adverse effects.  This recommendation is reflected in Alternative B, Objective 
LINK O1.  This objective is the same among all alternatives, including the selected 
alternative. 

In addition, it is important to mention the Forest Service is a lead member in the 
interagency Lynx Steering Committee and the Lynx Biology Team (FEIS, Vol. 1 Chapter 
4), and played a key coordination role for the Lynx Science Team.   These efforts 
facilitate relationships with other Federal and non-Federal landowners, including the 
States and provide a source for non-Federal land management guidance, through 
products such as the LCAS and Forest Plans.  The Steering Committee would also 
provide a forum to build and sustain cooperative efforts with Canada to maintain lynx 
connectivity across the international border, if and when the need arises (USDI FWS 
2007).  The Forest Service also led the interagency effort to identify linkage areas.  

Use of standards and guidelines 
The selected alternative incorporates standards for those risk factors found to threaten 
lynx populations.  Standards are management requirements used to meet desired 
conditions.  Standards were used in those situations where we wanted to provide 
sideboards for project activities.  Guidelines were used for those risk factors that may 
have possible adverse affects on individual lynx.  Guidelines are management actions 
normally taken to meet objectives.  They provide design criteria to meet lynx objectives. 
We expect guidelines to be followed in most cases, however based on site-specific 
conditions there may be reason not to follow a guideline.   

FWS found guidelines would be implemented in most cases and adverse effects would 
not always occur where guidelines are not implemented.  Effects would be based on 
site-specific conditions, with compliance with Section 7 consultation for each project.  
The FWS does not expect adverse effects as a result of changes of LCAS standards to 
guidelines to reach levels that impact lynx populations.  Changes from standards to 
guidelines occurred when the best available information indicated the action was not 
likely to adversely affect lynx, or not likely to adversely affect lynx in most cases (i.e. 
where no conclusive or reliable information supported the standard in the LCAS).  
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Application of the standards, and for the most part guidelines, in core and occupied 
secondary areas substantively reduce the potential for adverse effects on lynx over the 
existing plans (USDI FWS 2007).  

In addition, we will monitor the application of guidelines to see if our assumption they 
are normally applied is correct.  Annually we will review the monitoring results to 
determine if further consideration is warranted.  

Where to apply the decision  
The selected alternative is incorporated into all forest plans in the planning area (FEIS, 
Vol. 1, Table 1-1 p. 5 and Figure 1-1).  However, the management direction only applies 
to occupied lynx habitat.  Those National Forests (the Beaverhead-Deerlodge, Bitterroot, 
Nez Perce in Region 1; the Bighorn in Region 2; and the Ashley, and Salmon-Challis in 
Region 4), or isolated portions of National Forests (the Custer, Gallatin, Helena and 
Lewis and Clark in Region 1), that presently are unoccupied by Canada lynx should 
consider the management direction that is now incorporated into their Forest Plans 
when developing projects, but are not required to follow the management direction 
until such time as they are occupied by Canada lynx.   

According to the Conservation Agreement (USDA FS, USDI FWS 2006a), an area is 
considered occupied when: (1) there are at least 2 verified lynx observations or records 
since 1999 on the national forest, unless they are verified to be transient individuals; or 
(2) there is evidence of reproduction on the national forest.   

This direction is in keeping with the current Conservation Agreement which only 
applies to projects and activities in occupied habitat.  The FWS species lists on those 
forests and portions of forests that are unoccupied do not show lynx as a species for 
consideration.   However, as noted in the Biological Opinion, the FWS said, and we 
agree that lynx detection is needed to assess whether further management direction is 
warranted (USDI FWS 2007).  Therefore, we agree to work with the FWS to develop and 
complete an acceptable protocol to survey currently unoccupied lynx habitat in 
secondary areas as described in the Biological Opinion, Term and Condition #4.  

Incorporation of terms and conditions  
On March 16, the FWS issued its Biological Opinion on the Northern Rockies Lynx 
Management Direction (USDI FWS 2007).  In the opinion the FWS concluded that the 
management direction would overall be beneficial, but that some adverse effects to lynx 
would still be anticipated.  It determined the management direction would not 
jeopardize the continued existence of lynx.  The opinion also provides an incidental take 
statement which specifies the impact of any incidental taking of lynx.  It also provides 
reasonable and prudent measures that are necessary to minimize the impacts of the take 
and sets forth terms and conditions which must be complied with in order to 
implement the reasonable and prudent measures.   
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The opinion identified three reasonable and prudent measures (RPM) with four 
associated terms and conditions (TC).  We incorporated TC 1 through 3 into the 
management direction.  The TCs are shown in italics in Attachment 1.  TC #4 is agreed 
to as described below.   

RPM #1:  Minimize harm from fuels management by ensuring the acres impacted are 
not concentrated in a geographic area or several adjacent LAUs  

Ensure fuels management projects conducted under the exemptions from Standards 
VEG S1, S2, S5 and S6 in occupied habitat:  

TC 1.  do not occur in greater than 6 percent of lynx habitat on any forest; and  

TC 2.  do not result in more than 3 adjacent LAUs not meeting the VEG S1 
standard.   

TC 1 was already part of the management direction.  TC 2 has been added to Standard 
VEG S1.  

RPM #2:  Minimize harm from precommercial thinning and vegetation management by 
ensuring that LAUs either retain sufficient foraging habitat, or do not substantially 
reduce foraging habitat.  

TC 3.  In occupied habitat, precommercial thinning and vegetation management 
projects allowed per the exceptions listed under VEG S5 and S6, shall not occur in 
any LAU exceeding VEG S1, except for projection of structures.  This requirement 
has been added to Standards VEG S5 and VEG S6.    

RPM #3:  On those Forests with currently unoccupied lynx habitat, lynx detection is 
needed to assess whether further management direction is warranted, including 
application of the management direction. 

TC 4.  Within 18 months of the date of the Biological Opinion, the Forest Service 
shall work with the Service to develop and complete an acceptable protocol to 
survey currently unoccupied lynx habitat in secondary areas.   We agree to work 
with the FWS to develop and complete the protocol in unoccupied secondary areas.    

The FWS also identified several monitoring and reporting requirements related to the 
above terms and conditions.  We have incorporated these elements in the selected 
alternative – see Attachment 1, page 9.  

Consideration of conservation recommendations 
The FWS also identified three conservation recommendations which are discretionary 
agency activities to minimize or avoid adverse effects of a proposed action on listed 
species or critical habitat, to help implement recovery programs, or to develop 
information.   

Recommendation 1.  The FS should ensure to the extent possible, that unoccupied 
habitat continues to facilitate and allow dispersal of lynx into the future.  Therefore the 
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FWS recommends the management direction regarding linkage areas and connectivity 
by applied in the unoccupied areas (ALL O1, ALL S1, ALL G1; LINK O1, LINK S1 and 
LINK G1).   The Forest Service already considers and applies this management direction 
in our current program of work; therefore we have decided to not apply the direction in 
unoccupied areas until such time the areas are occupied.   

Habitat connectivity is considered in the design of permanent developments and 
vegetation management.  Few, if any, vegetation projects affect habitat connectivity.  
Most, if not all units, have some level of riparian area protection requirements in their 
existing plans.  This direction facilitates movement of lynx through riparian areas.   

The greatest risk to impeding connectivity is in relation to roads and highways.  The 
Forest Service already works with the State and Federal Highway agencies and is part 
of the steering team that produced the document Eco-logical: An Ecosystem Approach to 
Developing Infrastructure Projects (USDOT, 2006), FEIS Transportation Section.  Also 
noted in this section is the highway work planned and projected in all lynx habitat and 
how the states have incorporated wildlife crossings into the design of those future 
projects.  The FEIS p. 198 evaluated the effects of not applying the management 
direction to unoccupied areas and discloses that there would be minimal effects, 
especially to linkage areas because similar management direction or the intent of the 
direction already exists.   

Recommendation 2.  The Forest Service should coordinate with the Service to develop, 
within 18 months a method to monitor the amount and condition of lynx habitat in 
unoccupied secondary habitat.  The Forest Service agrees to this recommendation.   

Recommendation 3.  The Forest Service should continue to be a leader in lynx 
conservation and understanding.  The Forest Service agrees to this recommendation.  

Canada Lynx Recovery Outline 
On September 12, 2005 the FWS issued a Recovery Outline for Canada lynx (USDI FWS 
2005).  The outline is to serve as an interim strategy to guide and encourage recovery 
efforts until a recovery plan is completed.  In the Recovery Outline, FWS categorized 
lynx habitat as: 1) core areas; 2) secondary areas; and 3) peripheral areas. The areas with 
the strongest long-term evidence of the persistence of lynx populations within the 
contiguous United States are defined as “core areas.”  As we discuss below and 
illustrated on the enclosed map (Figure 1-1), we have two core areas in the analysis 
area.  Core areas have both persistent verified records of lynx occurrence over time and 
recent evidence of reproduction.  According to FWS, focusing lynx conservation efforts 
on these core areas will ensure the continued persistence of lynx in the contiguous 
United States by addressing fundamental principles of conservation biology (USDI FWS 
2007).  The Recovery Outline says “Recovery of lynx will be achieved when conditions 
have been attained that will allow lynx populations to persist long-term within each of 
the identified core areas.” (USDI FWS 2005).  
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At this time, the role of areas outside of these core areas in sustaining lynx populations 
is unclear. The fluctuating nature of lynx population dynamics and the ability of lynx to 
disperse long distances have resulted in many individual occurrence records outside of 
core areas, without accompanying evidence of historic or current presence of lynx 
populations.  Areas classified as “secondary areas” are those with historical records of 
lynx presence with no record of reproduction; or areas with historical records and no 
recent surveys that document the presence of lynx and/or reproduction.  We have one 
area of secondary habitat in the analysis area (Figure 1-1).  Much of the secondary 
habitat is unoccupied.  FWS hypothesizes that secondary areas may contribute to lynx 
persistence by providing habitat to support lynx during dispersal movements or other 
periods, allowing animals to then return to “core areas.”  

In “peripheral areas” the majority of historical lynx records are sporadic and generally 
corresponds to periods following cyclic lynx population highs in Canada. There is no 
evidence of long-term presence or reproduction that might indicate colonization or 
sustained use of these areas by lynx.  However, some of these peripheral areas may 
provide habitat enabling the successful dispersal of lynx between populations or 
subpopulations. We have four areas of peripheral habitat in the analysis area (Figure 1-
1).  At this time, FWS does not have enough information to clearly define the relative 
importance of secondary or peripheral areas to the persistence of lynx in the contiguous 
United States (USDI FWS 2005, USDI FWS 2007). 

In the Recovery Outline, FWS presented four preliminary recovery objectives.  Below, 
we summarize FWS findings (USDI FWS 2007) of how the selected alternative meets the 
recovery objectives.   

Preliminary recovery objective 1: Retain adequate habitat of sufficient quality to support the 
long-term persistence of lynx populations within each of the identified core areas. 

FWS concludes the selected alternative fulfills this objective and adequately manages 
the two core areas within the planning area to support lynx recovery.  The selected 
alternative supports the long-term persistence of lynx populations within the 
Northwestern Montana/Northeastern Idaho and Greater Yellowstone core areas, which 
constitutes one third of the core areas nationwide (USDI FWS 2007).   

Preliminary recovery objective 2: Ensure that sufficient habitat is available to accommodate 
the long-term persistence of immigration and emigration between each core area and adjacent 
populations in Canada or secondary areas in the United States. 

FWS concludes the selected alternative contributes to this recovery objective in part.  

Lynx have the ability to move great distances, through varied terrain and habitat.  
Dispersing lynx use a variety of habitats and prey resources compared to lynx 
attempting to establish a home range and territory (USDI FWS 2007). 

Connectivity between the United States and Canada appears intact thus far, as the 
Northwestern Montana/Northeastern Idaho core area is directly adjacent to Canada 
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and includes Glacier Park along its northeastern edge.  The selected alternative provides 
and conserves core area lynx habitat directly adjacent to and contiguous with lynx 
habitat in Canada.  Such habitat should accommodate both immigration of lynx from 
Canada and emigration from core areas to secondary areas or Canada. 

The selected alternative applies to all core areas and occupied secondary areas.  The 
direction includes objectives, standards, and guidelines to actively maintain or restore 
lynx habitat connectivity in and between linkage areas and LAUs (lynx home ranges).   
Because these measures apply in both core and occupied secondary areas, the selected 
alternative clearly meets the recovery objective of accommodated long-term 
connectivity across these broad areas.   

The selected alternative is less clear in its effects in unoccupied secondary areas 
between the Northwestern Montana/Northeastern Idaho and Greater Yellowstone core 
areas.  The management direction will not be applied to these areas until they become 
occupied.  In the meantime existing plan direction will be followed.   

Information indicates the likely impact of projected vegetation management on 
connectivity in this area may not be excessive.   Fuel treatment projects in unoccupied 
habitat would likely occur in no more than two to three percent of all lynx habitat on 
any forest in secondary areas (FEIS Vol. 1, p. 195, USDI FWS 2007).  In unoccupied areas 
precommercial thinning could occur on about 67,000 acres (about 1 percent) with full 
funding and 23,000 acres (0.4 percent) or less with projected funding.  Timber harvest in 
unoccupied areas could result in creating stand initiation openings in more than 30 
percent of an LAU.  However, very few LAUs exceed this amount now and those that 
were in excess were in that condition due to past wildfires (FEIS, Vol. p. 155).  
Information regarding projected timber harvest was not available, but based on the past 
harvest history (Project File/Forests/FEIS/Data) it is unlikely regeneration harvest will 
occur to the same levels it did historically (1970s and 1980s).  Based on this, FWS found 
vegetation management, under existing plan direction, would not preclude connectivity 
or opportunistic foraging conditions (USDI FWS 2007).   

Development is another factor that may impede lynx movement.  Four ski areas, 
affecting about 3,800 acres occur on National Forest System lands, in unoccupied 
secondary habitat; two of the four are planning expansions.  None of these ski areas 
impede connectivity of lynx habitat at this time (USDI FWS 2007).  

Connectivity for lynx could be more impacted by development such as highway 
expansions.  Under existing plans and national efforts, methods to provide for safe 
wildlife crossings are currently being researched by all state highway departments and 
are being incorporated into highway improvements (FEIS, Vol. 1 p. 294-295).  

In secondary unoccupied habitat, units should consider the management direction until 
such time the area becomes occupied.  Given the estimates of projected impacts and the 
best information available regarding lynx dispersal movements, FWS concluded that 
under existing plan direction, these unoccupied secondary areas would reasonably be 
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expected to provide adequate connectivity and opportunistic foraging habitat for lynx 
to allow dispersal (USDI FWS 2007).  

Preliminary recovery objective 3: Ensure habitat in secondary areas remain available for 
continued occupancy by lynx. 

FWS found the selected alternative contributes to this recovery objective in part.   

The recovery outline discusses the relative importance of core and secondary areas to 
lynx recovery.  The selected alternative will fully provide management direction in 
occupied lynx habitat – both core and secondary.  This measure ensures habitat in 
currently occupied secondary habitat remains available for continued occupancy by 
lynx. 

The forests should consider the management direction in currently unoccupied 
secondary habitat.  As noted in Objective 3, management actions could adversely affect 
unoccupied secondary lynx habitat.  If and when lynx attempt to establish home ranges 
in secondary areas, individual lynx could be affected.  It is also important to note that 
about 70 percent of unoccupied secondary lynx habitat in the planning area is in 
roadless or wilderness status where forest management actions are minimal and natural 
processes predominate.   

Occupancy could occur if lynx populations in core areas were to expand, as periodically 
happens in lynx populations in Canada.  However, given the projected impacts 
described in Objective 3, non-developmental areas, and existing habitat conditions, 
FWS believes it is reasonable to expect some lynx would occupy these secondary areas 
despite lack of mandatory direction in plans, but at a lower density than core.  Further, 
if detected, once lynx occupy a previously unoccupied area, the management direction 
will apply.  In the meantime, our vegetation management actions may degrade lynx 
habitat, but resulting conditions are typically temporary, not permanent.  The risks of 
most vegetation management actions, such as timber harvest, precommercial thinning 
and other modifications of habitat, are reversible since typically forests regenerate 
overtime, with or without active restoration.  Based on this FWS found lynx habitat on 
National Forests System lands in secondary areas will likely remain available for 
recovery of lynx over time (USDI FWS 2007).  

The Opinion goes on to say the selected alternative does not fulfill Objective 3 entirely, 
as it lacks requirements for further or continued monitoring or surveying of unoccupied 
secondary areas for the amount and condition of lynx habitat and lynx presence, as 
recommended in the recovery outline.   

However, through this decision we agree to work with the FWS to develop and 
complete a protocol to survey and to develop a method to monitor the amount and 
condition of lynx habitat in unoccupied secondary habitat.  Our agreement to these 
items will aid in fulfilling Objective 3.   
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Preliminary recovery objective 4: Ensure threats have been addressed so that lynx 
populations will persist in the contiguous United State for at least the next 100 years. 

FWS found that although plans do not apply for 100 years and thus cannot directly 
fulfill this objective, the selected alternative will allow lynx populations to persist on 
lands within core areas in the planning area within the foreseeable future.  The selected 
alternative addresses the threat to the distinct population segment (DPS), inadequate 
regulatory measures, within core areas in the planning area by limiting, reducing or 
avoiding major adverse impacts of federal land management on lynx, as well as several 
other impacts or influences that do not rise to the level of a threat to the DPS.  Further, a 
large portion of lynx habitat within the planning area (67 percent) remains in non-
developmental status, where natural processes predominate.  Finally, unoccupied lynx 
habitat within secondary and peripheral lynx areas is likely to retain habitat that 
provides opportunistic foraging habitat and connectivity adequate for dispersal of lynx, 
despite the lack of specific direction for lynx habitat management (USDI FWS 2007). 

Findings Required by Laws, Regulation, and Policies  
National Environmental Policy Act 
The National Environmental Policy Act (NEPA) requires analysis of decisions to ensure 
the anticipated effects on the environment within the analysis area are considered prior 
to implementation (40 CFR 1502.16).  The analysis for the Northern Rockies Lynx 
Management Direction followed the NEPA guidelines as provided by the Council on 
Environmental Quality.  Alternatives were developed based on the Purpose and Need, 
the primary issues, public comments, lynx needs as identified by the LCAS, research, 
and other publications.   A total of six alternatives were considered in detail, including 
the No Action Alternative as required by NEPA (FEIS, pp. 26 to 69 and 107 to 134).  
Additional management direction was considered but eliminated from detailed study 
(FEIS, pp. 71 to 106).  The range of alternatives is appropriate given the scope of the 
proposal, the public issues expressed, and the Purpose and Need for action (FEIS, 
Chapter 1). 

Unavoidable adverse effects 
The selected alternative does not represent an irreversible or irretrievable commitment 
of resources.  Any disturbance to resources cannot occur without further site-specific 
analyses, section 7a consultation required under ESA and decision documents.  For a 
detailed discussion of effects of this decision, see Chapter 3 of the FEIS (pp. 135 to 350). 

Environmentally preferable alternative(s) 
Regulations implementing NEPA require agencies to specify “the alternative or 
alternatives which are considered to be environmentally preferable” (40 CFR 1505.2(b)). 
The environmentally preferable alternative causes the least damage to the biological 
and physical environments and best protects, preserves, and enhances historical, 
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cultural, and natural resources.  Based on the description of the alternatives considered 
in detail in the FEIS and in this ROD, we determined the selected alternative best meets 
the goals of Section 101 of the NEPA, and is therefore the environmentally preferable 
alternative for this proposed federal action.  

FWS found timber harvest can be beneficial, benign, or detrimental depending on 
harvest method, and the spatial and temporal occurrence on the landscape (FEIS, Vol. 1, 
Appendix P).  The vegetation standards in the selected alternative ensure the timber 
management program is beneficial to lynx.  Standard VEG S1 limits the amount of lynx 
habitat that is in the stand initiation stage to 30 percent of each LAU at any time, 
ensuring a continuous rotation of all forest stages through time that supply lynx habitat 
in each LAU (FEIS, Vol. 2, p. 60).  Standard VEG S2 allows no more the 15 percent of the 
lynx habitat to change to the stand initiation stage through timber harvest in a 10-year 
period.  This limits the rate of change within an LAU to ensure sufficient habitat for 
lynx through time.   

Precommercial thinning can impact lynx habitat.  Standard VEG S5 precludes 
precommercial thinning except in certain situations that FWS has determined would 
have little effect upon lynx or their habitat, but would advance natural ecological 
conditions (FWS comment letter on the DEIS, pp. 8 and 9).  While these exceptions have 
little effect on lynx (0.5 percent of lynx habitat) they have important positive impacts on 
other resources and situations such as maintaining aspen, western white pine, and 
whitebark pine, and fuel reduction near buildings.  

Since the LCAS was published it has become clear that multistory mature stands with 
dense horizontal cover are important to lynx.  In the selected alternative, Standard VEG 
S6 is instrumental in maintaining winter snowshoe hare habitat in multistoried forests 
which will aid in lynx persistence.  

The selected alternative allows for management of fuels in the WUI under Guideline 
VEG G10, rather than standards.  Under VEG G10 fuel reduction projects in the WUI 
should consider the VEG standards, but may deviate from them, up to a cap of 6 
percent of the lynx habitat on each National Forest.  Lynx habitat is still considered; 
however, if the fuel reduction needs are such that any of the four VEG standards cannot 
be met while at the same time meeting fuel treatment objective, the project may proceed 
under Guideline VEG G10.  Fuel treatment actions in 94 percent of the lynx habitat must 
follow the VEG standards, while at the same time fuel treatment projects in the WUI 
can protect other valuable resources. 

The selected alternative contains guidelines for the various activities on National Forest 
System land that may have possible adverse affects on individual lynx.  Standards were 
changed to guidelines when the best available information indicated the action was not 
likely to adversely affect lynx, or not likely to adversely affect lynx in most cases (i.e. 
where no conclusive or reliable information supported the standard in the LCAS).   
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The selected alternative contributes to lynx conservation and recovery on National 
Forest System lands, but allows for management of other resources.  Considering all 
this, the selected alternative is the environmentally preferred alternative because it 
causes the least damage to the biological and physical environments and best protects, 
preserves, and enhances natural resources.   

National Forest Management Act 
Significance determination:  The purpose of this proposal is to incorporate management 
direction into plans for the conservation and recovery of Canada lynx.   

In January 2005, the Forest Service removed the November 9, 2000 National Forest 
System Land and Resource Management Planning Regulations at 36 CFR 219, subpart 
A and replaced them with newly adopted regulations.  The new regulations set forth a 
process for land management planning, including the process for developing, 
amending, and revising land management plans (36 CFR 219.1).  These regulations also 
incorporate effective dates and transition periods.  Section 219.4(e) says “Plan 
development, plan amendments or plan revision initiated before the transition period 
(starting January 5, 2005) may continue to use the provisions of the planning 
regulations in effect before November 9, 2000” – in this case the 1982 regulations.  This 
proposal was initiated on September 11, 2001, which is before the transition period; 
therefore it is being completed under the requirements of the 1982 regulations.  

The National Forest Management Act (NFMA) provides that forest plans may be 
amended in any manner, but if the management direction results in a significant change 
in the plan, the same procedure as that required for development and approval of a 
plan shall be followed.  The 1982 regulations at 36 CFR 219.10(f) requires the agency to 
determine whether or not a proposed amendment will result in a significant change in 
the plan.  If the change resulting from the amendment is determined not to be 
significant for the purposes of the planning process, then the agency may implement 
the amendment following appropriate public notification and satisfactory completion of 
NEPA procedures.  

Forest Service Manual (FSM) 1920, section 1926.5 (Jan. 31, 2006) identifies factors to 
consider in determining whether an amendment is significant or non-significant for 
those plans using planning regulations in effect before November 9, 2000.   

Changes to the land management plan that are not significant can result from:  
1. Actions that do not significantly alter the multiple-use goals and objectives for long-

term land and resource management. 
2. Adjustments of management area boundaries or management prescriptions 

resulting from further on-site analysis. 
3. Minor changes in standards and guidelines. 
4. Opportunities for additional projects or activities.  
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Examples of significant changes include:  
1. Changes that would significantly alter the long-term relationship between levels of 

multiple-use goods and services originally projected. 
2. Changes that may have an important effect on the entire land management plan or 

affect land and resources throughout a large portion of the planning area during the 
planning period.  

The selected alternative will change in plans similar to examples of non-significant 
changes #1 and #3.  The effects of this decision are not similar to either example of 
significant plan changes.  These findings are discussed in further detail below.   

Under the selected alternative the management direction will only apply to occupied 
habitat.  At this time the Beaverhead-Deerlodge, Bitterroot, Nez Perce, Salmon-Challis, 
Ashley and Bighorn NFs are unoccupied; therefore these units should consider the 
management direction but will not have to apply it.  Several mountain ranges on the 
Custer, Gallatin, Helena, and Lewis and Clark NFs are also unoccupied and the 
management direction will not have to be applied in these areas until lynx occupy the 
site.  However, since the selected alternative could be applied to all units at some point 
in time, the following analyzes the effects on the planning area as a whole.  

Changes in standards and guidelines are minor 

The selected alternative adds one goal to forest plans; conserve Canada lynx.  This goal 
is consistent with other goals in existing plans and other legal requirements to provide 
for habitat needs for threatened and endangered species.  The selected alternative adds 
several objectives to the plans.  These objectives require consideration of natural 
ecosystem process and functions, and consideration of lynx habitat needs.  The 
additional objectives provide more species-specific guidance but do not alter the overall 
objectives to provide for habitat needs for threatened and endangered species. The 
proposal does not change any Management Area (MA) designation.   

The selected alternative adds seven standards and twenty-four guidelines.  The 
addition of these new standards and guidelines are minor as discussed below. 

Changes would not significantly alter the long-term relationship between levels of multiple-use 
goods and services originally projected. 

The management direction would not substantially alter outputs for grazing, minerals, 
energy, transportation systems, developed recreation areas, such as ski areas or winter 
recreation.  These activities will not be prohibited by the management direction; 
however, habitat needs for lynx will need to be considered when managing these 
resources.  The new direction will also not substantially alter timber outputs, even 
though it may affect growth and yield.   

The selected alternative limits precommercial thinning in winter snowshoe hare habitat 
in young regenerating forests, with some exceptions – see Standard VEG S5.  
Precommercial thinning is allowed to restore aspen, whitebark pine and planted rust-
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resistant western white pine.  Precommercial thinning will also be allowed if new 
research indicates it will benefit or only have short-term adverse effects to lynx.  
Precommercial thinning is not allowed in young regenerating lodgepole pine forests, 
unless new research indicates it is beneficial or benign.  Limiting precommercial 
thinning in lodgepole pine forests could affect growth and yield, and the potential to 
produce some products in the future, because these forests tend to stop growing if not 
thinned; however overall cubic foot volume would not be affected.    

The Beaverhead-Deerlodge and the Bridger-Teton are the only units that have a 
majority of their precommercial thinning identified over the next ten years in lynx 
habitat and in lodgepole pine; therefore they are the only units that could see a 
reduction to growth and yield (FEIS, Vo1. 1, Appendix K-5).  Under current programs, 
the units only have accomplished a portion of their thinning program (approximately 
34 percent) due to budgets, so it is difficult to tease out the effects from the management 
direction in this proposal from effects of budgets.  In addition, Standard VEG S5 allows 
for consideration of new information.  Over the next ten to fifteen years information 
may become available that indicates some precommercial thinning in lodgepole pine 
forests may be beneficial to snowshoe hare (see DEIS comment letter #505).   

Limiting precommercial thinning is unlikely to affect long-term sustained yield (LTSY), 
as defined by NFMA and FSH 1909.12, Chapter 60.5, because the cubic foot volume on 
the site does not substantially change.  The volume is spread among more, smaller trees 
without thinning versus fewer, larger diameter trees with thinning.  In addition, some 
precommercial thinning may be allowed in the future if new information becomes 
available.  Timber outputs have never been at the level of LTSY over the life of these 
plans, so changes in LTSY are unlikely to lead to changes in outputs, especially if 
outputs are measured in cubic feet, which is the appropriate measure of LTSY.  

In addition, the ASQ should not be affected on any units because the management 
direction does not preclude timber harvest.  Standards VEG S1 and S2 may defer 
regeneration harvest in some areas, but Guideline VEG G1 encourages projects creating 
winter snowshoe hare habitat where it is lacking.  It is likely there would be no change 
in overall timber outputs, but there may be changes in what material is harvested and 
where.  

Changes would not have an important effect on the entire land management plan or affect land 
and resources throughout a large portion of the planning area during the planning period.  

There are approximately 38.5 million acres within the 18 National Forests in the 
planning area.  Of this, approximately 18 million acres or 48 percent has been mapped 
as lynx habitat (see table 3.1).  Of the 18 million acres of mapped lynx habitat, 
approximately 8 million acres are in land allocations that allow for management actions.  
Therefore the management direction only potentially affects about 20 percent of the 
planning area.   The most noticeable effects are likely to be the location and amount of 
precommercial thinning.  The potential acreage that could be affected is between 11,000 
to 15,000 acres per year.  This is less than one percent of the planning area.  It should be 
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noted that precommercial thinning is not constrained on an additional 18,000 acres per 
year outside lynx habitat (FEIS, Vol. 1 p 247-248). 

Summary:  Considering the three factors, we determined this management direction is 
not a significant change under NFMA to the 18 forest plans because it imposes minor 
changes over a limited area of these national forests.  

While this amendment is not significant, the planning process necessary for significant 
amendments is ongoing or will begin soon on most units affected by this decision.  In 
particular interest to the precommercial thinning discussion on the previous page, both 
the Beaverhead-Deerlodge and Bridger-Teton National Forests are being revised.  The 
Beaverhead-Deerlodge should complete the revision process in 2007.  Their DEIS for the 
Forest Plan recognizes the cumulative contribution the Northern Rockies Lynx 
Amendment may have on reducing growth and yield (DEIS, page 326).   The Bridger-
Teton should complete its revision in 2008. 

Viability determination:  This management direction is being adopted in accordance 
with the 1982 NFMA regulations for amending land and resource management plans. 
Plan amendments initiated before January 5, 2005 may proceed using the provisions of 
these regulations.  The transition period to regulations implementing the 2005 planning 
rule ends on a unit’s establishment of an Environmental Management System, or no 
later than January 7, 2008. 

According to the 1982 NFMA regulations, fish and wildlife habitat shall be managed to 
maintain viable populations of Canada lynx in the planning area (36 CFR 219.19, 2000).  
For the purpose of this decision, the planning area is the range of lynx encompassed by 
the national forests subject to this decision.  This is based on a biological delineation of 
the Northern Rockies made in the LCAS. 

A viable population is, “one which has the estimated numbers and distribution of 
reproductive individuals to insure its continued existence is well-distributed in the 
planning area.”  It is not possible to reliably predict future population demographics for 
lynx, and continued existence of lynx may be dependent on threats that exist outside of 
the planning area (health of Canadian populations, or linkage across other ownerships).  

The national forests subject to this new direction will provide habitat to maintain a 
viable population of lynx in the Northern Rockies by maintaining the current 
distribution of occupied lynx habitat, and maintaining or enhancing the quality of that 
habitat.   Based on the best scientific information available, and for the specific reasons 
provided below, this management direction will provide habitat to support persistence 
of lynx in the Northern Rockies in the long-term.  

The LCAS was used as the basis for developing the selected alternative.  The FWS 
Remand Notice (FEIS, Vol. 1, Appendix P), and other new information and research 
were also evaluated, and became the basis for updating standards and guidelines based 
upon the current state of knowledge regarding threats to lynx since the LCAS was 
compiled. 
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The greatest threats to lynx persistence and reproduction are from changes in 
vegetation structures that provide snowshoe hare habitat during summer and winter.  
Standards were developed under the selected alternative to provide direction for a 
variety of vegetation management activities that are most likely to affect lynx habitat 
(fuel treatments, precommercial thinning, timber harvest, etc.).  These include standards 
for connectivity (ALL S1), habitat mapping (LAU S1), regeneration harvesting (VEG S2), 
precommercial thinning (VEG S5), and management of multistory mature and late 
successional forests (VEG S6).  These standards are equal to or more protective than 
similar recommendations provided in the LCAS.  In the Seeley Lake area of Montana, 
mature, spruce-fir forests with high horizontal cover are particularly important as 
winter foraging habitat and are more important than younger stands (Squires pers. 
com., Oct. 30, 2006) and the LCAS provides no specific management recommendations 
for these vegetative conditions within lynx habitat. 

All of the core and secondary lynx habitat (100%) as defined in the Recovery Outline 
(USDI FWS 2005) that is occupied by lynx as defined in the Occupied Mapped Lynx 
Habitat Amendment to the Canada Lynx Conservation Agreement (USDA FS and USDI FWS 
2006a) will be managed to conserve lynx. 

The value of secondary habitat is unclear.  The Recovery Outline (UDSI FWS 2005) states 
“Compared to core areas, secondary areas have fewer and more sporadic current and 
historical records of lynx and, as a result, historical abundance has been relatively low.  
Reproduction has not been documented.”  There currently is no evidence that suggest 
that unoccupied secondary habitat is considered necessary for a viable population of 
lynx.  Secondary, unoccupied lynx habitat will have management direction 
implemented to conserve lynx if and when those administrative units become occupied.  
These National Forests (Beaverhead-Deerlodge, Bitterroot, Salmon-Challis and Nez 
Perce) which have secondary, unoccupied lynx habitat account for only about 30 
percent of the total acres of core and secondary lynx habitat.   

Even though the 6 percent limit (reflected in the vegetation standards) does not 
currently apply to unoccupied lynx habitat, those unoccupied forests would treat an 
average of 3.2 percent of lynx habitat within the WUI for fuel reduction over the next 
ten years (FEIS, Vol. 1, Lynx Section, and Appendix M).  This is well below the 6 percent 
cap provided in the Biological Opinion (USDI FWS 2007).  Overall fuel treatments, in 
and outside the WUI, in lynx habitat, average 5 percent within lynx habitat on these 
Forests. 

In addition, The FWS Biological Opinion (2007) concluded that the proposed action is 
not likely to jeopardize the continued existence of lynx within the contiguous United 
States DPS.  It also found the selected alternative will allow lynx populations to persist 
on lands in occupied core and secondary areas within the foreseeable future, and 
unoccupied secondary and peripheral habitat is likely to retain habitat that provides 
opportunistic foraging habitat and connectivity adequate for dispersal of lynx, despite 
the lack of specific direction for lynx management.   The opinion goes on to say the 
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incorporation of the management direction over the large geographic area occupied by 
lynx within 12 of the 18 National Forests (12,150,000 acres) contributes to the landscape 
level direction necessary for the survival and recovery of lynx in the northern Rockies 
ecosystem.  

Endangered Species Act   
The Endangered Species Act creates an affirmative obligation “. . . that all federal 
departments and agencies shall seek to conserve endangered and threatened species” of 
fish, wildlife, and plants. This obligation is further clarified in a National Interagency 
Memorandum of Agreement (August, 2000) which states our shared mission is to “. . . 
enhance conservation of imperiled species while delivering appropriate goods and 
services provided by the lands and resources.” 

We completed biological assessments (BAs) for all listed species; one for wildlife and 
fish, and one for plants.  For all listed species, except for Canada lynx, we determined 
the preferred alternative would have “no effect” or would be “not likely to adversely 
affect” them.  The determination for Canada lynx was that, while the management 
direction in selected alternative would improve lynx conservation, the plans amended 
by selected alternative would still be “likely to adversely affect” lynx because 
individuals could be adversely affected as a result of the exemptions and exceptions to 
the vegetation standards for fuel treatments projects and precommercial thinning.  The 
BAs were submitted to the FWS.  The FS consulted with the FWS on the determinations 
and they concurred with the “no effect” and “not likely to adversely affect” 
determinations. The FWS provided written review as required by Section 7 of the ESA 
(USDI FWS 2007). 

FWS issued a Biological Opinion on the “likely to adversely affect” determination on 
lynx (USDI FWS 2007).  The opinion acknowledges the beneficial and adverse effects of 
the selected alternative.  The opinion states that given the large number of acres covered 
by the proposed action, the existing plan language, and the beneficial effects of the 
management direction in the balance of these acres, the selected alternative is likely to 
have overall beneficial effects to lynx by addressing the primary threat identified at the 
time of listing: the inadequacy of existing regulatory mechanisms.   Even 
acknowledging some adverse effects could still occur, primarily due to the allowance 
for fuel treatment projects and precommercial thinning, the opinion found the selected 
alternative is not likely to jeopardize the continued existence of Canada lynx.   The 
Opinion identifies incidental take and reasonable and prudent measure, with associated 
terms and conditions to reduce take.  These measures have either been incorporated 
into the management direction (TC 1, 2, and 3) or agreed to in this decision (TC 4). 

Further section 7a consultation will occur on future site-specific projects and activities if 
they result in adverse affects to lynx.  Future consultation will reference back to the BO 
issued on this decision to ensure the effects of the specific projects are commensurate 
with the effects anticipated in the opinion issued on this decision (USDI FWS 2007).  
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Critical habitat 
On November 9, 2006, FWS published the final rule for the designation of Canada lynx 
critical habitat (Federal Register, Vol. 71, No. 217, pp. 66008 to 66061).  National Forest 
System lands were not included in the critical habitat designation.  There is no adverse 
modification to designated critical habitat from implementation of selected alternative. 

National Historic Preservation Act 
This decision is a programmatic action and does not authorize site-specific activities. 
Projects undertaken following the management direction will comply fully with the 
laws and regulations that ensure protection of cultural resources.  It is our 
determination this plan direction complies with the National Historic Preservation Act 
and other statutes that pertain to the protection of cultural resources. 

Clean Air Act 
This decision is a programmatic action and does not authorize site-specific activities. 
Projects undertaken following the management direction will comply fully with the 
laws and regulations that ensure protection of air quality.  It is our determination this 
plan direction complies with the Clean Air Act and other statutes that pertain to the 
protection of air quality. 

Clean Water Act 
This decision is a programmatic action and does not authorize site-specific activities. 
Projects undertaken following the management direction will comply fully with the 
laws and regulations that ensure protection of water quality.  It is our determination 
this plan direction complies with the Clean Water Act and other statutes that pertain to 
the protection of water quality. 

Invasive Species (Executive Order 13112) 
Executive Order 13112 directs federal agencies not to authorize any activities that 
would increase the spread of invasive species. This decision is a programmatic action 
and does not authorize site-specific activities.  We determined this plan direction 
complies with Executive Order 13112. 

Environmental Justice (Executive Order 12898) 
Executive Order 12898 directs federal agencies to identify and address, as appropriate, 
any disproportionately high and adverse human health or environmental effects on 
minority populations and low-income populations.  We determined from the analyses 
disclosed in the FEIS that this plan direction complies with Executive Order 12898. 
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Prime Farmland, Rangeland, and Forest Land 
We determined from the analyses disclosed in the FEIS that prime farmland, rangeland, 
and forest land will not be affected by this decision because the selected alternative is a 
programmatic action and does not authorize site-specific activities.  

Equal Employment Opportunity, Effects on Minorities, Women 
The FEIS describes the impacts to social and economic factors in Chapter 3.  The 
selected alternative will not have a disproportionate impact on any minority or low-
income communities. We determined the selected alternative will not differentially 
affect the civil rights of any citizens, including women and minorities. 

Wetlands and Floodplains (Executive Orders 11988 and 11990) 
The selected alternative is a programmatic action and does not authorize site-specific 
activities. We determined the selected alternative will not have adverse impacts on 
wetlands and floodplains and will comply with Executive Orders 11988 and 11990. 

Other policies 
The existing body of national direction for managing National Forest System lands 
remains in effect.  

Implementation and appeal provisions 
The management direction will become effective 30 days after publication of the notice 
of availability of the FEIS in the Federal Register.  Requests to stay implementation of 
the amended plans shall not be granted pursuant to 36 CFR 217.10.  

This decision is subject to review pursuant to 36 CFR 217.3 (available at 
http://www.fs.fed.us/r1/planning/lynx.html).  Any appeals must be postmarked or 
received by the Appeal Reviewing Officer within 45 days of the date the legal notices 
are published in the The Missoulian, the newspaper of record.  

Appeals sent through the US Postal Service must be sent to:  
USDA Forest Service 
Attn: EMC Appeals  
Mail Stop 1104 
1400 Independence Ave., SW 
Washington, DC 20250-1104 

Appeals sent through FedEx, UPS, or a courier service must be sent to:  
USDA Forest Service 
Ecosystem Management Coordination 
Attn: Appeals 
Yates Bldg., 3CEN 
201 14th Street, SW 
Washington, DC 20250 
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Appeals may be hand-delivered to the above address during regular business hours, 
8:00 AM to 4:30 PM Monday through Friday, excluding holidays; or sent by fax to (202) 
205-1012; or by email to appeals-chief@fs.fed.us.  Emailed appeals must be submitted in 
rich text format (.rtf) or Word (.doc) and must include the decision name in the subject 
line.  Any notice of appeal must be fully consistent with 36 CFR 217.9 and include at a 
minimum: 

• A statement that the document is a Notice of Appeal filed pursuant to 36 CFR 
Part 217; 

• The name, address, and telephone number of the appellant; 
• Identify the decision to which the objection is being made; 
• Identify the document in which the decision is contained, by title and subject, 

date of the decision, and name and title of the Deciding Officer; 
• Specifically identify the portion(s) of the decision or decision document to which 

objection is made; 
• The reasons for the appeal, including issues of fact, law, regulation, or policy 

and, if applicable, specifically how the decision violates law, regulation, or 
policy; and 

• Identification of the specific change(s) in the decision that the appellant seeks. 

Further information and contact person 
The Northern Rockies Lynx Management Direction FEIS, the Summary, this ROD and 
the FWS Biological Opinion, as well as other background documents are available on 
the Web at http://www.fs.fed.us/r1/planning/lynx.html. 

For further information regarding the FEIS, ROD, or the plan direction for Canada lynx 
contact: 

Timothy Bertram, Lynx Coordinator 
USDA Forest Service, Northern Region 
P.O. Box 7669 
Missoula, MT  59807 
Telephone: (406) 329-3611 
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Northern Rockies Lynx Management Direction  
The following management direction applies to all National Forest System lands that 
are known to be occupied by Canada lynx.  At the time of this decision the following 
National Forests in the Northern Rockies lynx planning area are known to be occupied:  
Bridger-Teton, Clearwater, Custer, Flathead, Idaho Panhandle, Kootenai, Lolo, 
Shoshone, Targhee.  Portions of the Custer, Gallatin, Helena, and Lewis & Clark are also 
occupied.  

The following National Forests in the Northern Rockies lynx planning area are not 
occupied by Canada lynx:  Ashley, Beaverhead-Deerlodge, Bighorn, Bitterroot, Nez 
Perce, Salmon-Challis.  In addition, isolated mountain ranges on the Custer, Gallatin, 
Helena and Lewis and Clark are unoccupied – see Figure 1-1.  Until such time as these 
National Forest System lands become occupied they should consider the following 
management direction, but are not required to follow it. 
 
GOAL14 

Conserve the Canada lynx. 
 

ALL MANAGEMENT PRACTICES AND ACTIVITIES (ALL).   The following 
objectives, standards, and guidelines apply to all management projects in lynx 
habitat in lynx analysis units (LAUs) in occupied habitat and in linkage areas, 
subject to valid existing rights.  They do not apply to wildfire suppression, or to 
wildland fire use.   

Objective30 ALL O1 
Maintain26 or restore40 lynx habitat23 connectivity16 in and between LAUs21, and in 
linkage areas22. 

Standard44 ALL S1 
New or expanded permanent development33 and vegetation management49 
projects36 must maintain26 habitat connectivity16 in an LAU21 and/or linkage area22. 

Guideline15 ALL G1 
Methods to avoid or reduce effects on lynx should be used when constructing or 
reconstructing highways18 or forest highways12 across federal land.  Methods could 
include fencing, underpasses, or overpasses.   

Standard44 LAU S1 
Changes in LAU21 boundaries shall be based on site-specific habitat information and 
after review by the Forest Service Regional Office. 
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VEGETATION MANAGEMENT ACTIVITIES AND PRACTICES (VEG).  The 
following objectives, standards, and guidelines apply to vegetation management 
projects36 in lynx habitat within lynx analysis units (LAUs) in occupied habitat.  With 
the exception of Objective VEG O3 that specifically concerns wildland fire use, the 
objectives, standards, and guidelines do not apply to wildfire suppression, wildland 
fire use, or removal of vegetation for permanent developments such as mineral 
operations, ski runs, roads, and the like.  None of the objectives, standards, or 
guidelines apply to linkage areas. 

Objective30 VEG O1 
Manage vegetation49 to mimic or approximate natural succession and disturbance 
processes while maintaining habitat components necessary for the conservation of 
lynx. 

Objective VEG O2 
Provide a mosaic of habitat conditions through time that support dense horizontal 
cover19, and high densities of snowshoe hare.  Provide winter snowshoe hare 
habitat51 in both the stand initiation structural stage and in mature, multi-story 
conifer vegetation. 

Objective VEG O3 
Conduct fire use11 activities to restore40 ecological processes and maintain or 
improve lynx habitat.   

Objective VEG O4 
Focus vegetation management49 in areas that have potential to improve winter 
snowshoe hare habitat51 but presently have poorly developed understories that lack 
dense horizontal cover. 

Standard44 VEG S1 
Where and to what this applies:  Standard VEG S1 applies to all vegetation 
management49 projects36 that regenerate38 forests, except for fuel treatment13 
projects36 within the wildland urban interface50 (WUI) as defined by HFRA17, subject 
to the following limitation: 

Fuel treatment projects36 within the WUI50 that do not meet Standards VEG S1, VEG 
S2, VEG S5, and VEG S6 shall occur on no more than 6 percent (cumulatively) of 
lynx habitat on each administrative unit (a unit is a National Forest).  In addition, fuel 
treatment projects may not result in more than three adjacent LAUs exceeding the standard.   

For fuel treatment projects36 within the WUI50 see guideline VEG G10. 

The standard:  Unless a broad scale assessment has been completed that 
substantiates different historic levels of stand initiation structural stages45 limit 
disturbance in each LAU as follows: 
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If more than 30 percent of the lynx habitat in an LAU is currently in a stand 
initiation structural stage that does not yet provide winter snowshoe hare habitat, no 
additional habitat may be regenerated by vegetation management projects36.  

Standard VEG S2 
Where and to what this applies:  Standard VEG S2 applies to all timber 
management47 projects36 that regenerate38 forests, except for fuel treatment13 
projects36 within the wildland urban interface50 (WUI) as defined by HFRA17, subject 
to the following limitation: 

Fuel treatment projects36 within the WUI50 that do not meet Standards VEG S1, VEG 
S2, VEG S5, and VEG S6 shall occur on no more than 6 percent (cumulatively) of 
lynx habitat on each administrative unit (a unit is a National Forest). 

For fuel treatment projects36 within the WUI50 see guideline VEG G10. 

The standard:  Timber management47 projects36 shall not regenerate38 more than 15 
percent of lynx habitat on NFS lands within an LAU in a ten-year period. 

Standard VEG S5 
Where and to what this applies:  Standard VEG S5 applies to all precommercial 
thinning35 projects36, except for fuel treatment13 projects36 that use precommercial 
thinning as a tool within the wildland urban interface50 (WUI) as defined by 
HFRA17, subject to the following limitation: 

Fuel treatment projects36 within the WUI50 that do not meet Standards VEG S1, VEG 
S2, VEG S5, and VEG S6 shall occur on no more than 6 percent (cumulatively) of 
lynx habitat on each administrative unit (a unit is a National Forest). 

For fuel treatment projects36 within the WUI50 see guideline VEG G10. 

The Standard:  Precommercial thinning projects36 that reduce snowshoe hare habitat 
may occur from the stand initiation structural stage45 until the stands no longer 
provide winter snowshoe hare habitat only: 
1. Within 200 feet of administrative sites, dwellings, or outbuildings; or  
2. For research studies39 or genetic tree tests evaluating genetically improved 

reforestation stock; or 
3. Based on new information that is peer reviewed and accepted by the regional 

level of the Forest Service, and state level of FWS, where a written determination 
states: 
a. that a project36 is not likely to adversely affect lynx; or  
b. that a project36 is likely to have short term adverse effects on lynx or its 

habitat, but would result in long-term benefits to lynx and its habitat; or 
4. For conifer removal in aspen, or daylight thinning5 around individual aspen 

trees, where aspen is in decline; or   
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5. For daylight thinning of planted rust-resistant white pine where 80 % of the 
winter snowshoe hare habitat51 is retained; or   

6. To restore whitebark pine.  
Exceptions 2 through 6 shall only be utilized in LAUs where Standard VEG S1 is met.  

Standard VEG S6  
Where and to what this applies:  Standard VEG S6 applies to all vegetation 
management49 projects36 except for fuel treatment13 projects36 within the wildland 
urban interface50 (WUI) as defined by HFRA17, subject to the following limitation: 

Fuel treatment projects36 within the WUI50 that do not meet Standards VEG S1, VEG 
S2, VEG S5, and VEG S6 shall occur on no more than 6 percent (cumulatively) of 
lynx habitat on each administrative unit (a unit is a National Forest). 

For fuel treatment projects36 within the WUI50 see guideline VEG G10. 

The Standard:  Vegetation management projects36 that reduce snowshoe hare 
habitat in multi-story mature or late successional forests29 may occur only: 
1. Within 200 feet of administrative sites, dwellings, outbuildings, recreation sites, 

and special use permit improvements, including infrastructure within permitted 
ski area boundaries; or  

2. For research studies39 or genetic tree tests evaluating genetically improved 
reforestation stock; or 

3. For incidental removal during salvage harvest42 (e.g. removal due to location of 
skid trails).  

Exceptions 2 and 3 shall only be utilized in LAUs where Standard VEG S1 is met.  
(NOTE:  Timber harvest is allowed in areas that have potential to improve winter 
snowshoe hare habitat but presently have poorly developed understories that lack 
dense horizontal cover [e.g. uneven age management systems could be used to 
create openings where there is little understory so that new forage can grow]). 

Guideline VEG G1 
Vegetation management49 projects36 should be planned to recruit a high density of 
conifers, hardwoods, and shrubs where such habitat is scarce or not available.  
Priority for treatment should be given to stem-exclusion, closed-canopy structural 
stage46 stands to enhance habitat conditions for lynx or their prey (e.g. mesic, 
monotypic lodgepole stands).  Winter snowshoe hare habitat51 should be near 
denning habitat6. 

Guideline VEG G4 
Prescribed fire34 activities should not create permanent travel routes that facilitate 
snow compaction.  Constructing permanent firebreaks on ridges or saddles should 
be avoided. 
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Guideline VEG G5 
Habitat for alternate prey species, primarily red squirrel37, should be provided in 
each LAU.   

Guideline VEG G10   
Fuel treatment projects36 within the WUI50 as defined by HFRA17 should be designed 
considering Standards VEG S1, S2, S5, and S6 to promote lynx conservation.  

Guideline VEG G11 
Denning habitat6 should be distributed in each LAU in the form of pockets of large 
amounts of large woody debris, either down logs or root wads, or large piles of 
small wind thrown trees (“jack-strawed” piles).  If denning habitat appears to be 
lacking in the LAU, then projects36 should be designed to retain some coarse woody 
debris4, piles, or residual trees to provide denning habitat6 in the future.  

 
LIVESTOCK MANAGEMENT (GRAZ):  The following objectives and guidelines 
apply to grazing projects in lynx habitat in lynx analysis units (LAUs) in occupied 
habitat.  They do not apply to linkage areas. 

Objective30 GRAZ O1 
Manage livestock grazing to be compatible with improving or maintaining26 lynx 
habitat23. 

Guideline15 GRAZ G1 
In fire- and harvest-created openings, livestock grazing should be managed so 
impacts do not prevent shrubs and trees from regenerating.   

Guideline GRAZ G2 
In aspen stands, livestock grazing should be managed to contribute to the long-term 
health and sustainability of aspen. 

Guideline GRAZ G3 
In riparian areas41 and willow carrs3, livestock grazing should be managed to 
contribute to maintaining or achieving a preponderance of mid- or late-seral 
stages28, similar to conditions that would have occurred under historic disturbance 
regimes.   

Guideline GRAZ G4 
In shrub-steppe habitats43, livestock grazing should be managed in the elevation 
ranges of forested lynx habitat in LAUs21, to contribute to maintaining or achieving a 
preponderance of mid- or late-seral stages, similar to conditions that would have 
occurred under historic disturbance regimes. 
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HUMAN USE PROJETS (HU): The following objectives and guidelines apply to 
human use projects, such as special uses (other than grazing), recreation 
management, roads, highways, and mineral and energy development, in lynx habitat 
in lynx analysis units (LAUs) in occupied habitat, subject to valid existing rights.  
They do not apply to vegetation management projects or grazing projects directly.  
They do not apply to linkage areas. 

Objective30 HU O1 
Maintain26 the lynx’s natural competitive advantage over other predators in deep 
snow, by discouraging the expansion of snow-compacting activities in lynx habitat23. 

Objective HU O2 
Manage recreational activities to maintain lynx habitat and connectivity16. 

Objective HU O3 
Concentrate activities in existing developed areas, rather than developing new areas 
in lynx habitat.   

Objective HU O4 
Provide for lynx habitat needs and connectivity when developing new or expanding 
existing developed recreation9 sites or ski areas.   

Objective HU O5 
Manage human activities, such as special uses, mineral and oil and gas exploration 
and development, and placement of utility transmission corridors, to reduce impacts 
on lynx and lynx habitat. 

Objective HU O6 
Reduce adverse highway18 effects on lynx by working cooperatively with other 
agencies to provide for lynx movement and habitat connectivity16, and to reduce the 
potential of lynx mortality.   

Guideline15 HU G1 
When developing or expanding ski areas, provisions should be made for adequately 
sized inter-trail islands that include coarse woody debris4, so winter snowshoe hare 
habitat51 is maintained.   

Guideline HU G2 
When developing or expanding ski areas, lynx foraging habitat should be provided 
consistent with the ski area’s operational needs, especially where lynx habitat occurs 
as narrow bands of coniferous forest across mountain slopes.   

Guideline HU G3 
Recreation developments and operations should be planned in ways that both 
provide for lynx movement and maintain the effectiveness of lynx habitat23. 

Guideline HU G4 
For mineral and energy development sites and facilities, remote monitoring should 
be encouraged to reduce snow compaction. 
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Guideline HU G5 
For mineral and energy development sites and facilities that are closed, a 
reclamation plan that restores40 lynx habitat should be developed. 

Guideline HU G6 
Methods to avoid or reduce effects on lynx should be used in lynx habitat23 when 
upgrading unpaved roads to maintenance levels 4 or 5, if the result would be 
increased traffic speeds and volumes, or a foreseeable contribution to increases in 
human activity or development. 

Guideline HU G7 
New permanent roads should not be built on ridge-tops and saddles, or in areas 
identified as important for lynx habitat connectivity16.  New permanent roads and 
trails should be situated away from forested stringers.   

Guideline HU G8 
Cutting brush along low-speed25, low-traffic-volume roads should be done to the 
minimum level necessary to provide for public safety.   

Guideline HU G9 
On new roads built for projects36, public motorized use should be restricted.  
Effective closures should be provided in road designs.  When the project36 is over, 
these roads should be reclaimed or decommissioned, if not needed for other 
management objectives. 

Guideline HU G10 
When developing or expanding ski areas and trails, consider locating access roads 
and lift termini to maintain and provide lynx security habitat10, if it has been 
identified as a need. 

Guideline HU G11 
Designated over-the-snow routes or designated play areas should not expand 
outside baseline areas of consistent snow compaction1, unless designation serves to 
consolidate use and improve lynx habitat.  This may be calculated on an LAU basis, 
or on a combination of immediately adjacent LAUs.   

This does not apply inside permitted ski area boundaries, to winter logging, to 
rerouting trails for public safety, to accessing private inholdings, or to access 
regulated by Guideline HU G12. 

Use the same analysis boundaries for all actions subject to this guideline. 

Guideline HU G12 
Winter access for non-recreation special uses and mineral and energy exploration 
and development, should be limited to designated routes8 or designated over-the-
snow routes7. 
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LINKAGE AREAS (LINK): The following objective, standard, and guidelines apply 
to all projects within linkage areas in occupied habitat, subject to valid existing 
rights. 

Objective30 LINK O1 
In areas of intermingled land ownership, work with landowners to pursue 
conservation easements, habitat conservation plans, land exchanges, or other 
solutions to reduce the potential of adverse impacts on lynx and lynx habitat. 

Standard44 LINK S1 
When highway18 or forest highway12 construction or reconstruction is proposed in 
linkage areas22, identify potential highway crossings. 

Guideline15 LINK G1 
NFS lands should be retained in public ownership.   

Guideline LINK G2 
Livestock grazing in shrub-steppe habitats43 should be managed to contribute to 
maintaining or achieving a preponderance of mid- or late-seral stages28, similar to 
conditions that would have occurred under historic disturbance regimes. 
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REQUIRED MONITORING 
Map the location and intensity of snow compacting activities and designated and 
groomed routes that occurred inside LAUs during the period of 1998 to 2000.  The 
mapping is to be completed within one year of this decision, and changes in activities 
and routes are to be monitored every five years after the decision. 
When project decisions are signed report the following:   
1. Fuel treatments: 

a. Acres of fuel treatment in lynx habitat by forest and LAU, and whether the 
treatment is within or outside the WUI as defined by HFRA.      

b. Whether or not the fuel treatment met the vegetation standards or guidelines.  
If standard(s) are not met, report which standard(s) are not met, why they 
were not met, and how many acres were affected.   

c. Whether or not 2 adjacent LAUs exceed standard VEG S1 (30% in a stand initiation 
structural stage that is too short to provide winter snowshoe hare habitat), and what 
event(s) or action(s) caused the standard to be exceeded. 

2. Application of exception in Standard VEG S5 
a. For areas where any of the exemptions 1 through 6 listed in Standard VEG S5 were 

applied:  Report the type of activity, the number of acres, and the location (by unit, 
and LAU) and whether or not Standard VEG S1 was within the allowance. 

3. Application of exceptions in Standard VEG S6 
a. For areas where any of the exemptions 1 through 3 listed in Standard VEG S6 were 

applied:  Report the type of activity, the number of acres, and the location (by unit, 
and LAU) and whether or not Standard VEG S1 was within the allowance. 

4. Application of guidelines   
a. Document the rationale for deviations to guidelines.  Summarize what guideline(s) 

was not followed and why.  

 
 
Directions in italics were terms and conditions that were incorporated from the FWS 
Biological Opinion (USDI FWS 2007).
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GLOSSARY 
1 Area of consistent snow compaction – An area of consistent snow compaction is an area of 
land or water that during winter is generally covered with snow and gets enough 
human use that individual tracks are indistinguishable.  In such places, compacted 
snow is evident most of the time, except immediately after (within 48 hours) snowfall.  
These can be areas or linear routes, and are generally found in or near snowmobile or 
cross-country ski routes, in adjacent openings, parks and meadows, near ski huts or 
plowed roads, or in winter parking areas.  Areas of consistent snow compaction will be 
determined based on the acreage or miles used during the period 1998 to 2000.   
2 Broad scale assessment – A broad scale assessment is a synthesis of current scientific 
knowledge, including a description of uncertainties and assumptions, to provide an 
understanding of past and present conditions and future trends, and a characterization 
of the ecological, social, and economic components of an area.  (LCAS)   
3 Carr – Deciduous woodland or shrub land occurring on permanently wet, organic soil.  
(LCAS) 
4 Course woody debris – Any piece(s) of dead woody material, e.g., dead boles, limbs, and 
large root masses on the ground or in streams.  (LCAS) 
5 Daylight thinning – Daylight thinning is a form of precommercial thinning that 
removes the trees and brush inside a given radius around a tree. 
6 Denning habitat (lynx) – Denning habitat is the environment lynx use when giving birth 
and rearing kittens until they are mobile.  The most common component is large 
amounts of coarse woody debris to provide escape and thermal cover for kittens.  
Denning habitat must be within daily travel distance of winter snowshoe hare habitat – 
the typical maximum daily distance for females is about three to six miles.  Denning 
habitat includes mature and old growth forests with plenty of coarse woody debris.  It 
can also include young regenerating forests with piles of coarse woody debris, or areas 
where down trees are jack-strawed. 
7 Designated over-the-snow routes – Designated over-the-snow routes are routes managed 
under permit or agreement or by the agency, where use is encouraged, either by on-the-
ground marking or by publication in brochures, recreation opportunity guides or maps 
(other than travel maps), or in electronic media produced or approved by the agency.  
The routes identified in outfitter and guide permits are designated by definition; 
groomed routes also are designated by definition.  The determination of baseline snow 
compaction will be based on the miles of designated over-the-snow routes authorized, 
promoted or encouraged during the period 1998 to 2000.    
8 Designated route – A designated route is a road or trail that has been identified as open 
for specified travel use. 
9 Developed recreation – Developed recreation requires facilities that result in 
concentrated use.  For example, skiing requires lifts, parking lots, buildings, and roads; 
campgrounds require roads, picnic tables, and toilet facilities.  
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10 Security habitat (lynx) – Security habitat amounts to places in lynx habitat that provide 
secure winter bedding sites for lynx in highly disturbed landscapes like ski areas.  
Security habitat gives lynx the ability to retreat from human disturbance.  Forest 
structures that make human access difficult generally discourage human activity in 
security habitats.  Security habitats are most effective if big enough to provide visual 
and acoustic insulation and to let lynx easily move away from any intrusion.  They 
must be close to winter snowshoe hare habitat.  (LCAS) 
11 Fire use – Fire use is the combination of wildland fire use and using prescribed fire to 
meet resource objectives.  (NIFC)  Wildland fire use is the management of naturally 
ignited wildland fires to accomplish resource management objectives in areas that have 
a fire management plan.  The use of the term wildland fire use replaces the term 
prescribed natural fire.  (Wildland and Prescribed Fire Management Policy, August 
1998) 
12 Forest highway – A forest highway is a forest road under the jurisdiction of, and 
maintained by, a public authority and open to public travel (USC: Title 23, Section 
101(a)), designated by an agreement with the FS, state transportation agency, and 
Federal Highway Administration. 
13 Fuel treatment – A fuel treatment is a type of vegetation management action that 
reduces the threat of ignition, fire intensity, or rate of spread, or is used to restore fire-
adapted ecosystems. 
14 Goal – A goal is a broad description of what an agency is trying to achieve, found in a 
land management plan.  (LCAS)  
15 Guideline – A guideline is a particular management action that should be used to meet 
an objective found in a land management plan.  The rationale for deviations may be 
documented, but amending the plan is not required.  (LCAS modified)   
16 Habitat connectivity (lynx) – Habitat connectivity consists of an adequate amount of 
vegetation cover arranged in a way that allows lynx to move around.  Narrow forested 
mountain ridges or shrub-steppe plateaus may serve as a link between more extensive 
areas of lynx habitat; wooded riparian areas may provide travel cover across open 
valley floors.  (LCAS) 
17 HFRA (Healthy Forests Restoration Act) - Public Law 108-148, passed in December 2003.  
The HFRA provides statutory processes for hazardous fuel reduction projects on certain 
types of at-risk National Forest System and Bureau of Land Management lands.  It also 
provides other authorities and direction to help reduce hazardous fuel and restore 
healthy forest and rangeland conditions on lands of all ownerships.  (Modified from 
Forest Service HFRA web site.) 
18 Highway – The word highway includes all roads that are part of the National 
Highway System.  (23 CFR 470.107(b)) 
19 Horizontal cover – Horizontal cover is the visual obscurity or cover provided by habitat 
structures that extend to the ground or snow surface primarily provided by tree stems 
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and tree boughs, but also includes herbaceous vegetation, snow, and landscape 
topography.   
20 Isolated mountain range – Isolated mountain ranges are small mountains cut off from 
other mountains and surrounded by flatlands.  On the east side of the Rockies, they are 
used for analysis instead of sub-basins.  Examples are the Little Belts in Montana and 
the Bighorns in Wyoming. 
21 LAU (Lynx Analysis Unit) – An LAU is an area of at least the size used by an 
individual lynx, from about 25 to 50 square miles (LCAS).  An LAU is a unit for which 
the effects of a project would be analyzed; its boundaries should remain constant.   
22 Linkage area – A linkage area provides connectivity between blocks of lynx habitat.  
Linkage areas occur both within and between geographic areas, where basins, valleys, 
or agricultural lands separate blocks of lynx habitat, or where lynx habitat naturally 
narrows between blocks.  (LCAS updated definition approved by the Steering 
Committee 10/23/01) 
23 Lynx habitat – Lynx habitat occurs in mesic coniferous forest that experience cold, 
snowy winters and provide a prey base of snowshoe hare.  In the northern Rockies, lynx 
habitat  generally occurs between 3,500 and 8,000 feet of elevation, and primarily 
consists of lodgepole pine, subalpine fir, and Engelmann spruce.  It may consist of 
cedar-hemlock in extreme northern Idaho, northeastern Washington and northwestern 
Montana, or of Douglas-fir on moist sites at higher elevations in central Idaho.  It may 
also consist of cool, moist Douglas-fir, grand fir, western larch and aspen when 
interspersed in subalpine forests.  Dry forests do not provide lynx habitat.  (LCAS) 
24 Lynx habitat in an unsuitable condition –Lynx habitat in an unsuitable condition consists 
of lynx habitat in the stand initiation structural stage where the trees are generally less 
than ten to 30 years old and have not grown tall enough to protrude above the snow 
during winter.  Stand replacing fire or certain vegetation management projects can 
create unsuitable conditions. Vegetation management projects that can result in 
unsuitable habitat include clearcuts and seed tree harvest, and sometimes shelterwood 
cuts and commercial thinning depending on the resulting stand composition and 
structure. (LCAS) 
25 Low-speed, low-traffic-volume road – Low speed is less than 20 miles per hour; low 
volume is a seasonal average daily traffic load of less than 100 vehicles per day. 
26 Maintain – In the context of this decision, maintain means to provide enough lynx 
habitat to conserve lynx.  It does not mean to keep the status quo.    
27 Maintenance level – Maintenance levels define the level of service provided by and 
maintenance required for a road.  (FSH 7709.58, Sec 12.3)  Maintenance level 4 is 
assigned to roads that provide a moderate degree of user comfort and convenience at 
moderate travel speeds.  Most level 4 roads have double lanes and an aggregate surface.  
Some may be single lane; some may be paved or have dust abated.  Maintenance level 5 
is assigned to roads that provide a high degree of user comfort and convenience.  
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Normally, level 5 roads are have double lanes and are paved, but some may be 
aggregate surfaced with the dust abated.   
28 Mid-seral or later – Mid-seral is the successional stage in a plant community that is the 
midpoint as it moves from bare ground to climax.  For riparian areas, it means willows 
or other shrubs have become established.  For shrub-steppe areas, it means shrubs 
associated with climax are present and increasing in density. 
29 Multi-story mature or late successional forest – This stage is similar to the old multistory 
structural stage (see below).  However, trees are generally not as old, and decaying trees 
may be somewhat less abundant. 
30 Objective – An objective is a statement in a land management plan describing desired 
resource conditions and intended to promote achieving programmatic goals.  (LCAS) 
31 Old multistory structural stage – Many age classes and vegetation layers mark the old 
forest, multistoried stage.  It usually contains large old trees.  Decaying fallen trees may 
be present that leave a discontinuous overstory canopy.  On cold or moist sites without 
frequent fires or other disturbance, multi-layer stands with large trees in the uppermost 
layer develop.  (Oliver and Larson, 1996) 
32 Old growth – Old growth forests generally contain trees that are large for their species 
and the site, and are sometimes decadent with broken tops.  Old growth often contains 
a variety of tree sizes, large snags, and logs, and a developed and often patchy 
understory.  
33 Permanent development – A permanent development is any development that results in 
a loss of lynx habitat for at least 15 years.  Ski trails, parking lots, new permanent roads, 
structures, campgrounds, and many special use developments would be considered 
permanent developments. 
34 Prescribed fire – A prescribed fire is any fire ignited as a management action to meet 
specific objectives.  A written, approved prescribed fire plan must exist, and NEPA 
requirements met, before ignition.  The term prescribed fire replaces the term 
management ignited prescribed fire.  (NWCG) 
35 Precommercial thinning – Precommercial thinning is mechanically removing trees to 
reduce stocking and concentrate growth on the remaining trees, and not resulting in 
immediate financial return.  (Dictionary of Forestry) 
 36 Project - All, or any part or number of the various activities analyzed in an 
Environmental Impact Statement, Environmental Analysis, or Decision Memo.  For 
example, the vegetation management in some units or stands analyzed in an EIS could 
be for fuel reduction, and therefore those units or stands would fall within the term fuel 
treatment project even if the remainder of the activities in the EIS are being conducted for 
other purposes, and the remainder of those units or stands have other activities 
prescribed in them.  All units in an analysis do not necessarily need to be for fuel 
reduction purposes for certain units to be considered a fuel reduction project. 
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37 Red squirrel habitat – Red squirrel habitat consists of coniferous forests of seed and 
cone-producing age that usually contain snags and downed woody debris, generally 
associated with mature or older forests.   
38 Regeneration harvest – The cutting of trees and creating an entire new age class; an 
even-age harvest.  The major methods are clearcutting, seed tree, shelterwood, and 
group selective cuts. (Helms, 1998) 
39 Research – Research consists of studies conducted to increase scientific knowledge or 
technology.  For the purposes of Standards VEG S5 and VEG S6, research applies to 
studies financed from the forest research budget (FSM 4040) and administrative studies 
financed from the NF budget. 
40 Restore, restoration – To restore is to return or re-establish ecosystems or habitats to 
their original structure and species composition.  (Dictionary of Forestry) 
41 Riparian area – An area with distinctive soil and vegetation between a stream or other 
body of water and the adjacent upland; includes wetlands and those portions of 
floodplains and valley bottoms that support riparian vegetation.  (LCAS) 
42 Salvage harvest – Salvage harvest is a commercial timber sale of dead, damaged, or 
dying trees.  It recovers economic value that would otherwise be lost.  Collecting 
firewood for personal use is not considered salvage harvest. 
43 Shrub steppe habitat – Shrub steppe habitat consists of dry sites with shrubs and 
grasslands intermingled.   
44 Standard – A standard is a required action in a land management plan specifying how 
to achieve an objective or under what circumstances to refrain from taking action.  A 
plan must be amended to deviate from a standard.   
45 Stand initiation structural stage – The stand initiation stage generally develops after a 
stand-replacing disturbance by fire or regeneration timber harvest.  A new single-story 
layer of shrubs, tree seedlings, and saplings establish and develop, reoccupying the site.  
Trees that need full sun are likely to dominate these even-aged stands.  (Oliver and 
Larson, 1996) 
46 Stem exclusion structural stage (Closed canopy structural stage) – In the stem exclusion 
stage, trees initially grow fast and quickly occupy all of the growing space, creating a 
closed canopy.  Because the trees are tall, little light reaches the forest floor so 
understory plants (including smaller trees) are shaded and grow more slowly.  Species 
that need full sunlight usually die; shrubs and herbs may become dormant.  New trees 
are precluded by a lack of sunlight or moisture. (Oliver and Larson, 1996) 
47 Timber management – Timber management consists of growing, tending, commercially 
harvesting, and regenerating crops of trees.   
48 Understory re-initiation structural stage – In the understory re-initiation stage, a new 
age class of trees gets established after overstory trees begin to die, are removed, or no 
longer fully occupy their growing space after tall trees abrade each other in the wind.  
Understory seedlings then re-grow and the trees begin to stratify into vertical layers.  A 
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low to moderately dense uneven-aged overstory develops, with some small shade-
tolerant trees in the understory. (Oliver and Larson, 1996)  
49 Vegetation management – Vegetation management changes the composition and 
structure of vegetation to meet specific objectives, using such means as prescribed fire 
or timber harvest.  For the purposes of this decision, the term does not include 
removing vegetation for permanent developments like mineral operations, ski runs, 
roads and the like, and does not apply to fire suppression or to wildland fire use. 
50 Wildland urban interface (WUI) – Use the definition of WUI found in the Healthy 
Forests Restoration Act.  The full text can be found at HFRA § 101.  Basically, the 
wildland urban interface is the area adjacent to an at-risk community that is identified 
in the community wildfire protection plan.  If there is no community wildfire protection 
plan in place, the WUI is the area 0.5 mile from the boundary of an at-risk community; 
or within 1.5 miles of the boundary of an at-risk community if the terrain is steep, or 
there is a nearby road or ridgetop that could be incorporated into a fuel break, or the 
land is in condition class 3, or the area contains an emergency exit route needed for safe 
evacuations. (Condensed from HFRA.  For full text see HFRA § 101.)  
 51 Winter snowshoe hare habitat – Winter snowshoe hare habitat consists of places where 
young trees or shrubs grow densely – thousands of woody stems per acre – and tall 
enough to protrude above the snow during winter, so snowshoe hare can browse on the 
bark and small twigs (LCAS).  Winter snowshoe hare habitat develops primarily in the 
stand initiation, understory reinitiation and old forest multistoried structural stages. 
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Subject: Occupied and Unoccupied Lynx Habitat  
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The Northern Rockies Lynx Management Direction Record of Decision (ROD) states that those 
Forests “…that are presently unoccupied by Canada lynx should consider the management 
direction that is now incorporated into their Forest Plans when developing projects, but are not 
required to follow the management direction until such time as they are occupied by Canada 
lynx” (ROD p. 29)  The effects of applying the management direction to unoccupied lynx habitat 
were fully analyzed and displayed in the Northern Rockies Lynx Management Direction FEIS. 

The uncertainty of the role of unoccupied secondary lynx habitat was identified in the U.S. Fish 
and Wildlife Service Recovery Outline - Contiguous United States Distinct Population Segment 
of the Canada Lynx (2005).  Information from the Recovery Outline was also presented in the 
Biological Opinion on the Northern Rocky Mountains Lynx Amendment (2007).  The Recovery 
Outline discussed the role of unoccupied secondary lynx habitat in several sections: 
 
Page 4 – “At this time, we simply do not have enough information to clearly define the relative 
importance of secondary or peripheral areas to the persistence of lynx in the contiguous United 
States.” 
 
Page 6 - “As new information becomes available, some areas currently classified as secondary 
may be elevated to core status.” 
 
Page 12 - “Objective 3: Ensure that habitat in secondary areas remains available for continued 
occupancy by lynx.” 
 
And under Recovery Actions Needed to Attain Objectives (page 13) it states under objective 
number 5: “Ensure that habitat in secondary areas remains available for occupancy by lynx.” 

Since the Recovery Outline was prepared there continues to be uncertainty about the role of 
secondary, unoccupied lynx habitat in providing for the recovery and long-term conservation of 
Canada lynx.  I expect that those Forests that are classified as secondary unoccupied lynx habitat 
or have portions of their Forest classified as secondary unoccupied lynx habitat to consider the 
management direction found in Attachment 1 of the Northern Rockies Lynx Management 
Direction ROD of 2007.  Those units include the Beaverhead-Deerlodge, Bitterroot, Nez Perce  
and portions of the Gallatin, Helena and Lewis and Clark National Forests.  When considering 
the management direction I expect that any effects of the proposed project will be analyzed using 
the Northern Rockies Lynx Management Direction Standards & Guidelines Consistency 



 

 

Evaluation Table for Project Specific Activities prepared by Tim Bertram on May 23, 2008 
(Enclosure 1).  If conflicts occur in the evaluation process of the project please contact: 

Timothy Bertram, Lynx Coordinator 
USDA Forest Service, Northern Region 
P.O. Box 7669 
Missoula, MT  59807 
Telephone:  (406) 329-3611 
tbertram@fs.fed.us 
 

 
 
 

 

/s/ Michael Paterni (for)   
THOMAS TIDWELL   
Regional Forester   
  
Enclosure:  
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To: Phil Delphey
Subject: Fwd: Canada Lynx Conservation Strategy 3rd Edition
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fyi - This is what I mentioned earlier...any initial thoughts?

---------- Forwarded message ----------
From: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Date: Wed, Dec 6, 2017 at 6:02 PM
Subject: RE: Canada Lynx Conservation Strategy 3rd Edition
To: "Tisler, Todd M -FS" <ttisler@fs.fed.us>, "Tamara_Smith@fws.gov"
<Tamara_Smith@fws.gov>

Todd/Tamara, I could be on a call tomorrow anytime between 11 and 4 (MT Time).  Let me
know………..

 

From: Tisler, Todd M -FS 
Sent: Wednesday, December 06, 2017 6:05 AM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Subject: RE: Canada Lynx Conservation Strategy 3rd Edition

 

Morning Gary,

 

I’ll be out of the office most of the day on Wednesday. How about we chat Thursday? I’m available
7:30-9:00am,  11:00-1:00pm and 2:30 -4:00pm Mountain Time.

 

Thanks, Todd

 

Todd Tisler

mailto:tamara_smith@fws.gov
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Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 

 

From: Hanvey, Gary -FS 
Sent: Tuesday, December 05, 2017 7:08 PM
To: Tisler, Todd M -FS <ttisler@fs.fed.us>
Subject: FW: Canada Lynx Conservation Strategy 3rd Edition

 

Hey Todd.  I have a number of meetings tomorrow, but I’ll try giving you a call early a.m.

 

From: Hanvey, Gary -FS 
Sent: Tuesday, December 05, 2017 5:47 PM
To: 'Zelenak, Jim' <jim_zelenak@fws.gov>; Tamara_Smith@fws.gov
Cc: Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: RE: Canada Lynx Conservation Strategy 3rd Edition

 

Hey Jim.  We can share with Tamara/Todd lynx management direction in R1/2/4/6 of the FS and the
direction used by other agencies locally (ie….BLM/NPS).  Might be easier to explain in a phone call –
should we contact Todd?

 

Gary Hanvey 
R1 Canada Lynx Biologist

mailto:ttisler@fs.fed.us
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Forest Service

Northern Region
p: 406-329-3018 
c: 406-781-1765 
ghanvey@fs.fed.us
26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, December 05, 2017 3:12 PM
To: Tamara_Smith@fws.gov
Cc: Hanvey, Gary -FS <ghanvey@fs.fed.us>; Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: Re: Canada Lynx Conservation Strategy 3rd Edition

 

Looping Scott in.... forgot in previous.

 

On Tue, Dec 5, 2017 at 2:36 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi Tam,

 

I'm copying Gary Hanvey, Lynx Specialist with the Forest Service's Region 1 Regional
Office in Missoula, who I know has been giving this question and others like it quite a bit of
thought lately as well. Also copying USFS's National Carnivore Program Leader, Scott
Jackson, in case he'd like to weigh in.

 

 

Gary - what recommendations/answers would you have for Todd (who, coincidentally was
an office mate of mine in the Ketchikan District Office on the Tongass back about the turn
of the century...)?  The Chippewa NF is a secondary area with some historical and a
smattering of recent verified lynx records, but no evidence that it historically or recently
supported a resident lynx population (Right, Tam?).

 

I'm not sure if NFs in Minnesota apply the same "occupied" vs. "unoccupied" definitions
that are used out here (occupied if 2 verified non-transient lynx occurrences since 1999, and
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once flipped from unoccupied to occupied based on 2 such records, they remain "occupied"
forever).

 

If I remember correctly, USFS folks in the west have decided to continue to apply the
NRLMD and SRLA (essentially LCAS) standards and guidelines to secondary areas.
However, out here anyway, the USFWS, I've been told by our consultation lead, does not
ask for S&G implementation in UNOCCUPIED secondary areas.

 

Gary - let us know what you would recommend in response to Todd's question, below.

 

Thanks. 

 

On Tue, Dec 5, 2017 at 1:59 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:

Hi Jim - Do you have any advice on how to address Todd's question.  Hope all is well! 

 

Thanks, 

Tam

 

On Mon, Nov 20, 2017 at 11:40 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Hi Tam –

I was wondering if we could get clarification on whether or not the Federal agencies are
now recommended to implement the measures identified in the 3rd Edition of the
Canada Lynx Conservation Strategy. We knew the updated strategy was out but never
got word from the Service if we were to use it.

In the updated strategy, it shows most if not all the Chippewa in the secondary zone
which changes the need to delineate LAUs in secondary/peripheral areas and provide a
greater degree of flexibility for management activities in secondary/peripheral areas as
compared with the core areas.

When our Forest Plan was written, LCAS Edition #1 was used with tighter parameters
in managing LAU’s thus the need for standard and guidelines and minimum thresholds
in LAU’s. If it is recommended that we use the 3rd edition, we may have to look at
making changes to our Forest Plan.

Not sure if you can answer this but hopefully you can point me in the right direction in

mailto:tamara_smith@fws.gov
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finding out the answers.  

Thanks for the help!

Todd

 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator to
civil or criminal penalties. If you believe you have received this message in error,
please notify the sender and delete the email immediately.

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Minnesota Wisconsin Field Office
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http://usda.gov/
https://twitter.com/forestservice
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4101 American Boulevard East

Bloomington, MN 55425

952-252-0092, Ext. 219

952-646-2873 (fax)

612-600-1599 cell

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov
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Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov
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-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell



From: Smith, Tamara
To: Phil Delphey
Subject: Fwd: Canada Lynx Conservation Strategy 3rd Edition
Date: Thursday, December 07, 2017 3:09:47 PM
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fyi - This is what I mentioned earlier...any initial thoughts?

---------- Forwarded message ----------
From: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Date: Wed, Dec 6, 2017 at 6:02 PM
Subject: RE: Canada Lynx Conservation Strategy 3rd Edition
To: "Tisler, Todd M -FS" <ttisler@fs.fed.us>, "Tamara_Smith@fws.gov"
<Tamara_Smith@fws.gov>

Todd/Tamara, I could be on a call tomorrow anytime between 11 and 4 (MT Time).  Let me
know………..

 

From: Tisler, Todd M -FS 
Sent: Wednesday, December 06, 2017 6:05 AM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Subject: RE: Canada Lynx Conservation Strategy 3rd Edition

 

Morning Gary,

 

I’ll be out of the office most of the day on Wednesday. How about we chat Thursday? I’m available
7:30-9:00am,  11:00-1:00pm and 2:30 -4:00pm Mountain Time.

 

Thanks, Todd

 

Todd Tisler
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Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 

 

From: Hanvey, Gary -FS 
Sent: Tuesday, December 05, 2017 7:08 PM
To: Tisler, Todd M -FS <ttisler@fs.fed.us>
Subject: FW: Canada Lynx Conservation Strategy 3rd Edition

 

Hey Todd.  I have a number of meetings tomorrow, but I’ll try giving you a call early a.m.

 

From: Hanvey, Gary -FS 
Sent: Tuesday, December 05, 2017 5:47 PM
To: 'Zelenak, Jim' <jim_zelenak@fws.gov>; Tamara_Smith@fws.gov
Cc: Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: RE: Canada Lynx Conservation Strategy 3rd Edition

 

Hey Jim.  We can share with Tamara/Todd lynx management direction in R1/2/4/6 of the FS and the
direction used by other agencies locally (ie….BLM/NPS).  Might be easier to explain in a phone call –
should we contact Todd?

 

Gary Hanvey 
R1 Canada Lynx Biologist

mailto:ttisler@fs.fed.us
http://www.fs.fed.us/
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https://twitter.com/forestservice
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Forest Service

Northern Region
p: 406-329-3018 
c: 406-781-1765 
ghanvey@fs.fed.us
26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, December 05, 2017 3:12 PM
To: Tamara_Smith@fws.gov
Cc: Hanvey, Gary -FS <ghanvey@fs.fed.us>; Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: Re: Canada Lynx Conservation Strategy 3rd Edition

 

Looping Scott in.... forgot in previous.

 

On Tue, Dec 5, 2017 at 2:36 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi Tam,

 

I'm copying Gary Hanvey, Lynx Specialist with the Forest Service's Region 1 Regional
Office in Missoula, who I know has been giving this question and others like it quite a bit of
thought lately as well. Also copying USFS's National Carnivore Program Leader, Scott
Jackson, in case he'd like to weigh in.

 

 

Gary - what recommendations/answers would you have for Todd (who, coincidentally was
an office mate of mine in the Ketchikan District Office on the Tongass back about the turn
of the century...)?  The Chippewa NF is a secondary area with some historical and a
smattering of recent verified lynx records, but no evidence that it historically or recently
supported a resident lynx population (Right, Tam?).

 

I'm not sure if NFs in Minnesota apply the same "occupied" vs. "unoccupied" definitions
that are used out here (occupied if 2 verified non-transient lynx occurrences since 1999, and
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once flipped from unoccupied to occupied based on 2 such records, they remain "occupied"
forever).

 

If I remember correctly, USFS folks in the west have decided to continue to apply the
NRLMD and SRLA (essentially LCAS) standards and guidelines to secondary areas.
However, out here anyway, the USFWS, I've been told by our consultation lead, does not
ask for S&G implementation in UNOCCUPIED secondary areas.

 

Gary - let us know what you would recommend in response to Todd's question, below.

 

Thanks. 

 

On Tue, Dec 5, 2017 at 1:59 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:

Hi Jim - Do you have any advice on how to address Todd's question.  Hope all is well! 

 

Thanks, 

Tam

 

On Mon, Nov 20, 2017 at 11:40 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Hi Tam –

I was wondering if we could get clarification on whether or not the Federal agencies are
now recommended to implement the measures identified in the 3rd Edition of the
Canada Lynx Conservation Strategy. We knew the updated strategy was out but never
got word from the Service if we were to use it.

In the updated strategy, it shows most if not all the Chippewa in the secondary zone
which changes the need to delineate LAUs in secondary/peripheral areas and provide a
greater degree of flexibility for management activities in secondary/peripheral areas as
compared with the core areas.

When our Forest Plan was written, LCAS Edition #1 was used with tighter parameters
in managing LAU’s thus the need for standard and guidelines and minimum thresholds
in LAU’s. If it is recommended that we use the 3rd edition, we may have to look at
making changes to our Forest Plan.

Not sure if you can answer this but hopefully you can point me in the right direction in

mailto:tamara_smith@fws.gov
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finding out the answers.  

Thanks for the help!

Todd

 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator to
civil or criminal penalties. If you believe you have received this message in error,
please notify the sender and delete the email immediately.

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Minnesota Wisconsin Field Office
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4101 American Boulevard East

Bloomington, MN 55425

952-252-0092, Ext. 219

952-646-2873 (fax)

612-600-1599 cell

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov
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Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov
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-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell



From: Smith, Tamara
To: Jim Zelenak
Subject: Fwd: Canada Lynx Conservation Strategy 3rd Edition
Date: Thursday, December 07, 2017 3:32:40 PM
Attachments: image005.png
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fyi - This is what Phil (our S7 coord) thinks...

---------- Forwarded message ----------
From: Delphey, Phil <phil_delphey@fws.gov>
Date: Thu, Dec 7, 2017 at 3:18 PM
Subject: Re: Canada Lynx Conservation Strategy 3rd Edition
To: "Smith, Tamara" <tamara_smith@fws.gov>

My initial thoughts are that it would be okay if they considered the CNF areas as secondary
and went ahead and applied the relevant guidelines from the latest version of the LCAS. It
seems clear and well enough established that the CNF area is only of secondary importance to
lynx and may only be important for temporarily sustaining lynx that are on temporary
excursions from the area where they are capable of reproducing in MN.  

Phil

On Thu, Dec 7, 2017 at 3:09 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
fyi - This is what I mentioned earlier...any initial thoughts?

---------- Forwarded message ----------
From: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Date: Wed, Dec 6, 2017 at 6:02 PM
Subject: RE: Canada Lynx Conservation Strategy 3rd Edition
To: "Tisler, Todd M -FS" <ttisler@fs.fed.us>, "Tamara_Smith@fws.gov"
<Tamara_Smith@fws.gov>

Todd/Tamara, I could be on a call tomorrow anytime between 11 and 4 (MT Time).  Let me
know………..

 

From: Tisler, Todd M -FS 
Sent: Wednesday, December 06, 2017 6:05 AM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>
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Subject: RE: Canada Lynx Conservation Strategy 3rd Edition

 

Morning Gary,

 

I’ll be out of the office most of the day on Wednesday. How about we chat Thursday? I’m available
7:30-9:00am,  11:00-1:00pm and 2:30 -4:00pm Mountain Time.

 

Thanks, Todd

 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 

 

From: Hanvey, Gary -FS 
Sent: Tuesday, December 05, 2017 7:08 PM
To: Tisler, Todd M -FS <ttisler@fs.fed.us>
Subject: FW: Canada Lynx Conservation Strategy 3rd Edition

 

Hey Todd.  I have a number of meetings tomorrow, but I’ll try giving you a call early a.m.
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From: Hanvey, Gary -FS 
Sent: Tuesday, December 05, 2017 5:47 PM
To: 'Zelenak, Jim' <jim_zelenak@fws.gov>; Tamara_Smith@fws.gov
Cc: Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: RE: Canada Lynx Conservation Strategy 3rd Edition

 

Hey Jim.  We can share with Tamara/Todd lynx management direction in R1/2/4/6 of the FS and
the direction used by other agencies locally (ie….BLM/NPS).  Might be easier to explain in a phone
call – should we contact Todd?

 

Gary Hanvey 
R1 Canada Lynx Biologist
Forest Service

Northern Region
p: 406-329-3018 
c: 406-781-1765 
ghanvey@fs.fed.us
26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, December 05, 2017 3:12 PM
To: Tamara_Smith@fws.gov
Cc: Hanvey, Gary -FS <ghanvey@fs.fed.us>; Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: Re: Canada Lynx Conservation Strategy 3rd Edition

 

Looping Scott in.... forgot in previous.

 

On Tue, Dec 5, 2017 at 2:36 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi Tam,

 

I'm copying Gary Hanvey, Lynx Specialist with the Forest Service's Region 1 Regional
Office in Missoula, who I know has been giving this question and others like it quite a bit
of thought lately as well. Also copying USFS's National Carnivore Program Leader, Scott
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Jackson, in case he'd like to weigh in.

 

 

Gary - what recommendations/answers would you have for Todd (who, coincidentally
was an office mate of mine in the Ketchikan District Office on the Tongass back about the
turn of the century...)?  The Chippewa NF is a secondary area with some historical and a
smattering of recent verified lynx records, but no evidence that it historically or recently
supported a resident lynx population (Right, Tam?).

 

I'm not sure if NFs in Minnesota apply the same "occupied" vs. "unoccupied" definitions
that are used out here (occupied if 2 verified non-transient lynx occurrences since 1999,
and once flipped from unoccupied to occupied based on 2 such records, they remain
"occupied" forever).

 

If I remember correctly, USFS folks in the west have decided to continue to apply the
NRLMD and SRLA (essentially LCAS) standards and guidelines to secondary areas.
However, out here anyway, the USFWS, I've been told by our consultation lead, does not
ask for S&G implementation in UNOCCUPIED secondary areas.

 

Gary - let us know what you would recommend in response to Todd's question, below.

 

Thanks. 

 

On Tue, Dec 5, 2017 at 1:59 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:

Hi Jim - Do you have any advice on how to address Todd's question.  Hope all is well! 

 

Thanks, 

Tam

 

On Mon, Nov 20, 2017 at 11:40 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Hi Tam –

I was wondering if we could get clarification on whether or not the Federal agencies
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are now recommended to implement the measures identified in the 3rd Edition of the
Canada Lynx Conservation Strategy. We knew the updated strategy was out but
never got word from the Service if we were to use it.

In the updated strategy, it shows most if not all the Chippewa in the secondary zone
which changes the need to delineate LAUs in secondary/peripheral areas and provide
a greater degree of flexibility for management activities in secondary/peripheral areas
as compared with the core areas.

When our Forest Plan was written, LCAS Edition #1 was used with tighter
parameters in managing LAU’s thus the need for standard and guidelines and
minimum thresholds in LAU’s. If it is recommended that we use the 3rd edition, we
may have to look at making changes to our Forest Plan.

Not sure if you can answer this but hopefully you can point me in the right direction
in finding out the answers.  

Thanks for the help!

Todd

 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator
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to civil or criminal penalties. If you believe you have received this message in error,
please notify the sender and delete the email immediately.

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Minnesota Wisconsin Field Office

4101 American Boulevard East

Bloomington, MN 55425

952-252-0092, Ext. 219

952-646-2873 (fax)

612-600-1599 cell

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov
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Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell

-- 
Phil Delphey
Endangered Species Act Section 7 Coordinator and Coordinator for Non-Wind HCPs
Midwest Region
U.S. Fish and Wildlife Service
5600 American Blvd. West, Suite 990
Bloomington, MN 55437-1458
Office Phone: 612.713-5318

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell
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From: Smith, Tamara
To: Jim Zelenak
Subject: Fwd: Canada Lynx Conservation Strategy 3rd Edition
Date: Thursday, December 07, 2017 3:32:40 PM
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fyi - This is what Phil (our S7 coord) thinks...

---------- Forwarded message ----------
From: Delphey, Phil <phil_delphey@fws.gov>
Date: Thu, Dec 7, 2017 at 3:18 PM
Subject: Re: Canada Lynx Conservation Strategy 3rd Edition
To: "Smith, Tamara" <tamara_smith@fws.gov>

My initial thoughts are that it would be okay if they considered the CNF areas as secondary
and went ahead and applied the relevant guidelines from the latest version of the LCAS. It
seems clear and well enough established that the CNF area is only of secondary importance to
lynx and may only be important for temporarily sustaining lynx that are on temporary
excursions from the area where they are capable of reproducing in MN.  

Phil

On Thu, Dec 7, 2017 at 3:09 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
fyi - This is what I mentioned earlier...any initial thoughts?

---------- Forwarded message ----------
From: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Date: Wed, Dec 6, 2017 at 6:02 PM
Subject: RE: Canada Lynx Conservation Strategy 3rd Edition
To: "Tisler, Todd M -FS" <ttisler@fs.fed.us>, "Tamara_Smith@fws.gov"
<Tamara_Smith@fws.gov>

Todd/Tamara, I could be on a call tomorrow anytime between 11 and 4 (MT Time).  Let me
know………..

 

From: Tisler, Todd M -FS 
Sent: Wednesday, December 06, 2017 6:05 AM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>
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Subject: RE: Canada Lynx Conservation Strategy 3rd Edition

 

Morning Gary,

 

I’ll be out of the office most of the day on Wednesday. How about we chat Thursday? I’m available
7:30-9:00am,  11:00-1:00pm and 2:30 -4:00pm Mountain Time.

 

Thanks, Todd

 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 

 

From: Hanvey, Gary -FS 
Sent: Tuesday, December 05, 2017 7:08 PM
To: Tisler, Todd M -FS <ttisler@fs.fed.us>
Subject: FW: Canada Lynx Conservation Strategy 3rd Edition

 

Hey Todd.  I have a number of meetings tomorrow, but I’ll try giving you a call early a.m.
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From: Hanvey, Gary -FS 
Sent: Tuesday, December 05, 2017 5:47 PM
To: 'Zelenak, Jim' <jim_zelenak@fws.gov>; Tamara_Smith@fws.gov
Cc: Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: RE: Canada Lynx Conservation Strategy 3rd Edition

 

Hey Jim.  We can share with Tamara/Todd lynx management direction in R1/2/4/6 of the FS and
the direction used by other agencies locally (ie….BLM/NPS).  Might be easier to explain in a phone
call – should we contact Todd?

 

Gary Hanvey 
R1 Canada Lynx Biologist
Forest Service

Northern Region
p: 406-329-3018 
c: 406-781-1765 
ghanvey@fs.fed.us
26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, December 05, 2017 3:12 PM
To: Tamara_Smith@fws.gov
Cc: Hanvey, Gary -FS <ghanvey@fs.fed.us>; Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: Re: Canada Lynx Conservation Strategy 3rd Edition

 

Looping Scott in.... forgot in previous.

 

On Tue, Dec 5, 2017 at 2:36 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi Tam,

 

I'm copying Gary Hanvey, Lynx Specialist with the Forest Service's Region 1 Regional
Office in Missoula, who I know has been giving this question and others like it quite a bit
of thought lately as well. Also copying USFS's National Carnivore Program Leader, Scott
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Jackson, in case he'd like to weigh in.

 

 

Gary - what recommendations/answers would you have for Todd (who, coincidentally
was an office mate of mine in the Ketchikan District Office on the Tongass back about the
turn of the century...)?  The Chippewa NF is a secondary area with some historical and a
smattering of recent verified lynx records, but no evidence that it historically or recently
supported a resident lynx population (Right, Tam?).

 

I'm not sure if NFs in Minnesota apply the same "occupied" vs. "unoccupied" definitions
that are used out here (occupied if 2 verified non-transient lynx occurrences since 1999,
and once flipped from unoccupied to occupied based on 2 such records, they remain
"occupied" forever).

 

If I remember correctly, USFS folks in the west have decided to continue to apply the
NRLMD and SRLA (essentially LCAS) standards and guidelines to secondary areas.
However, out here anyway, the USFWS, I've been told by our consultation lead, does not
ask for S&G implementation in UNOCCUPIED secondary areas.

 

Gary - let us know what you would recommend in response to Todd's question, below.

 

Thanks. 

 

On Tue, Dec 5, 2017 at 1:59 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:

Hi Jim - Do you have any advice on how to address Todd's question.  Hope all is well! 

 

Thanks, 

Tam

 

On Mon, Nov 20, 2017 at 11:40 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Hi Tam –

I was wondering if we could get clarification on whether or not the Federal agencies
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are now recommended to implement the measures identified in the 3rd Edition of the
Canada Lynx Conservation Strategy. We knew the updated strategy was out but
never got word from the Service if we were to use it.

In the updated strategy, it shows most if not all the Chippewa in the secondary zone
which changes the need to delineate LAUs in secondary/peripheral areas and provide
a greater degree of flexibility for management activities in secondary/peripheral areas
as compared with the core areas.

When our Forest Plan was written, LCAS Edition #1 was used with tighter
parameters in managing LAU’s thus the need for standard and guidelines and
minimum thresholds in LAU’s. If it is recommended that we use the 3rd edition, we
may have to look at making changes to our Forest Plan.

Not sure if you can answer this but hopefully you can point me in the right direction
in finding out the answers.  

Thanks for the help!

Todd

 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator
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to civil or criminal penalties. If you believe you have received this message in error,
please notify the sender and delete the email immediately.

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Minnesota Wisconsin Field Office

4101 American Boulevard East

Bloomington, MN 55425

952-252-0092, Ext. 219

952-646-2873 (fax)

612-600-1599 cell

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov
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Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov
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Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell

-- 
Phil Delphey
Endangered Species Act Section 7 Coordinator and Coordinator for Non-Wind HCPs
Midwest Region
U.S. Fish and Wildlife Service
5600 American Blvd. West, Suite 990
Bloomington, MN 55437-1458
Office Phone: 612.713-5318
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Tamara Smith
U.S. Fish and Wildlife Service
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From: Hansen, Nancy (DNR)
To: Erb, John D (DNR); Baker, Richard (DNR); Smith, Tamara; Olfelt, Dave P (DNR); Aarhus-Ward, Angela (DNR);

Cornicelli, Lou (DNR); Abraham, Jason (DNR)
Cc: Rusch, Tom P (DNR)
Subject: Re: accidentally trapped lynx
Date: Friday, December 08, 2017 10:41:10 PM

If this is the one reported by the Finland area officer, the DNA sample will be collected by
USFS on Monday at our Enforcement office in Two Harbors. 

Thank you, 
Nancy Hansen
Area Wildlife Manager
Two Harbors

From: Erb, John D (DNR)
Sent: Friday, December 8, 2017 3:34:19 PM
To: Baker, Richard (DNR); Smith, Tamara; Olfelt, Dave P (DNR); Aarhus-Ward, Angela (DNR);
Cornicelli, Lou (DNR); Abraham, Jason (DNR)
Cc: Hansen, Nancy (DNR); Rusch, Tom P (DNR)
Subject: accidentally trapped lynx
 
FYI, per our ‘official’ DNR reporting protocol, this is to alert you that a lynx was accidentally
trapped/killed on 12/1/17 in Lake County, N47 33.232 W91 22.37411.   I was out some since then, so
sorry for some delays in this notice.  I do have some details (reportedly a female, taken in a snare,
trap set was legal), but am awaiting a copy of the complete ICR and will then forward that to you. 
Nothing specific you need to do, just FYI.  
 
Also FYI, USFS already has a DNA sample for their analysis.
 
John Erb
Furbearer/Wolf Research Scientist
Minnesota DNR
Forest Wildlife Populations and Research Group
1201 E. Hwy 2
Grand Rapids, MN 55744
218-328-8875
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From: Hansen, Nancy (DNR)
To: Erb, John D (DNR); Baker, Richard (DNR); Smith, Tamara; Olfelt, Dave P (DNR); Aarhus-Ward, Angela (DNR);

Cornicelli, Lou (DNR); Abraham, Jason (DNR)
Cc: Rusch, Tom P (DNR)
Subject: Re: accidentally trapped lynx
Date: Friday, December 08, 2017 10:41:10 PM

If this is the one reported by the Finland area officer, the DNA sample will be collected by
USFS on Monday at our Enforcement office in Two Harbors. 

Thank you, 
Nancy Hansen
Area Wildlife Manager
Two Harbors

From: Erb, John D (DNR)
Sent: Friday, December 8, 2017 3:34:19 PM
To: Baker, Richard (DNR); Smith, Tamara; Olfelt, Dave P (DNR); Aarhus-Ward, Angela (DNR);
Cornicelli, Lou (DNR); Abraham, Jason (DNR)
Cc: Hansen, Nancy (DNR); Rusch, Tom P (DNR)
Subject: accidentally trapped lynx
 
FYI, per our ‘official’ DNR reporting protocol, this is to alert you that a lynx was accidentally
trapped/killed on 12/1/17 in Lake County, N47 33.232 W91 22.37411.   I was out some since then, so
sorry for some delays in this notice.  I do have some details (reportedly a female, taken in a snare,
trap set was legal), but am awaiting a copy of the complete ICR and will then forward that to you. 
Nothing specific you need to do, just FYI.  
 
Also FYI, USFS already has a DNA sample for their analysis.
 
John Erb
Furbearer/Wolf Research Scientist
Minnesota DNR
Forest Wildlife Populations and Research Group
1201 E. Hwy 2
Grand Rapids, MN 55744
218-328-8875
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From: Tisler, Todd M -FS
To: Zelenak, Jim
Subject: RE: Lynx Call Follow-up
Date: Monday, December 11, 2017 8:23:34 AM
Attachments: image001.png
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Morning Jim,
 
Good hearing your voice last week!
 
I sure appreciate the time and input you and others provided on the call. Our main objective is
ensuring our analysis meets FWS needs and properly addresses the effects of all our activities on the
Forest. It sounds like we might have some flexibility in how we analyze lynx if we adopt the most
recent LCAS and also meet the requirements in our Forest Plan. We plan on working with folks at the
Twin Cities Office to Tam and others at the Twin Cities Office.
 
Thanks again for the help and stay in touch!
 
Happy Holidays!
 
Todd
 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service
Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 08, 2017 9:11 AM
To: Tisler, Todd M -FS <ttisler@fs.fed.us>
Subject: Lynx Call Follow-up
 
Hey Todd - good to hear your voice again yesterday.
 
Let me know if you want to discuss any of that any further. Katrina was going to send you

mailto:ttisler@fs.fed.us
mailto:jim_zelenak@fws.gov
mailto:ttisler@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112


those screening documents she and others developed out here - hope those will help.
 
Wanted to let you know the USFWS is supportive of focusing lynx conservation on the areas
that really are most important, and those are the areas that support persistent resident breeding
populations. The intent is not to have (or encourage) folks to try to manage for lynx habitat in
places that really are not lynx habitat and likely have never been in any biologically
meaningful sense.  I get the impression that is the case on the Chippewa NF - some past and
recent records but, as far as I'm aware, no evidence that it ever supported a reproducing
population of lynx. Really, in MN, it is the Superior NF and other parts of the Arrowhead that
are important for lynx.
 
There really has been lots of confusion, among the public and within the agencies, about what
places are important to lynx.  Some of that is to be expected given uncertainty about historical
range and the many lynx records in the Lower 48 associated with irruptions of lynx out of
Canada and into many northern tier states when hares crashed up north, particularly the
unprecedentedly large irruptions in the early 1960s and early 1970s, when lynx were, for short
times, all over the place, including in many places that clearly can't support resident
populations.
 
Anyway, we had hoped by now to have the final SSA (species status assessment) out and
available to agencies and the public, along with a 5-year review based on the SSA, but both
have stalled a bit due to solictor and internal USFWS review. Lynx have generated lots of
litigation over the years, especially out here, so I guess that is understandable.  As soon as I
can, I will send you a copy of the SSA and the 5-year review, both of which may inform your
decisions regarding lynx conservation efforts on the Chippewa NF.
 
In the mean time, don't hesitate to call if you have questions or need any other lynx info.
 
Hope all is well there and that you and yours have a great holiday.
 
Cheers!
 
Jim
 
  
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal

mailto:jim_zelenak@fws.gov


penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.



From: Tisler, Todd M -FS
To: Tamara_Smith@fws.gov
Cc: Pfeffer, Lois J -FS
Subject: FW: Lynx Call Follow-up
Date: Monday, December 11, 2017 10:18:25 AM
Attachments: image001.png
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Morning Tam –
 
Doing a quick follow-up from our lynx call last week. The direction I heard from Jim Z. and others on
the call was that the 3rd edition of the LCAS was the document of record for updated direction
recovery and consultation. I wanted to confirm with you that the Twin Cities Office concurred with
that direction of using the latest edition of the LCAS. We do have requirements in our Forest Plan
that require effects analysis that would not change but using the latest LCAS may allow the level of
analysis to change somewhat but still meet the requirements of Section 7 consultation and our
Forest Plan.  
 
Thanks, Todd
 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service
Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 08, 2017 9:11 AM
To: Tisler, Todd M -FS <ttisler@fs.fed.us>
Subject: Lynx Call Follow-up
 
Hey Todd -
 
Let me know if you want to discuss any of that any further. Katrina was going to send you
those screening documents she and others developed out here - hope those will help.
 
Wanted to let you know the USFWS is supportive of focusing lynx conservation on the areas
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that really are most important, and those are the areas that support persistent resident breeding
populations. The intent is not to have (or encourage) folks to try to manage for lynx habitat in
places that really are not lynx habitat and likely have never been in any biologically
meaningful sense.  I get the impression that is the case on the Chippewa NF - some past and
recent records but, as far as I'm aware, no evidence that it ever supported a reproducing
population of lynx. Really, in MN, it is the Superior NF and other parts of the Arrowhead that
are important for lynx.
 
There really has been lots of confusion, among the public and within the agencies, about what
places are important to lynx.  Some of that is to be expected given uncertainty about historical
range and the many lynx records in the Lower 48 associated with irruptions of lynx out of
Canada and into many northern tier states when hares crashed up north, particularly the
unprecedentedly large irruptions in the early 1960s and early 1970s, when lynx were, for short
times, all over the place, including in many places that clearly can't support resident
populations.
 
Anyway, we had hoped by now to have the final SSA (species status assessment) out and
available to agencies and the public, along with a 5-year review based on the SSA, but both
have stalled a bit due to solictor and internal USFWS review. Lynx have generated lots of
litigation over the years, especially out here, so I guess that is understandable.  As soon as I
can, I will send you a copy of the SSA and the 5-year review, both of which may inform your
decisions regarding lynx conservation efforts on the Chippewa NF.
 
In the mean time, don't hesitate to call if you have questions or need any other lynx info.
 
Hope all is well there and that you and yours have a great holiday.
 
Cheers!
 
Jim
 
  
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.
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From: Tisler, Todd M -FS
To: Tamara_Smith@fws.gov
Cc: Pfeffer, Lois J -FS
Subject: FW: Lynx Call Follow-up
Date: Monday, December 11, 2017 10:18:25 AM
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Morning Tam –
 
Doing a quick follow-up from our lynx call last week. The direction I heard from Jim Z. and others on
the call was that the 3rd edition of the LCAS was the document of record for updated direction
recovery and consultation. I wanted to confirm with you that the Twin Cities Office concurred with
that direction of using the latest edition of the LCAS. We do have requirements in our Forest Plan
that require effects analysis that would not change but using the latest LCAS may allow the level of
analysis to change somewhat but still meet the requirements of Section 7 consultation and our
Forest Plan.  
 
Thanks, Todd
 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service
Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 08, 2017 9:11 AM
To: Tisler, Todd M -FS <ttisler@fs.fed.us>
Subject: Lynx Call Follow-up
 
Hey Todd -
 
Let me know if you want to discuss any of that any further. Katrina was going to send you
those screening documents she and others developed out here - hope those will help.
 
Wanted to let you know the USFWS is supportive of focusing lynx conservation on the areas
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that really are most important, and those are the areas that support persistent resident breeding
populations. The intent is not to have (or encourage) folks to try to manage for lynx habitat in
places that really are not lynx habitat and likely have never been in any biologically
meaningful sense.  I get the impression that is the case on the Chippewa NF - some past and
recent records but, as far as I'm aware, no evidence that it ever supported a reproducing
population of lynx. Really, in MN, it is the Superior NF and other parts of the Arrowhead that
are important for lynx.
 
There really has been lots of confusion, among the public and within the agencies, about what
places are important to lynx.  Some of that is to be expected given uncertainty about historical
range and the many lynx records in the Lower 48 associated with irruptions of lynx out of
Canada and into many northern tier states when hares crashed up north, particularly the
unprecedentedly large irruptions in the early 1960s and early 1970s, when lynx were, for short
times, all over the place, including in many places that clearly can't support resident
populations.
 
Anyway, we had hoped by now to have the final SSA (species status assessment) out and
available to agencies and the public, along with a 5-year review based on the SSA, but both
have stalled a bit due to solictor and internal USFWS review. Lynx have generated lots of
litigation over the years, especially out here, so I guess that is understandable.  As soon as I
can, I will send you a copy of the SSA and the 5-year review, both of which may inform your
decisions regarding lynx conservation efforts on the Chippewa NF.
 
In the mean time, don't hesitate to call if you have questions or need any other lynx info.
 
Hope all is well there and that you and yours have a great holiday.
 
Cheers!
 
Jim
 
  
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.
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From: Broderdorp, Kurt
To: Creed Clayton
Subject: File location for Climate Change Information for Colorado
Date: Tuesday, December 12, 2017 11:52:35 AM

H:\Documents\Species\Lynx\Lynx SSA

Lucas et al. climate change co report 2014...

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186
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From: Broderdorp, Kurt
To: Creed Clayton
Subject: File location for Climate Change Information for Colorado
Date: Tuesday, December 12, 2017 11:52:35 AM

H:\Documents\Species\Lynx\Lynx SSA

Lucas et al. climate change co report 2014...

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186
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mailto:creed_clayton@fws.gov


From: Shoemaker, Justin
To: Nelson, Marjorie
Cc: Leslie Ellwood; Nicole Alt; Michael Thabault; Jodi Bush; Zelenak, Jim
Subject: Re: Friday"s briefing
Date: Wednesday, December 13, 2017 3:47:36 PM
Attachments: Canada Lynx DPS briefing for Director_12132017_MN_JS.pptx

Marj,

Here's a revised presentation w/ comments addressed.  There's a new slide at the end covering
supportive and opposed interested parties. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Dec 13, 2017 at 3:40 PM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
I made some edits on the slides and added some comments to the notes - they are
in italics since ppt won't let them be red.

I added Mike et al so they could weigh in, if need be.  

I'd like to get this to RDs office by COB today.

thanks so much for pulling it together  - and call me if you have questions.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Wed, Dec 13, 2017 at 10:22 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Here's a draft presentation for the Director. Let me know if you have suggestions.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Tue, Dec 12, 2017 at 5:17 PM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
Justin,
I had a voicemail from Noreen following this message to focus on the 4(f)
memo.  So, given the full set of directions, how about this:

First part: why it was listed, how those threats were addressed, litigation,
overview of SSA - timeline format
Second part: the decision phase and 5 YSR
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3rd part: 4f
4th next steps

All parsed out in less than 10 slides.  Most of the information should be centered
about the 4(f) memo since that's the decision that will be before him - and we
need it signed asap for the court.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Tue, Dec 12, 2017 at 2:10 PM, Nelson, Marjorie <marjorie_nelson@fws.gov>
wrote:

Justin,
Here's what Noreen wants for the powerpoint for lynx.
let me know if I can help.

I talked to Maricela and she's going to find out where we need to route the
powerpoint.  She is going to also find out the routing for the 4(f) memo.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

---------- Forwarded message ----------
From: Noreen Walsh <noreen_walsh@fws.gov>
Date: Tue, Dec 12, 2017 at 2:05 PM
Subject: Friday's briefing
To: Michael Thabault <michael_thabault@fws.gov>, nicole_alt@fws.gov, Marjorie
Nelson <marjorie_nelson@fws.gov>
Cc: Stephanie Potter <stephanie_potter@fws.gov>, Matt Hogan
<matt_hogan@fws.gov>

Hey all,

 

Stephanie was telling me about the questions about the lynx briefing on Friday based
on our new HQ guidance. 

 

I will kick it off,  I will then turn to Mike to lead it.  The HQ memo suggests we not
have a large number of speakers.
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I wasn’t asking for a ppt………but it seems as if the memo is………so I understand
Marj is putting together a few “just the facts slides”?   We probably just need key
words; does not need to be artistic.  I envision something like:  why it was listed, how
those threats were addressed, overview of SSA and cross regional process that led to
consensus recommendation, what that recommendation is and why we came to it, our
thoughts on communication needs when this rolls out, and next steps. 

 

Questions or concerns – just holler at me.

 

Thanks,

 

Noreen

 

 

 

 

 

 

Noreen Walsh

Regional Director

Mountain-Prairie Region

U. S. Fish and Wildlife Service

303 236 7920

 



Canada lynx (Lynx canadensis) – Contiguous 
U.S. Distinct Population Segment (DPS) 

• Listed as threatened in 2000 due to 
potential for impacts to lynx and hare 
habitat on Federal lands 

 
• Nearly all Federal land management plans 

revised to conserve habitat 



Recovery Plan Litigation 

We were litigated by Rocky Mt. Wild, 
Biodiversity Conservation Alliance, and others 
for failure to complete a recovery plan for the 
Canada lynx DPS. 
 
In 2014 we were ordered to complete a 
recovery plan or make a determination that a 
recovery plan “would not promote the 
conservation the lynx” by Jan 15, 2018.  
 



Species Status Assessment (SSA) Report 

States, USFS, BLM, Tribes, species experts 
contributed to the SSA. 
 
Federal land management plans have been 
revised, thus that threat has been ameliorated. 
 
More lynx in the DPS now than known 
historically; lynx are naturally rare in lower 48.  
 
Climate change could impact future habitat, 
high uncertainty of when and to what extent. 
 
All five geographic units that currently support 
resident lynx populations are expected to 
continue to do so through mid-century (2050). 
 



5-Year Status Review 

We held a recommendation team meeting with Regions 
1, 3, 5, and 6 using a structured process and informed by 
the SSA. 
 
All four regions concurred that the risk of extinction by 
2050 is sufficiently low that the Canada lynx DPS is not 
likely to become endangered throughout all of its range 
within the foreseeable future; thus it is no longer a 
threatened species 
 
We recommend delisting the lynx DPS .  The five year 
status review with this recommendation was signed Nov 
13, 2017 
 
 
 



4(f)(1) Determination 

Section 4(f)(l) of the Act – Recovery plan required, “unless 
[the Service] finds such a plan will not promote the 
conservation of the species.”  
 
Given our recommendation to delist the lynx DPS due to 
recovery, a recovery plan is not would not promote the 
conservation of the species. 
 
4(f)(1) determination would fulfill our obligations under 
the 2014 Court order. 
 



Next steps 

Communications plan to address all 
moving parts 
 
Announce SSA Report, 5-Year Review 
and 4(f)(1) determination to partners 
and public 
 

Court order deadline – Jan 15, 2018 
 
Pending Director approval of the 
4(f)(1) determination, DOJ will file 
motion with the Court 
 



Interested Parties 

Expected to be supportive: 
Forest Service, Bureau of Land Management, National 
Park Service, State wildlife and natural resources 
management agencies, AFWA, WAFWA, State 
governments (especially Maine, Montana, Idaho, and 
Wyoming), Tribes 
 
Likely to be opposed: 
Plaintiffs on Recovery Plan, Critical Habitat, and Section 7 
litigation; Environmental groups (e.g., WildEarth 
Guardians, Earthjustice, Western Watersheds Project, 
Natural Resources Defense Council, Center for Biological 
Diversity, and Sierra Club, among others) , State of 
Washington (lynx is state designated as endangered). 



From: Zelenak, Jim
To: Shoemaker, Justin
Subject: Re: Friday"s briefing
Date: Wednesday, December 13, 2017 4:14:51 PM

Sorry I missed your request by chat - was talking with Katrina.

The other big lawsuit was "Cottonwood" - brought by Cottonwood Environmental Law Center (CELC) regarding
Forest Service's failure to re initiate consultation on the their lynx management direction (NRLMD and SRLA) once
we revised critical habitat (2009 and 2014) and it now included USFS lands (as opposed to earlier 2006 CH that
Julie McD stepped on). We have since, recently completed that consultation.  CELC also would likely oppose a
recommendation to delist.

There have been lots of other lawsuits related to sec 7 on specific USFS projects - and a suite of environmental
NGOs litigated those.  Probably safe to say that all NGOs would oppose delisting.

I gotta go but hope this helps - call tomorrow if we need to discuss.

 

On Wed, Dec 13, 2017 at 3:46 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Marj,

Here's a revised presentation w/ comments addressed.  There's a new slide at the end
covering supportive and opposed interested parties. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Dec 13, 2017 at 3:40 PM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
I made some edits on the slides and added some comments to the notes - they
are in italics since ppt won't let them be red.

I added Mike et al so they could weigh in, if need be.  

I'd like to get this to RDs office by COB today.

thanks so much for pulling it together  - and call me if you have questions.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Wed, Dec 13, 2017 at 10:22 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Here's a draft presentation for the Director. Let me know if you have suggestions.

Justin Shoemaker
Classification and Recovery Biologist
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U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Tue, Dec 12, 2017 at 5:17 PM, Nelson, Marjorie <marjorie_nelson@fws.gov>
wrote:

Justin,
I had a voicemail from Noreen following this message to focus on the 4(f)
memo.  So, given the full set of directions, how about this:

First part: why it was listed, how those threats were addressed, litigation,
overview of SSA - timeline format
Second part: the decision phase and 5 YSR
3rd part: 4f
4th next steps

All parsed out in less than 10 slides.  Most of the information should be
centered about the 4(f) memo since that's the decision that will be before him -
and we need it signed asap for the court.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Tue, Dec 12, 2017 at 2:10 PM, Nelson, Marjorie <marjorie_nelson@fws.gov>
wrote:

Justin,
Here's what Noreen wants for the powerpoint for lynx.
let me know if I can help.

I talked to Maricela and she's going to find out where we need to route the
powerpoint.  She is going to also find out the routing for the 4(f) memo.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

---------- Forwarded message ----------
From: Noreen Walsh <noreen_walsh@fws.gov>
Date: Tue, Dec 12, 2017 at 2:05 PM
Subject: Friday's briefing
To: Michael Thabault <michael_thabault@fws.gov>, nicole_alt@fws.gov, Marjorie
Nelson <marjorie_nelson@fws.gov>
Cc: Stephanie Potter <stephanie_potter@fws.gov>, Matt Hogan
<matt_hogan@fws.gov>
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Hey all,

 

Stephanie was telling me about the questions about the lynx briefing on Friday
based on our new HQ guidance. 

 

I will kick it off,  I will then turn to Mike to lead it.  The HQ memo suggests we not
have a large number of speakers.

 

I wasn’t asking for a ppt………but it seems as if the memo is………so I understand
Marj is putting together a few “just the facts slides”?   We probably just need key
words; does not need to be artistic.  I envision something like:  why it was listed,
how those threats were addressed, overview of SSA and cross regional process that
led to consensus recommendation, what that recommendation is and why we came
to it, our thoughts on communication needs when this rolls out, and next steps. 

 

Questions or concerns – just holler at me.

 

Thanks,

 

Noreen

 

 

 

 

 

 

Noreen Walsh

Regional Director

Mountain-Prairie Region



U. S. Fish and Wildlife Service

303 236 7920

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Shoemaker, Justin
Subject: Re: Friday"s briefing
Date: Thursday, December 14, 2017 7:56:04 AM

Agree with Mike - delete "is not" from middle bullet slide 5 (keep "would not").

Also, I know that we do things differently now, but I think the absence of "inadequacy of regulatory mechanisms in
USFS and BLM management plans" on slide 1 is glaring - I know it's touched on in the notes, but why can't we just
put it out there the way we did in the rules?  If it were between the two current bullets, then the last bullet has even
better context.

Slide 3, 1st bullet: "States, USFS, BLM, Tribes, species experts contributed to the SSA."

Would be more accurate as: "States, USFS, and academic partners contributed to and reviewed the SSA; Tribes also
invited to participate."

Slide 4, last bullet:  remove extra space between "DPS" and period.

Slide 5, notes - maybe add the idea that much was achieved in terms of recovery even in the absences of a recovery
plan, particularly formal and binding amendments to or revisions of USFS and BLM land use/mgmt. plans. Note
that USFS and BLM amendments/revisions based on best available science and were reviewed/consulted on by the
Service.

Slide 6 (or 7), notes - may want to add there is a high level of interest among environmental NGOs (litigants and
others) and we expect a FOIA request as soon as we announce the recommendation to delist.  May also note that
States will likely want us to proceed quickly on delisting rules, but FOIA and potential appeal (?) of the
recommendation by plaintiffs in recovery plan suit may have to be dealt with first, potential need to compile the
admin record for the SSA and 5-year, etc. 

Let me know if you need anything else on this.

On Wed, Dec 13, 2017 at 3:46 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Marj,

Here's a revised presentation w/ comments addressed.  There's a new slide at the end
covering supportive and opposed interested parties. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Dec 13, 2017 at 3:40 PM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
I made some edits on the slides and added some comments to the notes - they
are in italics since ppt won't let them be red.

I added Mike et al so they could weigh in, if need be.  

I'd like to get this to RDs office by COB today.
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thanks so much for pulling it together  - and call me if you have questions.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Wed, Dec 13, 2017 at 10:22 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Here's a draft presentation for the Director. Let me know if you have suggestions.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Tue, Dec 12, 2017 at 5:17 PM, Nelson, Marjorie <marjorie_nelson@fws.gov>
wrote:

Justin,
I had a voicemail from Noreen following this message to focus on the 4(f)
memo.  So, given the full set of directions, how about this:

First part: why it was listed, how those threats were addressed, litigation,
overview of SSA - timeline format
Second part: the decision phase and 5 YSR
3rd part: 4f
4th next steps

All parsed out in less than 10 slides.  Most of the information should be
centered about the 4(f) memo since that's the decision that will be before him -
and we need it signed asap for the court.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Tue, Dec 12, 2017 at 2:10 PM, Nelson, Marjorie <marjorie_nelson@fws.gov>
wrote:

Justin,
Here's what Noreen wants for the powerpoint for lynx.
let me know if I can help.

I talked to Maricela and she's going to find out where we need to route the
powerpoint.  She is going to also find out the routing for the 4(f) memo.

Marjorie Nelson

mailto:justin_shoemaker@fws.gov
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Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

---------- Forwarded message ----------
From: Noreen Walsh <noreen_walsh@fws.gov>
Date: Tue, Dec 12, 2017 at 2:05 PM
Subject: Friday's briefing
To: Michael Thabault <michael_thabault@fws.gov>, nicole_alt@fws.gov, Marjorie
Nelson <marjorie_nelson@fws.gov>
Cc: Stephanie Potter <stephanie_potter@fws.gov>, Matt Hogan
<matt_hogan@fws.gov>

Hey all,

 

Stephanie was telling me about the questions about the lynx briefing on Friday
based on our new HQ guidance. 

 

I will kick it off,  I will then turn to Mike to lead it.  The HQ memo suggests we not
have a large number of speakers.

 

I wasn’t asking for a ppt………but it seems as if the memo is………so I understand
Marj is putting together a few “just the facts slides”?   We probably just need key
words; does not need to be artistic.  I envision something like:  why it was listed,
how those threats were addressed, overview of SSA and cross regional process that
led to consensus recommendation, what that recommendation is and why we came
to it, our thoughts on communication needs when this rolls out, and next steps. 

 

Questions or concerns – just holler at me.

 

Thanks,

 

Noreen
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Noreen Walsh

Regional Director

Mountain-Prairie Region

U. S. Fish and Wildlife Service

303 236 7920

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Shoemaker, Justin
To: Zelenak, Jim
Subject: Re: Friday"s briefing
Date: Thursday, December 14, 2017 8:18:51 AM

No prob. Thanks. I'll send around another version for Mike. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, Dec 14, 2017 at 9:02 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Sorry if my comments were late....

On Thu, Dec 14, 2017 at 7:53 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Slide 5 fixed. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, Dec 14, 2017 at 6:57 AM, Michael Thabault <michael_thabault@fws.gov>
wrote:

Looks good. Weird sentence structure middle of slide 5. 

Michael Thabault
Assistant Regional Director
Ecological Services
Mountain Prairie Region

On Dec 13, 2017, at 5:47 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Marj,

Here's a revised presentation w/ comments addressed.  There's a new slide
at the end covering supportive and opposed interested parties. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Dec 13, 2017 at 3:40 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:

I made some edits on the slides and added some comments to the
notes - they are in italics since ppt won't let them be red.
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I added Mike et al so they could weigh in, if need be.  

I'd like to get this to RDs office by COB today.

thanks so much for pulling it together  - and call me if you have
questions.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Wed, Dec 13, 2017 at 10:22 AM, Shoemaker, Justin
<justin_shoemaker@fws.gov> wrote:

Here's a draft presentation for the Director. Let me know if you have
suggestions.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Tue, Dec 12, 2017 at 5:17 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:

Justin,
I had a voicemail from Noreen following this message to focus
on the 4(f) memo.  So, given the full set of directions, how
about this:

First part: why it was listed, how those threats were addressed,
litigation, overview of SSA - timeline format
Second part: the decision phase and 5 YSR
3rd part: 4f
4th next steps

All parsed out in less than 10 slides.  Most of the information
should be centered about the 4(f) memo since that's the
decision that will be before him - and we need it signed asap
for the court.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Tue, Dec 12, 2017 at 2:10 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:
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Justin,
Here's what Noreen wants for the powerpoint for lynx.
let me know if I can help.

I talked to Maricela and she's going to find out where we
need to route the powerpoint.  She is going to also find out
the routing for the 4(f) memo.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

---------- Forwarded message ----------
From: Noreen Walsh <noreen_walsh@fws.gov>
Date: Tue, Dec 12, 2017 at 2:05 PM
Subject: Friday's briefing
To: Michael Thabault <michael_thabault@fws.gov>,
nicole_alt@fws.gov, Marjorie Nelson <marjorie_nelson@fws.gov>
Cc: Stephanie Potter <stephanie_potter@fws.gov>, Matt Hogan
<matt_hogan@fws.gov>

Hey all,

 

Stephanie was telling me about the questions about the lynx
briefing on Friday based on our new HQ guidance. 

 

I will kick it off,  I will then turn to Mike to lead it.  The HQ memo
suggests we not have a large number of speakers.

 

I wasn’t asking for a ppt………but it seems as if the memo
is………so I understand Marj is putting together a few “just the
facts slides”?   We probably just need key words; does not need to
be artistic.  I envision something like:  why it was listed, how those
threats were addressed, overview of SSA and cross regional process
that led to consensus recommendation, what that recommendation
is and why we came to it, our thoughts on communication needs
when this rolls out, and next steps. 

 

Questions or concerns – just holler at me.

mailto:noreen_walsh@fws.gov
mailto:michael_thabault@fws.gov
mailto:nicole_alt@fws.gov
mailto:marjorie_nelson@fws.gov
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Thanks,

 

Noreen

 

 

 

 

 

 

Noreen Walsh

Regional Director

Mountain-Prairie Region

U. S. Fish and Wildlife Service

303 236 7920

 

<Canada Lynx DPS briefing for Director_12132017_MN_JS.pptx>

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Shoemaker, Justin
To: Michael Thabault
Cc: Nelson, Marjorie; Leslie Ellwood; Nicole Alt; Jodi Bush; Zelenak, Jim
Subject: Re: Friday"s briefing
Date: Thursday, December 14, 2017 8:26:11 AM
Attachments: Canada Lynx DPS briefing for Director_12142017.pptx

Sorry for the multiple emails here.  I just made some more edits to clarify a few things, added
a few notes to the last slides, and some general cleaning up. 

Saved w/ today's date in the name, this is the latest. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, Dec 14, 2017 at 8:53 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Slide 5 fixed. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, Dec 14, 2017 at 6:57 AM, Michael Thabault <michael_thabault@fws.gov> wrote:
Looks good. Weird sentence structure middle of slide 5. 

Michael Thabault
Assistant Regional Director
Ecological Services
Mountain Prairie Region

On Dec 13, 2017, at 5:47 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Marj,

Here's a revised presentation w/ comments addressed.  There's a new slide at
the end covering supportive and opposed interested parties. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Dec 13, 2017 at 3:40 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:

I made some edits on the slides and added some comments to the
notes - they are in italics since ppt won't let them be red.
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I added Mike et al so they could weigh in, if need be.  

I'd like to get this to RDs office by COB today.

thanks so much for pulling it together  - and call me if you have
questions.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Wed, Dec 13, 2017 at 10:22 AM, Shoemaker, Justin
<justin_shoemaker@fws.gov> wrote:

Here's a draft presentation for the Director. Let me know if you have
suggestions.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Tue, Dec 12, 2017 at 5:17 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:

Justin,
I had a voicemail from Noreen following this message to focus on
the 4(f) memo.  So, given the full set of directions, how about
this:

First part: why it was listed, how those threats were addressed,
litigation, overview of SSA - timeline format
Second part: the decision phase and 5 YSR
3rd part: 4f
4th next steps

All parsed out in less than 10 slides.  Most of the information
should be centered about the 4(f) memo since that's the decision
that will be before him - and we need it signed asap for the court.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Tue, Dec 12, 2017 at 2:10 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:
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Justin,
Here's what Noreen wants for the powerpoint for lynx.
let me know if I can help.

I talked to Maricela and she's going to find out where we need
to route the powerpoint.  She is going to also find out the
routing for the 4(f) memo.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

---------- Forwarded message ----------
From: Noreen Walsh <noreen_walsh@fws.gov>
Date: Tue, Dec 12, 2017 at 2:05 PM
Subject: Friday's briefing
To: Michael Thabault <michael_thabault@fws.gov>,
nicole_alt@fws.gov, Marjorie Nelson <marjorie_nelson@fws.gov>
Cc: Stephanie Potter <stephanie_potter@fws.gov>, Matt Hogan
<matt_hogan@fws.gov>

Hey all,

 

Stephanie was telling me about the questions about the lynx briefing
on Friday based on our new HQ guidance. 

 

I will kick it off,  I will then turn to Mike to lead it.  The HQ memo
suggests we not have a large number of speakers.

 

I wasn’t asking for a ppt………but it seems as if the memo is………
so I understand Marj is putting together a few “just the facts slides”? 
 We probably just need key words; does not need to be artistic.  I
envision something like:  why it was listed, how those threats were
addressed, overview of SSA and cross regional process that led to
consensus recommendation, what that recommendation is and why
we came to it, our thoughts on communication needs when this rolls
out, and next steps. 

 

Questions or concerns – just holler at me.
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Thanks,

 

Noreen

 

 

 

 

 

 

Noreen Walsh

Regional Director

Mountain-Prairie Region

U. S. Fish and Wildlife Service

303 236 7920

 

<Canada Lynx DPS briefing for Director_12132017_MN_JS.pptx>



Canada lynx (Lynx canadensis) – Contiguous 
U.S. Distinct Population Segment (DPS) 

Listed as threatened in 2000 due to 
potential for impacts to lynx and hare 
habitat on Federal lands. 
 
Nearly all Federal land management 
plans now revised to conserve habitat. 



Recovery Plan Litigation 

We were litigated by Rocky Mt. Wild, 
Biodiversity Conservation Alliance, and others 
for failure to complete a recovery plan for the 
Canada lynx DPS. 
 
In 2014 we were ordered to complete a 
recovery plan or make a determination that a 
recovery plan “would not promote the 
conservation the lynx” by Jan 15, 2018.  
 



Species Status Assessment (SSA) Report 

States, USFS, and academic partners contributed to 
and reviewed the SSA; Tribes also invited to 
participate. 
 
Federal land management plans have been revised, 
thus that threat has been ameliorated. 
 
More lynx in the DPS now than known historically; 
lynx are naturally rare in lower 48.  
 
Climate change could impact future habitat, high 
uncertainty of when and to what extent. 
 
All five geographic units that currently support 
resident lynx populations are expected to continue 
to do so through mid-century (2050). 
 



5-Year Status Review 

We held a recommendation team meeting with 
Regions 1, 3, 5, and 6 using a structured process 
and informed by the SSA. 
 
All four regions concurred that the risk of 
extinction by 2050 is sufficiently low that the 
Canada lynx DPS is not likely to become 
endangered throughout all of its range within 
the foreseeable future; thus it is no longer a 
threatened species. 
 
We recommend delisting the lynx DPS.  The five 
year status review with this recommendation 
was signed Nov 13, 2017. 
 
 
 



4(f)(1) Determination 

Section 4(f)(l) of the Act – Recovery plan required, 
“unless [the Service] finds such a plan will not 
promote the conservation of the species.”  
 
Given our recommendation to delist the lynx DPS 
due to recovery, a recovery plan would not promote 
the conservation of the species. 
 
4(f)(1) determination would fulfill our obligations 
under the 2014 Court order. 
 



Next steps 

• Communications plan to 
address all moving parts 

 
• Announce SSA Report, 5-YSR 

and 4(f)(1) determination to 
partners and public 

 

• Court order deadline – Jan 15, 
2018 
 

• Pending Director approval of 
the 4(f)(1) determination, DOJ 
will file motion with the Court 

 



Interested Parties 

Expected to be supportive: 
Forest Service, Bureau of Land Management, 
National Park Service, State wildlife and natural 
resources management agencies, AFWA, WAFWA, 
State governments (especially Maine, Montana, 
Idaho, and Wyoming), Tribes. 
 
Likely to be opposed: 
Plaintiffs on Recovery Plan, Critical Habitat, and 
Section 7 litigation; Environmental groups (e.g., 
WildEarth Guardians, Earthjustice, Western 
Watersheds Project, Natural Resources Defense 
Council, Center for Biological Diversity, and Sierra 
Club, among others); State of Washington (lynx is 
state designated as endangered). 



From: Nelson, Marjorie
To: Michael Thabault
Cc: Shoemaker, Justin; Leslie Ellwood; Nicole Alt; Jodi Bush; Zelenak, Jim
Subject: Re: Friday"s briefing
Date: Thursday, December 14, 2017 8:31:35 AM
Attachments: Canada Lynx DPS briefing for Director_12132017_MN_JS.pptx

Here's what I took down last night.  I'm sure there will be more edits.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Thu, Dec 14, 2017 at 5:57 AM, Michael Thabault <michael_thabault@fws.gov> wrote:
Looks good. Weird sentence structure middle of slide 5. 

Michael Thabault
Assistant Regional Director
Ecological Services
Mountain Prairie Region

On Dec 13, 2017, at 5:47 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Marj,

Here's a revised presentation w/ comments addressed.  There's a new slide at the
end covering supportive and opposed interested parties. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Dec 13, 2017 at 3:40 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:

I made some edits on the slides and added some comments to the
notes - they are in italics since ppt won't let them be red.

I added Mike et al so they could weigh in, if need be.  

I'd like to get this to RDs office by COB today.

thanks so much for pulling it together  - and call me if you have
questions.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell
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mailto:michael_thabault@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:leslie_ellwood@fws.gov
mailto:nicole_alt@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:michael_thabault@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov


On Wed, Dec 13, 2017 at 10:22 AM, Shoemaker, Justin
<justin_shoemaker@fws.gov> wrote:

Here's a draft presentation for the Director. Let me know if you have
suggestions.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Tue, Dec 12, 2017 at 5:17 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:

Justin,
I had a voicemail from Noreen following this message to focus on
the 4(f) memo.  So, given the full set of directions, how about this:

First part: why it was listed, how those threats were addressed,
litigation, overview of SSA - timeline format
Second part: the decision phase and 5 YSR
3rd part: 4f
4th next steps

All parsed out in less than 10 slides.  Most of the information
should be centered about the 4(f) memo since that's the decision
that will be before him - and we need it signed asap for the court.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Tue, Dec 12, 2017 at 2:10 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:

Justin,
Here's what Noreen wants for the powerpoint for lynx.
let me know if I can help.

I talked to Maricela and she's going to find out where we need to
route the powerpoint.  She is going to also find out the routing for
the 4(f) memo.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell
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---------- Forwarded message ----------
From: Noreen Walsh <noreen_walsh@fws.gov>
Date: Tue, Dec 12, 2017 at 2:05 PM
Subject: Friday's briefing
To: Michael Thabault <michael_thabault@fws.gov>,
nicole_alt@fws.gov, Marjorie Nelson <marjorie_nelson@fws.gov>
Cc: Stephanie Potter <stephanie_potter@fws.gov>, Matt Hogan
<matt_hogan@fws.gov>

Hey all,

 

Stephanie was telling me about the questions about the lynx briefing on
Friday based on our new HQ guidance. 

 

I will kick it off,  I will then turn to Mike to lead it.  The HQ memo
suggests we not have a large number of speakers.

 

I wasn’t asking for a ppt………but it seems as if the memo is………so
I understand Marj is putting together a few “just the facts slides”?   We
probably just need key words; does not need to be artistic.  I envision
something like:  why it was listed, how those threats were addressed,
overview of SSA and cross regional process that led to consensus
recommendation, what that recommendation is and why we came to it,
our thoughts on communication needs when this rolls out, and next
steps. 

 

Questions or concerns – just holler at me.

 

Thanks,

 

Noreen
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Noreen Walsh

Regional Director

Mountain-Prairie Region

U. S. Fish and Wildlife Service

303 236 7920

 

<Canada Lynx DPS briefing for Director_12132017_MN_JS.pptx>



Canada lynx (Lynx canadensis) – Contiguous 
U.S. Distinct Population Segment (DPS) 

• Listed as threatened in 2000 due to 
potential for impacts to lynx and hare 
habitat on Federal lands 

 
• Nearly all Federal land management plans 

revised to conserve habitat 



Recovery Plan Litigation 

We were litigated by Rocky Mt. Wild, 
Biodiversity Conservation Alliance, and others 
for failure to complete a recovery plan for the 
Canada lynx DPS. 
 
In 2014 we were ordered to complete a 
recovery plan or make a determination that a 
recovery plan “would not promote the 
conservation the lynx” by Jan 15, 2018.  
 



Species Status Assessment (SSA) Report 

States, USFS, BLM, Tribes, species experts 
contributed to the SSA. 
 
Federal land management plans have been 
revised, thus that threat has been ameliorated. 
 
More lynx in the DPS now than known 
historically; lynx are naturally rare in lower 48.  
 
Climate change could impact future habitat, 
high uncertainty of when and to what extent. 
 
All five geographic units that currently support 
resident lynx populations are expected to 
continue to do so through mid-century (2050). 
 



5-Year Status Review 

We held a recommendation team meeting with Regions 
1, 3, 5, and 6 using a structured process and informed by 
the SSA. 
 
All four regions concurred that the risk of extinction by 
2050 is sufficiently low that the Canada lynx DPS is not 
likely to become endangered throughout all of its range 
within the foreseeable future; thus it is no longer a 
threatened species 
 
We recommend delisting the lynx DPS .  The five year 
status review with this recommendation was signed Nov 
13, 2017 
 
 
 



4(f)(1) Determination 

Section 4(f)(l) of the Act – Recovery plan required, “unless 
[the Service] finds such a plan will not promote the 
conservation of the species.”  
 
Given our recommendation to delist the lynx DPS due to 
recovery, a recovery plan is not would not promote the 
conservation of the species. 
 
4(f)(1) determination would fulfill our obligations under 
the 2014 Court order. 
 



Next steps 

Communications plan to address all 
moving parts 
 
Announce SSA Report, 5-Year Review 
and 4(f)(1) determination to partners 
and public 
 

Court order deadline – Jan 15, 2018 
 
Pending Director approval of the 
4(f)(1) determination, DOJ will file 
motion with the Court 
 



Interested Parties 

Expected to be supportive: 
Forest Service, Bureau of Land Management, National 
Park Service, State wildlife and natural resources 
management agencies, AFWA, WAFWA, State 
governments (especially Maine, Montana, Idaho, and 
Wyoming), Tribes 
 
Likely to be opposed: 
Plaintiffs on Recovery Plan, Critical Habitat, and Section 7 
litigation; Environmental groups (e.g., WildEarth 
Guardians, Earthjustice, Western Watersheds Project, 
Natural Resources Defense Council, Center for Biological 
Diversity, and Sierra Club, among others) , State of 
Washington (lynx is state designated as endangered). 



From: vicki_finn@fws.gov
To: Rollie White; Zablan, Marilet
Subject: Fwd: lynx
Date: Thursday, December 14, 2017 5:00:11 PM
Attachments: 20171211_memo_RD_Dir_lynx recommendation.pdf

This is Vicki..FYI....

---------- Forwarded message ----------
From: Noreen Walsh <noreen_walsh@fws.gov>
Date: Tue, Dec 12, 2017 at 12:12 PM
Subject: lynx
To: Tom Melius <tom_melius@fws.gov>, Wendi Weber <wendi_weber@fws.gov>, Robyn
Thorson <robyn_thorson@fws.gov>
Cc: Matt Hogan <matt_hogan@fws.gov>, Stephanie Potter <stephanie_potter@fws.gov>,
Michael Thabault <michael_thabault@fws.gov>

Dear friends,

 

We have completed the memo recommending next steps for this species (attached) and we
have scheduled a ½ hour call with Greg and Gary on Friday 12/15  at 9:00 am mountain time
to discuss our recommendation. 

 

Mike Thabault is talking with your ARDs about this today at NCTC.  I also wanted to invite
you to join the phone call if you are interested and available.  We appreciate the team effort
across all our regions that has brought us to this point, and if you can join, you would be most
welcome.

 

I will ask Stephanie to extend the calendar invitation to you.

 

Thank you,

 

Noreen
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Noreen Walsh

Regional Director

Mountain-Prairie Region

U. S. Fish and Wildlife Service

303 236 7920

 









From: Shoemaker, Justin
To: Noreen Walsh; Matt Hogan; Michael Thabault; Nicole Alt; Marjorie Nelson; Munoz, Anna; Stephanie Potter; Jodi

Bush; Zelenak, Jim
Subject: Lynx - revised slides for Director briefing
Date: Thursday, December 14, 2017 6:32:51 PM
Attachments: Canada Lynx DPS briefing for Director_12142017 v2.pptx

Team,

Thanks for the input everyone.  This version of the presentation has the revisions we all
discussed this afternoon.  I'll be in early tomorrow morning if anything further is needed. 

Revisions:
Slide 4 - last line revised to read "In our 5-Year Review, we recommended delisting the lynx
DPS."

Slide 6 - Next steps split into two slides w/ detail and timing added

Slide 8 - Last bullet on opposed parties, extra details taken out as suggested

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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Canada lynx (Lynx canadensis) – Contiguous 
U.S. Distinct Population Segment (DPS) 

Listed as threatened in 2000 due to 
potential for impacts to lynx and hare 
habitat on Federal lands. 
 
Nearly all Federal land management plans 
now revised to conserve habitat. 



Recovery Plan Litigation 

We were litigated by Rocky Mt. Wild, Biodiversity 
Conservation Alliance, and others for failure to 
complete a recovery plan for the Canada lynx DPS. 
 
In 2014 we were ordered to complete a recovery 
plan or make a determination that a recovery plan 
“would not promote the conservation the lynx” by 
Jan 15, 2018.  
 



Species Status Assessment (SSA) Report 

States, USFS, and academic partners contributed to 
and reviewed the SSA; Tribes also invited to 
participate. 
 
Federal land management plans have been revised, 
thus that threat has been ameliorated. 
 
More lynx in the DPS now than known historically; 
lynx are naturally rare in lower 48.  
 
Climate change could impact future habitat, high 
uncertainty of when and to what extent. 
 
All five geographic units that currently support 
resident lynx populations are expected to continue 
to do so through mid-century (2050). 
 



5-Year Status Review 

We held a recommendation team meeting with 
Regions 1, 3, 5, and 6 using a structured process and 
informed by the SSA. 
 
All four regions concurred that the risk of extinction 
by 2050 is sufficiently low that the Canada lynx DPS 
is not likely to become endangered throughout all of 
its range within the foreseeable future; thus it is no 
longer a threatened species. 
 
In our 5-Year Review, we recommended delisting 
the lynx DPS. 
 



4(f)(1) Determination 

Section 4(f)(l) of the Act – Recovery plan required, 
“unless [the Service] finds such a plan will not 
promote the conservation of the species.”  
 
Given our recommendation to delist the lynx DPS 
due to recovery, a recovery plan would not promote 
the conservation of the species. 
 
4(f)(1) determination would fulfill our obligations 
under the 2014 Court order. 
 



Next steps 

• December 29, 2017  
• A semi-annual update on the recovery planning process 

submitted to the Court, in compliance with the Court order. 
 

• Before January 15, 2018 
• The 4(f)(1) determination signed by the Director in advance of 

the Court ordered recovery planning deadline.  
 



Next steps – cont. 

• January 15, 2018 
• Submit the lynx SSA Report, 5-YSR, and 4(f)(1) determination to 

the Court and plaintiffs.  
• Simultaneously with Court submission conduct outreach 

 



Interested Parties 

Expected to be supportive: 
Forest Service, Bureau of Land Management, 
National Park Service, State wildlife and natural 
resources management agencies, AFWA, WAFWA, 
State governments (especially Maine, Montana, 
Idaho, and Wyoming), Tribes. 
 
Likely to be opposed: 
Plaintiffs on Recovery Plan, Critical Habitat, and 
Section 7 litigation; Environmental groups; State of 
Washington. 



From: Noreen Walsh
To: Shoemaker, Justin
Cc: Matt Hogan; Michael Thabault; Nicole Alt; Marjorie Nelson; Munoz, Anna; Stephanie Potter; Jodi Bush; Zelenak,

Jim
Subject: Re: Lynx - revised slides for Director briefing
Date: Thursday, December 14, 2017 7:30:48 PM

Thanks very much Justin. Have a good evening.

On Dec 14, 2017, at 6:32 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Team,

Thanks for the input everyone.  This version of the presentation has the
revisions we all discussed this afternoon.  I'll be in early tomorrow
morning if anything further is needed.

Revisions:
Slide 4 - last line revised to read "In our 5-Year Review, we recommended
delisting the lynx DPS."

Slide 6 - Next steps split into two slides w/ detail and timing added

Slide 8 - Last bullet on opposed parties, extra details taken out as
suggested

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

<Canada Lynx DPS briefing for Director_12142017 v2.pptx>
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From: White, Rollie
To: Robyn Thorson
Subject: Is the Lynx call open for me to join you?
Date: Friday, December 15, 2017 7:41:09 AM

Hi Robyn,
I am in the office and would love to join if that's ok.  If they want a more restrictive
attendance, that is fine as well.
Thanks,

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov
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Date: Friday, December 15, 2017 7:41:09 AM

Hi Robyn,
I am in the office and would love to join if that's ok.  If they want a more restrictive
attendance, that is fine as well.
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-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
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From: Shoemaker, Justin
To: Noreen Walsh
Cc: Matt Hogan; Michael Thabault; Nicole Alt; Marjorie Nelson; Munoz, Anna; Stephanie Potter; Jodi Bush; Zelenak,

Jim
Subject: Re: Lynx - revised slides for Director briefing
Date: Friday, December 15, 2017 7:42:48 AM

Here's a little more info on 4(f)(1) determinations that might be good to be aware of.

From HQ: We don't make this determination often so have few examples.  The list below identifies the 9 species
(of the 1,600ish listed) for which we have ever made such a determination.  

1. Warbler (=wood), Bachman's (Vermivora bachmanii) R4 
2. Amphipod, Hay's Spring (Stygobromus hayi) R5 
3. Shrimp, Squirrel Chimney Cave (Palaemonetes cummingi) R4 
4. Madtom, Scioto (Noturus trautmani) R3 
5. Trout, Little Kern golden (Oncorhynchus aguabonita whitei) R8 
6. Gooseberry, Miccosukee (Ribes echinellum) R4 
7. Wahane (Pritchardia aylmer-robinsonii)  R1 
8. Jaguarundi, Sinaloan (Herpailurus (=Felis) yagouaroundi tolteca) - R2 - https://ecos.fws.gov/docs/re

covery_plan/Signed%20J.%20exemption%20concurrence%20memo_June_7_2011.pdf
9. Eskimo curlew R7 https://ecos.fws.gov/docs/recovery_plan/Eskimo%20Curlew%2

0Recovery%20Plan%20Exempt%20Memo%20-%201992.pdf

(We did one for jaguar also, but have since drafted a recovery plan.)
  

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, Dec 14, 2017 at 8:30 PM, Noreen Walsh <noreen_walsh@fws.gov> wrote:
Thanks very much Justin. Have a good evening.

On Dec 14, 2017, at 6:32 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Team,

Thanks for the input everyone.  This version of the presentation has the
revisions we all discussed this afternoon.  I'll be in early tomorrow
morning if anything further is needed.

Revisions:
Slide 4 - last line revised to read "In our 5-Year Review, we recommended
delisting the lynx DPS."

Slide 6 - Next steps split into two slides w/ detail and timing added

Slide 8 - Last bullet on opposed parties, extra details taken out as
suggested

Justin Shoemaker
Classification and Recovery Biologist
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U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
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From: Thorson, Robyn
To: Rollie White; Vicki Finn; Rose Reed
Subject: Fwd: FW: Lynx - for Director briefing at 11:00 am ET
Date: Friday, December 15, 2017 8:03:56 AM
Attachments: Canada Lynx DPS briefing for Director_12142017 v2.pptx

20171217_RD App_Canada Lynx 4(f)(1) determination.pdf

Robyn Thorson
Regional Director, Pacific Region One
     Idaho, Oregon, Washington, Hawaii & Pacific Islands
U.S. Fish & Wildlife Service
911 NE 11th Avenue
Portland, OR 97232
503.231.6119

---------- Forwarded message ----------
From: Stephanie Potter <stephanie_potter@fws.gov>
Date: Fri, Dec 15, 2017 at 6:40 AM
Subject: FW: Lynx - for Director briefing at 11:00 am ET
To: Gary Frazer <gary_frazer@fws.gov>, Lois Wellman <lois_wellman@fws.gov>, Jeff
Newman <jeff_newman@fws.gov>, Wendi Weber <wendi_weber@fws.gov>, Tom Melius
<tom_melius@fws.gov>, Conni Conner <conni_conner@fws.gov>, Don Morgan
<don_morgan@fws.gov>, Lori Mendoza <lori_mendoza@fws.gov>, Robyn Thorson
<robyn_thorson@fws.gov>, Rose Reed <rose_reed@fws.gov>, Kathleen King
<kathleen_king@fws.gov>
Cc: Nicole Alt <nicole_alt@fws.gov>

Good morning,

 

Attached are the materials for the Lynx briefing scheduled for 11:00 am ET this morning.

 

Kindest,

 

Stephanie

 

Stephanie Potter

Executive Assistant

Office of the Regional Director
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Canada lynx (Lynx canadensis) – Contiguous 
U.S. Distinct Population Segment (DPS) 

Listed as threatened in 2000 due to 
potential for impacts to lynx and hare 
habitat on Federal lands. 
 
Nearly all Federal land management plans 
now revised to conserve habitat. 



Recovery Plan Litigation 

We were litigated by Rocky Mt. Wild, Biodiversity 
Conservation Alliance, and others for failure to 
complete a recovery plan for the Canada lynx DPS. 
 
In 2014 we were ordered to complete a recovery 
plan or make a determination that a recovery plan 
“would not promote the conservation the lynx” by 
Jan 15, 2018.  
 



Species Status Assessment (SSA) Report 

States, USFS, and academic partners contributed to 
and reviewed the SSA; Tribes also invited to 
participate. 
 
Federal land management plans have been revised, 
thus that threat has been ameliorated. 
 
More lynx in the DPS now than known historically; 
lynx are naturally rare in lower 48.  
 
Climate change could impact future habitat, high 
uncertainty of when and to what extent. 
 
All five geographic units that currently support 
resident lynx populations are expected to continue 
to do so through mid-century (2050). 
 



5-Year Status Review 

We held a recommendation team meeting with 
Regions 1, 3, 5, and 6 using a structured process and 
informed by the SSA. 
 
All four regions concurred that the risk of extinction 
by 2050 is sufficiently low that the Canada lynx DPS 
is not likely to become endangered throughout all of 
its range within the foreseeable future; thus it is no 
longer a threatened species. 
 
In our 5-Year Review, we recommended delisting 
the lynx DPS. 
 



4(f)(1) Determination 

Section 4(f)(l) of the Act – Recovery plan required, 
“unless [the Service] finds such a plan will not 
promote the conservation of the species.”  
 
Given our recommendation to delist the lynx DPS 
due to recovery, a recovery plan would not promote 
the conservation of the species. 
 
4(f)(1) determination would fulfill our obligations 
under the 2014 Court order. 
 



Next steps 

• December 29, 2017  
• A semi-annual update on the recovery planning process 

submitted to the Court, in compliance with the Court order. 
 

• Before January 15, 2018 
• The 4(f)(1) determination signed by the Director in advance of 

the Court ordered recovery planning deadline.  
 



Next steps – cont. 

• January 15, 2018 
• Submit the lynx SSA Report, 5-YSR, and 4(f)(1) determination to 

the Court and plaintiffs.  
• Simultaneously with Court submission conduct outreach 

 



Interested Parties 

Expected to be supportive: 
Forest Service, Bureau of Land Management, 
National Park Service, State wildlife and natural 
resources management agencies, AFWA, WAFWA, 
State governments (especially Maine, Montana, 
Idaho, and Wyoming), Tribes. 
 
Likely to be opposed: 
Plaintiffs on Recovery Plan, Critical Habitat, and 
Section 7 litigation; Environmental groups; State of 
Washington. 



From: Marilet Zablan
To: sarah hall
Cc: rollie white
Subject: Fwd: Lynx
Date: Friday, December 15, 2017 8:21:23 AM

This email says 8am -- I may have gotten the time wrong earlier -- I thought it was 9am.

Sorry -- this is confusing

~MAZ
---------------------------------------
Marilet A. Zablan, Program Manager
Restoration & Endangered Species Classification
USFWS, Pacific Region, Portland, Oregon
(503) 231-6131

Begin forwarded message:

From: "Finn, Vicki" <vicki_finn@fws.gov>
Date: December 14, 2017 at 3:45:59 PM PST
To: Rollie White <Rollie_White@fws.gov>
Cc: Cynthia Barry <cynthia_barry@fws.gov>, "Zablan, Marilet"
<marilet_zablan@fws.gov>,  Robyn Thorson <robyn_thorson@fws.gov>
Subject: Lynx

Rollie, 

Tomorrow at 8am, R6 is briefing Greg Sheehan and Gary on the lynx DPS 5 year
review. We have been invited to be on the call. I hope you can join Robyn in her
office for this. 

Thanks. vicki
_______________________________________________
Vicki Finn
Chief of Staff 
US Fish and Wildlife Service
Pacific Region (OR, WA, ID, HI, and the Pacific Islands)
911 NE 11th Avenue
Portland, OR 97232
direct:  (503) 231-2124
office:  (503) 231-6119 
cell: (503) 467-6155
email: vicki_finn@fws.gov
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From: Marilet Zablan
To: Rollie White
Cc: sarah hall
Subject: Re: Lynx
Date: Friday, December 15, 2017 8:30:56 AM

~MAZ
---------------------------------------
Marilet A. Zablan, Program Manager
Restoration & Endangered Species Classification
USFWS, Pacific Region, Portland, Oregon
(503) 231-6131

On Dec 15, 2017, at 8:22 AM, Rollie White <rollie_white@fws.gov> wrote:

Yep.  I am on the call for Robyn now.  Don’t call in at this point please.

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

On Dec 15, 2017, at 8:21 AM, Marilet Zablan <marilet_zablan@fws.gov> wrote:

This email says 8am -- I may have gotten the time wrong earlier -- I
thought it was 9am.

Sorry -- this is confusing

~MAZ
---------------------------------------
Marilet A. Zablan, Program Manager
Restoration & Endangered Species Classification
USFWS, Pacific Region, Portland, Oregon
(503) 231-6131

Begin forwarded message:

From: "Finn, Vicki" <vicki_finn@fws.gov>
Date: December 14, 2017 at 3:45:59 PM PST
To: Rollie White <Rollie_White@fws.gov>

mailto:marilet_zablan@fws.gov
mailto:rollie_white@fws.gov
mailto:sarah_hall@fws.gov
mailto:rollie_white@fws.gov
x-apple-data-detectors://0/1
x-apple-data-detectors://0/1
tel:(503)%20231-6151
tel:(503)%20839-2872
mailto:marilet_zablan@fws.gov
mailto:vicki_finn@fws.gov
mailto:Rollie_White@fws.gov


Cc: Cynthia Barry <cynthia_barry@fws.gov>, "Zablan,
Marilet" <marilet_zablan@fws.gov>,  Robyn Thorson
<robyn_thorson@fws.gov>
Subject: Lynx

Rollie, 

Tomorrow at 8am, R6 is briefing Greg Sheehan and
Gary on the lynx DPS 5 year review. We have been
invited to be on the call. I hope you can join Robyn in
her office for this. 

Thanks. vicki
_______________________________________________
Vicki Finn
Chief of Staff 
US Fish and Wildlife Service
Pacific Region (OR, WA, ID, HI, and the Pacific Islands)
911 NE 11th Avenue
Portland, OR 97232
direct:  (503) 231-2124
office:  (503) 231-6119 
cell: (503) 467-6155
email: vicki_finn@fws.gov
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From: Marilet Zablan
To: Rollie White
Cc: sarah hall
Subject: Re: Lynx
Date: Friday, December 15, 2017 8:30:56 AM

~MAZ
---------------------------------------
Marilet A. Zablan, Program Manager
Restoration & Endangered Species Classification
USFWS, Pacific Region, Portland, Oregon
(503) 231-6131

On Dec 15, 2017, at 8:22 AM, Rollie White <rollie_white@fws.gov> wrote:

Yep.  I am on the call for Robyn now.  Don’t call in at this point please.

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

On Dec 15, 2017, at 8:21 AM, Marilet Zablan <marilet_zablan@fws.gov> wrote:

This email says 8am -- I may have gotten the time wrong earlier -- I
thought it was 9am.

Sorry -- this is confusing

~MAZ
---------------------------------------
Marilet A. Zablan, Program Manager
Restoration & Endangered Species Classification
USFWS, Pacific Region, Portland, Oregon
(503) 231-6131
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Cc: Cynthia Barry <cynthia_barry@fws.gov>, "Zablan,
Marilet" <marilet_zablan@fws.gov>,  Robyn Thorson
<robyn_thorson@fws.gov>
Subject: Lynx

Rollie, 

Tomorrow at 8am, R6 is briefing Greg Sheehan and
Gary on the lynx DPS 5 year review. We have been
invited to be on the call. I hope you can join Robyn in
her office for this. 

Thanks. vicki
_______________________________________________
Vicki Finn
Chief of Staff 
US Fish and Wildlife Service
Pacific Region (OR, WA, ID, HI, and the Pacific Islands)
911 NE 11th Avenue
Portland, OR 97232
direct:  (503) 231-2124
office:  (503) 231-6119 
cell: (503) 467-6155
email: vicki_finn@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: Lynx - revised slides for Director briefing
Date: Friday, December 15, 2017 8:38:31 AM

here ya go.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Dec 15, 2017 at 8:35 AM
Subject: Re: Lynx - revised slides for Director briefing
To: "Shoemaker, Justin" <justin_shoemaker@fws.gov>

Looks good Justin,

Couple notes, although I understand if these are too late for changes (and none are critical):

Slide 3, bullet 3 - consider saying "More lynx in the DPS now than suspected historically or when listed;..." - we
didn't and still don't know exactly how many there are or were, either historically or when listed.

Slide 3, bullet 4 - consider "Climate warming expected to reduce future habitat quality and quantity and lynx
numbers; high uncertainty..." 

Slide 3 notes, coordination with partners - consider: "We’ve coordinated very closely w/ States and Federal agencies
throughout the 2+ year development of the SSA, including monthly update calls. Lynx experts from those agencies
and academic partners participated in formal expert elicitation and reviewed the draft SSA report. Tribes were also
invited to participate in EE and to review the draft SSA. 5 independent peer reviewers, 11 states, and 3 Federal
agencies (USFS, BLM, NPS) provided comments on the draft.  We worked w/ AFWA to coordinate State review
process."

Slide 3, notes, last blurb - consider: "Despite future habitat changes expected with continued climate warming
(northward and upslope contraction of boreal forests, favorable snow conditions, and hare populations needed to
support resident populations), lynx are expected to persist to 2050 in Unit 1 (Northern Maine), Unit 2 (Northeastern
Minnesota), Unit 3 (Northwestern Montana/Northeastern Idaho), Unit 4 (North-central Washington), Unit 6
(Colorado).  Unit 5 (GYA) unit does not support lynx currently."

Couple things Mike should have at his disposal:

1. We have only about the southern 2% of the species' breeding distribution in the Lower 48.  At this southern
margin, the habitat conditions (boreal forest, snow, and hare populations) naturally begin to fall apart, becoming
patchy in distribution, and many parts of the DPS range are naturally marginal in terms of their ability to support
resident lynx populations.

2. In Canada and Alaska, lynx have remained widespread and abundant in most places despite 2 centuries of harvest
for international fur markets. Because they are now managed to avoid overexploitation and population declines or
range contractions have not occurred, the lynx has been designated a “species of least concern” in accordance with
the IUCN Red List of Threatened Species.

3. In the DPS currently, there are very likely more resident lynx in Maine and Colorado that occurred historically,
and certainly many more in those places and in Minnesota than we suspected when we listed the DPS in 2000 (we
were uncertain then if Minnesota even had a population).
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4. Among resident lynx populations in the DPS, the only one in which recent declines seem likely is Unit 4 in the
Washington Cascades, where atypically large and intense wildfires over the past 25 years have reduced (perhaps
temporarily) the amount and distribution of habitat and lynx numbers. This led the State of Washington last year to
uplist lynx there from State threatened to endangered.

On Thu, Dec 14, 2017 at 6:32 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Team,

Thanks for the input everyone.  This version of the presentation has the revisions we all
discussed this afternoon.  I'll be in early tomorrow morning if anything further is needed. 

Revisions:
Slide 4 - last line revised to read "In our 5-Year Review, we recommended delisting the lynx
DPS."

Slide 6 - Next steps split into two slides w/ detail and timing added

Slide 8 - Last bullet on opposed parties, extra details taken out as suggested

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: Lynx - revised slides for Director briefing
Date: Friday, December 15, 2017 8:58:00 AM
Attachments: Canada Lynx DPS briefing for Director_12142017 v2.pptx

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Thu, Dec 14, 2017 at 6:32 PM
Subject: Lynx - revised slides for Director briefing
To: Noreen Walsh <noreen_walsh@fws.gov>, Matt Hogan <matt_hogan@fws.gov>, Michael
Thabault <michael_thabault@fws.gov>, Nicole Alt <nicole_alt@fws.gov>, Marjorie Nelson
<marjorie_nelson@fws.gov>, "Munoz, Anna" <anna_munoz@fws.gov>, Stephanie Potter
<stephanie_potter@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, "Zelenak, Jim"
<jim_zelenak@fws.gov>

Team,

Thanks for the input everyone.  This version of the presentation has the revisions we all
discussed this afternoon.  I'll be in early tomorrow morning if anything further is needed. 

Revisions:
Slide 4 - last line revised to read "In our 5-Year Review, we recommended delisting the lynx
DPS."

Slide 6 - Next steps split into two slides w/ detail and timing added

Slide 8 - Last bullet on opposed parties, extra details taken out as suggested

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Canada lynx (Lynx canadensis) – Contiguous 
U.S. Distinct Population Segment (DPS) 

Listed as threatened in 2000 due to 
potential for impacts to lynx and hare 
habitat on Federal lands. 
 
Nearly all Federal land management plans 
now revised to conserve habitat. 



Recovery Plan Litigation 

We were litigated by Rocky Mt. Wild, Biodiversity 
Conservation Alliance, and others for failure to 
complete a recovery plan for the Canada lynx DPS. 
 
In 2014 we were ordered to complete a recovery 
plan or make a determination that a recovery plan 
“would not promote the conservation the lynx” by 
Jan 15, 2018.  
 



Species Status Assessment (SSA) Report 

States, USFS, and academic partners contributed to 
and reviewed the SSA; Tribes also invited to 
participate. 
 
Federal land management plans have been revised, 
thus that threat has been ameliorated. 
 
More lynx in the DPS now than known historically; 
lynx are naturally rare in lower 48.  
 
Climate change could impact future habitat, high 
uncertainty of when and to what extent. 
 
All five geographic units that currently support 
resident lynx populations are expected to continue 
to do so through mid-century (2050). 
 



5-Year Status Review 

We held a recommendation team meeting with 
Regions 1, 3, 5, and 6 using a structured process and 
informed by the SSA. 
 
All four regions concurred that the risk of extinction 
by 2050 is sufficiently low that the Canada lynx DPS 
is not likely to become endangered throughout all of 
its range within the foreseeable future; thus it is no 
longer a threatened species. 
 
In our 5-Year Review, we recommended delisting 
the lynx DPS. 
 



4(f)(1) Determination 

Section 4(f)(l) of the Act – Recovery plan required, 
“unless [the Service] finds such a plan will not 
promote the conservation of the species.”  
 
Given our recommendation to delist the lynx DPS 
due to recovery, a recovery plan would not promote 
the conservation of the species. 
 
4(f)(1) determination would fulfill our obligations 
under the 2014 Court order. 
 



Next steps 

• December 29, 2017  
• A semi-annual update on the recovery planning process 

submitted to the Court, in compliance with the Court order. 
 

• Before January 15, 2018 
• The 4(f)(1) determination signed by the Director in advance of 

the Court ordered recovery planning deadline.  
 



Next steps – cont. 

• January 15, 2018 
• Submit the lynx SSA Report, 5-YSR, and 4(f)(1) determination to 

the Court and plaintiffs.  
• Simultaneously with Court submission conduct outreach 

 



Interested Parties 

Expected to be supportive: 
Forest Service, Bureau of Land Management, 
National Park Service, State wildlife and natural 
resources management agencies, AFWA, WAFWA, 
State governments (especially Maine, Montana, 
Idaho, and Wyoming), Tribes. 
 
Likely to be opposed: 
Plaintiffs on Recovery Plan, Critical Habitat, and 
Section 7 litigation; Environmental groups; State of 
Washington. 



From: Zelenak, Jim
To: Nelson, Marjorie
Cc: Jodi Bush; Justin Shoemaker/R6/FWS/DOI
Subject: Re: timeline for proposed rule for lynx
Date: Friday, December 15, 2017 11:19:05 AM

Doesn't seem unreasonable to me, but I'll rely on the others (Jodi and Justin) who have experience in these things.

I would hope that having the SSA would facilitate a quick proposed rule (though I suspect there may be lots of
devils in the details).  I will note that a year from proposed to final rule seemed necessary for critical habitat
(hearings, peer and public comments and response to them, RSOL review, etc.), and this will likely be trickier and I
suspect we will have a whole lot more public comment to respond to than we did for CH.

I think the rule timeline could also, potentially, be influenced by what litigation avenue(s) the recovery plan
plaintiffs may have. I understand that SSAs and 5-year reviews are generally held to be non-litigable because they
are not agency actions/decisions; not sure where a 4(f)(1) falls on that spectrum.  Is it possible the court could reject
the 4(f)(1) and order us to proceed with a recovery plan anyway?

On Fri, Dec 15, 2017 at 10:44 AM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
Let's talk about the timeline to a proposed rule.  

Given the general direction of a proposed rule within 12 mo of 5 YSR decision and
given that we have the complication of the 4 (f) and court decision, Mike and I were
thinking proposed rule in Jan 2019, final in 2020.

What do you think?
Marj
Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Robert Segin
To: jim_zelenak@fws.gov; jodi_bush@fws.gov
Subject: Fwd: Lynx Updated
Date: Friday, December 15, 2017 12:37:38 PM
Attachments: Untitled attachment 01433.htm

Lynx FAQ121517.docx
Canada Lynx Newsrelease R6_HQ edit merged121517 Draft.docx
Untitled attachment 01436.htm

Good Afternoon

Can you please look at the questions and answers there are a few things we need to flesh out in
regards to climate change and  they are highlighted in yellow.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

Begin forwarded message:

From: Robert Segin <robert_segin@fws.gov>
Date: December 15, 2017 at 12:00:43 PM MST
To: Anna Munoz <anna_munoz@fws.gov>, Roya Mogadam
<roya_mogadam@fws.gov>
Subject: RE: Lynx Updated

I edited the NR to include our original and Gavins edits.  Most made sense but I added
back in DPS and reordered some of the flow.   You can see the highlights.   Also
updated Q &A’s added some questions which Jim/Jodi should be able to finish building
out.   I ‘ll send them to them. 
 
Working on Comms plan. 
 
From: Munoz, Anna [mailto:anna_munoz@fws.gov] 
Sent: Friday, December 15, 2017 11:05 AM
To: Mogadam, Roya
Cc: Robert Segin
Subject: Re: Lynx Updated
 
Thanks for working on this.  I need a revised version by 3:00 p.m. today so I can
review and send to the other EA-ARDs in the lynx range.  I also need to discuss
the outcome of our recent call with HQ and additional TPs and Q&As that need to
be included.  I will be forwarding an email from Noreen with one of the questions
we need to include, but I also want to get on the phone to discuss the rest of the
feedback.  Roya is in a meeting right now and I have to leave at noon, so let's plan
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for a call at 11:30.  In summary we need the following:
 

We need to provide a greater context for the scope of this effort.  Jodi and
Jim will be providing a timeline shortly, but in general, we need to
emphasize that this recommendation is the result of almost 20 years of
working in partnership with state, federal, tribal, and other land managers
on the conservation of this species.
We need to emphasize that our decision is based on the best available
science.
We need to have a concise, non-technical TP regarding how we considered
climate change and that we acknowledge that climate change there will be
some effects of climate change on the DPS, the best available science
indicates it will not have a significant effect on the DPS in the lower 48
within the foreseeable future.
We need a TP re: the fact that the DPS represents the southern edge of the
Canada Lynx range and that these populations have always ebbed and
waned based on habitat conditions.
We also need to work with ES to develop an Op-ED.

 
I can provide more detail during our call.
 
Anna
 

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542
 
On Fri, Dec 15, 2017 at 10:42 AM, Mogadam, Roya <roya_mogadam@fws.gov>
wrote:
Can you figure out what happened? Our comms plan is very different, the news
release not as much and many of Gavin's edits we already addresses (overly
technical). Maybe you should reach out to Christina?
 
On Fri, Dec 15, 2017 at 10:40 AM, Robert Segin <robert_segin@fws.gov> wrote:
The version I used was the one I have been working with with Christina?
 
Are any of his comments on the news release going to be accepted?

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell
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On Dec 15, 2017, at 10:35 AM, Mogadam, Roya <roya_mogadam@fws.gov>
wrote:

Hi Steve-
 
We have a bit of an issue. 
 
Gavin said he had comments on all these documents and when I
looked in DTS it looks like the comms plan and the news release are
pretty different from what you sent to Anna and I to review. I have
attached HQ's versions. Can you please figure out what happened and
find a way to reconcile the two versions? I also do not agree with all
of Gavin's edits specifically his added message about "esa victory" in
the comms plan, and the news release Gavin has is pretty technical
and I prefer our news release. My recommendation would be to use
Gavin's comms plan since it is vastly different and add our newest
messages into that one and any other info that we should carry over,
and keep our news release and make any applicable (if they make
sense) edits from Gavin's version to ours. Anna will need to reach out
to Gavin as well to let him know that we have this issue. 
 
We are also still waiting on ES for their info but need to make sure
we are all on the same page.
 
We will eventually need to share these materials, once finalized by
HQ, with the other Regions and coordinate a call with them to talk
about timing.
 
-Roya
 
On Fri, Dec 15, 2017 at 8:45 AM, Mogadam, Roya
<roya_mogadam@fws.gov> wrote:
Steve-
 
Please see attached for our edits. 
 
We took the language you got from ES and crafted it into a message
vs. technical jargon, in all three documents. It is our job, because of
our expertise, to distill highly technical information into clean, clear,
and concise messages. The original language was a cut/paste from ES
and while the information is accurate it did not articulate the
information in a way that was understandable. Please clean up all
three documents (they are in track changes and have old comments)
so they are in a more final form and do a once over to make sure
everything is formatted correctly and flows from a messaging
standpoint. The Q&As also need a heading and the formatting is off
for some reason, maybe a conversion issue from google docs to word.
We are going to use these Q&As as public facing documents so they
need the heading format. 
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We also will need help with additional edits based on Anna's meeting
yesterday. We are waiting for Jodi and her team to provide us the
additional details that will need to be included in all three documents.
Anna and I will send those to you as soon as we get them. Please take
what they send and craft a cleaner message (they are likely sending a
timeline maybe even a table) that explains that this process has been
underway for several years. If you need more context once you see
the timeline let me know.
 
Thanks,
Roya 
 
On Thu, Dec 14, 2017 at 4:05 PM, Robert Segin
<robert_segin@fws.gov> wrote:
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

 
--
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228
 
Roya_Mogadam@fws.gov
(303) 236-4572
 
 
 

 
--
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228
 
Roya_Mogadam@fws.gov
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(303) 236-4572
 
 
 
<Canada Lynx Review News Release - Draft.docx>
<Canada Lynx Review Communications Plan - Draft.docx>

 
--
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228
 
Roya_Mogadam@fws.gov
(303) 236-4572
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U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling big cats, is well on 
its way to becoming the next Endangered Species Act success story. 
 
The oday the U.S. Fish and Wildlife Service is announcing announced the completion of a five-
year scientific review of the Canada lynx distinct population segment (DPS) in the contiguous 
United States. The review concludes that, the Canada lynx in the lower 48 states may no longer 
warrant protection under the Endangered Species Act (ESA) and should be considered for 
delisting.  This recommendation is the result of almost 20 years of working in partnership with 
state, federal, tribal, and other land managers on the conservation of this species. Given our 
recommendation to delist the lynx DPS due to recovery, a recovery plan would not promote the 
conservation of the species, and therefore at this time, we will not be completing a recovery plan 
for Canada lynx. 
 
The species was listed as threatened in 2000 largely due to a lack of regulatory mechanisms on 
federal public lands, which is prime habitat for Canada lynx populations. However, since 
receiving ESA protection, most federal land managers throughout the lynx’s range have formally 
amended their management plans and instituted conservation measures to conserve the species.   
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research and monitoring efforts conducted by state and federal 
agencies, tribes and academic institutions,  helped refine biologists’ understanding of habitat 
needs, distributions, population characteristics and potential stressors. 
 
The Service relies on the best available science to inform all decisions. This five-year review was 
informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 

News Release 
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compiled all available scientific information on the historical, current and possible future 
conditions for the DPS. The SSA included input from recognized lynx experts in Canada and the 
United States, as well as a variety of experts in the fields of ecology, genetics, climate modeling 
and habitat management.  
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in northern 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, the Greater Yellowstone area and western Colorado. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


 
 
 
 
 
 
 
 

 
Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME have led to historically high numbers of the species.  Those numbers may 
moderate with forest succession but our analysis suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. The Service and lynx expert panelists agree, although minimal, the projected effects of a 
warming climate now pose the most significant threat to the lynx DPS.  Although there is great 
uncertainty about the timing and extent of climate-driven impacts, continued warming is 
projected to cause the boreal forest habitats and snow conditions that support populations of lynx 
and its primary food source, the snowshoe hare, to contract northward and to higher elevations in 

Frequently Asked Questions 
Canada Lynx 5-Year Review 

 



the future.  However, even considering climate change and its potential impacts, the Service and 
lynx experts concluded that the best available science indicates it will not have a significant 
effect on the DPS in the lower 48 within the foreseeable future. 
 
Q. Do lynx population numbers normally fluctuate? 
 
A. The fact that the DPS represents the southern edge of the Canada Lynx range and that these 
populations have always ebbed and waned based on habitat conditions.  NEED A BIT MORE 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 

 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 

 
  
 
 



From: Zelenak, Jim
To: Anna Muñoz; Jodi Bush
Cc: Justin Shoemaker; Robert Segin; Roya Mogadam; Marjorie Nelson; Michael Thabault
Subject: Re: Lynx "story"
Date: Friday, December 15, 2017 2:38:08 PM

Some background on timeline (too much, probably, but for my benefit and maybe Justin's and Jodi's, too) -
highlights are in bold:

June 25, 2014 - court order that we complete a final recovery plan or determine one isn't necessary by Jan. 15, 2018.

July 2014 - Feb. 2015 - MTFO lynx bio. was working primarily on completing the final rule for revised critical
habitat for lynx (published Sept. 13, 2014) and then responding to related FOIA and lawsuits.

Mar. 2015 - Initiated work on the project plan for the SSA, 5-year review, and court-ordered recovery planning.

April 2015 - SSA Workshop in Denver identified FIT Team participation.

June 2015 - Project plan finalized after review/signature by all regions, Core Team (FWS lynx biologists) convened.

July- Sept. 2015 - contacts established with State and Federal partners notifying our intent to complete and SSA and
coordinate with them, seeking their recommendations for members of lynx expert panel, organizing formal Expert
Elicitation (EE) effort.

Oct. 13-15, 2015 - EE workshop held in Minneapolis to elicit expert opinions from panel of 10 lynx experts, other
subject matter experts presented relevant info on climate change, forest ecology, hare population dynamics, etc.

Feb. 2016 - completed draft EE Workshop Report after crunching expert probability data, summarizing expert
presentations, etc. Sent draft to expert panel and other participants for their reviews/comments.

Mar. 2016 - all comments on draft EE report received.

April 2016 - completed final EE workshop report.

April 2016 - Core and FIT Teams convened in Denver to discuss development of the draft SSA report (Lit. review,
conceptual models, current & future conditions, etc.).

Oct. 2016 - Draft SSA report completed, distributed for internal FWS review and comment.

Jan. 2017 - Draft (revised) SSA report submitted to 5 independent peer reviewers, 15 states, 3 Fed agencies, and
affected tribes.

Mar. 2017 - all comments received.

Mar and May 2017 - recommendation team meetings; presentation of SSA results, etc.

Oct. 2017 - Final SSA Report completed.

Nov. 2017 - 5-Year review signed by R6RD after concurrence from all FWS regions.

Dec. 2017 - 4(f)(1) memorandum for the court signed by AD.

To summarize the story (or part of it, perhaps - use whatever you deem helpful):

After more than 2 years of close coordination with State and Federal agencies, Tribes, and academic partners to

mailto:jim_zelenak@fws.gov
mailto:anna_munoz@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
mailto:roya_mogadam@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:michael_thabault@fws.gov


evaluate the current status and future viability of Canada lynx (lynx canadensis) populations in the Contiguous
United States Distinct Population Segment (DPS), the U.S. Fish and Wildlife Service has completed a detailed
species status assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available scientific
information, including the professional opinions of a panel of 10 recognized lynx experts, to understand the DPS's
current status and future viability in the context of historical conditions and what was known when the DPS was
listed as threatened under the Endangered Species Act (Act) and considering current and potential future stressors to
its viability.

The lynx is a snow-adapted boreal forest carnivore that is broadly distributed across most of Canada and Alaska,
with the southern periphery of it's range - approximately 2 percent of its breeding distribution - extending into the
northern Lower 48 States.  Resident breeding populations currently occur in northern Maine, northeastern
Minnesota, northwestern Montana and northeastern Idaho, northern Washington, and western Colorado.  There are
currently many more lynx in Colorado and Maine than likely occurred historically, and many more in those places
and in Minnesota than was suspected when the DPS was listed.  We also believe lynx are naturally rarer in most of
the western U.S. than was thought at the time of listing, and lynx numbers in Washington have likely declined over
the past several decades in response to large fires in lynx habitats there.  

The Service listed the DPS as threatened in 2000 because of the potential for Federal forest management activities to
adversely affect the lynx and its primary prey, the snowshoe hare (Lepus americanus), and the inadequacy of
Federal regulations, at that time, to ensure the conservation of lynx and hare populations and habitats. Since then,
Federal land managers throughout the DPS range have formally amended or revised management plans to
incorporate science-based lynx conservation measures and regulations aimed at avoiding and minimizing impacts to
lynx and hare habitats and populations, largely ameliorating the threat for which the DPS was listed.

Since the DPS was listed, however, the scientific evidence for recent and projected future climate warming has
become increasingly compelling, and most lynx experts now believe that continued warming poses the most
significant threat to the long-term persistence of lynx in the DPS range. With continued warming, the boreal forests,
snow conditions, and hare populations that support lynx in the DPS range are expected to contract northward and
upslope, resulting in increased fragmentation and isolation of habitats and populations and, over the long-term, in
reduced population resiliency and increasing vulnerability to extirpation.

Despite projections of continued warming and other stressors to DPS populations, the Service and the lynx experts
we consulted believe that resident lynx populations are likely to persist in all 5 geographic areas that currently
support them through the middle of this century (2050). Beyond that time, there is great uncertainty about the nature
and extent of climate-mediated and other impacts. 

Based on the SSA, the Service has completed a 5-year review of the DPS's status and concluded that because it is
not now or in the reasonably foreseeable future threatened with extinction (extirpation) throughout all or a
significant portion of its range, the DPS no longer meets the definition of a threatened or endangered species in
accordance with the Act. We therefore recommend that the DPS be removed from the list of threatened and
endangered species (Justin - help with the language here??).

Major talking points:

1. The threat (regulatory mechanisms) for which the DPS was listed has largely been addressed by formal and
binding revisions/amendments to Federal (USFS and BLM) land management plans throughout the DPS range.

2. There are more lynx in Maine, Minnesota, and Colorado than we thought there were when we listed the DPS, and
many more in Maine and Colorado than likely occurred there historically.

3. Lynx have likely declined in northern Washington in the last 2-3 decades as a result of large, intense wildfires in
lynx habitats. We expect these impacts to be temporary but the resident population there may have low/reduced
resiliency until those areas regenerate into hare/lynx habitat again (@10-40 years post-burn, typically).

4. Continued climate warming is the biggest threat to long-term persistence of lynx in the Lower 48, but there is
much uncertainty regarding the potential timing and extent of impacts and lynx population responses to them and
they are, therefore, beyond the reasonably foreseeable future as defined by the Act.



Sorry for the length of this (but let me know if more is needed).   

On Fri, Dec 15, 2017 at 8:44 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Anna,

Jodi and I have been asked to sit in on the call (Mike and Noreen's) with HQ this morning, 9-10 Mountain Time.

After that, I will send you the timeline and "story" points we discussed on the call yesterday, and I'll be available
to talk on the phone if necessary.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Robert Segin
Cc: Roya Mogadam; Jodi Bush; Justin Shoemaker
Subject: Re: Lynx Op-Ed
Date: Friday, December 15, 2017 4:34:13 PM
Attachments: Lynx FAQ121517_jz edits.docx

Sorry these are after the 3 pm deadline - as you will see, there's much about which I had concern.

I similarly have concern with parts of the news release and hope we can discuss on the call on Monday (I'm
available all day) and perhaps address.

On Fri, Dec 15, 2017 at 2:49 PM, Robert Segin <robert_segin@fws.gov> wrote:

Thanks Jim,

 

Just the Q &A.  As for the NR if you see any major errors we will leave it as is as since its  been
reviewed by HQ and we don’t want to mess with it too much. 

 

Need to stay conversational and non technical as well.

 

Thanks

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 15, 2017 2:47 PM
To: Mogadam, Roya
Cc: Robert Segin; Jodi Bush
Subject: Re: Lynx Op-Ed

 

I will now look at the FAQs and NR and get comments/clarifications to you ASAP....

 

On Fri, Dec 15, 2017 at 1:54 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Sounds good, we have some time for the OpEd, but we still need to get the talking points
and news release in close to final condition today by 3:00.

 

-Roya
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On Fri, Dec 15, 2017 at 1:11 PM, Robert Segin <robert_segin@fws.gov> wrote:

I think that would be great.

Just need to figure out a time.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

> On Dec 15, 2017, at 12:48 PM, Jodi Bush <jodi_bush@fws.gov> wrote:
>
> Could we maybe have a call (like Monday),  where we come up with the
> main ideas and then you take a stab at drafting?  JB
>
> Sent from my iPhone
>
>> On Dec 15, 2017, at 12:41 PM, Robert Segin <robert_segin@fws.gov> wrote:
>>
>> Good afternoon ES Team,
>>
>>
>> The plan is to do an op Ed on the lynx  five year and wanted to know
>> how you would like to proceed?
>>
>> Would you like me to draft a rough cut/outline and then we can go from there?
>>
>>
>> Steve Segin
>> Public Affairs Officer
>> U.S. Fish and Wildlife Service
>> Lakewood, CO
>> 303-236-4578
>> 720-355-5042 Cell

 

--

Roya Mogadam

Deputy Assistant Regional Director, External Affairs

mailto:robert_segin@fws.gov
mailto:jodi_bush@fws.gov
mailto:robert_segin@fws.gov


Mountain-Prairie Region

U.S. Fish and Wildlife Service

134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572

 

 

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov




 
 
 
 
 
 
 
 

 
Q.  Why does the Service believe listing is no longer warranted for the Canada lynx?   
 
A.  We listed the lynx distinct population segment (DPS) as threatened because Federal land 
management regulations at that time (in the year 2000) were not adequate to ensure the 
conservation of lynx habitats and populations.  Since then, Federal land managers have adopted 
and implemented, through formal and binding amendments or revisions to land management 
plans or in accordance with formal conservation agreements with the Service, science-based 
conservation measures, standards and guidelines, and best management practices (BMPs) to 
conserve lynx.  We believe these commitments have largely addressed the threat for which the 
DPS was listed.  Additionally, many State and Tribal agencies and academic partners have 
worked with the Service to identify and protect important lynx habitats and monitor and enhance 
lynx populations.  Based on these efforts, we believe there are many more resident lynx in Maine 
(due to the beneficial effects of past timber management on private lands) and Colorado (due to 
the establishment of a resident population via releases of lynx from Canada and Alaska) than 
there likely were historically, and many more in Minnesota than we suspected when we listed the 
DPS.  Thus, we no longer believe that lynx in the Lower 48 States are at risk of extinction 
throughout their range now or in the reasonably foreseeable future.  Therefore, the DPS does not 
meet the Endangered Species Act’s definition of an endangered or a threatened species. Federal 
land management changes have adequately protected the species habitat against the primary 
threats that led to listing and will ensure that the species will remain resilient in the foreseeable 
future, even in the face of climate change.  We’ve also learned that land management changes in 
ME have led to historically high numbers of the species.  Those numbers may moderate with 
forest succession but our analysis suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  When we listed the DPS as threatened in 2000, we were concerned about the potential for 
Federal forest management activities to adversely affect lynx habitats and perhaps populations.  
We determined, as described above, that existing regulatory mechanisms at that time were not 
adequate to ensure the conservation of lynx habitats and populations on Federal lands, which 
contain the majority of lynx habitats in the contiguous United States. At the time, the existing 
regulatory mechanisms on federal lands, which constitute the majority of the lynx DPS range, 
did not provide sufficient guidance for the ongoing conservation of lynx habitat. The species was 
thereby listed as threatened in 2000. 

Frequently Asked Questions 
Canada Lynx 5-Year Review 

 



 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. Since the DPS was listed, Federal land managers have worked with the Service to identify, 
map, and monitor conditions in potential lynx habitats and, as described above, to develop and 
implement standards and guidelines and BMPs to avoid or minimize impacts to important lynx 
and hare habitats.  The SSA found that conservation measures and habitat management guidance 
adopted by the U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via 
formally amended or revised management plans or conservation agreements with the Service, 
have substantially addressed the threats to the maintenance of lynx DPS habitat conditions and 
the availability of snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this 5-year review? 
 
A. When we announced (via a news release in January 2015) our intention to complete a 5-year 
review, we solicited relevant information from the public as well as States, Tribes, other Federal 
agencies, and academic partners.  In developing the species status assessment (SSA), which 
provides the scientific basis for the 5-year review, wWe consulted a panel of 10 recognized lynx 
experts from State and Federal agencies and academic institutions regarding potential threats and 
the likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the anticipated effects of cClimate cChange on the lynx DPS? 
 
A. The lynx is a snow-adapted boreal forest species, and the DPS range occurs at the southern 
periphery of the species range, where boreal forests, favorable snow conditions, and snowshoe 
hare populations all become naturally marginal and patchily-distributed compared to the core of 
the species range in Canada and Alaska.  With continued warming, the boreal forests, snow 
conditions, and hare populations that support lynx in the DPS range are expected to contract 
northward and upslope, resulting in increased fragmentation and isolation of habitats and 
populations and, over the long-term, in reduced population resiliency and increasing 
vulnerability to extirpation.  The Service and lynx expert panelists agree, although minimal, that 
the projected effects of a warming climate now pose the most significant threat to the long-term 
persistence of the lynx DPS.  Although there is great uncertainty about the timing and extent of 
climate-driven impacts, neither the Service nor the experts we consulted conclude that the DPS is 
at risk of extirpation from climate change continued warming is projected to cause the boreal 
forest habitats and snow conditions that support populations of lynx and its primary food source, 
the snowshoe hare, to contract northward and to higher elevations in the future.  However, even 
considering climate change and its potential impacts, the Service and lynx experts concluded that 
the best available science indicates it will not have a significant effect on the DPS in the lower 48 
within the foreseeable future. 
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 



densities similar to those in the north when hare numbers are low.The fact that the DPS 
represents the southern edge of the Canada Lynx range and that these populations have always 
ebbed and waned based on habitat conditions.  NEED A BIT MORE 
 
Q. When would the lynx be delisted? 
 
A.  The Service strives to complete proposed rules within a year of making a recommendation to 
change the status of a listed species and to complete final rules within a year of publishing the 
proposed rule.  In this case, we would try to complete a proposed rule in January, 2019, and a 
final rule, after public comment and peer review, by January of 2020.  There are no immediate 
plans to delist the lynx.  However, based on this recommendation, in the future the Service will 
promulgate a proposed rule to delist the lynx DPS and, based on peer and public review, may 
move forward with a final rule to delist the DPS.  However, delisting would not occur until 30 
days after publication of a final rule if one is proposedto delist.  Until then, the DPS remains 
listed as threatened under the Act, and the protections and prohibitions of the Act remain in 
force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 

 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because we have determined, based on the 
results of the SSA, that the lynx DPSmay no longer meets the definition of a threatened species , 
and therefore a recovery plan would not promote the conservation of the species, we will not be 
completing a recovery plan for Canada lynx. 

 
  
 
 



From: Zelenak, Jim
To: Robert Segin
Cc: Roya Mogadam; Jodi Bush; Justin Shoemaker
Subject: Re: Lynx Op-Ed
Date: Monday, December 18, 2017 9:01:57 AM
Attachments: Canada Lynx Newsrelease R6_HQ edit merged121517 Draft_jz comments.docx

Attached are my thoughts/ recommendations for the News Release.

Please let me know if we are having a call today. Jodi ask that I also participate in a call with EA HQ and other
regions if such a call occurs.

I do think it is very important that we have an accurate NR and consistent outreach messages and efforts in all
regions.

Let me know if you have questions or need more info.

Thanks,

jim

On Fri, Dec 15, 2017 at 4:34 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Sorry these are after the 3 pm deadline - as you will see, there's much about which I had concern.

I similarly have concern with parts of the news release and hope we can discuss on the call on Monday (I'm
available all day) and perhaps address.

On Fri, Dec 15, 2017 at 2:49 PM, Robert Segin <robert_segin@fws.gov> wrote:

Thanks Jim,

 

Just the Q &A.  As for the NR if you see any major errors we will leave it as is as since its  been
reviewed by HQ and we don’t want to mess with it too much. 

 

Need to stay conversational and non technical as well.

 

Thanks

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 15, 2017 2:47 PM
To: Mogadam, Roya
Cc: Robert Segin; Jodi Bush
Subject: Re: Lynx Op-Ed
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I will now look at the FAQs and NR and get comments/clarifications to you ASAP....

 

On Fri, Dec 15, 2017 at 1:54 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Sounds good, we have some time for the OpEd, but we still need to get the talking points
and news release in close to final condition today by 3:00.

 

-Roya

 

On Fri, Dec 15, 2017 at 1:11 PM, Robert Segin <robert_segin@fws.gov> wrote:

I think that would be great.

Just need to figure out a time.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

> On Dec 15, 2017, at 12:48 PM, Jodi Bush <jodi_bush@fws.gov> wrote:
>
> Could we maybe have a call (like Monday),  where we come up with the
> main ideas and then you take a stab at drafting?  JB
>
> Sent from my iPhone
>
>> On Dec 15, 2017, at 12:41 PM, Robert Segin <robert_segin@fws.gov> wrote:
>>
>> Good afternoon ES Team,
>>
>>
>> The plan is to do an op Ed on the lynx  five year and wanted to know
>> how you would like to proceed?
>>
>> Would you like me to draft a rough cut/outline and then we can go from there?
>>
>>
>> Steve Segin
>> Public Affairs Officer
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>> U.S. Fish and Wildlife Service
>> Lakewood, CO
>> 303-236-4578
>> 720-355-5042 Cell

 

--

Roya Mogadam

Deputy Assistant Regional Director, External Affairs

Mountain-Prairie Region

U.S. Fish and Wildlife Service

134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572

 

 

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov


(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconicsecretive, boreal, snow-dwelling 
bigwild cats, is well on its way to becoming the nexthas benefitted from Federal, State, Tribal 
and private conservation efforts and forest management and no longer requires listing under the 
Endangered Species Act success story. 
 
The oday the U.S. Fish and Wildlife Service is announcing announced the completion of a five-
year scientific review of the Canada lynx distinct population segment (DPS) in the contiguous 
United States.  The review concludes that, the Canada lynx in the lLower 48 sStates may no 
longer warrant protection under the Endangered Species Act (ESA) and should be considered for 
delisting.  This recommendation is the result of almost 20 years of working in partnership with 
sState, fFederal, tTribal, and otherprivate land managers on the conservation of this species, 
better understanding of lynx ecology here on the southern margin of the species’ range, and 
improved status of lynx populations in several parts of the DPS range compared to what was 
known when we listed it.  Given our recommendation to delist the lynx DPS due to recovery, we 
have determined that a recovery plan would not promote the conservation of the species, and 
therefore at this time, we will not be completing a recovery plan for Canadathe lynx DPS. 
 
The species wasService listed the lynx DPS as threatened under the ESA in 2000 largely due to a 
lack of because we determined that regulatory mechanisms on Ffederal public lands at that time 
were inadequate to ensure the conservation of lynx habitats and populations.  Federal lands 
contain the majority of lynx habitats in the Lower 48., which is prime habitat for Canada lynx 
populations.  However, since receiving ESA protection, most fFederal land managers throughout 
the lynx’s range have worked closely with the Service to formally amended their management 
plans and instituted science-based conservation measures to conserve the species.   
 

News Release 

Comment [ZJ1]: Must every species protected 
under the Act these days be labeled “iconic”? It 
seems to me we overuse this term. 

Comment [ZJ2]: It is N. America’s ONLY snow-
dwelling cat, and it is NOT BIG! 15-30 pounds.  Not 
big. Some house cats get as big…. Also, we should 
be careful of portraying this is a big success story. 
Yes, Fed and some State agencies have filled the 
regulatory void for which the DPS was listed, and 
that’s a good thing, but I think we should take a 
more subdued approach in this case. Really, we have 
a better understanding of ecology at the periphery of 
the range than we did when listed, and some 
populations in the DPS range are doing better that 
we thought they were when we listed it, and we 
therefore think it does not meet the Act’s definitions. 

Comment [ZJ3]: Not all fed lands are prime, we 
should not convey that they are – in fact, even the 
best lynx habitat in the lower 48 is not “prime” 
compared to where lynx really do well. Part of our 
problem with messaging in the past is our failure to 
articulate that we are at the crappy southern edge of 
the range and most places here are barely able to 
support resident populations. 

Comment [ZJ4]: implemented? 

mailto:robert_segin@fws.gov


Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology.  Research, and monitoring, and conservation efforts conducted by 
sState and fFederal agencies, tTribes and academic institutions, have  helped refine biologists’ 
understanding of habitat needs, distributions, population characteristics and potential stressors.  
Lynx are broadly distributed and secure across most of Canada and Alaska.  In the contiguous 
United States, resident populations currently are found in northern Maine, northeastern 
Minnesota, northwestern Montana, northeastern Idaho, north-central Washington, and western 
Colorado. 
 
The Service relies on the best available science to inform all decisions.  This five-year review 
was informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current, and possible future 
conditions for the DPS.  The SSA included input from recognized lynx experts in Canada and the 
United States, as well as a variety of experts in the fields of ecology, genetics, climate modeling 
and habitat management.  
 
Based on this information, we believe there currently are many more resident lynx in Maine and 
Colorado than likely occurred historically, and many more in those places and Minnesota than 
we suspected when we listed the DPS in 2000.  However, lynx numbers have likely declined in 
Washington over the last few decades due to increased wildfire activity.  Over the long-term, 
continued climate warming is expected to reduce lynx habitats and numbers, but there is great 
uncertainty about the timing and extent of those impacts.  Considering climate change and other 
potential threats, the Service and lynx experts we consulted believe that lynx populations in the 
DPS are very likely to persist through the middle of this century or longer.   
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow.  Canada Lynx populations are found in 
northern Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-
central Washington, the Greater Yellowstone area and western Colorado. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

Comment [ZJ5]: Does not currently support 
resident lynx; may have done so only intermittently 
in the past (and future, perhaps). 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


From: Robert Segin
To: Jim Zelenak
Subject: RE: Lynx Op-Ed
Date: Monday, December 18, 2017 9:20:36 AM

Q. What conservation efforts have been undertaken since 2000?
 
A. Since listing in 2000, Federal land managers have adopted and implemented, through formal and
binding amendments or revisions to land management plans or in accordance with formal
conservation agreements with the Service, science-based conservation measures, standards and
guidelines, and best management practices (BMPs) to conserve lynx.  We believe these
commitments have largely addressed the threat for which the DPS was listed.  Additionally, many
State and Tribal agencies and academic partners have worked with the Service to identify and
protect important lynx habitats and monitor and enhance lynx populations.
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Monday, December 18, 2017 9:02 AM
To: Robert Segin
Cc: Roya Mogadam; Jodi Bush; Justin Shoemaker
Subject: Re: Lynx Op-Ed
 
Attached are my thoughts/ recommendations for the News Release.
 
Please let me know if we are having a call today. Jodi ask that I also participate in a call with
EA HQ and other regions if such a call occurs.
 
I do think it is very important that we have an accurate NR and consistent outreach messages
and efforts in all regions.
 
Let me know if you have questions or need more info.
 
Thanks,
 
jim
 
On Fri, Dec 15, 2017 at 4:34 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Sorry these are after the 3 pm deadline - as you will see, there's much about which I had
concern.
 
I similarly have concern with parts of the news release and hope we can discuss on the call on
Monday (I'm available all day) and perhaps address.
 
On Fri, Dec 15, 2017 at 2:49 PM, Robert Segin <robert_segin@fws.gov> wrote:
Thanks Jim,
 
Just the Q &A.  As for the NR if you see any major errors we will leave it as is as since its  been
reviewed by HQ and we don’t want to mess with it too much. 
 
Need to stay conversational and non technical as well.
 

mailto:robert_segin@fws.gov
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Thanks
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 15, 2017 2:47 PM
To: Mogadam, Roya
Cc: Robert Segin; Jodi Bush
Subject: Re: Lynx Op-Ed
 
I will now look at the FAQs and NR and get comments/clarifications to you ASAP....
 
On Fri, Dec 15, 2017 at 1:54 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Sounds good, we have some time for the OpEd, but we still need to get the talking points and
news release in close to final condition today by 3:00.
 
-Roya
 
On Fri, Dec 15, 2017 at 1:11 PM, Robert Segin <robert_segin@fws.gov> wrote:
I think that would be great.

Just need to figure out a time.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

> On Dec 15, 2017, at 12:48 PM, Jodi Bush <jodi_bush@fws.gov> wrote:
>
> Could we maybe have a call (like Monday),  where we come up with the
> main ideas and then you take a stab at drafting?  JB
>
> Sent from my iPhone
>
>> On Dec 15, 2017, at 12:41 PM, Robert Segin <robert_segin@fws.gov> wrote:
>>
>> Good afternoon ES Team,
>>
>>
>> The plan is to do an op Ed on the lynx  five year and wanted to know
>> how you would like to proceed?
>>
>> Would you like me to draft a rough cut/outline and then we can go from there?
>>
>>
>> Steve Segin
>> Public Affairs Officer
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>> U.S. Fish and Wildlife Service
>> Lakewood, CO
>> 303-236-4578
>> 720-355-5042 Cell

 
--
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228
 
Roya_Mogadam@fws.gov
(303) 236-4572
 
 
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1

https://maps.google.com/?q=134+Union&entry=gmail&source=g
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Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Robert Segin
Cc: Jodi Bush; Justin Shoemaker
Subject: Re: More stuff for Q &A"s
Date: Monday, December 18, 2017 10:21:18 AM

Q. What conservation efforts have been undertaken since 2000?  Maybe just some general
things?

Steve - in previous message, you grabbed the following from my edits to the previous FAQs.

A. Since listing in 2000, Federal land managers have adopted and implemented, through
formal and binding amendments or revisions to land management plans or in accordance with
formal conservation agreements with the Service, science-based conservation measures,
standards and guidelines, and best management practices (BMPs) to conserve lynx.  We
believe these commitments have largely addressed the threat for which the DPS was listed. 
Additionally, many State and Tribal agencies and academic partners have worked with the
Service to identify and protect important lynx habitats and monitor and enhance lynx
populations.

Do you need more?  E.g., specifics on the measures adopted/implemented by Forest Service
and BLM? How many national forests amended plans and where?, etc.  If so, I can provide
additional details from the SSA.

States - Washington - WA DNR developed it's own lynx habitat mgmt plan (1996, revised
2006); WA DFW developed a lynx recovery plan (2001)

Maine - conducted long-term study of lynx; developed, with USFWS, an HCP/ITP to
minimize incidental capture of lynx during legal trapping of other furbearers (many (most)
states have also adopted special trapping regs to minimize incidental take of lynx, and Minn.
also has begun work on a trapping HCP/ITP.).

Montana - DNRC with USFWS developed an HCP for forest management on State lands in
Montana to avoid/minimize impacts to lynx.

Colorado - translocated 218 lynx from Canada and Alaska to establish the current resident
population there.

More details on state efforts also in the SSA if needed.

Q. How did the Service consider the best available science in the recommendation

A. The Service always considers the best available science in managing Threatened and Endangered species. Since 20XX, we
have been engaged in a SSA process, where we worked with XXXX partners, XXX university partners, XXXX.

A. The Service convened the Lynx SSA Core Team made up of 5 USFWS biologists who do lynx work throughout the DPS
range, and an SSA Framework Implementation Team (FIT) made of or 3 USFWS and 1 USGS personnel to guide
development of the SSA.  The Core Team reviewed all the available science related to lynx ecology, historical and recent
distribution and current potential threats.

Because reliable empirical data were lacking for many lynx demographic parameters (e.g., no good estimates of historical or
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current population sizes, no estimates of immigration/emigration rates, often only short-term data on home range size,
productivity, etc.), the SSA Team convened a panel of 10 State, Federal, and Academic lynx experts and formally-elicited
their opinions and professional judgments regarding lynx distribution and population sizes, past and current stressors and
threats, and the likelihood that resident lynx populations in the DPS will continue to persist (will not be extirpated) in the
future (2025, 2050, and 2100).

The SSA documents our findings from our review of best available information and it summarizes the information solicited
from the lynx expert panel to provide our conclusions regarding the current health and likely future viability/persistence of
lynx populations with 6 geographic areas (all those that seem most likely to have historically and/or recently supported
resident lynx populations) in the DPS range.

Based on this assessment, we believe there are currently many more resident lynx in Maine and Colorado than there probably
were historically, and many more in those places and in Minnesota that we suspected when we listed the DPS in 2000 (i.e., the
DPS in is better shape than we thought it was when we listed it).  We also concluded that the conservation measures adopted
by Federal land managers have largely addressed the regulatory threat for which the DPS was listed.

Considering all factors, we and expert panel believe lynx populations in the DPS are likely to persist at least through mid-
century and perhaps longer.  Over the long-term, continued climate warming is the biggest threat, and it is likely to reduce
lynx habitats and populations in the DPS range, with some likely being extirpated in the future. However, there is much
uncertainty regarding the timing and extent of future climate-driven impacts and lynx responses to them, and we and the
experts felt the uncertainty was too great to make meaningful predictions about persistence beyond mid-century.

Please let me know if you need any other specific information.

 

On Mon, Dec 18, 2017 at 8:45 AM, Robert Segin <robert_segin@fws.gov> wrote:

 

Good Morning,

 

Still adding to the pile.

 

A few “new” questions have been added.

 

Q. What conservation efforts have been undertaken since 2000?  Maybe just some general
things?

 

A. Federal management plans, others with states?

 

Q. How did the Service consider the best available science in the recommendation
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A. The Service always considers the best available science in managing Threatened and
Endangered species. Since 20XX, we have been engaged in a SSA process, where we
worked with XXXX partners, XXX university partners, XXXX.

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Catton, Timothy J -FS
To: Tamara_Smith@fws.gov
Subject: RE: Take database
Date: Monday, December 18, 2017 2:30:32 PM
Attachments: image002.png

image003.png
image004.png
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Hi Tam,
 
Just updating some things on lynx.  For your take database, incident number 115, DNA_Verif_to_Indiv? is
GLNR-H-147 [GLNR-S-483].  That is, the sample that was submitted to the lab was H-147 and it came
back as lynx # S-483.
 
Tim
 

From: Catton, Timothy J -FS 
Sent: Thursday, October 12, 2017 2:16 PM
To: 'Smith, Tamara' <tamara_smith@fws.gov>
Subject: RE: Take database
 
Hi Tam,
 
One correction.  For the most recent take incident #120, the one that was hit by a car up on the Gunflint,
UTMy should be 5316655.
 
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, October 05, 2017 11:26 AM
To: Catton, Timothy J -FS <tcatton@fs.fed.us>
Subject: Re: Take database
 
Hi Tim - Yes - I've attached the most recent version of the database. Thanks! -Tam
 
On Wed, Oct 4, 2017 at 12:22 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Hi Tam,
 
I’m pulling together the summary report for our lynx DNA database and thought I would incorporate a
brief summary of the take database as well.  Are you okay with that?  If so, could you send me the
most current version of it that you have?
 
Thanks!
 
Tim
 

Timothy J. Catton 
Wildlife/Reforestation
Forest Service
Superior National Forest
p: 218-626-4376 

mailto:tcatton@fs.fed.us
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f: 218-626-4398 
tcatton@fs.fed.us
8901 Grand Ave Pl
Duluth, MN 55808
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell

mailto:tcatton@fs.fed.us
https://maps.google.com/?q=8901+Grand+Ave+Pl+%0D+Duluth,+MN+55808&entry=gmail&source=g
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112


From: Catton, Timothy J -FS
To: Tamara_Smith@fws.gov
Subject: RE: Take database
Date: Monday, December 18, 2017 2:30:32 PM
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Hi Tam,
 
Just updating some things on lynx.  For your take database, incident number 115, DNA_Verif_to_Indiv? is
GLNR-H-147 [GLNR-S-483].  That is, the sample that was submitted to the lab was H-147 and it came
back as lynx # S-483.
 
Tim
 

From: Catton, Timothy J -FS 
Sent: Thursday, October 12, 2017 2:16 PM
To: 'Smith, Tamara' <tamara_smith@fws.gov>
Subject: RE: Take database
 
Hi Tam,
 
One correction.  For the most recent take incident #120, the one that was hit by a car up on the Gunflint,
UTMy should be 5316655.
 
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, October 05, 2017 11:26 AM
To: Catton, Timothy J -FS <tcatton@fs.fed.us>
Subject: Re: Take database
 
Hi Tim - Yes - I've attached the most recent version of the database. Thanks! -Tam
 
On Wed, Oct 4, 2017 at 12:22 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:

Hi Tam,
 
I’m pulling together the summary report for our lynx DNA database and thought I would incorporate a
brief summary of the take database as well.  Are you okay with that?  If so, could you send me the
most current version of it that you have?
 
Thanks!
 
Tim
 

Timothy J. Catton 
Wildlife/Reforestation
Forest Service
Superior National Forest
p: 218-626-4376 

mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:tamara_smith@fws.gov
mailto:tcatton@fs.fed.us
mailto:tcatton@fs.fed.us


f: 218-626-4398 
tcatton@fs.fed.us
8901 Grand Ave Pl
Duluth, MN 55808
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell
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From: Smith, Tamara
To: Tisler, Todd M -FS
Cc: Pfeffer, Lois J -FS
Subject: Re: FW: Lynx Call Follow-up
Date: Tuesday, December 19, 2017 12:47:37 PM
Attachments: image003.png
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Hi Todd - As we discussed, it makes sense to me that CNF should be using the latest version
of the LCAS.   Thanks! -Tam

On Mon, Dec 11, 2017 at 10:17 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Morning Tam –

 

Doing a quick follow-up from our lynx call last week. The direction I heard from Jim Z. and others
on the call was that the 3rd edition of the LCAS was the document of record for updated direction
recovery and consultation. I wanted to confirm with you that the Twin Cities Office concurred with
that direction of using the latest edition of the LCAS. We do have requirements in our Forest Plan
that require effects analysis that would not change but using the latest LCAS may allow the level of
analysis to change somewhat but still meet the requirements of Section 7 consultation and our
Forest Plan.  

 

Thanks, Todd

 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 08, 2017 9:11 AM
To: Tisler, Todd M -FS <ttisler@fs.fed.us>
Subject: Lynx Call Follow-up

 

Hey Todd -

 

Let me know if you want to discuss any of that any further. Katrina was going to send you
those screening documents she and others developed out here - hope those will help.

 

Wanted to let you know the USFWS is supportive of focusing lynx conservation on the
areas that really are most important, and those are the areas that support persistent resident
breeding populations. The intent is not to have (or encourage) folks to try to manage for lynx
habitat in places that really are not lynx habitat and likely have never been in any
biologically meaningful sense.  I get the impression that is the case on the Chippewa NF -
some past and recent records but, as far as I'm aware, no evidence that it ever supported a
reproducing population of lynx. Really, in MN, it is the Superior NF and other parts of the
Arrowhead that are important for lynx.

 

There really has been lots of confusion, among the public and within the agencies, about
what places are important to lynx.  Some of that is to be expected given uncertainty about
historical range and the many lynx records in the Lower 48 associated with irruptions of
lynx out of Canada and into many northern tier states when hares crashed up north,
particularly the unprecedentedly large irruptions in the early 1960s and early 1970s, when
lynx were, for short times, all over the place, including in many places that clearly can't
support resident populations.

 

Anyway, we had hoped by now to have the final SSA (species status assessment) out and
available to agencies and the public, along with a 5-year review based on the SSA, but both
have stalled a bit due to solictor and internal USFWS review. Lynx have generated lots of
litigation over the years, especially out here, so I guess that is understandable.  As soon as I
can, I will send you a copy of the SSA and the 5-year review, both of which may inform
your decisions regarding lynx conservation efforts on the Chippewa NF.

 

In the mean time, don't hesitate to call if you have questions or need any other lynx info.

 

mailto:jim_zelenak@fws.gov
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Hope all is well there and that you and yours have a great holiday.

 

Cheers!

 

Jim

 

  

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell

mailto:jim_zelenak@fws.gov


From: Smith, Tamara
To: Tisler, Todd M -FS
Cc: Pfeffer, Lois J -FS
Subject: Re: FW: Lynx Call Follow-up
Date: Tuesday, December 19, 2017 12:47:37 PM
Attachments: image003.png

image004.png
image001.png
image002.png

Hi Todd - As we discussed, it makes sense to me that CNF should be using the latest version
of the LCAS.   Thanks! -Tam

On Mon, Dec 11, 2017 at 10:17 AM, Tisler, Todd M -FS <ttisler@fs.fed.us> wrote:

Morning Tam –

 

Doing a quick follow-up from our lynx call last week. The direction I heard from Jim Z. and others
on the call was that the 3rd edition of the LCAS was the document of record for updated direction
recovery and consultation. I wanted to confirm with you that the Twin Cities Office concurred with
that direction of using the latest edition of the LCAS. We do have requirements in our Forest Plan
that require effects analysis that would not change but using the latest LCAS may allow the level of
analysis to change somewhat but still meet the requirements of Section 7 consultation and our
Forest Plan.  

 

Thanks, Todd

 

Todd Tisler
Fish and Wildlife Program Manager

  Forest Service

Chippewa National Forest

  p: 218-335-8629
c: 907-617-2945 
f: 218-335-8637 
ttisler@fs.fed.us

  200 Ash Avenue NW 
Cass Lake, MN 55663
www.fs.fed.us 

  Caring for the land and serving people

 

mailto:tamara_smith@fws.gov
mailto:ttisler@fs.fed.us
mailto:lpfeffer@fs.fed.us
mailto:ttisler@fs.fed.us
mailto:ttisler@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112


 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 08, 2017 9:11 AM
To: Tisler, Todd M -FS <ttisler@fs.fed.us>
Subject: Lynx Call Follow-up

 

Hey Todd -

 

Let me know if you want to discuss any of that any further. Katrina was going to send you
those screening documents she and others developed out here - hope those will help.

 

Wanted to let you know the USFWS is supportive of focusing lynx conservation on the
areas that really are most important, and those are the areas that support persistent resident
breeding populations. The intent is not to have (or encourage) folks to try to manage for lynx
habitat in places that really are not lynx habitat and likely have never been in any
biologically meaningful sense.  I get the impression that is the case on the Chippewa NF -
some past and recent records but, as far as I'm aware, no evidence that it ever supported a
reproducing population of lynx. Really, in MN, it is the Superior NF and other parts of the
Arrowhead that are important for lynx.

 

There really has been lots of confusion, among the public and within the agencies, about
what places are important to lynx.  Some of that is to be expected given uncertainty about
historical range and the many lynx records in the Lower 48 associated with irruptions of
lynx out of Canada and into many northern tier states when hares crashed up north,
particularly the unprecedentedly large irruptions in the early 1960s and early 1970s, when
lynx were, for short times, all over the place, including in many places that clearly can't
support resident populations.

 

Anyway, we had hoped by now to have the final SSA (species status assessment) out and
available to agencies and the public, along with a 5-year review based on the SSA, but both
have stalled a bit due to solictor and internal USFWS review. Lynx have generated lots of
litigation over the years, especially out here, so I guess that is understandable.  As soon as I
can, I will send you a copy of the SSA and the 5-year review, both of which may inform
your decisions regarding lynx conservation efforts on the Chippewa NF.

 

In the mean time, don't hesitate to call if you have questions or need any other lynx info.

 

mailto:jim_zelenak@fws.gov
mailto:ttisler@fs.fed.us


Hope all is well there and that you and yours have a great holiday.

 

Cheers!

 

Jim

 

  

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Lynx Outreach Materials
Date: Tuesday, December 19, 2017 1:09:56 PM
Attachments: Lynx FAQ121817 rmedits clean.docx

Canada Lynx 5-Year Review Communications Plan -Recoveryplaninfo_121817 (2) (1).docx
Canada Lynx Newsrelease R6_HQ edit merged121817 Draft v2 (1).docx

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Alt, Nicole <nicole_alt@fws.gov>
Date: Tue, Dec 19, 2017 at 12:47 PM
Subject: Fwd: Lynx Outreach Materials
To: Jodi Bush <jodi_bush@fws.gov>

Nicole Alt
Deputy ARD Ecological Services
Mountain-Prairie Region
nicole_alt@fws.gov

---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Mon, Dec 18, 2017 at 3:55 PM
Subject: Lynx Outreach Materials
To: Nicole Alt <Nicole_Alt@fws.gov>

--
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling cats, is well on its 
way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment (SSA) for the lynx DPS, which compiled all available scientific information on the 
historical, current and possible future conditions for the DPS. Over a two-year process, federal, 
state, tribal and academic subject matter experts evaluated relevant scientific information on hare 
population dynamics, climate change, forest ecology and other issues.  
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 

News Release 

mailto:robert_segin@fws.gov


located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Given our recommendation that the species may be recovered, we will not at this time be 
completing a recovery plan for the Canada lynx DPS. Today’s recommendation does not remove 
or negate the Endangered Species Act protections currently in place for the Canada lynx DPS. To 
delist a species, the Service must follow a process similar to what is used in considering whether 
to list species. The next step is for the Service to publish a proposed rule in the Federal Register, 
receive public comments, review and analyze those comments, and then announce a final 
decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS
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FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 
not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 



Page 5 of 17 

with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (lynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 
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R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 
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Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State (307) 775-6001 R6 DRD 
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Director, Mary Jo Rugwell  

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 
 
 
 

 
Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME and CO have led to historically high numbers of the species.  Those numbers may 
moderate with forest succession but our analysis suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, Federal land managers have implemented land management plans and 
conservation agreements with the Service, which include science-based conservation measures, 
standards and guidelines, and best management practices to conserve lynx.  We believe these 
commitments have largely addressed the threats for which the Canada lynx DPS was listed.  
Additionally, many State and Tribal agencies and academic partners have worked with the 
Service to identify and protect important lynx habitats and monitor and enhance lynx 
populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive group of lynx experts 
and other subject matter experts who evaluated relevant scientific information on the threats to 
the species including: climate change, forest ecology and hare population dynamics.  The SSA 
included input from recognized lynx experts in Canada and the United States, as well as a variety 

Frequently Asked Questions 
Canada Lynx 5-Year Review 

 



of experts in the fields of ecology, genetics, climate modeling and habitat management. This 
SSA was peer reviewed by independent experts and our federal and tribal partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 



 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 

 
  
 
 



From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Lynx Outreach Materials
Date: Tuesday, December 19, 2017 2:13:50 PM
Attachments: Canada Lynx Newsrelease R6_HQ edit merged121817 Draft v2 - jz recommendations.docx

Lynx FAQ121817 rmedits clean - jz recommendations.docx

Attached are my comments on news release and FAQs. They ignored similar recommendations from yesterday, so
they may choose to do so again.  I hope they will at least fix or remove the glaring errors.

Looking now at the comm. plan.

On Tue, Dec 19, 2017 at 1:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Look at these - we'll talk after my meeting.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Alt, Nicole <nicole_alt@fws.gov>
Date: Tue, Dec 19, 2017 at 12:47 PM
Subject: Fwd: Lynx Outreach Materials
To: Jodi Bush <jodi_bush@fws.gov>

Nicole Alt
Deputy ARD Ecological Services
Mountain-Prairie Region
nicole_alt@fws.gov

---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Mon, Dec 18, 2017 at 3:55 PM
Subject: Lynx Outreach Materials
To: Nicole Alt <Nicole_Alt@fws.gov>

--
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:nicole_alt@fws.gov
mailto:jodi_bush@fws.gov
mailto:nicole_alt@fws.gov
mailto:roya_mogadam@fws.gov
mailto:Nicole_Alt@fws.gov


U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:Roya_Mogadam@fws.gov
mailto:jim_zelenak@fws.gov


 
 
 
 
 
 
 
 

 
Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME and CO have led to historically high numbers of the specieslynx populations are 
larger and more secure in Maine, Minnesota, and Colorado than we thought when we listed the 
DPS.  Those numbers may moderate with forest succession but our analysis suggests resiliency 
for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, Federal land managers have implemented land management plans and 
conservation agreements with the Service, which include science-based conservation measures, 
standards and guidelines, and best management practices to conserve lynx.  We believe these 
commitments have largely addressed the threats for which the Canada lynx DPS was listed.  
Additionally, many State and Tribal agencies and academic partners have worked with the 
Service to identify and protect important lynx habitats and monitor and enhance lynx 
populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive groupwas also informed 
by the professional opinions of a panel of 10 recognized lynx experts and other subject matter 
experts who evaluated relevant scientific information on theregarding a variety of potential 

Frequently Asked Questions 
Canada Lynx 5-Year Review 

 

Comment [ZJ1]: This is not true for Maine and 
even less so for Colorado. This is what I said 
yesterday, which bears little resemblance to what 
they continue to say today:  “…we believe there are 
many more resident lynx in Maine (due to the 
beneficial effects of past timber management on 
private lands) and Colorado (due to the 
establishment of a resident population via releases of 
lynx from Canada and Alaska) than there likely were 
historically, and many more in Minnesota than we 
suspected when we listed the DPS.” 

Comment [ZJ2]: Only an issue/concern in Maine 
– should not be here. 

Comment [ZJ3]: Awkward way to start a 
sentence. 

Comment [ZJ4]: Awkward. 

Comment [ZJ5]: Should these be capitalized? I 
would not. 



threats to the species including: climate change, forest ecology and hare population 
dynamicsviability of the DPS.  The SSA included input from recognized lynx experts in Canada 
and the United States, as well as a variety of experts in the fields of ecology, genetics, climate 
modeling and habitat management. This SSA was peer reviewed by independent experts and our 
federal and tribal state agency partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  We also sought 
relevant information from federal, state and tribal management agencies.  

 
Q.  What are the likely effects of Climate Change on the lynx DPS? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation. Other effects of climate 
warming include increases in the size and intensity of wildfires and forest insect outbreaks, both 
of which may influence the future amount, distribution and quality of lynx and hare habitats.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 

Comment [ZJ6]: No. The SSA was led by us – 
the USFWS CORE TEAM. What is a 
“comprehensive group of lynx experts….”??  We 
relied on opinions from a panel of 10 recognized 
lynx experts to inform the SSA and the likelihood of 
population persistence. 

Comment [ZJ7]: Tribes were invited but did not 
provide review or comments. Why would we leave 
out states? They commented most substantially – 
way more than fed agencies. 

Comment [ZJ8]: Why are we still saying this? 



and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 

 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 

 
  
 
 



 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling wild cats, is well 
on its way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment (SSA) for the lynx DPS, which compiled and evaluated the all best available 
scientific information on the historical, current and possible future conditions for the DPS. Over 
a two-year process, the Service worked closely with federal, state, tribal and academic subject 
matter experts to evaluateassessd relevant scientific information and expert opinion on lynx and 
snowshoe hare (the lynx’s preferred food) population dynamics, climate change, forest ecology 
and other issues.  
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. In the lower 48 states, Canada Llynx 
populations are found in Maine, northeastern Minnesota, northwestern Montana, northeastern 
Idaho, north-central Washington, and western Colorado. 
 

News Release 

Comment [ZJ1]: Guess they are sticking with 
“iconic.” I still hold that if every species we list or 
delist (see bald eagle, wolf, grizzly, peregrine [even 
sage grouse]) is defined as iconic, the term loses its 
meaning. Regardless, the lynx is N. America’s only 
snow-dwelling (snow-adapted) cat. At least they got 
rid of “big”. 

Comment [ZJ2]: I still think this is overplaying it 
and that we should be careful of portraying this is a 
big success story. Yes, Fed and some State agencies 
have filled the regulatory void for which the DPS 
was listed, and that’s a good thing, but I think we 
should take a more subdued approach in this case. 
Really, we have a better understanding of ecology at 
the periphery of the range than we did when listed, 
and some populations in the DPS range are doing 
better that we thought they were when we listed it 
(but at least one – WA – is doing worse…), and we 
therefore think it does not meet the Act’s definitions. 

Comment [ZJ3]: Not sure if lower and states 
should be capitalized, it is not below. 

mailto:robert_segin@fws.gov


The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where asupport the majority of the lynx habitat for 
Canada lynx is located in the lower 48 statesthe DPS. Since receiving ESA protection, federal 
land managers throughout the lynx’s range have formally amended their management plans and 
implemented conservation measures to conserve the species. Providing the Canada lynx 
protection under the ESA also prompted spurred an increase in scientific understanding inquiry 
of lynx the species’ biology. Research, monitoring and conservation efforts conducted by state 
and federal agencies, tribes and academic institutions,  helped refine biologists’ understanding of 
habitat needs, distributions, population characteristics and potential stressors. 
 
Given our recommendation that the species may be recovered, we will not at this time be 
completing a recovery plan for the Canada lynx DPS. Today’s recommendation does not remove 
or negate the Endangered Species Act protections currently in place for the Canada lynx DPS. To 
delist a species, the Service must follow a process similar to what is used in considering whether 
to list species. The next step is for the Service to publish a proposed rule in the Federal Register, 
receive public comments and peer review, review consider and analyze address those comments, 
and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

Comment [ZJ4]: Strikes me as awkward 

Comment [ZJ5]: R6 lynx webpage: 
https://www.fws.gov/mountain-
prairie/es/canadaLynx.php 
 
ECOS species profile web page: 
https://ecos.fws.gov/ecp0/profile/speciesProfile;jsess
ionid=3A83E2D6BF20A488E686A025060D6A0A?
spcode=A073 
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From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Lynx Outreach Materials
Date: Tuesday, December 19, 2017 2:32:35 PM
Attachments: Canada Lynx 5-Year Review Communications Plan -Recoveryplaninfo_121817 - jz recommendations.docx

Here are my (very few) comments on the comm. plan.

On Tue, Dec 19, 2017 at 1:09 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Alt, Nicole <nicole_alt@fws.gov>
Date: Tue, Dec 19, 2017 at 12:47 PM
Subject: Fwd: Lynx Outreach Materials
To: Jodi Bush <jodi_bush@fws.gov>

Nicole Alt
Deputy ARD Ecological Services
Mountain-Prairie Region
nicole_alt@fws.gov

---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Mon, Dec 18, 2017 at 3:55 PM
Subject: Lynx Outreach Materials
To: Nicole Alt <Nicole_Alt@fws.gov>

--
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:nicole_alt@fws.gov
mailto:jodi_bush@fws.gov
mailto:nicole_alt@fws.gov
mailto:roya_mogadam@fws.gov
mailto:Nicole_Alt@fws.gov
mailto:Roya_Mogadam@fws.gov


-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana/, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of theseis lynx populations and 
the conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status 
review recommends the removal of the lynx DPS from the list of endangered and 
threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 

 

 

 

Comment [ZJ1]: This is really one pop., 
99.5% of which occurs in northwest MT, 
with the other tiny portion spilling over into 
extreme northeastern Idaho. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
 

 

 

 

 



Page 3 of 17 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 
not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 

Comment [ZJ2]: No. No evidence it was 
once “moving toward extinction.” The 
species as a whole – the taxon – is 
widespread and abundant in Canada and 
Alaska and has thus been designated (IUCN 
Red List) as a species of LEAST 
Conservation Concern. In Lower 48 – 
southern edge of range, always rare, lots of 
uncertainty about status at time of listing, 
but we now understand past statements 
suggesting “moving toward extinction” 
(extirpation) are not supported by reliable 
information.  It was not listed because of 
population decline or range contraction – 
i.e., not because it was moving toward 
extinction – but because there was the 
potential for adverse consequences of 
federal land management (primarily timber 
harvest/silviculture). 
 
The positive story is that the regulatory void 
for which the DPS was listed has been filled 
by responsible federal agencies, in 
coordination with the Service, revising land 
management plans and committing to 
conserve lynx populations and habitats. Also 
lots of work by some state and some tribal 
resource agencies, some private landowners 
(Maine).  It was once largely unprotected; 
now it is largely protected. 



Page 5 of 17 

with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (Llynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 

Formatted: Font: Italic
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R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 
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Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State (307) 775-6001 R6 DRD 
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Director, Mary Jo Rugwell  

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov


Page 14 of 17 

SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Lynx Outreach Materials
Date: Tuesday, December 19, 2017 4:01:54 PM
Attachments: Canada Lynx Newsrelease R6_HQ edit merged121817 Draft v2_MTESOeds.docx

Lynx FAQ121817 rmedits clean_MTESOeds.docx
Canada Lynx 5-Year Review Communications Plan -Recoveryplaninfo_121817_MTESOeds.docx

fyi

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Dec 19, 2017 at 3:37 PM
Subject: Re: Lynx Outreach Materials
To: "Alt, Nicole" <nicole_alt@fws.gov>

Just got out of meeting so here you go.  Intent of the edits is to
focus on the things that are wrong or imply something incorrectly.
Hopefully they are useful.  I know Roya has many masters to respond to
right now.  JB
Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Dec 19, 2017 at 12:47 PM, Alt, Nicole <nicole_alt@fws.gov> wrote:
>
> Nicole Alt
> Deputy ARD Ecological Services
> Mountain-Prairie Region
> nicole_alt@fws.gov
>
> ---------- Forwarded message ----------
> From: Mogadam, Roya <roya_mogadam@fws.gov>
> Date: Mon, Dec 18, 2017 at 3:55 PM
> Subject: Lynx Outreach Materials
> To: Nicole Alt <Nicole_Alt@fws.gov>
>

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:nicole_alt@fws.gov
mailto:nicole_alt@fws.gov
mailto:nicole_alt@fws.gov
mailto:roya_mogadam@fws.gov
mailto:Nicole_Alt@fws.gov


>
>
>
> --
> Roya Mogadam
> Deputy Assistant Regional Director, External Affairs
> Mountain-Prairie Region
> U.S. Fish and Wildlife Service
> 134 Union Boulevard
> Lakewood, CO 80228
>
> Roya_Mogadam@fws.gov
> (303) 236-4572
>
>
>
>

mailto:Roya_Mogadam@fws.gov


 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery Tthanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. , to revise ing land management plans and committing 
to conservinge lynx populations and habitats, the Canada lynx, which was.  It was once 
largely unprotected; now it is largely protected. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 

Comment [JB1]: We feel strongly that this 
is not the correct big picture message.  We 
were NOT moving towards extinction.  It 
was not listed because of population decline 
or range contraction –– but because there 
was the potential for adverse consequences 
of federal land management (primarily 
timber harvest/silviculture). 
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not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 
with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (lynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 
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FWS website 

R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 
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Day of the 
Announcement 

Tribal Notification Regional NALs 

Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob (303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Broscheid 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 
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Bureau of Land Management Wyoming State 
Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 DRD 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 
 
 
 

 
Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME and CO have led to historically high numbers of the species that lynx populations 
are larger and more secure in Maine, Minnesota, and Colorado that we thought when we listed 
the Canada lynx. .  Those numbers may moderate with forest succession but our analysis 
suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, Federal land managers have implemented land management plans and 
conservation agreements with the Service, which include science-based conservation measures, 
standards and guidelines, and best management practices to conserve lynx.  We believe these 
commitments have largely addressed the threats for which the Canada lynx DPS was listed.  
Additionally, many State and Tribal agencies and academic partners have worked with the 
Service to identify and protect important lynx habitats and monitor and enhance lynx 
populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive group was also informed 
by the professional opinions of a panel of 10 recognized of lynx experts and other subject matter 
experts who evaluated relevant scientific information on the regarding a variety of potential 

Frequently Asked Questions 
Canada Lynx 5-Year Review 

 

Comment [JB1]: So land management is broader 
than just timber management –which is what made 
the changes in ME and these were historical timber 
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threats to the species including: climate change, forest ecology and hare population dynamics.  
The SSA included input from recognized lynx experts in Canada and the United States, as well 
as a variety of experts in the fields of ecology, genetics, climate modeling and habitat 
management. This SSA was peer reviewed by independent experts and our federal and state 
agency tribal partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  We also sought 
relevant information from federal, state and tribal management agencies. 

 
Q.  What are the likely effects of Climate Change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation.  Other effects of 
climate warming include increases in the size and intensity of wildfires and forest insect 
outbreaks, both of which may influence the future amount, distribution and quality of lynx and 
hare habitats.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
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A. There are no immediate plans to delist the lynx.  However, based on this recommendation, Iin 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 

 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 
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U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling wild cats, is well 
on its way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment (SSA) for the lynx DPS, which compiled and evaluated the best all available 
scientific information on the historical, current and possible future conditions for the DPS. Over 
a two-year process, the Service worked closely with federal, state, tribal and academic subject 
matter experts to evaluated relevant scientific information and expert opinion on snowshoe hare 
population dynamics, climate change, forest ecology and other issues.  
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. In the lower 48 states, Canada Lynx 
populations are found in Maine, northeastern Minnesota, northwestern Montana, northeastern 
Idaho, north-central Washington, and western Colorado. 
 

News Release 
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The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Given our recommendation that the species may be recovered, we will not at this time be 
completing a recovery plan for the Canada lynx DPS. Today’s recommendation does not remove 
or negate the Endangered Species Act protections currently in place for the Canada lynx DPS. To 
delist a species, the Service must follow a process similar to what is used in considering whether 
to list species. The next step is for the Service to publish a proposed rule in the Federal Register, 
receive public comments, conduct a peer review, review and analyze those comments, and then 
announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Records search for Greater Yellowstone Ecosystem Grizzly Bear DUE August 11, 2017
Date: Wednesday, December 20, 2017 10:25:49 AM

Hey Jim.  I want to get this out.  Can you talk to Barb about a sharepoint site so we can add
the address to the instructions?  Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Nov 28, 2017 at 8:55 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attached. Let me know if any changes are needed.

On Mon, Nov 27, 2017 at 4:13 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
good.  We'll need a new sharepoint site or google drive (can you talk to Barb about this ?)
and the date is probably Ok.  For now.  Stacey is out on maternity leave so her job is being
covered by Kathy Bevis who we will need to loop in.  I'll do that later.   Go ahead and
change the document attached so it is good for lynx.   I'd like to send this out next week. 
JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Nov 27, 2017 at 4:00 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I just used the template you sent and changed as necessary (I bolded things I wasn't sure about, like the end
date...). I guess we could use the same two attachments, though I will also have to edit the second one to
reflect lynx stuff.

All, 

We are in the process of collecting documents and emails to create the administrative
record (AR) for the Canada lynx SSA (10 October 2014 to 15 January 2018).  In
anticipation of needing an AR, we will be compiling the AR and will also use it as our
decision file.  You are receiving this email because you were part of the process and
communication that took place during development and completion of the SSA.  The
two attachments to this email will provide the information you will need to respond to
this request, including:

·         Instructions on how to search your email for responsive documents,

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


·         A list of the types of documents and emails that are relevant to the administrative
record.

·         Instructions on how to get the computer programs necessary to get emails into the
type of file needed for the admin record (Step 4 of the Instructions Document),

·         Instructions on how to turn emails into the type of file needed for the admin
record (Step 4 of the Instructions Document).

We are asking you to search through all of your "sent" emails and any emails you may
have received from personnel outside the Service (e.g., State or other federal agency
personnel and Tribal and academic partners), including attachments, to locate all
documents relating to the lynx SSA (10 October 2014 to 15 January 2018).  At this
point in time, we are erring on the side of inclusivity and including most types of emails
and documents in the administrative record (see attached list for what to include). 

There are a number of steps that you must complete to properly search your emails on
this topic.  We ask you to read the instructions carefully and comply with them
completely to avoid unnecessary document duplication.
 
We also ask that you search through your files for any documents or materials used
throughout the SSA process that may not have been attached to any emails (see
attachment describing what types of documents we are looking for).  If they were never
attached to any email, you need to create a .pdf file of the document and include these
documents in a separate folder.

Under the Federal Records Act, government employees are prohibited from using non-
official email accounts for official business unless they either carbon copy the messages
sent via non-official email accounts to their official email account or forward such
messages to their official email account within 20 days.  If you have a responsive
records located on a non-official email account that have not already been carbon copied
or forwarded to your official email account, you must (1) forward them to your official
email account if you are within the 20-day window and provide them as part of your
search response, or (2) provide them from your non-official email account as part of
your search response.

After responsive documents have been gathered and in the correct form consistent with
the instruction document, please upload them to: https://fishnet.fws.doi.net/re
gions/6/admin/foia/Working folders/Forms/DispForm.aspx?ID=6811.    

We have set a deadline of January 31, 2018, to have you complete your individual
email sorting.

The point of contact for the creation of the administrative record is Jim Zelenak in the
Helena Field Office (jim_zelenak@fws.gov), 406-449-5225 X 220. Please contact Jim
or Stacey Cummins (Stacey_cummins@fws.gov) 303-236-4473 if you have any
questions or concerns about this process.  Thank you so much for your help on this.   JB

On Mon, Nov 27, 2017 at 1:51 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Jim.  See message below.  This was the process we used to get folks to send in their

https://fishnet.fws.doi.net/regions/6/admin/foia/Working
https://fishnet.fws.doi.net/regions/6/admin/foia/Working
mailto:jim_zelenak@fws.gov
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docs for GB.  I sent out to addresses that Jen supplied me with.  We gave them a
timeline and checked in on them several times.  See if you can craft up something
similarly for me to send out.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Jun 8, 2017 at 11:02 AM
Subject: Records search for Greater Yellowstone Ecosystem Grizzly Bear DUE
August 11, 2017
To: Maricela Constantino <Maricela_Constantino@fws.gov>, Amy Brisendine
<amy_brisendine@fws.gov>, "Frazer, Gary" <gary_frazer@fws.gov>, Theresa Rabot
<theresa_rabot@fws.gov>, "Canterbury, Grant" <grant_canterbury@fws.gov>, Sarah
Hall <Sarah_Hall@fws.gov>, "Mogadam, Roya" <roya_mogadam@fws.gov>, Ryan
Moehring <ryan_moehring@fws.gov>, Heather Johnson
<heather_johnson@fws.gov>, "Willey, Seth" <seth_willey@fws.gov>, Justin
Shoemaker <justin_shoemaker@fws.gov>, "Fierce, Sarah"
<sarah_backsen@fws.gov>, "Kasdin, Alexandra" <alexandra_kasdin@fws.gov>,
Marjorie Nelson <Marjorie_Nelson@fws.gov>, "Thabault, Michael"
<michael_thabault@fws.gov>, Matt Hogan <Matt_Hogan@fws.gov>, Noreen Walsh
<noreen_walsh@fws.gov>, Krishna Gifford <krishna_gifford@fws.gov>, Hilary
Cooley <hilary_cooley@fws.gov>, Wayne Kasworm <Wayne_Kasworm@fws.gov>,
jodi Bush <jodi_Bush@fws.gov>
Cc: Stephanie Potter <stephanie_potter@fws.gov>, Jennifer Fortin-Noreus
<jennifer_fortin-noreus@fws.gov>

All, 

We are in the process of collecting documents and emails to create the
administrative record for the Greater Yellowstone Ecosystem (GYE) grizzly
bear population final rule, Conservation Strategy, and Recovery Plan revisions
(1 January 2012 to 1 June 2017).  In anticipation of needing an AR, we will be
compiling the AR and will also use it as our decision file.  You are receiving
this email because you were part of the process and communication that took
place during the decision making process.  Attached to the email you will find
a number of attachments.

·         Instructions on how to search your email for responsive documents,

·         A list of the types of documents and emails that are relevant to the
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administrative record.

·         Instructions on how to get the computer programs necessary to get
emails into the type of file needed for the admin record (Step 4 of the
Instructions Document),

·         Instructions on how to turn emails into the type of file needed for the
admin record (Step 4 of the Instructions Document).

We are asking you to search through all of your "sent" emails and emails you
may have received from personnel outside the Service or from Chris
Servheen (1 January 2012 to 6 March 2013), including attachments, to locate
all documents relating to the GYE Delisting, Conservation Strategy, and
Recovery Plan revisions (1 January 2012 to 1 June 2017).  At this point in
time, we are erring on the side of inclusivity and including most types of emails
and document sin the administrative record (see attached list for what to
include). 

There are a number of steps that you must do in order to properly search your
emails on this topic.  We ask you to read the instructions fully and comply with
them completely to avoid duplication of too many documents. 

We are also asking you to search through your files for any documents or
materials used throughout the decision making process that may not have
been attached to any emails (see attachment describing what types of
documents we are looking for).  If they were never attached to any email, you
need to create a .pdf file of the document and include these documents in a
separate folder.

The point of contact for the creation of the administrative record is Jennifer
Fortin-Noreus (Jennifer_fortin-noreus@fws.gov), 406-243-4994.  She is
located in the Missoula Field Office.  If you have any questions, feel free to
email or call her.

Under the Federal Records Act, government employees are prohibited from
using non-official email accounts for official business unless they either carbon
copy the messages sent via non-official email accounts to their official email
account or forward such messages to their official email account within 20
days.  If you have a responsive records located on a non-official email account
that have not already been carbon copied or forwarded to your official email
account, you must (1) forward them to your official email account if you are
within the 20-day window and provide them as part of your search response,
or (2) provide them from your non-official email account as part of your search
response.

mailto:Jennifer_fortin-noreus@fws.gov


After responsive documents have been gathered and in the correct form
consistent with the instruction document, please upload them to:
https://fishnet.fws.doi.net/regions/6/admin/foia/Working
folders/Forms/DispForm.aspx?ID=6811.    

We have set a deadline of August 11, 2017, to have you complete your
individual email sorting.  Please contact Jennifer Fortin-Noreus
(Jennifer_fortin-noreus@fws.gov) 406-243-4994 or Stacey Cummins
(Stacey_cummins@fws.gov) 303-236-4473 if you have any questions or
concerns about this process.  Thank you so much for your help on this.   JB

 

Jodi L. Bush
Project Leader
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Chavez, Barbara
To: Zelenak, Jim
Cc: Jodi Bush; Stacey Cummins
Subject: Fwd: Sharepoint site for Lynx Records Search
Date: Wednesday, December 20, 2017 3:00:08 PM

Hey Jim,

Here is the sharepoint site that they can drop documents too.  Stacey said they will have to use
email portfolios because the pst files won't load.  If you let me know what folders we want I
can create them too or you can ask Stacey too, up to you.  

Also could you maybe add something along the lines of statement below, you can change it
however you want.

*Please make sure you go through emails and documents carefully.  We have go through each
to make sure relevancy and have at times come across recipes, family pictures, best hunt sites,
who is going on hunt, when draws going to be held, airlines reservation for family trip,
and picture of you dressed as woman or man for pranks,  these are not relevant to our request
so we ask that you please please make sure you are looking at what you are contributing to the
request.

Thank you,
Barb

---------- Forwarded message ----------
From: Stacey Cummins <stacey_cummins@fws.gov>
Date: Wed, Dec 20, 2017 at 2:30 PM
Subject: RE: Sharepoint site for Lynx Records Search
To: Barbara Chavez <barbara_chavez@fws.gov>

If any folders need to be created (i.e. release, AC, preD, etc) let me know. Thanks!

 

https://fishnet.fws.doi.net/regions/6/admin/foia/Working%20folders/Forms/AllItems.aspx?
RootFolder=%2Fregions%2F6%2Fadmin%2Ffoia%2FWorking%20folders%2FLynx%20SSA&
FolderCTID=0x012000F21ABB99040735438A678227F7594AD0&View={AF6A3F39-3189-405F-AA8C-
0BA5D2942E2F}&InitialTabId=Ribbon%2EDocument&VisibilityContext=WSSTabPersistence

 

 

From: Chavez, Barbara [mailto:barbara_chavez@fws.gov] 
Sent: Wednesday, December 20, 2017 2:26 PM
To: Stacey Cummins <stacey_cummins@fws.gov>
Subject: Fwd: Sharepoint site for Lynx Records Search
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https://fishnet.fws.doi.net/regions/6/admin/foia/Working%20folders/Forms/AllItems.aspx?RootFolder=%2Fregions%2F6%2Fadmin%2Ffoia%2FWorking%20folders%2FLynx%20SSA&FolderCTID=0x012000F21ABB99040735438A678227F7594AD0&View=%7bAF6A3F39-3189-405F-AA8C-0BA5D2942E2F%7d&InitialTabId=Ribbon%2EDocument&VisibilityContext=WSSTabPersistence
https://fishnet.fws.doi.net/regions/6/admin/foia/Working%20folders/Forms/AllItems.aspx?RootFolder=%2Fregions%2F6%2Fadmin%2Ffoia%2FWorking%20folders%2FLynx%20SSA&FolderCTID=0x012000F21ABB99040735438A678227F7594AD0&View=%7bAF6A3F39-3189-405F-AA8C-0BA5D2942E2F%7d&InitialTabId=Ribbon%2EDocument&VisibilityContext=WSSTabPersistence
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---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Dec 20, 2017 at 10:43 AM
Subject: Sharepoint site for Lynx Records Search
To: "Chavez, Barbara" <barbara_chavez@fws.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>

Barb,

 

We are getting ready to begin a records search for lynx SSA similar to the one done recently
for GYE Grizzly Bear. This will be used for any FOIA requests we may receive, as well as the
AR and decision file for the SSA.

 

We used the instructions for the bear search as a template for lynx, and we will be sending this
records search request out very broadly within the USFWS, including regions 1, 2, 3, 5, and 6.

 

We need to set up a Sharepoint site and folder to which folks from multiple regions
responding to the request can upload responsive records.  See last page of the attached doc.

 

Jodi thought you could help in getting a Sharepoint site set-up and that we could provide that
in the instructions (remove the one currently there and replace with one for lynx).

 

Please let me know if that is something you can do. If so, once set up we can change the
address in the instructions.  We hope to get this request and updated instructions out very
soon.

 

Let me know if we need to discuss this.

 

Thanks!

 

--

mailto:jim_zelenak@fws.gov
mailto:barbara_chavez@fws.gov
mailto:jodi_bush@fws.gov


Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Barbara Chavez

Administrative Support Assistant

U.S. Fish & Wildlife Service

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 Ext 200 office

(406) 449-5339 fax

barbara_chavez@fws.gov

 

www.fws.gov/montanafieldoffice

-- 
Barbara Chavez
Administrative Support Assistant
U.S. Fish & Wildlife Service
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 Ext 200 office
(406) 449-5339 fax

mailto:jim_zelenak@fws.gov
mailto:barbara_chavez@fws.gov
http://www.fws.gov/montanafieldoffice


barbara_chavez@fws.gov

www.fws.gov/montanafieldoffice
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From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Lynx OpED
Date: Thursday, December 21, 2017 10:18:39 AM
Attachments: Lynx_OPED122117.docx

please look at this....JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Thu, Dec 21, 2017 at 7:42 AM
Subject: Lynx OpED
To: Jodi Bush <jodi_bush@fws.gov>

Good Morning,

 

My 1st crack at this.  I tried to keep it to the point.    Can you take a look and edit/add etc.  
Matt H. wants to see this today so if you can do a cut this AM that would be great.   Sorry for
short notice but just heard he wanted it.  After you take a wack we will go up to Marj/Mike
etc.   Just trying to keep the process easy and sequential.

 

Thank You

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:robert_segin@fws.gov
mailto:jodi_bush@fws.gov




The recent release of the 5-year review and  which outlines the decision by the U.S. Fish and Wildlife 
Service that the Canada lynx may no longer warrant protection under the Endangered Species Act (ESA) 
and should be considered for delisting due to recovery is a win for the lynx and the ESA.  The purpose of 
the ESA is simple; “protect and recover imperiled species and the ecosystems which they depend.”  
Since 1973 the ESA has been the force for recovery and the Canada lynx is the latest success story of 
species that have been successfully “saved” from extinction.   Despite the power of the law, the Service 
does not do it alone.  In the case of the lynx,  it is the culmination of an almost 20 year effort of working 
with state, federal, tribal, industry and other land managers on the conservation of this unique and 
elusive species.  When the Service listed the lynx as threatened in 2000, they were concerned about the 
potential for Federal forest management activities to adversely affect lynx habitats and perhaps 
populations.  Existing regulatory mechanisms at that time were not adequate to ensure the conservation 
of lynx habitats and populations on Federal lands, which contain the majority of lynx habitats in the 
contiguous United States.  In short, the lynx was in trouble.  

Since its listing, things have changed.  Federal land managers worked with the Service to identify, map, 
and monitor conditions in potential lynx habitat.  They worked together to develop and implement 
standards and guidelines to avoid or minimize impacts to important lynx and protect its food source, the 
snowshoe hare and its habitats.  The conservation measures and habitat management guidance 
adopted by the U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), developed in 
formally amended or revised management plans or conservation agreements with the Service, have 
substantially addressed the threats to lynx habitat conditions and the availability of snowshoe hare and 
other prey populations for which the lynx was originally listed.   

Despite these improvements and strong conservation partnerships the analysis was not “cut and dry” 
and the Service did not make this recommendation lightly. It was the result of an extensive review of the 
best available scientific information.  For example, the decision was based on a peer-reviewed Species 
Status Assessment (SSA) for the lynx, which compiled and evaluated the best available scientific 
information on the historical, current and possible future conditions for the species.  This process took 
over two-years; in which the Service worked closely with federal, state, and academic subject matter 
experts to evaluate relevant scientific information on snowshoe hare population dynamics, climate 
change, forest ecology and other issues.   

the species status assessment (SSA), which provided the scientific basis for the 5-year review, the 
Service consulted a panel of 10 recognized lynx experts from State and Federal agencies and academic 
institutions regarding potential threats and the likelihood that resident populations will be able to be 
sustained in the future. Despite the efforts of the Service, state, federal and tribal partners many species 
still get added to the Endangered Species List and successes are not always quick to see.  In the case of 
the Lynx, success was measured with the strength of the partners involved in the recovery and the 
commitment to protect and recover the species. 

The one variable that is still unknown is climate change.  Although climate change remains an important 
factor for the conservation of the Canada lynx, neither the Service nor the experts they consulted 
concluded that the lynx is at risk of extinction from climate change within the foreseeable future. 



This almost 20 year effort is indeed a success story.  The Service and its partners should be commended 
for their efforts in recovery this unique and import species.  In the end the only thing that really matters 
is that there will continue to be lynx on the landscape.   

 



From: Zelenak, Jim
To: Justin Shoemaker
Subject: Re: Lynx Call
Date: Thursday, December 21, 2017 10:32:30 AM

Never mind - Jodi came in and she briefed me.

But, she also asked me to get your thoughts on whether we should include 5-year review and 4(f)(1) correspondence
and documents in the request we are preparing for lynx SSA, Recovery plan/planning, Expert Elicitation, etc., 

We want to get that request out soon to all FWS folks who have been involved in some way with SSA proceedings
so we can begin proactively building the FOIA response/admin record that we will almost certainly need.

We're preparing a short instruction sheet with search terms, etc., for getting emails from Bison Connect/Google into
Outlook to convert to portfolios so our Admin folks here can organize, name, bate stamp, etc.

Anyway, I'm sure there's lots from the 5-year and 4(f)(1) exercises that I have not seen, but that should probably be
part of this overall lynx records compilation.

Let me know what you think.  

On Thu, Dec 21, 2017 at 9:16 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Any chance you can brief me on what happened on yesterday's call?

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Chavez, Barbara
To: Zelenak, Jim
Subject: Re: Sharepoint site for Lynx Records Search
Date: Thursday, December 21, 2017 11:19:44 AM
Attachments: Instructions for email and responsive records searches.v2 - Lynx SSA-jz.docx

Here you go Jim, I let me know if you need anything else.

Barb

On Wed, Dec 20, 2017 at 10:43 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Barb,

We are getting ready to begin a records search for lynx SSA similar to the one done recently for GYE Grizzly
Bear. This will be used for any FOIA requests we may receive, as well as the AR and decision file for the SSA.

We used the instructions for the bear search as a template for lynx, and we will be sending this records search
request out very broadly within the USFWS, including regions 1, 2, 3, 5, and 6.

We need to set up a Sharepoint site and folder to which folks from multiple regions responding to the request can
upload responsive records.  See last page of the attached doc.

Jodi thought you could help in getting a Sharepoint site set-up and that we could provide that in the instructions
(remove the one currently there and replace with one for lynx).

Please let me know if that is something you can do. If so, once set up we can change the address in the
instructions.  We hope to get this request and updated instructions out very soon.

Let me know if we need to discuss this.

Thanks!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Barbara Chavez
Administrative Support Assistant
U.S. Fish & Wildlife Service
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 Ext 200 office
(406) 449-5339 fax
barbara_chavez@fws.gov

mailto:barbara_chavez@fws.gov
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Instructions for email searches for the Canada Lynx SSA 
 
The preferred email production method for administrative records for DOI is to create pdf 
portfolios.  In order to do this, we need to gather everyone’s email and responsive documents in 
a certain way.  Below you will find the instructions on how to proceed. By following these 
instructions, you should have all the information you need to turn emails into the type of file we 
are looking for. If you need additional assistance please contact Stacey Cummins 
(Stacey_cummins@fws.gov, 303-236-4473) for guidance. 
 
 
Search Terms: “Canada Lynx” OR “Lynx” OR “Lynx DPS” AND “SSA” OR “Recovery 

Planning” OR “Recovery Plan” OR “Project Plan” Or “Expert Elicitation” OR 
“Expert Elicitation Workshop” OR “Lynx Workshop” OR “Expert Panel” OR 
“Decision Meeting” OR “Recommendation Team” OR “Core Team” 

 
Step 1: Create a new folder (in Outlook) or a new label (in Gmail) that will house all of 

your files related to the Canada Lynx SSA Project Plan, Expert Elicitation 
Workshop and Report, Draft SSA Report, and Final SSA Report (10 October 
2014 to 15 January 2018).  The seperation of priveleged information will be 
conducted by the Regional Office.  Please use the following label name for the 
folder: 

 
[YOUR LAST NAME] Lynx SSA (example: Zelenak’s Lynx SSA Emails) 
 

Step 2: Next, you need to find Emails That You SENT regarding the Canada Lynx SSA 
Project Plan, Expert Elicitation Workshop and Report, Draft SSA Report, and 
Final SSA Report (10 October 2014 to 15 January 2018). 

 
A. Search only your “Sent Mail” for emails and attachments relating to the 

Canada lynx SSA Project Plan, Expert Elicitation Workshop and Report, 
Draft SSA Report, and Final SSA Report (10 October 2014 to 15 January 
2018).  You may choose to search for keywords (see Search Terms above) 
in your entire SENT folder.  You may find it helpful to use a combination 
of keywords and individual recipients in order to most quickly identify 
responsive documents.  Here is how to begin:  
 
NOTE: THE FOLLOWING ARE INSTRUCTIONS (2-4) ARE FOR 
GMAIL (Bison Connect) USERS – You must use OUTLOOK to 
create PORTFOLIOS.  FOR OUTLOOK USERS, CREATE THE 
ABOVE FOLDERS, SEARCH YOUR SENT MAIL BOX FOR 
RESPONSIVE DOCUMENTS AND EMAILS AND MOVE SAID 
EMAILS INTO THE NEWLY CREATED FOLDER AND THEN 
REFER TO THE “CREATE OUTLOOK PORTFOLIO FILES” 
ATTACHMENT FOR FURTHER INSTRUCTIONS AND MOVE TO 
STEP 4. 
 

a. Reminder, you are only responsible for your SENT mail at this 
point, nothing in your Inbox (a more limited Inbox search will be 
needed from you in a moment, and is described below). 

 

Comment [ZJ1]: Currently on maternity 
leave; contact Kathy Bevis? 



 

b. To begin searching your SENT mailbox in Gmail (Bison), proceed 
as follows: 

i. Go into “Settings” (click the gearbox in the upper right 
hand corner of Gmail) 

ii. Click “Settings” in the dropdown menu that appears 
iii. Scroll down to “Conversation View” 

1. Make sure that “Conversation View” is turned off 
(you can turn it back on when you have finished 
finding all responsive documents) 

iv. Click “Save Changes” at the bottom of the page 
v. Return to your main Gmail page 

vi. Click on the white search bar at the top of the page 
vii. Click the gray arrow that appears on the right hand side of 

the search bar (this opens a dropdown menu with multiple 
search options) 

viii. In the gray “search” dropdown menu at the top (says “All 
Mail” by default), click “Sent Mail” 

ix. Then, to do a key word search, locate the “Has the words” 
search bar, and type in the search terms (see above), 
anything that may have been used to reference anything 
related to the Lynx SSA in an email.  You may use the 
separator “OR” (capital letters, no quotation marks) 
between search terms and search for multiple terms at one 
time.  Note the similar “To” search bar, which will allow 
you to limit your search to certain recipients if you choose.   

x. Click the blue search button (magnifying glass) 
xi. Label all pertinent email with the label that you created in 

the previous steps for “[YOUR NAME] Lynx SSA 
Emails”.  Note: Please, only include emails from 10 
October 2014 to 15 January 2018.  When the search is 
completed the emails should automatically be sorted from 
newest to oldest, refer to the date on the right-hand side of 
the window. 

 
 
Step 3:  Finding Emails you RECEIVED from NON-FWS Sources. 
 

If you think you may have ever received an email from someone OUTSIDE of the 
FWS, regarding the Canada Lynx SSA Project Plan, Expert Elicitation Workshop 
and Report, Draft SSA Report, and Final SSA Report (10 October 2014 to 15 
January 2018), continue follow this step. We need you to search for, and label 
these documents as well, using the following instructions. 

 
i. In the top search bar, click the gray dropdown arrow on the right side, 

ii. Click on the white search bar at the top of the page 
iii. Click the gray arrow that appears on the right hand side of the search bar 

(this opens a dropdown menu with multiple search options) 
iv. In the search bar labeled “Doesn’t have”, type in “from:@fws.gov” 

(without the quotation marks).  This will search all emails that came from 
personnel outside the FWS. 



 

v. In the search bar labeled “Has the words” again type in anything that may 
have been in an email relating to the Lynx SSA (10 October 2014 to 15 
January 2018) using the separator “OR” between search terms. 

vi. Click the blue search button (magnifying glass) 
vii. Use the label you previously created for these search results as well, 

“[YOUR NAME] Lynx SSA Emails.”   
 
Step 4:  After you have completed labeling all of your emails, you now need to ensure that 

you have MS Outlook installed on your computer. You need to sync your Gmail 
(Bison) emails with Outlook for the purposes of creating a PDF Portfolio. You 
may need to contact IT to ensure that Outlook is installed on your computer. The 
syncing process (Gmail (Bison) emails to Outlook) will take some time, maybe 
overnight.  It can run in the background of your computer while you continue on 
with other work. 

  
 Adding Google Apps Sync for Microsoft Outlook 

1. Click the Microsoft Button on the lower left of desktop 
2. Click “all Programs” 
3. Click “(FWS) tools-to-go” 
4. Click “Apps-to-go” 
5. Click “Google Apps Sync for Microsoft Outlook  

 
 Once this program has been installed on your computer, follow the instructions on 

the attached pdf file titled “Create Outlook PDF PORTFOLIO files”. This PDF 
file is what you will need to send to the designated email address (below). 

 
 Step by Step on Creating the PDF Portfolio 

1. Click the folder you want to create the portfolio. 
2. Click the Adobe PDF tab located at top. 

 
 

3. Click Selected Messages and Create New PDF.          

 
 

4. A save window will pop up with the folder name you can just click Save.  
NOTE: This can take a little time once you hit save depending on how large 
the folder is.  You may want to have something to do away from desk as you 
do not want to use adobe until the Portfolio  is completed. 
 

 
  
 



 

Step 5:  Finally, you will need to look through your computer for any files related to the 
Canada Lynx SSA Project Plan, Expert Elicitation Workshop and Report, Draft 
SSA Report, and Final SSA Report (10 October 2014 to 15 January 2018) that 
were never attached to any emails.  Locate and compile, in a single folder, all 
non-emailed records (word docs, excel spreadsheets, power points, pdfs etc.).  If 
you have any files in paper format, scan them as a searchable .pdf.  Keep this file 
and send it along with your emails to the below email address. 

 
After the PDF PORTFOLIO has been created, and any other responsive documents (also in PDF 
FORMAT) have been gathered, please upload them to: 
https://fishnet.fws.doi.net/regions/6/admin/foia/Working 
folders/Forms/DispForm.aspx?ID=6811.     
 
We have set a deadline of January 31, 2018, to have you complete your individual email sorting.  
Please contact Jim Zelenak (jim_zelenak@fws.gov), 406-449-5225 X 220, or Stacey Cummins 
(Stacey_cummins@fws.gov), 303-236-4473, if you have any questions or concerns about this 
process.  Thank you for your cooperation. 

Comment [ZJ2]: Will need new sharepoint 
site for lynx SSA. 

https://fishnet.fws.doi.net/regions/6/admin/foia/Working%20folders/Forms/DispForm.aspx?ID=6811
https://fishnet.fws.doi.net/regions/6/admin/foia/Working%20folders/Forms/DispForm.aspx?ID=6811


From: Zelenak, Jim
To: Jodi Bush
Cc: Chavez, Barbara; Justin Shoemaker
Subject: Lynx SSA Records Request
Date: Thursday, December 21, 2017 12:31:12 PM
Attachments: 2017 12 21 Instructions for email and responsive records searches Lynx SSA.docx

Attached are the instructions including my and Barb's edits/changes, as we discussed.

I've copied Justin so he can add names to the distribution list that I have not included - folks who may have
participated in 5-year review and/or 4(f) (1) that I don't know about.

Jodi - I'm guessing you have a few others as well (Nicole Alt, e.g.,?)

My list of USFWS folks who should receive this:

Core Team: Kurt Broderdorp, Bryon Holt, Mark McCollough, Tamara Smith, Jim Zelenak

FIT Team: Heather Bell, Mary Parkin, Justin Shoemaker

Recommendation Team and Participants: Noreen Walsh, Mike Thabault, Marjorie Nelson, Craig Hansen, Sarah
Fierce, Jodi Bush, Jennifer Szymanski, Lori Nordstrom, Paul Phifer, Rollie White

Regional Solicitors: Dana Jacobsen, Kate Williams-Shuck, Dave Rothstein (R5)

Others (HQ, Regional and Field Offices and/or monthly coordination call participants): Anna Harris, Brady McGee,
Jeff Dillon, Lisa Solberg-Schwab, Ann Timberman, Brad Thompson, Chris Mensing, David Stillwell, David
Simmons, Drue DeBery, Eric Rickerson, Grant Canterbury, Jeff Krupka, Karen Cathey, Karl Halupka, Kate Novak,
Kathleen Hendricks, Larry Crist, Leslie Ellwood, Martin Miller, Megan Kosterman, Michelle Eames, Paul Casey,
Paul Henson, Peter Fasbender, Sarah Hall, Scott Hicks, Sue Livingston, Tom Chapman, Tom McDowell, Tyler
Abbott, Gregg Kurz, Steve Agius, Tara Nicolaysen, Anthony Tur, Eric Hein, Mark Sattleberg, Ben Conard, Gary
Miller, Jessica Hogrefe, Krishna Gifford, Rebecca Toland, Nathan Berg, Bridget Fahey, Shawn Sartorius, Seth
Willey

External Affairs: Robert (Steve) Segin, Anna Munoz, Roya Mogadam, Meagan Racey (R5)

Retired: Ann Belleman, Michael Carrier, Dennis Mackey, Laura Ragan, Laury Zicari

Deceased: Patricia Zenone

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Instructions for Email Searches for the Canada Lynx SSA, 5-year Review, and Related 
Documents and Correspondence 
 
The preferred email production method for administrative records for DOI is to create pdf 
portfolios.  In order to do this, we need to gather everyone’s email and responsive documents in 
a certain way.  Below you will find the instructions on how to proceed. By following these 
instructions, you should have all the information you need to turn emails into the type of file we 
are looking for. If you need additional assistance please contact Stacey Cummins 
(Stacey_cummins@fws.gov, 303-236-4473) for guidance. 
 
 
Search Terms: “Canada Lynx” OR “Lynx” OR “Lynx DPS” AND “SSA” OR “Recovery 

Planning” OR “Recovery Plan” OR “Project Plan” Or “Expert Elicitation” 
OR “Expert Elicitation Workshop” OR “Lynx Workshop” OR “Expert 
Panel” OR “Decision Meeting” OR “Recommendation Team” OR “Core 
Team” OR “5-year Review” or “4(f)(1)” 

 
Step 1: Create a new folder (in Outlook) or a new label (in Gmail/Bison Connect) that 

will house all of your files related to the Canada Lynx SSA Project Plan, Expert 
Elicitation Workshop and Report, Draft SSA Report, Final SSA Report, 5-year 
Review, and 4(f)(1).  The inclusive dates for this request are 10 October 2014 
through 15 January 2018.  The seperation of priveleged information will be 
conducted by the Regional Office.  Please use the following label name for the 
folder: 

 
[YOUR LAST NAME] Lynx SSA (example: Zelenak Lynx SSA Emails) 
 

Step 2: Next, you need to find Emails That You SENT regarding the Canada Lynx SSA 
Project Plan, Expert Elicitation Workshop and Report, Draft SSA Report, Final 
SSA Report, 5-year Review, and 4(f)(1), (10 October 2014 to 15 January 2018). 

 
A. Search only your “Sent Mail” for emails and attachments relating to the 

Canada lynx SSA Project Plan, Expert Elicitation Workshop and Report, 
Draft SSA Report, Final SSA Report, 5-year Review, and 4(f)(1), (10 
October 2014 to 15 January 2018).  You may choose to search for 
keywords (see Search Terms above) in your entire SENT folder.  You 
may find it helpful to use a combination of keywords and individual 
recipients in order to most quickly identify responsive documents.  Here is 
how to begin:  
 
NOTE: THE FOLLOWING ARE INSTRUCTIONS (2-4) ARE FOR 
GMAIL (Bison Connect) USERS – You must use OUTLOOK to 
create PORTFOLIOS.  FOR OUTLOOK USERS, CREATE THE 
ABOVE FOLDERS, SEARCH YOUR SENT MAIL BOX FOR 
RESPONSIVE DOCUMENTS AND EMAILS AND MOVE SAID 
EMAILS INTO THE NEWLY CREATED FOLDER AND THEN 
REFER TO THE “CREATE OUTLOOK PORTFOLIO FILES” 
ATTACHMENT FOR FURTHER INSTRUCTIONS AND MOVE 
TO STEP 4. 
 



 

a. Reminder, you are only responsible for your SENT mail at this 
point, nothing in your Inbox (a more limited Inbox search will be 
needed from you in a moment, and is described below). 

 
b. To begin searching your SENT mailbox in Gmail (Bison), proceed 

as follows: 
i. Go into “Settings” (click the gearbox in the upper right 

hand corner of Gmail) 
ii. Click “Settings” in the dropdown menu that appears 

iii. Scroll down to “Conversation View” 
1. Make sure that “Conversation View” is turned off 

(you can turn it back on when you have finished 
finding all responsive documents) 

iv. Click “Save Changes” at the bottom of the page 
v. Return to your main Gmail page 

vi. Click on the white search bar at the top of the page 
vii. Click the gray arrow that appears on the right hand side of 

the search bar (this opens a dropdown menu with multiple 
search options) 

viii. In the gray “search” dropdown menu at the top (says “All 
Mail” by default), click “Sent Mail” 

ix. Then, to do a key word search, locate the “Has the words” 
search bar, and type in the search terms (see above), 
anything that may have been used to reference anything 
related to the Lynx SSA or 5-year review in an email.  You 
may use the separator “OR” (capital letters, no quotation 
marks) between search terms and search for multiple terms 
at one time.  Note the similar “To” search bar, which will 
allow you to limit your search to certain recipients if you 
choose.   

x. Click the blue search button (magnifying glass) 
xi. Label all pertinent email with the label that you created in 

the previous steps for “[YOUR NAME] Lynx SSA 
Emails”.  Note: Please, only include emails from 10 
October 2014 to 15 January 2018.  When the search is 
completed the emails should automatically be sorted from 
newest to oldest, refer to the date on the right-hand side of 
the window. 

 
Step 3:  Finding Emails you RECEIVED from NON-FWS Sources. 
 

If you think you may have ever received an email from someone OUTSIDE of the 
FWS, regarding the Canada Lynx SSA Project Plan, Expert Elicitation Workshop 
and Report, Draft SSA Report, Final SSA Report, 5-year Review, and 4(f)(1), (10 
October 2014 to 15 January 2018), continue following this step. We need you to 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U.S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2010, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 



9 
 

 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions 
(e.g., Peers et al. 2012, pp. 4-9). It is generally restricted to areas that receive deep and 
persistent unconsolidated (“fluffy”) snow, which is thought to allow lynx, with their 
proportionately longer limbs and very large feet, to outcompete other terrestrial hare predators 
that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; Quinn and 
Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-401; 
Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; Carroll 
2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (Univ. of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 



12 
 

McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/


15 
 

1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in southern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 95% fixed kernel; 
5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
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lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
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what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
In the core of the species’ range in the southern Yukon, Slough and Mowat (1996, p. 952, table 
4) calculated a lynx population growth rate (lambda, λ) = 2.03 (annual doubling) during the 4-
year increase-to-peak phase of the hare cycle. This period of rapid growth was followed by a 
rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid 
decline) during the first 2 years of the lynx population decline when hares were scarce. 
However, the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS and some 
southern Canadian populations; Murray 2000, pp. 1210-1215; Murray 2003, pp 152-155), 
versus those that would signal long-term population decline or instability is unknown. Despite 
this, and the limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) 
calculated population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley 
Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell 
Mountains (increasing trend, 2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate 
of growth of 0.05 (λ = 1.05) for Maine’s lynx population based on demographic data from a 
radiotelemetry study collected over a 12-year period (Vashon et al. 2012, Appendix VI). Neither 
the Montana nor Maine estimates incorporated rates of immigration/emigration (i.e., both 
assumed immigration and emigration rates of zero, which is very unlikely and contradicted by 
historical and recent evidence of lynx dispersal in both directions across the Canada-Unites 
States border across the DPS range). Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
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concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada are believed to be important to the persistence of lynx populations in the DPS 
(McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 
2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Univ. of 
Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historical range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
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individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest (Univ. 
of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. comm.), which 
represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska are apparently 
secure, with low to moderate threats, and populations appear stable statewide, although total 
abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
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Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarily into areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
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and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat (Peers et al. 2012, pp. 4-5). The 
2 species are difficult to distinguish in the field, they often were not reliably differentiated in 
historical trapping records (McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of 
lynx distribution based on anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 
3-8; Meaney 2002, pp. 3-5, Hoving et al. 2003, pp. 366-367). Because of the large effect that 
relatively few errors in identification can have on assessments of the distribution of rare animals, 
McKelvey et al. (2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should 
be interpreted with caution, and only verified occurrence data should be used to assess 
historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because the lynx is a habitat and prey specialist, its densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist (Peers et al. 
2012, pp. 4-9). 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449; Peers et al. 2012, pp. 4-9) because they are morphologically and physiologically well-
adapted for hunting snowshoe hares and surviving in areas that have cold winters with deep 
and persistent unconsolidated snow (Murray and Boutin 1991, p. 463). Long-term snow 
conditions also presumably limit the winter distribution of potential lynx competitors and 
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predators (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, p. 123; Peers et al. 2012, entire; also 
see section 2.2 above), although behavioral adaptations may offset morphological differences to 
some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a comprenhensive, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
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In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontario than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire) indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 



45 
 

Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
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(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecedentedly large irruptions of lynx from Canada into the 
northern contiguous United States, when dispersing/transient lynx occurred temporarily in many 
places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoming Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 

                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 



47 
 

efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 



48 
 

In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
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be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of a long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
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range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
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In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
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influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
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recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
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consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
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Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2014, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
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plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
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promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
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3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 2). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
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enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specification of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (65 FR 16077; Moen in Lynx SSA Team 2016a, p. 19). Overlapping the 
Northeastern Minnesota SSA unit, the Minnesota Department of Natural Resources (MNDNR) 
has identified a specific “Lynx Management Zone” (LMZ) for which it has promulgated and 
enforces special trapping regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). 
The MNDNR has modified trapping regulations within the LMZ to minimize the incidental take of 
lynx during the legal trapping of other furbearers. The regulations address specific trap types 
and sets, prohibit the use of certain baits and visual attractants, and require reporting of any 
incidentally trapped lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-
55). The MNDNR also distributed to trappers the interagency brochure How to Avoid Incidental 
Take of Lynx while Trapping or Hunting Bobcats and other Furbearers. In response to a Federal 
court order, MDNR developed an incidental take plan designed to minimize the potential for lynx 
to be incidentally trapped during other legal furbearer trapping; the plan is currently under 
review by the Service. Like Maine, Minnesota has a State Endangered Species Statute 
(84.0895) which requires the MNDNR to adopt rules designating species meeting the statutory 
definitions of endangered, threatened, or species of special concern (State of Minnesota 2016, 
entire). The Statute also authorizes the MNDNR to adopt rules that regulate treatment of 
species designated as endangered and threatened. Also like Maine, however, Minnesota has 
not designated lynx as threatened or endangered under the statute. Instead it has designated 
the lynx a species of special concern, a designation for species that are extremely uncommon, 
have unique or highly specific habitat requirements, or occur on the periphery of their range in 
Minnesota and, therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the 
MNDNR coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
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(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 

                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s to early 2000s, when 20-25 percent of the forest in Maine 
was in an early regeneration stage. The amount of young, regenerating forest at that time was 3 
to 8 times higher than typical historical conditions under the natural disturbance regime, when 
only 3 to 7 percent of stands were likely in such condition at any given time (68 FR 40094). 
Current timber harvest and management on State and private lands in Maine are governed by 
the Maine Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
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percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
                                                
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
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with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61°C (1.1°F; range = -0.53° to +2.50°C [-
0.95° to +4.5°F]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
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emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Hartmann et al. 2013, p. 180, 187-189; Peters et al. 2013, entire; Friedlingstein 
et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851). Analysis of paleoclimate data indicates 20th 
century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4° - 2.6°C 
(0.7° - 4.7°F) by mid-century and 0.3° - 4.8°C (0.5° - 8.6°F) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5°C (2.7°F), a 76 percent probability of increasing 
2° - 4.5°C (3.6° - 8°F), and a 14 percent probability of exceeding 4.5°C (8°F). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
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predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western United States that has remained relatively stable for 
the past 3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more 
contiguous areas of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
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consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Joos et al. 2001, entire; Lucht et al. 2006, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
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migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
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Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
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106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
United States and Canada and by 46-84 percent in the contiguous United States by the end of 
the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
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rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species (Peers et al. 2012, pp. 4-9). Because of their higher 
foot-loading, bobcats likely hunt less efficiently than lynx in deep, unconsolidated snows (Hoving 
et al. 2005, entire; Krohn et al. 2005, pp. 122-129), which appear to limit bobcat mobility and 
distribution (Litvaitis et al. 1986, p. 116). Considering recent and projected future changes in 
snow conditions described above, stable or increasing bobcat populations in the DPS range 
(Roberts and Crimmins 2010, p. 170), and the predicted northward expansion of bobcats into 
areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 
873-874; Roberts and Crimmins 2010, p. 172), lynx may experience increased competition and 
displacement by bobcats, which could influence lynx distribution and persistence at the southern 
edge of their range (in all DPS geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
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Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
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2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. Conversely, in dry western forests, increased precipitation may result in 
more herbaceous forage and cover, which may promote hare survival and reproduction (Ivan et 
al. 2014, p. 590). Thus, climate change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
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Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
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and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
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these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and more northern 
populations in Canada depends on an ice bridge for dispersal across the St. Lawrence River. 
Although some lynx currently cross the river, Koen et al. (2014a, entire) found genetic 
structuring on either side of the river. Thus, the river already restricts gene flow. Climate-
induced deteriorating ice conditions on the St. Lawrence River could further restrict gene flow 
between lynx populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 
and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the 
Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, reduced ice on the St. 
Lawrence may prevent bobcats from dispersing northward into lynx areas in central Quebec 
(Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
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(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
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insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough 1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 



83 
 

connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
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provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
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● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
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the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Although management of State and Federal forest lands has been relatively stable in recent 
decades, management and ownership of private forest lands have been comparatively unstable. 
This has resulted in substantial shifts in forest management strategies, outcomes, and products. 
For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is on 
private land, about 96,315 km2 (37,187 mi2; 80 percent) of commercial timber lands in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and their 
management objectives differ from traditional commercial timber operations, resulting in 
changes to traditional harvest practices. Whereas the previous large commercial timber 
landowners focused on the forest land base as a supply for their manufacturing facilities, the 
new Timber Investment Management Organizations (TIMOs) and Real Estate Investment Trusts 
(REITs) focus on maximizing return on their investment (Jin and Sader 2006, p. 178). Initially, 
the effects of ownership changes were uncertain (McWilliams et al. 2005), but an evaluation of 
harvesting in the last decade indicates these landowners increased harvest rates, shortened 
rotation times, and shifted to managing and harvesting hardwood tree species (Jin and Sader 
2006, p. 183-185). On one hand, these trends in private lands management in Maine may make 
lynx conservation more difficult to achieve because short-term landowners may be less 
interested in long-term commitments. On the other hand, some easement owners may have an 
incentive to manage for lynx to meet forest certification requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
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species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
with continued climate warming, total United States timber inventories will increase, timber 
harvest will increase, and product prices will decrease relative to an assumed stable climate. 
Some models predict that consumers will gain from climate change while landowners in some 
regions will lose. The forest industry will likely adapt to climate change in many ways including 
using alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
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removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
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patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Abele et al. (2013, entire) also found that precommercial thinning reduced hare abundance in 
western Oregon but did not affect individual hare survival or activity patterns. Because of 
documented adverse effects of precommercial thinning to snowshoe hares and lynx, in 2007 
and 2008 the USFS amended Forest Plans to incorporate management that would conserve 
lynx, including direction that prohibited precommercial thinning in most lynx foraging habitat 
(USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial thinning 
is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands in 
Maine supported about 50 percent of the hare densities observed in regenerating clearcuts 
(Robinson 2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
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Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, Univ. Maine, pers. comm. and unpubl. data; Harrison et 
al. 2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Univ. Maine, pers. comm.). As 
much as 30 to 40 percent of the advanced regeneration may be damaged from repeated entries 
by machinery to remove the overstory (R. Seymour, Univ.Maine, pers. comm.). Finally, because 
subsequent overstory removal occurs about 15 years after the initial entry, some of the dense 
understory is damaged just as the stand develops conditions to support higher hare densities. 
The damage to the understory not only reduces the quality of the habitat for hares, but also cuts 
short the duration that the stand produces high-quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
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Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). Fragmentation of the already naturally patchy pattern of lynx habitat in 
much of the contiguous United States can affect lynx by reducing their prey base and increasing 
the energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified 
direct effects of fragmentation on lynx to include creation of openings that potentially increase 
access by competing carnivores, increasing the edge between early-successional habitat and 
other habitats, and changes in the structural complexities and amounts of seral forests within 
the landscape. At some point, landscape-scale fragmentation from forest management can 
make patches of foraging habitat too small and too distant from each other to be effectively 
accessed by lynx as part of their home range. For example, in Maine the proliferation of partial 
harvesting will actually increase the patches of high-quality hare habitat by 57 percent, but the 
average size of patches will be diminished by 87 percent, and patches will become more 
isolated (Simons-Legaard et al. 2016, pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events (Kilgore and 
Heinselman 1990; Veblen et al. 1994; Heinselman 1996; Agee 2000; Seymour et al. 2002; 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
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contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
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Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
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indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
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and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4, large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
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favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
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other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
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rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
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fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
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Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
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528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
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Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
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habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
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Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 
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4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 2 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
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has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
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the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic area to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
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(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
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connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
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trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4). Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
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ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
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lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
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unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
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1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris including blowdown, deadfalls, 
and root wads. In northern Maine, nearly half (12 of 26) of natal dens occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on commercial 
forest lands reinforces the importance of dense regenerating conifer forest along with a 
component of mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495; 
Simons 2009, pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 
573) found the probability of lynx occurrence was > 50 percent where landscape hare densities 
were > 0.74 hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx 
maintained home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). Based on these observations, Simons-Legaard et al. 
(2013, pp. 574-576) recommended maintaining landscape hare densities of > 0.5 hares/ha (0.2 
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hares/ac) and a minimum of 27 percent high-quality hare habitat within 100-km2 areas to 
conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, high-
quality lynx foraging habitat in northern Maine was probably typically much less abundant and 
less broadly-distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, 
insect outbreaks) are rare (intervals of several hundred to several thousand years) and highly 
variable in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce 
budworm, spruce beetle, beech bark disease, and sugar maple defoliators have been important 
influences affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The 
frequency and intensity of spruce budworm outbreaks, the most likely insect to affect lynx 
habitat, have been highly variable in Maine and eastern Canada in recent centuries (Blais 1983, 
entire). Although, high-elevation boreal forests often exhibit dense, regenerating conifer 
(resulting from a wind-throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare 
densities are believed to be low in these areas (Siren et al. 2015, entire). In this geographic 
area, wildfire is less significant as a natural agent of disturbance. The typical fire regime is 
infrequent surface fires in the dormant season in the hardwood forests, and slightly more 
frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; Seymour 
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et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several decades, early 
successional forests and lynx habitat in northern Maine, New Brunswick, and southern Quebec 
have been created almost exclusively by forest management (Lorimer and White 2003, pp. 42-
43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (about half of the Northern Maine 
geographic unit), Simons-Legaard (2016, p. 9-10) estimated that 3,845 km2 (1,485 mi2; nearly 
27 percent) of the forested landscape was comprised of spruce-fir in a young, regenerating 
stand condition that provide high-quality hare habitat. This habitat is similar to, and contiguous 
with, forested areas in Quebec and New Brunswick that support lynx (Hoving et al. 2005, pp. 
740-741). The current range of lynx in this unit is associated with areas of deep snowfall, 
extensive forested landscapes, and areas having a high proportion of regenerating conifer-
dominated forest that had previously been clearcut and treated with herbicides to suppress 
hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of higher (1995-2005) and lower (2006 to present) densities (Scott 2009, 
pp. 1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several 
estimates of hare densities in the highest-quality regenerating conifer or mixed forest averaged 
1.9 to 2.1 hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 
2006, hare densities declined by about half in all stand types and have remained at these lower 
levels (Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were 
observed in the Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 
1990, hare densities in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 
hares/ac) at low and high elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. 
(2015) reported lower densities in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) 
that are unlikely to support lynx persistence in both montane and lowland spruce-fir. Densities in 
high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha (0.08 to 
0.11 hares/ac), also unlikely to support lynx persistence. Comparable hare density data are not 
available for Vermont. 
 
Currently, the amount and distribution of high-quality habitat are likely at historically high levels, 
but this habitat has peaked and high-quality lynx habitat is projected to decline in the near future 
(Simons-Legaard et al. 2016, pp. 140-163, 202-218). In response to the widespread clearcutting 
in the 1970s and 1980s, Maine passed the Forest Practices Act in 1989, which regulated 
clearcutting. Since then, various forms of partial harvesting have replaced clearcutting as the 
predominant form of forest management in northern Maine. Partially harvested stands (e.g., 
selection harvest, shelterwood harvest, overstory removal) have a wide range of residual stand 
conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006, p. 29). On average, partially harvested stands support 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006, p. 
26-27). Over 95 percent of cutting that occurs now in northern Maine is partial harvesting 
compared to 59 percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-
Legaard et al. 2013). This new cutting regime results in lower landscape densities of snowshoe 
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hares (Fuller 1999; Homyack 2003; Robinson 2006; Scott 2009). Another consequence of 
partial harvesting is that a much greater acreage needs to be cut annually to attain similar 
harvest volume (as compared to clearcutting). Annual harvest rates have increased from about 
40,000 ha (100,000 acres) per year (before the Forest Practices Act) to over 200,000 ha 
(500,000 acres) per year (after the Act). Thus, 28 years after the Maine Forest Practices Act, 
much of the forested landscape in northern Maine has been partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects rarely exists. 
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005; 
Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work with private 
landowners. As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 40,000 ha (100,000 ac) including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), 2 tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
was 1 of several pilot States to receive funding through its Natural Resources Conservation 
Service (NRCS) State office. Based on a successful pilot program, in 2008, the HFRP was 
reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the Federal 
Register (75 FR 6539) amending regulations for the HFRP based on provisions amended by the 
bill. In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time 4 private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
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Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, after which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
When the DPS was listed, lynx were known to be present in northern Maine but little was known 
about their distribution, population size and trend, snowshoe hare populations, and relationships 
to forest management. Since then, research from the MDIFW (Vashon et al. 2008a, entire; 
2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, entire; Hoving 
et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; Homyack et al. 2007, 
entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and 
Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) 
have greatly increased our knowledge. Snow track surveys and confirmed occurrence records 
document that lynx occur throughout northern Maine and in small, isolated pockets in western 
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and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and small numbers of lynx have also 
been documented recently in northern New Hampshire (Siren 2014b, pp. 7-16), and Vermont 
(Bernier 2015, entire). Population size and trend are still uncertain in northern Maine, and 
persistence in New Hampshire and Vermont remain questionable. 
 
This geographic unit is part of a larger, contiguous lynx population that extends into northern 
New Brunswick and the Gaspe region of southern Quebec. Extensive areas of contiguous 
forestland in this region provide high connectivity between populations in Maine and Canada. 
Lynx populations in adjacent southern Quebec may exhibit cyclic populations (Ray et al. 2002, 
entire), but obvious immigration of large numbers of lynx into Maine associated with hare cycles 
(if they occur) has not been documented (Hoving et al. 2003, pp. 373-374). Although potential 
lynx habitat in New Hampshire and Vermont is fragmented, there is near contiguous forest and 
connectivity for lynx movement between these areas and habitats in northern Maine (Farrell 
2013, pers. comm.; 79 FR 54821). Areas of recent lynx breeding in New Hampshire and 
Vermont are not directly connected to Canadian populations, but they are connected to the 
larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals apparently cross the river on the ice each generation to prevent genetic drift of this 
population (Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
When the DPS was listed, the Northern Maine Unit was not believed to contribute significantly to 
its persistence. However, we now believe that the extensive young, regenerating spruce-fir 
habitat created by large-scale clearcutting in the 1970s and 1980s may currently support the 
largest lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx 
SSA Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area 
of high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the geographic unit) in northern Maine could potentially support a population of 236 to 355 
adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) estimated the potential for a 
population of 750 to 1,000 adult lynx in all of northern Maine in 2006. The actual number of lynx, 
however, is unknown because there are no methods available to count individuals over such a 
large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-2005; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 3 and 
4). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality lynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42° - 0.46°C/decade (0.76° - 0.83 °F/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7° - 7.8°C (12° - 14°F) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, records of lynx occurrence are 
correlated with areas that regularly have at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Snow cover days in northern New England (1965-2005) 
ranged from 60-121 days and declined an average of 3.6 days/decade from 1965-2005 
(Burakowski et al. 2008). Snow duration declined by 16 days in the Northeast from 1970 to 2001 
(Wake 2005) and is expected to diminish another 2 weeks in Maine by mid-century (Fernandez 
et al. 2015). Thus, average conditions in Maine are currently at or below the snow cover 
duration correlated with historical lynx occurrence records. Similarly, the largest decreases in 
snow depth observed in Canada in the last 6 decades have occurred in the lower St. Lawrence 
Valley, immediately north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the northeastern United States and eastern Canada occur where average annual 
snowfall typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the 
distribution of lynx (to the north) and bobcat (to the south) in this region (Hoving et al. 2005; 
Carroll 2007; Peers et al. 2013). Average annual snow depth at all 5 NOAA weather stations 
within the range of the lynx in northern Maine (1981-2010) was below this threshold and ranged 
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from 228-263 cm (90-104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites 
in and near Maine experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow 
depth in New England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; 
Burakowski et al. 2008). Thus, average annual snowfall in Maine is currently at or below depths 
associated historically with lynx presence, and further declines could reduce the likelihood that 
resident lynx will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high-
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-marked in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, and such development could impact high- and low-elevation spruce-fir habitats 
(Whitman et al. 2013). Maine has experienced a rapid increase in wind energy development16, 
and there is increased interest in placing developments on private lands in unpopulated areas in 
northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing 
source of income for investment companies and other landowners who own forestland in the 
northern Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and 
western Maine and 5 projects are in operation; 2 have been proposed in northern New 
Hampshire and 2 are in operation; and 3 have been proposed for northeast Vermont and 2 are 
in operation or under construction. Maine’s 2 largest wind projects (combined over 250 turbines 
covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. 
Although impacts of wind energy projects on lynx, hares, and their habitats have not been 
demonstrated, potential effects include loss and fragmentation of habitat from turbines, roads, 
and transmission lines, and disturbance or displacement of resident lynx. Road construction 
could further fragment habitat and increase access, potentially increasing vehicle collisions with 
lynx and other sources of mortality, including incidental trapping or illegal shooting (also see 
5.2.1). 
 

                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned primarily by about a dozen large, commercial timber interests, 
but land ownership patterns have changed dramatically in the last 15 years (Ippoliti and 
Nadeau-Drillen 2006). Large tracts of land have been sold, lumber and pulp mills shut down, 
and much of the area has been sold to investment-oriented owners. Some of these new 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts. At various times in the past, 2 large residential 
and resort areas have been proposed on forestlands within designated lynx critical habitat in 
this unit. Both projects, if eventually built as previously-planned, could result in the development 
of several thousand acres of potential lynx habitat, but would be mitigated by substantial 
(100,000s of acres) conservation easements on surrounding forestland. Also, a private 
landowner recently purchased and donated 354 km2 (137 mi2) within designated lynx critical 
habitat that was subsequently designated as the Katahdin Woods and Waters National 
Monument. This area currently has a legacy of young regenerating spruce-fir habitat from 
previous commercial timber harvest, but its new monument designation will limit future forest 
management activities (timber harvest or other vegetation management) that could benefit lynx. 
In addition, the Nature Conservancy continues forest management on about half of its 750-km2 
(290-mi2) ownership in this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high-quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 



128 
 

Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; transition from spruce-fir to northern hardwood forests; 
potential increased competition from bobcats and fishers; and increased future isolation of lynx 
in this unit and southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 2). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge, and that lynx beds (resting and hunting) and 
kill sites were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) 
found snowshoe hare densities were highest in regenerating forests. Female lynx selected large 
woody debris and dense horizontal cover in lowland conifer cover for denning in northern 
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Minnesota (Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns 
were present (Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during declines in hare abundance by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. In northeastern Minnesota, edge habitats and regenerating conifer stands appeared to 
be important for snowshoe hare populations (Burdett 2008, p. 58; McCann 2006, p. 45), as were 
dense habitats containing balsam fir, white spruce, and cedar (Fuller and Heisey 1986, p. 263). 
Recent research indicates that the red squirrel is not an important prey species for lynx in 
northeastern Minnesota (Burdett 2008, p. 62; Hanson and Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Plan includes many objectives, 
standards, and guidelines for the protection of lynx and enhancement of lynx habitat (USFS 
2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et al. 
2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  When the DPS was listed, it was uncertain whether a resident lynx population 
occurred in Minnesota. However, we now know that a reproducing resident population has 
persisted in Unit 2 since the DPS was listed. Moen et al. (2008b, p. 30) estimated a likely 
maximum (all available habitat occupied) number of 190-250 resident lynx in this unit, and Moen 
(in Lynx SSA Team 2016a, p. 39) recently suggested that the resident population likely 
fluctuates from about 50 to 200 lynx. A more precise estimate of resident population size is not 
available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, females 
tended to move 100-200 km (62-124 mi) and did not return to their original home ranges in 
Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario and 
Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
hybrids (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
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Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
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2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
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(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land. This includes (in addition to Glacier National Park) 
the 6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests; the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest; 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest; and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distriubtution, it is very unlikely that this unit and surrounding areas 
were ever (recently or historically) capable of supporting 1,000 resident lynx. As described 
above, habitats capable of supporting resident lynx in this unit are (and also were historically) 
naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of 
resident lynx remains uncertain, this unit has a long and continuous history of lynx occurrence 
and evidence of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, 
pp. 346-348; Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 
16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale 
genetic sub-structuring among lynx subpopulations in the southern (Garnet Mountains), central 
(Seeley Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires 
in Lynx SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a 
larger population in southwestern Alberta and southeastern British Columbia, but the extent to 
which lynx persistence in this area may rely on immigration from Canada is unknown, and there 
is no indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown. On February 2, 2016, a single lynx was detected via snow-track survey and 
verified via DNA analysis in the Garnet Range in the area previously occupied by resident lynx, 
demonstrating that natural recolonization of this area by dispersing lynx is possible. However, 
this recent record appears to have been of a dispersing/transient individual because subsequent 
surveys have not revealed additional detections of that lynx or any other lynx in the area, and 
there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. Genetic analyses and snow 
and camera surveys have verified continued reproduction and recruitment among lynx 
populations in this unit and also suggest some immigration may be occurring. The recent 
apparent absence of resident lynx in Garnet Mountains may indicate extirpation of a small 
resident population and a contraction in lynx distribution in the southern part of the unit, or it 
may reflect natural source-sink dynamics of a naturally ephemeral peripheral population in a 
mainland-island metapopulation structure. Lynx are rarely detected on surveys on other national 
forests (or parts of those above) that are outside but adjacent to this geographic unit (Patton 
2006, entire; USFS 2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features 
and/or landscape-level hare densities necessary to support resident lynx populations (79 FR 
54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
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Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
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Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
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about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 

                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 

                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons for lynx in Washington were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
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As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynx habitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
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stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of Federal regulatory mechanisms) has largely 
been addressed through the development of the LCAS, and CA between the USFS and 
Service, which commits the USFS, specifically for Washington the OWNF and CNF, to use the 
LCAS in the management of lynx habitat on National Forest System lands and when designing 
and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades within the Okanogan LMZ. In 1996, the WADNR 
developed and implemented a Lynx Habitat Management Plan (1996 Lynx Plan) in response to 
listing of the lynx as a State threatened species by Washington State (WADNR 1996, entire). 
After the DPS was Federally listed as threatened, the WADNR in 2006 modified its Lynx Habitat 
Management Plan to incorporate new science and management standards and guidelines to 
avoid the incidental take of lynx in accordance with the ESA (WADNR 2006, entire). These 
standards and guidelines address maintenance of lynx denning and foraging habitat, as well as 
habitat connectivity within and between LAUs and lynx populations within Washington (i.e., 
LMZs) and Canada. 
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For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the  
2014 final revised critical habitat designation, we determined that the benefits of excluding lands 
managed in accordance with the WADNR 2006 Lynx Plan outweighed the benefits of including 
them in the designation, and that doing so would not result in extinction of the species 
(extirpation of the DPS; 79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
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populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
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place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
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and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecedentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occupied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the 4 winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
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previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
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replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest and road 
construction, and have been modified much less than other drier forests (65 FR 16073). These 
activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx from this 
unit to many western states and to Canada have been documented. The Southern Rockies are 
separated from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern 
Wyoming and further north, by sagebrush and desert shrub communities in the Wyoming Basin 
and the Red Desert of southern and central Wyoming, and the arid Green and Colorado River 
plateaus of western Colorado and eastern Utah. Because of extreme topographic relief 



162 
 

juxtaposed with highways, residential communities, and other human developments, lynx 
biologists have identified habitat connectivity as an important consideration for the Southern 
Rockies (ILBT 2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km 
(250 mi) southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
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lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific lynx conservation strategies guiding activities on non-Federal lands in 
this geographic unit. 
 



164 
 

Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
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fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
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documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the uncertainty about the historical 
distribution of resident lynx in the contiguous United States and the current lack of reliable 
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estimates of the sizes, trends, and many demographic parameters for most DPS populations, it 
is difficult to confidently predict the future condition of the DPS or the likelihood that any given 
geographic unit will support resident lynx in the future. We lack data to build rigorous empirical 
population models for lynx across the DPS range, and uncertainty regarding the timing and 
magnitude of potential impacts to lynx from continued climate warming also limits our ability to 
predict the future condition of the DPS. Therefore, our assessment of the future condition of the 
DPS is based on our evaluation of the available scientific information regarding the factors 
identified by the ILBT as the most likely to have population-level impact to lynx in the DPS (ILBT 
2013, pp. 68-78) and on the best professional judgments and opinions of lynx experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
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Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
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we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and would likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
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similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
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Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
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redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, the amount of snow that seems to demarcate a boundary between lynx and bobcat 
occupancy in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 
cm/yr [55 in/yr]), and lynx in some parts of the West select mature forest stands, particularly in 
winter, while in other parts of the DPS, younger regenerating stands are most important. The 
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loss of resident lynx from any of the geographic units could result in the loss of behavioral and 
potential future genetic adaptations to the climate-mediated changes now occurring and likely to 
continue into the future at the southern edge of the lynx range. Such potential adaptability to 
diminished snow conditions, increasingly patchy and isolated boreal forests, and reduced hare 
abundance may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to become smaller and more fragmented and isolated, each geographic unit and the 
DPS as a whole will be less resilient in the future. Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence of resident lynx in most units through mid-
century but that its declining trajectory over time could result in extirpation of resident 
populations from 2 to 3 (of 5) units by the end of the century. Projected continued climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
and lynx reproductive and survival rates are likely to decrease, resulting in population declines 
in both species. As snow conditions become less favorable, competitors (e.g., coyotes and 
bobcats) may outcompete and displace lynx. This in turn would reduce lynx abundance and 
density within populations, making populations more susceptible (i.e., less resilient) to 
stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high-quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape (Simons-Legaard 2016, fig. 8, p. 10), perhaps more in line with likely 
historical conditions. High-quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
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subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort development, and unmanaged conservation 
lands) may compete with forest management as the primary future land use. Conservation 
easements will limit development pressures in some areas and keep some lands as working 
forest, but forest practices (e.g., partial harvesting, northern hardwood management) may not 
create new lynx habitat or maintain the current historically high amount of high-quality habitat. 
Climate change is expected to affect this unit more than some others in the DPS because snow 
amount and duration already seem to be at thresholds for lynx and there are few potential 
elevational refugia. In the near term and beyond, snow quantity and quality will likely continue to 
deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices clearly have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
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its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which would give it a higher priority 
than other species for monitoring and management during that time. We also expect that 
MNFRC guidelines will remain in place into the future and that voluntary actions will continue on 
State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking these factors into 
consideration, median “most likely” probabilities of persistence generated by lynx experts were 
high for the near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but 
declined to 35 percent (with great uncertainty) by 2100. We concur with the expert panel that 
resident lynx are likely to persist in this unit at 2025 and 2050. However, after reviewing the 
scientific literature concerning climate change projections (diminishing snow conditions, loss of 
boreal forest, lack of elevational refugia, and the potential for increased competition, disease, 
and insect outbreaks), some members of the SSA Core Team were slightly less optimistic about 
the long-term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded 
that the climate-mediated conversion of boreal forest to temperate forest and the loss of 
favorable snow conditions could occur at a rate and extent that would result in a lower likelihood 
of persistence than projected by experts, including the possibility that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions of favorable snow and forest vegetation conditions. This 
would result in increased fragmentation and isolation of habitats and smaller and more isolated 
lynx populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit would benefit resident lynx in the future, though it is unlikely 
to offset the projected adverse consequences of continued climate warming. Lynx experts felt 
that future extirpation of lynx from this unit from reduced genetic health or a catastrophic event 
is unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
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amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands would benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts, the Core Team 
is generally in agreement with experts regarding the likelihood of long-term persistence of 
Canada lynx in this geographic unit. We expect this unit will continue to support a small resident 
lynx population through mid-century but that its ability to do so beyond then is questionable, and 
that functional extirpation of lynx from this unit by the end of the century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions of favorable snow and forest vegetation conditions. This would result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
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that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit would benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
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generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline from current habitat projected 
by 2032; habitat shift to the south edge of 
current range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 
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Garnet Range 
● Increasing fire frequency 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat should remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
introduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the gray areas 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and gray areas 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast, 
and several experts noted that an increase in northern hardwood composition of the forest is 
already occurring. One expert provided information that suggests that balsam fir could actually 
increase in the short-term (over the next few decades), but that the long-term prognosis is not 
favorable for natural spruce-fir regeneration. Decline or loss of spruce-fir could be accelerated 
by forest disturbance (e.g., budworm outbreaks or forest management affecting large acreages 
of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners are unlikely to respond to future 
budworm outbreaks as they did in the 1970s-80s (extensive clearcuts, herbicide application). 
Experts also acknowledged concerns about the effects of the aging of past clearcuts beyond 
conditions that support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats would be expected to reduce the 
likelihood that lynx will persist in this unit. Experts also were uncertain about whether hare 
numbers would rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4°C/decade (0.8°F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0°C (3.6°F; low 
emission) to 2.9°C (5.2°F; high emission) by mid-century and 3.1°C (5.6°F; low emissions) to 
5.3°C (9.5°F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5° to 2.8°C (4.5° to 
5.0°F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, which has the potential to impact high-
elevation habitats and potential spruce-fir refugia (Publicover 2013, p. 2). 
 
Gonzalez et al. (2007, pp. 12-13 and 15-18) modeled distribution of boreal forest and future 
snow conditions under 9 different low, medium, and high emission scenarios and predicted 
reduced probablility of suitable snow (from 95 percent during 1961-1990, to 90 percent 
predicted for 2071-2100) and very minor changes in forest cover type in Maine by the end of the 
century. Although there are uncertainties about future climate warming, if projections are 
accurate, the area capable of supporting resident lynx in Maine could be expected to recede 
northward and lynx populations to decline substantially in this unit over the next 100 years 
(Vashon et al. (2012, p. 60). If future trends in increasing temperature and decreasing snow 
occur as projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, p. 
7). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) 
and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 2015, 
p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high emissions) 
from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). Similarly, 
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Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) to 47 
days of snow cover (high emissions) by the end of the century. 
 
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
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would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
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Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high-quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high-quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high-
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
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cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
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may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
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unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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in this unit, but a large mining operation is being considered within designated lynx critical 
habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
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bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high-quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change will be a 
significant stressor to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 8, 12-19) predicted the persistence of boreal forest and historical 
(1961-1990) snow suitability for lynx (95 percent historical and future probability of suitable 
snow) in this unit through 2071-2100, and suggested that the SNF could provide a potential 
refugium for lynx. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall 
using downscaled climate models (Abdus Salam International Centre for Theoretical Physics 
(ICTP) Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 
as cited in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 
15) stated that climate models show an increase in lake effect snow in the eastern Great Lakes 
until 2050, with a decline later in the century, with an overall decline in the amount and duration 
of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
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130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18), with some potential loss of habitat at the southern 
portion of lynx habitat in the State but persistence of boreal forest in this geographic unit 
(Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 13) also projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than the 
area currently occupied by lynx in Minnesota. Moen presented preliminary snow modeling 
results that project snow conditions suitable for lynx could shrink significantly by 2055, be limited 
to extreme northeastern Minnesota by 2070, and could be entirely absent from the state by 
2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 2016, p. 14), 
concluded that Minnesota could lose the boreal biome completely, possibly within the next 60 to 
70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, pp. 2015-2016) 
concluded that the boreal forest of the Northern Superior Uplands (which encompass this 
geographic unit) will likely be lost by 2069 as a result of warmer summers and more frequent 
and longer droughts associated with climate change. If a refugium for lynx does persist in this 
unit in the future, it would likely only consist of the small area in Cook County (the extreme 
northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 ft) than 
the majority of the area that is now considered lynx core habitat and would, therefore, support a 
much smaller number of resident lynx than likely occur in the unit now. Although uncertainties 
remain, as elsewhere, about the timing and magnitude of future climate-driven impacts, lynx 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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populations in Minnesota are expected to recede northward and decline over the next century 
(Lynx SSA Team 2016a, pp. 37-38). 
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
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percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
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exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, northward contraction of 
boreal forest, lack of elevational refugia, potential for increased competition, disease, and insect 
outbreaks), some Core Team members were less optimistic about the future of lynx in 
Minnesota than the lynx expert panel. Depending on future emissions levels, the likelihood that 
this unit will continue to support resident lynx at the end of the century may be lower than the 35 
percent (median most likely) estimate based on expert opinion. The threat for which the lynx 
was listed, lack of specific conservation direction, associated regulations, and lynx forest 
management planning has not been addressed on private lands in Minnesota, except through 
voluntary guidance. There is some uncertainty about the future of forest management and future 
development on private forest lands in Minnesota and in adjacent lands in Ontario, although 
there are some basic voluntary management guidelines for private lands in Minnesota. Further, 
if the DPS is de-listed, there is uncertainty whether the lynx direction on Forest lands would 
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continue into the future. It is projected that habitat will diminish and recede northward over the 
mid- to longer-term because of continued climate warming. Hybridization and competition with 
bobcat also may increase with diminishing snow conditions because of continued climate 
warming, and it is uncertaint how insect outbreaks or disease may affect habitat and lynx in this 
unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to consider measures to help conserve listed species in the future. 
Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced incentive for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts) for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and reduced incentive for 
habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. Even with these prohibitions and protections, incidental 
trapping of 16 lynx has been reported in Minnesota since listing, resulting in at least 6 
mortalities. It is uncertain if lynx would become a legally trapped furbearer in Minnesota if the 
DPS was not listed (although a legal wolf hunt was reinstated after that species was delisted in 
Minnesota, so regulated trapping could also be considered for lynx if the DPS was not listed). 
Seven lynx have been illegally shot and reported or otherwise discovered since listing. Illegal 
shooting and non-reporting could increase without Federal protection. Education efforts by 
Federal and State agencies and law enforcement agents may have helped to reduce illegal 
shooting of lynx in this unit. With a diminished snow regime, populations of bobcats could 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 



204 
 

northern Minnesota and trapping would be expected to occur there that could lead to greater 
incidental take of lynx. We believe that despite a closed hunting and trapping season, incidental 
take would continue and possibly increase and could become a significant stressor to a 
population of lynx that could be substantially diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. We also believe that climate change 
will be a significant stressor to lynx in this unit; slightly more so than expressed by most of the 
experts. Snow depth and duration in the area currently supporting resident lynx are projected to 
decline significantly by the end of the century, likely to the detriment of both hare and lynx 
populations. Unlike most other units, as snow condition decline there is little potential for 
elevational refugia for lynx in Minnesota except, perhaps, a small area of slightly higher 
elevation in the extreme northeastern corner of the unit. The boreal forest in this unit is already 
being replaced by northern hardwoods because of climate warming. Frequent forest cutting and 
disturbance, including a potential insect outbreak, could accelerate conversion to northern 
hardwoods. We acknowledge that the rate of boreal decline is uncertain, but note that some of 
the modeling we reviewed suggests that the spruce-fir forest type could nearly disappear from 
Minnesota by late-century under both low and high emissions scenarios. Climate models also 
portend declining snow conditions under low- and high-emissions scenarios. Because increases 
in temperature are thus far tracking high emissions scenarios, we are less optimistic for snow 
conditions that favor lynx by mid- to late-century. In the past decade, interest in development 
has increased in lynx critical habitat, especially proposals for large-scale mining developments. 
Although we expect resident lynx to persist in this unit through 2025 and 2050, we conclude that 
the stressors described above, individually and cumulatively, could diminish lynx habitat and 
numbers in this unit. If these stressors are not abated, we believe that resident lynx in this unit 
will face a slightly greater risk of extirpation by the end of the century than was predicted by lynx 
experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
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some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher likelihood of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this unit. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
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that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS could be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
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pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
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associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
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historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
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Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
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probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
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habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 
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Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
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the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high-quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest and more precipitation fell in 
the spring and summer months, especially at elevations below 1,800 m (5,900 ft). Additionally, 
Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation trend from 
1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent in the 
Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 



216 
 

temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 
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5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currently occur 
in the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS could be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will likely further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 



221 
 

magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high-quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing USFS plans retain their current conservation framework, USFS 
lands should continue to provide sufficient habitat for lynx through the end of the century. 
Vegetation management on the small amount of non-Federal ownerships within lynx habitat is 
unlikely to cause significant concern for lynx conservation in Colorado through the remainder of 
the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high-quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 



227 
 

fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also cast doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
exploit the available habitat despite gaps between functional habitat blocks. Colorado is isolated 
from source populations in the northern part of the range relative to the other units, which likely 
increases the possibility of genetic drift in this unit. Expert elicitation revealed some uncertainty 
whether ski areas or other development may affect connectivity within the unit. However, the 
Core Team is less concerned about this particular issue because we cannot foresee the 
development of barriers that would prevent lynx from accessing available lynx habitat in the 
future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in much of the DPS range are 
naturally less abundant and more patchily-distributed than in the core of the species’ range 
(except during decadal lows in hare population cycles, when both hares and lynx occur 
temporarily in the north at densities lower than most in the range of the DPS). Maintaining 
connectivity with lynx populations in Canada is thought to be important to the persistence of 
DPS populations; however, whether, and if so to what extent, the demographic and/or genetic 
health of DPS populations relies on periodic immigration from Canadian populations remains 
uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
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current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
 

• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 
southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
conifer regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 19). 
There is no information to suggest that this unit historically supported a larger resident 
population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
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and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat27. Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and have 
likely caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There currently are many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 
lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47). Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
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Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
have already altered) the timing and magnitude of lynx dispersal from Canada into the 
contiguous United States. If lynx populations in the DPS depend on immigration from Canada 
which is no longer occurring or has been reduced substantially relative to historical conditions, 
population declines and an increased likelihood of extirpation among resident DPS populations 
would be expected. However, whether, and if so to what extent, these climate-mediated factors 
have influenced current lynx numbers, other demographic parameters, and/or habitat quality 
and distribution is uncertain and has not been quantified across the range of the DPS or in 
individual geographic units. Despite uncertainty regarding its influence over current conditions 
for lynx, climate modeling and expert opinion concur that continued climate warming will 
adversely impact lynx in the DPS at some point in the future (also see Future Conditions and 
Threats, below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 



233 
 

boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
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habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 
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The loss of resident lynx populations in any geographic units would also reduce the level of 
redundancy and could diminish representation within the DPS. With regard to redundancy, 
however, we find that none of the 5 geographic units that currently support resident lynx is 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in 1 or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in 1 or more units within the DPS, extirpation of the DPS 
from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
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the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
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Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 20052010, and 
habitat quality is projected to decline in these stands over the next few decades as they age 
beyond 35-40 years post-harvest. Because a shift in forest management from clearcutting to 
partial harvesting that began in 1989 appears unlikely to maintain or recreate this extensive 
high-quality habitat, we expect lynx habitat and numbers to decline in this unit over the next 
several decades, perhaps to levels more consistent with likely historical conditions. We concur 
with the expert panel that the resident lynx population in this unit is very likely to persist at 2025 
and at 2050. Over the longer-term (at 2100), we expect continued climate warming to reduce 
the amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions 
(e.g., Peers et al. 2012, pp. 4-9). It is generally restricted to areas that receive deep and 
persistent unconsolidated (“fluffy”) snow, which is thought to allow lynx, with their 
proportionately longer limbs and very large feet, to outcompete other terrestrial hare predators 
that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; Quinn and 
Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-401; 
Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; Carroll 
2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in southern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
In the core of the species’ range in the southern Yukon, Slough and Mowat (1996, p. 952, table 
4) calculated a lynx population growth rate (lambda, λ) = 2.03 (annual doubling) during the 4-
year increase-to-peak phase of the hare cycle. This period of rapid growth was followed by a 
rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid 
decline) during the first 2 years of the lynx population decline when hares were scarce. 
However, the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS and some 
southern Canadian populations; Murray 2000, pp. 1210-1215; Murray 2003, pp 152-155), 
versus those that would signal long-term population decline or instability is unknown. Despite 
this, and the limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) 
calculated population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley 
Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell 
Mountains (increasing trend, 2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate 
of growth of 0.05 (λ = 1.05) for Maine’s lynx population based on demographic data from a 
radiotelemetry study collected over a 12-year period (Vashon et al. 2012, Appendix VI). Neither 
the Montana nor Maine estimates incorporated rates of immigration/emigration (i.e., both 
assumed immigration and emigration rates of zero, which is very unlikely and contradicted by 
historical and recent evidence of lynx dispersal in both directions across the Canada-Unites 
States border across the DPS range). Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is are believed to be important to the persistence of lynx populations in the DPS 
(McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 
2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarily into areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat (Peers et al. 2012, pp. 4-5). The 
2 species are difficult to distinguish in the field, they often were not reliably differentiated in 
historical trapping records (McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of 
lynx distribution based on anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 
3-8; Meaney 2002, pp. 3-5, Hoving et al. 2003, pp. 366-367). Because of the large effect that 
relatively few errors in identification can have on assessments of the distribution of rare animals, 
McKelvey et al. (2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should 
be interpreted with caution, and only verified occurrence data should be used to assess 
historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because the lynx is a habitat and prey specialist, its densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist (Peers et al. 
2012, pp. 4-9). 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449; Peers et al. 2012, pp. 4-9)) because they are morphologically and physiologically well-
adapted for hunting snowshoe hares and surviving in areas that have cold winters with deep 
and persistent unconsolidated snow (Murray and Boutin 1991, p. 463). Long-term snow 
conditions also presumably limit the winter distribution of potential lynx competitors and 
predators (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, p. 123; Peers et al. 2012, entire; also 
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see section 2.2 above), although behavioral adaptations may offset morphological differences to 
some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a comprenhensive, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
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In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontario than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire) indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
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(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecedentedly large irruptions of lynx from Canada into the 
northern contiguous United States, when dispersing/transient lynx occurred temporarily in many 
places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoming Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 

                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
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In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
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be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of a long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
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range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
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In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
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influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
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recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
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consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
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Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 21014, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 



56 
 

plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
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promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
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Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 21). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
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there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specification of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (65 FR 16077; Moen in Lynx SSA Team 2016a, p. 19). Overlapping the 
Northeastern Minnesota SSA unit, the Minnesota Department of Natural Resources (MNDNR) 
has identified a specific “Lynx Management Zone” (LMZ) for which it has promulgated and 
enforces special trapping regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). 
The MNDNR has modified trapping regulations within the LMZ to minimize the incidental take of 
lynx during the legal trapping of other furbearers. The regulations address specific trap types 
and sets, prohibit the use of certain baits and visual attractants, and require reporting of any 
incidentally trapped lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-
55). The MNDNR also distributed to trappers the interagency brochure How to Avoid Incidental 
Take of Lynx while Trapping or Hunting Bobcats and other Furbearers. In response to a Federal 
court order, MDNR developed an incidental take plan designed to minimize the potential for lynx 
to be incidentally trapped during other legal furbearer trapping; the plan is currently under 
review by the Service. Like Maine, Minnesota has a State Endangered Species Statute 
(84.0895) which requires the MNDNR to adopt rules designating species meeting the statutory 
definitions of endangered, threatened, or species of special concern (State of Minnesota 2016, 
entire). The Statute also authorizes the MNDNR to adopt rules that regulate treatment of 
species designated as endangered and threatened. Also like Maine, however, Minnesota has 
not designated lynx as threatened or endangered under the statute. Instead it has designated 
the lynx a species of special concern, a designation for species that are extremely uncommon, 
have unique or highly specific habitat requirements, or occur on the periphery of their range in 
Minnesota and, therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the 
MNDNR coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
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since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s to early 2000s, when 20-25 percent of the forest in Maine 
was in an early regeneration stage. The amount of young, regenerating forest at that time was 3 
to 8 times higher than typical historical conditions under the natural disturbance regime, when 
only 3 to 7 percent of stands were likely in such condition at any given time (68 FR 40094). 
Current timber harvest and management on State and private lands in Maine are governed by 
the Maine Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
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the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 

                                                
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
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for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61°oC (1.1°oF; range = -0.53° to +2.50°oC 
[-0.95° to +4.5°oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Hartmann et al. 2013, p. 180, 187-189; Peters et al. 2013, entire; Friedlingstein 
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et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). 
Analysis of paleoclimate data indicates 20th century warming is likely to have been the largest of 
any century within the last 1,000 years (Folland et al. 2001, pp. 99-101). These changes are 
predicted to continue and accelerate under future climate scenarios (Hall and Fagre 2003, fig. 7; 
Peters et al. 2013, entire, fig. 1). The IPCC projects that mean surface temperature will likely 
increase globally by 0.4°o - 2.6°oC (0.7°o - 4.7°oF) by mid-century and 0.3°o - 4.8°oC (0.5°o - 
8.6°oF) by the end of this century relative to the 1986-2005 period (IPCC 2104b, p. 60). Rogelj 
et al. (2012, entire, table 1) concluded that the change in global mean surface temperature at 
equilibrium by 2100 has a greater than 95 percent probability of increasing more than 1.5°oC 
(2.7°oF), a 76 percent probability of increasing 2 °o - 4.5°oC (3.6°o - 8°oF), and a 14 percent 
probability of exceeding 4.5°oC (8°oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf


68 
 

2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
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and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
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Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Joos et al. 2001, entire; Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a 
temperature-increase threshold for boreal forest dieback of about 3°C (5.4°F), and some boreal 
forests are experiencing increases in tree mortality (Peng et al. 2011, entire). For example, 
widespread mortality and reduced growth in red spruce (Picea rubens; a component of lynx 
habitat in Unit 1) in the Northeastern United States in the 1960s to 1980s were believed to be 
linked to climate stress (McLaughlin et al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
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northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
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Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
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greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
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(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species (Peers et al. 2012, pp. 4-9). Because of their higher 
foot-loading, bobcats likely hunt less efficiently than lynx in deep, unconsolidated snows (Hoving 
et al. 2005, entire; Krohn et al. 2005, pp. 122-129), which appear to limit bobcat mobility and 
distribution (Litvaitis et al. 1986, p. 116). Considering recent and projected future changes in 
snow conditions described above, stable or increasing bobcat populations in the DPS range 
(Roberts and Crimmins 2010, p. 170), and the predicted northward expansion of bobcats into 
areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 
873-874; Roberts and Crimmins 2010, p. 172), lynx may experience increased competition and 
displacement by bobcats, which could influence lynx distribution and persistence at the southern 
edge of their range (in all DPS geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
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be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
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because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 

Comment [ZJ1]: Having since re-read this 
document, I find no reference to dry conditions 
proposed as influencing hare densities in YNP 
as suggested by the author of this section of the 
SSA. Open conditions of regenerating 
lodgepole stands are hypothesized to contribute 
to generally very low hare densities, but not dry 
conditions.  The word “dry” does not appear in 
the manuscript. 



77 
 

Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
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and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
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these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and more northern 
populations in Canada and Maine lynx populations depends on an ice bridge for dispersal 
across the St. Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, 
entire) found genetic structuring on either side of the river. Thus, the river already restricts gene 
flow. Climate-induced deteriorating ice conditions on the St. Lawrence River could further 
restrict gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 
528). Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during 
the spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
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(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
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insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough 1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
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connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
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provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
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● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
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the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas Although management of State and Federal forest lands hasve been relatively stable 
in recent decades, management and ownership of private forest lands ownership haves been 
extremely comparatively unstable. This has resulted in major substantial shifts in forest 
management strategies, outcomes, and products. For example, in the last 2 decades in Maine, 
where nearly all the lynx critical habitat is on private land, about 96,315 km2 (37,187 mi2; 80 
percent) of industrial commercial timber lands ownerships in the “northern forest” (Adirondacks 
to northern Maine) were sold to many different kinds of  financial groups (Hagan et al. 2005). 
These groups have short-term investment goals and different their management objectives 
differ from traditional commercial timber operations, resulting in and have dramatically changesd 
to traditional harvest practices. Whereas the previous large industrial commercial timber 
landowners focused on the forest land base as a supply for their manufacturing facilities, the 
new Timber Investment Management Organizations (TIMOs) and Real Estate Investment Trusts 
(REITs) focus on maximizing return on their investment (Jin and Sader 2006, p. 178). Initially, 
the effects of ownership changes were uncertain (McWilliams et al. 2005), but an evaluation of 
harvesting in the last decade indicates these landowners increased harvest rates, shortened 
rotation ratestimes, and shifted to managing and harvesting hardwood tree species (Jin and 
Sader 2006, p. 183-185). On one hand, these trends in Maine private lands management in 
Maine may make lynx management conservation commitments more difficult to achieve 
because short-term landowners are notmay be less interested in long-term commitments. On 
the other hand, some easement owners may have an incentive to manage for lynx to meet 
forest certification requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
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2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under with continued climate changewarming, total United States timber inventories will 
increase, timber harvest will increase, and product prices will decrease relative to an assumed 
stable climate. Some models predict that consumers will gain from climate change while 
landowners in some regions will lose. The forest industry will likely adapt to climate change in 
many ways including using alternate tree species in manufacturing, shifts to geographic regions 
of the country with economic advantages in timber growth, and increasing forest plantations with 
new species that are favorably adapted to the new climate and markets. Many strategies have 
been evaluated to increase the quantity of carbon stored in North American forests (Irland et al. 
2001) including discontinuing or greatly reducing harvest in some forests to build carbon 
reserves, increased recycling to reduce use of forest products, converting agricultural lands to 
forests, and substituting wood products for more energy-intensive products. Increased 
atmospheric carbon will increase forest growth slightly, except for softwood (Irland et al. 2001, 
p. 757-758). Sawtimber production, which sequesters more carbon, is expected to increase 
(Irland et al. 2001, p. 758). Expanding landscapes with older growth conifer forest to sequester 
carbon could benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
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Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
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that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Abele et al. (2013, entire) also found that precommercial thinning reduced hare abundance in 
western Oregon but did not affect individual hare survival or activity patterns. Because of 
documented adverse effects of precommercial thinning to snowshoe hares and lynx, in 2007 
and 2008 the USFS amended Forest Plans to incorporate management that would conserve 
lynx, including direction that prohibited precommercial thinning in most lynx foraging habitat 
(USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial thinning 
is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands in 
Maine supported about 50 percent of the hare densities observed in regenerating clearcuts 
(Robinson 2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
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Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University ofU. Maine, pers. comm.).  As much as 30 to 40 percent of the advanced 
regeneration may be damaged from repeated entries by machinery to remove the overstory (R. 
Seymour, Department of Forestry, University of U.Maine, pers. comm.).  Finally, because 
subsequent overstory removal occurs about 15 years after the initial entry, some of the dense 
understory is damaged just as the stand develops conditions to support higher hare densities. 
The damage to the understory not only reduces the quality of the habitat for hares, but also cuts 
short the duration that the stand produces high- quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
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regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the already naturally patchy pattern of lynx habitat in much of the contiguous 
United States can affect lynx by reducing their prey base and increasing the energetic costs of 
using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation from forest management can make 
patches of foraging habitat too small and too distant from each other to be effectively accessed 
by lynx as part of their home range. For example, in Maine the proliferation of partial harvesting 
will actually increase the patches of high- quality hare habitat by 57 percent, but the average 
size of patches will be diminished by 87 percent, and patches will become more isolated 
(Simons-Legaard et al. 2016, pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events (Kilgore and 

Comment [ZJ2]: Lynx habitat is so described 
everywhere, not just in intensively managed 
landscapes. This sentence adds little and is not 
needed here. 
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Heinselman 1990;, Heinselman 1996, Veblen et al. 1994;, Heinselman 1996; Agee 2000;, 
Seymour et al. 2002;, Lorimer and White 2003). In the DPS range, fire was more important in 
the West and Great Lakes areas and less a factor in the Northeast, where insects and wind 
events predominated. Today, natural disturbances, especially fire and insect outbreaks, remain 
the predominant forms of disturbance in boreal forests throughout much of the lynx’s range, 
including the western contiguous United States, where they also influence and interact with 
forest management. However, forest management (i.e., timber harvest) is an important 
disturbance agent in some boreal forest types in the DPS range and, in some instances has 
greatly altered the natural disturbance regime. For example, prior to logging, the Acadian forest 
in Maine and eastern Canada likely exhibited forest gap dynamics similar to some parts of the 
West today, and true stand-replacing disturbances were quite uncommon with recurrence 
intervals of hundreds to thousands of years. After several centuries of forest management, 
stand age structures in the Acadian forest have become simplified, and commercial timber 
rotations (harvesting schedules) are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red maple 
(Acer rubrum), paper birch (Betula papyrifera), aspen (big-toothed [Populus grandidentata] and 
quaking [P. tremuloides]), and balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 



93 
 

lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
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In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
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threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
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fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
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2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
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was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
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between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
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to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
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years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
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clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
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from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 
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4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 2 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
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has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
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the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
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(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
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connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
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trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4). Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
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ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
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lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
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unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
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1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris including blowdown, deadfalls, 
and root wads. In northern Maine, nearly half (12 of 26)the majority of natal dens (12 of 26) 
occurred in conifer-dominated sapling stands, and 6 dens were found in mature or mixed multi-
story forest stands dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial 
commercial forest lands reinforces the importance of dense regenerating conifer forest along 
with a component of mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-
1495;, Simons 2009, pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. 
(2013, p. 573) found the probability of lynx occurrence was > 50 percent where landscape hare 
densities were > 0.74 hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer 
forest. No lynx maintained home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 
hares/ac). Lynx were more likely to occur in landscapes with abundant regenerating forest, and 
less likely to occur in landscapes dominated by very recent clearcut or partially harvested 
stands (Hoving et al. 2004, pp.289-292). At a landscape scale, lynx habitat selection did not 
differ between sexes; however, at a home range scale, males tended to use more mature forest 
dominated by conifers than females, and both male and female lynx tended to avoid mature 
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forests that had a high deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on 
these observations, Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining 
landscape hare densities of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-
quality hare habitat within 100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, high-
quality lynx foraging habitat in northern Maine was probably typically much less abundant and 
less broadly-distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, 
insect outbreaks) are rare (intervals of several hundred to several thousand years) and highly 
variable in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce 
budworm, spruce beetle, beech bark disease, and sugar maple defoliators have been important 
influences affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The 
frequency and intensity of spruce budworm outbreaks, the most likely insect to affect lynx 
habitat, have been highly variable in Maine and eastern Canada in recent centuries (Blais 1983, 
entire). Although, high-elevation boreal forests often exhibit dense, regenerating conifer 
(resulting from a wind-throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare 
densities are believed to be low in these areas (Siren et al. 2015, entire). In this geographic 
area, wildfire is less significant as a natural agent of disturbance. The typical fire regime is 
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infrequent surface fires in the dormant season in the hardwood forests, and slightly more 
frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; Seymour 
et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several decades, early 
successional forests and lynx habitat in northern Maine, New Brunswick, and southern Quebec 
have been created almost exclusively by forest management (Lorimer and White 2003, pp. 42-
43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately about 50 percent of 
the designated critical habitathalf of the Northern Maine geographic unit), Simons-Legaard 
(2016, p. 9-10) estimated that approximately 3,845 km2 (1,485 mi2; nearly 27 percent) of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high- quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick that support lynx (Hoving et al. 2005, pp. 740-741). The current 
range of lynx in this unit is associated with areas of deep snowfall, extensive forested 
landscapes, and areas having a high proportion of regenerating conifer-dominated forest that 
had previously been clearcut and treated with herbicides to suppress hardwoods (Homyack 
2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of higher (1995-2005) and lower (2006 to present) densities (Scott 2009, 
pp. 1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several 
estimates of hare densities in the highest-quality regenerating conifer or mixed forest averaged 
1.9 to 2.1 hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 
2006, hare densities declined by about half in all stand types and have remained at these lower 
levels (Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were 
observed in the Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 
1990, hare densities in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 
hares/ac) at low and high elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. 
(2015) reported lower densities in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) 
that are unlikely to support lynx persistence in both montane and lowland spruce-fir. Densities in 
high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha (0.08 to 
0.11 hares/ac), also unlikely to support lynx persistence. Comparable hare density data are not 
available for Vermont. 
 
Currently, the amount and distribution of high-quality habitat is are likely at historically high 
levels, but this habitat has peaked and high-quality lynx habitat is projected to decline in the 
near future (Simons-Legaard et al. 2016, pp. 140-163, 202-218). In response to the widespread 
clearcutting in the 1970s and 1980s, Maine passed the Forest Practices Act in 1989, which 
regulated clearcutting. Since then, various forms of partial harvesting have replaced clearcutting 
as the predominant form of forest management in northern Maine. Partially harvested stands 
(e.g., selection harvest, shelterwood harvest, overstory removal) have a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006, p. 29). On average, partially harvested stands support 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006, p. 
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26-27). Over 95 percent of cutting that occurs now in northern Maine is partial harvesting 
compared to 59 percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-
Legaard et al. 2013). This new cutting regime results in lower landscape densities of snowshoe 
hares (Fuller 1999; Homyack 2003; Robinson 2006; Scott 2009). Another consequence of 
partial harvesting is that a much greater acreage needs to be cut annually to attain similar 
harvest volume (as compared to clearcutting). Annual harvest rates have increased from about 
40,000 ha (100,000 acres) per year (before the Forest Practices Act) to over 200,000 ha 
(500,000 acres) per year (after the Act). Thus, 28 years after the Maine Forest Practices Act, 
much of the forested landscape in northern Maine has been partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistentrarely exists. Furthermore, there continues to be high turnover in forest land 
ownership (Hagan et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide 
incentives or to work with private landowners. As of 2005, there were 23 landowners in northern 
Maine with land holdings in excess of 40,000 ha (100,000 ac) including the State, Federal 
government (White Mountain National Forest south of lynx range), a conservation group (The 
Nature Conservancy), 2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much 
land south of lynx range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 
13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi werewas chosen as one of several pilot States to receive funding 
through their respectiveits Natural Resources Conservation Service (NRCS) State offices. 
Based on a successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm 
Bill, and in 2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending 
regulations for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS 
offered the HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to 
promote development of Canada lynx forest management plans. Since that time 4 private 
landowners, The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and 
Katahdin Forestlands successfully enrolled in the program. Collectively, these land ownerships 
comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern 
Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
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for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond after which longer-term commitments to lynx 
management are voluntary. Plans were prepared for a forest rotation (70 years) and include a 
decade-by-decade assessment of the location and anticipated condition of lynx habitat on the 
ownership. Some landowners developed plans exclusively for lynx, and others combined lynx 
management (umbrella species for young forest) with American marten (umbrella species for 
mature forest) and other biodiversity objectives. All 4 plans have been completed although 
contracts with NRCS expired as of 2017. Landowners have the option to convert HFRP 
contracts into Safe Harbor Agreements or other agreements to provide regulatory assurances, 
however, at this time this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listingWhen the DPS was listed, lynx were known to be present in northern Maine 
but little was known about their distribution, population size, and trend, snowshoe hare 
populations, and relationships to forest management. Since then, research from the MDIFW 
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(Vashon et al. 2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine 
(Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 
2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; 
Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; 
Simons-Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys 
and confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Areas of recent 
lynx Bbreeding lynx in New Hampshire and Vermont are not directly connected to Canadian 
populations, but they are connected to the larger population in northern Maine via habitat 
corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals apparently cross the river on the ice each generation to prevent genetic drift of this 
population (Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listingWhen the DPS was listed, the Northern Maine Unit was not believed to 
contribute significantly to the DPSits persistence. However, we now believe that the extensive 
young, regenerating spruce-fir habitat created by large-scale clearcutting in the 1970s and 
1980s may currently support the largest lynx population in the DPS (Vashon et al. 2012, pp. 58-
59, Appendix IV; Vashon in Lynx SSA Team 2016a, p. 18). Habitat in northern Maine supported 
lynx densities in a localized area of high-quality habitat that was substantially greater than 
densities elsewhere in the DPS (ILBT 2013, p. 23). In 2003 when hare populations were high, 
lynx density (juveniles and adults) in one of Maine’s highest-quality habitats was estimated to be 
9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, Vashon et al. 2012, p. 15). At about the same time, 
the density of lynx in nearby Gaspe Peninsula, Quebec was estimated to be 10 lynx/100 km2 
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(Ray et al. 2002). These densities are intermediate to those in Canada during the high (17-
45/100 km2) and low periods (2.3-3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and 
Mowat 1996, O’Donaghue et al. 1997). Simons (2009, p. 102) estimated that habitat on a 
14,407-km2 (5,563-mi2) study area (about half of the critical habitat area designated in 
2014geographic unit) in northern Maine could potentially support a population of 236 to 355 
adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) estimated the potential for a 
population of 750 to 1,000 adult lynx in all of northern Maine in 2006. The actual number of lynx, 
however, is unknown because there are no methods available to count individuals over such a 
large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
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marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-2005; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 23 and 
34). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality lynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
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percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42° - 0.46°oC/decade (0.76° - 0.83 °oF/decade) with the greatest warming occurring in the 
winter months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7° - 7.8°oC (12° to 14°oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, records of lynx occurrence are 
correlated where there iswith areas that regularly have at least 4 months (120 days) of 
continuous snow coverage (Gonzalez et al. 2007, p. 7). Snow cover days in northern New 
England (1965-2005) ranged from 60-121 days and declined an average of 3.6 days/decade 
from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 days in the Northeast 
from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 weeks in Maine by mid-
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century (Fernandez et al. 2015). Thus, average conditions in Maine are currently at or below the 
snow persistence thresholds believed to be needed to support lynxcover duration correlated 
with historical lynx occurrence records (Gonzalez et al. 2007). Similarly, the largest decreases in 
snow depth observed in Canada in the last 6 decades have occurred in the lower St. Lawrence 
Valley, immediately north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the nNortheastern United States and eastern Canada occur where average annual 
snowfall typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the 
distribution of lynx (to the north) and bobcat (to the south) in this region (Hoving et al. 2005;, 
Carroll 2007;, Peers et al. 2013). Average annual snow depth at all 5 NOAA weather stations 
within the range of the lynx in northern Maine (1981-2010) was below this threshold and ranged 
from 228-263 cm (90-104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites 
in and near Maine experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow 
depth in New England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; 
Burakowski et al. 2008). Thus, average annual snowfall in Maine is currently at or below depths 
associated historically with lynx presence, and further declines could reduce the likelihood that 
resident lynx will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
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infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high- 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-
taggmarked in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat toand such development could impact high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development16, and there is increased interest in placing developments on private 
lands in unpopulated areas in northern Maine, New Hampshire, and Vermont. Wind energy is 
an increasingly appealing source of income for investment companies and other landowners 
who own forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been 
proposed in northern and western Maine and 5 projects are in operation; 2 have been proposed 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 
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in northern New Hampshire and 2 are in operation; and 3 have been proposed for northeast 
Vermont and 2 are in operation or under construction. Maine’s 2 largest wind projects 
(combined over 250 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s 
designated lynx critical habitat. Although impacts of wind energy projects on lynx, hares, and 
their habitats have not been demonstrated, potential effects include loss and fragmentation of 
habitat from turbines, roads, and transmission lines, and disturbance or displacement of 
resident lynx. Road construction could further fragment habitat and increase access, potentially 
increasing vehicle collisions with lynx and other sources of mortality, including incidental 
trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned primarily by about a dozen large, industrial commercial 
forestland ownerstimber interests, but land ownership patterns have changed dramatically in the 
last 15 years (Ippoliti and Nadeau-Drillen 2006). Large tracts of land have been sold, lumber 
and pulp mills shut down, and much of the area has been sold to investment-oriented owners. 
Some of these new landowners are seeking diversified financial returns on their investment, 
including developing residential housing, second homes, and resorts. At various times in the 
past, 2 large residential and resort areas have been proposed on forestlands within designated 
lynx critical habitat in this unit. Both projects, if eventually built as previously-planned, could 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
Also, a private landowner recently purchased and donated 354 km2 (137 mi2) within designated 
lynx critical habitat that was subsequently designated as the Katahdin Woods and Waters 
National Monument. This area currently has a legacy of young regenerating spruce-fir habitat 
from previous industrial forest landownerscommercial timber harvest, but its new monument 
designation will limit future forest management activities (timber harvest or other vegetation 
management) that could benefit lynx. In addition, the Nature Conservancy continues forest 
management on about half of its 750-km2 (290-mi2) ownership in this unit, including managing 
part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high- quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
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northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss transition of from spruce-fir to northern hardwood forests; 
potential increased competition from bobcats and fishers; and increased future isolation of lynx 
in this unit and southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 12). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
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interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge,; and that lynx beds (resting and hunting) and 
kill sites were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) 
found snowshoe hare densities were highest in regenerating forests. Females lynx selected 
large woody debris and dense horizontal cover in lowland conifer cover for denning in northern 
Minnesota (Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns 
were present (Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low pointsdeclines in hare cycles abundance by acting as refugia for 
hares. Early regenerating or pole-sized stands are not used as much as in other portions of their 
range, although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 
45). Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
and Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 

                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listingWhen the DPS was listed, it was uncertain whether a resident 
lynx population occurred in Minnesota. However, we now know that a reproducing resident 
population exists has persisted in Unit 2 since the DPS was listed. Moen et al. (2008b, p. 30) 
estimated a likely maximum (all available habitat occupied) number of 190-250 resident lynx in 
this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently suggested that the resident 
population likely fluctuates from about 50 to 200 lynx. A more precise estimate of resident 
population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
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female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes hybrids (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 



132 
 

2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
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As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
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intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
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naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
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level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land., This includesing (in addition to Glacier National 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Park) the 6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, 
and Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests;, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest;, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest;, and the 371-
km2 (143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
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In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
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areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
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hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distriubtution, it is very unlikely that this unit and surrounding areas 
were ever (recently or historically) capable of supporting 1,000 resident lynx. As described 
above, habitats capable of supporting resident lynx in this unit are (and also were historically) 
naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of 
resident lynx remains uncertain, this unit has a long and continuous history of lynx occurrence 
and evidence of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, 
pp. 346-348; Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 
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16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale 
genetic sub-structuring among lynx subpopulations in the southern (Garnet Mountains), central 
(Seeley Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires 
in Lynx SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a 
larger population in southwestern Alberta and southeastern British Columbia, but the extent to 
which lynx persistence in this area may rely on immigration from Canada is unknown, and there 
is no indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
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temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detected 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
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portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. Genetic analyses and snow 
and camera surveys have verified continued reproduction and recruitment among lynx 
populations in this unit and also suggest some immigration may be occurring. The recent 
apparent absence of resident lynx in Garnet Mountains may indicate extirpation of a small 
resident population and a contraction in lynx distribution in the southern part of the unit, or it 
may reflect natural source-sink dynamics of a naturally ephemeral peripheral population in a 
mainland-island metapopulation structure. Lynx are rarely detected on surveys on other national 
forests (or parts of those above) that are outside but adjacent to this geographic unit (Patton 
2006, entire; USFS 2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features 
and/or landscape-level hare densities necessary to support resident lynx populations (79 FR 
54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
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distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
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been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
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management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 

                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
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30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://snowfall.weatherdb.com/d/a/Washington
https://inciweb.nwcg.gov/incident/5409/
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Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons for lynx in Washington for lynx 
were reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
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Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynx habitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades 
(see Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 
37 percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
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that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of Federal regulatory mechanisms) has largely 
been addressed through the development of the LCAS, and CA between the USFS and 
Service, which commits the USFS, specifically for Washington the OWNF and CNF, to use the 
LCAS in the management of lynx habitat on National Forest System lands and when designing 
and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
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that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the  
2014 final revised critical habitat designation, published in the Federal Register on September 
12, 2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (extirpation of the DPS; 79 FR 54834–
54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 



154 
 

4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
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abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
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Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecedentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
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2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occupied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the 4 winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 
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Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
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resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, and road 
construction, and have been modified much less than other drier forests (65 FR 16073)., and  
tThese activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
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described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 

                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx from this 
unit to many western states and to Canada have been documented. The Southern Rockies are 
separated from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern 
Wyoming and further north, by sagebrush and desert shrub communities in the Wyoming Basin 
and the Red Desert of southern and central Wyoming, and the arid Green and Colorado River 
plateaus of western Colorado and eastern Utah. Because of extreme topographic relief 
juxtaposed with highways, residential communities, and other human developments, lynx 
biologists have identified habitat connectivity as an important consideration for the Southern 
Rockies (ILBT 2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km 
(250 mi) southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
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did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
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LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific lynx conservation planning strategies guiding activities on non-Federal 
lands in this geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 
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Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
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Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
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was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 



168 
 

we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
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the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will would likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 



170 
 

Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
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Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
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number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
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well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, the amount of snow depth that seems to demarcate a boundary between lynx and 
bobcat occupancy in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota 
(140 cm/yr [55 in/yr]), and lynx in some parts of the West select mature forest stands, 
particularly in winter, while in other parts of the DPS, younger regenerating stands are most 
important. The loss of resident lynx from any of the geographic units could result in the loss of 
behavioral and potential future genetic adaptations to the climate-mediated changes now 
occurring and likely to continue into the future at the southern edge of the lynx range. Such 
potential adaptability to diminished snow conditions, increasingly patchy and isolated boreal 
forests, and reduced hare abundance may be important to the taxon as a whole faced with a 
rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to become smaller and more fragmented and isolated in the future, each geographic 
unit and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
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climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high- quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape (Simons-Legaard 2016, fig. 8, p. 10), perhaps more in line with likely 
historical conditions (Simons-Legaard 2016, fig. 8, p. 10). High- quality habitat patches will likely 
become more fragmented, smaller, and more isolated, thus making the landscape less suitable 
for lynx than it currently is. For the next few decades the best habitat (young regenerating 
stands) will occur in the southern portion of current lynx distribution, where effects of climate 
change and potential competition with bobcats are likely to be greatest (Simons-Legaard et al. 
2016, p. 1267). Absent long-term lynx management agreements, the future of lynx habitat in this 
unit is uncertain. Wood products markets will likely continue to change and could be affected by 
interest in carbon sequestration in response to climate change, with potential consequences for 
forest management in this unit. Recent rapid changes in private forest land ownership are likely 
to continue and could result in subdivision of large ownerships. Non-forestry land uses (wind 
energy development, transmission line corridors, residential and resort land development, and 
unmanaged conservation lands) may compete with forest management as the primary future 
land use. Conservation easements will limit development pressures in some areas and keep 
some lands as working forest, but forest practices (e.g., partial harvesting, northern hardwood 
management) may not create new lynx habitat or maintain the current historically high amount 
of high-quality habitat. Climate change is expected to affect this unit more than some others in 
the DPS because snow depth amount and duration already seem to be at thresholds for lynx 
and there are few potential elevational refugia. In the near term and beyond, snow quantity and 
quality will likely continue to deteriorate, which could cause lynx range to contract northward. 
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Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices clearly have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which would gives it a higher 
priority than other species for monitoring and management during that time. We also expect that 
MNFRC guidelines will remain in place into the future and that voluntary actions will continue on 
State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking these factors into 
consideration, median “most likely” probabilities of persistence generated by lynx experts were 
high for the near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but 
declined to 35 percent (with great uncertainty) by 2100. We concur with the expert panel that 
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resident lynx are likely to persist in this unit at 2025 and 2050. However, after reviewing the 
scientific literature concerning climate change projections (diminishing snow conditions, loss of 
boreal forest, lack of elevational refugia, and the potential for increased competition, disease, 
and insect outbreaks), some members of the  SSA Core Team were slightly less optimistic 
about the long-term future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded that the climate-mediated conversion of boreal forest to temperate forest and the loss 
of favorable snow conditions could occur at a rate and extent that would result in a lower 
likelihood of persistence than projected by experts, including the possibility that resident lynx 
could be extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in of favorable snow and forest vegetation conditions. This 
will would result in increased fragmentation and isolation of habitats and smaller and more 
isolated lynx populations. Increased wildfire frequency and extent and perhaps other climate-
mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles that may 
influence immigration into this unit) could also reduce future lynx habitats and populations in this 
unit. Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will would benefit resident lynx in the future, though it is 
unlikely to offset the projected adverse consequences of continued climate warming. Lynx 
experts felt that future extirpation of lynx from this unit from reduced genetic health or a 
catastrophic event is unlikely. However, the extent to which the future demographic and genetic 
health of lynx populations in this unit may be influenced by immigration is unknown. Considering 
the factors above, lynx experts felt this geographic unit has the highest likelihood of continuing 
to support resident lynx into the future in the near term (year 2025; median probability of 
persistence > 0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), 
despite a declining probability of persistence and greater uncertainty with increasing time from 
present, as in all units. After reviewing the scientific literature and evaluating the factors that 
may influence lynx persistence in this unit, we concur with the experts’ conclusion that this 
geographic unit is likely the most secure in the DPS. We conclude that it is very likely to 
continue to support resident lynx in the short term (through 2025) and through mid-century, 
although the number of lynx, the amount and distribution of high-quality habitat, and landscape-
level hare densities are all likely to decline by mid-century as a result of continued climate 
warming and associated impacts. We also agree that this unit is more likely than not to support 
some resident lynx at the end of this century, although at that time we expect lynx numbers and 
distribution would be substantially reduced from the current condition and would, therefore, be 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events, resulting in reduced resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
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geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will would benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in of favorable snow and forest vegetation conditions. This will would result in 
increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Because potential habitats in much of this unit already are naturally highly 
fragmented and perhaps only marginally capable of supporting resident lynx, and because it 
appears to have never supported more than a small number of residents, its ability to do so in 
the future is tenuous. Lynx experts felt that the small number of lynx this unit appears capable of 
supporting and its relative isolation from other lynx populations make it more vulnerable to 
genetic drift and extirpation from catastrophic events or demographic or environmental 
stochasticity. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Increased wildfire 
frequency and extent and perhaps other climate-mediated factors (forest insect outbreaks, 
changes in northern hare/lynx cycles that may influence immigration into this unit) could also 
reduce future lynx habitat in this unit. Continued forest management to conserve and maintain 
the vast majority of lynx habitats in this unit will would benefit resident lynx in the future, though 
it is unlikely to offset the projected adverse consequences of continued climate warming. 
Considering the factors above, lynx experts felt this geographic unit has the lowest likelihood of 
supporting resident lynx into the future in the near term (year 2025; median probability of 
persistence = 0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a 
declining likelihood of persistence and greater uncertainty with increasing time from present, as 
in all units. After reviewing the scientific literature and evaluating the factors that may influence 
lynx persistence in this unit, we concur with the experts’ conclusion that this geographic unit is 
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the least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, 
both its historical and current ability to support a persistent resident lynx population are 
questionable, and that continued climate warming and associated impacts are likely to further 
diminish its already limited ability to support resident lynx. We conclude, based on the protected 
status (national park, designated wilderness, and non-developmental land use allocations) of 
vast areas and climate models that project some areas of adequate vegetation and snow 
conditions through the end of the century, that this unit may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction throughout the 
remainder of the century. However, we conclude that it is very unlikely to support a persistent 
resident population over the short-term (through 2025), even less likely that it will do so at mid-
century, and it is highly improbable that this geographic unit will support resident lynx by the 
end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
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Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 
at years 2025, 

2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in from current habitat 
projected by 2032; habitat shift to the 
south edge of current range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 
2025: 80 
(60-95) 

 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
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2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Adequacy of immigration from southern 

BC 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shouldl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
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breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the graey areas 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and graey 
areas are provided as a summarizing visualization to aid comprehension of the experts’ 
responses and their range, and should not be viewed as a substitute for individual responses or 
presented outside the context of the accompanying discussion. The gray area between red and 
blue dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
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scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would notare unlikely to respond to 
future budworm outbreaks like as they did in the 1970s-80s (extensive clearcuts, herbicide 
application). Experts also acknowledged concerns about the effects of the aging of past 
clearcuts beyond conditions that support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likelywould be expected to reduce 
the likelihood that lynx will persist in this unit. Experts also were uncertain about whether hare 
numbers would rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4°o C/decade (0.8 °o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0°o C (3.6° o F; low 
emission) to 2.9°o C (5.2° o F; high emission) by mid-century and 3.1°o C (5.6 °o F; low 
emissions) to 5.3°o C (9.5° o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The 
largest increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 
2016a, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5° to 2.8° o C 
(4.5° to 5.0°o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in 
wind development has grown in northern and western Maine, increasing threatswhich has the 
potential to impact high- elevation habitats and potential spruce-fir refugia (Publicover 2013, p. 
2). Climate conditions are currently at or falling below threshold values needed to support lynx in 
Maine. 
 
Gonzalez et al. (2007, pp. 12-13 and 15-18entire) modeled distribution of boreal forest and 
future snow conditions under 9 different low, medium, and high emission scenarios and 
predicted reduced probablility of suitable snow (from 95 percent during 1961-1990, to 90 
percent predicted for 2071-2100) and very minor changes in forest cover type loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, if projections are accurate, the area capable of 
supporting resident lynx in Maine are could be expected to recede northward and lynx 
populations to decline substantially this centuryin this unit over the next 100 years (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entirep. 7). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, 
p. 15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et 

Comment [ZJ8]: What does this mean? And 
what support is provided for this statement? We 
do not know the climate condition thresholds 
because they have not been developed. 

Comment [ZJ9]: This is absolutely not what 
this paper concluded. They estimated (fig. on p. 
12) that from 1961-1990, this unit had a 95% 
probability of suitable snow (with suitability 
linked to historical lynx occurrence records, 
which were correlated with 4 months of 
continuous snow cover) – interestingly, lynx 
were apparently there 100% of that time… They 
next projected that for years 2071-2100, the 
probability of suitable snow in this unit would be 
90% (p. 13). While this shows a projected 
reduction in the probability of suitable snow, it 
does not suggest or imply the complete loss of 
snow suitable for lynx presence in this unit by 
the end of the century. On the contrary, it 
suggests a rather minor reduction in suitable 
snow from 95% of the time to 90% of the time – 
from very likely to have suitable snow (95%) in 
the recent past, to slightly less likely but still 
very likely (90%) to have suitable snow into the 
distant future. Similarly, with regard to “boreal 
forest distribution,” they modeled northern 
Maine as predominantly “temperate mixed 
forest” from 1961-1990, and they projected no 
or minimal change in forest cover type for Maine 
for 2071-2100 (p. 15-18). This sort of taking 
liberties with (i.e., misconstruing) the results of 
the available (if imperfect) science diminishes 
our scientific credibility as an agency 
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al. 2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
 
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
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although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
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northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
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Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high- quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high- quality habitat patches is expected decline by 78 percent within lynx home 
ranges. Although lynx habitat in this geographic unit is currently peaking, fragmentation may 
diminish its future ability to support as many resident lynx as it does currently (Simons-Legaard 
et al. 2016, p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high- 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
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variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
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hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
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Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
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increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
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result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high- quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is will be 
a significant threat stressor to lynx in the Maine unit; perhaps more so than expressed by 
experts. Unlike other units, as snow condition decline there is little potential for elevational 
refugia for lynx in Maine. Spruce-fir is being replaced by northern hardwoods because of climate 
change. Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
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interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
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an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 

Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
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of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
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harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 8, 12-19) predicted the persistence of boreal forest and historical 
(1961-1990) snow suitability for lynx (95 percent historical and future probability of suitable 
snow) in this unit through 2071-2100loss snow conditions supportive of lynx but persistence of 
boreal forest in Minnesota by the end of the century, and suggested that the SNF could provide 
a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 1668-1669) 
projected changes in lake effect snowfall using downscaled climate models (Abdus Salam 
International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 (RegCM4; 
Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great Lakes 
Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an increase in 
lake effect snow in the eastern Great Lakes until 2050, with a decline later in the century, with 
an overall decline in the amount and duration of snowpack in the Midwest. 
 

Comment [ZJ10]: As with Maine unit above, 
this also is absolutely not what the authors 
presented in this paper. This is false. They 
modeled 95% probability of suitable snow for 
almost the entire state from 1961-1990, and that 
95% probability held for the northern half of the 
state thru 2071-2100, while it dropped to 90% in 
the southern half of the state (maps on pp. 12 & 
13). In this SSA geographic unit, snow suitability 
did not change (remained high at 95%), and 
map on page 14 shows this unit almost entirely 
mapped as “potential suitable snow” thru 2100 
minus some very small areas right on the shore 
of Lake Superior.  Similarly, on maps on pp. 15, 
16, and 18, they modeled this unit as “Boreal 
Confier Forest” in 1961-1990 and that it would 
remain the same thru 2100. They concluded 
this unit will remain boreal forest and may be a 
snow refugia for lynx. Later modeling 
(Galatowitsch et al 2009, cited 2 paragraphs 
below) showed boreal forest migrating north out 
of the unit by 2060-2069. 
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Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18), with some potential loss of habitat at the southern 
portion of lynx habitat in the State but persistence of boreal forest in this geographic unit 
(Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 13) also projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than the 
area currently occupied by lynx in Minnesota. Moen presented preliminary snow modeling 
results that project snow conditions suitable for lynx will could shrink significantly by 2055, be 
limited to extreme northeastern Minnesota by 2070, and may could be entirely absent from the 
state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 2016, p. 
14), concluded that Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, pp. 2015-
2016) concluded that the boreal forest of the Northern Superior Uplands (which encompass this 
geographic unit) will likely be lost by 2069 as a result of warmer summers and more frequent 
and longer droughts associated with climate change. If a refugium for lynx does persist in this 
unit in the future, it would likely only consist of the small area in Cook County (the extreme 
northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 ft) than 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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the majority of the area that is now considered lynx core habitat and would, therefore, support a 
much smaller number of resident lynx than likely occur in the unit now. Although uncertainties 
remain, as elsewhere, about the timing and magnitude of future climate-driven impacts, lynx 
populations in Minnesota are expected to recede northward and decline over the next century 
(Lynx SSA Team 2016a, pp. 37-38). 
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
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alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
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and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss northward contraction 
of boreal forest, lack of elevational refugia, potential for increased competition, disease, and 
insect outbreaks), some Core Team members were less optimistic about the future of lynx in 
Minnesota than the lynx expert panel. Depending on future emissions levels, the likelihood that 
this unit will continue to support resident lynx at the end of the century may be lower than the 35 
percent (median most likely) estimate based on expert opinion. The threat for which the lynx 
was listed, lack of specific conservation direction, associated regulations, and lynx forest 
management planning has not been addressed on private lands in Minnesota, except through 
voluntary guidance. There is some uncertainty about the future of forest management and future 
development on private forest lands in Minnesota and in adjacent lands in Ontario, although 
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there are some basic voluntary management guidelines for private lands in Minnesota. Further, 
if the DPS is de-listed, there is uncertainty whether the lynx direction on Forest lands would 
continue into the future. It is projected that habitat will diminish and recede northward over the 
mid- to longer-term because of continued climate warming. Hybridization and competition with 
bobcat also may increase with diminishing snow conditions because of continued climate 
warming, and it is uncertaint how insect outbreaks or disease may affect habitat and lynx in this 
unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by fFederal, tTribal, sState, 
and private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation incentive for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification incentive for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it isEven with these prohibitions and protections, incidental 
trapping of 16 lynx has been reported in Minnesota since listing, resulting in at least 6 
mortalities. It is uncertain if lynx would become a legally trapped furbearer in Minnesota if the 
DPS was not listed (although a legal wolf hunt was reinstated after that species was delisted in 
Minnesota, so regulated trapping could also be considered for lynx if the DPS was not listed). 
Seven lynx have been illegally shot and reported or otherwise discovered since listing. Illegal 
shooting and non-reporting would likelycould increase without Federal protection. Education 
efforts by Federal and State agencies and law enforcement agents may have helped to reduce 
illegal shooting of lynx in this unit. With a diminished snow regime, populations of bobcats could 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
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of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that could lead to greater 
incidental take of lynx. We believe that despite a closed hunting and trapping season, incidental 
take would continue and possibly increase and could become a significant threat stressor to a 
population of lynx that could be substantially diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, wWe also believe that climate change is will be a significant stressor to 
lynx in this unit; slightly more so than expressed by most of the experts. Snow depth and 
duration in the area currently supporting resident lynx are projected to decline significantly by 
the end of the century, likely to the detriment of both hare and lynx populations. Unlike most 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Minnesota except, perhaps, a small area of slightly higher elevation in the extreme northeastern 
corner of the unit. The boreal forest in this unit is already being replaced by northern hardwoods 
because of climate warming. Frequent forest cutting and disturbance, including a potential 
insect outbreak, could accelerate conversion to northern hardwoods. We acknowledge that the 
rate of boreal decline is uncertain, but note that some of the science modeling we reviewed 
indicates suggests that the spruce-fir forest type could nearly disappear from Minnesota by late-
century under both low and high emissions scenarios. Climate models also portend declining 
snow conditions under low- and high-emissions scenarios. Because increases in temperature 
are thus far tracking high emissions scenarios, we are less optimistic for snow conditions that 
favor lynx by mid- to late-century. In the past decade, interest in development has increased in 
lynx critical habitat, especially proposals for large-scale mining developments. Although we 
expect resident lynx to persist in this unit through 2025 and 2050, we conclude that the 
stressors described above, individually and cumulatively, could diminish lynx habitat and 
numbers in this unit. If these stressors are not abated, we believe that resident lynx in this unit 
will face a slightly greater risk of extirpation by the end of the century than was predicted by lynx 
experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
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When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability likelihood of persistence in this unit compared to 
the other geographic units. Most lynx habitats in this unit occur on Federal lands that are 
managed for lynx conservation, but 1 expert noted that little has been done to document 
whether lynx are responding to this management. The recent sale of large tracts of private 
commercial timberlands in the central part of this unit to The Nature Conservancy has increased 
protection for lynx via conservation easements managed for lynx. Habitats in some areas should 
improve in the near future as previously cut or burned areas mature into dense stands. Unlike 
the Maine and Minnesota geographic units (but similar to most other western units), high 
elevations in this unit could buffer the effects of climate change by providing for the upslope 
migration of lynx habitats and snow conditions that climate models predict. However, this would 
result in even patchier and more isolated islands of habitat in high elevation areas that would be 
more prone to extirpation from catastrophic or stochastic events. Competition from coyotes and 
bobcats seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this areaunit. Increased 
fire extent and severity or other catastrophic events and small subpopulation effects in 
separated mountain ranges could affect lynx persistence in the future in some parts of this unit. 
Fire exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; 
however, this unit may have a reduced probability of a catastrophic fire over time because of 
recent changes in management and recent fires that may have reduced fuels. Out to the year 
2050 and beyond, some experts felt there may be more pressure on lynx populations in this unit 
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from continued increases in fire extent and severity. Other experts expressed a different opinion 
of the overall effect of fire in this unit, indicating that it may actually improve habitat over time, 
and that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 



208 
 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
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stability, then the DPS may mcould be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 



211 
 

ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
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habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
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potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 



214 
 

lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
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= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
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forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high- quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
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in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
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connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currently occur 
in the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may could be relisted or the monitoring period extended. Given 
these requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will likely further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high- quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing USFS Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high- quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty aboutlikely increases the possibility of genetic drift 
from mid-century onwardin this unit. Our eExpert elicitation documented revealed some 
uncertainty whether ski areas or other development may affect connectivity within the unit. 
However, the Core Team is less concerned about this particular issue because we cannot 
foresee the development of barriers that would prevent lynx from accessing available lynx 
habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in much of the contiguous United 
StatesDPS range are naturally less abundant and more patchily-distributed than in the core of 
the species’ range (except during decadal lows in hare population cycles, when both hares and 
lynx occur temporarily in the north at densities lower than most in the range of the DPS). 
Maintaining connectivity with lynx populations in Canada is thought to be important to the 
persistence of DPS populations; however, whether, and if so to what extent, the demographic 
and/or genetic health of DPS populations relies on periodic immigration from Canadian 
populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
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current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
 

• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 
southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
conifier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 19). 
There is no information to suggest that this unit historically supported a larger resident 
population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
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and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27. Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have likely caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx 
(based on this unit’s proportional contribution to the larger Okanogan LMZ) before the 
large fires to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire 
burned another large block of lynx habitat in the northern part of this unit in 2017. 
Because of this, the current number of resident lynx in this unit is likely lower than it was 
historically and when the DPS was listed. Additional fires in this unit before previously 
burned areas recover (10-40 years post-burn) would further reduce lynx numbers and 
make this geographic unit more vulnerable to extirpation. Because of these habitat 
impacts and remaining stressors to lynx, the Washington Department of Fish and 
Wildlife recently submitted, and the State Fish and Wildlife Commission adopted, a 
proposal to uplist lynx from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently are many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 
lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47). Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
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Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
haves already altered) the timing and magnitude of lynx dispersal from Canada into the 
contiguous United States. If lynx populations in the DPS depend on immigration from Canada 
which is no longer occurring or has been reduced substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident DPS 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS at some point in the future (also see Future Conditions 
and Threats, below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
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boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
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habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 
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The loss of resident lynx populations in any geographic units would also reduce the level of 
redundancy and could diminish representation within the DPS. With regard to redundancy, 
however, we find that none of the 5 geographic units that currently support resident lynx is 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in 1 or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in 1 or more units within the DPS, extirpation of the DPS 
from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
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the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
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Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Smith, Tamara
To: Jim Zelenak
Subject: Re: DUE January 31, 2018 -Records Search for Canada Lynx SSA and 5YR Review
Date: Wednesday, December 27, 2017 9:53:14 AM

Hi Jim - I am guessing that Ann B is included because you or I may have asked her for
information for the SSA, in which case we should have her email responses...do you see the
need to search her emails?

Also - Laura Ragan is not retired - this message was forwarded on to her. 

Happy Holidays!
-Tam

On Fri, Dec 22, 2017 at 12:05 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Folks.  We are in the process of collecting documents and emails to create the administrative
record (AR) for the Canada lynx SSA and 5 YR Review (10 October 2014 to 15 January
2018).  We will be compiling the AR and will also use it as our decision file (and likely a
response to FOIAs).  You are receiving this email because you were part of the process and
communication that took place during development and completion of the SSA and 5YR
Review.   Some of you may not have responsive documents.  If this is the case, Please
respond to Jim Zelenak so we can track responses.  

The two attachments to this email will provide the information you will need to respond to
this request, including:
 Instructions on how to search your email for responsive documents,
 A list of the types of documents and emails that are relevant to the administrative record.
Instructions on how to get the computer programs necessary to get emails into the type of
file needed for the admin record (Step 4 of the Instructions Document),
Instructions on how to turn emails into the type of file needed for the admin record (Step 4
of the Instructions Document).

We are asking you to search through all of your "sent" emails and any emails you may have
received from personnel outside the Service (e.g., State or other federal agency personnel
and Tribal and academic partners), including attachments, to locate all documents relating to
the lynx SSA and 5 YR Review (10 October 2014 to 15 January 2018).  At this point in
time, we are erring on the side of inclusivity and including most types of emails and
documents in the administrative record (see attached list for what to include). 

We also ask that you search through your files for any documents or materials used
throughout the SSA process that may not have been attached to any emails (see attachment
describing what types of documents we are looking for).  If they were never attached to any
email, you will need to create a .pdf file of the document and include these documents in a
separate folder.

Under the Federal Records Act, government employees are prohibited from using non-
official email accounts for official business unless they either carbon copy the messages sent
via non-official email accounts to their official email account or forward such messages to
their official email account within 20 days.  If you have a responsive records located on a
non-official email account that have not already been carbon copied or forwarded to your

mailto:tamara_smith@fws.gov
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official email account, you must (1) forward them to your official email account if you are
within the 20-day window and provide them as part of your search response, or (2) provide
them from your non-official email account as part of your search response.

After responsive documents have been gathered and in the correct form consistent with the
instruction document, please upload them to:   
https://fishnet.fws.doi.net/regions/6/admin/foia/Working%20f
olders/Forms/AllItems.aspx?RootFolder=%2Fregions%2F6%2Fadmin
%2Ffoia%2FWorking%20folders%2FLynx%20SSA&FolderCTID=0x0120
00F21ABB99040735438A678227F7594AD0&View={AF6A3F39-3189-405F-
AA8C-0BA5D2942E2F}&InitialTabId=Ribbon%2EDocument&
VisibilityContext=WSSTabPersistence

We would like you to have your individual emails sorted and uploaded by January 31, 2018
so that we may get our AR ready and be responsive to FOIAs that we are likely to get.   

Lastly, several of you have retirees or employees that are no longer with us that will need to
have their emails searched.  These include the following:  Ann Belleman (WY) , Michael
Carrier and Dennis Mackey (ID), Laura Ragan (MN), Laury Zicari (Maine) and Patricia
Zenone (NM).  Please pass on this email to whomever would need to follow through on a
search of their emails.  

Please, please, please - make sure you review emails and documents BEFORE you upload them.  When we review and
process here we oftentimes come across recipes, family pictures, personal hunting information, airlines reservations for
family trips and other personal information.  These, of course, are not relevant to our request so we ask that you please
make sure you check to make sure as little of this type of emails are uploaded as possible. 

The point of contact for the creation of the administrative record is Jim Zelenak in the
Helena Field Office (jim_zelenak@fws.gov), 406-449-5225 X 220. Please contact Jim
or Stacey Cummins (Stacey_cummins@fws.gov) 303-236-4473 if you have any questions
or concerns about this process.  Thank you so much for your help on this.   JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell
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The mission of the U.S. Fish & Wildlife Service is working with others to conserve, protect
and enhance fish, wildlife, and plants and their habitats for the continuing benefit of the
American people.



From: Kathleen Ports
To: Zelenak, Jim
Subject: Re: MT Field Office - Climate Change
Date: Friday, December 29, 2017 12:12:26 PM

Hi Jim.  Do you have an update on the anticipated publication date for the lynx status
assessment?  Thanks.  Kathleen

Happy New Year.

On Mon, Nov 6, 2017 at 10:02 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Kathleen,

I don't do consultations/BOs, but I have been trying to get a handle on the recent climate science regarding
potential impacts to lynx as part of the Species Status Assessment (SSA) I've been working on for the lynx DPS.
That document should be out soon (this week or next) in final form, and it includes our assessment of the several
risks to the DPS of continued, projected climate warming. Of course we lean broadly on the most recent IPCC
report, the most recent National Climate Assessment, the recently released Montana Climate Assessment, and the
relevant regional sub-chapters of those documents, as well as some recent snow/temperature/forest/ and fire
modeling. 

All the general documents should be available on line, but let me know if you would like me to point you toward
any of them or if you have specific questions I may be able to help with.

Jim

On Fri, Nov 3, 2017 at 6:17 AM, Kathleen Ports <davidkat.ports@gmail.com> wrote:

---------- Forwarded message ----------
From: Kathleen Ports <davidkat.ports@gmail.com>
Date: Fri, Nov 3, 2017 at 8:16 AM
Subject: MT Field Office - Climate Change
To: Dan Brewer <dan_brewer@fws.gov>, katrina_dixon@fws.gov,
jim_zelanak@fws.gov, "Conard, Ben" <Ben_Conard@fws.gov>

Hi All.

We are responding to comments on the DNRC HCP amendment as well as preparing the
BO.  Want to make sure we are using the latest info you have and being consistent with
how the field office addresses climate change in its consultations and BO's.  so, I'd like to
know the following:

1.  What is the latest science you are using (publications, models, etc).
2. Where are you addressing climate in your BOs
3.  Do you have recent analyses or examples you can share.

Thanks all.  Kathleen Ports 916-206-3125 
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Baker, Richard (DNR)
To: Dunlap, Bob (DNR)
Cc: Erb, John D (DNR); Ron Moen; Catton, Timothy J -FS; Smith, Tamara; Nordquist, Gerda E (DNR)
Subject: FW: Lynx in LOW County
Date: Wednesday, January 03, 2018 8:48:44 AM
Attachments: image001.png

image002.png
image003.png
image004.png
image007.png
20180102_123813.jpg
20180102_123819.jpg
20180102_124158.jpg

Bob,
This one is OK for data entry.
Interesting observation a bit northwest of what we usually get…
Thanks,
Rich
 
Richard J. Baker
Minnesota Endangered Species Coordinator | Division of Ecological and Water Resources

Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  5 5155
Phone: 651-259-5073
Fax: 651-296-1811
Email: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp

 

From: Dragon, David (DNR) 
Sent: Wednesday, January 03, 2018 8:02 AM
To: Erb, John D (DNR) <john.erb@state.mn.us>; Williams, John F (DNR)
<john.williams@state.mn.us>; Klemek, Blane (DNR) <blane.klemek@state.mn.us>
Cc: Lanning, Jason (DNR) <jason.lanning@state.mn.us>; Mehmel, Gretchen M (DNR)
<gretchen.mehmel@state.mn.us>; Tucker, Charles (DNR) <charles.tucker@state.mn.us>;
Laudenslager, Scott L (DNR) <scott.laudenslager@state.mn.us>; Baker, Richard (DNR)
<richard.baker@state.mn.us>
Subject: RE: Lynx in LOW County
 
Sure thing. I have them in UTM.
 
15U  380059E 5397665N
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Let me know if you need anything else,
 
David
 

From: Erb, John D (DNR) 
Sent: Tuesday, January 02, 2018 4:44 PM
To: Dragon, David (DNR) <david.dragon@state.mn.us>; Williams, John F (DNR)
<john.williams@state.mn.us>; Klemek, Blane (DNR) <blane.klemek@state.mn.us>
Cc: Lanning, Jason (DNR) <jason.lanning@state.mn.us>; Mehmel, Gretchen M (DNR)
<gretchen.mehmel@state.mn.us>; Tucker, Charles (DNR) <charles.tucker@state.mn.us>;
Laudenslager, Scott L (DNR) <scott.laudenslager@state.mn.us>; Baker, Richard (DNR)
<richard.baker@state.mn.us>
Subject: FW: Lynx in LOW County
 
Definitely a lynx.  Looks like he was zeroed in on a hare until you disturbed him.  Reminds me of the
supposedly true story of a lynx getting run over by a road grader – not used to humans, only focused
on hares.  Would run by 12 deer fawns, 8 squirrels, and a cottontail just to chase a hare.
 
I’ve copied Rich Baker so he can enter it in the database.  Can you provide a more detailed
coordinate?
 
John
 

From: Dragon, David (DNR) 
Sent: Tuesday, January 02, 2018 4:00 PM
To: Erb, John D (DNR) <john.erb@state.mn.us>; Williams, John F (DNR)
<john.williams@state.mn.us>; Klemek, Blane (DNR) <blane.klemek@state.mn.us>
Cc: Laudenslager, Scott L (DNR) <scott.laudenslager@state.mn.us>; Mehmel, Gretchen M (DNR)
<gretchen.mehmel@state.mn.us>; Tucker, Charles (DNR) <charles.tucker@state.mn.us>; Lanning,
Jason (DNR) <jason.lanning@state.mn.us>
Subject: Lynx in LOW County
 
Hi guys,
 
Scott and I were out checking on frost and a brush mowing project when we saw a cat crossing an ag
field just outside of Baudette. We noticed it had large looking feet so we drove over to the next road
and waited for it to cross. It had no fear of the truck and I was able to get out and walk up within 20
feet of it or so. Definitely odd behavior for a bobcat. The ag field it crossed was ½ mile wide and wide
open with absolutely zero cover.
 
Anyways, I got a bunch of pictures of it that I’ve attached. Pretty cool to see.
 
David Dragon
Assistant Area Wildlife Manager
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Minnesota Department of Natural Resources
204 Main Street East
Baudette, MN 56623
Phone: 218-634-1705 ext. 232
Email: david.dragon@state.mn.us
mndnr.gov
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From: Levy, Sarah
To: Anna Munoz
Cc: Jason Holm; Miel Corbett; Rollie White
Subject: Re: Lynx Final Communications Materials
Date: Friday, January 5, 2018 2:25:12 PM
Attachments: Canada Lynx Communications Plan Final_R1edits.docx

Hi Anna,

Thanks for giving us the opportunity to provide a few minor changes to the outreach plan.
Changes are summarized below:

-- Changed FWS contact for Washington Department of Fish and Wildlife Director from R1
DRD to R1 ES
--Added FWS contact for Idaho Department of Fish and Wildlife Director as R1 ES
--Changed FWS contact for USGS Director from R1 RD to R1 DRD 
--Changed spelling of Sarah Levy's email address to sarah_levy@fws.gov
--Changed congressional contact to Miel Corbett

Please let me know if you have any questions.

Thanks,
Sarah

On Fri, Jan 5, 2018 at 8:21 AM, Meister, Christina <christina_meister@fws.gov> wrote:
Good morning,

The Department approved the final lynx materials, which are attached below. (Please note
the need for a web link at the bottom of the press release.) They also asked us to consider
creating additional outreach in the form of video, partnership stories, etc. after the initial
release is distributed. I know R5 has something in the works, so perhaps we can discuss how
to promote this information further. Anna, please let me know if this interests you. 

Steve, please keep us updated on the timing of the announcement and send us a final copy of
the tribal letter when it's available. 

Thanks and have a great weekend.

- Christina 

-- 
Christina M. Meister
Office of Public Affairs
U.S. Fish and Wildlife Service
5275 Leesburg Pike
Falls Church, VA 22041-3803

Office: 703-358-2284 
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Cell: 703-304-9535 
christina_meister@fws.gov

-- 
Sarah A. Levy
U.S. Fish and Wildlife Service, Pacific Region
External Affairs
Sage Grouse and Ecological Services
503-231-6208
sarah_levy@fws.gov
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Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the five-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington.  

There is also a resident introduced population in western Colorado and occasional lynx 
residency in some neighboring states and adjacent areas. Based on the health of this lynx 
population and the conservation efforts of federal, state and tribal agencies, the Service’s 
five-year status review recommends the removal of the lynx DPS from the list of 
endangered and threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

January 2018. This is the proposed time frame for the five-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting five-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. Based on the 
recommendation in the status review, the Service will begin development of a proposed rule 
to delist the species. When completed, the proposed rule will be published in the Federal 
Register for review and comment by other federal agencies, state biologists, and the public, 
as well as the advice of independent species experts. After analyzing the comments, we will 
announce our final decision in the Federal Register, either completing the final rule or 
withdrawing the action and maintaining the current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of facts, 
which should be placed in the appendix. List no more than three!) 
A five-year status review for the Canada lynx DPS concludes that lynx in the contiguous 
United States may no longer warrant protection under the Endangered Species Act (ESA) 
and should be considered for delisting due to recovery.   
 
This recommendation is based on a rigorous review of the best available science, as 
outlined in a peer-reviewed Species Status Assessment, and almost 20 years of working in 
partnership with state, federal, tribal, industry, and other land managers to implement 
conservation measures for this species. 
 
This is an ESA success story. Thanks to collaborative conservation efforts by federal, state, 
tribal, industry and other partners to revise land management plans and commit to 
conserving lynx populations and habitats, the Canada lynx DPS, which was once largely 
unprotected, is now largely protected and is being recommended for delisting. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 
Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 
 
After more than two years of close coordination with state, federal, tribes, and academic 
partners to evaluate the current status and future viability of Canada lynx DPS, the Service 
has completed a detailed species status assessment (SSA) that compiles and evaluates the 
best available scientific information, including the professional opinions of a panel of ten 
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recognized lynx experts, and concludes that the Canada lynx may no longer be a threatened 
species. 
 
Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the proposed delisting process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 
 
The Canada lynx DPS represents the southern extent of the species’ range and naturally 
expands and contracts based on snowshoe hare abundance, which fluctuates at varying 
degrees within the DPS.  Canada lynx in the contiguous United States comprises only 2% 
of the species’ entire range. 
 
Climate change remains an important factor for the conservation of the Canada lynx DPS 
and could result in future shifts in their habitat, which may affect their population numbers 
and distribution. How vulnerable lynx populations are to these shifts is unknown and 
undeterminable at this time. However, neither the Service nor the experts we consulted 
conclude that the lynx DPS is at risk of extinction from climate change within the 
foreseeable future.  
 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 

R6 Internal Pop-Up 
Internal email to employees 
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Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional 
CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional 
NALs 

Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 
EA, R3 EA, 
R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ 
EA 
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Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 
EA, R3 EA, 
R1 EA 

TBD Follow-up press release on outcomes associated 
with winter announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 ES 

Wyoming Game and Fish Department, Director, 
Scott Talbott 

(307) 777-4600 R6 ES 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 ES 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRDR1 
ES 

Idaho Department of Fish and Game Director, 
Virgil Moore 

(208) 334-3771 R1 ES 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife (207) 287-8000 R5 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Commissioner, Chandler E. Woodcock  

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leanne Martin 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 ES 

Bureau of Land Management Wyoming State 
Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 ES 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 ES 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

***litigants be notified by the solicitor of our SSA/Review 

Organization: Name: Email: Contacted 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 DRD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 

mailto:cchavers@boisforte-nsn.gov
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by: 
Association of Fish & 
Wildlife Agencies 

Jen Mock-
Schaeffer 

jenmock@fishwildlife.org DPIA 

Assoc. Zoos and 
Aquariums 

Steve Olson solson@aza.org DPIA 

Center for Biological 
Diversity 

Brett Hartl 
 

bhartl@biologicaldiversity.org 
 

DPIA 

Center for Int’l 
Environmental Law 

Scott Hajost Scotthajost@yahoo.com DPIA 

Congressional 
Sportsmen’s Fndn 

Jeff Crane jeff@sportsmenslink.org DPIA 

Conservation Int’l Justin Ward jward@conservation.org DPIA 
Defenders of Wildlife Bob Dreher 

Ya-Wei Li 
rdreher@defenders.org 
yli@defenders.org 

DPIA 

Endangered Species 
Coalition 

Leda Huta lhuta@stopextinction.org DPIA 

Env. Defense Fund Diane Regas dregas@edf.org DPIA 
Greenpeace   Annie Leondard info@wdc.greenpeace.org DPIA 
Humane Society  Nicole Paquette npaquette@hsus.org DPIA 
Int’l Fund for Animal 
Welfare 

Azzedine 
Downes 

kbranon@ifaw.org DPIA 

Jane Goodall Inst. Shawn Sweeney ssweeney@janegoodall.org DPIA 
Natural Resources 
Defense Council 

Andrew Wetzler 
 

awetzler@nrdc.org 
 

DPIA 

National Association 
of Counties  

Deborah Cox dcox@naco.org DPIA 

Nat’l Rifle Assoc. Susan Recce srecce@nrahq.org DPIA 
Nat’l Shooting Sports 
Fndn 

Larry Keane lkeane@nssf.org DPIA 

Safari Club Int’l Anna Seidman aseidman@safariclub.org DPIA 
Sierra Club Athan Manuel athan.manuel@sierraclub.org DPIA 
Wildlife Conservation 
Society 

Colin Sheldon csheldon@wcs.org DPIA 

World Wildlife Fund Will Gartshore Will.gartshore@wwfus.org DPIA 
Wildlife Management 
Inst. 

Steve Williams swilliams@wildlifemgt.org DPIA 

Wildlife Conservation 
Society 

Colin Sheldon csheldon@wcs.org DPIA 

 
20. Congressional Contacts 
 

Personal Office Contacts 

mailto:solson@aza.org
mailto:bhartl@biologicaldiversity.org
mailto:Scotthajost@yahoo.com
mailto:jeff@sportsmenslink.org
mailto:jward@conservation.org
mailto:rdreher@defenders.org
mailto:yli@defenders.org
mailto:dregas@edf.org
mailto:npaquette@hsus.org
mailto:kbranon@ifaw.org
mailto:ssweeney@janegoodall.org
mailto:awetzler@nrdc.org
mailto:dcox@naco.org
mailto:srecce@nrahq.org
mailto:lkeane@nssf.org
mailto:aseidman@safariclub.org
mailto:csheldon@wcs.org
mailto:Will.gartshore@wwfus.org
mailto:swilliams@wildlifemgt.org
mailto:csheldon@wcs.org
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Title Last Name State DC Contact CLA 

Call? District Contact 

Sen. Risch ID darren_parker@risch.senate.gov     

Sen. Crapo ID andrew_earl@crapo.senate.gov     

Rep. Labrador ID aaron.calkins@mail.house.gov Yes   

Rep. Simpson ID james.neill@mail.house.gov Yes   

Sen. King ME chad_metzler@king.senate.gov     

Sen. Collins ME cameron_obrien@collins.senate.gov     

Rep. Pingree ME kimber.colton@mail.house.gov     

Rep. Poliquin ME dennis.cakert@mail.house.gov     

Sen. Cantwell WA megan_thompson@cantwell.senate.gov     

Sen. Murray WA Livia_Lam@murray.senate.gov     

Rep. DelBene WA Shantanu.Tata@mail.house.gov     

Rep. Larson WA brandon.kaufman@mail.house.gov     

Rep. Herrera Butler WA anna.schartner@mail.house.gov     

Rep. Newhouse WA seanV.Obrien@mail.house.gov     

Rep. McMorris Rodgers WA andrew.neill@mail.house.gov     

Rep. Kilmer WA katie.r.allen@mail.house.gov     

Rep. Jayapal WA danielle.fulfs@mail.house.gov     

Rep. Reichert WA colin.swanson@mail.house.gov     

Sen. Gardner CO dustin_sherer@gardner.senate.gov Yes Andrew_Dunkley@gardner.senate.gov 
Jared_Soncrant@gardner.senate.gov 

Sen. Bennet CO candace_vahlsing@bennet.senate.gov   rosemary_rodriguez@bennet.senate.gov 

Rep. DeGette CO tommy.walker@mail.house.gov   Mathew.mengesha@mail.house.gov 

Rep. Polis CO blaine.miller-mcfeeley@mail.house.gov   Mara.Brosy-Wiwchar@mail.house.gov 

Rep. Tipton CO liz.payne@mail.house.gov   brian.mccain@mail.house.gov 

Rep. Buck CO jake.bornstein@mail.house.gov   Luke.O'Dell@mail.house.gov 

Rep. Lamborn CO james.thomas@mail.house.gov   dale.anderson@mail.house.gov 

Rep. Coffman CO steve.linton-smith@mail.house.gov   aurora.ogg@mail.house.gov 

Rep. Perlmutter CO jeff.oneil@mail.house.gov   Hannah.Mullen@mail.house.gov 

Sen. Tester MT henry_ring@tester.senate.gov Yes dayna_swanson@tester.senate.gov 

Sen. Daines MT meghan_thacker@daines.senate.gov Yes liz_scanlon@daines.senate.gov 

Rep. Gianforte MT tripp.mckemey@mail.house.gov Yes lesley.robinson@mail.house.gov  

Sen. Barrasso WY kaitlynn_glover@barrasso.senate.gov Yes Travis_McNiven@barrasso.senate.gov 

Sen. Enzi WY aniela_butler@enzi.senate.gov 
landon_stropko@enzi.senate.gov Yes karen_mccreery@enzi.senate.gov 

Rep. Cheney WY holly.heussner@mail.house.gov Yes   

 
Committee Contacts 

 
CLA will contact authorizing committee staff; Division of Budget will contact appropriations 
committee staff 
 

Senate Appropriations Chris_Tomassi@appro.senate.gov (202) 224-7233 
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Interior S/C – Majority  
Senate Appropriations 
Interior S/C – Minority 

ryan_hunt@appro.senate.gov (202) 228-0774 

Senate EPW – Majority 
 

Matt_Leggett@epw.senate.gov 
Andrew_Harding@epw.senate.gov 
James_Willson@epw.senate.gov 

(202) 224-6176 
 

Senate EPW – Minority Gabrielle_Batkin@epw.senate.gov 
Christophe_Tulou@epw.senate.gov 
Elizabeth_Mabry@epw.senate.gov 

(202) 224-8832 

Senate EPW W&W S/C – 
Majority 

Joe_Brown@boozman.senate.gov (202) 224-4843 

Senate EPW W&W S/C – 
Minority  

Radha_Adhar@duckworth.senate.gov (202) 224-2854 

Senate ENR – Majority 
 

chuck_kleeschulte@energy.senate.gov 
lucy_murfitt@energy.senate.gov 
Colin_hayes@energy.senate.gov 

(202) 224-4971 

Senate ENR – Minority  david_brooks@energy.senate.gov (202) 224-4971 
House Appropriations 
Interior S/C – Majority 

darren.benjamin@mail.house.gov (202) 225-3081 

House Appropriations 
Interior S/C – Minority 

rita.culp@mail.house.gov 
Jocelyn_hunn@mail.house.gov 

(202) 225-3481 
 

House Natural Resources 
– Majority 

erica.rhoad@mail.house.gov 
william.ball@mail.house.gov 
todd.ungerecht@mail.house.gov 
parish.braden@mail.house.gov 
Christopher.Santini@mail.house.gov 
Brandon.Miller@mail.house.gov 
Melissa.Beaumont@mail.house.gov 
SYi@mail.house.gov  
Steve.petersen@mail.house.gov 
Will.layden@mail.house.gov 
Bryson.wong@mail.house.gov 

(202) 225-2761 
 

House Natural Resources 
– Minority 

Matt.Strickler@mail.house.gov 
brandon.bragato@mail.house.gov 
sarah.lim@mail.house.gov 

(202) 225-6065 

 
 

SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 

mailto:chuck_kleeschulte@energy.senate.gov
mailto:lucy_murfitt@energy.senate.gov
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swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News ; 
https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  

Twitter messages:  
● Five-year review of Canada lynx indicates populations in lower 48 states are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to five-

year review. 
● Road to recovery: Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

Facebook messages:  
Five-year review of Canada lynx indicates populations in lower 48 states are no longer in danger 
of extinction.  

Other platform messages: N/A 

 

SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Field Code Changed

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
mailto:robert_segin@fws.gov
mailto:sarah_levy@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
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Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Miel Corbett, miel_corbett@fws.gov, 503-231-6211 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 
26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 

mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:miel_corbett@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 
email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 12-22-17 

Vanessa Kauffman 12-28-17 

Alyssa Hausman 12/28/17 

D.J. Monette 1/3/18 

  

 

APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 
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From: Munoz, Anna
To: Levy, Sarah
Cc: Jason Holm; Miel Corbett; Rollie White
Subject: Re: Lynx Final Communications Materials
Date: Friday, January 5, 2018 2:41:39 PM

Thanks, Sarah.  Once we make a few updates on Monday regarding timing, I will re-circulate
to the entire group.

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

On Fri, Jan 5, 2018 at 3:25 PM, Levy, Sarah <sarah_levy@fws.gov> wrote:
Hi Anna,

Thanks for giving us the opportunity to provide a few minor changes to the outreach plan.
Changes are summarized below:

-- Changed FWS contact for Washington Department of Fish and Wildlife Director from R1
DRD to R1 ES
--Added FWS contact for Idaho Department of Fish and Wildlife Director as R1 ES
--Changed FWS contact for USGS Director from R1 RD to R1 DRD 
--Changed spelling of Sarah Levy's email address to sarah_levy@fws.gov
--Changed congressional contact to Miel Corbett

Please let me know if you have any questions.

Thanks,
Sarah

On Fri, Jan 5, 2018 at 8:21 AM, Meister, Christina <christina_meister@fws.gov> wrote:
Good morning,

The Department approved the final lynx materials, which are attached below. (Please note
the need for a web link at the bottom of the press release.) They also asked us to consider
creating additional outreach in the form of video, partnership stories, etc. after the initial
release is distributed. I know R5 has something in the works, so perhaps we can discuss
how to promote this information further. Anna, please let me know if this interests you. 

Steve, please keep us updated on the timing of the announcement and send us a final copy
of the tribal letter when it's available. 

Thanks and have a great weekend.

- Christina 
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-- 
Christina M. Meister
Office of Public Affairs
U.S. Fish and Wildlife Service
5275 Leesburg Pike
Falls Church, VA 22041-3803

Office: 703-358-2284 
Cell: 703-304-9535 
christina_meister@fws.gov

-- 
Sarah A. Levy
U.S. Fish and Wildlife Service, Pacific Region
External Affairs
Sage Grouse and Ecological Services
503-231-6208
sarah_levy@fws.gov
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From: Theresa Rabot
To: White, Rollie
Cc: Sarah Levy
Subject: Re: Lynx Update - SSA and 5 YR review
Date: Friday, January 5, 2018 2:41:10 PM

Yes, thanks

Sent from my iPhone

> On Jan 5, 2018, at 2:29 PM, White, Rollie <rollie_white@fws.gov> wrote:
>
> Hi Terry,
> As the note from Jodi Bush below indicates, a Lynx announcement is coming
> soon, though is still a CLOSE HOLD.  Sarah Levy tells me the outreach plan
> (drafted by R6) says that the DRD will make contacts to Feds and States.
> Would you be comfortable with Rickerson and Hughes contacting their
> respective State Directors?
> -Rollie
>
> Rollie White
> Assistant Regional Director - Ecological Services
> Pacific Region, USFWS
> 911 NE 11th Ave.
> Portland, OR 97232
> Office: (503) 231-6151
> Cell: (503) 839-2872
>
> Rollie_White@fws.gov
>
> ---------- Forwarded message ----------
> From: Bush, Jodi <jodi_bush@fws.gov>
> Date: Fri, Jan 5, 2018 at 11:57 AM
> Subject: Re: Lynx Update - SSA and 5 YR review
> To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson <
> paul_henson@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, "Abbott, Tyler" <
> tyler_abbott@fws.gov>, Gregory Hughes <greg_m_hughes@fws.gov>, Anna Harris <
> anna_harris@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, "
> rollie_white@fws.gov" <rollie_white@fws.gov>, Lori Nordstrom <
> lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>, "DeBerry, Drue"
> <drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>, Ted Koch <
> ted_koch@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>, Michael Fris <
> michael_fris@fws.gov>, "Thabault, Michael" <michael_thabault@fws.gov>
> Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Tom
> McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks <
> kathleen_hendricks@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
> McCollough <Mark_McCollough@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>,
> Kurt Broderdorp <Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>,
> Nathan Darnall <nathan_darnall@fws.gov>, Marjorie Nelson <
> Marjorie_Nelson@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>,
> Susan Jacobsen <susan_jacobsen@fws.gov>
>
>
> Folks, we are getting close to a Public Notification on Lynx. We have
> revised the SSA (just some errata that we fixed) that is now attached -as
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> well as the 5 year review.  I have also attached a 4f letter from the
> director.   Once we have an approved communications plan, I will send that
> on as well.
>
> *As we have discussed previously, these documents should NOT be shared
> outside of the agency yet nor the contents or recommendation within.  ie.
> please keep these a close hold.  *
>
> As always if you have questions, feel free to give me a call.  JB
>
>
> Jodi L. Bush
> Office Supervisor
> Montana State Ecological Services Office
> 585 Shepard Way, Suite 1
> Helena, MT  59601
> (406) 449-5225, ext.205
>
>
>> On Fri, Nov 17, 2017 at 2:30 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
>>
>> Folks.   *WE ARE STILL NOT A GO TO RELEASE ANY INFORMATION OUTSIDE OF THE
>> USFWS *but I wanted to share the final SSA and Signed 5 year Review
>> documents and make sure you have.  The SSA is the same version that was
>> sent out around October 13, 2017 but we found some minor errors that we
>> corrected.   *Neither of these documents should be shared outside of the
>> agency yet nor the contents or recommendation within.  ie.  please keep
>> these a close hold.  *
>>
>> We are awaiting HQ review of the comm plan and Director signature on a
>> 4(f) memo confirming that we do not need to a recovery plan.   Once we have
>> everything signed, the courts notified and are ready to release to the
>> public we will be asking you all to notify your state partners ahead of
>> time.  Unfortunately the notice is likely to be short.  Please stand by.
>>
>> ARDs, please share with any office manager that you determine should see
>> this if I have missed them.  As always if you have questions, please
>> contact me.  Thank you.  JB
>>
>> ·         both courts involved in lynx issues (recovery and Critical
> habitat) will be notified preceding the public notification on November 3,
> 2017, by Solicitors.
>
> ·         a news release and communication plan to reach out to state,
> tribal and federal partners will precede the notification.
>
>
>> Jodi L. Bush
>> Office Supervisor
>> Montana State Ecological Services Office
>> 585 Shepard Way, Suite 1
>> Helena, MT  59601
>> (406) 449-5225, ext.205
>>
>>
>> ---------- Forwarded message ----------
>> From: Bush, Jodi <jodi_bush@fws.gov>



>> Date: Thu, Nov 2, 2017 at 4:54 PM
>> Subject: Re: talking points for discussion with State
>> To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson <
>> paul_henson@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, "Abbott, Tyler" <
>> tyler_abbott@fws.gov>, Gregory Hughes <greg_m_hughes@fws.gov>, Anna
>> Harris <anna_harris@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, "
>> rollie_white@fws.gov" <rollie_white@fws.gov>, Lori Nordstrom <
>> lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>, "DeBerry,
>> Drue" <drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>
>> Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>,
>> Tom McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks <
>> kathleen_hendricks@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>,
>> Mark McCollough <Mark_McCollough@fws.gov>, Tamara Smith <
>> Tamara_Smith@fws.gov>, "Thabault, Michael" <michael_thabault@fws.gov>,
>> Kurt Broderdorp <Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>,
>> Nathan Darnall <nathan_darnall@fws.gov>, Marjorie Nelson <
>> Marjorie_Nelson@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>
>>
>>
>> Folks.  You may have heard that we were trying to have the Lynx 5 year
>> review signed by tomorrow (Nov. 3). Unfortunately that is not going to
>> happen. This has been delayed due to some issues beyond our control.
>>
>> Once we have the documents (5 year review and final SSA) ready to go we
>> will let you know, supply a new release and communication plan and will
>> allow planning for as much time as we can for contact to your State, Tribal
>> and Federal partners.
>>
>> In the meantime if you are having discussions with these same folks - you
>> can use some of the following for your talking points.  I would tell our
>> partners that the document is on the RD desk and could be signed at any
>> time.  Feel free to give me or Jim a call if you have any questions.  JB
>>
>>
>> ·         the 5-year review will be signed by the Regional director for
>>> the mt prairie region with concurrence from all affected regions.  this
>>> concurrence has already been received.
>>>
>>> ·         The SSA and 5 year Review are in response to a court
>>> settlement agreement and decision on May 8, 2014.  At that time, the
>>> United States District Court for the District of Montana ordered the
>>> Service to complete recovery planning for the Canada lynx DPS by January
>>> 15, 2018 “…unless the Service finds that such a plan will not promote the
>>> conservation of the [lynx].  The 5-year review and SSA report responds to
>>> this order.
>>>
>>> ·         both courts involved in lynx issues (recovery and Critical
>>> habitat) will be notified preceding the public notification on November 3,
>>> 2017, by Solicitors.
>>>
>>> ·         a news release and communication plan to reach out to state,
>>> tribal and federal partners will precede the notification.
>>>
>>>
>>> Jodi L. Bush
>>> Office Supervisor
>>> Montana State Ecological Services Office



>>> 585 Shepard Way, Suite 1
>>> Helena, MT  59601
>>> (406) 449-5225, ext.205
>>>
>>>
>>
>>
> <20171113 Canada Lynx 5YR_with RD signature.pdf>
> <2017 12 22 FINAL Lynx SSA Report.pdf>
> <0617_001.pdf>



From: Levy, Sarah
To: Rollie White
Subject: Fwd: Lynx Outreach materials
Date: Tuesday, January 9, 2018 11:34:05 AM
Attachments: Untitled attachment 02604.htm

2018_01_05_Lynx Tribal Letter.docx
Canada Lynx Communications Plan Final_20180108.docx
Untitled attachment 02607.htm
Canada Lynx FAQ Final.docx
Untitled attachment 02610.htm
Canada Lynx News Release Final.docx
Untitled attachment 02613.htm

Final communication material for Lynx.

---------- Forwarded message ----------
From: Corbett, Miel <miel_corbett@fws.gov>
Date: Tue, Jan 9, 2018 at 11:31 AM
Subject: Fwd: Lynx Outreach materials
To: Sarah Levy <sarah_levy@fws.gov>, Leith Edgar <leith_edgar@fws.gov>, "Froschauer,
Ann" <ann_froschauer@fws.gov>

---------- Forwarded message ----------
From: Alyssa Hausman <alyssa_hausman@fws.gov>
Date: Tue, Jan 9, 2018 at 11:29 AM
Subject: Fwd: Lynx Outreach materials
To: Merra Howe <marian_howe@fws.gov>, Miel Corbett <miel_corbett@fws.gov>

Most recent message

Sent from my iPhone

Begin forwarded message:

From: Robert Segin <robert_segin@fws.gov>
Date: January 9, 2018 at 2:20:59 PM EST
To: Alyssa Hausman <alyssa_hausman@fws.gov>, Christina Meister
<christina_meister@fws.gov>,  Christine Eustis <christine_eustis@fws.gov>,
Georgia Parham <georgia_parham@fws.gov>,  Jennifer Strickland
<jennifer_strickland@fws.gov>, Roya Mogadam <roya_mogadam@fws.gov>, 
Meagan Racey <meagan_racey@fws.gov>, Kim Mitchell
<kim_mitchell@fws.gov>,  Charles Traxler <charles_traxler@fws.gov>, Anna
Munoz <anna_munoz@fws.gov>
Subject: Lynx Outreach materials

Good Afternoon,
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Here are the docs.  Also attached is a tribal letter that you can customize. 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 

Miel Corbett, 
Deputy ARD, External Affairs
Pacific Region, USFWS 
Desk 503-231-2111  Cell 503-709-3881

-- 
Sarah A. Levy
U.S. Fish and Wildlife Service, Pacific Region
External Affairs
Sage Grouse and Ecological Services
503-231-6208
sarah_levy@fws.gov
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U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
January 12, 2018 
 

Status Review Indicates Canada Lynx Recovery in the  
Lower 48-States  

Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER - Conservation measures implemented by our state, federal, tribal, local and industry 
partners have resulted in the Canada lynx becoming the next Endangered Species Act success 
story.  
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a scientific review 
of the Canada lynx in the contiguous United States. The review concludes that the Canada lynx 
may no longer warrant protection under the Endangered Species Act (ESA) and should be 
considered for delisting due to recovery. This recommendation is the result of an extensive 
review of the best available scientific information and almost 20 years of working in partnership 
with state, federal, tribal, industry and other land managers on the conservation of this species.  
As a result of this status review, the Service will begin development of a proposed rule to delist 
the species. 
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment for the lynx, which compiled and evaluated the best available scientific information 
on the historical, current and possible future conditions for the Canada lynx. Over a two-year 
process, the Service worked closely with federal, state and academic subject matter experts to 
evaluate relevant scientific information on snowshoe hare population dynamics, climate change, 
forest ecology and other issues. Although climate change remains an important factor for the 
conservation of the Canada lynx, neither the Service nor the experts we consulted conclude that 
the lynx is at risk of extinction from climate change within the foreseeable future. 
 
The Canada lynx was listed as threatened in 2000 largely due to a lack of regulatory mechanisms 
on federal public lands, which is where a majority of the habitat for Canada lynx was believed to 
be located in the lower 48 states. Since receiving ESA protection, federal land managers 

News Release 
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throughout the lynx’s range have formally amended their management plans and implemented 
conservation measures to conserve the species. For example, all U.S. Forest Service land 
management plans in the Rocky Mountain region have been amended to include conservation 
measures for the Canada lynx. In addition, in Maine, private landowners have voluntarily 
supported working woodland easements that protect nearly 2.5 million acres of forest, benefitting 
the Canada lynx and other species. 
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. In the contiguous U.S., Canada lynx 
populations are found in Maine, northeastern Minnesota, northwestern Montana, northeastern 
Idaho, north-central Washington and western Colorado. 
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research, monitoring and conservation efforts conducted by state 
and federal agencies, tribes and academic institutions,  helped refine biologists’ understanding of 
habitat needs, distributions, population characteristics and potential stressors. 
 
Given the outcome of this analysis, the Service will not at this time be completing a recovery 
plan for the Canada lynx. Today’s recommendation does not remove or negate the Endangered 
Species Act protections currently in place for the Canada lynx. To delist a species, the Service 
must follow a process similar to what is used in considering whether to list species. The next step 
is for the Service to publish a proposed rule in the Federal Register, receive public comments, 
review and analyze those comments, conduct a peer review, and then announce a final decision. 
 
For more information on the Canada lynx, visit https://www.fws.gov/mountain-
prairie/es/canadaLynx.php. To learn more about the delisting process, review our “Delisting a 
Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media channels: 
Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
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https://www.facebook.com/usfws
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https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


 
 
 
 
 
 
 
 

 
Q. Why does the Service believe the Canada lynx Distinct Population Segment (DPS) may no 
longer be threatened?  
 
A. Federal land management changes, as well as state, tribal, and other local conservation 
efforts, have adequately protected the species habitat against the primary threats that led to 
listing and will ensure that the species remains resilient in the foreseeable future, even in the face 
of climate change. We’ve also learned that land management changes in ME and CO have led to 
historically high numbers of the species that lynx populations are larger and more secure in 
Maine, Minnesota, and Colorado that we thought when we listed the Canada lynx. Those 
numbers may moderate with forest succession but our analysis suggests resiliency for the 
species.  

 
Q. What is a five-year status review? 
 
A. A five-year status review is a periodic review of the status of species listed under the 
Endangered Species Act (Act). Its purpose is to ensure that listed species have the appropriate 
level of protection under the law.  
 
Q. Why was the Canada lynx DPS originally listed? 
 
A. At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, federal land managers have amended land management plans and 
implemented conservation agreements with the Service, which include science-based 
conservation measures, standards and guidelines, and best management practices to conserve 
lynx. We believe these commitments have largely addressed the threats for which the Canada 
lynx DPS was listed. Additionally, many state and tribal agencies and academic partners have 
worked with the Service to identify and protect important lynx habitats and monitor and enhance 
lynx populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing threatened and 
endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was also informed by the professional opinions of a 
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panel of 10 recognized lynx experts and other subject matter experts regarding a variety of 
potential threats to the species including: climate change, forest ecology and hare population 
dynamics. The SSA included input from recognized lynx experts in Canada and the United 
States, as well as a variety of experts in the fields of ecology, genetics, climate modeling and 
habitat management. This SSA was peer reviewed by independent experts and our federal and 
state agency partners.  
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures included in the land management plans adopted 
by the U. S. Forest Service and the Bureau of Land Management have substantially addressed 
the threats to the maintenance of lynx DPS habitat conditions and the availability of snowshoe 
hare and other prey populations for which the DPS was listed.  
 
Q. Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future. We also sought 
relevant information from federal, state and tribal management agencies. 

 
Q. What are the potential effects of climate change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation. Other effects of climate 
warming include increases in the size and intensity of wildfires and forest insect outbreaks, both 
of which may influence the future amount, distribution and quality of lynx and hare habitats.  
 
Climate change remains an important factor for the conservation of the Canada lynx DPS and 
could result in future shifts in their habitat, which may affect their population numbers and 
distribution. How vulnerable lynx populations are to these shifts is unknown and undeterminable 
at this time. However, neither the Service nor the experts we consulted conclude that the lynx 
DPS is at risk of extinction from climate change within the foreseeable future. 
 
Q. Do lynx population numbers normally fluctuate? 
 
A. The Canada lynx DPS represents the southern extent of the species’ range and naturally 
expands and contracts based on snowshoe hare abundance, which fluctuates at varying degrees 
within the DPS. Canada lynx in the contiguous United States comprises only 2% of the species’ 
entire range. 
 
Q. When would the lynx be delisted? 
 
A. Based on this recommendation, in the future the Service will promulgate a proposed rule to 
delist the lynx DPS and, based on peer and public review, may move forward with a final rule to 
delist the DPS. However, delisting would not occur until 30 days after publication of a final rule 
if one is proposed. Until then, the DPS remains listed as threatened under the Act, and the 
protections and prohibitions of the Act remain in force.  



 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 
 
A. Because the 5-year status review recommends delisting the Canada lynx, and therefore a 
recovery plan would not promote the conservation of the species, we will not be completing a 
recovery plan for Canada lynx. In the near future, the Service will begin development of a 
proposed rule to delist the Canada lynx. If during the rule-making process the Service determines 
that lynx should remain listed, the Service would reconsider the need to complete a recovery 
plan. 
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FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the five-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington.  

There is also a resident introduced population in western Colorado and occasional lynx 
residency in some neighboring states and adjacent areas. Based on the health of this lynx 
population and the conservation efforts of federal, state and tribal agencies, the Service’s 
five-year status review recommends the removal of the lynx DPS from the list of 
endangered and threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

January 2018. This is the proposed time frame for the five-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting five-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. Based on the 
recommendation in the status review, the Service will begin development of a proposed rule 
to delist the species. When completed, the proposed rule will be published in the Federal 
Register for review and comment by other federal agencies, state biologists, and the public, 
as well as the advice of independent species experts. After analyzing the comments, we will 
announce our final decision in the Federal Register, either completing the final rule or 
withdrawing the action and maintaining the current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of facts, 
which should be placed in the appendix. List no more than three!) 

A five-year status review for the Canada lynx DPS concludes that lynx in the contiguous 
United States may no longer warrant protection under the Endangered Species Act (ESA) 
and should be considered for delisting due to recovery.   
 
This recommendation is based on a rigorous review of the best available science, as 
outlined in a peer-reviewed Species Status Assessment, and almost 20 years of working in 
partnership with state, federal, tribal, industry, and other land managers to implement 
conservation measures for this species. 
 
This is an ESA success story. Thanks to collaborative conservation efforts by federal, state, 
tribal, industry and other partners to revise land management plans and commit to 
conserving lynx populations and habitats, the Canada lynx DPS, which was once largely 
unprotected, is now largely protected and is being recommended for delisting. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 
 
After more than two years of close coordination with state, federal, tribes, and academic 
partners to evaluate the current status and future viability of Canada lynx DPS, the Service 
has completed a detailed species status assessment (SSA) that compiles and evaluates the 
best available scientific information, including the professional opinions of a panel of ten 
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recognized lynx experts, and concludes that the Canada lynx may no longer be a threatened 
species. 
 
Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the proposed delisting process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 
 
The Canada lynx DPS represents the southern extent of the species’ range and naturally 
expands and contracts based on snowshoe hare abundance, which fluctuates at varying 
degrees within the DPS.  Canada lynx in the contiguous United States comprises only 2% 
of the species’ entire range. 
 
Climate change remains an important factor for the conservation of the Canada lynx DPS 
and could result in future shifts in their habitat, which may affect their population numbers 
and distribution. How vulnerable lynx populations are to these shifts is unknown and 
undeterminable at this time. However, neither the Service nor the experts we consulted 
conclude that the lynx DPS is at risk of extinction from climate change within the 
foreseeable future.  
 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 

R6 Internal Pop-Up 
Internal email to employees 
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Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

January 12, 2018 SSA/Review delivered to court HQ-Sol 

January 11, 2018 
3:00 pm ET 
2:00 pm CT 
1:00 pm MT 
12:00 pm PT 

Congressional Notification HQ/Regional 
CLA 

January 11, 2018 
3:00 pm ET 
2:00 pm CT 
1:00 pm MT 
12:00 pm PT 

State Wildlife Agency Notification Regional ES 

January 11, 2018 
3:00 pm ET 
2:00 pm CT 
1:00 pm MT 
12:00 pm PT 

Federal Agency Notification Regional 
DRD or ES 

January 12, 2018 
Time TBD 

Tribal Notification Regional 
NALs 
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January 12, 2018 
Time TBD Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 

EA, R3 EA, 
R1 EA 

January 12, 2018 
Time TBD Posting to R6 and FWS national websites and 

social media platforms 
R6 EA, HQ 
EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 
EA, R3 EA, 
R1 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 ES 

Wyoming Game and Fish Department, Director, 
Scott Talbott 

(307) 777-4600 R6 ES 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 ES 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 ES 

Idaho Department of Fish and Game Director, 
Virgil Moore 

(208) 334-3771 R1 ES 

Minnesota Department of Natural Resources,  (651)-259-5024 R3 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Commissioner, Tom Landwehr 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leanne Martin 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 ES 

Bureau of Land Management Wyoming State 
Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 ES 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 ES 
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Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 DRD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 



Page 10 of 16 

Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

***litigants be notified by the solicitor of our SSA/Review 

Organization: Name: Email: Contacted 
by: 

Association of Fish & 
Wildlife Agencies 

Jen Mock-
Schaeffer 

jenmock@fishwildlife.org DPIA 

Assoc. Zoos and 
Aquariums 

Steve Olson solson@aza.org DPIA 

Center for Biological 
Diversity 

Brett Hartl 
 

bhartl@biologicaldiversity.org 
 

DPIA 

Center for Int’l 
Environmental Law 

Scott Hajost Scotthajost@yahoo.com DPIA 

Congressional 
Sportsmen’s Fndn 

Jeff Crane jeff@sportsmenslink.org DPIA 

Conservation Int’l Justin Ward jward@conservation.org DPIA 
Defenders of Wildlife Bob Dreher 

Ya-Wei Li 
rdreher@defenders.org 
yli@defenders.org 

DPIA 

Endangered Species 
Coalition 

Leda Huta lhuta@stopextinction.org DPIA 

Env. Defense Fund Diane Regas dregas@edf.org DPIA 
Greenpeace   Annie Leondard info@wdc.greenpeace.org DPIA 
Humane Society  Nicole Paquette npaquette@hsus.org DPIA 

mailto:cchavers@boisforte-nsn.gov
mailto:solson@aza.org
mailto:bhartl@biologicaldiversity.org
mailto:Scotthajost@yahoo.com
mailto:jeff@sportsmenslink.org
mailto:jward@conservation.org
mailto:rdreher@defenders.org
mailto:yli@defenders.org
mailto:dregas@edf.org
mailto:npaquette@hsus.org
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Int’l Fund for Animal 
Welfare 

Azzedine 
Downes 

kbranon@ifaw.org DPIA 

Jane Goodall Inst. Shawn Sweeney ssweeney@janegoodall.org DPIA 
Natural Resources 
Defense Council 

Andrew Wetzler 
 

awetzler@nrdc.org 
 

DPIA 

National Association 
of Counties  

Deborah Cox dcox@naco.org DPIA 

Nat’l Rifle Assoc. Susan Recce srecce@nrahq.org DPIA 
Nat’l Shooting Sports 
Fndn 

Larry Keane lkeane@nssf.org DPIA 

Safari Club Int’l Anna Seidman aseidman@safariclub.org DPIA 
Sierra Club Athan Manuel athan.manuel@sierraclub.org DPIA 
Wildlife Conservation 
Society 

Colin Sheldon csheldon@wcs.org DPIA 

World Wildlife Fund Will Gartshore Will.gartshore@wwfus.org DPIA 
Wildlife Management 
Inst. 

Steve Williams swilliams@wildlifemgt.org DPIA 

Wildlife Conservation 
Society 

Colin Sheldon csheldon@wcs.org DPIA 

 
20. Congressional Contacts 
 

Personal Office Contacts 
 

Title Last Name State DC Contact CLA 
Call? District Contact 

Sen. Risch ID darren_parker@risch.senate.gov     

Sen. Crapo ID andrew_earl@crapo.senate.gov     

Rep. Labrador ID aaron.calkins@mail.house.gov Yes   

Rep. Simpson ID james.neill@mail.house.gov Yes   

Sen. King ME chad_metzler@king.senate.gov     

Sen. Collins ME cameron_obrien@collins.senate.gov     

Rep. Pingree ME kimber.colton@mail.house.gov     

Rep. Poliquin ME dennis.cakert@mail.house.gov     

Sen. Cantwell WA megan_thompson@cantwell.senate.gov     

Sen. Murray WA Livia_Lam@murray.senate.gov     

Rep. DelBene WA Shantanu.Tata@mail.house.gov     

Rep. Larson WA brandon.kaufman@mail.house.gov     

Rep. Herrera Butler WA anna.schartner@mail.house.gov     

Rep. Newhouse WA seanV.Obrien@mail.house.gov     

Rep. McMorris Rodgers WA andrew.neill@mail.house.gov     

Rep. Kilmer WA katie.r.allen@mail.house.gov     

Rep. Jayapal WA danielle.fulfs@mail.house.gov     

mailto:kbranon@ifaw.org
mailto:ssweeney@janegoodall.org
mailto:awetzler@nrdc.org
mailto:dcox@naco.org
mailto:srecce@nrahq.org
mailto:lkeane@nssf.org
mailto:aseidman@safariclub.org
mailto:csheldon@wcs.org
mailto:Will.gartshore@wwfus.org
mailto:swilliams@wildlifemgt.org
mailto:csheldon@wcs.org
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Rep. Reichert WA colin.swanson@mail.house.gov     

Sen. Gardner CO dustin_sherer@gardner.senate.gov Yes Andrew_Dunkley@gardner.senate.gov 
Jared_Soncrant@gardner.senate.gov 

Sen. Bennet CO candace_vahlsing@bennet.senate.gov   rosemary_rodriguez@bennet.senate.gov 

Rep. DeGette CO tommy.walker@mail.house.gov   Mathew.mengesha@mail.house.gov 

Rep. Polis CO blaine.miller-mcfeeley@mail.house.gov   Mara.Brosy-Wiwchar@mail.house.gov 

Rep. Tipton CO liz.payne@mail.house.gov   brian.mccain@mail.house.gov 

Rep. Buck CO jake.bornstein@mail.house.gov   Luke.O'Dell@mail.house.gov 

Rep. Lamborn CO james.thomas@mail.house.gov   dale.anderson@mail.house.gov 

Rep. Coffman CO steve.linton-smith@mail.house.gov   aurora.ogg@mail.house.gov 

Rep. Perlmutter CO jeff.oneil@mail.house.gov   Hannah.Mullen@mail.house.gov 

Sen. Tester MT henry_ring@tester.senate.gov Yes dayna_swanson@tester.senate.gov 

Sen. Daines MT meghan_thacker@daines.senate.gov Yes liz_scanlon@daines.senate.gov 

Rep. Gianforte MT tripp.mckemey@mail.house.gov Yes lesley.robinson@mail.house.gov  

Sen. Barrasso WY kaitlynn_glover@barrasso.senate.gov Yes Travis_McNiven@barrasso.senate.gov 

Sen. Enzi WY aniela_butler@enzi.senate.gov 
landon_stropko@enzi.senate.gov Yes karen_mccreery@enzi.senate.gov 

Rep. Cheney WY holly.heussner@mail.house.gov Yes   

 
Committee Contacts 

 
CLA will contact authorizing committee staff; Division of Budget will contact appropriations 
committee staff 
 

Senate Appropriations 
Interior S/C – Majority  

Chris_Tomassi@appro.senate.gov (202) 224-7233 

Senate Appropriations 
Interior S/C – Minority 

ryan_hunt@appro.senate.gov (202) 228-0774 

Senate EPW – Majority 
 

Matt_Leggett@epw.senate.gov 
Andrew_Harding@epw.senate.gov 
James_Willson@epw.senate.gov 

(202) 224-6176 
 

Senate EPW – Minority Gabrielle_Batkin@epw.senate.gov 
Christophe_Tulou@epw.senate.gov 
Elizabeth_Mabry@epw.senate.gov 

(202) 224-8832 

Senate EPW W&W S/C – 
Majority 

Joe_Brown@boozman.senate.gov (202) 224-4843 

Senate EPW W&W S/C – 
Minority  

Radha_Adhar@duckworth.senate.gov (202) 224-2854 

Senate ENR – Majority 
 

chuck_kleeschulte@energy.senate.gov 
lucy_murfitt@energy.senate.gov 
Colin_hayes@energy.senate.gov 

(202) 224-4971 

Senate ENR – Minority  david_brooks@energy.senate.gov (202) 224-4971 
House Appropriations 
Interior S/C – Majority 

darren.benjamin@mail.house.gov (202) 225-3081 

House Appropriations 
Interior S/C – Minority 

rita.culp@mail.house.gov 
Jocelyn_hunn@mail.house.gov 

(202) 225-3481 
 

mailto:chuck_kleeschulte@energy.senate.gov
mailto:lucy_murfitt@energy.senate.gov
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House Natural Resources 
– Majority 

erica.rhoad@mail.house.gov 
william.ball@mail.house.gov 
todd.ungerecht@mail.house.gov 
parish.braden@mail.house.gov 
Christopher.Santini@mail.house.gov 
Brandon.Miller@mail.house.gov 
Melissa.Beaumont@mail.house.gov 
SYi@mail.house.gov  
Steve.petersen@mail.house.gov 
Will.layden@mail.house.gov 
Bryson.wong@mail.house.gov 

(202) 225-2761 
 

House Natural Resources 
– Minority 

Matt.Strickler@mail.house.gov 
brandon.bragato@mail.house.gov 
sarah.lim@mail.house.gov 

(202) 225-6065 

 
 

SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News ; 
https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  

Twitter messages:  
● Five-year review of Canada lynx indicates populations in lower 48 states are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to five-

year review. 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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● Road to recovery: Status review for Canada lynx recommends delisting from the 
Endangered Species Act 
 

Facebook messages:  
Five-year review of Canada lynx indicates populations in lower 48 states are no longer in danger 
of extinction.  

Other platform messages: N/A 

 

SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levy@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Miel Corbett, miel_corbett@fws.gov, 503-231-6211 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

mailto:robert_segin@fws.gov
mailto:sarah_levy@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:miel_corbett@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
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25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 
26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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R.Mogadam 10-24-17 

S.Segin 12-22-17 

Vanessa Kauffman 12-28-17 

Alyssa Hausman 12/28/17 

D.J. Monette 1/3/18 

  

 

APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 

 
 
 
 
 
 
«Chairperson» «First_Name» «Last_Name» 
«Tribe» 
«Address» 
«City», «State» «ZIP» 
 
Dear «Chairperson» «Last_Name»: 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a scientific review 
of the Canada lynx in the contiguous United States. The review concludes that the Canada lynx 
may no longer warrant protection under the Endangered Species Act (ESA) and should be 
considered for delisting due to recovery. This recommendation is the result of an extensive review 
of the best available scientific information and almost 20 years of working in partnership with 
state, federal, tribal, industry and other land managers on the conservation of this species.  As a 
result of this status review, the Service will begin development of a proposed rule to delist the 
species. 
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment for the lynx, which compiled and evaluated the best available scientific information on 
the historical, current and possible future conditions for the Canada lynx. Over a two-year process, 
the Service worked closely with federal, state and academic subject matter experts to evaluate 
relevant scientific information on snowshoe hare population dynamics, climate change, forest 
ecology and other issues. Although climate change remains an important factor for the 
conservation of the Canada lynx, neither the Service nor the experts we consulted conclude that the 
lynx is at risk of extinction from climate change within the foreseeable future. 
 
The Canada lynx was listed as threatened in 2000 largely due to a lack of regulatory mechanisms 
on federal public lands, which is where a majority of the habitat for Canada lynx was believed to 
be located in the lower 48 states. Since receiving ESA protection, federal land managers 
throughout the lynx’s range have formally amended their management plans and implemented 
conservation measures to conserve the species. In the contiguous U.S., Canada lynx populations 
are found in Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-
central Washington and western Colorado. 
 
 
Given the outcome of this analysis, the Service will not at this time be completing a recovery plan 
for the Canada lynx. The review recommendation does not remove or negate the Endangered 
Species Act protections currently in place for the Canada lynx. To delist a species, the Service 
must follow a process similar to what is used in considering whether to list species. The next step 
is for the Service to publish a proposed rule in the Federal Register, receive public comments, 
review and analyze those comments, conduct a peer review, and then announce a final decision.   



2 
 

 
 

 
For more information on the Canada lynx and to view a copy of the scientific review and Species 
Status Assessment, please visit https://www.fws.gov/mountain-prairie/es/canadaLynx.php. You 
can learn more about the delisting process by reviewing our “Delisting a Species” fact sheet at 
https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf. 
 
If you have any questions regarding this scientific review or would like to schedule a government-
to-government consultation regarding the potential delisting of the Canada lynx, please contact 
Anna Munoz, Assistant Regional Director for External Affairs, at anna_munoz@fws.gov or (303) 
236-4510. 
            

Sincerely, 
 
 
 
Regional Director 

mailto:anna_munoz@fws.gov


From: Baker, Richard (DNR)
To: Skinner, Luke C (DNR); Pierce, Ann M (DNR); Norris, Jane C (DNR)
Cc: Leach, Jim (DNR); Erb, John D (DNR); Lueth, Bryan K (DNR); Ellering, Amber (DNR); Quinn, Ed M (DNR);

#DNR_EWR_NG WILDLIFE_ALL; Smith, Tamara
Subject: FW: Conclusion of Canada Lynx 5-Year Review
Date: Wednesday, January 10, 2018 2:55:11 PM
Attachments: image003.png
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FYI, the 5-year review of the Canada Lynx (in which John Erb and I participated) is complete, and has
led the USFWS to conclude that delisting of the species is warranted.
 
The following email announces that the Service will begin development of a proposed rule to delist
the lynx. Delisting is likely to take a year or more to complete.
 
I will keep you informed as USFWS makes progress on this effort, and will coordinate development
of a DNR comment when it is solicited.
 
Rich
 
Richard J. Baker
Minnesota Endangered Species Coordinator | Division of Ecological and Water Resources

Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  5 5155
Phone: 651-259-5073
Fax: 651-296-1811
Email: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp

 
From: Fasbender, Peter [mailto:peter_fasbender@fws.gov] 
Sent: Wednesday, January 10, 2018 2:42 PM
To: Leach, Jim (DNR) <jim.leach@state.mn.us>; Baker, Richard (DNR) <richard.baker@state.mn.us>;
john.erb.@state.mn.us; Boyle, Owen D - DNR <Owen.Boyle@wisconsin.gov>; Feldkirchner, Drew C -
DNR <Drew.Feldkirchner@wisconsin.gov>; Steve Windels <steve_windels@nps.gov>; Michael Ward
<michael_ward@nps.gov>; Eklund, Daniel A -FS <deklund@fs.fed.us>; Catton, Susan J -FS
<scatton@fs.fed.us>; Tisler, Todd M -FS <ttisler@fs.fed.us>; dlenz@fs.fed.us; ccummins@fs.fed.us;
Cameron, Tamara E MVP <Tamara.E.Cameron@usace.army.mil>; Terry Birkenstock
<Terry.Birkenstock@usace.army.mil>; Kunde, Doug - FSA, Marshall, MN
<Doug.Kunde@mn.usda.gov>; mark.oja@mn.usda.gov; bhalter@fs.fed.us; Christopher Stein
<chris_stein@nps.gov>; cindi.leitner@faa.gov; jay.brezinka@mn.ngb.army.mil; Julie Van Stappen
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<julie_van_stappen@nps.gov>; Wilder, Timothy T CIV (US) <timothy.t.wilder.civ@mail.mil>;
mmaj@fs.fed.us; david.scott@dot.gov; diane.rosen@bia.gov; John Ruhs <jruhs@blm.gov>;
Joshua.Fitzpatrick@faa.gov; Nohrenberg, Gary A - APHIS <Gary.Nohrenberg@aphis.usda.gov>; Hart,
John P - APHIS <John.P.Hart@aphis.usda.gov>; Forst, Phil (FHWA) <Phil.Forst@dot.gov>; Bob
Krumenaker <bob_krumenaker@nps.gov>; Tom Kerr <tom_kerr@fws.gov>; Cathy Henry
<cathy_nigg@fws.gov>; Tamara Smith <tamara_smith@fws.gov>
Subject: Canada Lynx - 5-Year Review
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a scientific
review of the Canada lynx in the contiguous United States. The review concludes that the
Canada lynx may no longer warrant protection under the Endangered Species Act (ESA) and
should be considered for delisting due to recovery. This recommendation is the result of an
extensive review of the best available scientific information and almost 20 years of working in
partnership with state, federal, tribal, industry and other land managers on the conservation of
this species.  As a result of this status review, the Service will begin development of a
proposed rule to delist the species.
 
The recommendation was informed by a recently completed, peer-reviewed Species Status
Assessment for the lynx, which compiled and evaluated the best available scientific
information on the historical, current and possible future conditions for the Canada lynx. Over
a two-year process, the Service worked closely with federal, state and academic subject matter
experts to evaluate relevant scientific information on snowshoe hare population dynamics,
climate change, forest ecology and other issues. Although climate change remains an
important factor for the conservation of the Canada lynx, neither the Service nor the experts
we consulted conclude that the lynx is at risk of extinction from climate change within the
foreseeable future.
 
The Canada lynx was listed as threatened in 2000 largely due to a lack of regulatory
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx
was believed to be located in the lower 48 states. Since receiving ESA protection, federal land
managers throughout the lynx’s range have formally amended their management plans and
implemented conservation measures to conserve the species. In the contiguous U.S., Canada
lynx populations are found in Maine, northeastern Minnesota, northwestern Montana,
northeastern Idaho, north-central Washington and western Colorado.
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific
understanding of lynx biology. Research, monitoring and conservation efforts conducted by
state and federal agencies, tribes and academic institutions, helped refine biologists’
understanding of habitat needs, distributions, population characteristics and potential stressors.
  
Given the outcome of this analysis, the Service will not at this time be completing a recovery
plan for the Canada lynx. The review recommendation does not remove or negate the
Endangered Species Act protections currently in place for the Canada lynx. To delist a species,
the Service must follow a process similar to what is used in considering whether to list
species. The next step is for the Service to publish a proposed rule in the Federal Register,
receive public comments, review and analyze those comments, conduct a peer review, and
then announce a final decision. 
 
For more information on the Canada lynx and to view a copy of the scientific review and
Species Status Assessment, please visit https://www.fws.gov/mountain-

https://www.fws.gov/mountain-prairie/es/canadaLynx.php


prairie/es/canadaLynx.php. You can learn more about the delisting process by reviewing our
“Delisting a Species” fact sheet at https://www.fws.gov/endangered/esa-
library/pdf/delisting.pdf.
 
Feel free to forward this to others within your agency or interested parties, as appropriate.  If
you have any questions regarding this scientific review, please contact Tamara Smith,
USFWS, Minnesota-Wisconsin Field Office, 952-252-0092 ext. 219, tamara_smith@fws.gov.
 
--
 
__________________________________
Peter J. Fasbender
U.S. Fish and Wildlife Service
Minnesota and Wisconsin Ecological Services Field Office
4101 American Boulevard East
Bloomington, MN  55425
Telephone:  (952) 252-0092, extension 210
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From: Hughes, Gregory
To: Rollie White; Zablan, Marilet; Sarah Hall; Levy, Sarah
Subject: Fwd: FYI: Status Review Indicates Canada Lynx Recovery in the Lower 48-States
Date: Thursday, January 11, 2018 10:02:59 AM

FYI- All tribal,top level and 2nd tier notifications have occured in Idaho. All quite on the
eastern front....so far.
Greg
---------- Forwarded message ----------
From: Hendricks, Kathleen <kathleen_hendricks@fws.gov>
Date: Wed, Jan 10, 2018 at 4:12 PM
Subject: Fwd: FYI: Status Review Indicates Canada Lynx Recovery in the Lower 48-States
To: Gregory Hughes <greg_m_hughes@fws.gov>

Proposed language for email.......

Dear Congressional Colleague:

Tomorrow, the U.S. Fish and Wildlife Service (Service) will announce the
completion of the five-year review of the Canada lynx in the contiguous United
States , which is currently listed as threatened under the Endangered Species Act
(ESA). The review concludes that the Canada lynx may no longer warrant
protection under the  ESA and should be considered for delisting due to recovery. 

 Since the lynx received ESA protection  in 2000, conservation efforts by State,
Tribal, and other Federal agencies; conservation organizations; and private
landowners have secured protection of lynx habitats and reduced a number of other
potential stressors.

The recommendation  that the Canda lynx be considered for delisting due to
recovery is the result of an extensive review of the best available scientific
information and almost 20 years of working in partnership with state, federal, tribal,
industry and other land managers on the conservation of  the  Canada lynx.  As a
result of this status review, the Service will begin development of a proposed rule to
delist the species.

Please see the attached news release for more information. Feel free to contact me if
you have any questions.

Kathleen G. Hendricks
Assistant State Supervisor
1387 South Vinnell Way
Boise, Idaho 83709
208-378-5742 work
208-501-3013 cell 
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---------- Forwarded message ----------
From: Edgar, Leith <leith_edgar@fws.gov>
Date: Wed, Jan 10, 2018 at 3:29 PM
Subject: Fwd: FYI: Status Review Indicates Canada Lynx Recovery in the Lower 48-States
To: Kathleen Hendricks <kathleen_hendricks@fws.gov>
Cc: "Melbihess, Tracy" <tracy_melbihess@fws.gov>

Hi Kathleen,

Please let Greg know that he can now proceed with lynx notifications per the plan of
awaiting Miel's signal that the Hill has been notified. Once he's done, Sandi and
Kathy/Bryon can cover Chubbuck and Spokane, respectively.

Best,

Leith

---------- Forwarded message ----------
From: Levy, Sarah <sarah_levy@fws.gov>
Date: Wed, Jan 10, 2018 at 2:33 PM
Subject: Fwd: FYI: Status Review Indicates Canada Lynx Recovery in the Lower 48-States
To: Ann Froschauer <ann_froschauer@fws.gov>, Leith Edgar <Leith_Edgar@fws.gov>
Cc: Miel Corbett <miel_corbett@fws.gov>

---------- Forwarded message ----------
From: Howe, Marian <marian_howe@fws.gov>
Date: Wed, Jan 10, 2018 at 12:08 PM
Subject: FYI: Status Review Indicates Canada Lynx Recovery in the Lower 48-States
To: Marian Howe <marian_howe@fws.gov>
Cc: "Hausman, Alyssa" <alyssa_hausman@fws.gov>

Dear Congressional Colleague:

Tomorrow, the U.S. Fish and Wildlife Service (Service) will announce the completion of the five-year review of the Canada
lynx in the contiguous United States , which is currently listed as threatened under the Endangered
Species Act (ESA). The review concludes that the Canada lynx may no longer warrant protection under the  ESA and
should be considered for delisting due to recovery. 

 Since the lynx received ESA protection  in 2000, conservation efforts by State, Tribal, and other Federal agencies;
conservation organizations; and private landowners have secured protection of lynx habitats and reduced a number of other
potential stressors.

The recommendation  that the Canda lynx be considered for delisting due to recovery is the result of an extensive review
of the best available scientific information and almost 20 years of working in partnership with state, federal, tribal, industry
and other land managers on the conservation of  the  Canada lynx.  As a result of this status review, the Service will begin
development of a proposed rule to delist the species.
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Please see the below news release for more information. Feel free to contact me if you have any questions.

Cheers, 
Merra
-- 
Merra Howe
Sea Grant Knauss Fellow
Division of Congressional and Legislative Affairs
U.S. Fish and Wildlife Service
Office: 703-358-2225
Cell:617-680-9848
marian_howe@fws.gov

Status Review Indicates Canada Lynx Recovery in the Lower 48-States
Conservation partnerships have helped protect this elusive cat across its range in the lower 48

DENVER -The U.S. Fish and Wildlife Service (Service) is announcing the completion of a
scientific review of the Canada lynx in the contiguous United States. The review concludes
that the Canada lynx may no longer warrant protection under the Endangered Species Act
(ESA) and should be considered for delisting due to recovery. This recommendation is the
result of an extensive review of the best available scientific information and almost 20 years of
working in partnership with state, federal, tribal, industry and other land managers on the
conservation of this species.  As a result of this status review, the Service will begin
development of a proposed rule to delist the species.

The recommendation was informed by a recently completed, peer-reviewed Species Status
Assessment for the lynx, which compiled and evaluated the best available scientific
information on the historical, current and possible future conditions for the Canada lynx. Over
a two-year process, the Service worked closely with federal, state and academic subject matter
experts to evaluate relevant scientific information on snowshoe hare population dynamics,
climate change, forest ecology and other issues. Although climate change remains an
important factor for the conservation of the Canada lynx, neither the Service nor the experts
we consulted conclude that the lynx is at risk of extinction from climate change within the
foreseeable future.

The Canada lynx was listed as threatened in 2000 largely due to a lack of regulatory
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx
was believed to be located in the lower 48 states. Since receiving ESA protection, federal land
managers throughout the lynx’s range have formally amended their management plans and
implemented conservation measures to conserve the species. For example, all U.S. Forest
Service land management plans in the Rocky Mountain region have been amended to include
conservation measures for the Canada lynx. In addition, in Maine, private landowners have
voluntarily supported working woodland easements that protect nearly 2.5 million acres of
forest, benefiting the Canada lynx and other species.

A cousin of the more common bobcat, the Canada lynx is similar in size but can be
distinguished by its black-tipped tail, long tufts of black hair at the tips of its ears, and long
legs with large, furry paws for hunting snowshoe hares in deep snow. In the contiguous U.S.,
Canada lynx populations are found in Maine, northeastern Minnesota, northwestern Montana,
northeastern Idaho, north-central Washington and western Colorado.
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Providing the Canada lynx protection under the ESA also prompted an increase in scientific
understanding of lynx biology. Research, monitoring and conservation efforts conducted by
state and federal agencies, tribes and academic institutions,  helped refine biologists’
understanding of habitat needs, distributions, population characteristics and potential stressors.

Given the outcome of this analysis, the Service will not at this time be completing a recovery
plan for the Canada lynx. Today’s recommendation does not remove or negate the Endangered
Species Act protections currently in place for the Canada lynx. To delist a species, the Service
must follow a process similar to what is used in considering whether to list species. The next
step is for the Service to publish a proposed rule in the Federal Register, receive public
comments, review and analyze those comments, conduct a peer review, and then announce a
final decision.

For more information on the Canada lynx, visit https://www.fws.gov/mountain-p
rairie/es/canadaLynx.php. To learn more about the delisting process, review our “Delisting a
Species” fact sheet.

-- 
Sarah A. Levy
U.S. Fish and Wildlife Service, Pacific Region
External Affairs
Sage Grouse and Ecological Services
503-231-6208
sarah_levy@fws.gov

-- 

Greg Hughes

State Supervisor, Idaho Fish and Wildlife Office

U.S. Fish and Wildlife Service - Pacific Region

Boise, Idaho

208-378-5243
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From: Smith, Tamara
To: David Hastings
Subject: Re: lynx announcement
Date: Thursday, January 11, 2018 4:10:40 PM
Attachments: Canada Lynx News Release Final_DOI010918.docx

Hi David - The news release just went out this afternoon and I've attached it here.   Thanks for
your interest!

-Tam

On Wed, Jan 10, 2018 at 5:32 PM, David Hastings <ftaeditor@yahoo.com> wrote:
Tamara, Dave Hastings here, editor of the Fur Taker magazine.

I recently read of the completion of the 5 year review on Canada lynx,
and recommendations.

I would be interested in publishing this document, but would certainly
not want to do so if it were not intended for the public audience at this
time.

Please advise!

(I will adhere to your indication whether you indicate that I should, or
should not, publish!)

dave

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell

The mission of the U.S. Fish & Wildlife Service is working with others to conserve, protect
and enhance fish, wildlife, and plants and their habitats for the continuing benefit of the
American people.
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U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
January 12, 2018 
 

Status Review Indicates Canada Lynx Recovery in the  
Lower 48-States  

Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Jennifer Strickland, 303-236-4574; Jennifer_strickland@fws.gov 
 
DENVER -The U.S. Fish and Wildlife Service (Service) is announcing the completion of a 
scientific review of the Canada lynx in the contiguous United States. The review concludes that 
the Canada lynx may no longer warrant protection under the Endangered Species Act (ESA) and 
should be considered for delisting due to recovery. This recommendation is the result of an 
extensive review of the best available scientific information and almost 20 years of working in 
partnership with state, federal, tribal, industry and other land managers on the conservation of 
this species.  As a result of this status review, the Service will begin development of a proposed 
rule to delist the species. 
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment for the lynx, which compiled and evaluated the best available scientific information 
on the historical, current and possible future conditions for the Canada lynx. Over a two-year 
process, the Service worked closely with federal, state and academic subject matter experts to 
evaluate relevant scientific information on snowshoe hare population dynamics, climate change, 
forest ecology and other issues. Although climate change remains an important factor for the 
conservation of the Canada lynx, neither the Service nor the experts we consulted conclude that 
the lynx is at risk of extinction from climate change within the foreseeable future. 
 
The Canada lynx was listed as threatened in 2000 largely due to a lack of regulatory mechanisms 
on federal public lands, which is where a majority of the habitat for Canada lynx was believed to 
be located in the lower 48 states. Since receiving ESA protection, federal land managers 
throughout the lynx’s range have formally amended their management plans and implemented 
conservation measures to conserve the species. For example, all U.S. Forest Service land 
management plans in the Rocky Mountain region have been amended to include conservation 
measures for the Canada lynx. In addition, in Maine, private landowners have voluntarily 

News Release 
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supported working woodland easements that protect nearly 2.5 million acres of forest, benefitting 
the Canada lynx and other species. 
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. In the contiguous U.S., Canada lynx 
populations are found in Maine, northeastern Minnesota, northwestern Montana, northeastern 
Idaho, north-central Washington and western Colorado. 
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research, monitoring and conservation efforts conducted by state 
and federal agencies, tribes and academic institutions,  helped refine biologists’ understanding of 
habitat needs, distributions, population characteristics and potential stressors. 
 
Given the outcome of this analysis, the Service will not at this time be completing a recovery 
plan for the Canada lynx. Today’s recommendation does not remove or negate the Endangered 
Species Act protections currently in place for the Canada lynx. To delist a species, the Service 
must follow a process similar to what is used in considering whether to list species. The next step 
is for the Service to publish a proposed rule in the Federal Register, receive public comments, 
review and analyze those comments, conduct a peer review, and then announce a final decision. 
 
For more information on the Canada lynx, visit https://www.fws.gov/mountain-
prairie/es/canadaLynx.php. To learn more about the delisting process, review our “Delisting a 
Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media channels: 
Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 

https://www.fws.gov/mountain-prairie/es/canadaLynx.php
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


From: Smith, Tamara
To: Parham, Georgia
Subject: Re: lynx announcement
Date: Thursday, January 11, 2018 4:11:12 PM

Hi Georgia - OK - I sent him the news release just now...

On Thu, Jan 11, 2018 at 9:12 AM, Parham, Georgia <georgia_parham@fws.gov> wrote:
Hi Tam - Yes, could you let him know that we'll send him the news release this afternoon?
I'll take care of that as soon as the embargo is up.

Thanks!
Georgia

Georgia Parham
U.S. Fish and Wildlife Service
Midwest Region External Affairs
620 South Walker Street
Bloomington, IN 47403
812-334-4261 x 203
Cell: 812-593-8501

<<^._.^>>   <<^._.^>>  <<^._.^>> 

On Thu, Jan 11, 2018 at 9:28 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Georgia - See the above request from a magazine about publishing the lynx 5 yr review
notice... should I tell him that the official public announcement is today at 2pm CT and
request that he wait until then?

 

On Wed, Jan 10, 2018 at 5:32 PM, David Hastings <ftaeditor@yahoo.com> wrote:
Tamara, Dave Hastings here, editor of the Fur Taker magazine.

I recently read of the completion of the 5 year review on Canada lynx,
and recommendations.

I would be interested in publishing this document, but would certainly
not want to do so if it were not intended for the public audience at
this time.

Please advise!

(I will adhere to your indication whether you indicate that I should, or
should not, publish!)

dave
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-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell

The mission of the U.S. Fish & Wildlife Service is working with others to conserve, protect
and enhance fish, wildlife, and plants and their habitats for the continuing benefit of the
American people.

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell

The mission of the U.S. Fish & Wildlife Service is working with others to conserve, protect
and enhance fish, wildlife, and plants and their habitats for the continuing benefit of the
American people.
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From: White, Rollie
To: Levy, Sarah
Subject: Re: Lynx follow-up
Date: Thursday, January 11, 2018 4:18:30 PM

Thanks.  Have a good (long) weekend...

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

On Thu, Jan 11, 2018 at 4:13 PM, Levy, Sarah <sarah_levy@fws.gov> wrote:
Just sharing. It's been quiet. Have a good weekend!

---------- Forwarded message ----------
From: Levy, Sarah <sarah_levy@fws.gov>
Date: Thu, Jan 11, 2018 at 4:12 PM
Subject: Lynx follow-up
To: Leith Edgar <Leith_Edgar@fws.gov>, Ann Froschauer <ann_froschauer@fws.gov>
Cc: Jason Holm <jason_holm@fws.gov>, Miel Corbett <miel_corbett@fws.gov>

Hi Leith and Ann,

It's been pretty quiet on the Lynx front--I've spoken to one reporter from the Spokesman-
Review, and was contacted by an NPR reporter out of Boise, but he never followed up.

I'm on leave tomorrow, but will continue to take calls from reporters if they come in. If
they're easy, I'll handle them. If they're hairy, I'll kick to Miel or Jason, or R6. I'll be
monitoring my email and phone if something comes up.

Have a good weekend, and talk to you Tuesday.

Thanks,
Sarah

-- 
Sarah A. Levy
U.S. Fish and Wildlife Service, Pacific Region
External Affairs
Sage Grouse and Ecological Services
503-231-6208
sarah_levy@fws.gov
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-- 
Sarah A. Levy
U.S. Fish and Wildlife Service, Pacific Region
External Affairs
Sage Grouse and Ecological Services
503-231-6208
sarah_levy@fws.gov

mailto:sarah_levy@fws.gov


From: Dave Hastings
To: Smith, Tamara
Subject: Re: lynx announcement
Date: Thursday, January 11, 2018 7:02:15 PM

Appreciate it! 
(I have now received several copies! I just need a lesson I patience!)

Dave Hastings

On Jan 11, 2018, at 3:10 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:

Hi David - The news release just went out this afternoon and I've attached it here. 
 Thanks for your interest!

-Tam

On Wed, Jan 10, 2018 at 5:32 PM, David Hastings <ftaeditor@yahoo.com>
wrote:

Tamara, Dave Hastings here, editor of the Fur Taker magazine.

I recently read of the completion of the 5 year review on
Canada lynx, and recommendations.

I would be interested in publishing this document, but would
certainly not want to do so if it were not intended for the public
audience at this time.

Please advise!

(I will adhere to your indication whether you indicate that I
should, or should not, publish!)

dave

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 (fax)
612-600-1599 cell

The mission of the U.S. Fish & Wildlife Service is working with others to
conserve, protect and enhance fish, wildlife, and plants and their habitats for the
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continuing benefit of the American people.

<Canada Lynx News Release Final_DOI010918.docx>



From: Nordstrom, Lori
To: Lori Nordstrom
Subject: Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
Date: Wednesday, January 31, 2018 9:09:27 AM

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

---------- Forwarded message ----------
From: Nordstrom, Lori <lori_nordstrom@fws.gov>
Date: Wed, Oct 11, 2017 at 8:47 PM
Subject: Re: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Marjorie Nelson <marjorie_nelson@fws.gov>
Cc: Paul Phifer <Paul_Phifer@fws.gov>, Michael Thabault <Michael_Thabault@fws.gov>,
Justin Shoemaker/R6/FWS/DOI <justin_shoemaker@fws.gov>, Rollie White
<rollie_white@fws.gov>

Hi Marj
Region 3 also concurs with the 5 year review for the lynx.

Lori

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Wed, Oct 11, 2017 at 2:19 PM, White, Rollie <rollie_white@fws.gov> wrote:
Hi Marj,
Region One concurs with the results of the 5 year status review.  Bryon Holt may have some
comments to share - if so, those will come under separate cover.  Thanks for the opportunity
to review and comment.

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
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Cell: (503) 839-2872

Rollie_White@fws.gov

On Fri, Oct 6, 2017 at 1:06 PM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of
the Canada lynx.  This review documents the recommendation and rationale from the meeting on April and
follow-up conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input and
contributions to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it is 6
pages plus cover (plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and
nature of informing appropriate courts.  As such, we are not public about this pending recommendation to the
point that it did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about a
week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or
comments, feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for signature
(though I think we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell
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From: Nordstrom, Lori
To: Lori Nordstrom
Subject: Fwd: lynx request
Date: Wednesday, January 31, 2018 9:10:43 AM

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

---------- Forwarded message ----------
From: Nordstrom, Lori <lori_nordstrom@fws.gov>
Date: Thu, Aug 3, 2017 at 1:22 PM
Subject: Re: lynx request
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: "Sartorius, Shawn" <shawn_sartorius@fws.gov>

Hi Jim
I just zoomed through the Exec Summary (the 11 p version!) - looks well done to me!  Only
problem is it uses the term powdery instead of fluffy...

You have done a massive amount of work to tie this all together.  I will be closely paying
attention to the next steps.

Lori

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Mon, Jul 31, 2017 at 4:49 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Short version:

1. There are lots more resident lynx in the DPS than we thought when we listed them.

2. The (only) threat for which they were listed has been substantively addressed.

3. Continued climate warming will push them north out of the Lower 48 at some point in the future.

4. Despite that, experts told us that they don't think we will lose any populations by mid-century, after which,the
future becomes somewhat less foreseeable....

Any questions?  
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On Mon, Jul 31, 2017 at 3:35 PM, Sartorius, Shawn <shawn_sartorius@fws.gov> wrote:
Can we get an executive summary of that executive summary?

On Mon, Jul 31, 2017 at 3:32 PM, Nordstrom, Lori <lori_nordstrom@fws.gov> wrote:
HI Jim
an 11 page exec summary?!  I'll take a look at it though. (I was off late last week so am
just catching up).  

Lori

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Thu, Jul 27, 2017 at 12:27 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi!

I've revised the Exec. Summ. of the lynx SSA based on peer and partner comments and I continue to work
on addressing substantive comments in the rest of the doc - hoping to finalize the whole thing very soon.

Anyway, was wondering if you two could take a look at attached Exec. Summ. and let me know if you see
any major errors/omissions/inconsistencies or red flags, and also whether it needs anything else to make it
more/most useful to decision makers, general readers, and the ULT Team that will be working on the short
form 5-year review based on the SSA.

Appreciate your time and any thoughts you are willing to share.

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Shawn Sartorius, Ph.D.
Branch Chief, Classification
U.S. Fish and Wildlife Service
Southwest Regional Office
P.O. Box 1306
Albuquerque, NM 87103
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505-248-6419; cell 505-697-7606

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Nordstrom, Lori
To: Lori Nordstrom
Subject: Fwd: Minnesota"s Comments on the Draft Lynx Species Status Assessment
Date: Wednesday, January 31, 2018 9:10:55 AM

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

---------- Forwarded message ----------
From: Nordstrom, Lori <lori_nordstrom@fws.gov>
Date: Fri, Feb 24, 2017 at 8:48 AM
Subject: Re: Minnesota's Comments on the Draft Lynx Species Status Assessment
To: "Baker, Richard (DNR)" <richard.baker@state.mn.us>

Thanks Rich!

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Fri, Feb 24, 2017 at 7:51 AM, Baker, Richard (DNR) <richard.baker@state.mn.us> wrote:

Jodi/Jim,

 

Thank you for the opportunity to comment on the draft Lynx SSA and for your patience in awaiting
our response. The comments attached to this email were authored by Minnesota Department of
Natural Resources’ Furbearer Biologist, Dr. John Erb. I have carefully reviewed and concur with
these comments, and they should be considered submitted on behalf of the Minnesota
Department of Natural Resources.

 

Please feel free to get back to me with any questions or concerns. We look forward to the next
draft of the SSA.

 

Sincerely,
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Rich Baker

 

<><><><><><><><><><><><><><><><><><> 

Richard J. Baker

Minnesota Endangered Species Coordinator

Division of Ecological and Water Resources

Minnesota Department of Natural Resources

500 Lafayette Rd., Box 25

St. Paul, MN  55155

Phone: 651/259-5073

Fax: 651/296-1811

E-mail: richard.baker@state.mn.us

http://www.dnr.state.mn.us/eco/nhnrp

<><><><><><><><><><><><><><><><><><> 
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From: Nordstrom, Lori
To: Lori Nordstrom
Subject: Fwd: Lynx 5 year review decision meeting
Date: Wednesday, January 31, 2018 9:11:10 AM

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

---------- Forwarded message ----------
From: Nordstrom, Lori <lori_nordstrom@fws.gov>
Date: Mon, Jan 30, 2017 at 2:11 PM
Subject: Re: Lynx 5 year review decision meeting
To: "Nelson, Marjorie" <marjorie_nelson@fws.gov>
Cc: Rollie White <rollie_white@fws.gov>, Paul Phifer <Paul_Phifer@fws.gov>, Justin
Shoemaker/R6/FWS/DOI <justin_shoemaker@fws.gov>, Craig Hansen
<craig_hansen@fws.gov>, Jennifer Szymanski <Jennifer_Szymanski@fws.gov>, Jodi Bush
<jodi_bush@fws.gov>

Marj -
Per Tom Melius, I will be representing R3 at this lynx meeting. 

Lori

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Thu, Jan 26, 2017 at 6:09 PM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
Good afternoon Rollie, Lori and Paul!
This is a quick note to give you a heads up that Noreen will be inviting the RDs in
the lynx range to the 5 year review decision meeting.  I will follow up with a phone
call but I quickly wanted to get you the message that we only need one decision
maker per region, this may be delegated from the RD as he or she sees fit.  We are
looking at a 2 day meeting on March 2nd and 3rd.
feel free to ask questions but I will get in touch with you all individually to answer
questions.
have a lovely evening,
Marj
Marjorie Nelson
Chief, Division of Ecological Services
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Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258



From: Nordstrom, Lori
To: Lori Nordstrom
Subject: Fwd: FW: Lynx 5 Year Review Decision Status meeting
Date: Wednesday, January 31, 2018 9:12:31 AM

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

---------- Forwarded message ----------
From: Nordstrom, Lori <lori_nordstrom@fws.gov>
Date: Fri, Jan 27, 2017 at 8:51 AM
Subject: Re: FW: Lynx 5 Year Review Decision Status meeting
To: "Melius, Tom" <tom_melius@fws.gov>
Cc: Deputy Regional Director Charles Wooley <Charles_Wooley@fws.gov>, Conni Conner
<Conni_Conner@fws.gov>

Thanks Tom
Since much of my career I worked on lynx listing/recovery issues, I'm very interested in this
topic.

Lori

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Fri, Jan 27, 2017 at 6:33 AM, Melius, Tom <tom_melius@fws.gov> wrote:
Lets discuss on Monday...

ar Review Decision Status meeting
To: Tom Melius <tom_melius@fws.gov>

Hi Tom,

In case you are interested, your flight leaves March 3 to Spokane 11:50 AM.  Perhaps
someone representing R3 could attend.

Conn
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From: Stephanie Potter [mailto:stephanie_potter@fws.gov] 
Sent: Thursday, January 26, 2017 6:08 PM
To: Conni Conner; Nicole Tsugawa; Rose Reed; Lori Mendoza; Kathleen King
Subject: Lynx 5 Year Review Decision Status meeting

 

Good afternoon,

 

The Lynx SSA team has scheduled a decision meeting here in the Mountain-Prairie
Regional office on Mar 2 and 3rd .  The meeting will last both days and Marj Nelson has
asked for Robyn, Tom,  and Wendi to attend if they are available.  If you would please let
me know whether or not they will be able to attend, I would be grateful. 

 

Kind regards,

 

Stephanie Potter

Executive Assistant

Office of the Regional Director

Mountain-Prairie Region

U.S. Fish and Wildlife Service

303-236-7920
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